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PREFACE  vii

Preface

view the results or to see what happens with circuit 
failure. MultiSim runs on your computer so that it 
does not require using real circuits or equipment. Your 
instructor can provide more information about Multi-
Sim and how it applies to this set of experiments. 
 The experiments usually take less than 2.5 hours 
to complete, but some are longer than others. Every 
experiment begins with an introduction (theory) be-
fore detailing the step-by-step procedures that you 
will follow. Each experiment has exercises or ques-
tions and tables or graphs for recording your data. 
Finally, a blank report form is included, where you de-
scribe how the objectives were met or how the theory 
was verifi ed. 
  The Appendix lists all the required components 
and equipment and has extra graphs, plots, and ex-
ample reports to get you started.
 In conclusion, thanks to all the students and in-
structors using this manual, including Ed Sikes and 
Dave Farina at Santa Rosa Junior College, John M. 
Horkey and Kevin Holmin at Blackhawk Technical 
College, and many others for their help. Lastly, thanks 
to Vincent Bradshaw (the product developer), who has 
assisted with this latest edition.
 This Experiments Manual is dedicated to every 
student who needs a working knowledge of basic 
electronics.

Wes Ponick

The Experiments Manual for Grob’s Basic Electronics 
gives you step-by-step guidance with electronic com-
ponents, circuits, and test equipment. The manual 
will help you develop the skills you need to build, 
measure, and troubleshoot electronic circuits of all 
types. It is designed for the beginning student and as-
sumes they have no previous knowledge or experience 
with electronics technology.
 The experiments build on the chapters in Grob’s 
Basic Electronics. There are more than 70 experi-
ments, and each one has a separate introduction 
describing the theory and the objectives. All the nec-
essary components and equipment are listed. The pro-
cedures include all the necessary steps and drawings. 
 The experiments begin with electronics math ba-
sics, lab safety, component recognition, and details on 
how to use basic lab equipment. Afterward, the labs 
progress to simple resistive circuits and then on to re-
active circuits. Circuits using diodes and transistors 
are also included, so you learn to work on power sup-
plies, amplifi ers, and much more. Of course, you will 
be using lab equipment such as digital multimeters 
(DMM), DC power supplies, signal generators, and 
oscilloscopes. 
 In addition to the experiments, the MultiSim circuit 
simulation software (available on the textbook’s asso-
ciated website) can also be used with this lab manual. 
You can use it to simulate the circuit experiments and 





 EXPERIMENT I  I-1

E X P E R I M E N T  I

INTRODUCTION EXPERIMENT—
ELECTRONICS MATH

I

INTRODUCTION

LEARNING OBJECTIVES
At the completion of this experiment, you will be able to:
■ Understand electronics math concepts
■  Use power of ten, scientifi c, and engineering notation
■  Understand precision and accuracy in electronic measurements

SUGGESTED READING
Introduction, Basic Electronics, Grob/Schultz, twelfth edition.

INTRODUCTION
The topics covered in this introduction may also be covered in separate math courses or in your electron-
ics courses. They are presented here to enhance, review, or introduce you to electronics math, which you 
will use in the lab to predict or verify measurement results. The material here assumes you have basic 
math skills to add, subtract, multiply, and divide, including working with fractional values (using decimal 
points). In addition, the ability to do some basic algebra or geometry is recommended. You can also go online 
to learn about or review any math concepts that are unfamiliar. However, most math concepts you need will 
be explained in this lab manual. If you are skilled at mathematics, this introduction will only be a review, 
except for the introduction of electronic values and units of measure.
 The fi rst section begins with power of 10 notation, which is based on our number system of tens. Next, 
scientifi c notation and then engineering notation (other variations of the power of 10 notation) will be intro-
duced. The last section will introduce you to signifi cant numbers, metric prefi xes, and Ohm’s law, which is 
used with calculations and measurements.

Calculators: It is expected that you will be using a scientifi c calculator. You should be familiar with using 
the add, subtract, multiply, and divide functions on your calculator as a minimum, and be sure you can clear 
the entries using the C (clear) or CE (clear entry) keys. These keys will be specifi c to your calculator; for 
example, some calculators use AC (all clear) or DEL (clear entry), and so on. Other functions such as using 
exponents (EXP on most calculators), square roots (√), and others may also be required. So be sure to read 
the information in your calculator’s manual.

EQUIPMENT
Calculator, paper, and pencil.

PROCEDURE
Read through the four sections and be sure you understand each one before you move on. The sections have 
examples of calculating values of circuit voltage, current, and resistance, which are common practice in 
electronics. At the end of each section are exercise problems.

Exercise Problems: Do the exercise problems after each section and record the results in the tables at 
the end of this introduction. Also, check with your instructor for specifi cs about which exercises may require 
calculations turned in on a separate sheet of paper.



I-2  EXPERIMENT I 

Power of Ten Notation
In most sciences, like electronics, very large or very small numbers are used in measurements and calcula-
tions. Therefore, it is necessary to have a method for displaying and using numbers in a convenient manner. 
For example, a small number like 0.00000254 or a large number like 512,000,000 can be more easily written 
using a notation we call power of 10. This means using the number 10 with a multiplier (the exponent) 
instead of using lots of zeros. This is often referred to as 10 raised to the nth power. So, the small raised 
or superscript number on the right of the 10 is the exponent. The exponent indicates how many times you 
multiply the base number (10), as shown here:

Large or Positive Numbers in Powers of Ten
 1 5 1 (not multiplied by 10) or 100

 10 5 10 3 1 or 101

 100 5 10 3 10 or 102

 1,000 5 10 3 10 3 10 or 103

 10,000 5 10 3 10 3 10 3 10 or 104

 100,000 5 10 3 10 3 10 3 10 3 10 or 105

 1,000,000 5 10 3 10 3 10 3 10 3 10 3 10 or 106

Therefore, a number such as 16,000, which is 16 3 10 3 10 3 10, can be simply written as 16 3 103, or a 
larger number such as 512,000,000 can be simply written as 512 3 106. Also, when speaking about a num-
ber such as 1,000, we say 10 to the third power.
 Small numbers, less than 1, can also be expressed as a power of 10 using a negative sign before the ex-
ponent. This means 10 is multiplied by the negative exponent. And don’t forget that multiplying positive 
numbers by negative numbers results in a negative number. For example, the number 21000 in exponen-
tial form (power of 10) is 1 3 1023. This refers to one thousandth of something, or spoken as ten to the minus 
third power.

Small or Negative Numbers in Powers of Ten
 21 5 21 (not multiplied by 10) or 100

 210 5 210 3 1 or 1021

 2100 5 210 3 10 or 1022

 21,000 5 210 3 10 3 10 or 1023

 210,000 5 210 3 10 3 10 3 10 or 1024

 2100,000 5 210 3 10 3 10 3 10 3 10 or 1025

 21,000,000 5 210 3 10 3 10 3 10 3 10 3 10 or 1026

Therefore, a number like 0.016, which is 16 3 210 3 10 3 10, can be written as 16 3 1023. Or a smaller 
number such as 0.000512 can be simply written as 512 3 1026.
 Note that the number before the multiple of 10 (such as 16 or 512 here) is known as the coeffi cient or 
factor because it is used in the multiplication. Regardless, you should now be able to express large or small 
numbers using exponents for power of 10 notation. Next, let’s look at using a calculator with these numbers.

Using the Calculator (positive exponent): On your calculator, you should have an exponent button: 
Exp, EXP, or it may use a caret ^ or second function with EE. This button will allow you to enter a value 
and then enter the exponent value (power of 10 value). The calculator should also display the letter e or E 
afterward. If your calculator does not have this type of button or function, you should replace it with one 
that does. Otherwise, you will have more diffi culty in this course and your work. Note that the Exp button 
(function) is not the same as the Xy or the 10x button, both of which perform slightly different exponential 
functions. For example, the 10x button means you enter the number of times that 10 is multiplied by itself 
(10). Also, you can use the C or CE button to clear mistakes. 
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 If you are not sure about your calculator, read its manual or ask an instructor for help. A good inexpensive 
scientifi c calculator or even a mobile phone application of one can be easily obtained to ensure your success. 
The following steps show how to use power of 10 notation (with exponents) on a generic scientifi c calculator 
that has an Exp button. Try this:

1. Enter the number 16,000 in exponential (power of 10) notation: 16 3 103. For this type of calculator, 
press the buttons in this order (see diagrams below): 1, 6, Exp, and then 3. You should now see the entry is 
16.e 1 3. The plus sign should appear automatically to indicate it is a positive number. See Figure I-1.

Fig. I-1  
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2. Now, press the equal button, and you will see the result in regular notation: 16000 (see the diagram 
above). By using this method, you can do all the necessary power of 10 math on your calculator using the 
exponent button or function. In fact, this will allow you to add, subtract, multiply, and divide exponential 
values easily. As you’ll see, doing it by hand is much more diffi cult and time consuming. 
 Also, notice that the number you enter may automatically appear with a decimal point. This happens 
because scientifi c calculations typically use decimal points, and you will be using the decimal point often 
with electronic values. 
3. Locate the decimal point on your calculator (usually near the zero button) and enter 16,050 in exponen-
tial form: 16.05 3 103. When you press the Exp or EXP button, the letter e or E should appear to indicate 
that the following number is the exponent. Your calculator should read: 16.05e+3. Always know the but-
tons on your calculator and how to use them. 

Using the Calculator (negative exponent): On your calculator, type in the value 16 3 1023. This would be 
pressing the buttons 1, 6, EXP, and then 3 like before. However, you need to press the Change Sign button (6)
to make the exponent negative. Finally, press the equal button and you will see the result in regular notation: 
0.016 (see the Figure I-2 below).

Fig. I-2
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Using the F-E Key: The F-E button (fi xed-exponential) on scientifi c calculators will toggle between fi xed-
point notation (regular numbers with a specifi c number of digits) and the same number in exponential form. 

4. If you have an F-E key (or similar) on your calculator, enter the number 16,050 and then press the F-E 
key. You should see the fi xed digit number become an exponential number: 1.605e 1 4. Press F-E again 
it should toggle back to 16,050. Try it with some other numbers and then clear the calculator using C or 
Clear key. Remember that CE only clears the last entry.  
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Adding and Subtracting Power of 10 Notation: Without a calculator, adding or subtracting power of 
10 values means you must convert them to the same power of 10 (same exponent). It does not matter which 
number you convert as long as they are the same. For example:

Add: 50.69 3 108 and 3.67 3 107

Convert one of the numbers: 3.67 3 107 becomes 0.367 3 108

Now you can add: 50.69 1 0.367 5 51.057 and  attach the common exponent 8
The result is: 51.057 3 108

Rules for Converting Exponents: When the exponent is increased, the decimal point of the numeric 
part must be shifted to the left. For each increase of the exponent, move the decimal point the same number 
of places to the left. Or, when the exponent is decreased, move the decimal point of the numeric part the 
same number of places to the right.
 Or to subtract, you must also convert them to the same exponent:

Subtract: 9.67 3 107 from 50.69 3 108

Convert one of the numbers: 9.67 3 107 becomes 0.967 3 108

Now you can subtract: 50.69 2 0.967 5 50.323 and attach the common exponent 8
The result is: 49.723 3 108

Of co urse, using a calculator means you do not need to convert different exponents—the calculator does it 
for you. But it’s good to know how it’s done by hand. You should also know the rules for adding or subtract-
ing negative and positive numbers, such as how adding negative numbers results in a greater negative 
number, but subtracting negative numbers can result in either negative or positive values. These are rules 
of algebra and are available online or in most math books. We will not cover them here because you will use 
your calculator most of the time.

Multiplying Power of 10 Notation: Without your calculator, you multiply the numeric digits (coeffi -
cients) and algebraically add the exponents. For example:

Multiply: 12.19 3 1027 by 1.97 3 109

Multiply the numeric values: 12.19 3 1.97 5 24.0143
Algebraically add the exponents: 27 and 9 5 2
The result is: 24.0143 3 102

Dividing Power of 10 Notation: Without your calculator, you subtract the exponents (subtract the de-
nominator from the numerator). Then divide the numeric digits (coeffi cients). For example:

Divide: 60.34 3 1024y2.17 3 103

Subtract exponents (denominator minus the numerator): (24) 2 3 5 27
Divide the numeric digits: 60.34y2.17 5 27.81 (rounded off)
The result is: 27.81 3 1027

Again, using a calculator means you do not have to know the rules that have been described. But it’s a good 
idea to know how to do this math because it enhances your critical thinking and analytical skills.

I-1.1 EXERCISE PROBLEMS: Power of Ten Notation
Perform the indicated operation for the following power of 10 quantities. Record your snaswers on the 
 Results page. Round your answers to the 10th place, and note that the Results page in Table I-1.1 has 
 already assigned a power of 10 notation to conform your answer to.

1. 4.24 3 102 3 6.87 3 103

2. 3.21 3 107 3 8.66 3 109

3. 5.35 3 104 3 4.33 3 103

4. 72.8 3 101 3 8.62 3 102

5. 6.45 3 105 3 0.12 3 107

6. 18.4 3 106 3 7.34 3 106

7. 34.5 3 109 3 15.1 3 108

8. 7.24 3 102 3 6.37 3 101

9. 35.8 3 105 3 23.7 3 105

10. 3.84 3 107 3 1.21 3 107
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Scientifi c Notation
Another form of power of 10 notation used in electronics is scientifi c notation. Like power of 10 notation, it 
uses exponents. The difference is that scientifi c notation usually has only one number followed by a decimal 
point and then the other numbers and exponent. For example, 17,645 is written in scientifi c notation as 
1.7645 3 104 or 1.7645e4. So, if you understand power of 10 notation, then scientifi c notation is an even 
simpler version of it. As you can see here, all these power of ten numbers (all the same value) can be written 
as a single value in scientifi c notation:

17,645 3 100

1764.5 3 101

176.45 3 102

17.645 3 103 5 1.7645 3 104

1.7.645 3 104

0.17645 3 105

0.017645 3 106

Note: Scientifi c notation does not always require an exponent. For example, 3.14 is correct scientifi c no-
tation. You do not need to add the 100 because it is understood. Also, the single number to the left of the 
decimal will always be between 1 and 10 or 210 and 21. 

Converting to Scientifi c Notation: Move the decimal point of the number being converted to the right 
of the fi rst non-zero digit. Then count the number of places you moved it. This will become the exponent. If 
you move the decimal point to the left, the exponent will be positive (1). If you move the decimal point to the 
right, the exponent will be negative (2). Here are some examples:

2970 5 2.97 3 103  Decimal point moved left 3 places so the exponent is 13
0.0016 5 1.60 3 1023  Decimal point moved right 3 places so the exponent is 23
52.9 5 5.29 3 101  Decimal point moved left one place so the exponent is 11

Note again that you can also use e instead of 310, for example: 2.97e3. You can check these with your calcu-
lator (enter them and use the F-E button). Remember that you need the change sign button for entering 
negative values (as change 3 to 23).

Converting from Scientifi c Notation: If the number has a positive exponent, move the decimal point 
to the right the same number of places as the exponent. If the number has a negative exponent, then move 
the decimal point to the left the same number of places. You may also need to add zeros. Here are some 
examples: 

4.02 3 103 5 4020  Decimal point moved right 4 places
3.11 3 1023 5 0.00311  Decimal point moved left 3 places
0.61 3 106 5 610,000  Decimal point moved right 6 places

You can check these with your calculator (enter them and use the F-E button). Again, scientifi c notation 
has one number to the left of the decimal point, and this makes it easy to list a lot of numbers when taking 
measurements.

6

11. 42.2 3 101 3 0.02 3 103

12. 7.65 3 108 3 0.27 3 109

13. 1.00 3 102 3 2.00 3 105

14. 3.46 3 1022 3 7.25 3 104

15. 18.3 3 104 3 20.1 3 1025

16. 2.67 3 1027 3 16.8 3 1022

17. 5.55 3 101 3 3.46 3 102

18. 3.14 3 1023 3 1.22 3 1023

19.   4.84 3 102
 __________ 

2.22 3 104  

20.   8.00 3 103
 __________ 

2.00 3 103  

21.   7.50 3 1024
  ___________  

0.50 3 103  

22.   6.40 3 1025
  ___________  

2.00 3 1024  

23.   12.6 3 102
  ___________  

3.00 3 1023  

24.   8.88 3 103
  ___________  

1.00 3 1024  
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Adding and Subtracting Scientifi c Notation: Without a calculator, adding or subtracting numbers in 
scientifi c notation uses the same rules as power of 10 notation: the exponents must be the same number. 
The difference is that the result will be in scientifi c notation: one number to the left of the decimal point. 
Here are some examples:

Add: 4.61 3 105 and 7.31 3 107

Convert one of the numbers: 4.61 3 105 becomes 0.0461 3 107

Now you can add: 0.0461 1 7.31 5 7.3561 and  attach the common exponent 7
The result is: 7.3561 3 107 or 7.3561 e7

Also,

Subtract: 6.42 3 1023 from 8.70 3 1022

Convert one of the numbers: 6.42 3 1023 becomes 0.642 3 1022

Now you can subtract: 8.70 2 6.42 5 8.058 and  attach the common exponent 22
The result is: 8.058 3 1022 or 8.058 e22

Multiplying Scientifi c Notation: Without your calculator, you multiply the numeric digits (coeffi cients) 
and algebraically add the exponents. This is the same as multiplying power of 10 notation except that the 
fi nal result must be in scientifi c notation. For example:

Multiply: 2.19 3 1027 by 1.97 3 109

Multiply the numeric values: 2.19 3 1.97 5 4.3143
Algebraically add the exponents: (27) 1 9 5 2
The result is: 4.3143 3 102 

Dividing Scientifi c Notation: Without your calculator, you subtract the exponents (subtract the denomi-
nator from the numerator) and then divide the numeric digits (coeffi cients). This is the same as multiplying 
power of 10 notation except that the fi nal result must be in scientifi c notation. For example:

Divide: 6.34 3 1024y2.17 3 103

Subtract exponents (denominator minus numerator): (24) 2 3 5 27
Divide the numeric digits: 6.34y2.17 5 2.92 (rounded off )
The result is: 2.92 3 1027

 Note on rounding-off numbers: Most of the time, if the value is less than 5, you can ignore it. If the value 
is greater than 5, increase the preceding number by 1. This will be described later in more detail. 
 Of course, you will be using your calculator most of the time; therefore, you do not have to remember the 
rules for performing these calculations. But is it a good idea to know how to do this math with confi dence 
because it enhances your critical thinking and analytical skills. These qualities are valuable in any science, 
especially electronics.

I-1.2 EXERCISE PROBLEMS: Scientifi c Notation
Convert the following numbers to scientifi c notation. Record your answers on the Results page in Table I-1.2.

1. 34

2. 139

3. 1,296

4. 12.65

5. 0.067

Convert the following numbers to regular notation. Record your answers on the Results page.

6. 2.04 3 106

7. 3.45 3 1028

8. 7.24 3 102

 9. 3.779 3 1027

10. 3.66 3 106
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Perform the indicated operation for the following power of 10 quanitities. All results should be in scientifi c 
notation. Record your answers on the Results page.

11. 4.28 3 101 1 1.02 3 101

12. 7.45 3 108 1 1.17 3 109

13. 3.00 3 102 1 2.00 3 103

14. 5.46 3 1022 1 7.25 3 1024

15. 1.93 3 101 1 2.91 3 1021

16. 3.65 3 107 2 1.68 3 106

17. 5.33 3 103 2 3.46 3 102

18. 4.24 3 1023 2 1.22 3 1023

19. 2.90 3 1023 2 1.90 3 1024

20. 5.73 3 102 2 3.67 3 1021

21. (3.91 3 102) (4.67 3 105)

22. (2.19 3 103) (7.63 3 1024)

23. (4.45 3 1025) (3.83 3 1026)

24. (6.34 3 107) (2.56 3 1023)

25. (5.55 3 104) (2.78 3 104)

26. (9.00 3 102) y (3.00 3 101)

27. (2.56 3 1022) y (5.44 3 105)

28. (7.71 3 104) y (1.00 3 1024)

29. (9.31 3 1023) y (2.99 3 1023)

30. (1.10 3 102) y (3.35 3 106)

Engineering Notation and Metric Prefi xes
Engineering notation and the use of metric prefi xes is what you will usually use to describe values in an 
electronic circuit. Engineering notation is simply a variation of scientifi c notation. The difference is that en-
gineering notation only uses multiples of three for the exponent: 103, 106, 1023, 1026, and so on. Therefore, 
it’s convenient to use metric prefi xes (symbols or text) to represent the exponent in engineering notation 
which is a multiple of three (e.g., 103 is kilo, 1026 is micro). In electronics, you will commonly hear techni-
cians and engineers refer to kilo ohms, micro amps, and so on. 
 Another way to describe engineering notation or metric prefi xes is that they represent a power of 10 in a 
grouping of three (1,000, 100,000, 0.001, 0.000001, etc.). For example, 5 milliamps means: 5 3 1023 amps, 
or 1 kilo ohm means 1, 000 ohms. When talking about milliamps, it’s understood that it means thousandths 
(1023) of an amp. 
 Shown here are metric prefi x names, metric symbols, and their power of 10 values in groupings of three. 
Some of these are rarely used, but those near the middle are used all the time. You may also see these re-
ferred to as SI units (International System of Units).

Metric Prefi xes, Symbols, Power of 10 Value

Metric Name Metric Symbol Power of 10 Value

yotta Y 1024

zetta Z 1021

exa E 1018

peta P 1015

tera T 1012

giga G 109

mega M 106

kilo k 103

None (Base Unit) None 100

milli m 1023

micro m 1026

(continued)
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Metric Name Metric Symbol Power of 10 Value

nano n 1029

pico p 10212

femto f 10215

atto A 10218

zepto z 10221

yocto y 10224

Common Units of Measure in  Electronics: A, V, V, W: As you become familiar with electronics termi-
nology, you will usually see the following units of measure with engineering notation used to specify their 
values. For example, 10 kV means 10,000 ohms, where ohm (Greek symbol V) is the unit of measure for 
resistance to electrical current. Or, 20 mV where volts (Latin letter V) is the unit of measure for voltage, 
which is the potential difference between two electrical points. You do not have to know these units at this 
time; however, they will be used in the examples that follow for engineering notation. Here is a table of some 
common electronic units of measure and their symbols.

Electronic Units and Symbols

Unit Name Unit Symbol Quantity

Ampere (amp) A Electric current (I)

Volt V
Voltage (V, E)
Electromotive force (E)
Potential differene (Dw)

Ohm V Resistance (R)

Watt W Electric power (P)

Here are some examples of electronic units of measure, such as amps., volts, ohms, and watts. These exam-
ples show engineering notation and their equivalent values using metric prefi xes. Notice how the metric 
prefi xes are used after the units of measure:

m (micro) is 126 Therefore, 0.0000165 A 5 16.5 3 1026 A 5 16.5 mA 

k (kilo) is 103 Therefore, 27,000 V 5 27 3 103 V 5 27 kV

M (mega) is 106 Therefore, 1,200,000 V 5 1.2 3 106 5 1.2 MV

m (milli) is 1023 Therefore, 0.039 W 5 39 3 1023 W 5 39 mW

Converting to Engineering Notation: To convert a non-exponential number to engineering notation, 
you move the decimal point to a power of 10 notation where the exponent is a multiple of 3 (such as 23, 6, 
12, etc.).
 Note: Use the same general rules as scientifi c notation for moving the decimal point right or left and 
assigning the value of the exponent. However, use a multiple of three. 
 Here are some examples of converting a regular notation number to engineering notation and also the 
metric prefi x used instead of the exponent. Notice that you can have more than one correct answer with 
multiples of three: 

0.00005 A: Move the decimal right 3 places 5 0.05 3 10-3 5 0.05 m (milli)

Move the decimal right 6 places 5 50 3 1026 5 50 m (micro)

3,200,000 V: Move the decimal left 3 places 5 3200 3 103 5 3,200 k (kilo) 

Move the decimal left 6 places 5 3.2 3 106 5 3.2 M (mega)
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Adding and Subtracting Engineering Notation or Metric Prefi xes: Without a calculator, adding or 
subtracting numbers in engineering notation uses similar rules as scientifi c notation. That is, you convert 
the numbers to the same exponential form, except the exponents should be in common multiples of three. If 
they have the same metric prefi x (m, M, k, etc.), it is even easier to add or subtract. Here are some examples, 
including metric prefi xes instead of the exponent:

Add:  0.003 1 0.0204 5 0.0234
 Or, 3 3 1023 1 20.4 3 1023 5 29.4 3 1023 using engineering notation
 Or, 9 m 1 20.4 m 5 29.4 m (milli) where m or milli is the metric prefi x

Subtract: 2600 2 1000 5 1600 
 Or, 2.6 3 103 2 1 3 103 5 1.6 3 103 using engineering notation
 Or, 2.6 k 2 1k 5 1.6 k (kilo) where k or kilo is the metric prefi x

Note: If your calculator has an ENG button, pressing it can convert the displayed number to engineering no-
tation, but not all scientifi c calculators have this button. If your calculator has this button, then you can use it.

I-1.3 EXERCISE PROBLEMS: Engineering Notation
For each of the following problems, perform the indicated operation and record your answers on the Results 
page in Table I-1.3.

Replace the power of 10 notation with the appropriate metric prefi x.

 5. 6.55 3 106

 6. 98.1 3 1023

 7. 32.7 3 103

 8. 9.24 3 1029

Add the following numbers, and place the answer in engineering notation.

 9. 56.8 3 1023 1 33.7 3 1026

10. 384 3 103 1 121 3 103

11. 42.2 3 1026 1 1.02 3 1023

12. 7.65 3 10212 1 274 3 1029

Subtract the following numbers, and place the answer in engineering notation.

13. 1.00 3 103 2 0.10 3 103

14. 3.46 3 1026 2 2.25 3 1023

15. 18.3 3 109 2 16.1 3 1012

16. 2.67 3 1023 2 1.68 3 100

Multiply the following numbers, and place the answer in engineering notation.

17. (7.50 3 1023) 3 (3.46 3 103)

18. (3.44 3 1023) 3 (1.22 3 1023)

19. (6.84 3 109) 3 (2.12 3 109)

20. (8.00 3 1023) 3 (2.00 3 1023)

 1. 7.94 3 102

 2. 2.21 3 107

 3. 5.35 3 104

 4. 72.8 3 101

Place the following numbers in engineering notation.

Divide the following numbers, and place the answer in engineering notation.

21. (7.50 3 1023)y(0.50 3 103)

22. (6.00 3 1023)y(2.00 3 1026)

23. (12.6 3 103)y(3.00 3 1023)

24. (8.88 3 103)y(1.00 3 1026)

Multiplying Engineering Notation or Metric Prefi xes: Use the same rules as those used for scientifi c 
notation. Without your calculator, you fi rst multiply the numeric digits (coeffi cients) and then algebraically 
add the exponents. Afterward, you can convert the result to engineering notation if the exponent is not a 
multiple of three. For example:

Multiply: 14.5 3 1023 A by 2.07 3 106

Multiply the numeric values: 14.5 3 2.07 5 30.15
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Algebraically add the exponents: 23 and 6 5 3
The result is: 30.15 3 103 using engineering notation 

Using the metric prefi x: 30.15 m (milli as in mA)

Dividing Engineering Notation or Metric Prefi xes: Without your calculator, you subtract the expo-
nents (subtract the denominator from the numerator), then divide the numeric digits (coeffi cients). This is 
the same as multiplying power of 10 notation except that the fi nal result must be in scientifi c notation. For 
example:

Divide: 6.34 3 102 y2.18 3 1024.
Subtract exponents (denominator minus numerator): 2 2 (24) 5 6.
Divide the numeric digits: 6.34y2.18 5 2.91 (rounded off).
The result is: 2.91 3 106.
Using engineering notation: 416 3 103

Using the metric prefi x: 416 k (as in kV)

Signifi cant Figures, Accuracy, and Precision
When doing electronics math on your calculator, you use exact or fi nite numbers (not infi nite). Finite num-
bers are like the number of people in a room or the number of pages in a book: exact or fi nite values. But 
when measurements are taken with meters and instruments, the values you obtain are not fi nite and may 
not match your calculations exactly. Remember that no measuring instrument is perfect, even if it has a 
digital display. But fi rst, it’s important to introduce you to types of calculations you will need to use with 
your measurements—and that begins with a quick description of Ohm’s law for calculating values in an 
electronics circuit.

Ohm’s Law: Ohm’s law describes the relationships between current, voltage, and resistance in an elec-
tronic circuit. As a technician, you will be measuring and calculating these values using Ohm’s law. Ohm’s 
law is based on the work of German physicist George Ohm in 1827 and states: I 5 V/R, where I is the cur-
rent in amperes, V is the voltage in volts, and R is the resistance in ohms. Therefore, to fi nd the current I 
in a circuit, you divide the voltage V by the resistance R. The result will be in ohms using the V symbol.
 Notice that current is written as I in the formula (I 5 V/R) because I refers to the Intensity of current 
(this is an old scientifi c term). Resistance (R) is how the circuit resists or opposes the fl ow of current and is 
always in ohms (V). And, V is easy to recognize as voltage (in volts). Finally, another early scientist, James 
Watt from Scotland, determined that electronic consumed power can also be determined by Ohm’s law 
using V, I, and R (more about this later).
 As you continue, you will see these units of current, voltage, and resistance used in the problems that 
follow. And Ohm’s law will be one of your most used formulas.

Measurement Accuracy and Precision
The accuracy and precision of a measurement are always provided in the manufacturer’s specifi cation sheet. 
Here is a simplifi ed example: a digital multimeter (DMM) specifi es that voltage measurements are accurate 
65 % when in a range between 1 and 5 volts. This means that a measurement of 3 volts can be 10.15 V or 
between 2.85 and 3.15 volts. This is also known as the uncertainty of the measurement. But, if you take the 
measurement 100 times exactly the same way and it always reads the same number, such as 2.95, then it’s 
precise but not necessarily accurate. It’s like a scale where when you weigh something three times the same 
way within a few minutes, and each time you get a slightly different reading.
 The terms are usually defi ned this way:

■ Accuracy is how close a measurement is to the true value.
■ Precision is the consistency of the measured value in the same circumstances.
■ Signifi cant fi gures are a number of digits used to describe accuracy or precision.

When you use a meter or instrument, such as a DMM, it may be accurate but not precise. This means it 
may display a measured value slightly different each time. For example, three voltage measurements made 
exactly the same way might be displayed as 1.43 V, then 1.45 V, then 1.47 V; the displayed value varied 
by 0.02 V each time. Therefore, the accuracy appears to be 60.02 V (not very accurate by some standards). 
However, it may be precise if it displays exactly the same number of digits to the right of the decimal point 
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each time: 1.43 V, 1.47 V, and 1.45 V all use exactly two digits after the decimal. Therefore, the measure-
ment is precise to two digits each time (never uses 3 or 4, etc.). So the measurement may be precise but not 
accurate.
 Or it may do just the opposite, showing you the same value each time you measure the voltage but with 
a different number of digits to the right of the decimal point. For example, 1.45 V, then 1.4499 V, and then 
1.4500001 V are all similar. But, the precision varies because the number of digits to the right of the decimal 
is not repeatable—therefore it’s not precise. In summary, all these values are close, but instruments do have 
differences in their accuracy or precision or both. Therefore, we need to know which values are signifi cant 
and which are not.

Signifi cant Figures or Digits: A standard way to describe accuracy or precision is to use signifi cant fi g-
ures (digits). Here are the rules for signifi cant fi gures (digits):

 Rule 1: All non-zero digits are signifi cant. For example: 
   215 has three signifi cant digits.
   18.2 has three signifi cant digits.

5.6 3 103 has two signifi cant digits. (Note: disregard the exponential. There is no exponen-
tial in the problem.)

 Rule 2: All zeros between signifi cant digits are signifi cant. For example:
   1405 has four signifi cant digits.
   20,005 has fi ve signifi cant digits.
   10.06 has four signifi cant digits. 

 Rule 3: All zeros to the right of a decimal point are signifi cant. For example:
   94.0 has three signifi cant digits.
   34.00 contains four signifi cant digits.
   10.0 3 10-3 contains three signifi cant digits.

Note: Some instruments may display zeros to the right of a decimal point as placeholders. This may af-
fect the number of signifi cant digits in a measurement.

 Rule 4: Zeros to the right of a whole number are NOT signifi cant. For example:
   600 has one signifi cant digit.
   12,000 has two signifi cant digits.
   150 has two signifi cant digits.

 Rule 5: Zeros to the left of a number less than one are NOT signifi cant. For example:
   0.2 has one signifi cant digit.
   0.056 has two signifi cant digits.
   0.44 3 1023 has two signifi cant digits. 

Signifi cant Digits and Measured Values: For measurements with a DMM, you can use the least signif-
icant digit to describe the precision. The least signifi cant digit is the smallest displayed signifi cant digit. 
Here are some examples: 

Example 1: When a DMM is used as a voltmeter, it displays a measured 12,000 volts. The least signifi cant 
digit is 2, which appears in the 1000’s place. Therefore, the precision is to the nearest 1000 volts. The DDM 
may be capable of measuring 12,005 volts accurately, but the displayed value is to the nearest 1000 volts 
in this case. 

Example 2: When a DMM is in the ohmmeter setting (V), it displays a measured 625 ohms of resistance. 
The least signifi cant digit is 5, which appears in the 1’s place. Therefore, the precision is to the nearest ohm 
or V. Or, if 625.1 were displayed, the precision would be to the nearest tenth of an ohm. 

Example 3: When a DMM is in the A or uA setting, it displays a measured value of 0.007896 amps. The 
least signifi cant digit is 6, which is in the one-millionth place. Therefore, the precision is to the nearest 
microamp (mA) or 10-6 amps. 

Rounding: In calculations or measurements, rounding is used to simplify values. Also, for a DMM, dis-
played numbers are often rounded to avoid showing insignifi cant fi gures or to make it easier to read—and 
don’t forget that many basic measurements are OK if they are not exact. For example, if you calculate a 
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value of current using Ohm’s law (I 5 V/R) and the answer is 16.501 mA (microamps), your DMM might 
display only 16.5 in the mA setting. That is OK, especially because it’s a very small number. 
 General rules for rounding: If the last digit is less than 5, you can eliminate it and use the remaining 
digits. For example, 163.92 can be rounded to 163.9, or the number 0.0447 can be rounded to 0.045.

Adding, Subtracting, Multiplying, and Dividing Signifi cant Digits: When doing any of these, your 
fi nal answer should have no more signifi cant fi gures than the value with the least number of signifi cant 
digits. In other words, the answer can never be more precise or accurate than the least accurate or precise 
number measured. Here are some examples:

Adding voltages: 10.1 V 1 123.41 V 1 56.01 V 5 189.52 V
 The least precise measured value is 10.1 V.
 Therefore, the rounded answer 5 189.5 V.

Multiplying resistance and current: (I 3 R 5 V, derived from Ohm’s law: I 5 V/R)
 1.4 A 3 15.68 V 5 21.952 V
 The least precise measure value is 1.4 A (2 signifi cant digits).
 Therefore, the answer is 21.9 V or rounded to 22 V (2 signifi cant digits).

Because these are measured values, a fi nal answer may depend upon some established protocol or lab prac-
tice. In the last example, 22 V is more precise (using signifi cant digits), but it may be more accurate to use 
21.9 V, especially if you are using that value in another calculation with a very small or large number (such 
as 21.9y20 uA). Check with your instructor for any established protocol on what number of signifi cant digits 
should be used in the lab experiments.

I-1.4 EXERCISE PROBLEMS: Signifi cant Figures, Accuracy, 
Precision
For each of the following problems, perform the indicated operation and record your answers on the Results 
page in Table I-1.4.

How many signifi cant fi gures are contained in the following measured quanitities?

1. 8.001

2. 721

3. 0.632

How many signifi cant fi gures are contained in the following measured quanitities?

4. 14.11

5. 738.6

6. 0.0012

What is the accuracy of each of the following measured quantities?

7. 12.63

8. 7684

9. 0.6117

Add the following measured quantities, and reduce the answer accordingly usually 2 or 3 signifi cant digits.

10. 16.3 1 17.14

11. 10,031 1 6763

12. 101 1 12
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Subtract the following measured quantities, and reduce the answer accordingly.

13. 15.6 1 3.33

14. 1002 2 863

15. 12.000 1 11,110

Add the following measured quantities, and reduce the answer accordingly.

16. 6.23 3 1.23

17. 6.1 3 21.21

18. 34 1 12.1

Divide the following measured quantities, and reduce the answer accordingly.

19. 73y6.1

20. 108y12.4

21. 17.3y10.03

Round each of the following measured quantities to three signifi cant fi gures.

22. 763.62

23. 64.762

24. 1.27721

SUMMARY AND REVIEW—BE FAMILIAR WITH THESE TERMS
■ Coeffi cient and exponent (math terms)
■ Power of 10 notation (310)
■ Scientifi c notation (one digit left of the decimal)
■ Engineering notation (exponent in multiples of three)
■ Metric prefi xes (symbols for multiples of three: m, k, etc.)
■ Units of measure in a circuit: amps, volts, ohms, watts (A, V, V, W)
■ Ohm’s law: V5IyR (where I is used for current and R used for resistance)
■ Accuracy of a meter or instrument (manufacturer specifi cations)
■ Precision of a measurement
■ Signifi cant fi gures (digits) and the least signifi cant fi gure (digit)

Know how to use these buttons or functions on your scientifi c calculator:
■ Exponent function (Exp, EE, etc.)
■ Change sign (6) function
■ FE or fi xed-point change to exponential
■ Eng (engineering notation) button if available

Important Note: Do not be discouraged by the math or the terminology if it is new to you. The math and 
the terminology will become easier to use in time if you work at it.
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NAME DATE

RESULTS TABLES FOR INTRODUCTION TO 
ELECTRONICS MATH

1.  3 103

2.  3 109

3.  3 103

4.  3 103

5.  3 106

6.  3 109

7.  3 109

8.  3 100

9.  3 103

10.  3 103

11.  3 100

12.  3 106

13.  3 107

14.  3 102

15.  3 1021

16.  3 1029

17.  3 103

18.  3 1026

19.  3 1022

20.  3 100

21.  3 1027

22.  3 1021

23.  3 105

24.  3 107

TABLE I-1.1  Power of 10 Notation

1.  

 2.  

 3.  

 4.  

 5.  

 6.  

 7.  

 8.  

 9.  

10.  

11.  

12.  

13.  

14.  

15.  

16.  

17.  

18.  

19.  

20.  

21.  

22.  

23.  

24.  

25.  

26.  

27.  

28.  

29.  

30.  

TABLE I-1.2  Scientifi c Notation
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1.  

2.  

3.  

4.  

5.  

6.  

7.  

8.  

 9.  

10.  

11.  

12.  

13.  

14.  

15.  

16.  

17.  

18.  

19.  

20.  

21.  

22.  

23.  

24.  

TABLE I-1.3  Engineering Notation

1.  

2.  

3.  

4.  

5.  

6.  

7.  

8.  

 9.  

10.  

11.  

12.  

13.  

14.  

15.  

16.  

17.  

18.  

19.  

20.  

21.  

22.  

23.  

24.  

TABLE I-1.4  Signifi cant Figures, Accuracy, Precision
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CHAPTER

1

E X P E R I M E N T  1 - 1

LAB SAFETY, EQUIPMENT, AND 
COMPONENTS (Resistor Color Code)

4. Do not keep beverages, open liquids, or food near 
electronic equipment.
5. Do not touch any circuit or components unless 
you know that it is safe to do so. For example, 
touching some components (especially some inte-
grated circuits) can damage them. Other compo-
nents (large capacitors) can discharge a dangerous 
current through your body if you touch them—even 
if they are not connected to a circuit.
6. Never use a soldering iron without proper  training.
7. Never disturb another person who is using 
 equipment.
8. Always wear safety glasses or any other required 
safety equipment.

Your lab class may have a safety test, signs, or some 
other information that you should read or respond 
to as required. Although most electronics courses are 
not known to cause injury, it is still a good idea to be 
cautious and prepared. Be sure you know where fi rst 
aid is available and what to do in an emergency.

EQUIPMENT
Every electronics lab, and every school, has different 
types of equipment. However, there are some basic me-
ters that are common to all electronics labs. In one form 
or another, your school will have these meters. They 
may appear to be different only because they are made 
by different manufacturers. Typical equipment is shown 
in Grob/Schultz, Basic Electronics, twelfth edition.

Simple Meters (Single Purpose)
Ohmmeter: Used to measure resistance (in ohms). 
Remember that resistance is the opposition to cur-
rent fl ow in a circuit. Resistors usually have color 
stripes on them to identify their values. One way to 
be sure your resistor is the correct value is to mea-
sure it with an ohmmeter.

Ammeter: Used to measure current (in amperes). 
Remember that current is an electric charge in mo-
tion. Ammeters usually measure the current in mil-
liamperes (0.001 A) because most electronics lab 
courses do not require large amounts of current.

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Understand the basic safety concepts used in 

a lab.
■ Be familiar with lab equipment and components.
■ Understand the resistor color code.

SUGGESTED READING
Chapters 1 and 2, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
An electronics lab combines a classroom with a tech-
nician’s workbench. Most classroom labs have simi-
lar equipment. You should become familiar with the 
equipment in your classroom lab, including safety 
equipment, safety policies, and practices.

SAFETY
Safety always comes fi rst—in a lab class and at work. 
In fact, most large companies train their technicians 
in safety measures, including good ergonomic prac-
tices. You should not only know how to use the equip-
ment safely but also how to sit at a lab station without 
stressing your arms, wrists, or eyes when working. 
Most of the time, this is a matter of common sense—
avoid any stressful position for a prolonged time.
 But most safety issues in an electronics lab come 
from the possibility of getting an electric shock. It is 
your responsibility to avoid this hazard by following 
these basic rules:

1. Do not plug in or turn on the power to any 
equipment without knowing how to use the equip-
ment. This means asking for help when you do not 
know how to use something safely. Do not be afraid 
to ask for help.
2. Always check power cords. They should not be 
frayed, loose, or damaged in any way. In general, 
 always inspect your equipment before using it.
3. Never wear loose jewelry or rings when working 
on equipment. Most jewelry is made of metal and 
may conduct hazardous current accidentally.
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Voltmeter: Used to measure voltage (in volts). Re-
member that voltage (force) refers to units of poten-
tial difference. Most voltmeters use more than one 
range, or scale, because voltage, unlike current, is 
often measured in larger values.

Multimeters (Multipurpose)
VOM (volt-ohm-milliammeter): A multipurpose 
meter used to measure DC and AC voltage, DC cur-
rent, and resistance (see Fig. 1-1.1a).

DMM (digital multimeter): A digital multipur-
pose meter, also known as a DVM (digital voltmeter) 
(see Fig. 1-1.1). These can be used as ohmmeters, 
voltmeters, or ammeters.

Other Equipment
DC Power Supply: A source of potential differ-
ence, like a battery. It supplies voltage and current, 
and it can be adjusted to provide the required volt-
age for any experiment.

Soldering Iron: A pointed electric appliance that 
heats electric connections so that solder (tin and 
lead) will melt on those connections. Used to join 
components and circuits.

Breadboard/Springboard/Protoboard: Used 
to as semble basic circuits, by either soldering, in-
serting into springs, or joining together in sockets. 
These boards are the tools of designers, students, 
and hobbyists.

Component Familiarization (Symbols)
 The symbol for resistance or a resistor.
The symbol for a battery (cells) or a power 

supply.

Positive potential symbol (associated with 
the color red).

Negative potential symbol (associated with 
the color black).

Capacitor (or capacitance) symbol. Used in 
later study.

Inductor (or inductance) symbol. Used in 
later study.

Leads are simply insulated wires used to join the 
meters to the circuits, the power supply to the cir-
cuit, and so on. They are conductors and have no 
polarity of their own. Leads have different types 
of connectors on the ends, such as alligator clips, 
banana plugs, and BNC connectors.

V 5  ohms (unit of resistance), Greek letter omega 
` 5  infi nity (used to indicate infi nite resistance)

Common Symbols for Multipliers
Lowercase k 5 kilo 5 1000 or 1 3 103

Uppercase M 5 mega 5 1,000,000 or 1 3 106

Lowercase m 5 milli 5 0.001 or 1 3 1023

Greek letter mu (m) 5 micro 5 0.000 001 or 1 3 1026

COMPONENTS
Certain basic components are used in electronics all 
the time. They are the resistor, the capacitor, the 
inductor (see Fig. 1-1.2), the diode, and the transis-
tor. Along with these are also hundreds of variations 
and customized devices and chips.
 Capacitors have the ability (capacity) to store 
electrical energy, and inductors have the ability to 
induce a voltage; these will be studied later. But the 
practical use of resistors is studied early in most 
lab classes. Learning about resistors and learning 
(memorizing) the resistor color code are critical for 
any technician.
 In general, resistors limit or resist the fl ow of 
current in a circuit. That is why they are called re-
sistors. Made of a carbon compound, resistors come 

Fig. 1-1.1  Basic meters. (a) Handheld DMM. (b) Benchtop DMM.

Handheld DMM

(a)

Benchtop DMM

(b)©
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3. List the types of meters that you already know 
how to use and compare them to any meters in 
your lab.

After you fi nish, turn in your answers to procedure 
steps 1, 2, and 3.

in various sizes and power ratings. The most com-
mon resistors on circuit boards have the value of 
resistance color-coded (painted) on them. The value 
of resistance is the ohm, named for Georg Simon 
Ohm, the scientist who determined a law for resis-
tance in 1827. The resistance value in ohms refers 
to the resistor’s ability to resist the fl ow of elec-
tricity. The lower the value, the less resistance. In 
practical applications, one ohm (1 V) of resistance 
is very small and has little effect on most circuits. 
However, 1 million V has so much resistance that it 
resists all but the smallest amount of current fl ow.

PROCEDURE

Four-Band Resistor Color Code 
Investigation
1. Answer questions 1 to 15.
2. After studying the resistor color code in Fig. 1-1.3, 
fi ll in Tables 1-1.1 and 1-1.2.

Fig. 1-1.2  Typical resistor (a), capacitor (b), and 
inductor (c).

(a)

(b)

(c)

Note:

Fig. 1-1.3  How to read color bands (stripes) on carbon 
resistors. Resistors come in various shapes and sizes. This 
is only one common form. The larger the physical size, the 
greater the wattage rating. Refer to Appendix A for other 
component codes, including the fi ve-band carbon-fi lm 
resistors.
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NAME DATE

QUESTIONS FOR EXPERIMENT 1-1

Fill in the blanks (1–15) with the letter of the correct answer.

   1. An instrument used to measure potential difference. a. ammeter

   2. An instrument used to measure current. b. 

   3. An instrument used to measure resistance. c. power supply

   4. A passive component that opposes the fl ow of current. d. voltmeter

   5. An instrument used to heat solder and join components. e. 

   6. A source of DC voltage other than a battery. f. black

   7. A symbol for DC voltage source. g. ohmmeter

   8. A symbol for resistance. h. breadboard

   9. A color used to represent negative polarity. i. soldering iron

  10. An item used to temporarily build circuits on. j. resistor

  11. A Greek letter used to represent a unit of resistance. k. DMM, DVM, VOM

  12. An English letter used to represent 1000. l. m

  13. An English letter used to represent 0.001. m. k

  14.  An instrument used as an ohmmeter, voltmeter, or an ammeter. n. V
capable of measuring both voltage and current.

  15. A symbol for infi nity.   o. `
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TABLES FOR EXPERIMENT 1-1

TABLE 1-1.1  Resistor Color Codes

First Digit 
Band 1

Second Digit 
Band 2

Multiplier 
Band 3

Tolerance 
Band 4

Resistor 
Value

Red

Brown

Green

Blue

Red

Orange

Blue

Brown

Yellow

Brown

Orange

Brown

White

Brown

Brown

Brown

Brown

Blue

Green

Red

White

Green

Black

Violet

Black

Orange

Black

Blue

Black

Green

Brown

Black

Red

Yellow

Orange

Brown

Black

Red

Green

Orange

Orange

Gold

Red

Yellow

Green

Gold

Gold

Silver

Silver

Silver

Gold

Silver

Gold

Gold

Silver

Silver

Gold

Silver

Silver

Gold

TABLE 1-1.2  Resistor Color Codes

Band 1 
Color

Band 2 
Color

Band 3 
Color

Band 4 
Color

Resistor 
Value

680 kV, 5%

10 kV, 10%

100 kV, 5%

3.3 MV, 5%

1.2 kV, 10%

820 V, 10%

47 kV, 5%

330 V, 10%

470 kV, 5%

560 V, 10%

1.5 MV, 10%

220 V, 5%

56 V, 10%

12 kV, 5%

560 kV, 5%
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER

2

E X P E R I M E N T  2 - 1

 RESISTANCE MEASUREMENTS

value in ohms. Continuity checkers are often used 
by technicians, mechanics, and electricians to check 
for blown fuses or breaks in wiring. 

Types of Meters: For measuring resistance, volt-
age, and current, the DMM (digital multimeter) is 
the instrument of choice. Some are handheld (por-
table and small) and others are mounted or kept 
on a bench (benchtop). The DMM is an ohmmeter, 
voltmeter, ammeter and more, all in one instru-
ment. The fi rst DMMs were known as DVMs (dig-
ital voltmeters) and are still used, but some do not 
have all the functions of the modern DMM. The volt 
ohmmeter (VOM) is another type and can be digital 
or analog. In general, the terms DMM, DVM, and 
VOM are often used interchangeably because they 
are multimeters.
 The older analog VOM and the vacuum tube volt-
meter (VTVM) are disappearing. They used mag-
netic movements and pointers (needles) with scales 
on the face for reading the values. VTVMs will not 
be shown in this lab manual because they are not 
manufactured anymore and they require vacuum 
tubes for operation. The analog VOMs use batteries.
 Today, most technicians use digital DMMs be-
cause they are accurate and easy to read. Regardless 
of what meter you have, the ability to measure resis-
tance, voltage, and current are absolutely necessary 
in electronics. 

DMM (digital multimeter): The DMM (Fig. 2-1.1) 
is the modern standard instrument of choice for 
measuring resistance, voltage, and current. Some 
DMMs also have special functions to measure other 
components and values, such as diodes. 
 Throughout this lab manual, the DMM will be 
the equipment of choice for measuring all the basic 
circuits. Every DMM is different, but all require 
power. A handheld DMM uses a battery, and a 
bench-mounted (benchtop) DMM uses power from 
an AC (alternating current) outlet. All DMMs have 
LED (light-emitting diode) displays or readouts. 
DMMs have buttons or knobs for adjustments and/
or range settings. Each DMM also has various in-
puts (terminals) for the leads or probes that make 
contact with the component or circuit being tested. 

LEARNING OBJECTIV ES
At the completion of this experiment, you will be 
able to:
■ Operate the ohmmeter of a digital multimeter or 

volt ohmmeter
■ Measure resistance (resistors) in ohms
■ Understand the difference between meters

INTRODUCTION
This experiment will familiarize you with resistance 
measurements and the ohmmeter. Resistance is the 
opposition to the fl ow of current and is measured 
in ohms (V). The ohmmeter is usually a function of 
a multimeter. Before modern digital meters, there 
were individual dedicated ohmmeters that only 
measured resistance. 
 An ohmmeter works by sending a known small 
value of current into one end of a component and 
measuring the value that comes through the other 
end. Because the value of current sent is known, the 
value that returns is used to calculate the resistance 
in ohms. In addition, the current is very small so it 
cannot damage the component or circuit. Also, ohm-
meter measurements are done with no other power 
applied to the component. 
 For example, if all the current sent into one end of 
a component is returned through the other end, the 
ohmmeter reading should be zero ohms (0V). This 
means there was no opposition to current fl ow. This 
is also known as short or short circuit (no resistance), 
like a short piece of copper wire. Or, if no current re-
turns, the ohmmeter reading will be very large, such 
as millions or billions of ohms. This means there is 
infi nite resistance to the fl ow of current. This is also 
known as an open circuit, such as open air or an 
opened switch. Anything between zero and infi nite 
ohms is determined by the meter using its internal 
circuitry and the applied voltage. 
 In general, dedicated single measurement meters 
are no longer used. The only example is a conti-
nuity checker, which is like an ohmmeter except 
that it only verifi es that a circuit is closed (has con-
tinuity) or open (no continuity). It does not give the 
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Handheld DMMs (Fig. 2-1.3) are often inexpensive 
and are easier to use than benchtop models because 
they have fewer functions.
 Again, the terms DMM, DVM (digital voltme-
ter), or VOM (volt ohmmeter—if digital) are often 
used interchangeably. The difference is in individ-
ual functions, ranges, displays, and so on. For the 
purpose of the experiments in this book, the ab-
breviation DMM will refer to any digital display 
meter that can measure resistance, current, and 
voltage. 
 Remember, if a resistance measurement (in 
ohms) is required, the DMM is simply functioning 
as an ohmmeter. Or if voltage measurements are re-
quired, then the DMM is functioning as a voltmeter. 
As you will see, this experiment has generic instruc-
tions for using a DMM and an older analog VOM. 
You should check with your instructor or the meter 
manual for more information if you are unsure or 
are new to electronics. 

Analog VOM and Calibration: The analog VOM 
(volt ohmmeter) is an older meter that can measure 
current, voltage, and resistance. The analog VOMs 
use a magnetic meter movement with a needle or 
pointer. They have scales on the face and some-
times have a mirror to avoid parallax (side viewing). 
VOMs are usually battery operated and have an ad-
justment for calibration of resistance between zero 
and infi nity. The zero adjust is also used to set the 
pointer to the zero position. Because of the move-
ment, the pointer, and the scale, analog VOMs are 

not as reliable or as accurate as DMMs. Figure 2-1.2 
shows an older VOM with the range switch in the 
V (resistance) area set to X10. This means the scale 
value is multiplied by 10 for the measured value.
 To calibrate the analog VOM: In the ohms position 
and proper terminal connection, separate the leads 
(open), and the needle should move toward the infi n-
ity marker `, which is the starting point for calibra-
tion. Next, with the leads connected together (short), 
the needle should move toward 0—use the ZERO 
adjust to align the needle with 0. Repeat the pro-
cess (` and zero) as necessary until they both align 
correctly when the leads are opened or shorted. The 
mirror that may be on the meter face can be used to 
avoid parallax errors due to reading the scale from 
an angle. If you use older model analog meters, you 
will have to calibrate them often.

Note: If you only have access to an analog VOM 
you can still do most of the experiments in this lab 
manual. However, DMMs are recommended, and 
handheld models are inexpensive and available 
worldwide. 

Leads, Probes, and Input Terminals: In general, 
leads and probes are similar because they both con-
duct current. Leads often have alligator clips, and 
probes are usually pointed. So, leads or probes do 
the same thing: they make contact from the meter to 
the component. 
 COM and V terminal inputs: The black lead or 
probe is considered negative polarity (2). The black 

Fig. 2-1.1  Generic benchtop DMM.

FUNCTION mA
mA

A

R × 10
R × 1 K
R × 1 M

Some DMMs have
buttons for AC, DC
or Ω functions.

Terminal Inputs
(HI/LO also)

Primary LED
Display

Secondary LED Display:
Other information.

If not auto-ranging
use the range switch:
Protects the DMM and
provides correct sensitivity.

ON/OFF

Note: Your DMM may use
          buttons for ranges.

Black lead: Ground (-)

Red lead: HI (+)

RANGE

FUNCTION

Ω

V

A

COM (LO)
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lead is plugged into the COM (2) terminal of the 
meter. COM refers to common ground or common 
return path for current. The red lead or probe is 
considered positive polarity (1). It is plugged into 
the ohm V terminal. Sometimes V (resistance) and 
V (voltage) share the same terminal. For resistance 
measurements, most meters will have a COM for 
the black (2) lead and a V (ohm) terminal for the 
red (1) lead. But some meters use separate HI and 
LO terminals.
 LO/HI terminal inputs: If your DMM has a LO 
input terminal for ohms, then use it like the COM (it 
is the LO side of the measurement). The HI terminal 
should have the V symbol or ohms. Use it for the red 
(1) lead. 

Flow of Current: Current fl ow for ohmmeters is 
from the COM (2) or LO side, then through the re-
sistor, and then back into the V (ohm) terminal or 
HI (1) side. This is the way most technicians are 
taught, and this is correct because it corresponds to 
electron fl ow. However, engineers are trained to use 
conventional current fl ow (positive to negative), es-
pecially for designing circuits. Do not let this confuse 
you: resistance measurements have no polarity and 
are made the same way always, using the meter’s 

COM (2) terminal with the black lead and the V
terminal for the red lead. Or, use LO (black) and HI 
(red) for those DMMs.

Power, Range, and Function Switches: Meters 
should always be left in the OFF position or powered 
OFF if not in use. The function means what type 
of measurement you make: resistance, voltage, cur-
rent, and so on. If your meter has a function switch 
or button, then you set it to the proper function, such 
as VDC, V, mA, and use the corresponding input ter-
minals that have the same function. The function 
and the input terminal must correspond or you will 
not get the correct measurement—you might also 
damage the meter. 
 The range is a maximum value for the measure-
ment. It is important for accuracy and safety. For 
example, don’t measure high voltage in the mV (mil-
livolt) range; or don’t measure high current such as 
10 amps in the mA (milliamp) range. DMMs may 
also have specifi c ranges, such as 200mA or 20MV. 
If a value is shown, then it is the maximum scale or 
measureable value allowed in that range. As a gen-
eral rule, you should always start in the maximum 
range if you are unsure—this will protect the meter 
from damage. 

Fig. 2-1.2  Analog VOM. Linear and nonlinear scale (ohms). A generic VOM measures resistance in ohms (V), 
AC and DC voltage, and current in amperes (A). The VOM shown is set for resistance: R 3 10.
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manual. Although measuring disconnected resistors 
is not considered diffi cult or dangerous, the safe op-
eration of the equipment and your safety are both 
mandatory.

COMPONENTS
30 resistors, all 0.25 W unless indicated otherwise:

(1) 10 V (1) 4.7 kV

(1) 56 V (1) 5.6 kV (0.5 W or less)

(1) 100 V (3) 10 kV (0.5 W or less)

(1) 220 V (1) 22 kV (0.5 W or less)

(1) 390 V (1) 33 kV (0.5 W or less)

(1) 470 V (2) 47 kV (0.5 W or less)

(1) 680 V (1) 68 kV (0.5 W or less)

(1) 820 V (1) 86 kV (0.5 W or less)

(1) 1 kV (2) 100 kV (0.5 W or less)

(1) 1.2 kV (1) 220 kV (0.5 W or less)

(1) 1.5 kV (1) 470 kV (0.5 W or less)

(1) 2.2 kV (1) 1.2 MV (0.5 W or less)

(1) 3.3 kV (1) 3.3 MV (0.5 W or less)

PROCEDURE
1. Meter check: With power on, set the meter for 
measuring ohms with the leads in the correct input 
terminals. If you have range settings or inputs, use 
a value near 10 K ohms (R 3 10K) if possible—but 
it’s not necessary for this step. Just be sure you are 
ready to measure resistance in ohms and have the 
leads in the proper input terminals.
2. With the leads shorted (connected together), 
verify the meter shows 0 V or approximately zero 
ohms. Then open the leads (disconnected) and ver-
ify the meter shows infi nite V or a very large value 
(many millions of ohms). Try this same check in 
other ranges, if available. 
3. Measure all the resistor values in the compo-
nents list and record the values in Table 2-1.1. 
Refer to the circuit-building aid fi gure. If you do 
not have an auto-ranging DMM, you must set the 
range or leads to the range value that is slightly 
above the resistance you are measuring—this will 
give you the most accurate measurement. Finally, 
always remember that no measurements are exact, 
especially when measuring resistors. 
4. Answer the questions for this experiment and 
write a report if required. Refer to the appendix for 
examples of writing a report.

 If your meter has values such as X1, X10, and so 
on, then you multiply the reading by the range set-
ting. This is often used for resistance measurements 
on some meters. For DMMs, you usually press a but-
ton or change the lead terminal if it shows a range. 
You may see specifi c terminals such as 200mA or 
A. In general, you set the measurement and then 
the range before making contact. If you are using a 
DMM with auto-range, then the range is automatic 
and no setting is required—but the input terminals 
must be correct regardless of the meter you use.
 Now it’s time to start measuring resistors and 
using your meter. 

EQUIPMENT
Ohmmeter: DMM or VOM
Leads or probes
Proto board or spring board if desired

NOTE on Equipment: The general instructions in 
this experiment do not replace the meter’s instruc-
tion manual and are only intended as a guide. If you 
are in a laboratory classroom, please ask the staff 
to show you how to use the meters provided. If no 
one is available, you need to read the instruction 

Fig. 2-1.3  Circuit Building Aid: Generic Handheld 
DMM.

100.0

Ω
OFF

Resistor

Measuring Resistance

Black

COM (-) Ω (+)

Red

I meter
I m

eter
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NAME DATE

QUESTIONS FOR EXPERIMENT 2-1

Answer true (T) or falce (F) to the following:

   1. The DMM can measure current.

   2. An ohmmeter will show zero ohms when the leads are not connected together (open circuit).

   3. Linear scales are used for resistance measurements.

   4. It is necessary to adjust infi nity (`) and zero ohms whenever changing ranges on an ohmmeter.

   5. A continuity check gives the value in ohms.

   6. shorting the leads together on an ohmmeter results in zero ohms.

   7.  Parrallax is an error resulting from reading meter scales with needles or pointers from an angu-
lar view.

   8. An ohmmeter cannot be damaged by measuring voltage.

   9. The range switch is only used for voltage measurements.

Short Answer:

  10.  Refer to Appendix A, and write an explanation of the differences between 4-band and 5-band 
resistors.
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TABLE 2-1.1  Resistance Measurements

Nominal Value, Measured Value, Nominal Value, Measured Value,
V V V V

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

TABLE FOR EXPERIMENT 2-1
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.





LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Measure voltage with a voltmeter.
■ Measure current with an ammeter.
■ Use a DC power supply.

SUGGESTED READING
Chapters 1 and 2, Basic Electronics, Grob/Schultz,
twelfth edition

INTRODUCTION
Ammeters measure the amount of current (electron 
fl ow) in a circuit. Current is measured in units called 
amperes, or amps. Ammeters are almost always 
used in basic electronics lab courses and in physics 
lab courses because they are excellent for teach-
ing and verifying the fl ow of current. But they are 
rarely used by technicians for repair work because 
ammeters usually measure only direct current (DC) 
and are not useful where alternating current (AC) 
is found. In this experiment, you will be inserting 
the ammeter in simple circuits and measuring small 
and safe amounts of DC current.
 Voltmeters are the most useful tool for testing 
and troubleshooting DC circuits. They measure the 
amount of electrical force (charge or a potential dif-
ference between two points). The measurement unit 
is called the volt. Wherever there is current, there is 
also voltage. Most voltmeters measure DC voltage, 
and many also measure AC voltage, which is cov-
ered later. For this experiment, you will be measur-
ing only DC  voltage.

Common Values of Current and 
Voltage
The milliampere is a common value of current. The 
milliampere is one-thousandth of an amp, and that is 
enough current to do a lot of useful work on a circuit 
board. Throughout this course, you will mostly be 
measuring milliamperes and sometimes microam-
peres. In general, any value of current greater than 
a few amperes is considered high and can present a 
danger or hazard. Current in the area of 10 amperes 
and above is high enough to be deadly.

 The millivolt is also a common value of voltage in 
DC electronics. It is one-thousandth of a volt. Values of 
hundreds of millivolts are common on circuit boards, as 
are values of voltage below 10 or 20 volts (V).  Voltage 
is somewhat different from current, because large 
amounts of voltage can exist without a lot of current 
and may not be dangerous if it cannot supply current. 
However, it is always best to be cautious and safe.

Types of Ammeters and Voltmeters
The most commonly used voltmeters are digi-
tal handheld meters with liquid crystal displays, 
often referred to as DVMs (digital voltmeters) or 
DMMs (digital multimeters). However, older me-
ters such as the VOM (volt-ohm-milliammeter) and 
the VTVM (vacuum tube voltmeter) are sometimes 
used in schools. And some schools may use ded-
icated  single-function ammeters and voltmeters 
that may have been built especially as teaching 
tools. For information about the various meters, 
refer to Experiment 2-1, on resis tance measure-
ments, where the meters were shown.

DC Power Supply
A source of DC (direct current) power is essential for 
activating any circuit. In fact, a battery is the most 
common source of DC power, but it is not a variable 
type of supply, and it will run out of power if not re-
charged. For lab work, a variable and constant source 
of DC power is essential. For that reason, your lab is 
equipped with a DC power supply that may be capa-
ble of supplying 10 or more volts and is also variable. 
See Fig. 2-2.1 for a typical DC power supplies.
 The DC power supply is similar to a battery but 
is adjustable. Most bench supplies can maintain a 
constant voltage and, sometimes, a constant current. 
Such power supplies usually have their ranges or 
maximum values listed on the face, for example, 0 to 
10 V or 0 to 30 V. Also, bench supplies can often be ad-
justed to  values less than a volt, including millivolts.
 Because every lab has a different type and man-
ufacturer of power supplies, it is necessary to learn 
how to safely operate the power supply in your sit-
uation. One way to do this is to read the manual or 
simply to look at the controls. The simplest of power 
supplies may have only positive and negative ter-
minals, a display, and a knob to adjust the voltage. 
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However, there are sophisticated supplies that have 
both positive and negative voltages, constant or vari-
able current adjustments, and even swept outputs. 
For this experiment you will need a supply that ad-
justs  between 0 and 10 V.

EQUIPMENT
Voltmeter (DMM)
Ammeter (DMM)
DC power supply

COMPONENTS
Resistors (all 0.25 W unless indicated otherwise):

(1) 100 V
(1)   1 kV
(1)  10 kV
(1) 330 V
(1) 560 V

PROCEDURE
1. Setting the voltmeter (DMM): Set the func-
tion switch to the appropriate VOLTS position. You 
will be measuring less than 10 V throughout this 
experiment. Be sure that the leads are properly 

connected. Digital meters are usually easy to 
operate and require only a minimal amount of 
adjustment.

2. Setting the power supply: Locate the power 
 supply and locate its terminals (1) and (2). These 
are similar to the ends of a battery. If you are using 
a power supply with a variable knob, turn it coun-
terclockwise to start at zero. Also, if the power sup-
ply has any setttings, be sure to set it for 10 V or 
less with minimal current.
 Turn on the power supply.

3. Measuring power supply voltage: Connect 
the voltmeter directly to the power supply as shown 
in Fig. 2-2.2 (schematic) or Fig. 2-2.3 (circuit-building 
aid). First, connect the negative lead or ground side 
to the negative output of the power supply. This is 
standard practice. Then connect the positive lead 
(probe) to the positive (1) side of the power supply.

Note: When a voltmeter is shown connected in 
a schematic, the circled symbol  V  is used.

Adjust the power supply to read 3 V by slowly in-
creasing the voltage control knob. If you are using 
a digital supply, adjust it in a similar manner. 
When your voltmeter reads 3 V, stop. Even if the 
power supply display is a little more or less than 
the meter reading, it does not matter. The volt-
meter is making the measurement, and that is 
the data you want.

Try increasing and decreasing the power supply in 
minimal amounts between 0 and 5 V, watching 
the voltmeter. If you are using a meter movement 
(needle), never allow the needle to bump up to 
full-scale defl ection. This may ruin the meter 
movement or bend the needle pointer. For ex-
ample, if you are going to measure 10 V, set the 
meter to a higher scale, such as 20 V.

Obtain any battery less than 9 V and try measuring 
it with the voltmeter. Because a voltmeter has a 
very high resistance (millions of ohms), it cannot 
drain the battery of its current.

4. Measuring resistor voltage: Refer to the 
circuit in Fig. 2-2.4, where a 1-kV resistor is used 

Fig. 2-2.2  Simple schematic of a DC voltage measure-
ment. (A schematic is a type of electronic road map or 
blueprint.) The 3 V on the left means that the power 
supply is set at 3 V. The V in a circle on the right indi-
cates a voltmeter (DMM or VOM or DVM).

(a)

Current Voltage

Power

Range or
level control
for DC voltage.
Knobs or buttons.

These vary by make and model.
Some have +ve ground terminals,
some have (-) and (+) for current
outputs.

- +

Terminals: 

Fig. 2-2.1  (a) Generic DC Power Supply: Current and 
Voltage. (b) Simplifi ed DC Power Supply: Voltage only.

(b)

Note: This represents
           any DC power
           you are using.

- +
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- +

DC Power Supply

Voltmeter
(DMM)

V (+)

COM (-)

Fig. 2-2.3  Circuit Building Aid: Measuring the output of a DC power supply using a voltmeter (DMM).

in the path of current fl ow. Notice that the leads 
of the voltmeter are connected across the resistor 
like a bridge. This allows a very small (micro-
amps) amount of current to travel into the highly 
resistive voltmeter to be measured with little or 
no effect on the rest of the circuit.

Connect the circuit of Fig. 2-2.4 with 3-V output 
from the power supply. Record the voltage reading 
in Table 2-2.1.

Replace the 1-kV resistor with a 100-V resistor 
 without adjusting the power supply, and record 
the voltage reading on the voltmeter.

Replace the 100-V resistor with a 10-kV resistor 
 without adjusting the power supply, and record 
the voltage reading on the voltmeter.

5. Measuring current with an ammeter: You 
have already learned how to use an ohmmeter to 
measure resistance and a voltmeter to measure 
voltage. For both meters, it was necessary to place 
the two (1 and 2) leads across the component you 
measured. However, an ammeter is actually con-
nected in the circuit—in the path of current (elec-
tron) fl ow. This is also known as in series. Therefore, 
the leads are used to connect the ammeter into a 

- +

DC Power Supply

Voltmeter
(DMM)

1 kΩ

Current flow

Small current

V (+)

COM (-)

Fig. 2-2.4  Current Building Aid: Resistor Voltage Measurement: Voltmeter is across the resistor.
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circuit only after you break the circuit open. Refer 
Fig. 2-2.5.
 Notice that the range/function switch is set to , mA. 
Also, notice that the electron fl ow (current) leaves 
the negative side of the battery, fl ows through the 
resistor, and enters the negative side of the amme-
ter. Then it exits the ammeter and  returns to the 
positive side of the battery.
 Let us simplify Fig. 2-2.5 by replacing the amme-
ter with its symbol: a circled A . Now, the same cir-
cuit can be seen in the schematic of Fig. 2-2.6.
 Here, it should be understood that to connect the 
ammeter, the circuit was broken between the pos-
itive side of the battery and the resistor. Also, to 
determine where the polarities are, notice that wher-
ever electron fl ow enters a component, that side of 
the component is then considered negative. Where 
electron fl ow leaves the component, closer to the pos-
itive side of the battery source, it is considered pos-
itive. Thus, the resistor and ammeter, in Fig. 2-2.6, 
are shown where electron fl ow determines polarity. 
Of course, electron fl ow must enter the common, or 
negative, side of the ammeter and exit from the pos-
itive side.
 Be sure that power is turned off before making 
any connections and then turned on again.
 Finally, an easy way to protect an ammeter, or 
any meter, is to allow one lead (positive, for example) 

to act as a switch, as shown in Fig. 2-2.7. Here, the 
positive lead of the ammeter can be touched lightly 
to the connection so that you can be sure the proper 
polarity (meter goes upscale) is there. Lightly tap or 
touch the positive lead to the place you are going to 
connect it. Watch the display to see if it reacts as 
expected. Or if you use an older analog meter, do 
not let the needle peg; avoid full-scale defl ection. For 
auto-ranging DMMs, nothing is required.

Connect the circuit of Fig. 2-2.6, which is a 100-V 
 resistor in the path of current fl ow with the amme-
ter, but do not turn the power supply on yet.

Slowly adjust the power supply voltage for 1 V 
across the resistor. You can use a voltmeter to 
measure the voltage across the resistor and adjust 
to 1 V if necessary. Note the value of current on 
the ammeter and record it in Table 2-2.2.

Replace the 100-V resistor with a 330-V resistor. 
The voltage should still be 1 V across the resistor. 
Note the value of current on the ammeter and 
 record it in Table 2-2.2.

Replace the 330-V resistor with a 560-V resistor. 
The voltage should still be 1 V across the resistor. 
Note the value of current on the ammeter and 
 record it in Table 2-2.2.

Turn off the power supply and disconnect the 
 circuit.

Fig. 2-2.6  Schematic representation of Fig. 2-2.5.

Ammeter lead used as a switch.
Lightly touch contact to be sure
the meter is ok.

Fig. 2-2.7  Ammeter in circuit.

Ammeter
(DMM)

Set to mA range because
current is about 10 mA
(1 V ÷ 100 Ω ). Any range
in the area is ok.

mA (+)

+

COM (-)

-
1 V

I

I

+

-

R1
100 Ω

Fig. 2-2.5  Circuit Building Aid: Measuring current with an Ammeter (in series with a battery and resistor).
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QUESTIONS FOR EXPERIMENT 2-2

In your own words, describe the different ways an ohmmeter, an ammeter, and a 
voltmeter are connected to make measurements.

TABLE 2-2.2  Current Measurements

Resistor Value Voltage Current, I

100 V 1 V 

330 V 1 V 

560 V 1 V 

TABLE 2-2.1  Voltage 
Measurements

Resistor Value Voltage

1 kV 

100 V 

10 kV 

TABLES FOR EXPERIMENT 2-2

Note for Report: Write your conclusion based on data from these two tables.
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER

3

E X P E R I M E N T  3 - 1

OHM’S LAW

Ammeter (DMM)
Power supply
Connecting leads
Circuit board

COMPONENTS
Resistors (all 0.25 W):

(1) 100 V (1) 820 V
(1) 330 V (1) 1 kV
(1) 560 V

PROCEDURE
 1. Connect the circuit of Fig. 3-1.1a with the 
power supply turned off. The polarity of the power 
supply, the voltmeter, and the ammeter must be 
correct in order to avoid damage to the equipment.

Note: Use the circuit-building aid of Fig. 3-1.1b if 
you have trouble.

 2. Refer to Table 3-1.1. Calculate the current 
for the fi rst voltage setting (1.5 V, 100 V nominal 
value). Record the value in Table 3-1.1 under the 
heading Calculated Current.
 3. Check your circuit connection by tracing the 
path of electron fl ow. Be sure the ammeter reading 
is  correct for the value of calculated current. Also, 
be sure the voltmeter range is correct.
 4. Before turning the power supply on, turn the 
 voltage adjust to zero. Now, turn the power supply 
on. Use the voltmeter to monitor the power  supply, 
and adjust for 1.5-V applied voltage.
 5. Read the value of measured current and record 
the results in Table 3-1.1.
 6. Repeat procedures 2 to 5 for each value of 
 applied voltage listed in Table 3-1.1.

Note: It is not necessary to turn off the power sup-
ply unless you are disconnecting the circuit in order 
to change meter ranges.

 7. After recording all the measured and calculated 
values of current for Table 3-1.1, turn off the power 
supply. Be sure that the voltage adjust is set to zero. 
Disconnect the circuit. The calculated values of power 
can be done later. Indicate which formula you used.

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to: 
■ Validate the Ohm’s law expression, where

• V 5 I 3 R

• I 5   V __ 
R

  

• R 5   V __ 
I
  

SUGGESTED READING
Chapter 3, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
Ohm’s law is the most widely used principle in the 
study of basic electronics. In 1827, Georg Simon 
Ohm  experimentally determined that the amount 
of current I in a circuit depended upon the amount 
of  resistance R and the amount of voltage V. If any 
two of the factors V, I, or R are known, the third 
factor can be determined by calculation: I 5 V/R, 
V 5 IR, and R 5 V/I. Also, the amount of electric 
power, mea sured in watts, can be determined indi-
rectly by using Ohm’s law:

P 5   V
2
 ___ 

R
      or    P 5 I2R

Ohm’s law is usually represented by the equation 
I 5 V/R. Because it is a mathematical representation 
of a physical occurrence, it is important to remem ber 
that the relationship between the three factors (I, V, 
and R) can also be expressed as follows:

Current is directly proportional to voltage if the 
 resistance does not vary.

Current is inversely proportional to resistance if the 
voltage does not vary.

This experiment provides data that will validate the 
 relationships between current, voltage, and resis tance.

EQUIPMENT
Ohmmeter (DMM)
Voltmeter (DMM)
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 8. Refer to Table 3-1.2. Measure and record the 
values of each resistor listed in Table 3-1.2.
 9. Connect the circuit of Fig. 3-1.2. Keep the power 
supply turned off, and begin with the fi rst value of 
 resistance in Table 3-1.2, R 5 1000 V (1 kV).

Note: This is the same basic circuit as Fig. 3-1.1. 
 However, the ammeter is located in a different part 
of the circuit’s current path. Use the same precau-
tions as you did with Fig. 3-1.1.

10. Refer to Table 3-1.2. Calculate the current for 
the value of resistance listed in Table 3-1.2 (5.0 V, 
1 kV nominal value). Record the calculated value in 
Table 3-1.2 under the heading Calculated Current.
11. Check your circuit. Be sure that the ammeter 
range is correct for the value of calculated current. 
Also, be sure that the voltmeter range is correct.
12. Turn on the power supply and adjust for 5.0 V 
 applied voltage. Monitor the meters as you did for 
the circuit of Fig. 3-1.1.
13. Read the value of measured current and record 
the results in Table 3-1.2.
14. Turn off the power supply. Replace the resistor 
with the next value of resistance listed in Table 3-1.2.
15. Repeat steps 10 to 14 for each value of resis-
tance listed in Table 3-1.2.
16. Turn off the power supply. Disconnect the 
circuit.

Fig. 3-1.2  Ohm’s law circuit.

Fig. 3-1.1  (a) Ohm’s law schematic. (b) Circuit-building aid.

Adjustable
Power
Supply

(a)

(b)

COM mA

- +

14.9

1.5
1

Power Supply

COM
V

Voltmeter (DMM)

connected across

Ammeter (DMM)
connected in series

Resistor
100 Ω

I

+

-
1.5

-
+

Electron F
low
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NAME DATE

QUESTIONS FOR EXPERIMENT 3-1

Choose the correct answer.

 1.  If the circuit of Fig. 3-1.1 had 10 kV of resistance, the amount of applied 
voltage necessary to produce 1 mA would be:

  A. 1000 V  B. 100 V  C. 10 V  D. 1 V

 2.  In the circuit of Fig. 3-1.1, if the applied voltage was increased, the 
amount of power would:

  A. Decrease  B. Increase  C. Stay the same

 3. Compared to a voltmeter, the ammeter in Fig. 3-1.1 is:
A. Drawn differently and connected differently  B. Drawn the same 
and connected differently  C. Drawn differently and connected the same 
D. Drawn the same and connected the same

 4.  Referring to the circuit of Fig. 3-1.2, if the voltage was doubled for each 
step but the resistance was halved, the current (Table 3-1.2) would:
A. Increase by twice as much  B. Decrease by one-half  C. Decrease by 
one-fourth  D. Increase by four times as much

 5. According to Ohm’s law and the data gathered in the experiment:
A. The more resistance, the more current with constant voltage  B. The 
more current, the less voltage with constant resistance  C. The less 
resistance, the more current with constant voltage  D. The less current, 
the more voltage with constant resistance

 6.  If the terminals (negative and positive) of the power supply in Fig. 3-1.2 
were reversed, it would be necessary to:
A. Reverse the terminals of the ammeter and the resistor  B. Reverse 
the terminals of the voltmeter and the ammeter  C. Reverse the terminals 
of the voltmeter and the resistor  D. Reverse the terminals of the resistor only

 7.  Because the ammeter is connected in the same path as the resistor, 
would you expect the ammeter’s resistance to be:

  A. Very large  B. Very small  C. Medium value

 8.  To obtain a current value of 30 mA, the amount of voltage and resistance 
necessary would be:
A. V 5 100 V, R 5 333 V  B. V 5 15 V, R 5 400 V  C. V 5 3 V, R 5 100 V  
D. A, B, and C
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TABLES FOR EXPERIMENT 3-1

TABLE 3-1.1  Ohm’s Law

Applied Nominal Measured Calculated
Voltage, Resistance, Current, Current,* Calculated

V V mA mA Power

1.5 100 ____________ ____________ ____________

2.5 100 ____________ ____________ ____________

3.5 100 ____________ ____________ ____________

4.5 100 ____________ ____________ ____________

6.0 100 ____________ ____________ ____________

7.0 100 ____________ ____________ ____________

8.0 100 ____________ ____________ ____________

9.0 100 ____________ ____________ ____________

*Formula: Applied voltage/nominal resistance.

TABLE 3-1.2  Ohm’s Law

Applied  Nominal Measured Measured Calculated
Voltage, Resistance, Resistance, Current, Current,*

V V V mA mA

5.0 1000 ____________ ____________ ____________

5.0 820 ____________ ____________ ____________

5.0 560 ____________ ____________ ____________

5.0 330 ____________ ____________ ____________

5.0 100 ____________ ____________ ____________

*Formula: Applied voltage/measured resistance.
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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 Ohm’s law can also be used to calculate power 
using these formulas:

P 5 V 3 I
P 5 I2R
P 5 V2/R

These relationships are used to calculate the amount 
of power (in watts) dissipated in a circuit. This is im-
portant for protecting circuits from overheating and 
in determining whether a component is operating 
within its  allowed range or wattage specifi cation. In 
general, whenever current travels through a resis-
tance, power is used, resulting in heat or light being 
created. For  example, when current passes through 
a resistor, friction causes heat to be released or dissi-
pated. If too much current passes through a resistor, 
exceeding its power rating, it may burn or melt the 
resistor. But most circuits are designed with fuses 
to prevent excessive current from causing too much 
damage. By applying Ohm’s law, it is easy to deter-
mine the levels of current in a  circuit.

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Calculate V, I, or R from measured values.
■ Determine the difference between calculated and 

measured power.
■ Design a simple circuit using Ohm’s law.

SUGGESTED READING
Chapter 3, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
As you have already learned in the previous ex-
periment, Ohm’s law proves that there is a propor-
tional relationship between voltage, current, and 
resistance. This law forms the basis for much of the 
troubleshooting work that technicians do every day. 
Regardless of the complexity of a circuit, engineers 
and technicians still use Ohm’s law to determine 
voltage, current, or resistance. This experiment 
will reinforce your understanding of Ohm’s law and 
show you how to apply it to simple circuits.

Ohm’s Law Review
To review, Ohm’s law states that

V 5 I 3 R  Voltage equals current multi-
plied by resistance

I 5 V/R  Current equals voltage divided 
by resistance

R 5 V/I  Resistance equals voltage 
 divided by current

The relationship between V and I is directly propor-
tional because as one factor is increased, the other 
factor is increased at the same rate, but only if R 
does not change. But the relationship between R and 
I is  inversely proportional because as one factor is 
increased, the other factor is decreased at the same 
rate, but only if V does not change (fi xed value). For 
example, if the resistance R is increased two times, 
the current I will decrease by one-half.
 In Fig. 3-2.1, two circuits have the same value of 
current although the values of V and R are different 
for each circuit.

E X P E R I M E N T  3 - 2

APPLYING OHM’S LAW

Fig. 3-2.1  Two circuits with the same current but 
different values of V and R.
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EQUIPMENT
DC power supply
Ohmmeter (DMM)
Ammeter (DMM)
Voltmeter (DMM)

COMPONENTS
Resistors: (1) 330 V, (1) 470 V, and (1) 1 kV or less for
 design (see procedure step 11)

PROCEDURE
 1. Measure the 330-V and 470-V resistors to be 
sure that they are in tolerance, and record their 
values in Table 3-2.1. If any resistor is out of toler-
ance, replace it with a good one.
 2. Refer to the circuit schematic of Fig. 3-2.2a. Use 
Ohm’s law to calculate the current in the circuit. 
Record the value in Table 3-2.1.
 3. Connect the circuit of Fig. 3-2.2a.
 4. Measure the voltage across the resistor and the 
current in the circuit. Record both values, V and I, 
in Table 3-2.1.

 5. Calculate the power dissipated, using the 
nominal values of resistance and voltage and the 
formula P 5 V2/R. Record the calculated power 
 dissipation in Table 3-2.1.
 6. Calculate the power dissipated in the resistor, 
 using the measured values of I and R only and the 
formula P 5 I2?R.
 7. Connect the circuit of Fig. 3-2.2b where R 5 
330 V and there is also an ammeter connected in 
the circuit.
 8. Carefully adjust the power supply voltage so 
that the current in the circuit in Fig. 3-2.2b is ap-
proximately equal to the current in the circuit in 
Fig. 3-2.2a. Record the value of voltage in Table 3-2.1.
 9. Repeat steps 4 through 6 above for the circuit 
in Fig. 3-2.2b.
10. Percentage of error in power measur-
ments: Calculate the percentage of error between 
the calculated and measured values of power in 
Table 3-2.1. To do this, fi nd the difference between 
the two  values and divide that difference by the 
calculated value: % error 5 difference between 
measured and calculated value4calculated value. 
It does not  matter whether the measured or the cal-
culated value is greater; simply fi nd the difference 
between them and divide by the calculated value. 
Record the percentage of error in Table 3-2.1.
11. Design a circuit that has the approximate 
value of current (610 percent) as the circuits of 
Fig. 3-2.2a and b but with the following three spec-
ifi cation  restrictions: (1) voltage must be between 
1 and 15 V; (2) resistance must be less than 1 kV; 
and (3) the  resistor used must be a standard value 
available in your lab (listed in Appendix I).
12. On a separate sheet of paper, draw the sche-
matic for the circuit, showing the design values 
V, I, and R. Be sure to label all components care-
fully and show the meter connections. Also, show 
the  design calculations (Ohm’s law calculations) 
you used, and be sure to indicate the calculated 
values of V, I, and R.
13. Measure the resistor you have chosen and 
record the value in Table 3-2.2.
14. Repeat steps 4 through 6 above for the circuit 
you designed. Record all the values in Table 3-2.2.

Note: You may want to record the values on a 
 separate sheet of paper before recording them in 
the table in case the design is invalid.

Fig. 3-2.2  Ohm’s law test circuits. (a) Given values. 
 (b) Unknown values.
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QUESTIONS FOR EXPERIMENT 3-2

1. In the circuits of Fig. 3-2.2a and b, what aspects of Ohm’s law were validated?

2. Describe any difference between the power calculations using the measured values 
and the calculated values. Refer to the percentage of error values.

3. Explain why you think an ammeter can be connected in the circuit and not 
affect the fl ow of current.

4. Explain why the voltage measured across the resistor is the same as the 
applied voltage.

5. In the circuit you designed, explain how you could reduce the dissipated power 
by one-half.
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TABLE 3-2.2  

Measured Measured Measured Calculated Measured
Value, Value, Value, Value, Value, % Error

R V I P 5 V2/R* P 5 I2R P

    

*Refers to calculated values on separate sheet.

TABLES FOR EXPERIMENT 3-2

TABLE 3-2.1  Approximate Values Are Acceptable

 Measured Measured Measured Calculated Calculated Measure
 Value, Value,  Value,  Value, Value,  Value, % Error,

Circuit R V I I P 5 V2/R  P 5 I2R P

a (470 V)       

b (330 V)       
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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E X P E R I M E N T  4 - 1

SERIES CIRCUITS

 Figure 4-1.2 shows several points labeled A, B, 
C, and D. These are the points at which current 
could be measured. To measure the current at these 
points, it is necessary to break into the circuit and 
insert an  ammeter in series. Remember, in a series 
circuit the amount of current measured will be the 
same at each of these points.
 The total current, labeled IT, fl owing throughout 
the series circuit depends upon two factors: the total 
resistance RT and the applied total voltage VT. The 
 applied total voltage was given in Fig. 4-1.2 such that

VT 5 20 V

To determine the current, the total resistance RT 
must be calculated by

RT 5 R1 1 R2

The total resistance for the circuit shown in Fig. 4-1.2 
is

RT 5 100 V 1 2700 V 5 2800 V

For circuits that have three (3) or more series resis-
tors, the above formula may be modifi ed as shown to 
include the additional resistors:

RT 5 R1 1 R2 1 R3 1 ???

When solving for the current I, Ohm’s law states 
that

I 5   
V __ R  

 Figure 4-1.2 shows a series circuit consisting of 
a battery and two resistors. The battery is labeled 
Vt and provides the total voltage across the circuit. 
The resistors are labeled R1 and R2. The resistance 
values are R1 5 100 V and R2 5 2.7 kV. The power 
supply has been adjusted to a level of 20 V.

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Recognize the basic characteristics of series circuits.
■ Compare the mathematical relationships existing 

in a series circuit.
■ Compare the mathematical calculations to the 

measured values of a series circuit.

SUGGESTED READING
Chapter 4, Basic Electronics, Grob/Schultz, 
twelfth  edition

INTRODUCTION
An electric circuit is a complete path through which 
electrons can fl ow from the negative terminal of the 
voltage source, through the connecting wires or con-
ductors, through the load or loads, and back to the 
positive terminal of the voltage source.
 If the circuit is arranged so that the electrons have 
only one possible path, the circuit is called a series 
 circuit. Therefore, a series circuit is defi ned as a cir-
cuit that contains only one path for current fl ow. Fig-
ure 4-1.1 shows a series circuit with several resistors.

Fig. 4-1.1  Series circuit.

Fig. 4-1.2  Series circuit for analysis.

 One of the most important aspects of a series cir-
cuit is its relationship to current. Current in a series 
 circuit is determined by Ohm’s law, which defi nes a 
proportional relation between voltage and the total 
circuit resistance. This relationship between total 
voltage and total circuit resistance results in the 
current being the same value throughout the entire 
circuit. In other words, the measured current will be 
the same value at any point in a series circuit.
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When solving for current IT,

 IT 5   
VT ___ RT

  

  5   
20 V _______ 2800 V  

  5 0.00714 A
  5 7.14 mA
 Applied voltage will be dropped proportionally across 
individual resistances, depending upon their value of 
resistance. As shown in Fig. 4-1.3, the IR voltage drops 
can be solved as follows. The sum of the voltage drops 
will be the total applied voltage. This is stated by
 VT 5 IR1 1 IR2

 or  VT 5 VR1 1 VR2

where
 VR1 5 ITR1 
  5 (7.14 mA) (100 V)
  5 0.71 V
and
 VR2 5 ITR2 
 5 (7.14 mA) (2700 V)
 5 19.27 V
Therefore,
 VT 5 0.71 V 1 19.27 V
 5 19.98 V
 5 20 V (approximately)

PROCEDURE
1. With an ohmmeter, measure each resistor value 
for the resistors required for this experiment. Con-
nect the resistors in series and measure the total 
 resistance RT. Record the results in Table 4-1.1.
2. Using the information in the introduction and 
 Fig. 4-1.4, calculate the total resistance RT, the se-
ries current IT, and the IR voltage drops across R1, 
R2, and R3. Record the results in Table 4-1.2.

Fig. 4-1.3  Determining the IR (voltage) drops.

Fig. 4-1.4  Series circuit.

EQUIPMENT
Breadboard
DC power supply
Voltmeter (DMM)
Ammeter (DMM)
Ohmmeter (DMM)

COMPONENTS
Resistors (all 0.25 W unless indicated otherwise):

(1) 10 V (1) 15 V (1) 150 V, 1 W

3. Connect the circuit in Fig. 4-1.4 and turn on the 
DC power supply. Using a voltmeter, adjust the 
power supply level to 10 V DC.
4. Measure the IR voltage drops across each resis-
tance as indicated in Fig. 4-1.4. For example, the 
voltmeter is shown connected across R1 to measure 
VR1. Record the results in Table 4-1.2.
5. After recording the measured voltage drops, 
compare the measured and calculated values. 
Use the following formula for determining this 
percentage:

% error 5  ∣    difference between meas.          and calc. values  
   ________________________  calc. values   ∣  3 100

If any error is greater than 20 percent, then repeat 
calculations or measurements.
6. Measure the current at points A, B, C, and D in 
Fig. 4-1.4. Record this information in Table 4-1.3.

Note 1: To measure current, you must actually 
break the circuit at these points and insert your 
ammeter.

Note 2: Check with your instructor in case you 
need to leave this circuit connected. When all the 
results have been recorded, call your instructor 
over to your lab station to verify your results if 
required.
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NAME DATE

QUESTIONS FOR EXPERIMENT 4-1

Choose the correct answer.

1. In a series circuit, total current It is equal to:
 A. RT 3 IT   B. VT 3 RT   C. VTyRT   D. RTyVT

2. In a series circuit, the current is:
  A. Different through every resistor in series  B. Always the same 

through every resistor in series  C. Calculated by using Ohm’s law 
as I 5 V 3 R  D. Found only by using the voltmeter

3. The total voltage in a series circuit is:
  A. Equal to total resistance  B. Found by adding the current 

through each  resistor  C. Equal to the sum of the series IR voltage 
drops  D. Found by using an ohmmeter

4. In a series circuit with 10 V applied:
  A. The greater the total resistance, the greater the total current  

B. The greater the total current, the greater the total resistance  
C. The IR vol tage drops will each equal 10 V  D. The sum of the IR 
voltage drops will equal 10 V

5. When an IR voltage drop exists in a series circuit:
  A. The polarity of the resistor is equal to positive  B. The polarity of the 

resistor is equal to negative  C. The polarity of the resistor is less than 
the total current on both sides  D. The polarity of the resistor is positive 
on one end and negative on the other because of current fl owing through it

Write a short answer to the following questions.

6. Does IT 5 IR1 1 IR2 1 IR3 in a series circuit? Explain your answer.

7. Is the measurement current the same at all parts of the series circuit? Explain 
your answer.

8. Does RT 5 R1 1 R2 1 R3 in a series circuit? Explain your answer.
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TABLES FOR EXPERIMENT 4-1

TABLE 4-1.1  

Nominal
Resistance, Measured,

V V

R1 5 150 

R2 5  15 

R3 5  10 

Rt 5 175 

TABLE 4-1.2  

 Calculated Measured % Error

RT   

IT   

VR1    

VR2    

VR3    

TABLE 4-1.3  

Point Current, mA

A 

B 

C 

D 
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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E X P E R I M E N T  4 - 2

SERIES CIRCUITS—RESISTANCE

individual resistances R1 and R2. In this case the 
total resistance is equal to 1150 V because the string 
resistance of R1 (470 V) is added to R2 (680 V). The 
total resistive opposition to current fl ow is the same 
as if a 1150 V resistor were substituted for the two 
resistors, as shown in Fig. 4-2.3.
 According to Ohm’s law, the amount of current 
between two points in a circuit equals the potential 
difference divided by the resistance between these 
points. Since the entire string is connected across 
the voltage source, the current equals the voltage 
applied across the entire string divided by the total 
series  resistance of the string (between points A and 
B in Fig. 4-2.3). In this case a power supply applies 
25 V across 1150 V to produce 21.7 mA. This is the 
same amount of current fl ow through R1 and R2, as 
shown in Fig. 4-2.2.

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Recognize the basic characteristics of series 

circuits; for example, the total resistance RT of a 
 series string is equal to the sum of the individual 
 resistances.

■ Understand that a combination of series resis-
tances is often called a string and that the string 
 resistance equals the sum of the individual 
 resistances.

■ Compare the mathematical calculations to the 
measured values of a series circuit and recognize 
that the amount of current between two points in 
a circuit equals the potential difference divided 
by the resistance between these points.

SUGGESTED READING
Chapter 4, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
When a series circuit is connected across a voltage 
source, such as a power supply, as shown in Fig. 4-2.1, 
the electrons forming the current must pass through 
all the series resistances. This path is the only way 
the electrons can return to the power supply. With 
two or more resistances in the same current path, 
the total resistance across the voltage source is the 
total of all individual resistances found in what is 
referred to as a series string. This “total” resistance 
is referred to as RT.

Fig. 4-2.1  Series resistance.

Fig. 4-2.2  RT equals the sum of R1 and R2.

Fig. 4-2.3  Equivalent series resistance.

 For example, if the circuit in Fig. 4-2.2 is ana-
lyzed, the total resistance RT is the sum of the two 

EQUIPMENT
Breadboard
DC power supply

Voltmeter (DMM)
Ammeter (DMM)
Ohmmeter (DMM)
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COMPONENTS
All resistors are 0.25 W unless indicated otherwise:

(1) 100-V resistor
(1) 150-V resistor
(1) 220-V resistor
(1) 390-V resistor
(1) 560-V resistor

PROCEDURE
1. Measure and record each resistor value for the 
resistors required in this experiment. Record the 
 results in Table 4-2.1.
2. Connect the circuit shown in Fig. 4-2.4. First cal-
culate and then measure the total resistance from 
point A to point B. Record this information in 
Table 4-2.2. In addition, record the percentage of 
error  between these values, where

% error 5  ∣    difference between meas.          and calc. values  
   ________________________  calc. values   ∣  3 100

If the error is greater than 10 percent, repeat the 
calculations and measurements.

 result in Table 4-2.4. Break the circuit at this 
point, and insert the ammeter into the circuit, as 
shown in Fig. 4-2.7.
6. Measure the voltage across R5 and R6 and record 
it in Table 4-2.4.
7. Calculate the current for R5 and R6 and record 
the results.
8. Determine and record the percentage of error 
for current using current at point Y. Record the 
 results.

R1 100 �

R2 150 �

R3 220 �

A

B

Fig. 4-2.4  Series resistance measurements.

R1 100

R2 150 

R3 220 

VT 15 V 

Fig. 4-2.5  Series string resistance.

X

Disconnected
in step 4

Connected in
step 5 Y

R5 100 

R4 390 

R6 560

VT 20 V

Fig. 4-2.6  Series resistance with an applied voltage 
source.

R5 100

R4 390

R6 560
VT 20 V

X

YAmmeter A

Fig. 4-2.7  Inserting the ammeter into the circuit.

3. Connect the circuit shown in Fig. 4-2.5. Adjust 
the supply voltage to 15 V, and, using a voltmeter, 
take measurements and perform the necessary cal-
culations required to complete Table 4-2.3.
4. Connect the circuit as shown in Fig. 4-2.6. Calcu-
late the expected resistance between points X and 
Y and record the results in Table 4-2.4. With the 
power turned off and totally disconnected from the 
circuit, measure and record, in Table 4-2.4, the re-
sistance  between X and Y.
5. With the ohmmeter disconnected from the cir-
cuit, connect the DC power supply to the circuit 
in Fig. 4-2.6 and adjust to 20 V. With an ammeter, 
measure the current at point Y and record the 
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QUESTIONS FOR EXPERIMENT 4-2

1. Write the formula that determines the total resistance RT that is found in a series 
resistance string.

2. Write the formula that determines the amount of current fl ow for the circuit 
shown in Fig. 4-2.5 if the potential difference is 85 V.

3. In your estimation would VT 5 IR1 1 IR2 1 IR3 1 ??? be true for all series resistive 
strings? Explain.

4. Do you believe that the measured current is the same at all points of a series 
resistive string when a potential difference is present across the circuit? Explain.

5. Could you always expect that RT 5 R1 1 R2 1 R3 1 ??? in a series resistive circuit? 
Explain.

CRITICAL THINKING QUESTIONS

Note: The following questions are designed to help you analyze the previous labo-
ratory experiment in a complete and in-depth fashion. To answer these questions, 
you should review the related material in Grob/Schultz, Basic Electronics, twelfth 
edition.

1. Explain where “sources” of error exist in this experiment. How could these 
sources of error be reduced?

2. The purpose of a series circuit is to connect different components that need the 
same current. After reviewing your results for this experiment, explain how this 
purpose supports, or agrees with, your fi ndings.

3. Explain why the current is the same in all parts of a series circuit.
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4. Is it the case that the mathematical calculations of the measured values of a 
series circuit are such that the amount of current between two points in a circuit 
equals the potential difference divided by the resistance between these points? 
Explain.

5. Explain what is meant by the term series string.

TABLES FOR EXPERIMENT 4-2

TABLE 4-2.1  Individual Resistor Values

Resistors Measured % Tolerance

100  

150  

220  

390  

560  

TABLE 4-2.2  Total Resistance RT and Percentage of Error

 Calculated Measured % Error

Total Resistance   

TABLE 4-2.3  Series Circuit Measurements

   Measured Calculated
Resistors Value Measured* Voltage Current

R1 100   

R2 150   

R3 220   

*Values from previous table.

TABLE 4-2.4  Series Circuit Measurements and Percentage of Error

   Measured Calculated
Resistance Expected Measured Voltage Current % Error

X to Y  

Current Y  

R5     

R6     
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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SERIES CIRCUITS—ANALYSIS

amplifi er which would normally operate at 10 V DC 
with a constant DC load current of 15 mA. The load 
requirements are 10 V DC at 15 mA. The available 
voltage source can be lowered only to 15 V DC mini-
mum. A suitable series voltage-dropping resistor Rs

must be designed so that the voltage-dropping re-
sistor is  inserted in series to provide a voltage drop 
Vs that will make VL equal to 10 V DC. The required 
voltage drop across Vs is the difference between VL

and the higher VT. For example:

Vs 5 VT 2 VL 5 15 2 10 5 5 V

This voltage drop of 5 V must be provided with a 
current of 15 mA, because the current is the same 
through Rs and RL. To calculate Rs

Rs 5 5 V/15 mA 5 333.33 V

EQUIPMENT
Breadboard
DC power supply
DMM:
  Voltmeter (DMM)
  Ammeter (DMM)
  Ohmmeter (DMM)

COMPONENTS
All resistors can be 0.25 W or 0.5 W unless indicated 
otherwise:

(1) 100-V resistor
(1) 150-V resistor
(1) 220-V resistor
(1) 390-V resistor
(1) 560-V resistor

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Recognize that when you know the current I for 

one component connected into a series circuit, 
this value is used for the current I in all compo-
nents, since the current is the same in all parts of 
a series circuit.

■ Determine that in order to calculate I, the total 
VT can be divided by the total RT, or an individual 
IR drop can be divided by its resistance.

■ Compare the mathematical calculations to the 
measured values of a series circuit to the extent 
that when the individual voltage drops around the 
series circuit are known, they can be added to equal 
the applied VT. Further, you will demonstrate that 
a known voltage drop can be subtracted from the 
total VT to fi nd the remaining voltage drop.

SUGGESTED READING
Chapter 4, Basic Electronics, Grob/Schultz, 
twelfth  edition

INTRODUCTION
It is useful to remember general methods for ana-
lyzing series circuits. For example, when analyzing 
series resistive circuits, if the circuit current for one 
component is known, you can use this value for cur-
rents in all the remaining series components, since 
the current is the same in all parts of a series circuit.
 In order to calculate the circuit current I, the 
total applied voltage VT can be divided by the total 
circuit resistance RT, or the voltage drops (IR drops) 
of an individual component can be divided by its 
resis tance R.
 When the individual voltage drops around a circuit 
are known, they can be added to equal the applied 
voltage VT. This also means that a known voltage 
drop can be subtracted from the total applied voltage 
in order to fi nd the remaining voltage drop.
 A common application of series circuits is to use 
a resistance to drop the voltage from the voltage 
source to a lower value, as shown in Fig. 4-3.1. The 
load  resistance represented here is a transistor 

VT 15 V

Rs

RL
10 V at 15 mA
(Transistor amplifier
circuit)

Fig. 4-3.1  Series-dropping resistor.
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PROCEDURE
1. Measure and record each resistor value for the 
resistors required in this experiment. Record the 
results in Table 4-3.1.
2. Connect the circuit shown in Fig. 4-3.2. First, 
 calculate and then measure the total resistance 
from point A to point B. Record this information in 
Table 4-3.2. Then, record the percentage of error 
 between these values, where

% error 5  ∣    difference between meas.          and calc. values  
   ________________________  calc. values   ∣  3 100

If the error is greater than 10 percent, repeat the 
calculations and measurements.

4. Using a voltmeter, measure the IR voltage drop 
across the resistors R1, R2, R3, and R4, and record 
this information in Table 4-3.3.
5. By mathematical calculation, record the current 
in Table 4-3.3. If the series current I is known for 
one component, this value is the current I found in 
all the components in series.
6. Subtract the IR voltage drops of R1, R2, R3, and 
R4 from the total applied voltage and record the 
 results in Table 4-3.4 as IR5.
7. Complete Table 4-3.4. Calculated IR drops are 
calculated current times resistance. Use the for-
mula shown in step 2 in determining the percent-
age of  error. If the error is greater than 10 percent, 
repeat the calculations and measurements.
8. Using a voltmeter, in Table 4-3.4 measure and 
record the IR voltage drop across R5. Does this step 
demonstrate that a known voltage drop can be 
 subtracted from the total VT to fi nd the remaining 
voltage drop? Explain in Table 4-3.5.

R2 150

R1 100

R3 220

R4 390

R5 560

A

B

Fig. 4-3.2  Series resistive circuit.

R2 150

R1 100

R3 220

R4 390

R5 560

VT 20 V

A

Fig. 4-3.3  Voltage applied to the series resistive circuit.

3. Connect the circuit as shown in Fig. 4-3.3 and 
apply 20 V DC. With the supply voltage on, open the 
circuit at point A and, using an ammeter, measure 
and record the current in Table 4-3.3. Disconnect 
the  ammeter and reconnect the circuit.
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QUESTIONS FOR EXPERIMENT 4-3

1. Explain the signifi cance of the following statement: In a series resistive circuit, 
in order to calculate I, the total VT can be divided by the total RT, or an individual 
IR drop can be divided by its resistance.

2. Describe what a zero voltage drop could be.

3. Describe the nature of the IR drop and current value of a component that dis-
plays the characteristics of a short.

4. In a series circuit, if the IR voltage drop is measured to be the same across twore-
sistors, what can be said about these two resistors?

5. In a series circuit, if the current is measured to be 0 mA and is the same in all 
resistances, what would you suspect is taking place in this circuit?

CRITICAL THINKING QUESTIONS

Note: The following questions are designed to help you analyze the previous labo-
ratory experiment in a complete and in-depth fashion. To answer these questions, 
you should review the related material in Grob/Schultz, Basic Electronics, twelfth 
edition.

1. As described in the introduction of this experiment, a common application of se-
ries circuits is to use a resistance to drop the voltage from the voltage source to a 
lower value. Design a series-dropping resistor Rs so that the load requires 5 V at 
50 mA, while the supply voltage is limited to 14 V DC.
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2. Determine the resistor’s wattage rating for the design problem as described in 
critical thinking question 1. Using manufacturer’s specifi cation sheets and/or 
supplier catalogs, select a resistor that closely matches your component design. 
Using this value, and assuming that your design is not a perfect match, how will 
the voltage drops and circuit current values be affected? Explain.

3. The purpose of a series circuit is to connect different components that need the 
same current. After reviewing your results for this experiment, explain how this 
purpose supports, or agrees with, your fi ndings.

4. Explain why the current is the same in all parts of a series circuit.

5. Explain where the sources of errors exist within this experiment. How could 
these sources of error be reduced?

TABLES FOR EXPERIMENT 4-3

TABLE 4-3.1  Individual Resistor Values

Resistors Measured % Tolerance

100  

150  

220  

390  

560  

TABLE 4-3.2  Total Resistance RT and Percentage of Error

 Calculated Measured % Error

Total Resistance   
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TABLE 4-3.3   Current and Voltage Measurements
Current 5  at point A.

 Point A   Measured Calculated
Resistors Value Measured* Voltage Current

R1 100   

R2 150   

R3 220   

R4 390   

*Values from previous table.

TABLE 4-3.4   The Total Voltage IR Drops and Percentage of Error 
Voltage Applied 5 

 Measured Calculated
 IR Drops* IR Drops % Error

IR1   

IR2   

IR3   

IR4   

Sum of IR Drops 

VT 2 sum 5 IR5 

*Values from previous table.

TABLE 4-3.5  Analyzing IR Drops
Calculated Explain:

IR5*

Measured
IR5

*Use value of IR5 from Table 4-3.4.
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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SERIES CIRCUITS—WITH OPENS

open circuit resistance at this point is extremely large 
when compared to the resistances of R1 and R2, and 
since the supply voltage remains unchanged, the re-
sulting current fl ow is considered to be zero. The cur-
rent fl ow in Fig. 4-4.1b is zero and therefore results in 
there being no IR voltage drop across any of the series 
resistances.
 It is extremely important to note, however, that 
even though there is no current fl ow in an open se-
ries circuit and therefore no IR drops, the voltage 
source still maintains its output voltage and can be 
a potential shock hazard for the technician working 
on such open circuits.

EQUIPMENT
Breadboard
DC power supply

Voltmeter (DMM)
Ammeter (DMM)
Ohmmeter (DMM)

COMPONENTS
All resistors can be 0.25 W or 0.5 W unless indicated 
otherwise:

(1) 100-V resistor
(1) 150-V resistor
(1) 220-V resistor
(1) 390-V resistor

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Recognize that an open circuit is a break in the 

current path. Since the current is the same in 
all parts of a series circuit, an open in any part 
results in no current fl ow for the entire circuit.

■ Understand that the resistance of an open circuit 
path is very high because an insulator such as 
air takes the place of the conducting path of the 
circuit.

■ Verify that at the point of open in a series circuit, 
the value of current is practically zero, although 
the supply voltage is considered maximum.

SUGGESTED READING
Chapter 4, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
An open circuit is a break in the current path. The 
resistance of the open path is very high because an 
insulator, in this case air, takes the place of a conduct-
ing part of the circuit. Since the current is the same 
in all parts of a series circuit, as shown in Fig. 4-4.1a, 
an open in any part results in no current throughout 
the entire circuit. This is illustrated in Fig. 4-4.1b. 
The open that exists between points A and B provides 
an infi nite resistance to the series circuit. Since the 

I

IT  
VT 

   
100 V

15,000 RT

R1
5000

R2
10,000

VT 
100 V

(a)

RT  R1  R2  R

R1

R2

(b)

R

A

B

IT  
100 V 

 
100 V 

RT
 0 mA

VT 
100 V

Fig. 4-4.1  Series resistive circuits. (a) Series circuit with a complete path for current fl ow. (b) Series circuit with an 
open that establishes an infi nite series resistance.
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PROCEDURE
1. Measure and record each resistor value for the 
resistors required in this experiment. Record the 
results in Table 4-4.1. 
2. Connect the circuit shown in Fig. 4-4.2. First, 
 calculate and then measure the total resistance 
from point A to point B. Record this information in 
Table 4-4.2. Then, record the percentage of error 
 between these values, where

% error 5  ∣    difference between meas.          and calc. values  
   ________________________  calc. values   ∣  3 100

If the error is greater than 10 percent, repeat the 
calculations and measurements.

4. Using a voltmeter, measure and record, in 
Table 4-4.3, the voltage drops across each of the 
 series  resistances.
5. Using an ammeter and with the supply voltage 
on, open the circuit at each of the points, as shown 
in Fig. 4-4.4, and measure and record the currents 
in Table 4-4.3.

3. Connect the supply voltage to the circuit as 
shown in Fig. 4-4.3. Adjust this voltage to 20 V DC.

6. With the supply voltage on, open the circuit 
as shown in Fig. 4-4.5, and repeat steps 4 and 5. 
Again, record your measurements in Table 4-4.3.

R2 150

R3 220

R4 390

R1 100
A

B

Fig. 4-4.2  Series resistive circuit without a supply 
voltage.

VT 20 V

R2 150

R1 100

R3 220

R4 390

Fig. 4-4.3  Series resistive circuit with the supply volt-
age connected.

VT 20 V

R2 150

R1 100

R3 220

R4 390

A B

C

D

Fig. 4-4.4  Current and voltage measurements in a 
 series resistive circuit.

VT 20 V R2 150

R1 100

R3 220

R4 390

A B

C

D

Circuit
open

Fig. 4-4.5  Current and voltage measurements in a 
 series resistive open circuit.
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QUESTIONS FOR EXPERIMENT 4-4

1. In your own words, defi ne the unique characteristics of a series resistive  circuit.

2. Describe what happens to the current in a series resistive circuit if an open in the 
circuit path occurs.

3. Describe what happens to the voltage drops in a series resistive circuit if an open 
in the circuit path occurs.

4. In a series resistive circuit that provides a given amount of current fl ow, when 
the resistors are compared, why does the resistor with a higher ohmic value also 
have a larger voltage drop across it? Is this also true for a circuit with an open?

5. Give an application of a series circuit.

CRITICAL THINKING QUESTIONS

Note: The following questions are designed to help you analyze the previous labo-
ratory experiment in a complete and in-depth fashion. To answer these questions, 
you should review the related material in Grob/Schultz, Basic Electronics, twelfth 
edition.

1. Explain where the sources of error exist in this experiment. How could these 
sources of error be reduced?

2. How could the idea of open circuits apply to the 120-V AC voltage from the power 
line in your home?
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3. Explain why the current is the same in all parts of a series circuit. Further, de-
scribe why the IR drops are zero in an open series resistive circuit.

4. Demonstrate mathematically why the current of an open circuit is practically 
zero.

5. Why is the source voltage in an open series resistive circuit present with or with-
out current fl ow in the external circuit?

TABLES FOR EXPERIMENT 4-4

TABLE 4-4.1  Individual Resistor Values

Resistors Measured % Tolerance

100  

150  

220  

390  

TABLE 4-4.2  Total Resistance RT and Percentage of Error

 Calculated Measured % Error

Total Resistance   

TABLE 4-4.3  Current and Voltage Measurements

 Circuit without Open Circuit with Open

Resistor Measured Circuit Measured Measured Circuit Measured
Values Voltage Points Current Voltage Points Current

R1  A   A 

R2  B   B 

R3  C   C 

R4  D   D 
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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E X P E R I M E N T  4 - 5

SERIES-AIDING AND SERIES-
OPPOSING VOLTAGES

Series-opposing voltages can be subtracted, as shown 
in Fig. 4-5.1b. The currents that are generated are 
opposing each other. These voltages can still be al-
gebraically added, keeping in mind their algebraic 
sign. Here, V2 is smaller than V1, and the difference 
between them is 15 V, resulting in an IT of 0.5 A.

EQUIPMENT
DMM
Test leads

COMPONENTS
(Four) D cells (1.5-V batteries)

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Defi ne the terms series-aiding and series-opposing.
■ Construct a series-aiding and a series-opposing 

circuit.
■ Measure current and voltage; anticipate correct 

polarity connections.

SUGGESTED READING
Chapter 4, Basic Electronics, Grob/Schultz, 
twelfth  edition

INTRODUCTION
In many practical applications, a circuit may con-
tain more than one voltage source. Voltage sources 
that cause current to fl ow in the same direction are 
considered to be series-aiding, and their voltages 
add. Voltage sources that tend to force current in op-
posite directions are said to be series-opposing, and 
the effective voltage source is the difference between 
the opposing voltages. When two opposing sources 
are inserted into a circuit, current fl ow would be in 
a direction determined by the larger source. Exam-
ples of series-aiding and series-opposing sources are 
shown in Fig. 4-5.1a and b.
 Series-aiding voltages are connected such that the 
currents of the sources add, as shown in Fig. 4-5.1a. 
The 10 V of V1 produces 1 A of current fl ow through 
the 10-V resistance of R1. Also, the voltage source V2, 
of 5 V, creates 0.5 A of current fl owing through the 
10-V resistance of R1: The total current would then 
be additive and be 1.5 A.
 When voltage sources are connected in a series-
aiding fashion, where the negative terminal of one 
source is connected to the positive terminal of the 
next, voltages V1 and V2 are added to fi nd the total 
voltage.

 VT 5 5 V 1 10 V 5 15 V

The total current can then be determined by

IT 5 15 V/10V 5 1.5 A

Fig. 4-5.1  (a) Series-aiding voltages. (b) Series-opposing 
voltages.
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PROCEDURE
1. Connect the negative lead of the voltmeter to the 
negative terminal of the battery, and connect the 
positive lead of the meter to the positive terminal 
of the battery. Identify and number each battery 1 
through 4. Measure and record in Table 4-5.1 the 
voltage of each of the dry cells supplied to you.
2. Connect batteries 1 and 2 as series-aiding. Mea-
sure and record in Table 4-5.2 their total voltage.
3. Connect batteries 1, 2, and 3 as series-aiding. 
Measure and record in Table 4-5.2 their total 
voltage.
4. Repeat this process, measuring and recording 
the voltages of the four batteries as series-aiding, in 
Table 4-5.2.
5. Connect two batteries in parallel. (Be sure to 
 connect the negative terminal of one battery to 
the negative terminal of the other, and connect the 
 positive terminal of one battery to the positive ter-
minal of the other. In this way, we have connected 
them together.) Measure and record this voltage in 
Table 4-5.3.
6. Connect three batteries in parallel. Measure and 
record this voltage in Table 4-5.3. Then connect four 
batteries in parallel. Measure and record this volt-
age in Table 4-5.3 also.

7. Connect the batteries in a series-parallel arrange-
ment, as shown in Fig. 4-5.2. Measure and record in 
Table 4-5.4 the voltage from point A to point B.

Fig. 4-5.2  Series-parallel batteries.

Fig. 4-5.4  (a) Series-opposing circuit. (b) Series-aiding 
and series-opposing circuit. (c) Series-aiding and series- 
opposing circuit.

Fig. 4-5.3  Series-aiding circuit.

8. Connect the circuit as shown in Fig. 4-5.3. Mea-
sure and record in Table 4-5.4 the voltage from 
point C to point D.
9. Connect the series-aiding–series-opposing ar-
rangements shown in Fig. 4-5.4a to c. Measure and 
record in Table 4-5.5 the voltage across each circuit. 
Before connecting the voltmeter, determine which 
are the probable positive and negative terminals.
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QUESTIONS FOR EXPERIMENT 4-5

1. Name four precautions that must be observed in measuring voltages.

2. What would happen to a dry cell or battery if the positive and negative termi-
nals were short-circuited?

3. What arrangement of six dry cells gives the maximum voltage?

4. Draw a practical arrangement of ten 1.5-V dry cells to give a battery of 7.5 V.

5. Explain the difference in connection between two dry cells connected in 
series-aiding and in series-opposing.

TABLES FOR EXPERIMENT 4-5

TABLE 4-5.1  

 Measured
Battery Voltages

1 

2 

3 

4 
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TABLE 4-5.2

Series-Aiding Measured
Battery Voltages

1 1 2 

1 1 2 1 3 

1 1 2 1 3 1 4 

TABLE 4-5.3

Parallel-Arrangement Measured
Battery Voltages

1 1 2 

1 1 2 1 3 

1 1 2 1 3 1 4 

TABLE 4-5.4

Circuit Voltages Terminals

Fig. 4-5.2  A to B

Fig. 4-5.3  C to D

TABLE 4-5.5

Circuit Voltages Terminals

Fig. 4-5.4a  E to F

Fig. 4-5.4b  G to H

Fig. 4-5.4c  I to J
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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instead a closed series circuit. This circuit has an ap-
plied power supply voltage VT of 20 V. To determine 
the total circuit current, the total circuit resistance 
RT must be determined. And RT can be calculated as

 RT 5 R1 1 R2 1 R3

5 4.7 kV 1 4.7 kV 1 10 kV
 5 19.4 kV

The circuit current can now be calculated from the 
Ohm’s law relationship:

 
IT 5   

VT ___ RT
  

5   
20 V ________ 19.4 kV

  

5 1.03 mA

After the current has been calculated, the individual 
voltage drops V1, V2, and V3 of the voltage divider 
can be found from the Ohm’s law relationship of

V 5 I 3 R

For V1

V1 5 IT 3 R1

5 1.03 mA 3 4.7 kV

 5 4.84 V (or 14.84 V)

For V2

V2 5 IT 3 R2

5 1.03 mA 3 4.7 kV

 5 4.84 V (or 14.84 V)

For V3

V3 5 IT 3 R3

5 1.03 mA 3 10 kV

 5 10.31 V (or 110.31 V)

Also, the sum of the voltage drops will equal the 
 applied voltage:

 VT 5 V1 1 V2 1 V3

5 4.84 V 1 4.84 V 1 10.31 V
 5 19.99 V (round to 20 V)

Refer to Fig. 4-6.1 and note that the polarities are 
included on this schematic. The polarity is determined 
by how the circuit current and the individual volt-
meters are connected. The polarity of the resistors, 

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Calculate circuit current and voltage drops found 

in a voltage divider circuit.
■ Determine the polarity of voltages found in a 

circuit with a common ground.

SUGGESTED READING
Chapters 4, Basic Electronics, Grob/Schultz, twelfth 
edition

INTRODUCTION
In the wiring of practical circuits, one side of the volt-
age source is usually grounded. In electronic equip-
ment the ground often indicates a metal chassis, 
which is used as a common return for connections to 
the voltage source. Where printed-circuit boards are 
used, usually a common ground path is run around 
the outside perimeter of the circuit board. In other 
cases the entire back side of a two-sided board may be 
used as a common-return path. Note that the chassis 
ground may or may not be connected to earth ground.
 When a circuit has a chassis as a common re-
turn, measure the voltages with respect to chassis 
ground. Consider the voltage divider in Fig. 4-6.1. In 
Fig. 4-6.1, the circuit shows no ground system. It is 

E X P E R I M E N T  4 - 6

POSITIVE AND NEGATIVE VOLTAGES 
TO GROUND

Fig. 4-6.1  Voltage divider circuit without a common 
ground.
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The voltage measured from point D to C results in a 
negative voltage. This circuit is known as a positive 
and negative voltage divider.
 In summary, these DC circuits operate in the 
same way with or without the ground symbol shown 
in the schematic. The only factor that changes is the 
reference point for measuring the voltage.
 While this experiment focuses on the use of 
ground as a reference point, keep in mind that there 
are  several different symbols for ground, as shown 
in Fig. 4-6.2. The earth ground symbol usually indi-
cates that one side of the power supply is connected 
to the earth, usually by a metal pipe in the ground 
(this is the third prong on the AC wall plug). The 
other two ground symbols are chassis grounds and 
may or may not be connected to earth (an automo-
bile or an airplane are good examples).

which  indicates the direction of current fl ow, and the 
color of the test leads are also indicated in Fig. 4-6.1.
 Figure 4-6.2 shows the schematic symbols for 
ground. The ground symbol is used in Fig. 4-6.3. 
Here the same circuit with the same component val-
ues and applied voltage is shown. The only addition 
is the “ground return.” Also note that the voltage 
drops of this circuit are equivalent to those shown in 
Fig. 4-6.1. The 1.03 mA generated by the battery is 
pushed out into ground point A and returns to ground 
point B. This, in effect, means that the ground sym-
bols are connected, perhaps through a cable, foil pat-
tern, or metal chassis.
 The circuit shown in Fig. 4-6.4 details the same 
circuit of Figs. 4-6.3 and 4-6.1. The difference here is 
that all voltages are taken “with respect to ground.” 
In this case, the voltage from point C to D is 110.31 
V. The voltage from point B to D is 115.15 V (where 
VBD 5 VR2 1 VR3). The voltage from point A to D is 
119.99 V (or 20 V), where VAD 5 VR1 1 VR2 1 VR3).
 The circuit in Fig. 4-6.5 is similar to the one in 
Fig.  4-6.4. The main difference is that the ground 
has been moved to point C. This then indicates that 
all measurements should be taken “with reference” 
to this point. In this case VAC 5 19.68 V (where VAC 5 
VR1 1 VR2). The voltage VBC 5 14.84 V (where VBC 5 
VR2). The voltage VDC 5 210.31 V (where VDC 5 VR3). 

Fig. 4-6.2  Schematic symbols for ground.

Fig. 4-6.3  Voltage divider circuit using a ground return.

Fig. 4-6.4  Voltage divider circuit where voltages are 
measured to common ground.

Fig. 4-6.5  Voltage divider displaying both positive and 
negative voltages to ground.
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2. With the power supply turned off and discon-
nected, measure and record in Table 4-6.1 the resis-
tance values of R1, R2, and R3.
3. With the power supply turned off and discon-
nected, measure and record in Table 4-6.1 the resis-
tive value of RT.
4. Reconnect the power supply to the circuit shown 
in Fig. 4-6.6.
5. Calculate and record in Table 4-6.1 the values of 
RT, IT, VAC, VBC, and VDC referenced to ground.
6. Turn on the power supply and adjust its voltage 
value to 20 V DC.
7. Measure and record in Table 4-6.1: IT, VT, VAC, 
VBC, and VDC. Also note the polarities of VAC, VBC, 
and VDC in Table 4-6.1.
8. Turn off the power supply, and reverse its 
polarity.
9. Reconnect the circuit with VA 5 220 V, repeat 
steps 2–7, and record the results in Table 4-6.2.

EQUIPMENT
DC power supply, 0 to 20 V
 Leads
 Breadboard
 DMM

COMPONENTS
Resistors (all 0.25 W):

(2) 4.7 kV
(1) 10 kV

PROCEDURE
1. Connect the circuit of Fig. 4-6.6 to the DC power 
supply as shown.

Fig. 4-6.6  Positive and negative voltage divider circuit 
with ground.
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QUESTIONS FOR EXPERIMENT 4-6

1. Explain the circuit function of a voltage divider.

2. What is the purpose of a circuit ground?

3. Draw an example of a circuit where a voltage is negative with respect to ground.

TABLE 4-6.1  (Steps 2–7)

 Measured Calculated Polarity*

R1 

R2 

R3 

RT  

IT  

VA-C   

VB-C   

VD-C   

VT 

*Note: Polarity with respect to common ground.

TABLE 4-6.2  (Steps 8 and 9)

 Measured Calculated Polarity*

R1 

R2 

R3 

RT  

IT  

VA-C   

VB-C   

VD-C   

VT  

TABLES FOR EXPERIMENT 4-6
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER

5

E X P E R I M E N T  5 - 1

PARALLEL CIRCUITS

Ohm’s law, establishes the relationship upon which 
the following discussion is developed. A single cur-
rent fl ows in a  series circuit.
 In summary, when two or more electronic compo-
nents are connected across a single voltage source, 
they are said to be in parallel. The voltage across 
each component is the same. The current through 
each component, or branch, is determined by the 
resis tance of that branch and voltage across the 
bank of branches. Adding a parallel resistance of 
any value  increases the total current. The total re-
sistance of a  circuit (RT) can be found by dividing the 
total voltage applied (VT) by the total current (IT).
 When measuring currents and resistances in the 
following procedure, some important precautions 
should be observed. When measuring currents, be 
sure to install the ammeter in a series confi gura-
tion, with the ammeter connected in series with the 
individual branch resistances through which the 
current is fl owing. Also, before measuring branch 
resistances, be sure to turn off all voltage sources.

EQUIPMENT
DC power supply, 0–10 V
DMM
Voltmeter
Protoboard or springboard
Test leads

COMPONENTS
Resistors (all 0.25 W):

(2) 1 kV (1) 2.2 kV

PROCEDURE
1. Measure the resistance values of R1, R2, and R3, 
and record in the required locations of Tables 5-1.1 
to 5-1.3, where the nominal values are

 R1 5 1.0 kV

 R2 5 1.0 kV

 R3 5 2.2 kV

2. Connect the circuit as shown with R1 only in  
Fig. 5-1.2. Adjust the power supply voltage to 10 V.

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Identify a parallel circuit.
■ Accurately measure current in a parallel circuit.
■ Use Ohm’s law to verify measurements taken in a 

parallel circuit.

SUGGESTED READING
Chapter 5, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
A parallel circuit is defi ned as one having more than 
one current path connected to a common voltage 
source. Parallel circuits, therefore, must contain two 
or more load resistances which are not connected in 
series. Study the parallel circuit shown in Fig. 5-1.1.

Fig. 5-1.1  Parallel circuit with two branches.

 Beginning at the voltage source VT and tracing 
counterclockwise around the circuit, two complete 
and separate paths can be identifi ed in which current 
can fl ow. One path is traced from the source through 
resistance R1 and back to the source; the other is 
traced from the source through resistance R2 and 
back to the source.
 The source voltage in a series circuit divides pro-
portionately across each resistor in the circuit. In a 
parallel circuit, the same voltage is present across 
all the resistors of a parallel bank. In other words,

 VT 5 VR1 5 VR2 5 ???

The current in a circuit is inversely proportional 
to the circuit resistance. This fact, obtained from 
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3. Measure and record in Table 5-1.1 the current 
through points a and b.
4. Measure and record in Table 5-1.1 the voltage 
across R1.

5. To this circuit, add R2 across (meaning that R2 
is connected in parallel) R1. Mea sure and record in 
Table 5-1.2 the current through points a, b, and c.
6. Measure and record in Table 5-1.2 the voltages 
across R1 and R2.
7. Finally, add R3 across R2. Mea sure and record in 
Table 5-1.3 the current through points a, b, c, and d.
8. Measure and record in Table 5-1.3 the voltages 
across R1, R2, and R3.
9. Calculate the total resistances and the current 
for each of the three previous circuits, and record 
this  information in Tables 5-1.1 to 5-1.3.

Fig. 5-1.2  Three-branch parallel circuit.
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NAME DATE

QUESTIONS FOR EXPERIMENT 5-1

1. What is a parallel circuit? What circuit characteristics indicate that a parallel 
circuit condition exists?

2. In the circuit of Fig. 5-1.2, determine the power being dissipated by each 
resistor  using the values of current determined in procedure step 7. Use the 
formula I2R 5 power (watts).

3. Are the voltages the same across each resistor in a parallel circuit?

4. Are the currents the same through each resistor in a parallel circuit?

5. Suppose in procedure step 7 that R3 developed a short-circuited condition. How 
would the current fl owing through each resistor change? Would the voltage 
drops across each resistor change? How?
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TABLE 5-1.1

 Measured Calculated

R1 

RT  

VR1 

Ia  

Ib  

TABLE 5-1.2

 Measured Calculated

R1 

R2 

RT  

VR1 

VR2 

Ia  

Ib  

Ic  

TABLE 5-1.3

 Measured Calculated

R1 

R2 

R3 

RT  

VR1 

VR2 

VR3 

Ia  

Ib  

Ic  

Id  

TABLES FOR EXPERIMENT 5-1
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER E X P E R I M E N T  5 - 2

PARALLEL CIRCUITS—RESISTANCE 
BRANCHES

5

 Again (with reference to Fig. 5-2.1), R1, R2, R3, 
and R4 can be referred to as branch resistances. Al-
though the voltage is the same across each branch 
resistance, the current divides into branches accord-
ing to Ohm’s law.
 In each branch circuit the amount of branch current 
is equivalent to the applied voltage divided by the in-
dividual branch resistor. In other words, when Ohm’s 
law is applied to the parallel circuit, the current equals 
the voltage applied across the circuit divided by the 
resistance between the two points at which that volt-
age is applied. As shown in Fig. 5-2.3, a 15-V source 
is applied across the 3900-V resistor (R3). This re-
sults in a calculated current fl ow of 0.0038 A (3.8 mA) 

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Recognize that for a parallel resistor circuit each 

branch current equals the applied voltage divided 
by the branch resistance.

■ Recognize that with a parallel circuit arrange-
ment, any branch that has less resistance allows 
more current to fl ow.

■ Determine that current can have different values 
in different parts of parallel circuits.

SUGGESTED READING
Chapter 5, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
A parallel circuit is formed when two or more compo-
nents, or resistances, are connected across a voltage 
source, as shown in Fig. 5-2.1. In this fi gure, R1, R2, 
R3, and R4 are in parallel with each other and the 
10-V supply source. This fi gure can be redrawn, as 
shown in Fig. 5-2.2, to readily show that each compo-
nent connection is really equivalent to a direct con-
nection at the terminals of the battery, because the 
connecting wires exhibit almost no resistance. Since 
R1, R2, R3, and R4 are connected directly across the 
two terminals of the battery, all resistances must 
have the same potential differences as the battery. It 
therefore follows that the voltage is the same across 
each of the components that are connected in a par-
allel fashion. Thus, the parallel circuit arrangement 
is used to connect components that require the same 
voltage from a common supply voltage.

Fig. 5-2.1  A parallel circuit with four resistors.

Fig. 5-2.2  Reconfi guration of a parallel circuit with four 
resistors.

Fig. 5-2.3  Ohm’s law and the parallel circuit.
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Table 5-2.2. In addition, record the percentage of 
error between these values, where

% error 5  ∣    difference between meas.          and calc. values  
   ________________________  calc. values   ∣  3 100

If the error is greater than 10 percent, repeat the 
 calculations and measurements.
3. Connect the circuit shown in Fig. 5-2.5. Adjust the 
supply voltage to 15 V, and, using a voltmeter, take mea  -
surements required to complete Table 5-2.3 (Part A).

between points E and F. The battery voltage is also 
applied across the parallel resistance of R2, which 
applies 15 V across a 2200-V resistor. This  results 
in a calculated current of 0.0068 A (6.8 mA) between 
points C and D. This current provides a different 
value through R1 with the same applied voltage, 
because the resistance is different. Remember that 
the current in each parallel branch equals the ap-
plied voltage divided by each individual branch 
resistance.
 Further, as in a circuit with just one resistance, 
any branch that has less resistance allows more 
current to fl ow. If two branch resistances were 
equivalent in ohmic value, the two resulting branch 
currents would be of the same value.
 In summary, the current can be different in par-
allel circuits that have different resistances because 
the applied voltage is the same across all branches. 
How much current is in each separate path depends 
on the amount of resistance in each branch.

EQUIPMENT
Breadboard
DC power supply
DMM

COMPONENTS
All resistors are 0.25 W unless indicated otherwise:

(1) 390 V
(1)   1kV
(1) 1.2 kV
(1) 2.2 kV
(1) 3.9 kV

PROCEDURE
1. Measure and record each resistor value for the 
resistors required in this experiment. Record the 
results in Table 5-2.1.
2. Connect the circuit shown in Fig. 5-2.4. First, cal-
culate and then measure the total resistance from 
point A to point B. Then, record this information in 

Fig. 5-2.4  Calculate and measure the total circuit 
resistance.

Fig. 5-2.5  Measuring the voltage existing in a parallel 
branch circuit.

Fig. 5-2.6  Measuring the current existing in a parallel 
branch circuit.

4. Referring to Fig. 5-2.6, adjust the supply voltage 
to 15 V, and, using an ammeter, take the current 
mea surements at points A through F and perform 
the necessary calculations required to complete 
Table 5-2.3 (Part B).
5. Using the formula as shown in step 3, record 
in Table 5-2.3 (Part C) the percentage of error be-
tween the calculated and measured currents.
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QUESTIONS FOR EXPERIMENT 5-2

1. Write the formula that determines the total resistance RT of the circuit depicted 
in Fig. 5-2.3.

2. Mathematically determine the branch current passing through R1, as shown in 
Fig. 5-2.3. Show all calculations.

3. In your estimation would VT 5 IR1 5 IR2 5 IR3 5 ??? be true for all parallel 
 resistive branches? Explain.

4. In a parallel circuit, the amount of current in each separate branch depends 
upon which factor?

5. Could you always expect that RT 5 R1 1 R2 1 R3 1 ??? in a series resistive 
 circuit? Explain.

CRITICAL THINKING QUESTIONS
Note: The following questions are designed to help you analyze the previous labora-
tory experiment in a complete and in-depth fashion. To answer these questions, you 
should review the related material in Grob/Schultz, Basic Electronics, twelfth edition.

1. Explain where the sources of errors exist in this experiment. How could these 
sources of error be reduced?

2. The purpose of a parallel circuit is to connect different components that need 
the same voltage. After reviewing your results for this experiment, explain how 
this  purpose supports, or agrees with, your fi ndings. Explain.
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3. Explain why the voltage is the same across all branches in a parallel circuit.

4. Explain why, for a parallel resistive circuit, each branch current equals the 
applied voltage divided by the branch resistance.

5. How is it possible for current to be different in various parts of parallel circuits 
when the applied voltage is found to be the same across all the branches?

TABLES FOR EXPERIMENT 5-2

TABLE 5-2.1  Individual 
Resistor Values

 Nominal  Measured
 Value Value

R1 5        1 kV 

R2 5    2.2 kV 

R3 5  390 V 

R4 5    1.2 kV 

R5 5    3.9 kV 

TABLE 5-2.2  Total Resistance RT and 
Percentage of Error

 Nominal Calculated
 Total Resistance Total Resistance
  R1 i R2 i R3 i R4 i R5 Measured % Error

RT 5    

TABLE 5-2.3  Recording Voltage, Current, and Error Measurements

 Part A Part B Part C
  Tables 5-2.1
  and 5-2.2,
 Measured Measured Calculated, Measured,
 Voltage Resistance I 5 V/R I % Error
      

VA  RT  IT  Point A  

VR1  R1  IR1  Point B  

VR2  R2  IR2  Point C  

VR3  R3  IR3  Point D  

VR4  R4  IR4  Point E  

VR5  R5  IR5  Point F  
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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E X P E R I M E N T  5 - 3

PARALLEL CIRCUITS—ANALYSIS

voltage is 35 V, and each of the three resistors es-
tablishes an independent current fl ow according to 
Ohm’s law. The sum of the three currents is equiva-
lent to the total (main-line) current, as demonstrated 
by the formula IT 5 I1 1 I2 1 I3. This formula applies 
for any number of parallel branches, whether the 
resistances are equal or unequal.
 The main-line current is equal to the total of the 
branch currents. All current in the circuit must orig-
inate from one side of the voltage source and return 
to its opposite side in order to form a complete path. 
Therefore, the main-line current IT equals the sum 
of the branch currents.
 Analysis of the parallel resistive circuit reveals 
that the combined equivalent resistance across the 
supply voltage can be found by Ohm’s law, so that 
the common voltage across the parallel resistances 
is divided by the total current of all the branches. 
Again referring to Fig. 5-3.2, note that the parallel 
equivalent resistance of R1, R2, and R3 is 648 V and 
results in an opposition to the total current fl ow in 
the main line.
 Two techniques are used to determine the equiv-
alent resistance of a parallel circuit. These are re-
ferred to as the reciprocal resistance formula and the 
total-current method (see Fig. 5-3.3).
 There are unique occasions when the resistance is 
equal in all branches. At those times, the combined 

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Recognize that, for a parallel circuit, the main-

line total current equals the sum of the individual 
branch currents.

■ Use the formula IT 5 I1 1 I2 1 I3 1 I4 1 ???, ap-
plied to any number of parallel branches, regard-
less of whether the individual branch resistances 
are equal or unequal.

■ Recognize that a circuit’s equivalent resistance 
across a common voltage source is found by 
dividing the common voltage by the total current 
of all the branches.

SUGGESTED READING
Chapter 5, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
Components connected in parallel are usually wired 
directly across each other so that the entire parallel 
combination is connected across the voltage source, 
as shown in Fig. 5-3.1. A combination of parallel 
branches is often called a bank, and a bank may con-
tain two or more parallel resistors. The connecting 
wires provide no resistance and have almost no ef-
fect on circuit operation. One advantage of having 
circuits wired in parallel is that since only one pair 
of connecting leads is attached to the voltage source, 
less wire is used. It is common to fi nd a pair of leads 
connecting all the branches to the terminals of the 
voltage source.
 The main-line current is also known as the total 
 circuit current and is equivalent to the sum of the 
individual branch currents. In Fig. 5-3.2, the supply 

Fig. 5-3.1  A parallel circuit with three resistors.

Fig. 5-3.2  A parallel circuit with three resistors.



86  EXPERIMENT 5-3 

Fig. 5-3.3  Determining an equivalent resistance.

Fig. 5-3.4  Finding the total resistance and percentage 
of error.

Fig. 5-3.5  Main-line and branch current.

Fig. 5-3.6  Three equal resistances in parallel.

equivalent resistance equals the value of one branch 
resistance divided by the number of branches.
 In summary, consider the following when analyz-
ing parallel circuits:

1. When a circuit provides more current with the 
same applied voltage, the greater value of cur-
rent corresponds to less resistance because of the 
Ohm’s law inverse relationship between current 
and resistance.
2. The combination of parallel resistances for a 
parallel bank is always less than the smallest indi-
vidual branch resistance.

EQUIPMENT
Breadboard
DC power supply
DMM

COMPONENTS
All resistors are 0.25 W unless indicated otherwise:

(1) 680 V (1) 1.2 kV
(1) 1.0 kV (1) 22 kV

PROCEDURE
1. Measure and record each resistor value for the 
680-V, 1.0-kV, and 1.2-kV resistors required in the 
fi rst part of this experiment. Record the results in 
Table 5-3.1.
2. Connect the circuit shown in Fig. 5-3.4. First, cal-
culate and then measure the total resistance from 
point A to point B. Then record this information in 
Table 5-3.1. In addition, record the percentage of 
error between these values, where

% error 5  ∣    difference between meas.          and calc. values  
   ________________________  calc. values   ∣  3 100

If the error is greater than 10 percent, repeat the 
 calculations and measurements.
3. Connect the circuit shown in Fig. 5-3.5. Adjust 
the supply voltage to 15 V, and, using a voltmeter, 
make voltage measurements across the supply volt-
age and the individual resistors. Record this infor-
mation in Table 5-3.2.
4. Again referring to Fig. 5-3.5, while the voltage is 
connected and turned on, break the circuit at point A 
and, with an ammeter, measure the current pass-
ing through this point. Record this information in 
Table 5-3.2.
5. Repeat step 4 and make current measurements 
at points B, C, and D. Record this information in 
Table 5-3.2.
6. Complete all calculations required in Table 5-3.3. 
Be certain that you use the measured resistance 
 values from Table 5-3.1 in all calculations. Deter-
mine the percentage of error between the calculated 
and measured currents and record the results in 
Table 5-3.3.
7. Connect the circuit in Fig. 5-3.6. Measure and 
record, in Table 5-3.4, each individual resistance 
value as well as the total resistance from points A 
and B.
8. Complete and record the calculations required 
for Table 5-3.4. Explain in the table how the mea-
sured and calculated values compare.
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QUESTIONS FOR EXPERIMENT 5-3

1. Why is it true that the combined resistance of a parallel branch circuit equals 
the value of one branch resistance divided by the number of branches?

2. Defi ne the term bank with regard to the parallel resistive circuit.

3. In your estimation would VT 5 IR1 5 IR2 5 IR3 5 ??? be true for all parallel 
 resistive branches? Explain.

4. Does the formula IT 5 I1 1 I2 1 I3 1 I4 1 ??? apply for any number of parallel 
branches? What if the individual branch resistances were equal or unequal? 
Explain.

5. What is meant by the total-current method?

CRITICAL THINKING QUESTIONS
Note: The following questions are designed to help you analyze the previous labo-
ratory experiment in a complete and in-depth fashion. To answer these questions, 
you should review the related material in Grob/Schultz, Basic Electronics, twelfth 
edition.

1. Explain where the sources of errors exist in this experiment. How could these 
sources of error be reduced?

2. One purpose of this experiment is to validate that the formula for the total current 
IT in the main line of a parallel resistive circuit is IT 5 I1 1 I2 1 I3 1 I4 1 ???. After 
 reviewing your results for this experiment, explain how this purpose  supports, 
or agrees with, your fi ndings.
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3. Explain why the voltage is the same across all branches in a parallel circuit.

4. Describe the two methods of analyzing main-line current fl ow as demonstrated 
in Fig. 5-3.2.

5. Explain what is meant by the statement, “When a circuit provides more current 
with the same applied voltage, the greater value of current corresponds to less 
 resistance because of the Ohm’s law inverse relationship between current and 
 resistance.” Show an example of this statement.

TABLE 5-3.1  Individual Resistor Values

 Nominal Measured
 Value Value % Error

R1 5  680 V  

R2 5   1.2 kV  

R3 5   1.0 kV  

  Step 1 Step 2

  Sum Measured % Error

Sum 5  302.7 V  

 Step 2

TABLE 5-3.2  Voltage Measurements
VA    IA   

VR1    IB   

VR2    IC   

VR3    ID   

 Step 3 Step 4

TABLES FOR EXPERIMENT 5-3

(++)++*    (++)++*

(++++++)++++++*

(++++)++++*     (++++)++++*
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TABLE 5-3.3  Comparison of Calculated and Measured Currents

 Voltage Resistance Calculated Measured
 Measurements Measurements Currents Currents Current
 from Table 5-3.2 from Table 5-3.1 Columns 1 and 2 from Table 5-3.2 % Error

VR1  R1  I1  I1  

VR2  R2  I2  I2  

VR3  R3  I3  I3  

TABLE 5-3.4  Tabulations for Three Equal Resistances in Parallel

   Calculated by Calculated by Other
 Nominal Measured Reciprocal Method Described
 Values Values Method in Introduction

R4 5  

R5 5  

R6 5  

RT 5   RT 5     RT 5 

22 kV

22 kV

22 kV
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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E X P E R I M E N T  5 - 4

PARALLEL CIRCUITS—OPENS AND 
SHORTS

any electrons from fl owing in the main line or in any 
branch. An open in a branch results in no current 
fl ow in that particular branch. The current in all the 
other parallel branches remains the same because 
each is connected directly to the voltage source. How-
ever, the total main-line current will change, since 
the total resistance of the circuit changes because 
one of the branches is open.
 One advantage of wiring circuits in parallel is 
that an open in one component will open only that 
branch, allowing the other parallel branches to op-
erate with normal voltages and currents.

Parallel Short Circuits:  A short circuit has al-
most a zero resistance level. Its effect, therefore, is to 
allow excessive current to fl ow in the shorted circuit, 
as shown in Fig. 5-4.2. If a wire conductor were con-
nected across a component, the effective resistance 
would be essentially zero and the current would be 
extremely high. This high amount of current is lim-
ited by the current-carrying capability of the wire.

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Validate that an open in a parallel circuit results 

in an infi nite resistance that allows no current to 
fl ow, whereas the effect of a short circuit is exces-
sive current fl ow.

■ Recognize that short-circuited components are 
typically not damaged, since they do not have 
greater than normal current passing through 
them.

■ Recognize that the amount of current resulting 
from a short circuit is limited by the small resis-
tance of the wire conductors.

SUGGESTED READING
Chapter 5, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
Parallel Open Circuits:  An open in any circuit 
creates an infi nite resistance that permits no cur-
rent to fl ow. However, in parallel circuits there is a 
difference between an open circuit in the main line 
and an open circuit in a parallel branch, as shown in 
Fig. 5-4.1. An open circuit in the main line prevents 

Fig. 5-4.1  An open in the main line versus an open in a 
branch.

Fig. 5-4.2  A short circuit and excessive current fl ow.

 Typically, in circuits that develop a shorted com-
ponent, the voltage source cannot usually maintain 
its voltage level while providing the excessive cur-
rent  demand to the shorted component. The amount 
of current fl owing can be dangerously high to the 
extent that wire can become hot enough to burn in-
sulation and other components. To prevent the dam-
aging  effects of excessively high current fl ow, fuses 
are  installed. A fuse is a component that intention-
ally burns open when there is too high a level of cur-
rent demand from the supply voltage.
 Short-circuited components, such as resistors, 
have no current passing through them. This is be-
cause the short circuit is a parallel path with almost 
no resistance. When this is the case, all current fl ows 
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In addition, record the percentage of error between 
these values, where

% error 5  ∣    difference between meas.          and calc. values  
   ________________________  calc. values   ∣  3 100

If the error is greater than 10 percent, repeat the 
calculations and measurements.

Short Circuit
3. Connect the circuit shown in Fig. 5-4.5, but do 
not turn on the power supply. When constructing 
this  circuit, notice that this confi guration uses a re-
sistor in series with the supply voltage. This is done 
so that there will always be a reference level of cur-
rent being maintained from the power supply. For 
example, if in this circuit a short exists across the 
entire parallel branch arrangement, this series re-
sistance will maintain a minimal circuit resistance 
and a maximum circuit current. This is necessary 
because if the entire parallel branch arrangement 
were shorted and there were no series resistance, 
a theoretically infi nite amount of current could be 
demanded from the power supply. In fact, the power 
supply that you will be using cannot provide an 
infi nite amount of current, and if a short were pro-
vided across the supply, the internal circuitry would 
be damaged or a fuse opened or a circuit breaker 
tripped (opened).

in this path, as shown in Fig. 5-4.3. In this fi gure the 
short bypasses the parallel resistances, and these 
resis tances are referred to as being shorted out.
 When a parallel branch circuit is analyzed, if any 
individual resistor or component is shorted, all resis-
tive branches are also shorted. This idea can be ex-
tended to a short existing across the voltage source; 
in this case the entire circuit is shorted as well.
 Short-circuited components are not usually dam-
aged, since the current passing through the actual 
component is less than it is under normal operat-
ing conditions. If the short circuit does not damage 
the voltage source and the associated wiring for the 
circuit, the components will function again when 
the short is removed and the circuit is restored to 
normal.

EQUIPMENT
Breadboard
DC power supply
DMM

COMPONENTS
All resistors are 0.25 W unless indicated otherwise:

(1) 1 kV
(1) 1.5 kV
(1) 2.2 kV
(1) 3.9 kV
(1) 5.6 kV

For Critical Thinking Question 1:

(1) Clear glass functioning fuse (any current  rating)
(1)  Clear glass nonfunctioning fuse (any current 

rating)

PROCEDURE
1. Measure and record each resistor value for the 
resistors required in this experiment. Record the 
results in Table 5-4.1.
2. Connect the circuit shown in Fig. 5-4.4. First cal-
culate and then measure the total resistance from 
point A to point B. Record the results in Table 5-4.2.

R2R1VA Current bypass

Fig. 5-4.3  A shorted component’s current is bypassed.

VA
15 V

R1 1.5 k�

R4 5.6 k�

R2 2.2 k�
R3
3.9 k�

R5
1.0 k�

Current-
limiting
resistor

Fig. 5-4.5  Parallel shorts.

 R1
1.5 k�

R2
2.2 k�

R3
3.9 k�

R4
5.6 k�

R5
1.0 k�

A

B

Fig. 5-4.4  Determining the total resistance.

4. Turn on the power supply and adjust to 15 V DC. 
Measure and record the voltage drops and currents 
as needed to complete Table 5-4.3.
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5. Using a clip lead of a small piece of wire, place 
a short across resistance (R1, R2, R3, and R4) one at 
a time, and retake voltage and current measure-
ments necessary to complete Table 5-4.4. Be sure to 
answer the questions in Table 5-4.4.

Open Circuit
6. Connect the circuit shown in Fig. 5-4.6, but do 
not turn on the power supply. Refer to step 3, and 
notice that when the previous circuit was con-
structed, this confi guration used a resistor in se-
ries with the supply voltage. This was done so that 
there would always be a reference level of current 
maintained from the power supply. In the analy-
sis of open circuits it is not necessary to include a 
series resistor in the test circuit. This is because 
when an open occurs in a parallel resistive circuit, 
the parallel branch resistance becomes practically 
infi nite. If the open occurs in the main line of the 
power supply, the total resistance becomes infi nite 
as well. The addition of infi nite resistances does 
not harm the power supply. Because of Ohm’s law, 

an infi nitely large resistance creates an infi nitely 
small  current in relation to the constant voltage 
provided by the power supply.
7. Turn on the power supply and adjust it to 15 V DC. 
Measure and record the voltage drops and currents 
as needed to complete Table 5-4.5.
8. Open the circuit at the identifi ed points (A, B, C, 
and D). Retake voltage and current measurements 
and complete Table 5-4.6. Be sure to answer the 
question that appears in Table 5-4.6.

VA
15 V

R2 
2.2 k�

R4
5.6 k�

R1
1.5 k�

R3
3.9 k�

D

C

B

A

Fig. 5-4.6  Parallel opens.
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QUESTIONS FOR EXPERIMENT 5-4

1. What is the result of an open circuit? Explain what happens to the levels of volt-
age and current in a basic parallel branch circuit.

2. How will an open in a parallel branch affect the main-line current?

3. What is the main advantage of wiring a circuit in a parallel fashion?

4. Why does a short display practically no resistance? Provide a schematic draw-
ing explaining your answer.

5. What limits the current resulting from a short?

CRITICAL THINKING QUESTIONS
Note: The following questions are designed to help you analyze the previous labo-
ratory experiment in a complete and in-depth fashion. To answer these questions, 
you should review the related material in Grob/Schultz, Basic Electronics, twelfth 
edition.

1. Ask your laboratory instructor for two fuses, one that functions and one that 
does not. After studying these components, describe how they are similar and 
how they are different. Explain in your own words how you think these compo-
nents operate.

2. Explain in your own words why short-circuited components are rarely damaged.
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3. If any individual resistor is shorted in a parallel circuit, why are all other resis-
tive branches shorted as well?

4. Explain what is meant by the term bypass with reference to a shorted circuit.

5. When a parallel circuit develops a shorted component, the voltage source cannot 
usually maintain its voltage level. Explain.

TABLES FOR EXPERIMENT 5-4

TABLE 5-4.1  Individual Resistor Values

  Nominal Measured
  Resistance Resistance

Step 1 R1 1500 V 

 R2 2200 V 

 R3 3900 V 

 R4 5600 V 

 R5 1000 V 

TABLE 5-4.3  Voltage Drops and Current Measurements

 Measured R  
 Values from Measured Current Measured
 Table 5-4.1 Voltage Drop through Resistor

R1   

R2   

R3   

R4   

TABLE 5-4.2   Total Resistance RT and 
Percentage of Error

  Calculated Measured % Error

Step 2 RT   
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TABLE 5-4.5   Voltage Drops and Current 
Measurements

 Measured R
 Values from Measured Current Measured
 Table 5-4.1 Voltage Drop through Resistor

R1   

R2   

R3   

R4   

TABLE 5-4.4  Voltage Drops and Current Measurements with Shorted Components

 With Only With Only With Only With Only
 R1 Shorted R2 Shorted R3 Shorted R4 Shorted

VR1  I1  VR1  I1  VR1  I1  VR1  I1 

VR2  I2  VR2  I2  VR2  I2  VR2  I2 

VR3  I3  VR3  I3  VR3  I3  VR3  I3 

VR4  I4  VR4  I4  VR4  I4  VR4  I4 

How do the above measurements reinforce the characteristics of a short?

Verify by calculations the expected voltages and currents for this circuit when R2 is shorted.

TABLE 5-4.6  Voltage Drops and Current Measurements with Opens

 Point Point Point Point
 A Open B Open C Open D Open

VR1  I1  VR1  I1  VR1  I1  VR1  I1 

VR2  I2  VR2  I2  VR2  I2  VR2  I2 

VR3  I3  VR3  I3  VR3  I3  VR3  I3 

VR4  I4  VR4  I4  VR4  I4  VR4  I4 

How do the above measurements validate the characteristics of an open circuit?
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.



 EXPERIMENT 6-1  99

CHAPTER E X P E R I M E N T  6 - 1

SERIES-PARALLEL CIRCUITS—
RESISTANCE

6

 Components in series have the same level of cur-
rent passing through them. If there is a need to have 
a component with the same voltage level, another 
component can be placed across (or in parallel with) 
one of the series resistors.
 Series-parallel circuits are used when it is nec-
essary to provide different amounts of voltage and 
current from components that use only one source of 
supply voltage.

Finding RT: Fig. 6-1.3 depicts a series-parallel cir-
cuit. In order to determine the total resistance (RT) 
of this combination, it is necessary to follow the cur-
rent from the negative side of the supply voltage, 
through the  resistor network and back to the power 
supply.

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Recognize the basic characteristics of series- 

parallel resistive circuits.
■ Confi rm that, within a series-parallel circuit, 

main-line currents are the same through series 
 resistances.

■ Confi rm that voltage drops across parallel resis-
tive components in a series-parallel circuit are 
equivalent.

SUGGESTED READING
Chapter 6, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
All components in a parallel confi guration with the 
 voltage supply have the same voltage drop shown 
in Fig. 6-1.1. However, if there is a need to have a 
voltage less than what is created across one of the 
parallel  resistance branches, an additional resistor 
can be placed in series within one of the branches, 
as shown in Fig. 6-1.2.

Fig. 6-1.2  Adding a series resistor to a parallel circuit.

DC

Fig. 6-1.3  Analysis of a series-parallel circuit.

Fig. 6-1.1  Parallel circuit.

When this series-parallel circuit is analyzed in this 
fashion, it is seen that all the current is passing 
through both R1 and R2, and because of this, R1 and 
R2 are seen in series with each other. From this se-
ries arrangement, the current then divides at junc-
tion point A. At this point, some of the current will 
pass through R3, and the remainder through R4. The 
amount of current that will pass will depend upon 
Ohm’s law, and because at this junction point there 
is current division, resistors R3 and R4 are in paral-
lel with each other. The divided currents will reunite 
at junction joint B and pass through R5. In this case, 
all the current will pass through resistor R5, and be-
cause of this fact, R5 is seen to be in series with the 
parallel combination of R3 and R4, and then in series 
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with R1 and R2. Expressed as a formula, total resis-
tance RT is

RT 5 R1 1 R2 1 R3 i R4 1 R5

 5 1 kV 1 1.5 kV 1   1 ___________________  
1y680 V 1 1y1.2 kV

   1 3.9 kV

 5 1 kV 1 1.5 kV 1 434 V 1 3.9 kV
 5 6834 V

Total Current: The total current can be calculated 
if the level of the supply voltage is known. If the 
power supply in Fig. 6-1.3 were adjusted to 50 V DC, 
the current could be calculated by Ohm’s law to be 
approximately 7.3 mA. There is 7.3 mA of main-line 
current present, as determined by

 RT 5 6834 V
 VT 5 50 V DC

 
IT 5   VT ___ 

RT
  

 
5   50 V _______ 

6834 V
  

ø 0.0073 A 5 7.3 mA

Current and Voltage Calculations: Now that the 
main-line current is known, it is seen that it passes 
through R1 and R2. The current passing through 
these resistors creates a voltage drop of 7.3 V and 
10.95 V,  respectively. This is determined as

 IT 5 7.3 mA 5 0.0073 A

 IR1 5 0.0073 A

 IR2 5 0.0073 A

 VR1 5 IT 3 R1

  5 0.0073 A 3 1000 V
  5 7.3 V

 VR2 5 IT 3 R2

  5 0.0073 A 3 1500 V
  5 10.95 V

When the 7.3 mA enters junction A, the current 
divides through R4 and R5. Since R4 and R5 are in 
parallel, the voltage drop is the same across each of 
these parallel resistors. From the above, the equiva-
lent resistance Req of R3 and R4 was determined to be 
434 V. The total main-line current of 7.3 mA passes 
through this equivalent resistance and creates a 
voltage drop of 3.17 V. Again, since R3 and R4 are in 
parallel, the voltage drop across R3 is 3.17 V and the 
voltage drop across R4 is the same (3.17 V). These 
calculations are as follows:

 Req(R3iR4) 5 434 V

 IT 5 7.3 mA 5 0.0073 A

 Veq(R3iR4) 5 IT 3 Req(R3iR4)

  5 0.0073 A 3 434 V
  5 3.1628 V ù 3.17 V

 VR3 ù 3.17 V

 VR4 ù 3.17 V

 
I3 5   

VR3 ____ 
R3

  

 
 5   3.17 V _______ 

680 V
  

  5 0.0047 A ù 4.7 mA

 
I4 5   

VR4 ____ 
R4

  

 
 5   3.17 V _______ 

1.2 kV
  

  5 0.0026 A ù 2.6 mA

At junction B the two currents from R3 and R4 are 
 reunited, and this 7.3 mA passes through R5. The volt-
age drop on R5 is 28.6 V. This is determined as follows:

 I3 1 I4 5 0.0047 A 1 0.0026 A
 I5 5 0.0073 A 5 7.3 mA

 VR5 5 I5 3 R5

  5 0.0073 A 3 3900 V
  5 28.47 V

Note that

 VT ù VR1 1 VR2 1 Veq(R3iR4) 1 VR5

 50 V ù 50 V

Power demands of each component can now also be de-
termined, since the resistance values, voltage drops, 
and currents are all known. The wattage dissipation 
needs of the components are determined as follows:

PR1 5 I1 3 VR1

  5 0.0073 A 3 7.3 V
  5 0.0533 W 5 53.3 mW
PR2 5 I2 3 VR2

  5 0.0073 A 3 10.95 V
  5 0.0799 W 5 79.9 mW
PR3 5 I3 3 VR3

  5 0.0047 A 3 3.17 V
  5 0.0149 W 5 14.9 mW
PR4 5 I4 3 VR4

  5 0.0026 A 3 3.17 V
  5 0.0082 W 5 8.2 mW
PR5 5 I5 3 VR5

  5 0.0073 A 3 28.47 V
  5 0.2080 W 5 208 mW
 PT 5 P1 1 P2 1 P3 1 P4 1 P5

  5 0.0533 W 1 0.0799 W 1 0.0149 W 1 
0.0082 W 1 0.2078 W

  5 0.3641 W 5 364.1 mW

Review Fig. 6-1.4 to determine all current paths and 
resistor voltage drops as calculated above.

In Summary: There can be any number of paral-
lel strings and more than two series resistances in 
a string. Still, Ohm’s law can be used in the same 
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from point A to point B. Record this information in 
Table 6-1.2. In addition, record the percentage of 
 error between these values, where

% error 5  ∣    difference between meas.          and calc. values  
   ________________________  calc. values   ∣  3 100

If the error is greater than 10 percent, repeat the 
 calculations and measurements.
3. Connect the circuit shown in Fig. 6-1.6. Perform 
the necessary calculations as required in Table 6-1.2.
4. For the circuit shown in Fig. 6-1.6, adjust the 
supply voltage to 15 V, and, using a voltmeter, take 
voltage measurements as required in Table 6-1.2.
5. Again, for the circuit shown in Fig. 6-1.6, and 
with the power supply adjusted to 15 V, use an 
ammeter and, by breaking the current path at the 
identifi ed points, measure the current and record 
your results in Table 6-1.2.
6. Using the formula described in step 2, calculate 
the percentages of error between your calculations 
and voltage and current measurements, as required 
in Table 6-1.2.

way for the series and parallel parts of the circuit. 
The series parts have the same current; the parallel 
parts have the same voltage. Remember that to fi nd 
the  total current V/R, the total resistance must in-
clude all the resistances present across the two ter-
minals of applied voltage.

EQUIPMENT
Breadboard
DC power supply
DMM

COMPONENTS
All resistors are 0.25 W unless indicated otherwise:

(1) 100 V
(1) 150 V
(1) 220 V
(1) 390 V
(1) 560 V

PROCEDURE
1. Measure and record each resistor value for the 
resistors required in this experiment. Record the 
results in Table 6-1.1.
2. Connect the circuit shown in Fig. 6-1.5. First 
cal culate and then measure the total resistance 

Fig. 6-1.4  Voltage drops, currents, and power dissipations of a series-parallel circuit.

Fig. 6-1.5  Finding the total resistance.

DC

Fig. 6-1.6  Series-parallel circuit under analysis.
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NAME DATE

QUESTIONS FOR EXPERIMENT 6-1

1. Write the formula that correctly determines the total resistance of the circuit in 
Fig. 6-1.6.

2. With reference to Fig. 6-1.6, which resistors are parallel to, or in series with, 
R3? Why?

3. If in Fig. 6-1.1 the voltage across R1 was determined to be 20 V, what would the 
 circuit supply voltage be? Explain.

4. If in Fig. 6-1.4 the current measured through R5 was 20 mA, what would be the 
current through R1? Why?

5. Write the formula that would give the equivalent resistance of fi ve 22-kV re-
sistors connected in parallel. Applying your formula, determine this resistive 
value.

CRITICAL THINKING QUESTIONS
Note: The following questions are designed to help you analyze the previous labo-
ratory experiment in a complete and in-depth fashion. To answer these questions, 
you should review the related material in Grob/Schultz, Basic Electronics, twelfth 
edition.

1. In analyzing series-parallel circuits, it is believed that with a parallel string 
across the main line, the branch currents and the total current can be found 
without knowing the total resistance. Explain how this principle can be true.
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2. In analyzing series-parallel circuits, it is believed that when parallel strings 
have  series resistances in the main line, the total resistance must be calculated 
to fi nd the total current, assuming no branch currents are known. Explain how 
this  principle can be true.

3. In analyzing series-parallel circuits, if the source voltage is applied across the 
total resistance of the entire circuit, a total current will be produced that will be 
found in the main line. Explain how this principle can be true.

4. In analyzing series-parallel circuits, it is believed that any individual series 
resistance has its own voltage drop that is less than the total applied voltage. 
Explain how this principle can be true.

5. In analyzing series-parallel circuits, it is believed that any individual branch 
current must be less than the total main-line current. Explain how this 
 principle can be true.

TABLES FOR EXPERIMENT 6-1

TABLE 6-1.1  Individual Resistor Values

 Nominal Measured
 Resistance Value

R1 390 V 

R2 100 V 

R3 150 V 

R4 220 V 

R5 560 V  
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TABLE 6-1.2   Measurements and Calculations for 
 Resistance, Voltage, and Current

 Calculated Measured % Error

Step 2 RT  

 VR1  

 VR2  

Step 4 VR3  

 VR4  

 VR5  

 I1 (Point A)  

 I2 (Point B)  

Step 5 I3 (Point C)  

 I4 (Point D)  

 I5 (Point E)  

Step 6 

{

(++)++*

(

+

+

+

)

+

+

+

*

(

+

+

+

)

+

+

+

*
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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E X P E R I M E N T  6 - 2

SERIES-PARALLEL CIRCUITS—
NETWORKS

EQUIPMENT
Ohmmeter Protoboard or springboard
DC power supply Leads
DMM

COMPONENTS
Resistors (all 0.25 W unless indicated otherwise):

(2) 100 V (2) 150 V
(1) 120 V (1) 220 V
(1) 150 V/1 W (1) 470 V

PROCEDURE
 1. Measure and record the actual resistance val-
ues shown in Table 6-2.1.
 2. Connect the circuit shown in Fig. 6-2.2, where 
V 5 10 V, R1 5 100 V, R2 5 220 V, and R3 5 470 V.

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Identify a series-parallel circuit.
■ Accurately measure voltages and current present 

in a series-parallel circuit.
■ Verify measurements with calculated values.

SUGGESTED READING
Chapter 6, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
Consider the circuit shown in Fig. 6-2.1. Resistors 
connected together as shown are often called a re-
sistor network. In this network, resistors R2 and 
R3 are considered to be in a parallel arrangement. 
Also, this parallel arrangement is in series with R1. 
To calculate the total resistance RT, the equivalent 
resistance of R2 and R3 must be determined, where

Req 5   
R2 3 R3 ________ 
R2 1 R3

  

 5 150 V (approx.)

Therefore, the equivalent resistance of this parallel 
arrangement is approximately equal to 150 V.
 The total resistance is now easily found by adding 
the two resistances R1 and Req, where

RT 5 R1 1 Req

Fig. 6-2.1  Series-parallel circuit.

Fig. 6-2.2  Series-parallel circuit.

 3. Calculate, measure, and record V1, V2, V3, I1, I2, 
I3, and IT (at point A) in Table 6-2.2.
 4. Measure and record in Table 6-2.2 the total 
applied voltage.
 5. With the voltage source removed, measure, cal-
culate, and record RT in Table 6-2.2.
 6. Calculate the percentage of error for Table 6-2.2.
 7. Construct the circuit shown in Fig. 6-2.3, where

VT 5 10 V R3 5 100 V
R1 5 150 V/1 W R4 5 120 V
R2 5 100 V R5 5 150 V



108  EXPERIMENT 6-2 

 8. Calculate, measure, and record V1, V2, V3, V4, V5, 
I1, I2, I3, I4, I5, and IT (at point B) in Table 6-2.3.
 9. Measure and record in Table 6-2.3 the total 
 applied voltage VT.
10. With the voltage source removed, measure, 
 calculate, and record RT in Table 6-2.3.
11. Calculate the percentage of error for 
Table 6-2.3.

R1

VT =
10 V

B

150 Ω/1 W

R2

100 Ω

R3

100 Ω

R4

120 Ω

R5

150 Ω

Fig. 6-2.3  Series-parallel circuit.
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QUESTIONS FOR EXPERIMENT 6-2

1. In your own words, explain what is a series-parallel circuit.

2. In the circuit shown in Fig. 6-2.2, determine the power being dissipated by each 
resistor. Use the formula PyI ? V 5 power (watts).

3. In Fig. 6-2.2, are the voltages the same across each resistor?

4. In Fig. 6-2.2, are the currents the same through each resistor?

5. Suppose in Fig. 6-2.3 that R3 developed a short-circuited condition. How would 
the current fl owing through each resistor change? Would the voltage drop 
across each resistor change? How?

TABLES FOR EXPERIMENT 6-2

TABLE 6-2.1  (values for Fig. 6-2.3)

Nominal Measured
Resistance Resistance

R1 5 150 V 

R2 5 100 V 

R3 5 100 V 

R4 5 120 V 

R5 5 150 V 
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TABLE 6-2.2

 Calculated Measured % Error

V1   

V2   

V3   

VT   

I1   

I2   

I3   

IT   

RT   

TABLE 6-2.3

 Calculated Measured % Error

V1   

V2   

V3   

V4   

V5   

VT   

I1   

I2   

I3   

I4   

I5   

IT   

RT    
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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E X P E R I M E N T  6 - 3

SERIES-PARALLEL CIRCUITS—
ANALYSIS

RT 5 R1 1 R2 i R3 1 R4 1 R5 i R6 1 R7

5 1 kV 1 5.6 kV i 6.8 kV 1 3.9 kV 1 
10 kV i 2.4 kV 1 2.2 kV

5 1 kV 1 3070.97 V 1 3.9 kV 1 
1935.48 V 1 2.2 kV

5 12,106.45 V

Figure 6-3.2 shows the equivalent total resistance 
for Fig. 6-3.1. This total resistance, with an applied 
voltage of 100 V DC, will create a current of 8.3 mA, 
as shown below:

IT 5 VAyRT

 5 80 Vy12,106 V
 5 0.0033 A 5 8.3 mA

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Recognize the basic characteristics of series- 

parallel resistive banks that are in series with 
other components.

■ Determine that within a series-parallel circuit 
main-line currents are the same through series 
 resistances.

■ Confi rm that voltage drops across parallel resis-
tive components in a series-parallel circuit are 
equivalent.

SUGGESTED READING
Chapter 6, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
Another way to analyze complex series-parallel cir-
cuits is to consider resistance banks in series with 
other resistors. Figure 6-3.1 depicts such a circuit. 
Here R1 is in series with a parallel combination of R2 

and R3. From this point R4 is seen to be in a series 
relationship with the parallel combination of R5 and 
R6, leaving R7 as a series component. If the main-line 
current from the supply voltage is followed through-
out this circuit, we can see that currents are equiva-
lent through series components and that the voltage 
drops across parallel components are also equivalent. 
This is demonstrated by the following calculations.

Fig. 6-3.1  Series-parallel circuit for analysis.

Fig. 6-3.2  The equivalent total resistance.

Fig. 6-3.3  Determining the equivalent resistance of a 
series-parallel circuit.

The values from all calculations for the circuit shown 
in Fig. 6-3.1 are shown in Fig. 6-3.3.
 In summary, there can be more than two parallel 
resistances in a bank and any number of banks in 
series. Still, Ohm’s law can be applied in the same 
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If the error is greater than 10 percent, repeat the 
 calculations and measurements.
3. Connect the circuit shown in Fig. 6-3.5. Adjust 
the supply voltage to 15 V. Using a voltmeter, take 
the required measurements to complete Table 6-3.3.
4. With 15 V applied to the circuit, as shown in 
Fig. 6-3.5, determine with an ammeter the current 
fl owing at each identifi ed point and record this 
mea surement in Table 6-3.3.
5. Perform all the calculations required to complete 
Table 6-3.3.

way to the series and parallel parts of the circuit. 
The general procedures for circuits of this type is to 
fi nd the equivalent resistance of each bank and then 
add all the series resistances.
 Again, as in the previous experiment, the most 
important facts to know are which components are 
in series with each other and which parts of the cir-
cuit are in parallel.

EQUIPMENT
Breadboard
DC power supply
DMM

COMPONENTS
All resistors are 0.25 W unless indicated otherwise:

(1) 100 V (1) 390 V
(1) 150 V (1) 560 V
(1) 220 V (1) 820 V

PROCEDURE
1. Measure and record each resistor value for the 
 resistors required in this experiment. Record the 
 results in Table 6-3.1.
2. Connect the circuit shown in Fig. 6-3.4. First, 
calculate and then measure the total resistance 
from point A to point B. Record this information in 
Table 6-3.2. In addition, record the percentage of 
error  between these values, where

% error 5  ∣    difference between meas.          and calc. values  
   ________________________  calc. values   ∣  3 100

Fig. 6-3.4  Determining the equivalent resistance of the 
complex circuit.

Fig. 6-3.5  Complex series-parallel circuit analysis.
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QUESTIONS FOR EXPERIMENT 6-3

1. Draw a diagram showing three resistors in a bank that is in series with three 
resistors.

2. From Fig. 6-3.4, describe which resistors are in a parallel circuit arrangement.

3. From your readings in Grob/Schultz, Basic Electronics, describe three of the six 
characteristics of a parallel resistor circuit.

4. From your readings in Grob/Schultz, Basic Electronics, describe three of the fi ve 
characteristics of a series resistor circuit.

5. In Fig. 6-3.5, explain how you would know which resistors are in parallel with 
each other and which are in series.

CRITICAL THINKING QUESTIONS
Note: The following questions are designed to help you analyze the previous labo-
ratory experiment in a complete and in-depth fashion. To answer these questions, 
you should review the related material in Grob/Schultz, Basic Electronics, twelfth 
edition.

1. Determine all circuit calculations (voltage drops and currents) for the circuit 
shown in Fig. 6-3.5, where the applied voltage is changed to 15 V DC. Determine 
the power dissipation required for each resistor. If the voltage were increased to 
25 V DC, would the 0.25-W power rating of the resistors recommended for use 
in this experiment be adequate?

2. Determine the total resistance RT for Fig. 6-3.3. Show all calculations.
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3. Determine the power dissipation required for each resistor shown in Fig. 6-3.3. 
Show all calculations.

4. Determine the total resistance RT for Fig. 6-3.5. Show all calculations.

5. Determine the power dissipation required for each resistor shown in Fig. 6-3.5. 
Show all calculations.

TABLES FOR EXPERIMENT 6-3

TABLE 6-3.1  Individual Resistor Values

  Nominal Measured
  Values Values

 R1 150 V 

 R2 390 V 

 R3 820 V 
Step 1

 R4 560 V 

 R5 100 V 

 R6 220 V  

TABLE 6-3.2  Total Resistance RT and Percentage of Error

 Measured Calculated % Error

Step 2 RT    {
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TABLE 6-3.3   Voltage, Current Measurements, and 
 Percentage of Error

 Measured Calculated % Error

 VR1  

 VR2  

Step 3
 VR3  

 VR4  

 VR5  

 VR6  

 IT  (Point A)  

 IR1 (Point B)  

 IR2 (Point C)  

Step 4 IR3 (Point D)  

 IR4 (Point E)  

 IR5 (Point F)  

 IR6 (Point G)  

Step 5 

(

+

+

+

+

)

+

+

+

+

*

(

+

+

+

+

+

)

+

+

+

+

+

*

(++)++*
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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E X P E R I M E N T  6 - 4

SERIES-PARALLEL CIRCUITS—OPENS 
AND SHORTS

Studying the Circuit without a Short: If the cir-
cuit shown in Fig. 6-4.1 does not have a short, RT

can be calculated so that R3 and R4 are in series and 
have an equivalent resistance of 550 V. This 550-V
equivalent resistance is in parallel with 560-V R2

and  creates an equivalent resistance of 277.48 V. 
This value is now in series with the 470 V value of R1

and provides an overall total equivalent resistance 
of 747.48 V.
 Since RT is known, the main-line current can be 
determined from Ohm’s law as follows:

IT 5 VTyRT

 5 15 V DCy747.48 V
  5 0.0201 A 5 20.1 mA

The total power of the circuit can be calculated as 
 follows:

 PT 5 IT 3 VT

 5 0.0201 A 3 15 V
  5 0.3010 W 5 301 mW

Since the total main-line current IT is known, the 
associated voltage drops across each of the resistors 
can be determined. For example,

VR1 5 IT 3 R1

 5 0.0201 A 3 470 V
  5 9.45 V

Since the applied voltage is 15 V and 9.45 V was 
dropped across R1, VR2 can be determined to be 
5.55 V, as follows:

VR2 5 VT 2 VR1
 5 15 V 2 9.45 V

  5 5.55 V

Since 5.55 V is dropped across R2, the current 
through R2 can be determined as follows:

IR2 5 VR2yR2

 5 5.55 Vy560 V
  5 0.0099 A 5 9.9 mA

As you know, currents divide in parallel branches. 
The main-line current of 20.1 mA divides between 
the R2 branch and the R3 1 R4 branch. If 9.9 mA 
passes through R2, and the total current IT is 
20.1 mA, the difference of 10.2 mA will pass through 

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Confi rm the basic characteristics of series-paral-

lel resistive circuits.
■ Identify the characteristics and effects of opens in 

a series-parallel resistive circuit.
■ Identify the characteristics and effects of shorts 

in a series-parallel resistive circuit.

SUGGESTED READING
Chapter 6, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
The purpose of this experiment is to learn about the 
characteristics of electrical opens and shorts and 
how they affect currents and voltages. In this ex-
periment we will see how a series-parallel circuit is 
affected.

The Short Circuit: A short circuit has practically 
zero resistance. Therefore, it allows excessive cur-
rent to fl ow. An open circuit has the opposite effect, 
because it has infi nitely high re sistance with prac-
tically zero current. Furthermore, in series-parallel 
circuits, an open or short circuit in one path changes 
the circuit for the other paths. For example, in 
Fig.  6-4.1, the series-parallel circuit becomes a se-
ries circuit with only R1 when there is a short circuit 
between points A and B.

Fig. 6-4.1  Analysis of the short circuit.
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 Since RT is known, the main-line current can be 
 determined from Ohm’s law as follows:

 IT 5 VTyRT

  5 15 V DCy470 V
  5 0.0319 A 5 31.9 mA

The total power of the circuit can be calculated as 
 follows:

 PT 5 IT 3 VT

  5 0.0319 A 3 15 V
  5 0.4787 W 5 478.7 mW

Since the total main-line current IT is known, the 
associated voltage drops across each of the resistors 
can be determined. For example,

 VR1 5 IT 3 R1

  5 0.0319 A 3 470 V
  5 14.99 V (which in practical terms is 15 V)

Since the applied voltage is 15 V and 15 V was 
dropped across R1, VR2 can be determined to be 0 V, 
as follows:

 VR2 5 VT 2 VR1

  5 15 V 2 15 V
  5 0 V

Since 0 V is dropped across R2, the current through 
R2 can be determined as follows:

 IR2 5 VR2yR2

  5 0 V/560 V
  5 0 A 5 0 mA

 IR3 5 0 A 5 0 mA

 IR4 5 0 A 5 0 mA

 VR3 5 IR3 3 R3

  5 0 A 3 220 V
  5 0 V

 VR4 5 IR4 3 R4

  5 0 A 3 330 V
  5 0 V

 PR1 5 IR1 3 VR1

  5 0.0319 A 3 15 V
  5 0.4787 W 5 478.7 mW

 PR2 5 IR2 3 VR2

  5 0 A 3 0 V
  5 0 W

 PR3 5 IR3 3 VR3

  5 0 A 3 0 V
  5 0 W

 PR4 5 IR4 3 VR4

  5 0 A 3 0 V
  5 0 W

the series combination of the R3 1 R4 branch. Since 
R3 and R4 are in series, this 10.2 mA of current will 
pass through both series resistors, as follows:

 IR3 5 IR4 5 IT 2 IR2

  5 0.02010 A 2 0.0099 A
  5 0.0102 A 5 10.2 mA

If the current through R3 and R4 is known to be 10.2 mA, 
the voltage drop across each can be determined:

 VR3 5 IR3 3 R3

  5 0.0102 A 3 220 V
  5 2.24 V

and

 VR4 5 IR4 3 R4

  5 0.0102 A 3 330 V
  5 3.36 V

Note that the sum of VR3 and VR4 is equivalent to VR2. 
This is to be anticipated, since these resistances are 
in a parallel branch arrangement, and voltage drops 
are found to be equivalent in parallel branches.

 VR3 1 VR4 5 VR2

 2.24 V 1 3.36 V 5 5.60 V
(approximately equal to 5.55 V)

Power in the circuit can be determined as follows:

 PR1 5 IR1 3 VR1

  5 0.0201 A 3 9.45 V
  5 0.1899 W 5 189.9 mW

 PR2 5 IR2 3 VR2

  5 0.0099 A 3 5.55 V
  5 0.0549 W 5 54.9 mW

 PR3 5 IR3 3 VR3

  5 0.0102 A 3 2.24 V
  5 0.0228 W 5 22.8 mW

 PR4 5 IR4 3 VR4

  5 0.0102 A 3 3.36 V
  5 0.0343 W 5 34.3 mW

Studying the Same Circuit with a Short: If the 
circuit shown in Fig. 6-4.1 now has a short between 
points A and B, RT can be calculated so that R3 and 
R4 are still in series and have an equivalent resis-
tance of 550 V. This 550-V equivalent resistance is 
still in parallel with the 560-V R2 value and creates 
an equivalent resistance of 277.48 V. However, this 
equivalent resistance is in parallel with a short, 
which displays practically no resistance (0 V). In 
this case, the equivalent resistance of the parallel 
branches is now 0 V. This ohmic value is in series 
with the 470 V value of R1 and provides an overall 
total equivalent  resistance of 470 V.
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 Since RT is known, the main-line current can be 
determined from Ohm’s law as follows:

 IT 5 VTyRT

 5 15 V DCy1030 V
 5 0.0146 A ø 14.6 mA

The total power of the circuit can be calculated as 
 follows:

PT 5 IT 3 VT

 5 0.0146 A 3 15 V
 5 0.219 W 5 219 mW

Since the total main-line current IT is known, the 
associated voltage drops across each of the resistors 
can be determined, for example:

 VR1 5 IT 3 R1

 5 0.0146 A 3 470 V
 5 6.8620 V

Since the applied voltage is 15 V and 6.8620 V was 
dropped across R1, VR2 can be determined to be 
8.1380 V, as follows:

VR2 5 VT 2 VR1

 5 15 V 2 6.8620 V
 5 8.1380 V

Since 8.1380 V is dropped across R2, the current 
through R2 can be determined to be

 IR2 5 VR2yR2

 5 8.1380 Vy560 V
 5 0.0145 A 5 14.5 mA

As you know, currents divide in parallel branches. 
However, the main-line current of 14.6 mA does 
not divide between the R2 branch and the R3 1 R4

branch, since the R3 1 R4 branch is open. It would 
follow therefore that

IR3 5 IR4 5 0 A

If the current is known to be 0 A through R3 and R4, 
the voltage drop across each can be determined, as 
follows:

 VR3 5 IR3 3 R3

 5 0 A 3 220 V
 5 0 V

and

VR4 5 IR4 3 R4

5 0 A 3 330 V
5 0 V

Power in the circuit can be determined as follows:

PR1 5 IR1 3 VR1

 5 0.0146 A 3 6.8620 V
 5 0.1002 W 5 100.2 mW

Summary Comparison between the Normal 
and Short Circuit: When a short was created, the 
overall resistance of the circuit decreased, main-line 
current increased, and overall power dissipation 
increased.

The Open Circuit: The circuit in Fig. 6-4.2 becomes 
a series circuit with just R1 and R2 when there is an 
open between terminals C and D. Since the compo-
nent values and supply voltages are the same as in 
Fig. 6-4.1, we will develop the characteristics of the 
open in this circuit by concentrating on the compo-
nent calculated values.

 Normal Short Circuit

RT 747.48 V 470 V
IT 20.1 mA 31.9 mA
PT 301 mW 478.7 mW
VR1 9.45 V 15 V
VR2 5.55 V 0 V
IR2 9.9 mA 0 mA
IR3 10.2 mA 0 mA
IR4 10.2 mA 0 mA
VR3 2.24 V 0 V
VR4 3.36 V 0 V
PR1 189.9 mW 478.7 mW
PR2 54.9 mW 0 mW
PR3 22.8 mW 0 mW
PR4 34.3 mW 0 mW 

DC

Fig. 6-4.2  Analysis of the open circuit.

 When analyzing the effects of this open-circuit 
problem, remember that, in the normal closed circuit, 
RT 5 747.48 V, IT 5 20.1 mA, PT 5 301 mW, VR1 59.45 V, 
VR2 5 5.55 V, IR2 5 9.9 mA, IR3 5 10.2 mA, IR4 5 
10.2 mA, VR3 5 2.24 V, VR4 5 3.36 V, PR1 5 189.9 mW, 
PR2 5 54.9 mW, PR3 5 22.8 mW, and PR4 5 34.3 mW.

Studying the Effect of an Open Circuit: If the 
circuit shown in Fig. 6-4.2 is open from points C to 
D, RT can be calculated as 560 V R2 in series with 
the 470 V value of R1. This is a total equivalent 
 resistance of 1030 V.
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Table 6-4.2. In addition, record the percentage of 
error  between these values, where

% error 5  ∣    difference between meas.          and calc. values  
   ________________________  calc. values   ∣  3 100

If the error is greater than 10 percent, repeat the 
 calculations and measurements.
 3. Connect the circuit shown in Fig. 6-4.4. Calcu-
late all voltage drops and component currents, and 
record them in Table 6-4.3.

 PR2 5 IR2 3 VR2

  5 0.0146 A 3 8.1380 V
  5 0.1188 W 5 118.8 mW

 PR3 5 IR3 3 VR3

  5 0 A 3 0 V
  5 0 W

 PR4 5 IR4 3 VR4
  5 0 A 3 0 V
  5 0 W

Summary Comparison between the Normal 
and Short Circuit: When an open was created, the 
overall resistance of the circuit increased, main-line 
current decreased, and overall power dissipation 
changed markedly.

 Normal Open Circuit

RT 747.48 V 1030 V
IT 20.1 mA 14.6 mA
PT 301 mW 218.4 mW
VR1 9.45 V 6.8620 V
VR2 5.55 V 8.1380 V
IR2 9.9 mA 14.5 mA
IR3 10.2 mA 0 mA
IR4 10.2 mA 0 mA
VR3 2.24 V 0 V
VR4 3.36 V 0 V
PR1 189.9 mW 100.2 mW
PR2 54.9 mW 118.8 mW
PR3 22.8 mW 0 mW
PR4 34.3 mW 0 mW

Fig. 6-4.3  Finding the total resistance of a series-
parallel circuit.

Fig. 6-4.4  Series-parallel circuit under analysis.

EQUIPMENT
Breadboard
DC power supply
DMM

COMPONENTS
All resistors are 0.25 W unless indicated otherwise:

(1) 100 V (1) 560 V
(1) 120 V (1) 680 V
(1) 470 V (1) 820 V

PROCEDURE
 1. Measure and record each resistor value for the 
resistors required in this experiment. Record the 
 results in Table 6-4.1.
 2. Connect the circuit shown in Fig. 6-4.3. First, 
calculate and then measure the total resistance from 
point A to point B. The, record this information in 

 4. Adjust the supply voltage to 15 V, and, using a 
voltmeter, take voltage drop measurements across 
each component. Record your results in Table 6-4.3.

Voltage Measurements—Short Circuit
 5. Maintaining a supply voltage of 15 V, use a clip 
lead to short R1. Take voltage drop measurements 
VR1, VR2, VR3, VR4, VR5, and VR6. Record the results 
in Table 6-4.3.
 6. Remove the clip-lead short across R1.
 7. Maintaining a supply voltage of 15 V, use a clip 
lead to short R2. Take voltage drop measurements 
VR1, VR2, VR3, VR4, VR5, and VR6. Record the results 
in Table 6-4.3.
 8. Remove the clip-lead short across R2.
 9. Maintaining a supply voltage of 15 V, use a clip 
lead to short R3. Take voltage drop measurements 
VR1, VR2, VR3, VR4, VR5, and VR6. Record the results 
in Table 6-4.3.
10. Remove the clip-lead short across R3.
11. Maintaining a supply voltage of 15 V, use a clip 
lead to short R4. Take voltage drop measurements 
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take the voltage drop measurement across R1.
Record these measurements in Table 6-4.4.
30. Remove the open by replacing R1 into the 
 circuit.
31. Maintaining a supply voltage of 15 V, open R2 

by removing it from the circuit. Take voltage drop 
measurements VR1, VR3, VR4, VR5, and VR6. Do not 
take the voltage drop measurement across R2.
Record these measurements in Table 6-4.4.
32. Remove the open by replacing R2 into the 
 circuit.
33. Maintaining a supply voltage of 15 V, open R3 

by removing it from the circuit. Take voltage drop 
measurements VR1, VR2, VR4, VR5, and VR6. Do not 
take the voltage drop measurement across R3.
Record these measurements in Table 6-4.4.
34. Remove the open by replacing R3 into the 
 circuit.
35. Maintaining a supply voltage of 15 V, open R4 

by removing it from the circuit. Take voltage drop 
measurements VR1, VR2, VR3, VR5, and VR6. Do not 
take the voltage drop measurement across R4.
Record these measurements in Table 6-4.4.
36. Remove the open by replacing R4 into the 
 circuit.
37. Maintaining a supply voltage of 15 V, open R5 

by removing it from the circuit. Take voltage drop 
measurements VR1, VR2, VR3, VR4, and VR6. Do not 
take the voltage drop measurement across R5.
Record these measurements in Table 6-4.4.
38. Remove the open by replacing R5 into the 
circuit.
39. Maintaining a supply voltage of 15 V, open R6 

by removing it from the circuit. Take voltage drop 
measurements VR1, VR2, VR3, VR4, and VR5. Do not 
take the voltage drop measurement across R6.
Record these measurements in Table 6-4.4.
40. Remove the open by replacing R6 into the 
 circuit.

Current Measurements—Open Circuit
41. Maintaining a supply voltage of 15 V, open R1 

by removing it from the circuit. Take current mea-
surements IR2, IR3, IR4, IR5, and IR6. Do not take the 
current measurement through R1. Record these 
measurements in Table 6-4.4.
42. Remove the open by replacing R1 into the 
 circuit.
43. Maintaining a supply voltage of 15 V, open R2 

by removing it from the circuit. Take current mea-
surements IR1, IR3, IR4, IR5, and IR6. Do not take the 
current measurement through R2. Record these 
measurements in Table 6-4.4.
44. Remove the open by replacing R2 into the  circuit.
45. Maintaining a supply voltage of 15 V, open 
R3 by removing it from the circuit. Take current 

VR1, VR2, VR3, VR4, VR5, and VR6. Record the results 
in Table 6-4.3.
12. Remove the clip-lead short across R4.
13. Maintaining a supply voltage of 15 V, use a clip 
lead to short R5. Take voltage drop measurements 
VR1, VR2, VR3, VR4, VR5, and VR6. Record the results 
in Table 6-4.3.
14. Remove the clip-lead short across R5.
15. Maintaining a supply voltage of 15 V, use a clip 
lead to short R6. Take voltage drop measurements 
VR1, VR2, VR3, VR4, VR5, and VR6. Record the results 
in Table 6-4.3.
16. Remove the clip-lead short across R6.

Current Measurements—Short Circuit
17. Maintaining a supply voltage of 15 V, use a clip 
lead to short R1 from your circuit. With an ammeter, 
take current measurements of IR2, IR3, IR4, IR5, and 
IR6. Do not take the current measurement through 
R1. Record this information in Table 6-4.3.
18. Remove the clip-lead circuit short across R1.
19. Maintaining a supply voltage of 15 V, use a clip 
lead to short R2 from your circuit. With an ammeter, 
take current measurements of IR1, IR3, IR4, IR5, and 
IR6. Do not take the current measurement through 
R2. Record this information in Table 6-4.3.
20. Remove the clip-lead circuit short across R2.
21. Maintaining a supply voltage of 15 V, use a clip 
lead to short R3 from your circuit. With an ammeter, 
take current measurements of IR1, IR2, IR4, IR5, and 
IR6. Do not take the current measurement through 
R3. Record this information in Table 6-4.3.
22. Remove the clip-lead circuit short across R3.
23. Maintaining a supply voltage of 15 V, use a clip 
lead to short R4 from your circuit. With an ammeter, 
take current measurements of IR1, IR2, IR3, IR5, and 
IR6. Do not take the current measurement through 
R4. Record this information in Table 6-4.3.
24. Remove the clip-lead circuit short across R4.
25. Maintaining a supply voltage of 15 V, use a clip 
lead to short R5 from your circuit. With an ammeter, 
take current measurements of IR1, IR2, IR3, IR4, and 
IR6. Do not take the current measurement through 
R5. Record this information in Table 6-4.3.
26. Remove the clip-lead circuit short across R5.
27. Maintaining a supply voltage of 15 V, use a clip 
lead to short R6 from your circuit. With an ammeter, 
take current measurements of IR1, IR2, IR3, IR4, and 
IR5. Do not take the current measurement through 
R6. Record this information in Table 6-4.3.
28. Remove the clip-lead circuit short across R6.

Voltage Measurements—Open Circuit
29. Maintaining a supply voltage of 15 V, open R1 

by removing it from the circuit. Take voltage drop 
measurements VR2, VR3, VR4, VR5, and VR5. Do not 
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51. Maintaining a supply voltage of 15 V, open R6 

by removing it from the circuit. Take current mea-
surements IR1, IR2, IR3, IR4, and IR5. Do not take the 
 current measurement through R6. Record these 
measurements in Table 6-4.4.
52. Remove the open by replacing R6 into the 
 circuit.

mea surements IR1, IR2, IR4, IR5, and IR6. Do not take 
the  current measurement through R3. Record these 
measurements in Table 6-4.4.
46. Remove the open by replacing R3 into the 
 circuit.
47. Maintaining a supply voltage of 15 V, open R4 

by removing it from the circuit. Take current mea-
surements IR1, IR2, IR3, IR5, and IR6. Do not take the 
 current measurement through R4. Record these 
measurements in Table 6-4.4.
48. Remove the open by replacing R4 into the 
 circuit.
49. Maintaining a supply voltage of 15 V, open R5 

by removing it from the circuit. Take current mea-
surements IR1, IR2, IR3, IR4, and IR6. Do not take the 
 current measurement through R5. Record these 
measurements in Table 6-4.4.
50. Remove the open by replacing R5 into the 
 circuit. Fig. 6-4.5  Shorted circuit for question 2.



NAME DATE

EXPERIMENT 6-4  125

QUESTIONS FOR EXPERIMENT 6-4

1. What effect would a short across a resistor located in series with a parallel 
resistive branch have on the level of main-line current fl ow? Explain.

2. What effect would there be (on individual branch circuit levels) of a short from 
point A to point B within a circuit (opposite in Fig. 6-4.5)? Explain.

3. If in Fig. 6-4.1 R2 was shorted, what would happen to the current fl ow and volt-
age drop of R3? What would happen to the voltage and current of R2? Explain.

4. Calculate the needed level of power dissipation for each resistor shown in 
Fig. 6-4.4. How does power dissipation change for a shorted component? How 
would it change across an open component? Explain.

5. According to Grob/Schultz, Basic Electronics, twelfth edition, what is the poten-
tial  difference across an open? Explain.

CRITICAL THINKING QUESTIONS
Note: The following questions are designed to help you analyze the previous labo-
ratory experiment in a complete and in-depth fashion. To answer these questions, 
you should review the related material in Grob/Schultz, Basic Electronics, twelfth 
edition.

1. For the short-circuit current analysis in step 17, the following statement is 
made: “Maintaining a supply voltage of 15 V, use a clip lead to short R1 from 
your circuit. With an ammeter, take current measurements of IR2, IR3, IR4, IR5, 
and IR6. Do not take the current measurement through R1. Record this informa-
tion in Table 6-4.3.” Why was the current measurement IR1 excluded from the 
original measurements? What is the anticipated value for IR1?
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2. For the open circuit voltage analysis in step 29, the following statement is 
made: “Maintaining a supply voltage of 15 V, open R1 by removing it from the 
circuit. Take voltage drop measurements VR2, VR3, VR4, VR5, and VR6. Do not 
take the voltage drop measurement across R1. Record these measurements in 
Table 6-4.4.” Why was the voltage measurement VR1 excluded from the original 
measurements? What is the anticipated value for VR1?

3. For the open circuit current analysis in step 41, the following statement is 
made: “Maintaining a supply voltage of 15 V, open R1 by removing it from the 
circuit. Take current measurements IR2, IR3, IR4, IR5, and IR6. Do not take the cur-
rent measurement through R1. Record these measurements in Table 6-4.4.” Why 
was the current measurement IR1 excluded from the original measurements? 
What is the anticipated value for IR1?

TABLE 6-4.1  Individual Resistor Values

 Nominal Resistive
Resistor Value, V Measurement

R1 120 

R2 820 

R3 560 

R4 100 

R5 470 

R6 680  

TABLES FOR EXPERIMENT 6-4
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TABLE 6-4.3  Short-Circuit Calculations and Measurements

 Normal Normal
 Circuit Circuit Measurements (with Each Resistor Shorted One at a Time)
 Calculations Measurements R1 R2 R3 R4 R5 R6

VR1        

VR2        

VR3        

VR4        

VR5        

VR6        

IR1        

IR2        

IR3        

IR4        

IR5        

IR6         

TABLE 6-4.2   Total Resistance RT and 
Percentage of Error

 Calculated Measurement % Error

RT    

TABLE 6-4.4  Open-Circuit Calculations and Measurements

 Measurements (with Each Resistor Opened One at a Time)
 R1 R2 R3 R4 R5 R6

VR1      

VR2      

VR3      

VR4      

VR5      

VR6      

IR1      

IR2      

IR3      

IR4      

IR5      

IR6       
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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 If there is an imbalance in the bridge, current will 
fl ow through the output path from one ratio arm 
to the other. In this experiment, a galvanometer is 
used. It is a dual directional microammeter with the 
needle  zeroed at top dead center.
 It is possible to use a VOM. However, extreme cau-
tion will be needed to prevent damage to the meter.

EQUIPMENT
DC power supply, 0–10 V
Decade box, or 20-kV potentiometer
Galvanometer (analog)
Test leads
DMM

COMPONENTS
(3) 10-kV, 0.25-W resistors
Plus other desired resistors (all 0.25 W):

(1) 5.6 kV (1)  2.7 kV
(1)   1 kV (1) 560 V
(1) 2.2 kV

PROCEDURE
 1. Connect the circuit of Fig. 6-5.1.
 2. Usually, a galvanometer is placed across the 
output terminals (A and B) to complete the bridge. 
However, it is better to study the series-parallel 
aspects of the Wheatstone bridge fi rst to gain a 
better understanding of how it works. Thus, mea-
sure the voltage across points A and B, and record 
the results in Table 6-5.1. Put the ground side of 
the voltmeter on point B. Also, determine the direc-
tion of current fl ow.
 3. Increase the value of R4 to 5 kV, measure the 
voltage across points A and B, and determine cur-
rent direction. Record the results in Table 6-5.1.
 4. Increase the value of R4 in 1-kV steps from 5 
to 15 kV. Measure the voltage across points A and 
B at each step, determine current direction, and 
record the results in Table 6-5.1. This should lead 
to an  understanding of how the value of the ratio 
arms  determines the voltage across the AB output. 
When fi nished, turn off the power.

LEARNING OBJECTIVES
At the completion of this experiment, you will be able 
to:
■ Measure current and voltage in a Wheatstone 

bridge.
■ Use a galvanometer.
■ Understand how a Wheatstone bridge can be 

balanced.

SUGGESTED READING
Chapters 5, 6, and 10, Basic Electronics, Grob/
Schultz, twelfth edition

INTRODUCTION
Many types of bridge circuits are used in electronics. 
The bridge circuit in this experiment can become a 
functional ohmmeter as well as a balanced circuit. 
Here, the Wheatstone bridge has two input termi-
nals, where the battery (or power supply) terminals 
are connected to the ratio arms. The ratio arms are 
the key to understanding how the Wheatstone bridge 
is balanced. The bridge is balanced when there is an 
equal division of voltages across the bridge output. 
This output is a current path across the ratio arms, 
like a bridge between two series-parallel paths. It 
does not matter what the ratios are for the bridge to 
be in a balanced state because resistances in paral-
lel (two series resistors in this case) have the same 
voltage across both branches. However, some ratios 
may create a more sensitive balance than others, de-
pending upon the  total current and total resistance 
of the ratio arms.

E X P E R I M E N T  6 - 5

THE WHEATSTONE BRIDGE

Fig. 6-5.1  Series-parallel circuit for analysis.
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voltage across R4 and R2. Repeat this procedure 
by adjusting R4 with the needle defl ecting to the 
left. Record the value of R4 and the voltage across 
R4 and R2. Keep in mind the following: The bridge 
was balanced. Then, the bridge was unbalanced on 
both ratio arms (left and right). This procedure can 
be  analyzed later to determine how the direction of 
 current fl ow across the bridge indicates the condition 
of the bridge. Also, record the adjusted value of R4.

CAUTION: It will be necessary to reverse the volt- 
meter leads at some point.

 5. Insert a galvanometer across points A and B as 
shown in Fig. 6-5.2. Be sure R4 is 10 kV. The circuit 
is now a Wheatstone bridge because there is a true 
current path across points A and B.
Note: Many galvanometers have a switch (push 
button or toggle switch on the front of the meter). 
Until the switch is closed, current fl ows through a 
wire (or short circuit) to protect the meter move-
ment. When the switch is closed, current fl ows 
through the meter movement. Be careful not to peg 
the meter.

 6. With equal nominal values of R1 and R4, turn 
on the power and fi nely adjust R4 so that no current 
fl ows across points A and B. This is the same as 0 
V across points A and B. Thus, R4 (decade box) will 
be fi nely adjusted and may be 10.5 kV or 11.1 kV, 
etc., unless, of course, you are using precision re-
sistors (1 percent tolerance). The important thing 
is that both voltage and current at points A and 
B 5 0. If so, the bridge is now balanced. Record the 
exact value of R4 (decade box) in Table 6-5.2.
 7. Now adjust R4 so that the needle defl ects to the 
right, approximately halfway to full scale, as shown 
in Fig. 6-5.3. Measure and record in Table 6-5.2 the 

Fig. 6-5.2  Galvanometer circuit.

Fig. 6-5.3  Galvanometer.

 8. Bring the bridge back to a balanced condition 
by readjusting R4 and monitoring the galvanometer. 
The needle should be dead center—zero current.
 9. Turn off the power. Replace R2 with an un-
known resistor with a value between 2 and 8 kV. 
Simply put electrical tape over a resistor. Or, if this 
is not  possible, use a 5.6-kV resistor, and pretend 
you do not know the value.
10. Turn on the power. Adjust R4 until the bridge 
is  balanced. The value of R4 (decade box) should 
be the true value of R2. Repeat steps 9 and 10 with 
 several resistors (e.g., 1 kV, 2.2 kV, 2.7 kV, and 
560 V). R4 should be equal to R2 (unknown  resistor) 
each time. Every time you adjust R4, notice the 
amount of needle defl ection. Record the results in a 
separate table. Be sure to label all values.
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QUESTIONS FOR EXPERIMENT 6-5

1. In procedure steps 9 and 10, the Wheatstone bridge was balanced by matching 
a decade box to the unknown resistor. Thus, the Wheatstone bridge was used as 
what kind of meter?

2. Explain the difference between a galvanometer and an ohmmeter.

3. In procedure step 5, suppose the schematic of Fig. 6-5.2 showed R4 as 50 kV, 
and R1 to R3 remained at 10 kV. With the power on, would the needle defl ect to 
the right or the left?

4. Which circuit in Fig. 6-5.4 would be more sensitive (greater needle defl ection) 
when attempting to balance the bridge? Why?

5. Explain any differences and/or similarities between the two circuits in 
Fig. 6-5.5.

Fig. 6-5.4  Circuits for question 4.
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Fig. 6-5.5  Circuits for question 5.

TABLES FOR EXPERIMENT 6-5

TABLE 6-5.2  R1 and R1 5 10 kV, R4 5 Decade Box

 Voltage and Current Needle Defl ection Needle Defl ection
 at A and B 5 0 to Right to Left

 R4, V R4, V VR4 VR2 R4, V VR4 VR2

R2 5 10 kV      

R2 5 5.6 kV      

R2 5 1 kV      

R2 5 2.2 kV      

R2 5 2.7 kV      

R2 5 560 V       

TABLE 6-5.1  Data from Fig. 6-5.1

R4, Voltage Current
kV AB Direction

 1  

 5  

 6  

 7  

 8  

 9  

10  

11  

12  

13  

14  

15   
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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E X P E R I M E N T  6 - 6

ADDITIONAL SERIES-PARALLEL 
CIRCUITS

 Although the circuit can be redrawn in more than 
one way, there is a method that can be used eas-
ily: Look for the resistors farthest from the power 
source, and combine them, working backward to-
ward the source. The result of this method is

Req 5 [(R4 1 R5) i R3] 1 R2

The network can be redrawn as shown in Fig. 6-6.2. 
Notice that the redrawn fi gure makes it easier to 
write the equation. In this case, you can begin with 
the sum of R5 1 R4 in parallel with R3. This would be

R4 1 R5 5 5.1 kV

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Redraw and simplify a series-parallel circuit.
■ Write an equation for the total resistance of a 

series-parallel circuit.
■ Determine which resistances have the greatest 

effect on RT.

SUGGESTED READING
Chapter 6, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
The following points summarize the concepts of a 
series-parallel circuit:
■ The RT of two parallel branches equals the product 

divided by the sum.

RT 5   R1 3 R2 ________ 
R1 1 R2

  

■ Adding resistance in series increases the total re-
sistance and decreases the total current.

■ Adding resistance in parallel increases the total 
current and decreases the total resistance.

■ The equivalent resistance Req of a series-paral-
lel network must be determined before the total 
 resistance RT can be found.

Consider the circuit shown in Fig. 6-6.1. This resis-
tive network has a total resistance of

RT 5 R1 i Req

The two vertical lines in the equation are used as 
a symbol to indicate resistances in parallel. Thus, 
RT 5 R1 i Req can be literally taken to mean

RT 5 R1 in parallel with Req

To determine RT, the circuit must be reduced or 
 redrawn so that all the resistors, except R1, can be 
combined into one equivalent resistance Req. This is 
because R1 is in parallel with the equivalent total 
 resistance of R2 through R5.

Fig. 6-6.1  Resistive network.

Fig. 6-6.2  Redrawn resistive network.
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 3. Measure and record the voltages around the 
 circuit as shown in Table 6-6.1.
 4. Disconnect the power supply VT, and measure 
the total circuit resistance. Record the results in 
Table 6-6.1.
 5. Disconnect R1 and VT, and measure and record 
the resistance Req.
 6. Calculate the current through each resistor, 
using Ohm’s law and the measured voltage drops. 
Record the results in Table 6-6.1 and include IT, the 
total  circuit current.
 7. Remove R6 from the circuit and measure the 
 total circuit resistance. Record the results in 
Table 6-6.1.
 8. Replace R2 with a 10-kV resistor, and measure 
the total circuit resistance. Record the results in 
Table 6-6.1. (R6 is still removed.)
 9. On a separate sheet of 8 3 11 in. paper, redraw 
the circuit so that only four resistances represent 
the simplifi ed circuit. Label all resistances so that 
the combined resistances are easy to identify. For 
 example, one resistance might be (R3 1 R4)iR2, etc.
10. Write an equation for the total resistance, 
and show how to calculate RT by using Req and the 
 product-over-the-sum method. Use the same sheet 
of paper as in step 9 above.

Then, by using the product-over-the-sum method

  
R3 3 5.1 kV

  ____________  
R3 1 5.1 kV

   5   10 kV 3 5.1 kV  _______________  
10 kV 1 5.1 kV

   

 5   51.0 kV ________ 
15.1 kV

   5 3.38 kV

Next, add 3.38 kV to 1 kV R2 so that Req 5 4.38 kV. 
 Finally,

RT 5 R1 i Req 5   2 kV 3 4.38 kV  _______________  
2 kV 1 4.38 kV

   

 5   8.76 kV ________ 
6.38 kV

   5 1.37 kV

Not only can you write an equation for RT by re-
drawing the circuit, but also you can see how certain 
 resistances have a greater or lesser effect on the 
 network. For example, R5 has almost no effect on 
RT because R5 is less than 10 percent of the resis-
tance in series and is added to R4. However, if R4 
were  removed from the circuit, then R5 would have a 
greater effect on the equivalent resistance.

EQUIPMENT
DMM
DC power supply
Protoboard or springboard
Leads

COMPONENTS
Resistors (all 0.25 W):

(2) 4.7 kV
(1) 560 V
(1) 820 V
(2) 10 kV
(1) 2.2 kV
(1) 1 kV

PROCEDURE
 1. Measure and record the resistor values shown 
in Table 6-6.1.
 2. Connect the circuit shown in Fig. 6-6.3.

Fig. 6-6.3  Resistive network.
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QUESTIONS FOR EXPERIMENT 6-6

1. Which resistor in the circuit of Fig. 6-6.2 has the least effect on RT and why?

2. What would happen to the circuit of Fig. 6-6.2 if R1 were decreased to 10 V?

3. What would happen to the circuit of Fig. 6-6.2 if R1 were increased to 10 MV?

4. Which resistor in the circuit of Fig. 6-6.2 has the least effect on IT?

5. Which resistor in the circuit of Fig. 6-6.2 has the greatest effect on IT?

TABLES FOR EXPERIMENT 6-6

TABLE 6-6.1

Resistance Values V V I
Nominal or Calculated Measured Measured Calculated

R1 5 4.7 kV   

R2 5 4.7 kV   

R3 5 1 kV   

R4 5 820 V   

R5 5 2.2 kV   

R6 5 10 kV   

R7 5 560 V   

RT 5    IT 5 

Req 5  

RT with R6 removed 

RT with R2 5 10 kV  
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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becomes a series circuit when there is a short across 
circuit points A and B.
 As an example of an open circuit, the series-
parallel circuit in Fig. 6-7.2 becomes a series circuit 
with just R1 and R2 when there is an open between 
points A and B.

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Determine the changes in circuit current and 

voltage drops resulting from a short circuit.
■ Determine the changes in circuit current and 

voltage drops resulting from an open circuit.
■ Predict changes in circuit current and voltage 

drops resulting from open and short circuits.

SUGGESTED READING
Chapter 6, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
A short circuit has practically zero resistance. Its ef-
fect, therefore, is to allow excessive current to fl ow in 
a circuit, although this is not usually intentional. An 
open circuit has the opposite effect because an open 
circuit has infi nitely high resistance with practically 
zero current.
 Therefore, if one path in a circuit changes (becomes 
open or short), the circuit’s voltage, resistance, and 
current in the other paths change as well. For exam-
ple, the series-parallel circuit shown in Fig. 6-7.1 
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ADDITIONAL SERIES-PARALLEL 
OPENS AND SHORTS

Fig. 6-7.1  Effect of a short in a series-parallel circuit.

Fig. 6-7.2  Effects of an open in a series-parallel circuit.

Fig. 6-7.3  Circuit values where no short exists.

The Short Circuit
You can determine the effect of a short in a series- 
parallel circuit. For example, in the circuit of Fig. 6-7.1, 
a switch is shown between points A and B. This switch 
represents a possible fl aw in construction or operation 
of an actual circuit.
 Refer to Fig. 6-7.3 where the circuit does not have a 
short. Specifi c component values have been assigned 
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 The total circuit current IT can then be calculated 
as

IT 5   VA ___ 
R1

  

  5   100 V ______ 
100 V

  

  5 1 A

The voltage drop across R1 is then

 V1 5 IT 3 R1

  5 1 A 3 100 V
  5 100 V

The voltage drop across R2 is thus

 V2 5 VA 2 V1

  5 100 V 2 100 V
  5 0 V

The voltage drop across R3 is

 V3 5 VA 2 V1

  5 100 V 2 100 V
  5 0 V

The voltage drops across R2 and R3 should equal 
0 V since their resistance values are reduced to 0 V 
 because of the short.
 In summary, these circuit changes occur in two 
ways. First, the circuit currents increase signifi -
cantly. Second, the voltage drop from the increase in 
current fl ow also increases.

The Open Circuit
An open circuit provides practically infi nite resis-
tance to the applied voltage VA. Its overall effect on 
the circuit would be zero or minimal current fl ow. 
You can determine the effect of an open path in a 
series- parallel circuit. For example, in the circuit of 
Fig. 6-7.5, component values have been assigned as 

to the same circuit as in Fig. 6-7.1. As shown in 
Fig. 6-7.3, R1 5 100 V, R2 5 1000 V, and R3 5 2000 V. 
The total resistance RT can be determined as follows:

 
RT 5 R1 1   

R2 3 R3 ________ 
R2 1 R3

  

  5 766.67 V

Knowing the total resistance is essential in deter-
mining the total circuit current. If the applied volt-
age VA is 100 V, then

 
IT 5   VA ___ 

RT
  

 
 5   100 V _________ 

766.67 V
  

  5 0.13 A  (or 130 mA)

Another component value that will be interesting to 
identify is the value of V1. It can be calculated as

 V1 5 IT 3 R1

  5 0.13 A 3 100 V
  5 13.04 V

The value of V2 can be found as well:

 V2 5 VA 2 V1

  5 100 V 2 13.04 V
  5 86.96 V

The value of V3 is then

 V3 5 VA 2 V1

  5 100 V 2 13.04 V
  5 86.96 V

The voltage values of V2 and V3 should be equivalent 
since R2 and R3 form a parallel circuit.
 Figure 6-7.3 shows the calculated effect of a 
short with a series-parallel circuit. If the circuit is 
shorted from point A to B, then the effects on re-
sistors R2 and R3 are eliminated. The elimination 
of R2 and R3 creates predictable changes in circuit 
current and the voltage drop of R1. The circuit of 
Fig. 6-7.4 shows the electrical effects. Since R2 and 
R3 are eliminated, the only effective resistance left 
in the circuit is R1.

Fig. 6-7.4  Effects of a short.

Fig. 6-7.5  Circuit values where no open exists.

R1 5 100 V, R2 5 1000 V, and R3 5 2000 V. The total 
resistance RT can be determined as follows:

 
RT 5 R1 1   

R2 3 R3 ________ 
R2 1 R3

  

  5 766.67 V
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The voltage drop across R1 is then

V1 5 IT 3 R1

5 0.0909 A 3 100 V
  5 9.09 or 9.1 V

The voltage drop across R2 is then

V2 5 IT 3 R2

5 0.0909 A 3 1000 V
  5 90.9 V

The voltage value of R3 is 0 V due to the open circuit.

EQUIPMENT
DMM
Power supply
Protoboard

COMPONENTS
(1) 150-V, 1-W resistor
(2) 150-V, 0.25-W resistors
(1) SPST switch

PROCEDURE
 1. Measure and record in Table 6-7.1 the values of 
the three resistors used in this experiment.
 2. Construct the circuit of Fig. 6-7.7, and adjust 
the voltage of the power supply to 10 V.

Knowing the total resistance is essential in deter-
mining the total circuit current. If the applied volt-
age VA is 100 V, then

IT 5   VA ___ 
RT

  

5   100 V _________ 
766.67 V

  

5 0.13 A  (or 130 mA)

Another component value that will be import-
ant to identify is the voltage value of V1. It can be 
calculated as

 V1 5 IT 3 R1

5 0.13 A 3 100 V
  5 13.04 V

The voltage of V2 is

 V2 5 VA 2 V1

5 100 V 2 13.04 V
 5 86.96 V

The voltage of V3 is

 V3 5 VA 2 V1

5 100 V 2 13.04 V
 5 86.96 V

The values are shown in Fig. 6-7.5.
 If the circuit is open between points A and B, then 
R3 is no longer part of the circuit. The removal of R3 

creates a predictable change in the circuit current 
and voltage drops of R1 and R2.
 The circuit of Fig. 6-7.6 shows the overall electri-
cal effects when the switch is opened between points 
A and B. The circuit current IT can be calculated 
after the total resistance RT is found:

RT 5 R1 1 R2

5 100 V 1 1000 V
  5 1100 V

Fig. 6-7.6  Effects of an open.

Fig. 6-7.7  Series-parallel circuit.

Then IT can be calculated as

IT 5   VA ___ 
R1

  

5   100 V _______ 
1100 V

  

5 0.0909 A  (or 90.9 mA)

 3. Calculate and record in Table 6-7.1, for the cir-
cuit of Fig. 6-7.7, the values of the total resistance 
RT; the currents IR1, IR2, and IR3; and the voltages 
VR1, VR2, and VR3.
 4. Measure and record in Table 6-7.1 the mea-
sured values of IR1, IR2, IR3, VR1, VR2, and VR3.
 5. Connect points A and B.
 6. Calculate and record in Table 6-7.1 the values 
of RT, IR1, IR2, IR3, VR1, VR2, and VR3.
 7. Measure and record in Table 6-7.1 the values of 
IR1, IR2, IR3, VR1, VR2, and VR3.
 8. Turn off the power supply, and disconnect the 
circuit.
 9. Measure and record in Table 6-7.2 the values of 
the three resistors used in this experiment.
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10. Construct the circuit of Fig. 6-7.8, and adjust 
the voltage of the power supply to 10 V.

11. Calculate and record in Table 6-7.2, for the cir-
cuit of Fig. 6-7.8, the values of the total resistance 
RT; currents IR1, IR2, and IR3; and voltages VR1, VR2, 
and VR3.
12. Measure and record in Table 6-7.2 the mea-
sured values of IR1, IR2, IR3, VR1, VR2, and VR3.
13. Disconnect or open points A and B.
14. Calculate and record in Table 6-7.2 the values 
of RT, IR1, IR2, IR3, VR1, VR2, and VR3.
15. Measure and record in Table 6-7.2 the values of 
IR1, IR2, IR3, VR1, VR2, and VR3.
16. Turn off the power supply and disconnect the 
 circuit.

Fig. 6-7.8  Series-parallel circuit.
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QUESTIONS FOR EXPERIMENT 6-7

1. What are the characteristics of a shorted circuit?

2. What are the characteristics of an open circuit?

3. Compare Tables 6-7.1 and 6-7.2. What are the differences and similarities?
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TABLE 6-7.1  (VA 5 10 V)

Unshorted Circuit, Fig. 6-7.7

Component Measured Calculated

R1 

R2 

R3 

RT  

IR1  

IR2  

IR3  

VR1  

VR2  

VR3  

Shorted Circuit, Fig. 6-7.7

RT  

IR1  

IR2  

IR3  

VR1  

VR2  

VR3   

TABLE 6-7.2  (VA 5 10 V)

Shorted Circuit, Fig. 6-7.8

Component Measured Calculated

R1 

R2 

R3 

RT  

IR1  

IR2  

IR3  

VR1  

VR2  

VR3   

Opened Circuit, Fig. 6-7.8

RT  

IR1  

IR2  

IR3  

VR1  

VR2  

VR3   

TABLES FOR EXPERIMENT 6-7
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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VOLTAGE DIVIDERS WITH LOADS

resistance, the voltage divider is then extremely 
useful as a voltage tap. For example, the circuit in 
Fig. 7-1.2 shows a parallel load current through Rload.

Fig. 7-1.2  Simple voltage divider with parallel load.

 This parallel load, if its resistance was more than 
10 times the value of R2, would actually be sharing 
the IR voltage drops across R2 without changing the 
division of voltage considerably. For example, if Rload 
= 50 kV,

  
R2 × Rload __________ R2 + Rload

   =   100 × 106
 __________ 

52 × 103   = 2 kV (approx.)

Thus, Rload could share the same approximate volt-
age as R2, but it would have its own current.
 While voltage dividers are mainly used to tap off 
part of a total voltage, it is necessary to remember 
that the addition of a load will always have some 
effect upon the circuit current and, many times, the 
proportional IR voltage drops.

EQUIPMENT
DC power supply, 0–10 V
DMM
Test leads

COMPONENTS
Resistors (all 0.25 W):

(3)    1 kV (1)   47 kV
(3)   10 kV (1)  4.7 kV
(1) 470 V (1) 100 kV

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Identify a voltage divider circuit.
■ Defi ne the purpose for voltage divider circuits.
■ Describe voltage divider loading effects.

SUGGESTED READING
Chapter 7, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
A series circuit is also a voltage divider. That is, the 
 total voltage applied to a series circuit is divided 
among the series resistors. Because the current is 
the same value in all parts of a series circuit, voltage 
is divided among the series resistances in direct pro-
portion to the value of resistance.
 For example, imagine four resistors in series. 
Each resistor is equal in value. Therefore, any one 
resistor will receive one-fourth the total applied 
voltage. In other words, the total voltage is divided 
by 4 across each resistor.
 Another way to determine the voltage across any 
resistor in series, without using a meter, is to add 
the total resistance, divide that value into any sin-
gle resistor in series, and multiply by the total volt-
age. This is the proportional method. For example, 
see Fig. 7-1.1. Therefore,

 V R2
  =   

R2 ___ RT
   × VT =   2 kV _____ 6 kV

   × 6 V = 2 V

Fig. 7-1.1  Proportional method circuit.

Although these simple voltage dividers are limited 
in their use, when a load is placed across any series 
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PROCEDURE
 1. Connect the circuit of Fig. 7-1.3. Do not connect 
Rload.

 4. Measure the voltages across R1, R2, R3, and 
Rload. Record these values in Table 7-1.2.
 5. Connect Rload to point A. Repeat steps 3 and 4. 
Record the results.
 6. Connect Rload to point C. Repeat steps 3 and 4. 
Record the results.
 7. Change the value of Rload to 100 kV and repeat 
steps 3 to 6.
 8. Connect the circuit of Fig. 7-1.4. This is a volt-
age divider with loads.

Fig. 7-1.3  Voltage divider.

 2. Calculate the IR voltage drop across each resi-
stor without the load in the circuit. Use the propor-
tional method. Show the calculations on a separate 
sheet and record the results in Table 7-1.1. Also, 
measure total circuit current and record the results 
in Table 7-1.1.
 3. With the load connected to point B, measure the 
total circuit current, load current, and bleeder cur-
rent. The bleeder current is the steady drain on the 
source, the current through R3. Record the values in 
Table 7-1.2.

Fig. 7-1.4  Complex voltage divider.

 9. Measure and record the IR voltage drops across 
R1, R2, R3,  R L1

 ,  R L2
 , and  R L3

  in Table 7-1.3.
10. Calculate the current through each resistor 
and the total circuit current. Record the results in 
Table 7-1.3.
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QUESTIONS FOR EXPERIMENT 7-1

1. Explain what is meant by the term voltage divider.

2.  Refer to the circuit of Fig. 7-1.4 (loaded voltage divider). Explain what would 
 happen to the total circuit current, voltage, and resistance if  R L2

  and  R L3
  were 

removed.

3.  If Fig. 7-1.4, were used to tap the total voltage of 9 V into three equal parts 
(without the loads), explain why VR1, VR2, and VR3 (with respect to ground) 
would not be 3 V each. Does the value of any one load greatly affect the original 
unloaded divider?

4.  Redraw Fig. 7-1.4 and show the path of current fl ow by drawing arrows where 
necessary.

5. What effect would reversing the battery polarity have on the circuit of 
Fig. 7-1.4?

TABLES FOR EXPERIMENT 7-1

TABLE 7-1.1  No-Load Values for Fig. 7-1.3

 Calculated IR Measured
  Drop      Current

R1 

R2 

R3 

IT   
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TABLE 7-1.3  Circuit Values for Fig. 7-1.4

 IR Drop, Current, 
 Measured Calculated*

R1  

R2  

R3  

 R L1
   

 R L2
   

 R L3
   

RT  

*V (IR drop measured)/R nominal = calculated current.

TABLE 7-1.2  Measured Values for Fig. 7-1.3, Circuit under Load

RL 5  Load at Point A Load at Point B Load at Point C
 1 kV IR Drops Current IR Drops Current IR Drops Current

R1      

R2     

R3     

Rload      

IT      

IB      

RL = 
100 k V

R1     

R2     

R3     

Rload      

IT      

IB      
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.





CHAPTER

7

EXPERIMENT 7-2  153

“opposite” branch resistance. Second, it is only nec-
essary to calculate one branch current and subtract 
it from the total current. The remainder will be the 
other branch current.
 Another method for determining branch current 
division is the parallel conductance method. Remem-
ber that conductance G = 1/R. Note that conductance 
and current are directly proportional. This is true be-
cause the greater the resistance, the less will be the 
current. With any number of parallel branches, each 
branch current can be calculated without knowing 
the voltage across the bank. The formula is

Ix =   
Gx ___ GT

   × IT

For example, the branch current  I R1
  in Fig. 7-2.2 can 

be found as follows:

I R1
  =   

G1 ___ GT
   × IT

G1 =   1 ___ R1
   =   1 _____ 10 V   = 0.1 S

Note: Siemens (S) is the reciprocal of ohms.

 RT =   1 __________________  1/R1 + 1/R2 + 1/R3
  

  = 6.25 V

 GT =   1 ___ RT
   =   1 _______ 6.25 V   = 0.16 S

I R1
  =   0.1 _____ 0.16   × 40 mA

 = 25 mA

LEARNING OBJECTIVES
At the completion of this experiment, you will be able to:

■  Understand how parallel circuits act as current 
 dividers.

■  Explain the proportional method for  solving 
branch currents.

■  Understand the parallel conductance method for 
solving branch currents.

SUGGESTED READING
Chapter 7, Basic Electronics, Grob/Schultz, 
twelfth  edition

INTRODUCTION
In the same way that series circuits are also volt-
age dividers, parallel circuits are also current divid-
ers. That is, the total current is divided among the 
parallel branches in inverse proportion to the resis-
tance in any branch. Therefore, main-line current 
increases as branches are added.
 To fi nd the branch currents without knowing the 
total voltage across the bank, a formula can be used. 
This formula is a proportional method for solving 
 unknown branch currents. For example, the branch 
currents for Fig. 7-2.1 can be found by using this pro-
portional method. It is based on the fact that currents 
divide in inverse proportion to their resistances.
 Notice two things in Fig. 7-2.1. First, the numer-
ator for each branch resistance is the value of the 

Fig. 7-2.1  Two-branch current divider. Fig. 7-2.2  Three-branch current divider.

E X P E R I M E N T  7 - 2

CURRENT DIVIDERS
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 3. Using the values you calculated for IR1 and IR2 
calculate the total voltage across the parallel bank 
(use Ohm’s law). Show your calculations on a sepa-
rate sheet, and record the value of VT in Table 7-2.1.
 4. Connect the circuit of Fig. 7-2.3. Calculate RT.
 5. Add another resistor, R3 = 820 V, to the parallel 
bank, and apply the total voltage you calculated in 
step 3 to the circuit.
 6. Measure the total current and the cur-
rent through each branch. Record the results in 
Table 7-2.2.
 7. Connect the circuit of Fig. 7-2.4.
 8. Adjust the voltage so that total current = 
30 mA.
 9. Use the parallel conductance formula to de-
termine the branch conductances  G R2

  to  G R5
 . Also, 

Because  I R1
  = 25 mA, it is easy to see that the re-

maining currents will be

  I R2
  +  I R3

  = +40 mA − 25 mA
 = 15 mA

Thus, the previous formula (proportional method) 
can be used to solve for the remaining two branch 
currents.
 Another method is to fi nd the total conductance 
and use the following formula to solve for each 
branch current in Fig. 7-2.2:

G1 =   1 ___ R1
   =   1 _____ 10 Ω   = 0.10 S

G2 =   1 ___ R2
   =   1 ______ 100 V   = 0.01 S

G3 =   1 ___ R3
   =   1 _____ 20 V   = 0.05 S

Therefore, the total conductance is

G1 + G2 + G3 = 0.1 + 0.01 + 0.05 = 0.16 S

To calculate branch currents, use the following 
formula:

  I Rx
  =   

 G Rx
 
 ____ GT
   × IT

In the case of Fig. 7-2.2,

 I R1
  =   0.10 _____ 0.16   × 40 mA = 25 mA

 I R2
  =    0.01 _____ 0.16   × 40 mA = 2.5 mA

 I R3
  =   0.05 _____ 0.16   × 40 mA = 12.5 mA

  IT = 40 mA

EQUIPMENT
DC power supply VTVM/VOM
Ammeter Leads
Protoboard or springboard

COMPONENTS
Resistors (all 0.25 W unless indicated otherwise):

(1) 100 V, 1 W (1) 560 V
(1) 150 V (1) 820 V
(1) 390 V

PROCEDURE
 1. Refer to the circuit of Fig. 7-2.3. Calculate RT. 
Record in Table 7-2.1.
 2. Assume that IT = 100 mA. Calculate the cur-
rent through R1 and R2 by using the proportional 
method for two branches in parallel. Show your cal-
culations and record the results in Table 7-2.1.

measure the current through each branch and 
 record the results in Table 7-2.3. Show all your 
 calculations and record the results in Table 7-2.3.

Note: Do not measure any voltages. Doing so will 
 defeat the purpose of this experiment.

10. Using the values you have determined for the 
 circuit of Fig. 7-2.4, calculate the voltages across 
R1 and the bank. Remember, do not measure these 
 voltages. How does the calculated voltage compare 
to the applied voltage? (Answer in your report.)

Fig. 7-2.3  Two-branch current divider.

Fig. 7-2.4  Four-branch current divider.
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QUESTIONS FOR EXPERIMENT 7-2

Answer true (T) or false (F) to the following:

  1.  Series circuits divide current, and parallel circuits divide voltages.

  2.  Conductance G is the reciprocal of branch current.

  3.  Refer to Fig. 7-2.4. If another resistor, R6 = 100 V, were added in paral-
lel to the bank, the voltage across the bank would increase.

  4.  Refer to Fig. 7-2.4. If the series resistor R1 were short-circuited, the total 
current would decrease.

  5.  Refer to Fig. 7-2.4. If R3 and R4 were opened, the voltage across the se-
ries resistor R1 would decrease.

  6.  Refer to Fig. 7-2.4. If the total voltage were halved and the total circuit 
resistance doubled, there would be no effect upon total current.

  7.  Refer to Fig. 7-2.4. If R1 were opened, the total circuit current would 
increase.

  8.  The voltage across any parallel bank is increased as the total conduc-
tance of the bank is increased.

  9.  The total current in a parallel bank is inversely proportional to its 
conductance.

 10.  The total current in a parallel bank is directly proportional to its total 
 resistance.

TABLES FOR EXPERIMENT 7-2

TABLE 7-2.1

 Nominal R, Calculated I, Total Calculated V,
 V mA V

R1  

R2  

RT   

100

390
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TABLE 7-2.2

 Nominal  Measured  From Table 7-2.1
 R, V I, mA V, V

R1  

R2  

R3  

RT   

100

390

820

TABLE 7-2.3

 Nominal  Calculated Calculated Calculated Measured
 R, V G, S I, mA V, V* I, mA

R1     

R2     

R3     

R4     

R5     

RT     

Note: Calculate RT.
*Vx = I calculated × R nominal.

150

100

390

560

820

30.0

30.0

30.0

3.0

Calculations for Step 2
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.





CHAPTER

7

EXPERIMENT 7-3  159

 As pin 2 is rotated up toward pin 3, the voltage at 
ab increases until a 10-V level is achieved. If pin 2 
is rotated downward toward pin 1, then the voltage 
present at ab decreases to zero, or approximately 
zero. The variance of voltages may appear to be pre-
sented in a linear or a nonlinear fashion, depending 
upon the manufacturer’s type of potentiometer.
 The primary purpose of a rheostat is to vary cur-
rent though a load. This is accomplished by locating 
the rheostat in series with the load and source volt-
age. In this way, the total resistance RT can be var-
ied and indirectly vary the total current. This circuit 
confi guration is shown in Fig. 7-3.4.

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Identify the circuit confi guration of a potentiometer.
■ Identify the circuit confi guration of a rheostat.
■ Contrast the differences and similarities of poten-

tiometers and rheostats used in divider circuits.

SUGGESTED READING
Chapters 2 and 7, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
Potentiometers and rheostats are variable resistances 
and are used to vary voltage and current in a circuit. A 
rheostat is a two-terminal device. The potentiometer 
is a three-terminal device, as shown in Fig. 7-3.1.

Fig. 7-3.1  Potentiometer connected across voltage source 
to function as a voltage divider. (a) Wiring diagram. 
(b) Schematic diagram.

Fig. 7-3.2  Rheostat connected in series circuit to vary the current. 
(a) Wiring diagram with ammeter to measure I. (b) Schematic diagram.

Fig. 7-3.3  Variable voltage source.

 The maximum resistance is seen between the two 
end terminals. The middle terminal mechanically ad-
justs and taps a proportion of this total resistance. A po-
tentiometer can be used as a rheostat by connecting 
one end terminal to the other, as shown in Fig. 7-3.2.
 The primary purpose of a potentiometer (pot) is 
to tap off a variable voltage from a voltage source, 
as shown in Fig. 7-3.3.

E X P E R I M E N T  7 - 3

POTENTIOMETERS AND RHEOSTATS 
AS DIVIDERS
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In summary, rheostats are:

Two-terminal devices
Found in series with loads and voltage sources
Used to vary total current

Potentiometers are:

Three-terminal devices
Found to have end terminals connected across 

 voltage sources
Used to tap off part of the voltage source

EQUIPMENT
DC power supply, 0–10 V
DMM
Protoboard
Test leads

COMPONENTS
(1) 100-V, 1-W resistor
(1) 1-kV, 1-W potentiometer, linear taper

PROCEDURE
 1. Connect the circuit shown in Fig. 7-3.5, where
V = 10 V, R1 = 100 V, and R2 (pot) 2 1 kV.

 7. Turn on the power supply, and adjust R2 for a 
minimum resistance value (minimum V).
 8. Remove R2 from the circuit and connect it to 
an ohmmeter (points 2 and 3). Set R2 to 100 V, and 
reconnect R2 to the circuit. Measure the voltage 
drop across R2 (pins 2 and 3). Record the results in 
Table 7-3.2.
 9. Repeat step 8 in 100-V increments 
(100, 200, 300 V, etc.) up to 1000 V.
10. Make a graph of resistance (horizontal axis) 
 versus voltage (vertical axis) from Table 7-3.2.

Fig. 7-3.4  Rheostat circuit to vary current.

Fig. 7-3.5  Rheostat controlling current.

Fig. 7-3.6  Potentiometer voltage divider.

 2. Turn on the power supply, and adjust R2 for a 
minimum resistance value (maximum I).
 3. Remove R2 from the circuit and connect it to an 
ohmmeter (points 1 and 2). Set R2 to 100 V and re-
connect R2 to the circuit. Measure the current fl ow 
and record in Table 7-3.1.
 4. Repeat step 3 in 100-V increments (100, 200,  
300 V, etc.) up to 1000 V.
 5. Make a graph of resistance (horizontal axis) 
versus current (vertical axis) from Table 7-3.1.
 6. Connect the circuit shown in Fig. 7-3.6, where 
V = 10 V and R2 (pot) = 1 kV.
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QUESTIONS FOR EXPERIMENT 7-3

1. How many circuit connections to a potentiometer are needed?

2. How many circuit connections to a rheostat are needed?

3.  Determine maximum power consumption from the graphs you completed in steps 5 
and 10. What are the actual necessary wattages of R1 and R2?

TABLES FOR EXPERIMENT 7-3

TABLE 7-3.1

Resistance,  Measured
V Current

 100 

 200 

 300 

 400 

 500 

 600 

 700 

 800 

 900 

1000 

TABLE 7-3.2

Resistance, Measured
V Voltage

 100 

 200 

 300 

 400 

 500 

 600 

 700 

 800 

 900 

1000 
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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equipment. Often, designing a circuit teaches you 
more than simply measuring and analyzing data.
 In previous experiments, you became familiar with 
the concepts of voltage and current dividers. You may 
recall that the loads on a voltage divider are also cur-
rent dividers because they are parallel circuits.
 To review, consider the circuit of Fig. 7-4.1.

1. Loads: The loads are resistances that require 
specifi c voltages and, often, specifi c currents. Here, 
imagine each load is a separate circuit board that 
requires certain voltages and currents in order to 
properly perform a function such as amplifi cation.
2. IB: This is known as bleeder current. It is a 
steady drain on the source and has no-load currents 
passing through it. Typically, bleeder currents are 
calculated to be 10 percent of the total current.
3. VT: Total voltage is fi xed. It is like a budget that 
the designer is allowed to work with.
4. Taps: These are the places where the loads are 
connected in order to tap off their specifi ed voltages.
5. R1, R2, R3: These are the voltage divider resistances 
that you, the designer, will be determining by your 
calculations. In this case, Fig. 7-4.1 has a given budget 
of 50 V (total). Your calculations will divide this volt-
age into the necessary values to supply the loads.
6. Ground: This symbol shows a common or earth 
ground that is connected to one side of the power sup-
ply. Remember, ground is a reference point, like zero.

How to Calculate the Voltage Divider
Use a table, as shown in Table 7-4.1, in order to keep 
your values organized. Find the current in each R.

 I R1
  = IB = approx. 10 percent of IT loads

Thus
IB = 150 mA × 0.1 = 15 mA

 ILoad A = 100 mA
 ILoad B = 30 mA
 ILoad C = 20 mA
 IT = 150 mA

Knowing the value of IB = IR1, IR2 and IR3 are calcu-
lated as follows (compare to Fig. 7-4.1):

I R2
  =  I B  +  ILoad C = 15 mA + 20 mA = 35 mA

  I R3
  =  I R2

  + ILoad B = 35 mA + 30 mA = 65 mA

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■  Design a voltage divider for given load 

requirements.
■ Understand the concept of negative voltage.
■  Understand the concepts of common ground and 

bleeder current.

SUGGESTED READING
Chapter 7, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
This experiment requires that you design and test 
a loaded voltage divider circuit. You can imagine 
that you are actually designing this divider for the 
output of a power supply in any piece of electronic 

Fig. 7-4.1  Loaded voltage divider.

E X P E R I M E N T  7 - 4

VOLTAGE DIVIDER DESIGN
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3. Verify that your circuit works by connecting the 
circuit and measuring the voltages across R1, R2, 
R3, and each load. Use resistors within 10 percent 
of the load values. Record the voltages (measured) 
in Table 7-4.1 (column 3). If any value of voltage 
falls outside plus or minus 20 percent of your calcu-
lated values, redesign the circuit.
4. With your circuit connected, remove earth 
ground (if attached).
5. Using the circuit of Fig. 7-4.2 as an example, you 
will move the ground point (common: without an 
earth ground connection) to point C. Although no 
actual connection is yet made, point C now becomes 
the zero reference point.

Note:  V R3
  = VPoint A −  V R2

 .

How to Calculate the Voltage across 
Each Resistor
The voltages at the taps are also the voltages across 
the loads with respect to ground. However, the volt-
ages across R2 and R3 are not in parallel only with 
these loads. Therefore, only the voltage across R1 is 
the same as VLoad C = 10 V.  V R2

  and  V R3
  are calculated 

as follows (compare to Fig. 7-4.1):

  V R1
  = VTap C = 10 V

  V R2
  = VTap B − VTap C = 30 V − 10 V = 20 V

  V R3
  = VTap A − VTap B = 50 V − 30 V = 20 V

How to Calculate Each Resistor
Now that the voltages and currents for each resistor 
have been determined, it is easy to use Ohm’s law to 
calculate the value of each resistor:

 R1 =   
 V R1

 
 ____  I R1
    =   10 V _______ 15 mA   = 666.7 V

 R2 =   
 V R2

 
 ____  I R2
    =   20 V _______ 35 mA   = 571.4 V

 R3 =   
 V R3

 
 ____  I R3
    =   20 V _______ 65 mA   = 307.7 V

These values of voltage divider resistance should 
provide the specifi ed load requirements.

EQUIPMENT
DC power supply
DMM
Protoboard or springboard
Leads

COMPONENTS
Resistors (all 0.25 W):

(2) 100 V (4) 470 V
(1) 120 V (1) 560 V
(1) 150 V

PROCEDURE
1. Design a voltage divider, similar to Fig. 7-4.1, 
with the following specifi cations:

 VT = 20 V
 Load A = 20 V, 40 mA
 Load B = 15 V, 25 mA
 Load C = 5 V, 10 mA

2. On a separate sheet, draw the circuit similar to 
Fig. 7-4.1 and fi ll in Table 7-4.1 (columns 1, 2, and 4).

6. Measure the voltage across each resistor and 
load with respect to common. This means connect 
the negative (common) lead of the voltmeter (VTVM 
or VOM) to point C and measure from there. Note 
that the voltage across R1 will now become a nega-
tive voltage. Record the results in Table 7-4.2.
7. Move common to point B and measure each 
 voltage. Remember to subtract the voltage across 
R2 when you measure  V R1

 . Record the results in 
Table 7-4.2.

Note: The loads (A, B, C) are always measured from 
the original common (point D) in all three circuits. 
But the divider voltages are measured from point B, 
C, or D, depending on the confi gurations.

Fig. 7-4.2  Loaded voltage divider. Note that the com-
mon ground is shown as an earth (symbol) ground here, 
but it is not actually a true earth ground.
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QUESTIONS FOR EXPERIMENT 7-4

1.  Explain the difference between earth ground and a common reference point 
ground.

2.  Explain how a negative voltage can be obtained from a voltage divider. Explain 
the effects upon I, V, and R, if any.

3. Explain, in your own words, what is meant by bleeder current.

4.  Explain the difference, if any, between a loaded voltage divider and a series-
parallel circuit.

5. Explain how the circuit of Fig. 7-4.1 would be affected if:
 A. R2 were short-circuited  B. R2 were opened
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TABLE 7-4.1  

 (1) (2) (3) (4)
Divider Calculated R Actual R Value, Measured Calculated

 V V V, V I, mA

Load A    

Load B    

Load C    

R1    

R2    

R3    

TABLE 7-4.2

 Measured V, V Measured V, V
Divider Common 5 Point C Common 5 Point B

Load A  

Load B  

Load C  

R1  

R2  

R3  

TABLES FOR EXPERIMENT 7-4
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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ANALOG AMMETER DESIGN

(internal shunt) or somewhere away from the meter 
(external shunt), with leads going to the meter.

Extending the Range by Use of Shunts
For limited current ranges (below 50 A), internal 
shunts are most often employed. In this manner, the 
range of the meter may be easily changed by select-
ing the correct internal shunt having the necessary 
current rating. Before the required resistance of the 
shunt for each range can be calculated, the resis-
tance of the meter movement must be known.
 For example, suppose it is desired to use a 100-
�A D’Arsonval meter having a resistance of 100 V to 
measure line currents up to 1 A. The meter defl ects 
full scale when the current through the 100-V coil is 
100 �A. Therefore, the voltage drop across the meter 
coil is IR, or

0.0001 3 100 5 0.01 V
 Because the shunt and coil are in parallel, the 
shunt must also have a voltage drop of 0.01 V. The 
current that fl ows through the shunt is the difference 
between the full-scale meter current and the line cur-
rent. In this case, the meter current is 0.0001 A. This 
current is negligible compared with the line (shunt) 
current, so the shunt current is approximately 1 A. 
The resistance RS of the shunt is therefore,

RS 5   V __ 
I
   5   0.01 _____ 1   5 0.01 V (approx.)

and the range of the 100-�A meter has been increased 
to 1 A by paralleling it with the 0.01-V shunt.
 The 100-�A instrument may also be converted 
to a 10-A meter by the use of a proper shunt. For 
full-scale defl ection of the meter, the voltage drop V 
across the shunt (and across the meter) is still 0.01 V. 
The meter current is again considered negligible, 
and the shunt current is now approximately 10 A. 
The resistance RS of the shunt is therefore,

RS 5   V __ 
I
   5   0.01 _____ 10   5 0.001 V

The same instrument may likewise be converted to 
a 50-A meter by the use of the proper type of shunt. 
The current IS through the shunt is approximately 
50 A, and the resistance RS of the shunt is

RS 5   V __ 
IS

   5   0.01 _____ 50   5 0.0002 V

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Determine the internal resistance of a basic 

 D’Arsonval meter movement.
■ Design an ammeter circuit from this meter 

 movement.
■ Understand how shunts are used with coils.

SUGGESTED READING
Chapter 8, Basic Electronics, Grob/Schultz,
twelfth edition

INTRODUCTION
Range of an Ammeter
The small size of the wire with which an ammeter’s 
movable coil is wound places severe limits on the 
current that may be passed through the coil. Conse-
quently, the basic D’Arsonval movement may be used 
to indicate or measure only very small currents—for 
example, microamperes or milliamperes, depending 
on meter sensitivity.
 To measure a larger current, a shunt must be used 
with the meter. A shunt is a heavy, low-resistance 
conductor connected across the meter terminals to 
carry most of the load current. This shunt has the cor-
rect amount of resistance to cause only a small part 
of the total circuit current to fl ow through the meter 
coil. The meter current is proportional to the load cur-
rent. If the shunt is of such a value that the meter is 
calibrated in milliamperes, the instrument is called a 
milliammeter. If the shunt is of such a value that the 
 meter is calibrated in amperes, it is called an ammeter.
 A single type of standard meter movement is 
generally used in all ammeters, no matter what the 
range of a particular meter. For example, meters 
with working ranges of 0 to 10 A, 0 to 5 A, or 0 to 
1 A all use the same galvanometer movement. The 
designer of the ammeter calculates the correct shunt 
resistance required to extend the range of the meter 
movement to measure any desired amount of current. 
This shunt is then connected across the meter termi-
nals. Shunts may be located inside the meter case 



172  EXPERIMENT 8-1 

EQUIPMENT
DC power supply
Protoboard or springboard
Leads
DMM

COMPONENTS
(1) 0- to 1-mA meter movement

Resistors:

(1) 150 kV, 0.25 W Other resistors as calculated.
(1) 470 V, 0.25 W

Potentiometers:

(1) 5 kV (1) 100 kV

(1) SPST switch
(1) SPDT switch

PROCEDURE
 1. Measure the internal resistance of the meter 
movement by connecting the circuit shown in 
Fig. 8-1.1.

 7. Calculate and record Im in Table 8-1.1, where

Im 5   
Vm ___ rm

  

 8. Record in Table 8-1.2 the value of Im for full-
scale defl ection, the rm (meter movement’s internal 
resis tance) for the meter movement, and the value 
Vm needed for full-scale defl ection.
 9. Construct the following dual-range ammeter in 
Fig. 8-1.2. Range 1 will measure 30 mA full scale, 
and range 2 will measure 100 mA full scale.

Fig. 8-1.1  Internal resistance measurement.

Fig. 8-1.2  Ammeter circuit.

Fig. 8-1.3  Ammeter test setup.

 2. With S1 open, turn on the power supply and 
 adjust it for 10 V.
 3. Adjust R2 so that the scale upon the meter 
movement reads at full-scale defl ection.
 4. Close S1 and adjust R1 so that the scale upon 
the meter movement reads at half-scale defl ection. 
The currents will evenly divide between R1 and the 
internal resistance rm of the meter movement when 
R1 5 rm.
 5. Measure and record in Table 8-1.1 the voltage 
dropped across Vm.
 6. Measure and record rm in Table 8-1.1 by turn-
ing off the power supply, disconnecting R1 from the 
circuit, and measuring from point A to B. At this 
point, rm 5 R1.

10. Using the following formula, determine the 
multiplier resistors RS1 and RS2:

RS 5 (Im 3 rm)IS

For a 30-mA full-scale defl ection,

RS1 5 (Im 3 rm)/30 mA

Record this value in Table 8-1.2.
 For a 100-mA full-scale defl ection,

RS2 5 (Im 3 rm)/100 mA

Record this value in Table 8-1.2.

11. Connect your ammeter into the circuit confi gu-
ration shown in Fig. 8-1.3, where I2 is an ammeter 
of known accuracy and I1 is your ammeter design 
on another meter movement. Complete Table 8-1.3 
by turning on and adjusting the power supply in 
accordance with Table 8-1.3. Record the values of I1 
and I2 for each power supply setting.

12. Determine the percentage of accuracy for 
Table 8-1.3.
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NAME DATE

QUESTIONS FOR EXPERIMENT 8-1

1. Describe how ammeters are connected in a circuit to measure current.

2. Design an ammeter circuit that will measure 1.5 A with a 0- to 100-mA full-
scale  defl ection meter movement.

REPORT
Write a complete report. Discuss the measured and calculated results. Also, discuss 
the three most signifi cant aspects of the experiment, and write a conclusion.

TABLE 8-1.3  

Range, Voltage
mA Setting I1 I2 % Accuracy

0–30    

0–100    

TABLE 8-1.1

rm Im Vm

 

TABLE 8-1.2  Meter Movement

Im, A rm, V Vm, V

 

Shunt RS1 Shunt RS2

 

TABLES FOR EXPERIMENT 8-1
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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E X P E R I M E N T  8 - 2

ANALOG VOLTMETER DESIGN

mea sured. Because the current through the meter 
circuit is directly proportional to the applied voltage, 
the  meter scale can be calibrated directly in volts for 
a fi xed series resistance.
 For example, assume that the basic meter (mi-
croammeter) is to be made into a voltmeter with a 
full-scale reading of 1 V. The coil resistance of the 
basic meter is 100 V, and 0.0001 A causes a full-
scale defl ection. The total resistance R of the meter 
coil and the series resistance is

rm 5   
Vm ___ 
Im

  

5   1 _______ 
100 �A

  

5 10,000 V

and the series resistance alone is

R1 5 10,000 2 100
 5 9900 V

Multirange voltmeters utilize one meter movement 
with a convenient switching arrangement. A mul-
tirange voltmeter with three ranges is shown in 
Fig. 8-2.2. The total circuit resistance for each of the 
three ranges, beginning with the 1-V range, is

 R1 5   
Vm ___ 
Im

   5   1 ____ 100   5 0.01 MV

 R2 5   
Vm ___ 
Im

   5   100 ____ 100   5 1 MV

R3 5   
Vm ___ 
Im

   5   1000 _____ 100   5 10 MV

Voltage-measuring instruments are always con-
nected across (in parallel with) a circuit. If the ap-
proximate value of the voltage to be measured is 
not known, it is best to start with the highest range 

LEARNING OBJECTIVES
At the completion of this experiment, you will be able to:
■ Determine the internal resistance of a basic 

D’Arsonval movement.
■ Design a voltmeter from this meter movement.
■ Understand coil resistance.

SUGGESTED READING
Chapter 8, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
D’Arsonval Meter
The stationary permanent-magnet moving-coil meter 
is the basic movement used in most measuring instru-
ments for servicing electric equipment. This type of 
movement is commonly called the D’Arsonval move-
ment because it was fi rst employed by the Frenchman 
D’Arsonval in making electrical measurements.
 The basic D’Arsonval movement consists of a 
stationary permanent magnet and a movable coil. 
When current fl ows through the coil, the resulting 
magnetic fi eld reacts with the magnetic fi eld of the 
permanent magnet and causes the coil to rotate. The 
greater the amount of current fl ow through the coil, 
the stronger the magnetic fi eld produced; the stron-
ger this fi eld, the greater the rotation of the coil. To 
determine the amount of current fl ow, a means must 
be provided to indicate the amount of coil rotation.

Voltmeter
The 100-�A D’Arsonval meter used as the basic meter 
for the ammeter may also be used to measure voltage 
if a high resistance is placed in series with the moving 
coil of the meter. When this is done, the unit containing 
the resistance is commonly called a multiplier. A sim-
plifi ed diagram of a voltmeter is shown in Fig. 8-2.1.

Extending the Range
The value of the necessary series resistance is deter-
mined by the current required for full-scale defl ec-
tion of the meter and by the range of voltage to be 

Fig. 8-2.1  Basic voltmeter circuit with Rmultiplier.
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Fig. 8-2.2  Three-range voltmeter circuit.

Fig. 8-2.3  Measuring internal resistance.

Fig. 8-2.4  Voltmeter dual-range circuit.

of the voltmeter and progressively lower the range 
until a suitable  middle-third reading is obtained.

EQUIPMENT
DC power supply, 10 V
Voltmeter of known accuracy
Protoboard or springboard
Test leads
DMM

COMPONENTS
Resistors:

(1) 150 kV, 0.25 W Other resistors as calculated.

Potentiometers (linear taper):

(1) 100 kV (1) 5 kV

(1) SPST switch
(1) SPDT switch
(1) 50-�A meter movement of unknown resistance

PROCEDURE
 1. Measure the internal resistance of the meter 
movement by connecting the circuit shown in 
Fig. 8-2.3.

 2. With S1 open, turn on the power supply and ad-
just it for 10 V.
 3. Adjust R2 so that the scale of the meter move-
ment is at full-scale defl ection.
 4. Close S1 and adjust R1 so that the scale upon 
the movement is at half-scale defl ection. The cur-
rents will evenly divide between R1 and the inter-
nal resis tance rm of the meter movement when 
R1 5 rm.
 5. Measure and record in Table 8-2.1 the voltage 
dropped across Vm.
 6. Measure and record rm in Table 8-2.1 by turn-
ing off the power supply, disconnecting R1 from the 
 circuit, and measuring from points A to B. At this 
point, rm 5 R1.
 7. Calculate and record Im in Table 8-2.1, where

Im 5   
Vm ___ rm

  

 8. Record in Table 8-2.2 the Im for full-scale defl ec-
tion, the rm (meter movement’s internal resistance) 
for the meter movement, and the value of Vm for 
full-scale defl ection.
 9. Construct the dual-range voltmeter in Fig. 8-2.4 
so that range 1 will measure 5 V full scale and range 2 
will measure 10 V full scale. Use the following formula 
to determine the multiplier resistors R1 and R2:

 Rmultiplier 5   
VFS ____ 
IFS

   2 rm

 5   
Vintended _______ 

Im
   2 rm

Note: FS means full scale.

For a 5-V full-scale defl ection,

R1 5   5 V ____ 
Im

   2 rm

For a 10-V full-scale defl ection,

R2 5   10 V _____ 
Im

   2 rm

Record these calculated values in Table 8-2.2.

10. Connect your voltmeter into the circuit con-
fi guration of Fig. 8-2.5, where V2 is a voltmeter of 
known accuracy and V1 is your voltmeter design.
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11. Complete Table 8-2.3 by turning on and 
adjusting the power supply in accordance with 
Table 8-2.3. Record the values of V1 and V2 for 
each power supply setting.
12. Determine the percentage of accuracy for 
Table 8-2.3.

Fig. 8-2.5  Measuring voltages.
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QUESTION FOR EXPERIMENT 8-2

1. Design a voltmeter that will measure 0 to 30 V DC by using a 100-mA meter 
movement.

TABLES FOR EXPERIMENT 8-2

TABLE 8-2.1

0–50 �A

Vm 5 

 rm 5 

 Im 5 

TABLE 8-2.3

Power Supply   %
Voltages V1 V2 Accuracy

Range 1: 1–5 V

 1 V   

 2 V   

 3 V   

 4 V   

 5 V   

Range 2: 1–10 V

 1 V   

 2 V   

 3 V   

 4 V   

 5 V   

 6 V   

 7 V   

 8 V   

 9 V   

10 V   

TABLE 8-2.2  Meter Movement
 Im 5 

 rm 5 

Vm 5 

 R1 5 

 R2 5 
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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E X P E R I M E N T  8 - 3

ANALOG OHMMETER DESIGN

the meter is calibrated for proper operation on the 
selected range. (While the leads are short-circuited, 
meter current is maximum and the pointer defl ects 
a maximum amount, somewhere near the zero posi-
tion on the ohms scale.) When the variable resistor is 
adjusted properly, with the leads short-circuited, the 
meter pointer will come to rest exactly on the zero 
graduation. This indicates zero resistance between the 
test leads, which in fact are short-circuited together. 
The zero readings of series-type ohmmeters are some-
times on the right-hand side of the scale, whereas the 
zero reading for ammeters and voltmeters is gen-
erally to the left-hand side of the scale. When the 
test leads of an ohmmeter are separated, the meter 
pointer will return to the left side of the scale, due 
to the interruption of current and the spring tension 
acting on the movable-coil assembly.
 After the ohmmeter is adjusted for zero reading, 
it is ready to be connected in a circuit to measure 
resis tance. A typical circuit and ohmmeter arrange-
ment is shown in Fig. 8-3.2.

LEARNING OBJECTIVES
At the completion of this experiment, you will be able 
to:
■ Determine the internal resistance of a basic 

D’Arsonval meter movement.
■ Design an ohmmeter from this meter movement.
■ Understand how current works in a coil.

SUGGESTED READING
Chapter 8, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
The ohmmeter consists of a DC milliammeter, with 
a few added features. The added features are:

1. A DC source of potential
2. One or more resistors (one of which is variable)

A simple ohmmeter circuit is shown in Fig. 8-3.1.
 The ohmmeter’s pointer defl ection is controlled by 
the amount of battery current passing through the 
moving coil. Before measuring the resistance of an 
unknown resistor or electric circuit, the test leads of 
the ohmmeter are fi rst short-circuited together, as 
shown in Fig. 8-3.1. With the leads short-circuited, 

Fig. 8-3.1  Simple series ohmmeter. Fig. 8-3.2  Typical ohmmeter arrangement.
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 4. Close S1 and adjust R1 so that the scale upon 
the movement is at half-scale defl ection. The cur-
rents will evenly divide between R1 and the inter-
nal rm of the meter movement when R1 5 rm.
 5. Measure and record in Table 8-3.1 the voltage 
dropped across Vm.
 6. Measure and record rm in Table 8-3.1 by turn-
ing the power supply off, disconnecting R1 from the 
circuit, and measuring from points A to B. At this 
point, rm 5 R1.
 7. Calculate and record Im in Table 8-3.1, where

Im 5   
Vm ___ rm

  

 8. Record in Table 8-3.1 the rm for full-scale defl ec-
tion of a 0- to 1-mA meter movement.
 9. Construct the series-type ohmmeter shown in 
Fig. 8-3.4, where R1 5 1.5 kV-rm. (The resistance 
value of R1 may have to be created by using a resis-
tance decade box.) R2 will be used to set the ohm-
meter to zero ohms.

 The power switch of the circuit to be measured 
should always be in the OFF position. This prevents 
the circuit’s source voltage from being applied across 
the meter, which could cause damage to the meter 
movement.
 The test leads of the ohmmeter are connected 
across (in parallel with) the circuit to be measured 
(see Fig. 8-3.2). This causes the current produced by 
the meter’s internal battery to fl ow through the cir-
cuit being tested. Assume that the meter test leads 
are connected at points A and B of Fig. 8-3.2. The 
amount of current that fl ows through the meter coils 
will depend on the resistance of resistors R1 and R2, 
plus the resistance of the meter. Since the meter 
has been preadjusted (zeroed), the amount of coil 
movement now depends solely upon the resistance 
of R1 and R2. The inclusion of R1 and R2 raised the 
total series resistance, decreased the current, and 
thus decreased the pointer defl ection. The pointer 
will now come to rest at a scale fi gure indicating 
the combined resistance of R1 and R2. If R1 or R2, 
or both, were replaced with a resistor(s) having a 
larger ohmic value, the current fl ow in the moving 
coil of the meter would be decreased still more. The 
defl ection would also be further decreased, and the 
scale indication would read a still higher circuit 
resistance. Movement of the moving coil is pro-
portional to the amount of current fl ow. The scale 
reading of the meter, in ohms, is inversely propor-
tional to current fl ow in the moving coil.

EQUIPMENT
DC power supply, 0–10 V
Test leads
DMM

COMPONENTS
(1) 0- to 1-mA meter movement
(1) 150-kV, 0.25-W resistor
(1) 5-kV potentiometer, linear taper
(1) 100-kV potentiometer, linear taper
(1) 1-MV potentiometer, linear taper
(1) 10-kV, 0.25-W resistor
(1) SPST switch
(1) Decade box

PROCEDURE
 1. Measure the internal resistance of the meter move-
ment by connecting the circuit shown in Fig. 8-3.3, 
where R1 5 5 kV, R2 5 100 kV, and R3 5 10 kV.
 2. With S1 open, turn on the power supply and 
 adjust it for 10 V.
 3. Adjust R2 so that the scale upon the meter 
movement reads at full-scale defl ection.

Fig. 8-3.3  Measuring internal resistance.

Fig. 8-3.4  Basic series ohmmeter.

10. With the probes not touching, the ohmmeter 
reads infi nity. With the probes touching, adjust R2 

 until the meter reads zero, indicating a zero-ohm 
condition (a short circuit).
11. Calibrate this ohmmeter by connecting a 
1-MV potentiometer across the probes, as shown 
in Fig. 8-3.5, using a grease pencil to mark 
the face of the ohmmeter at the infi nity value. 
 Complete Table 8-3.2.
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12. After calibrating the ohmmeter, measure the 
several resistances shown in Table 8-3.2 with an 
ohmmeter of known accuracy and your ohmmeter 
design.
13. Complete Table 8-3.3, and determine the per-
centage of accuracy. You will measure and record 
the resistance values in that table.

Fig. 8-3.5  Ohmmeter test circuit.





NAME DATE

EXPERIMENT 8-3  185

QUESTIONS FOR EXPERIMENT 8-3

Answer true (T) or false (F) to the following:

  1. An ohmmeter is used to measure voltage and current.

  2. An ohmmeter has an internal battery.

  3. The infi nity symbol (`) on an ohmmeter indicates a short circuit.

  4. The ohmmeter’s leads are placed across the resistance to be measured.

  5.  When the ohmmeter leads are short-circuited, the needle will probably 
 indicate zero.

  6.  Ohmmeters do not require internal current-limiting resistances or shunt 
paths.

  7.  The ohms or resistance scale that reads from left to right is called a  
back-off scale.

  8. The zero-ohm adjustment should not be used when changing ranges.

  9.  For greater values of resistance, a less sensitive meter is required to 
read lesser values of current.

 10.  An ohmmeter can be destroyed or have its fuse blown if it is used to 
 measure resistance in a circuit where power is applied.

TABLES FOR EXPERIMENT 8-3

TABLE 8-3.1

Steps 5, 6, and 7

Vm 5 

 rm 5 

 Im 5 

Step 8

 rm 5 
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TABLE 8-3.2

External Amount of Scale
Rx, V Defl ection Reading

 0  

 750  

 1500  

 3000  

 150,000  

 500,000  

TABLE 8-3.3

 Known Design %
R Meter Meter Accuracy

 100 V   

 1 kV   

 4.7 kV   

 22 kV   

 100 kV   

 1 MV   
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER

9

E X P E R I M E N T  9 - 1

KIRCHHOFF’S LAWS

 Simplifi ed version:
 I1 5 I2 1 I6 I2 5 I3 1 I4 I5 5 I2

 I6 5 I1 2 I2 I3 5 I2 2 I4 I7 5 I6 1 I5

 I2 5 I1 2 I6 I4 5 I5 2 I3 I7 5 I1

 Algebraic version:
 1I1 2 I6 2 I2 5 0 1I5 1 I6 2 I7 5 0
 1I2 2 I3 2 I4 5 0 IT 5 I1 5 I7

Note: For the circuit of Fig. 9-1.1, if VS 5 20 V, the 
sum of the IR voltage drops across the series-parallel 
combination of Ra, Rb, Rc, and Rd will also equal 20 V.

 Be sure that you understand the algebraic version 
of the circuit. It has become standard practice to as-
sign positive and negative values to the currents as 
follows: The current into any point is positive (1), 
and the current out of any point is negative (2). Also, 
this would be true if there were more than one path 
for the current to enter or leave. Do not confuse this 
with electron fl ow.
 Although the circuit of Fig. 9-1.1 is a  series-parallel 
circuit, it was used to demonstrate how Kirchhoff ’s 
laws operate. Now consider the circuit of Fig. 9-1.2. 
This circuit could not be solved for its currents and 
IR voltage drops without using Kirchhoff ’s laws be-
cause of the two source voltages.

LEARNING OBJECTIVES
At the completion of this experiment, you will be able 
to:
■ Validate Kirchhoff ’s current and voltage laws.
■ Gain profi ciency with lab equipment and 

 technique.
■ Predict the path of current fl ow using Kirchhoff ’s 

current law.

SUGGESTED READING
Chapter 9, Basic Electronics, Grob/Schultz,
twelfth edition

INTRODUCTION
In 1847, Gustav R. Kirchhoff formulated two laws 
that have become fundamental to the study of elec-
tronics. They are as follows:

 1. The algebraic sum of the currents into and out 
of any point must be equal to zero.
 2. The algebraic sum of the applied source volt-
ages and the IR voltage drops on any closed path 
must be equal to zero.

 At fi rst, Kirchhoff ’s laws seem obvious. That is, it 
seems obvious to state that whatever goes into a cir-
cuit must also equal what comes out of it. However, 
 Kirchhoff ’s laws are used to analyze circuits that are 
not simple series or parallel or series-parallel circuits. 
For example, circuits that contain more than one 
voltage source and that contain hundreds of transis-
tors cannot be understood without using Kirchhoff ’s 
laws to analyze those circuits. In its simplest form, 
Kirchhoff ’s current law could be used to analyze the 
circuit in Fig. 9-1.1.

Fig. 9-1.1  Series-parallel circuit.

Fig. 9-1.2  Circuit with two voltage sources.

 By using the loop method, Kirchhoff ’s laws can be 
used to determine the currents and IR voltages in 
the circuit by calculation. For example,

 VS1 5 20 V 2 VR1 2 VR3 5 0 (loop 1)
 VS2 5 5 V 2 VR2 2 VR3 5 0 (loop 2)



190  EXPERIMENT 9-1 

By following the loop around its path, Kirchhoff ’s 
law provides a method. Take the source as positive, 
and take the individual path resistance as negative. 
The sum is equal to zero. This means that circuits 
will be  divided into separate loops as if the other 
voltage source and its corresponding path did not 
exist. The IR voltage drops would be calculated as 
follows:

 VR1 5 I1R1 5 I1 3 100 V
 VR2 5 I2R2 5 I2 3 20 V
 VR3 5 I3R3

  5 (I1 1 I2)R3

  5 (I1 1 I2) 3 40 V

 Refer to the equations for loops 1 and 2. The IR 
 voltages would now be replaced in the formulas as 
follows:
 For loop 1,

 20 V 2 100(I1) 2 40(I1 1 I2) 5 0
 2140I1 2 40I2 5 220 V

 and for loop 2,

 5 V 2 20(I2) 2 40(I1 1 I2) 5 0
 260I2 2 40I1 5 25 V

 Note that the fi nal equations are transposed ver-
sions that can be simplifi ed further by division:

  
2140I1 2 40I2  ______________ 

220 V
   5   220 V _______ 

220 V
   or 7I1 1 2I2 5 1 (loop 1)

   260I2 2 40I1  _____________ 
25 V

   5   25 V _____ 
25 V

   or 12I2 1 8I1 5 1 (loop 2)

To solve for the currents, isolate the I2 currents by 
making them the same value. Multiply the loop 1 
equation by 6:

42I1 1 12I2 5 6 (loop 1)

Note:

6 5   12I2 ____ 
2I2

  

Note that either loop could be changed. In the case 
above, only loop 1 was changed (multiplied by 6) 
so that I2 would have the same value for both loop 
 equations:

 42I1 1 12I2 5 6 (loop 1)
 8I1 1 12I2 5 1 (loop 2)

Subtracting the two equations, term by term, will 
eliminate I2 because 12I2 2 12I2 5 0. Therefore,

 34I1 5 5
 I1 5 147 m A

By using the loop equation method, Kirchhoff ’s 
law, the current through the resistance of R1 is 

determined. Also, the direction of current fl ow is cor-
rect as assumed because the answer was a positive 
value.
 To calculate I2, substitute 147 mA for I1 in either 
loop equation. Substituting in loop 2,

 8(147 mA) 1 12I2 5 1
 1.18 A 1 12I2 5 1
 12I2 5 1 2 1.18 A
  5 20.18 A
 I2 5 20.015 A
  5 215 mA

Because the negative sign appears in the solution 
for the current I2, it follows that the current through 
I2 is opposite in direction from the polarity shown in 
the circuit of Fig. 9-1.2, the assumed direction using 
the loop method.
 Now that Kirchhoff ’s law has been used to deter-
mine the currents through the circuit of Fig. 9-1.2, 
the circuit can be redrawn to refl ect the correct val-
ues, as shown in Fig. 9-1.3.

Fig. 9-1.3  Redrawn version of the circuit in Fig. 9-1.2.

 In the case of the circuit in Fig. 9-1.3, the 20-V DC 
source actually overrides the 5-V DC source. This se-
ries opposition results in approximately 15 V DC.
 Because R1 is 100 V, it is easy to verify the Kirch-
hoff ’s law loop equation solution as follows:

   15 V  _____________________  
100 V 1 (20 V i 40 V)

   5   15 V ________ 
113.3 V

   5 132 m A

 Loop 1 IT 5 147 m A
 Loop 2 IT 5 215 mA   (Subtract
  negative value)

 Total IT 5 132 m A

 Finally, note that the circuit in Fig. 9-1.4 is a 
bridge type of circuit. Kirchhoff ’s law could be used 
to calculate the unknown values in this circuit as 
well as  circuits that contain many voltage sources 
and many current paths.



 EXPERIMENT 9-1  191

 3. For the circuit of Fig. 9-1.8, refer to the pro-
cedure outlined in the introduction to this experi-
ment. Preferably, use the loop method of Kirchhoff ’s 
law to determine the values and polarities of both 
current and voltage for the circuit. Then use the 
lab to verify the values (within 10 to 15 percent). 
Record all the calculated values, and then measure 
and record in Table 9-1.3 all the values determined 
in the lab for the circuit. Be sure to include arrows 
alongside or directly above the meters marked A. 
Include Fig. 9-1.8 in your report. Note that Fig. 9-1.8 
will be used to verify Kirchhoff ’s law. That is, you 
will compare your  calculations to your measure-
ments. Do not forget to include the values of IR 
drops across each resistance.

EQUIPMENT
DC power supply, 0–10 V
DMM
Springboard or protoboard
Connecting leads

COMPONENTS
Resistors (all 0.25 W):

(1) 100 V    (1) 390 V
(1) 220 V    (1) 470 V
(1) 330 V

(2) Dry cells (fl ashlight batteries, 1.5 V)

PROCEDURE
 1. Measure and record the values of voltage for 
each dry cell you are using. It may be necessary to 
solder connecting wires onto the ends of the batteries. 
Record the results in Table 9-1.1. Together, series-aid-
ing, the two batteries should be approximately 3.0 V.
 2. For each of the three circuits in Figs. 9-1.5 to 
9-1.7, use batteries for voltages of 1.5 V and use the 
power supply for the other source voltage. If 3.0 V 
and 1.5 V are both used, connect the two 1.5-V bat-
teries in series for 3.0 V. Measure and record the 
values of current in Table 9-1.2. Also, measure and 
record the value of the IR voltage drop across each 
resistance. Finally, use arrows to indicate the direc-
tion of current fl ow.

Fig. 9-1.5  Series-opposing voltage circuit.

Fig. 9-1.6  Series-opposing voltage circuit.

Fig. 9-1.8  Kirchhoff ’s circuit. Use loop method to deter-
mine the values and polarities of current and voltage.

Fig. 9-1.7  Kirchhoff ’s circuit for analysis.

 4. Connect the circuit of Fig. 9-1.9. Measure and 
record in Table 9-1.4 all the values of IR voltage 

Fig. 9-1.4  Bridge-type circuit.
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drops and currents. This fi nal circuit is more com-
plex than the previous circuits. Check with your 
instructor about the calculations for this experi-
ment. It is recommended for extra credit only. The 
important thing here is to be able to properly con-
nect the circuit and properly measure the unknown 
values.

Note: Your instructor will assign values for VS1, 
VS2, R1, R2, R3, and R4. This ensures that the 
 experiment cannot be precalculated.

Fig. 9-1.9  Kirchhoff ’s law circuit (values to be given by 
instructor).
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NAME DATE

QUESTIONS FOR EXPERIMENT 9-1

1. State Kirchhoff ’s current law (KCL).

2. State Kirchhoff ’s voltage law (KVL).

TABLE 9-1.1  Dry Cell Voltages

 Measured
Battery Voltage

1 

2 

TABLES FOR EXPERIMENT 9-1

TABLE 9-1.2

 Circuit VR1 VR2 VR3 I1 I2

Fig. 9-1.5     

Fig. 9-1.6     

Fig. 9-1.7     
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TABLE 9-1.4

 Current Voltage

R1  

R2  

R3  

R4  

IA  

IB  

IC  

ID  

IE  

IF  

IG  

IH  

TABLE 9-1.3

 Calculated Measured

I1  

I2  

I3  

I4  

I5  

VR1  

VR2  

VR3  
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER

10

E X P E R I M E N T  1 0 - 1

NETWORK THEOREMS

resistance to RN. An example of this is shown in 
Fig. 10-1.2.
 In the procedure that follows, the techniques of 
thevenizing and nortonizing simple voltage source–
resistor networks will be developed as the procedure 
is completed.

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Thevenize a circuit.
■ Nortonize a circuit.
■ Identify the difference between a Thevenin and 

Norton circuit.

SUGGESTED READING
Chapter 10, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
The analysis of Ohm’s law and Kirchhoff ’s laws have 
been of primary use in the solution of relatively sim-
ple solutions of DC circuits. In the analysis of rela-
tively complex circuits, a more powerful method is 
required. In the case of simplifying complex circuits, 
Thevenin’s and Norton’s theorems are used. This 
technique involves reducing a complex network to a 
simple circuit, which acts like the original circuit. In 
general, any circuit with many voltage sources and 
components, with no regard made to interconnection, 
can be represented by an equivalent circuit with re-
spect to a pair of terminals in the equivalent circuit.
 Thevenin’s theorem states that a circuit can be 
replaced by a single voltage source VTh in series with 
a single resistance RTh connected to two terminals. 
This is shown in Fig. 10-1.1.

Fig. 10-1.1  Thevenin’s circuit.

Fig. 10-1.2  Norton’s circuit.

Fig. 10-1.3  Thevenizing a circuit.

 Norton’s analysis is used to simplify a circuit in 
terms of currents rather than voltage, as is done in 
Thevenin circuits. Norton’s circuit can be used to re-
duce a complex network into a simple parallel circuit 
that consists of a current source IN and a parallel 

EQUIPMENT
DC power supply
DMM
Protoboard or springboard
Test leads

COMPONENTS
Resistors:

(1) 100 V, 1 W (1) 270 V, 0.25 W
(1) 220 V, 0.25 W

PROCEDURE
Thevenizing
 1. Construct the circuit shown in Fig. 10-1.3, 
where R1 5 100 V, R2 5 270 V, RL 5 220 V, and V 
is adjusted to 10 V.
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 2. Open the circuit at points a and b by discon-
necting RL from the circuit. The remainder of the 
circuit connected to a and b will be thevenized. 
Calculate, measure, and record in Table 10-1.1 the 
voltage across points a and b. Note that Vab 5 VTh.
 3. Turn off the power supply and completely 
remove it from the circuit.
 4. With the power supply removed, connect points 
c and d.
 5. Calculate, measure, and record in Table 10-1.1 
the value of Rab. Note that Rab 5 RTh.

 VTh has now been determined and is found to be 
in series with RTh. Since RL was disconnected, this 
Thevenin equivalent can be applied to any value 
of RL.

 6. Reconnect the circuit shown in Fig. 10-1.3. Cal-
culate (using the voltage divider formula), measure, 
and record VL and IL in Table 10-1.1 by reconnecting 
RL. VL is defi ned by the voltage divider formula as

VL 5   RL _________ 
RL 1 RTh

   3 Vapplied

and IL can be determined as

IL 5   VL ___ 
RL

  

The same answers could be determined by using 
Ohm’s law. The advantage of thevenizing the circuit 
is that the effect of RL can be calculated easily for 
 different values.

 7. Complete Table 10-1.1 for the percentage of 
 accuracy.

Nortonizing
 8. Construct the circuit shown in Fig. 10-1.4, 
where R1 5 100 V, R2 5 270 V, RL 5 220 V, and 
V is adjusted to 10 V.

 9. Short-circuit points a and b together. This will 
also short-circuit R2, and this will creating a circuit 
 condition in which resistor R1 is in series with the 
power supply. Calculate, measure, and record in 
Table 10-1.2 the current fl owing through R1.

Note: IR1 5 IN (Norton).

10. Determine RN by removing the short circuit, 
and remove RL. This will leave points a and b uncon-
nected to RL.
11. Turn off the power supply and completely remove 
it from the circuit.
12. With the power supply removed, connect point 
c to d.
13. Calculate, measure, and record in Table 10-1.2 
the value Rab. Note that Rab 5 RN.
14. Reconnect the circuit shown in Fig. 10-1.4. 
 Calculate, measure, and record IL and VL in 
Table 10-1.2 by reconnecting RL.
15. Complete Table 10-1.2 for the percentage of 
 accuracy.

Fig. 10-1.4  Nortonizing a circuit.
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NAME DATE

QUESTIONS FOR EXPERIMENT 10-1

1. What are the primary use and importance of thevenizing a circuit?

2. What are the primary use and importance of nortonizing a circuit?

3. Draw a Thevenin equivalent of the circuit shown in Fig. 10-1.3.

4. Draw a Norton equivalent of Fig. 10-1.4.

5. Is the statement made at the end of procedure step 6 that reads, “The advantage 
of thevenizing the circuit is that the effect of RL can be calculated easily for dif-
ferent values,” valid? Explain and prove by example.

TABLES FOR EXPERIMENT 10-1

TABLE 10-1.1

 Calculated Measured % Accuracy

VTh ____________ ____________ ____________

RTh ____________ ____________ ____________

VL ____________ ____________ ____________

IL ____________ ____________ ____________

TABLE 10-1.2

 Calculated Measured % Accuracy

IN ____________ ____________ ____________

RN ____________ ____________ ____________

IL ____________ ____________ ____________

VL ____________ ____________ ____________
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER

11

E X P E R I M E N T  1 1 - 1

CONDUCTORS AND INSULATORS

 Semiconductors are materials that will conduct 
less than metal conductors and more than insula-
tors. Examples of materials that are classifi ed as 
semiconductors are carbon, germanium, and silicon.

Body Resistance and Safety The human body 
contains various levels of electrical resistance. How-
ever, consider that a current of 100 mA through 
the heart will probably kill most people. The con-
cept of maintaining electrical safety while working 
with electrical circuits is important. It is crucial to 
respect the potential harm of electrical circuits and 
test equipment. Body resistance can be easily and 
safely measured by the use of an ohmmeter. Skin re-
sistance is typically 500 kV, whereas the resistance 
of blood may be less than 100 V.
 One of the “rules of thumb” that is often used is 
the 1-10-100 rule of current. This rule states that 1 
mA of current through the human body can be felt, 
10 mA of current is suffi cient to make muscles con-
tract to the point where you cannot let go of a power 
source, and 100 mA is suffi cient to stop the heart. 
According to Ohm’s law,

V 5 IR

where V is voltage in volts, I is current in amps, and 
R is resistance in ohms.
 Using a 9-V battery and assuming that 500 kV is 
a typical level of body resistance in the equation, we 
determine that 18 �A of current will fl ow. The level 
of 18 �A is below what is determined to be our “feel” 
threshold of 1 mA. However, if you were to have a 
cut  fi nger, your resistance would be lower because 
blood electrolyte is a good conductor. At around 100 V, 
in fact, a current of 90 mA results—suffi cient to stop 
the human heart, resulting in death. Therefore, it 
is for safety purposes that students are encouraged 
to increase bodily resistance while working on elec-
trical circuitry. This can be accomplished by the use 
of insulated hand tools, gloves, and rubber-soled 
shoes.

Electrical Switches
A switch is a component which allows for the control 
of the fl ow of electrical current. The switch operates 

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Identify the characteristics of conductors and 

 insulators.
■ Identify and validate the pole and throw of a 

switch.
■ Describe the operating characteristics of a fuse.

SUGGESTED READING
Chapter 11, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
This experiment investigates the electrical char-
acteristics of components and materials commonly 
found within the electronics industry and used by 
electronic technicians. Understanding these electri-
cal characteristics promotes a general understand-
ing of electronics while at the same time protecting 
the safety of the electronic technician within the 
workplace. This experiment will investigate four 
 areas of interest: conductors and insulators, body 
 resistance and safety, electrical switches, and elec-
trical fuses.

Conductors, Insulators, and Semiconduc-
tors Elec trical materials are generally classifi ed 
into one of three areas: conductors, insulators, or 
semiconductors. When electrons can easily move 
from one atom to another in a material, it is consid-
ered a conductor. In general metals are a good exam-
ple of conductors. In the electronics industry typical 
conductors are copper, aluminum, silver, and gold.
 A material with atoms in which the electrons tend 
to stay in their own orbits, and cannot easily move 
from one atom to another, is considered an insulator 
because insulators cannot easily conduct electricity. 
Insulators are a category of material that does not 
 permit current to fl ow when voltage is applied be-
cause of its high electrical resistance. However, in-
sulators are able to hold or store electricity better 
than conductors are. Examples of typical insulators 
are rubber, certain plastics, paper, glass, and air.
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within two states, closed or open. When a switch is 
closed, it is considered in the ON position. When a 
switch is opened, it is considered in the OFF position. 
A closed switch exhibits practically zero resistance, 
and an open switch is considered to be practically an 
infi nite amount of resistance.
 Toggle type switches are usually described as 
having a certain number of poles and throws. The 
number of poles and throws that they contain gener-
ally classifi es switches.
 The most basic type of switch is a single-pole, 
 single-throw (SPST) switch. Other popular switch 
types include the single-pole, double-throw (SPDT); 
double-pole, single-throw (DPST); and the dou-
ble-pole, double-throw (DPDT). The schematics for 
each type of switch are shown in Fig. 11-1.1.

 The tungsten fi lament in the electric lamp is a 
 conductor, but it is not as good a conductor as the 
connecting copper wires. Tungsten is used for the 
 fi lament because its properties cause it to glow and 
give off light when an electric current heats it.
 It is apparent that not all materials are equally 
good conductors of electricity. Specifi c materi-
als are  used for electrical components because of 
their  unique characteristics as conductors and 
 nonconductors.

EQUIPMENT
DMM
Glass cartridge fuse holder
DC power supply

COMPONENTS
SPST toggle switch
SPDT toggle switch
DPST toggle switch
DPDT toggle switch
Operating glass cartridge fuse (0.25 A)
Inoperative glass cartridge fuse (0.25 A)
47 V, 2 W
56 V, 2 W

SPECIAL MATERIALS
A beaker of water
A beaker of saltwater
10-kV resistor
Capacitor (disc)
Inductor
Diode (1N4004)
Nichrome wire
Copper wire
Wood dowel
Plastic rod
Glass rod
Paper
Fuse (operational)
Fuse (nonoperational)

SPST (single-pole, single-throw)

DPST (double-pole, single-throw)

SPDT (single-pole, double-throw)

DPDT (double-pole, double-throw)

Fig. 11-1.1  Various toggle switch schematics.

Fig. 11-1.2  Closed circuit.

Electrical Fuses
Typically, electrical circuits use a fuse in series 
with a circuit as a protection against an electrical 
overload resulting from a short circuit. This is ac-
complished when excessive current melts the fuse 
element, blowing the fuse and opening the series 
circuit. The purpose is to let the fuse blow before the 
components are damaged.
 A complete (closed) circuit or path for direct cur-
rent consists of a voltage source such as a battery 
or  power supply, closed switch, a load such as an 
electric lamp, and connecting conductors, such as 
copper wire (see Fig. 11-1.2). In such a closed circuit 
there is electric current, and if suffi cient current 
fl ows, the lamp will light. If rubber cords instead 
of copper wires were used to tie the battery to the 
lamp, the lamp would not light, because rubber is 
an insulator and does not permit current to fl ow 
through it in the  circuit.
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11. Using an operating glass cartridge fuse and 
holder, construct the circuit as shown in Fig. 11-1.3.

Note: Do not turn on the power supply yet.

PROCEDURE
Part A: Investigating the Resistive 
Characteristics of Insulators and 
Conductors
 1. Note for Multimeters: When using either dig-
ital or analog multimeters to measure resistance, it 
is important to hold the meter probes by their insu-
lation, not their metal tips. If you come into contact 
with the metal probes, the meter will attempt to 
measure your body resistance, which can interfere 
with accurate resistance measurements of the 
 object you are measuring.
 2. Measure and record the resistance of each of 
the 15 items listed in Table 11-1.1.

Note: It may be necessary to adjust your me-
ter’s range switch (RX scale) to make accurate 
measurements.

 3. Reverse the meter’s polarity by interchanging 
the test leads of the meter. Again, measure and 
record the resistance of each of the 14 items listed 
in Table 11-1.1.

Part B: Investigating the Body 
Resistance
 4. Set your ohmmeter to the highest resistance 
measurement range of the meter.
 5. Under the supervision of your instructor, mea-
sure your body resistance by loosely holding the 
red (positive) and black (negative) test probe tip 
 between the thumb and forefi nger of each hand. 
Measure the ohmmeter’s value and record your 
body resistance in Table 11-1.2.
 6. Reverse the ohmmeter leads, read the ohm-
meter’s value, and record your body resistance in 
Table 11-1.2.
 7. Increase you grip by squeezing the probes 
(but be careful not to break the skin), measure the 
 ohmmeter’s value, and record your body resistance 
in Table 11-1.2.
 8. Wet your thumb and fi nger, and repeat the 
mea surement. Read the ohmmeter’s value, and 
 record your body resistance in Table 11-1.2.

Part C: The Switch
 9. Through the use of an ohmmeter, identify each 
of the switches. Classify each of the switches as to 
SPST, SPDT, DPST, and DPDT. Draw their respec-
tive schematic diagram in Table 11-1.3, and identify 
their poles and throws.

Part D: The Fuse
10. Measure and record in Table 11-1.4, the resis-
tance values of R1 (47 V, 2 W) and R2 (56 V, 2 W).

Fig. 11-1.3  Fused series circuit.

12. If the internal resistance of the fuse is assumed 
to be zero, calculate (from the measured values) 
the total series resistance  RT of the circuit, as 
shown in Fig. 11-1.4, and record this information in 
Table 11-1.4.
13. If it would be unacceptable to exceed the cur-
rent carrying capability of the circuit fuse, then 
calculate the maximum voltage, Vmax, that could be 
applied to this circuit without damaging the fuse. 
Record this information in Table 11-1.4.
14. Turn on the power supply and adjust the volt-
age to 10 V DC. Using Ohm’s law, calculate the total 
expected series circuit current IT and record in 
Table 11-1.4.
15. Calculate the expected voltage from point A to 
ground, and record in Table 11-1.4.
16. Measure the voltage from point A to ground, 
and record in Table 11-1.4.
17. Calculate the expected voltage from point B to 
ground, and record in Table 11-1.4.
18. Measure the voltage from point B to ground, 
and record in Table 11-1.4.
19. Calculate the expected voltage across R1, and 
record in Table 11-1.4.
20. Measure the voltage across R1, and record in 
Table 11-1.4.
21. Calculate the expected voltage across R2, and 
record this information in Table 11-1.4.
22. Measure the voltage across R2, and record in 
Table 11-1.4.
23. Calculate the expected voltage across points A 
and B, and record in Table 11-1.4.
24. Measure the voltage across the fuse, or from 
points A to B, and record in Table 11-1.4.
25. Turn off the power supply, and replace the 
 operable fuse with an inoperable glass cartridge 
fuse. Repeat procedure steps 15 through 24.
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NAME DATE

QUESTIONS FOR EXPERIMENT 11-1

1. Considering that a current of 100 mA through your heart will almost certainly 
kill you, how much voltage across your hands would be lethal if you have a body 
resistance of 250 kV?

2. How many connecting terminals does the SPST switch have? The SPDT? The 
DPST? The DPDT?

3. What is the voltage drop across a closed switch? What is the voltage drop across 
an open switch?

4. The double-pole, double-throw switch can be used to reverse the polarity of volt-
age across the terminals of a DC motor. From reading Chapter 11, Basic Elec-
tronics, Grob/Schultz, twelfth edition, draw the schematic diagram that would 
accomplish this task.

5. When an electrical open appears with a component found within a series circuit, 
such as a fuse or resistor, what can the assumed voltage be across the circuit’s 
open? Is this always true? Explain what the implication is for electrical safety.

6. Explain your results from Table 11-1.1 concerning the two fuses used in this 
experiment.

7. Explain your results from Table 11-1.2. Using this information, how could you 
improve your safety while working with electrical equipment?
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8. Explain your results from procedural steps 23 and 24 in Table 11-1.4. Using 
this information, how could you improve your safety while working with 
 electrical equipment?

TABLES FOR EXPERIMENT 11-1

TABLE 11-1.1  Conductive Materials

Materials to Be Measured Resistance in V Resistance in V

Water  

Saltwater  

10-kV resistor  

Disc capacitor  

Inductor  

1N4004 diode  

Nichrome wire  

Copper wire  

Wood dowel  

Plastic rod  

Glass rod  

Paper  

Operational fuse  

Nonoperational fuse   

TABLE 11-1.2  Body Resistance

Procedural Step and  Resistance
Measurement  Value

 5 Loosely holding  V

 6 Reverse ohmmeter measurement  V

 7 Increased grip  V

 8 Wet measurement  V 
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TABLE 11-1.3  Switches

Schematic Diagram Including Pole Switch
and Throw Identifi cations Classifi cation

 SPST

 SPDT

 DPST

 DPDT
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TABLE 11-1.4  Fused Series Circuits

Analysis of Fused (Operable) and 
Unfused (Inoperable) Series Circuits

Procedural Step Resistor Measured Value

10 R1  V

10 R2  V

Establishing Maximum Circuit Parameters

 Maximum Calculated/Measured Value
Procedural Step Parameters  with Appropriate Unit

12 RT 

13 Vmax 

14 IT 

Analysis with the 
Operable Fuse Circuit

  Calculated/Measured Value
Procedural Step Location with Appropriate Unit

15 Calculated voltage A to ground 

16 Measured voltage A to ground 

17 Calculated voltage B to ground 

18 Measured voltage B to ground 

19 Calculated voltage R1 to ground 

20 Measured voltage R1 to ground 

21 Calculated voltage R2 to ground 

22 Measured voltage R2 to ground 

23 Calculated voltage A to B 

24 Measured voltage A to B 

Analysis with the
Inoperable Fuse Circuit

15-Repeated Calculated voltage A to ground 

16-Repeated Measured voltage A to ground 

17-Repeated Calculated voltage B to ground 

18-Repeated Measured voltage B to ground 

19-Repeated Calculated voltage R1 to ground 

20-Repeated Measured voltage R1 to ground 

21-Repeated Calculated voltage R2 to ground 

22-Repeated Measured voltage R2 to ground 

23-Repeated Calculated voltage A to B 

24-Repeated Measured voltage A to B  
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER

12

E X P E R I M E N T  1 2 - 1

BATTERY INTERNAL RESISTANCE

voltmeter. If ri were equal to 100 kV, the voltmeter 
would still measure 9 V across the output terminals. 
Thus, the value of ri does not affect the output volt-
age. However, if a load is connected across the output 
terminals, then the value of ri becomes signifi cant. 
In any case, Fig. 12-1.2 shows that the battery’s in-
ternal resistance now becomes a resistance in series 
with the load.

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Validate the concept of internal resistance in a 

power source.
■ Determine the internal resistance of a dry cell 

battery and a DC power supply (generator).
■ Graph or plot decreasing terminal voltage versus 

load current.

SUGGESTED READING
Chapter 12, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
Any source of electric power that produces a contin-
uous output voltage can be called a generator. All 
generators have some internal resistance, labeled ri. 
This  internal resistance has its own IR voltage drop, 
because it is in series with any load connected to the 
generator. In other words, the internal resistance of a 
source  subtracts from the generated voltage, resulting 
in a decreased voltage across the output terminals. In 
a battery, ri is due to the chemical makeup inside; in a 
power supply, ri is due to the internal circuitry of the 
supply.
 For example, Fig. 12-1.1 is a schematic repre-
sentation of a 9-V battery with 100 V of internal 
resistance.

Fig. 12-1.1  A 9-V battery with ri 5 100 V.

Fig. 12-1.2  A 9-V battery under load.

 With a load resistance of 800 V connected across 
the output terminals, the voltmeter will now measure 
8 V instead of 9 V. The other 1 V is now across the 
internal resistance of the battery. If ri were equal to 
100 kV, for example, the voltage across the output ter-
minals would be almost 0 V due to the excessive value 
of ri. In that case, the battery would be worn out or 
depleted.
 Most bench power supplies have a fi xed value of 
internal resistance that does not vary, regardless 
of the load value. Remember, without the load con-
nected, the circuit is an open load. Therefore, the 
voltage drop across ri equals zero. In this case, the 
total voltage is still available across the output, and 
it is called open-circuit voltage, or no-load voltage.
 In the example of Fig. 12-1.2, the total circuit cur-
rent IT is equal to

IT 5   VL ___ 
RL

   5   8 V ______ 
800 V

   5 0.01 A

As the load resistance decreases, more circuit cur-
rent will fl ow. If RL decreases to 350 V, the current 
will increase and the load will require more current. 
Also, the voltage drop across the load will decrease 
and the voltage drop across Vi will increase.

 Notice that the dotted line indicates that ri is ac-
tually inside the battery. This battery has 9 V across 
its  output terminals when it is measured with a 
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 Notice that as the load resistance decreased, the 
circuit current increased. Thus, the terminal voltage 
(the same thing as the load IR voltage) decreased. 
Therefore, the terminal voltage drops with more load 
current.
 There is a method for determining the internal 
resistance of a source (generator) based on the ex-
amples given. Simply put, it is as follows:

1. Measure the no-load voltage.
2. Connect a load, and measure the voltage across 
the load and the circuit current.
3. Use the following formula to determine ri:

ri 5   
Vno load 2 Vload  _____________ 

Iload
  

In Fig. 12-1.3, this would be

 ri 5   
VNL 2 VL _________ 

IL
  

 5   9 V 2 7 V __________ 
0.02 A

  

 5   2 V _______ 
0.02 A

  

 5 100 V

Finally, in general, if a generator has a very low in-
ternal resistance in relation to load resistance, it is 
considered a constant voltage source because the 
voltage across ri will subtract very little from the 
load voltage. If the value of ri is very great in relation 
to load resistance, the generator is considered a con-
stant current source because the load resistance will 
have little effect upon the total resistance (ri 1 RL) 
and the total circuit current.

EQUIPMENT
DC power supply
DMM
1.5-V battery
Protoboard or springboard
Test leads

COMPONENTS
Resistors (all 0.25 W unless indicated otherwise):

(1) 220 V (1) 2.2 kV
(2) 560 V (1) 5.6 kV
(2) 1 kV (1) 10 kV

PROCEDURE
 1. Connect the circuit of Fig. 12-1.4. Do not 
connect the load yet. Measure and record in 
Table 12-1.1 the no-load voltage (VNL) across the 
output terminals.

Fig. 12-1.3  Determining ri.

Fig. 12-1.4  Power supply with simulated ri. Note that ri 
is a 1-kV resistor in series.

 2. Connect the following loads to the circuit of 
 Fig. 12-1.4. Measure and record in Table 12-1.1 the 
load voltage and current for each load resistance.

RL 5     10 kV
 5   5.6 kV
 5   2.2 kV
 5    1 kV
 5 560 V
 5 220 V

 3. Calculate the value of ri by using the measured 
values of load voltage and current for each load re-
sistance. Show your calculations on a separate sheet 
of paper, and record the results in Table 12-1.1.
 4. Change the value of ri to 560 V and repeat 
steps 1 to 3 above. Record the results in Table 12-1.2.
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 5. Change the value of VT to 6 V (using ri 5 560 V), 
and repeat steps 1 to 3. Record the results in 
Table 12-1.3.
 6. Measure the voltage across a 1.5-V battery, and 
record the value in Table 12-1.4.
 7. Measure the short-circuit current of a 1.5-V 
battery by placing an ammeter across the output 
terminals of the battery for no longer than approxi-
mately 5 s, as shown in Fig. 12-1.5. Record the value 
in Table 12-1.4.

CAUTION: Use the 10- or 12-A scale range. Some 
meters have special input jacks for this purpose.

 8. Calculate ri by using Ohm’s law. If available, re-
peat with a 22 V or any other size battery that will 
not damage the meter.

Note: You can do this for any value of battery, pro-
vided a meter of large enough current capacity is 
used.

 9. Using the method for determining ri (steps 1 to 
3), use an unknown value of ri (three times) and use 
a 1-kV load resistor. This can be done by disguising 
the value of a resistance with black electrical tape 
or by placing the resistance inside a chassis, as il-
lustrated in Fig. 12-1.6. Use the circuit in Fig. 12-1.7 
for this step. Record the results in Table 12-1.5.

10. OPTIONAL: Plot the results of steps 1 to 3 
(Table 12-1.1). For example, VL versus IL. Use 
regular graph paper, not semilog graph paper. See 
Fig. 12-1.8. See Appendix D for suggestions on how 
to make graphs.

Fig. 12-1.5  Short-circuit method.

Fig. 12-1.7  Circuit for determining the internal 
resistance.

Fig. 12-1.8  How terminal voltage VL drops with more 
load current IL.

Fig. 12-1.6  Resistance box containing three unknown 
resistors.
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NAME DATE

QUESTIONS FOR EXPERIMENT 12-1

Answer true (T) or false (F) to the following:

______ 1. Batteries have internal resistance, but DC power supplies do not.

______ 2. As load resistance increases, the terminal voltage decreases.

______ 3. As load current increases, terminal voltage increases.

______ 4.  Connecting four batteries in parallel, each with ri 5 100 V, would 
 increase the total ri four times.

______  5.  Connecting four batteries in series, each with ri 5 100 V, would 
 increase the total ri four times.

______  6. The internal resistance of a generator is always in parallel with a load.

______  7.  Subtracting the load voltage from the no-load voltage gives a remain-
der that is equal to the IR voltage drop in the internal resistance of the 
source.

______ 8. Internal resistance is in series with the load resistance.

______ 9. Short-circuiting a battery will not drain the battery.

______ 10.  A 1.5-V dry cell battery with 1 V of internal resistance is probably a 
depleted battery.

TABLES FOR EXPERIMENT 12-1

TABLE 12-1.1  ri 5 1 kV (Steps 1–3)

 Measured Measured Calculated
RL VL, V IL, A ri, V

10 kV   

5.6 kV   

2.2 kV   

   1 kV   

560 V   

200 V   

VNL 5 
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TABLE 12-1.2  ri 5 560 V (Step 4)

 Measured Measured Calculated
RL VL, V IL, A ri, V

 10 kV   

 5.6 kV   

 2.2 kV   

  1 kV   

560 V   

220 V   

TABLE 12-1.3  VT 5 6 V; ri 5 560 V (Step 5)

 Measured Measured Calculated
RL VL, V IL, A ri, V

 10 kV   

 5.6 kV   

 2.2 kV   

  1 kV   

560 V   

220 V   

TABLE 12-1.4  Steps 6–8

  Short-circuit Calculated
 VNL, V I, A ri, V

1.5-V battery   

Additional
 -V battery   

Note: Only the instructor will know the value of the three 
unknown values of ri. In this way, your lab techniques 
and your ability to follow procedures will be tested.

TABLE 12-1.5  ri Unknown; rL 5 1 kV (Step 9)

 Measured VL, Measured IL, Calculated ri,
 V A V

Measured
  VNL 5 

ri No. 1  

ri No. 2  

ri No. 3  

Chassis or box number (if applicable): 
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER

12

E X P E R I M E N T  1 2 - 2

LOAD MATCH AND MAXIMUM 
POWER

 The circuit of Fig. 12-2.1 and the accompanying 
graph of Fig. 12-2.2 illustrate the concept of match-
ing a load to an internal source resistance to obtain 
maximum power transfer.

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Validate that maximum source power is trans-

ferred to a load when the value of source ri 5 RL.
■ Plot a graph of load power for differing values of 

load resistance.
■ Understand the concept of maximum effi ciency 

versus maximum power.

SUGGESTED READING
Chapter 12, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
When the internal resistance of a generator is equal 
to the load resistance, the load is considered matched 
to the source. The matching of load to source re-
sistance is signifi cant because the source can then 
transfer maximum power to the load.
 Whenever RL 5 ri, maximum power is transferred 
to the load. When load resistance is more than ri, the 
output voltage is more but the circuit current is less. 
When the load resistance is less than ri, the output 
voltage is less but the circuit current is more. This 
experiment will provide data that you can analyze 
and thus prove that these concepts are valid.

Fig. 12-2.1  Maximum power transfer circuit for analysis.

Fig. 12-2.2  Semilog graph of PL versus RL.

 Because of the voltage divider formed by ri and 
RL, there is an equal voltage division: half of VG is 
across ri and half of VG is across RL. Under these cir-
cumstances, the load develops the maximum power 
that is possible using the particular source.
 Referring to Fig. 12-2.1, as RL increases, current 
decreases, resulting in less power dissipated in ri. 
This results in more circuit effi ciency because less 
power is lost across ri. However, when ri 5 RL, the 
circuit effi ciency is 50 percent.

  
PL ___ 
PT

   3 100 5 circuit effi ciency
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3. Increase the load resistance from 1 kV to 10 kV 
in 1-kV steps. Measure the voltage across RL and 
the current at each step. Record the results in 
Table 12-2.1 for each step.
4. Calculate the IR voltage drop across ri at each 
step, as Vri 5 VG 2 VR1, and record the results in 
Table 12-2.1.
5. Calculate the load power dissipated at each step 
of RL, as

PL 5 VL 3 I

Record in Table 12-2.1.

6. Calculate the power dissipated across ri at each 
step of RL as

Pri 5 Vri 3 I

Record in Table 12-2.1.

7. Calculate the total power dissipated in the cir-
cuit for each step of RL as

PT 5 VG 3 I

Note that

VG 5 VL 1 Vri

Record in Table 12-2.1.

8. Calculate circuit effi ciency for each step of RL as

  PL ___ 
PT

   3 100

expressed as a percentage.

9. Plot a graph of load resistance versus load 
power, using your data. Use two-cycle semilog 
 pa per. Prepare this graph as if it were to be used 
in a professional situation. It should be neat and 
well  organized, it should include a title and all the 
possible values, and critical parameters should be 
labeled.

where PT is the total power dissipated by the circuit, 
or

PT 5 PL 1 Pri

By this defi nition, 100 percent circuit effi ciency 
means that absolutely no power is being dissipated.

EQUIPMENT
DMM
DC power supply
Decade box
Protoboard or springboard
Leads

COMPONENTS
(1) 820-V, 0.25-W resistor

PROCEDURE
1. Connect the circuit of Fig. 12-2.3.

Fig. 12-2.3  Maximum power transfer circuit.

2. Increase the load resistance in 100-V steps from 
100 V to 1 kV. Measure the voltage across RL and 
the current at each step. Record the results in 
Table 12-2.1 for each step.
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NAME DATE

QUESTIONS FOR EXPERIMENT 12-2

1. Explain the difference between circuit effi ciencies of 1, 50, and 100 percent. In 
other words, explain what is meant by circuit effi ciency as it relates to transfer 
of maximum power.

2. Explain what would happen if the circuit of Fig. 12-2.3 had an internal resis-
tance of 100 kV.

3. Explain what would happen if the circuit of Fig. 12-2.3 had an internal resis-
tance of 0.001 V.

4. Explain why semilog paper is used to graph the data.

5. Explain how you could get maximum power transferred to a 15-kV load if the 
internal resistance of your source were 10 kV.
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TABLE FOR EXPERIMENT 12-2

TABLE 12-2.1  Data for Circuit Fig. 12-2.3

 Measured Measured Calculated Calculated Calculated Calculated % 
RL VL, V I, A Vri, V PL, W Pri, W PT, W Effi ciency

100 V       

200 V       

300 V       

400 V       

500 V       

600 V       

700 V       

800 V       

900 V       

  1 kV       

  2 kV       

  3 kV       

  4 kV       

  5 kV       

  6 kV       

  7 kV       

  8 kV       

  9 kV       

 10 kV       



EXPERIMENT 12-2  223

EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER

13

E X P E R I M E N T  1 3 - 1

MAGNETISM

to the north pole because the atoms that make up the 
needle have been aligned in such a way that their 
magnetic fi eld is attracted to the magnetic fi eld of the 
earth’s north pole.
 It is these magnetic fi elds that are the subject of 
electromagnetism. These fi elds are thought of as lines 
of force, called magnetic fl ux, as shown in Fig. 13-1.1.
 If current is fl owing in a conductor, there is a 
similar magnetic fi eld that can be used in conjunc-
tion with the fi elds of a magnet. For example, PM 
(permanent magnet) loudspeakers found in most ra-
dios, televisions, and public address systems all use 
the principles of magnetism to produce the audible 
sound we listen to.
 Finally, the opposite effect of current moving 
through a conductor is a magnetic fi eld in motion, 
forcing electrons to move. This action is called in-
duction. Inductance is produced by the motion of 
magnetic lines of fl ux cutting across a conductor, 
thus  forcing free electrons in the conductor to move, 
as shown in Fig. 13-1.2.

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Validate that current in a conductor has an asso-

ciated magnetic fi eld.
■ Understand the concept of shielding.
■ Examine the left-hand rule to determine magnetic 

polarity.

SUGGESTED READING
Chapter 13, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
Any electric current has an associated magnetic 
fi eld that can do the work of attraction or repulsion. 
Not only is the magnetic fi eld useful for doing work, 
it is also the cause of unwanted attraction and re-
pulsion. Thus, it is often necessary to shield particu-
lar circuits to prevent one component from affecting 
another.
 The most common example of magnetic force is 
that produced by a magnet. The magnet, with its 
north and south poles, acts as a generator that pro-
duces an external magnetic fi eld provided by the op-
posite magnetic poles of the magnet. The idea is like 
the two  opposite terminals of a battery that have op-
posite charges. Also, the earth itself is a huge natu-
ral magnet, having both north and south poles. Thus, 
the needle of a compass (also a magnet) is attracted 

Fig. 13-1.1  Magnetic fi eld of force around a bar magnet. 
(a) Field outlined by iron fi lings. (b) Field indicated by 
lines of force.

Fig. 13-1.2  Magnetically induced current in a conduc-
tor. Current I is electron fl ow.

EQUIPMENT
DC power supply
Galvanometer or microammeter
Heavy-duty horseshoe magnet (. 20-lb pull)
Magnetic compass
Shield (6 3 6 in.) conductance sheet metal
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COMPONENTS
2 to 3 ft of thin insulated wire
(1) No. 18 iron nail
Iron fi lings

PROCEDURE
1. Connect the circuit of Fig. 13-1.3. Have the com-
pass and the iron fi lings nearby. Wrap the insulated 
wire evenly around the nail (about 10 to 15 turns).
2. The left-hand rule states that if a coil is grasped 
with the fi ngers of the left hand curled around the 
coil in the direction of electron fl ow, the thumb 
 (extended) points to the north pole of the coil. Imag-
ine your left hand grasped around the coil of wire 
wound around the nail. Determine which end is the 
north pole.

3. Turn on the power, and slowly move the compass 
close to both ends of the needle. Determine which 
end of the nail is north and which is south. Com-
pare the results to step 2 above.
4. Place the shield between the compass and the 
nail in the circuit, and repeat step 3. Note the 
results.
5. Turn off the power. Remove the nail and pass it 
through the iron fi lings. Note the results. Discon-
nect the circuit.
6. Connect the circuit of Fig. 13-1.4. Using the 
same wire as in steps 1 to 4 above, loop the wire 
around the magnet many times, making sure that 
the galva nometer is on the lowest range.
7. Move the horseshoe magnet up and down, as 
necessary, and note the amount of current pro-
duced. Try moving the magnet more rapidly, then 
slowly.
8. Disconnect the circuit.

Fig. 13-1.3  Electromagnetic circuit for step 1.

Fig. 13-1.4  Electromagnetic generator circuit for step 6.
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NAME DATE

QUESTIONS FOR EXPERIMENT 13-1

1. Explain what is meant by shielding.

2. Discuss the results of moving the magnet (in step 7) faster or slower.

3. Explain which end of the nail attracted the iron fi lings, and why.

4. Discuss any differences between the results of steps 1 to 4 and steps 6 to 8.

5. Explain the left-hand rule as it was applied in this experiment.
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER

13

E X P E R I M E N T  1 3 - 2

ELECTROMAGNETISM AND COILS

■ The greater the number of wire turns in a specifi c 
length of solenoid, the greater the concentration 
of the fi eld.

This experiment analyzes the importance of the size 
(number of turns) and the type of core material used 
within a coil.

EQUIPMENT
Breadboard
24 V DC power supply
DMM

COMPONENTS
Resistor: 33 V 2 W
Normally open push-button switch

SPECIAL MATERIALS
12-inch wooden or plastic ruler
Solenoid coil (150 turns)
Solenoid coil (300 turns)
5-inch length of 1⁄4-inch diameter plastic rod
5-inch length of 1⁄4-inch diameter iron rod
5-inch length of 1⁄4-inch diameter wood rod
5-inch length of 1⁄4-inch diameter brass rod
5-inch length of 1⁄4-inch diameter aluminum rod
5-inch length of 1⁄4-inch diameter glass rod
Compass

PROCEDURE
 1. Construct the circuit from the pictorial diagram 
as shown in Fig. 13-2.1.
 2. Position the magnetic compass approximately 
2 inches from the 150-turn coil. Turn on the power 
supply, and adjust the supply’s voltage until the 
ammeter reads 200 mA. Move the magnetic com-
pass in such a way that there is just a slight needle 
defl ection noted.
 3. Insert the plastic rod into the center of the 
solenoid coil, and note any changes in the position 
of the magnetic compass. Is there any change in the 
circuit’s series current? Record your observation in 
Table 13-2.1.

LEARNING OBJECTIVES
At the completion of this experiment you will be able 
to:
■ Identify the physical characteristics of a solenoid 

coil.
■ Understand what circuit characteristics infl uence 

magnetomotive force.
■ Compare the DC characteristics of a solenoid coil.

SUGGESTED READING
Chapter 13, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
Electromagnetic fi elds are always associated with the 
fl ow of current in an electric circuit. From this current 
fl ow, magnetic units are defi ned. A coil of wire is also 
known as a solenoid, and as current fl ows through 
the coil, magnetic relationships are also defi ned.
 The movement of current through a coil provides 
a magnetizing force known as magnetomotive force, 
or mmf. This magnetomotive force is directly depen-
dent upon the amount of current fl ow. Also, magne-
tomotive force creates a magnetic fi eld density (H) 
that will decrease with the length of the solenoid. In 
addition, the fi eld density (H) creates fl ux density 
(B) that is  directly related to the permeability (�) of 
the core of the solenoid.
 An ideal solenoid is one that enhances the abil-
ity to create magnetic fl ux density (H). This is ac-
complished by creating a solenoid that has a length 
much greater that its diameter. Like the magnetic 
fi eld that is created by passing a current through 
a single wire loop, the solenoid concentrates these 
magnetic fi eld inside the coil and provides opposing 
magnetic poles at the respective ends. These effects 
are enhanced by the number of wire turns around 
the coils, the length of the coil, and the type of core 
material used within the coil.
 In addition, the strength of the magnetic fi eld de-
pends upon the level of current that fl ows in the coil. 
This can be summarized as:
■ The larger current, the stronger the magnetic 

fi eld.
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NO (normally
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button)
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�

�

Fig. 13-2.1  Solenoid coil apparatus.

 4. Insert the iron rod into the center of the sole-
noid coil, and note any changes in the position of 
the magnetic compass. Is there any change in the 
circuit’s series current? Record your observation in 
Table 13-2.1.

 5. Insert the wood dowel into the center of the 
 solenoid coil, and note any changes in the position 
of the magnetic compass. Is there any change in 
the circuit’s series current? Record your observation 
in Table 13-2.1.
 6. Insert the brass rod into the center of the 
solenoid coil, and note any changes in the position 
of the magnetic compass. Is there any change in 
the circuit’s series current? Record your observa-
tion in Table 13-2.1.
 7. Insert the aluminum rod into the center of the 
 solenoid coil, and note any changes in the position 
of the magnetic compass. Is there any change in the 
 circuit’s series current? Record your observation in 
Table 13-2.1.
 8. Insert the glass rod into the center of the 
solenoid coil, and note any changes in the position 
of the magnetic compass. Is there any change in 
the circuit’s series current? Record your observa-
tion in Table 13-2.1.
 9. Reverse the polarity of the power supply, and 
 repeat procedure steps 2 through 8. Record your 
 observations in Table 13-2.2.
10. Reverse the polarity of the power supply, sub-
stitute the 300-turn coil for the 150-turn coil, and 
 repeat procedure steps 2 through 8. Record your 
 observations in Table 13-2.3.
11. Reverse the polarity of the power supply, and 
 repeat procedure steps 2 through 8. Record your 
 observations in Table 13-2.4.
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NAME DATE

QUESTIONS FOR EXPERIMENT 13-2

1. Which of the materials inserted into the solenoid coil had the greatest effect on 
the compass? Which of the materials had the least effect?

2. Explain why some of the materials inserted into the solenoid had a greater effect 
than other materials.

3. What were the observable changes, if any, when the power supply’s polarity was 
reversed?

4. Explain any observable changes when a 300-turn coil replaced the 150-turn coil.

5. What circuit characteristics infl uence the level of magnetomotive force?

TABLES FOR EXPERIMENT 13-2

TABLE 13-2.1  Circuit Characteristics of the 150-Turn Coil

 Record the Observed Record the Observed Change
Procedural Step Change in Compass Defl ection in Measured Circuit Current

3  

4  

5  

6  

7  

8  
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TABLE 13-2.2  150-Turn Coil with a Reversed Supply Polarity

 Record the Observed Change Record the Observed Change
Procedural Step in Compass Defl ection in Measured Circuit Current

3  

4  

5  

6  

7  

8  

TABLE 13-2.3  Circuit Characteristics of the 300-Turn Coil

 Record the Observed Change Record the Observed Change
Procedural Step in Compass Defl ection in Measured Circuit Current

3  

4  

5  

6  

7  

8  

TABLE 13-2.4  300-Turn Coil with a Reversed Supply Polarity

 Record the Observed Change Record the Observed Change
Procedural Step in Compass Defl ection in Measured Circuit Current

3  

4  

5  

6  

7  

8  



EXPERIMENT 13-2  233

EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER

14

E X P E R I M E N T  1 4 - 1

RELAYS

 When terminals 1 and 2 are connected to a source 
voltage, current will fl ow through the relay coil and 
an electromagnet is formed. If there is suffi cient cur-
rent in the relay coil, the normally open (NO) con-
tacts 3 and 4 close, and the normally closed (NC) 
contacts 4 and 5 open.

Relay Specifi cations
Manufacturers of electromechanical relays always 
supply a specifi cation sheet for each of their relays. 
The specifi cation sheet contains voltage and cur-
rent ratings for both the relay coil and its switching 
contacts. The specifi cation sheet also includes infor-
mation  regarding the location of the relay coil and 
switching contact terminals.
 The following is an explanation of a relay’s most 
important ratings.

Pickup current: The minimum amount of relay coil 
current necessary to energize or operate the relay.

Holding current: The minimum amount of cur-
rent required keeping a relay energized or operat-
ing. (The holding current is less than the pickup 
current.)

Dropout voltage: The maximum relay coil voltage 
at which the relay is no longer energized.

Contact voltage rating: The maximum voltage 
the relay contacts are capable of switching safely.

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Identify a relay.
■ Describe the function of a magnetic fi eld associ-

ated with the fl ow of electric current.
■ List and explain signifi cant relay ratings.

SUGGESTED READING
Chapter 14, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
Current moving through a conductor can move the 
needle of a compass if it is nearby. Also, a magnetic 
fi eld in motion can move current through a nearby 
conductor.
 Electromagnetism combines the characteristics 
of an electric current and magnetism. Electrons in 
motion always have an associated magnetic fi eld. 
These electromagnetic effects have many practical 
applications that form the basis of motors, genera-
tors, solenoids, and relays.
 A relay is an electromechanical device that uses 
 either an AC or DC actuated electromagnet to open 
or close one or more sets of contacts. Relay contacts 
that  are open when the relay is not energized are 
called normally open (NO) contacts, and relay con-
tacts that are closed when the relay is not energized 
are called normally closed (NC) contacts. Relay con-
tacts are held in their resting position either by a 
spring or some other mechanism.
 Figure 14-1.1 presents the basic relay and sche-
matic symbols that are used to represent relay con-
tacts. Similar to mechanical switches, the switching 
contacts of a relay can have any number of poles 
and throws. A relay will always have two electrical 
connections for the coil or electromagnet. Depend-
ing upon the type, or confi guration, the relay can 
have any number of poles and throws. For example, 
Fig.  14-1.1 depicts an SPDT (single-pole, double-
throw) relay.

Coil
contacts

NO

NC

Other
contact
symbols

Normally closed

Normally open
SPDT

Fig. 14-1.1  Basic SPDT relay and related schematic 
symbols.
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Contact current rating: The maximum current 
the relay contacts are capable of switching safely.

Contact voltage drop: The voltage drop across 
the closed contacts of a relay when operating.

Insulation resistance: The resistance measured 
across the relay contacts in the open position.

EQUIPMENT
24-V DC power supply
DMM

COMPONENTS
24-V DC 3PDT relay (Dayton #1A488-M, or 

equiva lent)
Square relay socket, DIN/screw mounting 11 

mounting pins
Normally open (NO) push-button switch
Normally closed (NC) push-button switch

PROCEDURE
 1. Obtain and inspect a 24-V DC 3PDT relay.
 2. Obtain and inspect a compatible relay socket.
 3. Align and plug the relay into the relay socket. 
Observe, inspect, and determine the terminals asso-
ciated with the relay’s coil (both normally open and 
closed contacts). On the schematic diagram shown 
in Table 14-1.1, identify and record the pin num-
bers for the coil, poles, and normally open (NO)/
normally closed (NC) contacts for the type of relay 
you are using for this experiment. Also in this table, 
associate the coil, poles, NO, and NC contacts for 
this relay to the relay’s pin numbers.

OPTIONAL:
 4. Obtain the manufacturer’s specifi cation sheet 
for the type of relay that you will be using for this 
experiment. Determine from the specifi cation sheet 
the operating voltage, current, and other electrical 
characteristics of the relay. Record this information 
in Table 14-1.2.
 5. Connect the schematic diagram shown in 
Fig. 14-1.2.
 6. Turn on the power supply, and increase the 
voltage level until the relay’s coil just becomes 
energized. You will be able to determine this con-
dition by hearing the relay “click” or by observing 
the relay’s internal electrical contacts moving. 
When a relay is energized, it is referred to as being 
“tripped.” Note the power supply’s voltage and cir-
cuit current level at this juncture, and record your 
results in Table 14-1.3. These measurements are 
known as the pickup voltage and pickup current.

 7. Reduce the power supply voltage until the re-
lay’s coil is de-energized. Note the power supply’s 
voltage at this point, and record this value in 
Table 14-1.3. This measurement is known as the 
dropout voltage. Through experimentation, by in-
creasing and decreasing the power supply’s voltage, 
determine the minimum amount of current neces-
sary to keep the relay energized. Note this current 
level and record its value in Table 14-1.3. This 
 measurement is known as the holding current.
 8. Construct the circuit as shown in Fig. 14-1.3.
 9. Turn on and adjust power supply to 24 V DC. 
Press the NO push-button switch A, and note the 
circuit action.
10. Press the NC push-button switch B, and note 
the circuit action.
11. Repeat procedural steps 9 and 10 several times.
12. Describe the observed circuit operation in 
Table 14-1.4.

NO push-button
switch

NC

NO

Ohmmeter

NC

NO

A

24 V DC

�

��

�

Fig. 14-1.2  Relay schematic diagram.

NO NC

24 V DC
�

�

Fig. 14-1.3  Latching relay circuit.
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QUESTIONS FOR EXPERIMENT 14-1

1. Describe how an ohmmeter could be used to determine if the relay’s coil had 
opened.

2. Understanding that the relay is an electromechanical device, what electrical 
 problems could you see developing when using the device over a long period 
of time?

3. If a set of NC relay contacts are closed when the relay’s coil is energized, is the 
relay operating correctly?

4. It has been stated that one of the main advantages of using a relay is its ability 
to control high-power loads with a low amount of input power. Could you de-
scribe why this is an advantage?

5. What is the advantage of using a relay over a mechanical switch in remote 
 control applications?

6. What is the purpose (and/or probable use of) the schematic circuit shown in 
 Fig. 14-1.3?
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TABLES FOR EXPERIMENT 14-1

TABLE 14-1.1  Identifying the Pins and Functions of a Relay

 Using the pin numbers on the 
 schematic diagram shown below, identify Pin numbers and relay function:
 the function of each pin. If you are using Use the terms coil, pole,
 a different type of relay, other than NO, and NC in completing this
 a 3PDT, create your own table. section of the table.

 * Pin Number Relay Term*

   1 

   2 

   3 

   4 

   5 

   6 

   7 

   8 

   9 

  10 

  11 

  *Answers can vary.

6

7

3

4
5

9

10

8

11

1

2
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TABLE 14-1.2  Optional: Operational Characteristics

 Electrical Electrical Short Written Decription That
 Specifi cation Rating Describes the Electrical Specifi cation

 Pickup voltage  volts

 Pickup current  amps

 Holding current  amps

 Dropout voltage  volts

 Contact voltage rating  volts

 Contact current rating  amps

 Contact voltage drop  volts

 Insulation resistance  ohms



240  EXPERIMENT 14-1 

TABLE 14-1.3  Measured Operational Characteristics

Procedural Step Operational Characteristic Measured Value

6  Pickup voltage  volts

6  Pickup current  amps

7  Dropout voltage  volts

7  Holding current  amps

TABLE 14-1.4  Measured Operational Characteristics

 For the circuit constructed from the latching relay
 schematic shown in Fig. 14-1.3, describe below

Procedural Step 12 the observed circuit action.

I observed 
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER

15

alternate. Now, imagine that you could move the 
rocker switch back and forth 100 times in 1 s. If you 
could do it, you would create an alternating current of 
100 cycles/s, expressed as 100 hertz (Hz). Note that 
1 Hz 5 1 cycle/s, named after the 19th-century scien-
tist Hertz.
 The concept of alternating current is described not 
only by the frequency (in hertz) at which it alternates 
but also by the amount of voltage that is being alter-
nated. In the circuit of Fig. 15-1.1, the two batteries 
supply a voltage to the resistor at 10 V in each polar-
ity or direction. Therefore, it is valid to say that the 
voltage across the resistor has 110 or 210 V across it 
at a particular time. In fact, this is a total potential of 
20 V from one peak value (110 or 210 V) to another.
 Because it takes some amount of time for the volt-
age to reach the resistor, depending on the frequency 
of the alternating current, each potential voltage 
rises to its peak value (110 or 210 V) and returns 
to zero before rising to the alternate peak value. And 
because this alternation of current fl ow occurs in a 
back-and-forth or oscillating manner, it is repre-
sented by a sine-wave symbol. Notice that Fig. 15-1.2 
shows the number line of Fig. 15-1.3 combined with a 
sine wave to illustrate how AC voltage is represented.

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Validate the Ohm’s law expression for alternating 

current, where
 V 5 I 3 R

 
I 5   V __ 

R
  

 
R 5   V __ 

I
  

■ Determine the power dissipation in an alternat-
ing current circuit.

■ Operate an AC oscillator or signal generator.

SUGGESTED READING
Chapter 15, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
This experiment is designed to introduce you to 
 alternating current (AC) voltages and to validate 
that Ohm’s law can still be used to determine cur-
rent, voltage, or resistance if two of the three terms 
of an AC circuit are known. The amount of electric 
power, measured in watts, can be determined for AC 
circuits by using Ohm’s law in the same way as for 
direct current (DC) circuits.
 Alternating current is electron fl ow in two direc-
tions: positive and negative. As shown in Fig. 15-1.1, 
two batteries can be switched on and off alternately 
to achieve the effect of AC voltage. Notice that, 
depending on which battery is switched on, the 
direction of current fl ow through the resistor will 

E X P E R I M E N T  1 5 - 1

AC VOLTAGE AND OHM’S LAW

Fig. 15-1.1  Rocker switch alternates current fl ow.

Fig. 15-1.2  Sine-wave illustration of AC voltage: peak 
to peak.

Fig. 15-1.3  Peak values on a number line.
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 The most common form of applying AC voltage 
to a circuit is by using an oscillator or signal gen-
erator. This instrument can be simple or complex, 
depending on its style and manufacture. However, 
Fig. 15-1.4a shows a simplifi ed version of such an 
instrument.
 Study the signal generator in your lab. If nec-
essary, refer to its operating manual for details or 
instructions.
 Notice that Fig. 15-1.4b shows the schematic ver-
sion of the drawing where the sine-wave symbol rep-
resents the signal generator. Also, notice that the 
signal generator is set to 10 kHz (10,000 Hz) using 
the range switch (3100) and the tuning control set 
to 10. The amplitude adjustment control is a voltage 
adjust knob that is used to set the output to the de-
sired voltage (p-p) level.
 In the AC circuit of Fig. 15-1.4, the 1-kV resistor 
has the same resistance as it would in a DC circuit. 
Thus, Ohm’s law still dictates that

I 5   V __ 
R

   5   
20 Vp-p _______ 
1 kV

   5 20 mA

The only difference is that the current is labeled as I 
(p-p) to show that it is the result of an AC voltage (p-p).

 In AC circuits, an ammeter is not used to measure 
current because it is only built to measure current 
fl ow in one direction (direct current). Do not put a 
DC ammeter in an AC circuit.
 Finally, power in an AC circuit is calculated slightly 
differently from that in a DC circuit. To calculate the 
power dissipation, the p-p voltage must be converted 
to its DC equivalent value. This is also called the rms 
(root-mean-square) value and is equal to 70.7 percent 
of the peak voltage. For example, a 20-V p-p voltage 
will produce the same heating or lighting power 
(in watts) as a 7-V DC battery. Thus, AC power is 
calculated as

   
Vp-p __________ 2 3 0.707   5 VDC or Vrms for use in the

 power equation

 Power (watts) 5   V
2
 ___ 

R
  

 where V 5   
Vp-p ____ 2   3 0.707

 In summary, AC voltage can be used in any Ohm’s 
law equation where I or V is labeled as a p-p value and 
converted to its DC equivalent (rms) for power calcu-
lations. Although AC voltages are usually measured 
on an oscilloscope, the following procedure will use a 
voltmeter (DMM) to validate Ohm’s law.

EQUIPMENT
Signal generator DMM (AC voltage)
DC power supply
Springboard
Leads

COMPONENTS
Resistors (all 0.25 W):

(1) 100 V
(1) 1 kV

PROCEDURE
1. Connect the circuit of Fig. 15-1.5.

Fig. 15-1.4  (a) Simplifi ed signal generator connected to 
a 1-kV resistor. (b) Schematic.

Fig. 15-1.5  Series circuit with DC voltage.

2. Measure and record in Table 15-1.1 the total 
voltage VR1 and VR2. Compute the total current IT 
and IR1 and IR2 by using Ohm’s law.
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3. Connect the circuit of Fig. 15-1.6. Note: Connect the entire circuit, and then measure 
VT to be sure it is 2 Vp-p.

4. Repeat step 2 for the circuit of Fig. 15-1.6. Cur-
rent should be calculated as:

Ip-p 5   
Vp-p ____ 
R

  

5. Change the frequency to 5 kHz and repeat step 2 
for Fig. 15-1.6.
6. Calculate the power dissipated by each circuit as 
shown in Table 15-1.1.Fig. 15-1.6  Series circuit with AC voltage.
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NAME DATE

QUESTIONS FOR EXPERIMENT 15-1

Answer true (T) or false (F) to the following:

 1. Resistors do not function the same in AC circuits as in DC circuits. 

 2.  A 10-V battery and a 7-V (p-p) signal will produce the same amount of 
power across a 2-kV resistor.

 3. Ohm’s law can be used only to fi nd current in DC circuits.

 4.  Current in an AC circuit can be measured with an ammeter just as a DC 
circuit can.

 5. A signal generator does not produce any current in an AC circuit.

TABLES FOR EXPERIMENT 15-1

TABLE 15-1.1

DC CIRCUIT—Fig. 15-1.5
 Nominal Volts  Current  Power,

Resistance Value Measured I 5 V/R Watts, V2/R

R1 100 V   

R2 1 kV   

RT 1.1 kV   

AC CIRCUIT—Fig. 15-1.6*f 5 1 kHz

R1 100 V   

R2 1 kV   

RT 1.1 kV   

AC CIRCUIT—Fig. 15-1.6*f 5 5 kHz

R1 100 V   

R2 1 kV   

RT 1.1 kV   

*Note: Use p-p values. For example, 10 Vp-p 4 100 V 5 100 mA, 1 p-p.

Also, power 5   1   Vp-p
 _____ 2   3 0.707 2  

2
  4 R for AC circuits.
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER

15

E X P E R I M E N T  1 5 - 2

BASIC OSCILLOSCOPE 
MEASUREMENTS

 The other important difference between AC and DC 
voltage is the way that magnitude is measured. DC 
voltage is usually steady and constant. AC voltage, 
because of its alternating character, takes some time 
to reach a peak value; then it reverses direction and 
becomes a zero value before it reaches a peak value 
in the other direction. Figure 15-2.1 illustrates how 
this works. Notice how the DC and AC voltages differ. 
They differ in magnitude and frequency. The 16 V DC 
is referenced from zero. The 6-V peak-to-peak (p-p) 
AC voltage is referenced from zero but is described 
by its peak-to-peak relationship. Zero volts still ex-
ists, but the AC voltage goes above it and below it. If, 
for example, the cycle of Fig. 15-2.1b occurred during 
1 ms, the frequency would be

f 5   1 __ t   5   1 _______ 0.001 s   5 1000 Hz or 1 kHz

where f 5 frequency
t 5 time it takes for a complete alternation

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Operate an oscilloscope.
■ Measure DC voltages.
■ Measure AC voltages.

SUGGESTED READING
Chapter 15, Basic Electronics, Grob/Schultz, 
twelfth edition; the operating instructions for your 
oscil loscope; and Appendix F of this lab manual.

INTRODUCTION
This experiment continues the AC portion of your 
laboratory studies. The same rules for series and 
parallel circuits and Ohm’s law still apply to AC cir-
cuits as they did for DC circuits. However, there is a 
difference. As the name alternating current implies, 
current is alternating its direction. That is, electron 
fl ow reverses its direction, and therefore positive and 
negative polarities will alternate every time electron 
fl ow changes direction.

Using the Oscilloscope
To study AC voltages in the lab, it is necessary to 
learn how to operate an oscilloscope. Although the 
oscilloscope is a complex instrument, it is basically a 
voltmeter. It measures and displays AC voltages as 
well as DC voltages.
 There are some aspects of AC voltage that must 
be understood before attempting to measure them. 
AC voltages have frequency; that is, one alternation 
occurs over some period of time. For example, the 
AC wall outlet has a frequency of 60 hertz (Hz). This 
means that 60 complete cycles of electron fl ow, from 
negative to positive and back again, occur during 1 s. 
A frequency of 20 kHz means that 20,000 cycles occur 
during 1 s.
 DC voltage does not have frequency. It is a steady, 
or direct, current fl ow that does not change over 
time. This difference in frequency is a major factor 
in understanding AC voltages.

Fig. 15-2.1  DC versus AC voltages. (a) DC voltage plot. 
(b) AC voltage plot.
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Fig. 15-2.2  AC circuit.

Fig. 15-2.3  Typical oscilloscope display for circuit 
shown in Fig. 15-2.2: 5 Vp-p sine wave at 1 kHz. Note that 
f 5 1/t. Here, fi ve divisions 5 5 3 0.0002 s 5 0.001. Thus 
f 5 1/0.001 5 1 kHz.

Fig. 15-2.4  (a) Oscilloscope measurement of DC volt-
age. (b) Oscilloscope display of DC measurement.

 The circuit of Fig. 15-2.2 shows the AC signal 
generator with its sine-wave symbol. Notice that the 
ground symbol indicates that one side of the signal 
generator is grounded. This means that there is a 
true earth ground on the signal generator. This is 
where the ground lead of the oscilloscope is also con-
nected. Always remember that the grounds must be 
connected together. If, for example, the oscilloscope 
leads in Fig. 15-2.2 were reversed, the load resistor 
would be between two earth grounds. Therefore, it 
would be effectively out of the circuit, and no volt-
age would be dropped across it. Properly connected, 
the oscilloscope will display all the applied voltage 
dropped across RL, as shown in Fig. 15-2.3.

trace that is a straight line. No frequency and no 
peak-to-peak value are displayed because there is no 
AC voltage, only a steady DC voltage.
 For both AC and DC measurements, the oscillo-
scope must be adjusted prior to reading the trace 
from the display. In the same way that it may have 
taken you several attempts before you could adjust 
an ohmmeter and properly measure a resistor, it may 
take several attempts before you will be able to mea-
sure voltages by using the oscilloscope. The following 
procedures are meant to instruct you how to use a 
scope. However, because there are so many different 
brands of oscilloscopes, you may receive some pre-
liminary instructions from your laboratory instruc-
tor, or you can read the operator’s instructions for 
your oscilloscope. Most oscilloscope manuals have a 
section that is intended to get you started. It is a good 
idea to spend some time  examining your oscilloscope 
before you start.
 Keep in mind the following main points when you 
start the following procedures:

1. An oscilloscope is a voltmeter.
2. It measures magnitude and frequency of a 
signal.
3. The display is like a television display: You adjust 
it for the best picture. If a sine wave appears larger 
or smaller, it is due to the operator’s adjustment.

 If a DC voltage were measured, the oscilloscope 
display would be different. Figure 15-2.4b shows 
how the oscilloscope would display the measured 
voltage. Notice that the DC measurement shows a 
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Basic Oscilloscope Controls: Both analog and 
digital oscilloscopes have controls for the vertical 
or amplitude (voltage) display, and the horizontal 
or time display. These two controls defi ne the grid 
values on the display. So, the oscilloscope is simply 
measuring the signal you input and you control the 
way it is displayed. All the other knobs and buttons 
on the oscilloscope perform secondary functions so 
keep that in mind if the controls seem confusing. 
Here are the most important controls:
■  Vertical: volts per division: This defi nes the 

number of volts each vertical (Y axis) grid line 
represents on the display. For example, a 1 volt 
wave would be too small to see at 10 V/div; it 
would only take up 1/10 of the space between 
two grid lines. However, you can make it appear 
larger by decreasing the number of volts per divi-
sion. At 1 V/div, the amplitude of the wave would 
appear over 5 grid lines and be easy to see, espe-
cially because most scopes have 8 divisions on the 
vertical or Y axis.

■  Horizontal: sec per division: This defi nes the 
number of seconds each horizontal (X axis) grid 
line represents on the display. For example, at 
1 sec/div, a 1 KHz signal (1,000 cycles per second) 
would appear 1,000 times between each grid line. 
This would make it impossible to see any one 
wave. However, at 0.1m sec/div (1/10,000 second 
per division), a single 1 KHz wave would appear 
over 10 horizontal grid lines. This would cover 
the entire display if there are 10 divisions on the 
horizontal or X axis. 

■  Position controls: Use the vertical and hori-
zontal position adjustments to center the signal 
as needed. This moves the trace up/down or left/
right as needed. 

■  DC, AC, GND coupling: These are used to con-
trols what signals are input. Most of the time you 
use DC coupling so that all signals, including DC, 
are input to the channel. The AC position uses 
a capacitor to block DC so that only AC is input. 
The GND position sets the input to zero volts 
(ground) and is usually used to check where 0 V 
appears on the display—this can also verify the 
scope is working.

■  Trigger: For the trace to be stable, this setting 
tells the scope each time the sweep reaches the 
extreme right side of the screen before draw-
ing the next trace. The trigger is usually set to 
AUTO. But it can be set to another signal such as 
the other input, the line voltage (60 Hz), or even 
an external signal you connect. For this course, 
the trigger should be left in the auto position 
which is the same as the input channel you are 
using for your measurement. 

■  Other controls: Again, don’t be concerned with 
the other controls such as Chop, Invert, Step, 

4. The magnitude and frequency of the input signal 
are adjusted by using the signal generator controls.
5. Avoid ground loops by keeping all ground con-
nections at the same point when measuring AC 
voltages.

Digital vs Analog Oscilloscopes: Analog scopes 
are older and larger in size (weight) than digital 
scopes because of their older circuitry and because 
they use a cathode ray tube (CRT) for the display. 
When a signal is measured by an analog oscilloscope, 
the signal appears to glow on the display just like an 
old television set. Because of the CRT, the analog 
oscilloscope has a limited range of frequencies it can 
display clearly. At low frequencies, the signal can ap-
pear as a single dot moving slowly across the screen, 
instead of the wave you are expecting. At higher fre-
quencies, close to 1 GHz, the CRT cannot react fast 
enough and the trace may become too dim to see. In 
general, analog scopes are slowly disappearing for 
many reasons. But they are still valid and you can 
use them for the exercises in this lab manual.
 The Digital oscilloscope (also known as DSO or 
Digitizing Storage Oscilloscope) has an LCD display 
and is lightweight, portable, and uses some type of 
microprocessor and analog to digital converter. Dig-
ital oscilloscopes can react quickly to changing sig-
nals and they can also store the waveforms in their 
memory. The stored waveforms can then be printed 
or sent to a computer. The DSO creates a digital 
value from the analog signal that is being measured 
and then it displays it. Most digital oscilloscopes can 
also measure very high frequencies and for that rea-
son alone, they are replacing analog oscilloscopes. In 
addition, hand held oscilloscopes are now also incor-
porated into DMMs so that simply pressing a button 
can turn the DMM into an oscilloscope.

Inputs, Traces, Probes: Most oscilloscopes allow 
two signals to be input and displayed and are called 
Dual Trace scopes. With two inputs at the same 
time, you can compare one signal to another—such 
as comparing a circuit’s input to output signals, 
or comparing one digital (square) wave to another 
where one is a reference. Also, most bench-top oscil-
loscopes have specialized probes that are shielded 
(coaxial cable) against interfering signals. The con-
nector on the scope is usually a BNC connector (The 
probes also have polarity like the DMM: one positive 
and one negative (ground). Hand held DMM scopes 
may not have high quality shielding like a special-
ized probe but are usually OK. In addition, many 
scopes have multiple inputs or channels to mea-
sure multiple signals at the same time. An example 
would be the input and the output of a fi lter or am-
plifi er displayed on the scope to compare them. For 
this experiment, you will only be using one channel 
input.
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3. Horizontal (X axis or time base) control: sec/div 
(usually applies to all channels).
4. Coupling switch: AC, DC, GND.
5. Trigger: Usually set to INT (internal).

Analog Oscilloscopes only: Before you begin, set 
the following controls: (1) Intensity knobs control the 
brightness off the beam for the CRT and you need to 
adjust it so the beam is not bright—this will avoid 
damage to the CRT. (2) The Beam Finder, when 
pressed, verifi es the instrument is probably working 
if you see a trace (beam). Press this button and then 
adjust the Vertical and Horizontal positions up or 
down so trace is in the middle center of the display. 
(3) Focus—use this to sharpen the trace so you see 
it clearly. (4) The CAL knob allows the vertical or 
horizontal sections to be offset or calibrated. Turn 
the CAL knob fully clockwise.
 After identifying these controls, you are ready to 
begin.

Measuring DC Voltages
1. Set up the oscilloscope; locate the oscilloscope 
probe. It should be connected to the channel 1 (or A) 
input for dual-channel scopes. The probe should have 
a positive and a negative lead. Be sure the scope is 
plugged into the AC power line. Do not turn on the 
power yet. Set the front panel controls as  follows:

Set the INTENSITY to midrange.
For dual-trace scopes, set the VERTICAL MODE 

 (trigger) to channel 1 or channel A.
Set the VOLTS/DIV (vertical amplifi er, channel 1) 

to 1 V per division.
Set the AC-DC-GROUND switch (input coupling) to 

the ground position (GND).
Set the SEC/DIV (time base) to 0.2 s.
Set the TRIGGERING for auto, or for normal (man-

ual) if no auto trigger exists.
Also, be sure the trigger control is set to the 

IN TERNAL mode, not to external or line mode.

Now, turn on the power.

Note: The remaining front panel controls will vary, 
depending upon the model. Therefore, be sure to 
consult your scope manual or your instructor if you 
have any concerns.

2. The trace should appear as a straight line across 
the display graticule. Note that the graticule is 8 di-
visions vertically and 10 divisions horizontally. If 
the trace does not appear, ask for assistance. Next, 
use the following controls to adjust the trace so that 
a sharply defi ned trace is displayed at the middle of 
the y axis, as shown in Fig. 15-2.5.

VERTICAL POSITION control adjusts trace up and 
down.

Hold and many others, especially on digital 
scopes. You can learn about them later in your 
training because they have special uses. 

Note: When you fi rst turn on power, the oscilloscope 
should be in the default or factory settings. Digital 
oscilloscopes often have a memory which allows cus-
tom preset conditions at power on—so check with 
your instructor or the manual to be sure you are not 
in a custom preset mode.

Signal Generators Supply the 
Current and Voltage
A signal generator is like a power supply because it is 
a source of power—voltage and current—but it sup-
plies AC voltages instead of DC voltages. The voltages 
are in the lower rf (radio frequency) range, usually 
less than 1 GHz, with very safe or low values of volt-
age and current. Some signal generators supply only 
sine waves and are often called oscillators, but many 
are capable of supplying many other signals, includ-
ing nonsinusoidal waveforms such as square waves 
and sawtooth waves. These instruments are called 
function generators. Regardless of the type you have, 
you will need to learn how to use its front panel to sup-
ply AC voltages. If it is extremely complex, you may 
need to ask for help or refer to the operating manual.

EQUIPMENT
Oscilloscope (preferably, a late-model, solid-state, 

auto-triggering type, including an operator’s 
 manual)

Signal generator or function generator
VTVM/VOM/DMM
Voltmeter
DC power supply
Springboard
Leads

COMPONENTS
Resistors (all 0.25 W):

(1) 2.2 kV (1) 10 kV
(1) 4.7 kV

PROCEDURE
On your oscilloscope, with power off, identify these 
controls or inputs—do not set them yet.

1. Probe and the input connector for the channel 
you will use (usually A or 1). Some scopes require 
you push a button for the channel you will be using.
2. Vertical (Y axis or amplitude) control: volts/div 
for the channel you will be using (A or 1). Also, the 
position control for the horizontal 
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voltages will be compared to the same voltages 
measured with the scope.
5. Now, use the oscilloscope to measure the same 
DC voltages. Connect the 31 (times 1) scope probe 
across R1 (2.2 kV). Move the resistors around to 
avoid group loops if necessary. Usually, for this 
type of experiment it is not necessary.

With the scope leads across R1, you should still see 
no change in the scope display because the input 
coupling is set to ground. Therefore, now switch 
this control to the DC position. The trace should 
now move slightly higher on the graticule display. 
Here is how you would read it.
 Because the channel 1 VOLTS/DIV control is set 
at 1.0 V per division, each major vertical division 
on the graticule is equal to 1.0 V. Therefore, if the 
trace appears at 0.7 division above ground, the DC 
measured voltage is equal to 0.7 division multiplied 
by 1.0 V (0.7 3 1.0 5 0.7 V). Multiply the VOLTS/
DIV value by the number of divisions. Using 0.1 V 
per division is more accurate.
 Record the voltage in Table 15-2.1.

6. Go ahead and measure the remaining DC volt-
ages for R2 and R3 of Fig. 15-2.6, using the oscillo-
scope. These values should be the same as those 
measured with the voltmeter, plus or minus 15 per-
cent. Do not measure VT yet.
7. Reverse the power supply leads on the circuit 
of Fig. 15-2.6, and remeasure each resistor voltage. 

FOCUS control or brightness sharpens the trace.
HORIZONTAL POSITION control adjusts trace 

right to left.

Here, in Fig. 15-2.5, the trace is a sharply defi ned 
straight line. Because the input coupling switch is 
set to GROUND, this trace means that ground, or 
zero volts, is at the division line. Thus, each divi-
sion line above the ground line equals 11 V, and 
each division line below equals 21 V. This is simi-
lar to zeroing a VTVM.
 If your trace looks like the one in Fig. 15-2.5, 
then you are doing fi ne. If not, repeat steps 1 and 2 
or ask for assistance.

3. Leave the scope as it is. Connect the circuit of 
Fig. 15-2.6.

Note: Use the DC power supply and a voltmeter.

4. Using the voltmeter, measure and record all 
the voltages for the circuit of Fig. 15-2.6. Refer 
to Table 15-2.1. These voltmeter-measured DC 

Position

Vertical
section

Trace in middle
of display = 0 volts

Trigger:
INT

Brightness,
Focus or
Intensity control

NOTE: Oscilloscopes measure voltage across
            components like a voltmeter, not in series.

Volts/Div

Horizontal
section

Position

Sec/Div Coupling:
DC, AC, GND

CH1 CH2 EXT PWR

Positive (+)

Probe

Ground (−)

Fig. 15-2.5  Generic oscilloscope front panel.

Fig. 15-2.6  Simple DC series circuit.
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1. Readjust the oscilloscope. Set the VOLTS/DIV 
to 1. Set the input coupling switch to the ground 
 position, and set the trace so that ground is, once 
again, at midscale y, with a sharply defi ned trace.
2. Connect the circuit of Fig. 15-2.7.

 Notice that the trace appears below the center 
zero/ground reference in the same proportions as 
it appeared in steps 5 and 6 above. These are the 
same voltages except that, with respect to ground, 
they are opposite in polarity, and thus, they are 
read as negative voltages. Do not record these 
measurements.
8. To measure the total voltage, connect the scope 
across all three resistors with the ground lead at 
the negative side. Notice that the trace has disap-
peared from the graticule display. Now, readjust 
the vertical amplifi er VOLTS/DIV control to 2 V 
per division. The trace should now appear. Read 
the trace and record the value. Because the total 
voltage is 15 V DC, and the VOLTS/DIV 5 2, you 
should be reading 2.5 divisions positive (above 
ground reference).
9. With the oscilloscope probe still across VT, slowly 
increase and then decrease the applied voltage from 
the DC power supply. Notice how the trace rises 
and falls on the display in proportion to the voltage 
 adjustment.

Measuring AC Voltages
The oscilloscope will display AC voltages so that 
their waveshapes can be observed. In this way, the 
amplitude and the frequency can be measured, ref-
erenced to the y or x axis: The amplitude is read by 
analyzing the vertical y axis; the frequency is read by 
analyzing the horizontal x axis.
 Notice in Fig. 15-2.3 in the introduction that the 
sine-wave amplitude is fi ve vertical divisions from 
peak to peak. Because the VOLTS/DIV control is 
set at 1 V per division, each peak is about 2.5 divi-
sions with respect to ground, which equals 5 V peak 
to peak. From the peak-to-peak value, the following 
 values, typical for describing AC voltages, can be 
 determined:

 Vpeak or Vmax 5   
Vp-p ____ 2  

 Vav 5   
Vp-p ____ 2   3 0.636

 Vrms 5   
Vp-p ____ 2   3 0.707

Frequency is read as the number of cycles that 
occur during 1 s (cycles per second 5 hertz). Notice 
in Fig. 15-2.3 that one cycle occurs over fi ve horizon-
tal divisions. This is measured from zero to zero on 
the x axis as long as ground (zero reference) is set at 
a desired place and noted. Here, time base control 
(sometimes called the horizontal amplifi er) is set for 
0.2 ms per division. Thus, one cycle occurs over fi ve 
divisions, or 5 3 0.2 ms 5 0.001 s (1 ms). Because 
f 5 1/t, the frequency equals 1 kHz, or 1000 cycles 
per second.

Fig. 15-2.7  Simple AC series circuit.

Note: The 5-Vp-p 1-kHz sine wave is applied to the 
 circuit by using a signal generator (oscillator). Do 
not be concerned if you cannot adjust it yet. Simply 
connect the output of the signal generator as you 
did the DC power supply. However, there are no 
positive or negative terminals; they are both the 
same because it is  alternating current. If there is a 
grounded terminal, avoid using it if possible.

3. Connect the scope leads across the entire circuit. 
Then, set the input coupling for AC. The display 
should be a sine wave. Adjust the amplitude and 
frequency controls of the signal  generator so that 
the trace is approximately 5 Vp-p at 1 kHz. The 
 display should be very similar to the one shown in 
Fig. 15-2.3.
4. Go ahead and measure all the voltages in the 
 circuit—R1, R2, R3—and of course VT that is now 
 being displayed. Record the values in Table 15-2.2. 
Change the VOLTS/DIV, or any other setting, so 
that you get the biggest display without going off 
the screen. Record all the values in Table 15-2.2, 
and  calculate the remaining values.
5. Reconnect the scope leads across the entire cir-
cuit and adjust the signal generator so that 4 Vp-p 
at 20 kHz is the applied voltage. Then, adjust the 
scope for the biggest amplitude possible without 
going off the display. Also, adjust it so that only two 
complete cycles appear on the screen. Draw a pic-
ture of the trace on the graticule of Fig. 15-2.8, and 
record the VOLTS/DIV and SEC/DIV setting you 
used to get this display. If your lab instructor re-
quires that you hand in Fig. 15-2.8, you can use one 
of the  graticule sheets in Appendix E, or you can use 
engineering paper and draw your own.
6. Spend a few moments adjusting the signal gen-
eration to other DC and AC values and measure 
them with the scope. Use this time to become more 
familiar with measuring AC voltages of differing 
frequencies and waveshapes.
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3. While whistling into the speaker, adjust the 
VOLTS/DIV, or any other oscilloscope setting, so 
that you get the largest display without going off 
the screen. As you review the circuit action, de-
termine the operating nature of the speaker. For 
example, is the speaker producing and direct of 
alternating current? How can the frequency of the 
signal be changed? Predict how the display will 
change if the oscilloscope has its input coupling 
switch changed from AC to DC coupling.

FURTHER EXPLORATION
1. Disconnect the above circuit. Connect a perma-
nent magnet speaker to the input leads of the oscil-
loscope, as shown in Fig. 15-2.9.
2. Set the input coupling switch to alternating 
current.

Fig. 15-2.8  Graticule. Displayed waveform 54 Vp-p at 
20 kHz.

V OSCILLOSCOPE

Oscilloscope 
probe (�)

Oscilloscope
Ground Lead (�)

Fig. 15-2.9  Oscilloscope connected to a permanent 
magnet speaker.
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NAME DATE

QUESTIONS FOR EXPERIMENT 15-2

Answer true (T) or false (F) to the following:

 1. An oscilloscope can measure both AC and DC voltages.

 2.  The horizontal amplifi er section controls the amplitude of the display.

 3.  The vertical amplifi er section can be adjusted to increase or decrease the 
peak-to-peak voltage display.

 4. The oscilloscope probe does not have a grounded side.

 5.  The oscilloscope input coupling switch is usually set to GND, AC, or DC, 
depending upon the desired usage.

TABLE 15-2.1   Measured DC Volt-
ages for Fig. 15-2.6

 Voltmeter Scope

VR1  

VR2  

VR3  

VT  

TABLE 15-2.2  AC Voltages for Fig. 15-2.7

 Measured Calculated  Calculated Calculated
 Vp–p Vpeak Vav Vrms

R1 5 2.2 kV    

R2 5 4.7 kV    

R3 5 10 kV    

VT    

TABLES FOR EXPERIMENT 15-2
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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15

E X P E R I M E N T  1 5 - 3

ADDITIONAL AC OSCILLOSCOPE 
MEASUREMENTS

radio signals and 60-Hz power-line radiated signals 
from getting into the measurement. In addition, the 
oscilloscope does not have the high resistance (im-
pedance) of a DC voltmeter, so it could allow also 
too much circuit current to fl ow through it in some 
cases. All of these effects would load down the cir-
cuit, which means that the oscilloscope would, in 
effect, become part of the circuit rather than an iso-
lated measuring device. Your measurements would 
therefore be inaccurate. To avoid this, the probe is 
specially designed to  block out unwanted signals 
and increase the resistance. Resistive probes are 
sometimes called  attenuator probes because they 
decrease the signal amplitude by 10 times or more 
(310 probe). Other probes are also available for 
specifi c measurements, usually of higher frequen-
cies or lower circuit impedances (50 V).

Signal Generators
You cannot learn to use an oscilloscope without 
using a signal generator to supply signals to the 
circuit to be measured. A signal generator is like a 
power supply because it is a source of power—volt-
age and current—but it supplies AC voltages in-
stead of DC voltages. The voltages are in the lower 
rf (radio frequency) range, usually less than 1 GHz, 
with very safe or low values of voltage and current. 
As mentioned previously, some signal generators 
supply only sine waves and are often called oscilla-
tors, but many are capable of supplying many other 
signals, including nonsinusoidal waveforms such 
as square waves and sawtooth waves. These instru-
ments are called function generators, and they are 
 invaluable for testing digital circuits.

EQUIPMENT
Signal generator (function generator)
Oscilloscope: auto-triggering, properly grounded 
Probe: 3 1

COMPONENTS
Resistors: 2.2 kV, 4.7 kV, 10 kV

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Improve your ability to operate a signal 

generator.
■ Operate various oscilloscope front panel controls.
■ Measure various waveshapes and calculate 

values.

SUGGESTED READING
Chapter 15, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
An oscilloscope, commonly called a scope, is a sophis-
ticated voltmeter that operates in the time domain. 
It measures and displays both AC and DC signals as 
they occur over time. The previous experiment intro-
duced you to basic DC and AC measurements in a 
series  circuit. You measured amplitude (voltage) and 
time, computing frequency (Hz) from the time mea-
surement and calculating peak, rms, and average val-
ues from the p-p voltage measurements. You learned 
the basic operation, including how to set the trace to 
ground (0 V) for both DC and AC measurements. This 
experiment will allow you to practice the skills intro-
duced in the previous experiment, and it will introduce 
new ones that will prepare you for future labs.

Understanding the Oscilloscope 
System
Every scope has four basic systems: display, horizon-
tal, vertical, and trigger. Each of the four systems is 
controlled or set up by front panel inputs, switches, 
and adjustments. Knowing what these systems do 
will help you understand how to use the front panel. 
If you have not done so already, read your oscillo-
scope manual to gain a general idea of how those 
systems work.

The Oscilloscope Probe
When you use an oscilloscope to measure higher 
frequencies, the probe prevents other signals such as 
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not stable, switch the trigger mode from AUTO to 
 NORMAL and set the SLOPE to (1).

Observations: Note the waveform. Is it 60 Hz? If 
so, what is the amplitude? Switch the INPUT COU-
PLING to the DC position and notice any change.

 8. Return the scope to the free-running setup.

Using Front Panel Controls
 9. Measure the resistors used in this experiment 
and replace any that are not within tolerance. Then 
connect the circuit of Fig. 15-3.1.

PROCEDURE
Front Panel Identifi cation
 1. Identify the front panel elements of your scope 
by writing down which section they belong to as 
 follows. On a separate sheet of paper, make four 
columns and label them as DISPLAY, VERTICAL, 
HORIZONTAL, and TRIGGER. In each column, 
list the switches, buttons, knobs, input connections, 
etc. that are in that system.

Setup for a Free-Running Display
A free-running display has no signal applied, and 
the trace is not triggered (it does not start at any 
particular time). Setting up the scope in this man-
ner, every time you use it, will help you learn its 
operation, provide a consistent starting point or ref-
erence, and help you avoid incorrect measurements.

 2. With the scope power off, set the following 
 controls:

INTENSITY: mid range
VOLTS/DIV: largest number possible (least 

sensitivity)
INPUT COUPLING (AC-DC-GROUND): (ground) 

GND
SEC/DIV (time base): 1 ms
TRIGGERING: set to INTERNAL (source) and 

AUTO (mode)
SLOPE: (1)

 3. Turn on the power.
 4. Use the POSITION knob to center the beam 
and adjust for a sharp display in the center of 
the screen. You now have a starting point to begin 
making measurements.
 5. Turn off the scope and change all the settings 
randomly. Repeat steps 2, 3, and 4.

Measuring the AC Signals (Fields) in 
the Air
This simple measurement should allow you to see 
the 60-Hz signals that are present in the air because 
they are radiated everywhere around you. By using 
your body as a receiving antenna, the scope can 
measure the 60-Hz signals present in the air.

 6. With the probe and lead connected to the verti-
cal input, set the following:

INPUT COUPLING: AC
SEC/DIV: 5 ms

 7. Hold the end of the probe tip and adjust the 
VOLTS/DIV until a signal appears. If the trace is 

Fig. 15-3.1  Sine-wave series-parallel circuit.

10. Adjust the oscilloscope as necessary to mea-
sure the p-p voltages across each resistor. Record 
the values in Table 15-3.1.

11. SLOPE and LEVEL—This trigger control 
 determines where the trace starts. With the scope 
leads across R1, adjust the slope LEVEL back and 
forth to see what effect it has on the display. Then 
set the SLOPE button to (2) or opposite of what it 
was. Measure Vp-p across R1, R2, and R3 and record 
the  results.

Measuring Square Waves or 
Rectangular Waves
Square waves are displayed just like sine waves 
 except that the measurements are different. Both 
have p-p, peak, and Hz, but the square wave does 
not have rms or average voltage values. Instead, 
square-wave measurements have the values shown 
in Fig. 15-3.2.
12. Return the scope to the free-running setup and 
connect the circuit of Fig. 15-3.3, where the sig-
nal generator (function generator) now supplies a 
square wave or a rectangular wave. Note the type of 
wave in Table 15-3.2.
13. For the circuit of Fig. 15-3.3, measure the 
 follow ing values across R1, R2, and R3: Vp-p, period 
(s), pulse width (s), and rise time. Rise time is the 
time it takes to go from 10 to 90 percent of the 
 mag nitude (see Fig. 15-3.2). Record the values in 
Table 15-3.2.
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Fig. 15-3.2  Square- or rectangular-wave measure-
ments. (a) Square or rectangular wave. (b) Pulse.

Fig. 15-3.3  Square-wave measurement circuit.

Fig. 15-3.4  Sawtooth- or triangular-wave circuit and 
waveshape. (a) Circuit. (b) Waveshape.

15. Measure the Vp-p value across R1, R2, and R3. 
Record the results in Table 15-3.2.
16. PROBE ADJUST SIGNAL—This control is 
used to compensate attenuator probes to make 
accurate measurements of digital circuits. Locate 
this control on the front panel, and try to measure 
the signal by connecting the tip of the scope probe 
(1) to it and the negative side to any ground con-
nection. Observe the signal—it is used for adjust-
ing 310 probes. If you are using a 31 probe, no 
adjustment is required. If you have a 310 probe, 
refer to the scope manual for information on how 
to adjust a 310 probe. In Table 15-3.2, record the 
values of the signal (31 probe) as you did for the 
square-wave measurements.

Measuring Sawtooth Waves or 
Triangular Waves
14. Return the scope to the free-running setup, and 
connect the circuit of Fig. 15-3.4, where the signal 
generator (function generator) now supplies a 
sawtooth wave or triangular wave.
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QUESTIONS FOR EXPERIMENT 15-3

Provide a short answer for each of these questions, referring to the measurements.

 1. What is the purpose of starting with a free-running setup?

 2. What do the SLOPE and LEVEL adjusted?

 3. What observations did you make in steps 7 and 8?

 4. What is rise time?

 5. Does a square wave have an rms value? Why?

TABLES FOR EXPERIMENT 15-3

TABLE 15-3.1  Sine-Wave Measurements

  SLOPE
VA 5 5 Vp-p  —
f 5 10 kHz Vp-p Vp-p

R1  

R2  

R3  
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TABLE 15-3.2  Wave Type5  (Square or Rectangular)

   Pulse Rise Time
VA 5 2 Vp-p  Period Width 10% to 90%
f 5 50 kHz Vp-p (s) (s) (s)

R1 

R2 

R3 

Wave Type5  (Sawtooth or Triangular)
R1 

R2 

R3 

PROBE ADJ Signal
    
 Vp-p Period Pulse Width Rise Time
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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capacitor size and the frequency of the AC signal. 
The capacitor will become a parallel path for the AC 
component while blocking the DC component, as 
shown in Fig. 15-4.3. Note that the DC component 
is restricted to R3 (4.7kV) for a current path. The AC 
signal will make use of the capacitive path, because 
the charging and discharging action of the capacitor, 
in this case, creates only 3.39 V of reactance.
 Another method of superposing an AC signal 
onto a DC voltage is through capacitive coupling. In 
Fig. 15-4.4, DC voltages are developed across R1, R2, 
and R3 but are isolated from the signal generator by 
the coupling capacitor C1. The DC resistance of the 
power supply can be considered approximately 0 V. 
The AC signal is applied to the parallel combination 
of R2 1 R3 and R1.

E X P E R I M E N T  1 5 - 4

OSCILLOSCOPE MEASUREMENTS: 
SUPERPOSING AC ON DC

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Investigate the effective AC resistance of a power 

supply.
■ Study the function of a bypass capacitor and a 

coupling capacitor.
■ Develop a method for measuring both AC and DC 

components in the same circuit.

SUGGESTED READING
Chapter 15, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
Applied voltage will be dropped proportionally 
across individual resistances, depending upon their 
ohmic value. The voltage distribution can be solved, 
as shown in Fig. 15-4.1a and b.
 If a circuit has both an AC and a DC voltage source, 
as shown in Fig. 15-4.2, there will be both an AC and 
a DC voltage distribution. The voltage distribution is 
solved in the same manner as in Fig. 15-4.1.
 If a bypass capacitor is connected across one of the 
series resistors, the capacitor can act as a short cir-
cuit to the AC component. Only a negligible amount 
of  reactance will be created as a result of the chosen 

Fig. 15-4.1  (a) AC resistive circuit. (b) DC resistive circuit.

Fig. 15-4.2  AC and DC resistive circuit.
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EQUIPMENT
Oscilloscope
Audio-frequency signal generator
DMM
Protoboard or springboard
Test leads

COMPONENTS
Resistors (all 0.25 W):

(1) 1 kV (1) 4.7 kV
(1) 2.2 kV

(1) 47-�F electrolytic capacitor

PROCEDURE
1. Connect the circuit of Fig. 15-4.1a. Measure and 
record the voltages across each resistance as indi-
cated in Table 15-4.1.
2. Connect the circuit of Fig. 15-4.1b. Measure and 
record the voltages across each resistance as indi-
cated in Table 15-4.1.
3. Repeat procedures 1 and 2 for the circuit shown 
in Fig. 15-4.2, and complete the information re-
quested in Table 15-4.2.
4. After recording the measured voltages, cal-
culate the same voltages in accordance with the 
techniques reviewed in the introduction and record 
these in  Tables 15-4.1 and 15-4.2. Compare the 
measured and calculated values.

Note: When measuring a DC component while an 
AC component is present, the oscilloscope will dis-
play the AC component at the level of the DC com-
ponent. This means that a sine wave will appear 
above or  below the zero reference when the input 
coupling is switched to measure direct current. It 
will be necessary to develop a technique to read 
the DC component. Therefore, the sine-wave zero 
(x axis) value must be determined in relation to the 
DC zero reference. This will require adjusting the 
oscilloscope for each reading. Be sure that you de-
velop this technique. Refer to Fig. 15-4.5.

Fig. 15-4.3  Bypassing for alternating current.

Fig. 15-4.4  Superposing an AC signal on a DC voltage by capacitive coupling with equivalent circuits shown.
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REMINDER: Be sure to refer to the note (previous 
page) at this point in the procedure.

Optional Procedure Steps
Note: Be sure to avoid ground loops.

5. Connect the circuit of Fig. 15-4.3. Measure and 
record all AC and DC voltages. Prepare your own 
data table, similar to Table 15-4.2, and label it 
Table 15-4.3.
6. Connect the circuit of Fig. 15-4.4. Measure and 
record all AC and DC voltages. Prepare your own 
data table, and label it Table 15-4.4.

Fig. 15-4.5  Oscilloscope graticule display.
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QUESTIONS FOR EXPERIMENT 15-4

1. What function does the coupling capacitor perform?

2. What function does the bypassing capacitor perform?

3. Was the effective AC resistance of the power supply equal to 0 V?

4. Draw the AC and DC equivalent circuit diagrams for the circuit shown in 
Fig. 15-4.2.

5. Is AC resistance the same as DC resistance? Explain.

TABLES FOR EXPERIMENT 15-4

TABLE 15-4.1   Measured and Calculated Voltages for 
Fig. 15-4.1a and b

Procedure
Step  VR1 VR2 VR3 VT

1 AC measured    

2 DC measured    

4 AC calculated    

 DC calculated    
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TABLE 15-4.2  Measured and Calculated Voltages for Fig. 15-4.2

Procedure
Step  VR1 VR2 VR3 VT

3 AC measured    

 DC measured    

4 AC calculated    

 DC calculated    
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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16

DC source is applied. If you remove the capacitor 
from the source of the charge, it will still hold the 
charge. However, it will have very little current un-
less it is an extremely large capacitor, in which case 
you should be careful not to discharge it with your 
hands or other parts of your body. Figure 16-1.2 is a 
circuit diagram of a capacitor storing a DC charge.
 Capacitors are an open circuit (large resistance) 
to direct current. The DC voltage is stored on the 
plates, but no current passes through from one plate 
to another because of the insulation. Therefore, 
there is no current. When some capacitors fail, how-
ever, they can allow current to fl ow. Such capacitors 
are often called leaky.
 You can use an ohmmeter to verify the operation 
of a capacitor. The resistance reading will be several 
million ohms or more (an open circuit). In the case 
of electrolytic capacitors, you may fi nd one that is 
leaky. Other types of capacitors can also be damaged 
and will then give a measurement less than infi nite 
ohms. Most good capacitors will measure at least 
10 MV. Figure 16-1.3 shows a circuit for checking a 
capacitor with an ohmmeter.
 If a capacitor is connected in series with an AC 
signal source, the capacitor will lose its insulating 
quality and may become a short circuit to the AC 
signal. The higher the frequency, the more a capaci-
tor will act like a short circuit. Its plates will charge 
and discharge at the same rate as the AC signal 
source. The greater the value of the capacitor, the 
more easily it will charge and discharge.
 The reason the capacitor acts like a short is that 
the plates charge and discharge as the polarity of 
the source alternates between positive and negative. 
No current ever actually crosses the dielectric, but 
the  effect is the same as if it did. This concept of the 
capacitor reacting to AC frequency will be examined 
more thoroughly in a future experiment.
 Figure 16-1.4 shows a capacitor acting like a short 
in an AC circuit where the voltmeter reads 0 V, 
there is no resistance, and there is no IR voltage 
drop across the capacitor.
 A capacitor can block DC but allow AC to pass 
when both AC and DC are present in a circuit. 
Therefore, a capacitor can be used to block DC 
from entering a circuit where only the AC signal 

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Troubleshoot a capacitor to verify that it is 

functional.
■ Verify the DC and AC response of a capacitor.
■ Use a capacitor to route or remove high 

 frequencies.

SUGGESTED READING
Chapter 16, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
A capacitor is made of two conductors separated by 
an insulator. Most capacitors are made of two metal 
plates with some type of insulating material such 
as air, ceramic, mica, paper, or an electrolyte. The 
insulating material is called a dielectric. Capacitors 
are like batteries because, at low frequencies (DC), 
they can store a charge. Therefore, it is always best 
to be cautious when working with larger capacitors 
because they can be a hazard and cause shock. To 
avoid this potential hazard, be sure to discharge ca-
pacitors safely, by shorting them out while you re-
main well  insulated.
 Like resistors, capacitors have a code which 
shows their value, but the code is different from 
resistor color codes. Capacitors are rated in units 
called farads (F), which is a measure of how much 
charge exists in the insulator’s electrical fi eld be-
tween the two plates. Some manufacturers label 
capacitors by printing the numerical value directly 
on the capacitor. Other capacitors are labeled with 
specifi c color codes, which may include temperature 
ratings. A special type of capacitor, the electrolytic 
capacitor, is polarity sensitive and has a minus sign 
(negative) printed on it to show which way to con-
nect it with respect to the DC source. Be careful: 
If it is connected backward, it can explode 
if enough voltage is applied. Figure 16-1.1 shows 
some typical capacitors and their codes.
 The two plates of a capacitor have opposite charges 
that create a potential difference (voltage) when a 

E X P E R I M E N T  1 6 - 1

CAPACITORS
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10 V

10 VV
���

���

Plates store charge across dielectric

Fig. 16-1.2  Capacitor storing a DC charge.

� � � good
0 � � bad

�

�

�

Fig. 16-1.3  Checking a capacitor with an ohmmeter.

Fig. 16-1.1  Capacitors and codes.
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 2. Connect the circuit of Fig. 16-1.6, but do not 
connect the capacitor.
 3. Apply 1 V across A–B and then turn off the 
power supply. Insert the capacitor in the circuit and 
turn on the power supply.
 4. Measure the voltage across the capacitor, and 
record the voltage in Table 16-1.1.
 5. Increase the power supply to 5 V (across A–B), 
and measure the voltage across the capacitor. Re-
cord the value in Table 16-1.1.
 6. Go to the next value of capacitor in Table 16-1.1. 
Measure the voltage across the capacitor at 1 V, and 
at 5 V as in the steps above and record the results 
in the table.
 7. Repeat step 6 for all the remaining capacitors.
 8. Connect the circuit of Fig. 16-1.7, but not 
connect the capacitor. Adjust the signal generator 
to 1 Vp-p at 1 kHz across A–B.

is desired. Figure 16-1.5 shows the DC voltage 
blocked from the other part of the circuit where 
alternating current is present.

EQUIPMENT
Protoboard
DC power supply
AC signal generator
DMM
Oscilloscope

COMPONENTS
All resistors 0.25 W unless indicated otherwise:

(2) 100-V resistor
(1) 330-V resistor
(2) 1-kV resistor
(1) 0.01-�F capacitor
(1) 0.068-�F capacitor
(1) 0.1-�F capacitor
(1) 10-�F capacitor
(1) 100-�F capacitor

PROCEDURE
 1. Verify the operation of each capacitor listed 
in Table 16-1.1 with an ohmmeter to be sure the 
capacitor is an open to direct current. Put a check 
mark next to each value in Table 16-1.1 to show that 
the  capacitor is good. Be sure to replace any bad 
components.

Fig. 16-1.4  Capacitor is a short to alternating current 
at high frequencies.

Fig. 16-1.5  Capacitor blocking direct current in a 
circuit.

Fig. 16-1.6  A DC circuit with a capacitor in series.

Fig. 16-1.7  An AC circuit with a capacitor in series.

 9. Insert the fi rst capacitor and measure the p-p 
voltage across it. Record the value in Table 16-1.1.
10. Increase the voltage to 5 Vp-p (at 1 kHz). Mea-
sure and record the voltage across the capacitor.
11. Increase the frequency to 100 kHz. Repeat the 
measurements at 1 Vp-p and 5 Vp-p at this new 
frequency, and record the results in Table 16-1.1. 
Be sure to monitor the voltage as you adjust the 
frequency.
12. Carefully replace the capacitor with the next 
value of capacitor, and repeat all the measurements 
at 1 Vp-p and at 5 Vp-p for frequencies of 1 kHz 
and 100 kHz, being sure to record the values in 
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Table 16-1.1. Do this for all the remaining capaci-
tors so that you have all the required data.
13. Connect the circuit of Fig. 16-1.8.
14. Measure the DC and AC voltages across the re-
sistors. Record the results in Table 16-1.2. Measure 
the capacitor voltage and note it separately.

Fig. 16-1.8  A DC-AC circuit with a capacitor.

15. Carefully remove capacitor C1 from the circuit, 
and reconnect the circuit.
16. Measure all the DC and AC voltages across the 
resistors again. Record the results in Table 16-1.2.



EXPERIMENT 16-1  279

NAME DATE

QUESTIONS FOR EXPERIMENT 16-1

 1. Why is a capacitor able to block direct current?

 2. When is a capacitor like a 100-MV resistor?

 3. When is a capacitor like a 0.001-V resistor?

 4. Why is a capacitor able to pass high frequencies?

 5. How can you verify the operation of a capacitor?

 6. Is it possible for a capacitor to be leaky?

 7. What type of capacitor needs to be connected with respect to polarity?

 8. What precautions should you take to be sure a capacitor cannot be a hazard?

 9. What differences, if any, did you notice between the capacitor voltage at 1 kHz 
and at 100 kHz in the circuit?
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TABLE 16-1.1

 VT 5 1 V VT 5 5 V f 5 1 kHz f 5 100 kHz
C (�F) ( ) VC VC VAC 5 1 Vp-p VAC 5 5 Vp-p VAC 5 1 Vp-p VAC 5 5 Vp-p

 0.01      

 0.068      

 0.1      

 10      

 100      

TABLES FOR EXPERIMENT 16-1

TABLE 16-1.2  VC1 5 

 With C1 Without C1
R VDC VAC VDC VAC

R1 5 1 kV    

R2 5 100 V    

R3 5 330 V    

R4 5 1 kV    

R5 5 100 V    

10. Describe the effects of removing the blocking capacitor C1 from the last circuit, including any mea-
surements that were signifi cant.
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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 When two capacitors of equal value are placed in 
series, the value of capacitance is reduced by one-
half. This occurs because the dielectric thickness is 
increased and the plates are farther apart. Similar 
to  resistors in parallel, the formula for capacitors in 
 series is calculated by using the reciprocal method:

  1 ___ 
CT

   5   1 ___ 
C1

   1   1 ___ 
C2

   1 ? ? ?

When two capacitors of equal value are placed in 
parallel, the value of capacitance is increased by 
twice as much. Similar to resistors in series, the for-
mula for capacitors in parallel is calculated by using 
simple addition:

CT 5 C1 1 C2 1 ? ? ?

In an AC circuit, a capacitor will allow current to 
fl ow. The current does not actually fl ow through the 
capacitor; it fl ows because of the charging and dis-
charging action of the capacitor. Therefore, the ca-
pacitive current varies with the frequency of applied 
AC voltage. As the frequency increases, the capaci-
tor’s opposition (in ohms) to current fl ow decreases. 
As frequency decreases, the opposition increases. 
That is, the capacitor reacts to changes in frequency. 
This is what is meant by capacitive reactance XC. 
The formula for the capacitive reactance (in ohms) 
of any capacitor is

XC 5   1 _____ 
2�fC

  

where 2� is the sine-wave rotation, f is the frequency 
in hertz, and C is the value of capacitance in farads. 
Also, because 1y(2�) 5 0.159,

 XC 5   0.159 ______ 
fC

  

 f 5   0.159 ______ 
CXC

  

 C 5   0.159 ______ 
fXC

  

Similar to an inductor, a capacitor will have a phase 
difference between the voltage across it and its cur-
rent. Capacitive current iC leads vC by 90°. The term 
ICE is an easy way to remember that I (current) 
leads C (capacitive voltage E ). Figure 17-1.1 illus-
trates this.

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Understand how a capacitor reacts in a series RC 

circuit by calculation and measurement.
■ Understand the effects of changing frequency 

upon an RC series circuit.
■ Plot a graph of frequency versus VC and VR for an 

RC series circuit.

SUGGESTED READING
Chapters 16, 17, and 18, Basic Electronics, Grob/
Schultz, twelfth edition

INTRODUCTION
Capacitors have the ability to store an electric charge, 
much like a battery. The charge exists between the 
two plates made of conductive material. These plates 
are separated by an insulator, or dielectric. In a DC 
circuit, a capacitor will charge up to the potential dif-
ference across it and act as an open circuit, blocking 
any DC current fl ow. In an AC circuit, the capacitor 
will charge and discharge in proportion to the fre-
quency of the alternating current, acting like a re-
sistor or, at high frequencies, a short circuit to the 
alternating current. In fact, one defi nition of a capac-
itor is any two conductors separated by an insulator.
 A charged capacitor is easily discharged by con-
necting a conducting path across the dielectric. Plac-
ing your fi ngers across a charged capacitor will 
discharge the capacitor through your fi ngers. With 
large capacitors, this will result in electric shock. 
Never assume that a capacitor is discharged.
 Capacitors are manufactured and rated in units 
called farads (F), named after Michael Faraday. When 
1 C (coulomb) is stored in the dielectric, with a poten-
tial difference of 1 V, the capacitance is equal to 1 F. 
Typically, capacitors are most often found in picofarad 
(pF) and microfarad (�F) values. The voltage rating of 
a capacitor is a maximum voltage that can be placed 
across the capacitor without damage. For example, a 
10-�F capacitor, rated at 10 V, could be easily rup-
tured (exploded) if 20 V was across the capacitor.

E X P E R I M E N T  1 7 - 1

CAPACITIVE REACTANCE
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 In an RC series circuit, the value of current is the 
same in all parts of the circuit. However, each has 
its own series voltage drop:

VR 5 IT 3 R    and    VC 5 IT 3 XC

Again, similar to an inductor, the voltages must 
be added by phasor addition because of the 90° 
phase shift due to the lagging capacitive voltage. 
Figure 17-1.2 illustrates these points. In accordance 
with the triangles in Fig. 17-1.2, the total voltage in 
an RC series circuit is

VT 5 (V R 2  1 V C 2  ) 1y2  or VT 5  ÏWWWWW
 V R 2  1 V C 2   

and the total impedance (opposition to current fl ow) 
is

ZT 5 (R2 1 X C 2  ) 1y2  or ZT 5  ÏWWWWW
 R2 1 X C 2   

Remember that the circuit phase angle is between 
the series current and the generator AC voltage as 
follows:

Inverse tan   
XC ___ 
R

   5 circuit phase angle

This is because the phase angle is negative due to 
VC lagging IC.
 The following procedures will allow you to vali-
date the information given in this introduction.

EQUIPMENT
Signal generator
Oscilloscope

COMPONENTS
(1) 4.7-kV resistor
(1) 47-kV resistor
(1) 0.0068-�F capacitor
(1) 0.1-�F capacitor
(1) 0.01-�F capacitor

PROCEDURE
 1. Connect the circuit of Fig. 17-1.3.

Fig. 17-1.1  RC circuit. (a) Purely capacitive circuit. (b) Waveshapes of iC lead vC by 90°. (c) Phasor diagram.

Fig. 17-1.2  (a) RC series circuit. (b) Phasor voltages. (c) Impedance triangle.

Fig. 17-1.3  RC circuit for measurement.



 EXPERIMENT 17-1  285

 8. Refer to the circuit of Fig. 17-1.3. Change the 
value of the capacitor to 0.01 �F, and change the 
value of the resistor to 47 kV.
 9. Readjust the signal generator to 200 Hz, and 
 increase the frequency in 200-Hz steps from 200 Hz 
to 1 kHz. Measure and record the voltage across the 
 resistor VR at each frequency step. Create your own 
table identical to Table 17-1.1.
10. Increase the frequency from 1 to 15 kHz in 
1-kHz steps, and measure and record VR at each 
frequency step.
11. Calculate and record XC at each frequency in 
steps 9 and 10 above, as XC 5 1y(2�fC).
12. Calculate the circuit current IT as VRyR for 
each frequency in step 11 above. Also, calculate VC 
as ITXC for each frequency.
13. Plot a graph of VC and VR versus frequency for 
the data in steps 10 to 12. Indicate where the VC 

and VR curves intersect at 45°.

OPTIONAL PROCEDURES
Series Capacitance
Connect two capacitors of equal value in series, and 
repeat steps 9 to 12. Make your own data table and 
record all the values.

Parallel Capacitance
Connect two capacitors of equal value in parallel, 
and repeat steps 9 to 12. Make your own data table 
and record all values.

Note: Use R 5 10 kV and VA 5 5 Vp-p.

Note: Remember, the applied voltage (5 Vp-p) must 
be adjusted and maintained only after the entire 
circuit is connected. The signal generator has its 
own internal resistance and IR voltage drop that 
can subtract from the applied voltage. Therefore, 
constantly monitor the input voltage whenever you 
change frequency in the following steps.

 2. Calculate XC for this circuit in Table 17-1.1 as

XC 5   1 _____ 
2�fC

  

 3. Measure and record in Table 17-1.1 the peak-
to-peak voltage across the capacitor. Be sure the 
ground points are kept in the same place.
 4. Measure and record in Table 17-1.1 the peak-
to-peak voltage across the resistor. If necessary, ex-
change places with the capacitor to keep the ground 
points in a common place.
 5. Calculate and record the circuit current IT in 
Table 17-1.1, using the Ohm’s law formula. Do this 
by using the measured voltage for both components.

Note: The values of IT ((a) and (b)) will be differ-
ent because R and XC are determined by different 
methods. Real-world values can vary by 10% and 
still be valid.

 (a) IT 5   
VR ___ 
R

  

 (b) IT 5   
VC ___ 
XC

  

 6. Calculate and record in Table 17-1.1 the total 
 circuit impedance, using the formula

ZT 5 (R2 1 X C 2  ) 1y2 

 7. Refer to the circuit of Fig. 17-1.3. Change the 
value of the capacitor to 0.1 �F, and repeat steps 1 
to 6.
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NAME DATE

QUESTIONS FOR EXPERIMENT 17-1

Answer the following questions on a separate sheet of paper. Show all work.

1. Using your graphed data, calculate the circuit phase angle at 8 kHz.

2. Using your graphed data, calculate the circuit phase angle at 600 Hz.

3. For a series RC circuit, at what frequency would a 10-�F capacitor have 
XC 5100 V?

4. For a series RC circuit, what value of capacitor would have 31.8 V of XC at 5 Hz?

5. For the circuit in Fig. 17-1.4, the voltage across C 5 25 Vp-p. The circuit phase 
angle is 45°. What is the voltage across R and VA?

Fig. 17-1.4  RC circuit at 45°.

VR__________________

VA__________________
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TABLE FOR EXPERIMENT 17-1

TABLE 17-1.1

Procedure
Step Measurement Value Calculations

2 XC  V

3 VC  Vp-p

4 VR  Vp-p

5a IT   mA

5b IT   mA

6 ZT  V

7 XC  V

 VC  Vp-p

 VR  Vp-p

 IT(a)   mA

 IT(b)   mA

 ZT  V

The students should prepare their own tables for 
R 5 47 kV (step 8) and steps 9 to 13.
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER

18

Oscilloscope
Test leads

COMPONENTS
(1) 0.01-�F capacitor
(1) 22-kV, 0.25-W resistor

PROCEDURE
1. Connect the circuit of Fig. 18-1.2. The capacitor 
in this circuit is used in a coupling application. 
The relatively low reactance of this capacitor al-
lows practically all the generated AC voltage to 
be dropped across the resistor. Ideally very little 
of the generated AC voltage is dropped across the 
 coupling capacitor.

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Describe capacitor coupling action.
■ Measure the demonstrated effects of capacitive 

coupling.
■ Determine the approximate frequency where a 

 capacitor begins coupling.

SUGGESTED READING
Chapter 18, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
The most common type of coupling in amplifi er cir-
cuits (Fig. 18-1.1) is capacitive. In this type of cou-
pling, the output of one stage is connected to the 
input of  another stage while the signals are sent 
through a capacitor. As in any coupling circuit which 
has sensitivity to frequency changes, the main goal 
of a good capacitive coupling circuit is to pass the sig-
nal with little attenuation of desired signals while at-
tenuating the undesired frequencies. An advantage 
of the capacitive coupling circuit is its ability to block 
the DC voltage that may be present in the output sig-
nal of the fi rst stage. This is important in that, as in 
transistor amplifi ers, the DC operational character-
istics of the second stage would be affected if its input 
signal were not free of possible DC components.

E X P E R I M E N T  1 8 - 1

CAPACITIVE REACTANCE

Fig. 18-1.1  AF coupling circuit.

Fig. 18-1.2  AF coupling circuit.

EQUIPMENT
Protoboard
Signal generator

2. Turn on the signal generator. Adjust the gen-
erator to 5 Vp-p at 100 Hz. Measure and record 
in Table 18-1.1 the following AC voltages: source 
 generator, coupling capacitor, and resistor.
3. Complete the measurements, and record the 
data in Table 18-1.1.
4. The dividing line for Cc to be a coupling capaci-
tor at a specifi c frequency can be determined 
when Xc equals one-tenth (or less) of R. At this 
point the series RC circuit becomes primarily 
resistive, and all the voltage drop of the signal 
generator is across the series resistance, with 
very little voltage dropped across the coupling ca-
pacitor. Using the one-tenth rule described above 
and the information contained in Table 18-1.1, 
determine the frequency at which the capacitor 
becomes a coupling capacitor. Adjust the signal 
generator to this frequency, and complete the 
measurements required in Table 18-1.2.
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NAME DATE

QUESTIONS FOR EXPERIMENT 18-1

1. After reading the capacitor coupling section in your book, describe what a 
 coupling capacitor is used for.

2. What importance does the one-tenth rule have, and where is it used?

3. What effect does a coupling capacitor have on the DC current?
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TABLES FOR EXPERIMENT 18-1

TABLE 18-1.1

Frequency Vs (p-p) Vc (p-p) VR (p-p)

100 Hz   

200 Hz   

300 Hz   

400 Hz   

500 Hz   

600 Hz   

700 Hz   

800 Hz   

900 Hz   

 1.0 kHz   

 1.1 kHz   

 1.2 kHz   

 1.3 kHz   

 1.4 kHz   

 1.5 kHz   

 1.6 kHz   

 1.7 kHz   

 1.8 kHz   

 1.9 kHz   

 2.0 kHz   

 3.0 kHz   

 4.0 kHz   

 5.0 kHz   

 6.0 kHz   

 7.0 kHz   

 8.0 kHz   

 9.0 kHz   

 10 kHz   

 15 kHz   

 20 kHz   
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TABLE 18-1.2

Frequency
Where Cc

Becomes a
Coupling
Capacitor 

Vs (p-p) Vc (p-p) VR (p-p)
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER

18

to the reference signal A on the horizontal axis. 
Therefore, the phase angle has magnitude and di-
rection; here the direction is 190° compared to 0° of 
the reference signal. This corresponds to the stan-
dard practice of using a counterclockwise rotation as 
the positive direction of rotation. This also means 
that signal B leads signal A by 190°.
 Although it is easier to describe phase differences 
when the signals have the same voltage, consider 
the drawing in Fig. 18-2.2. Figure 18-2.2a shows 
two sine waves with different magnitudes, but hav-
ing the same frequency. Figure 18-2.2b shows two 
sine waves 180° out of phase, also with different 
magnitudes. Notice that both phase measurements 
can be represented by their corresponding phasor 
diagrams.
 Finally, to measure phase, a phase-shift network 
will have to be created. This will be a simple RC 
 circuit.

EQUIPMENT
Oscilloscope with xy capability
DMM
Digital frequency counter (optional)
Signal generator

COMPONENTS
Leads for connecting equipment as required
(1) 1.2-kV, 0.25-W resistor
(1) 0.01-�F capacitor

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Make phase measurements on the  oscilloscope, 

using the dual-trace method.
■ Determine the phase angle by measuring volt-

ages and calculating the phase shift.

SUGGESTED READING
Chapters 15 and 18, Basic Electronics, Grob/
Schultz, twelfth edition

INTRODUCTION
This experiment concentrates on the measurement 
of a phase angle. Unlike frequency measurements, 
phase measurements compare two sine-wave sig-
nals of similar frequency; the result is a phase angle 
between two waves.
 Consider the drawing (Fig. 18-2.1) where two 
voltage waveforms are shown 90° out of phase. Fig-
ure 18-2.1a shows the two sine waves as they might 
be displayed on a dual-trace oscilloscope. Sine wave 
A starts at 0 V and 08. Therefore, it is considered the 
reference signal.
 Sine wave B actually begins 90° before sine wave 
A. In other words, the peak voltage of sine wave B 
occurs when sine wave A is at zero. The phasor di-
agram of Fig. 18-2.1b shows that both signals have 
about equal magnitude (voltage), indicated by the 
length of the arrow. The angle is shown with respect 

E X P E R I M E N T  1 8 - 2

CAPACITIVE PHASE MEASUREMENTS: 
USING AN OSCILLOSCOPE

Fig. 18-2.1  Phase angle of two sine waves.
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Fig. 18-2.2  Phase angles with different amplitudes.

Fig. 18-2.3  Phase measurement of a phase-shift circuit. 
Note: VG 5 Vgenerator.

PROCEDURE
1. Connect the circuit as shown in Fig. 18-2.3, and 
turn on the power.
2. Measure the p-p voltage across the resistor, and 
record the results in Table 18-2.1.
3. Adjust the oscilloscope to time-base operation, 
and set it to display one or two complete cycles of 
each wave. Set both channels to the same ground 
at the center graticule. Then measure the phase 
difference between the two signals: channel 2 5 VG 
and channel 1 5 VR. Also, you can use the position 
knobs, and, if applicable, choose the CHOP mode 
instead of the ALTERNATE or ADD mode.
 Draw the traces as best you can in Table 18-2.1. 
Label the two traces and show the phase difference, 

in degrees, where the VG wave crosses the zero or 
middle graticule lines. Also, show the degree per 
 division.
4. Change the frequency of the signal generator to 
8 kHz, and repeat steps 2 and 3. Use Table 18-2.2 to 
record your results.
5. Calculate the phase angle using series Xc and R 

from the impedance triangle: tan � 5 2  
Xc ___ R   and 

 record in Table 18-2.1.

Note: Use the calculator inverse tangent button 
(tan21).

6. Calculate the phase angle using measured 

values VR and VG: cos � 5   
VR ___ VG

   and record in 
Table 18-2.1.

Note: Use the calculator inverse cosine button 
(cos21). Also, using measured values will result in 
a positive phase value but you know it is an RC 
circuit. So, the phase shift is expected between VG 
and VR.
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NAME DATE

QUESTIONS FOR EXPERIMENT 18-2

1. Why did changing the frequency of VG cause a different phase angle?

2. If you didn’t have any test equipment, could you calculate the phase angle 
between VG and VR? How?

3. Draw the phasor showing the results for a phase angle where VG 5 12 V and 
VR 5 8.4 V.
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TABLES FOR EXPERIMENT 18-2

TABLE 18-2.1

Procedure
Step VG 5 23 kHz at 2 Vp-p

 2 VR 5  Vp-p

  VG 5  Vp-p

 3

 Degrees per DIV 5 

 5 �z 5  calculated

 6 �z 5  measured

TABLE 18-2.2

Procedure
Step VG 5 8 kHz at 2 Vp-p

 2 VR 5  Vp-p

  VG 5  Vp-p

 3

 Degrees per DIV 5 

 5 �z 5  calculated

 6 �z 5  measured

Note: The negative sign used in the calculated phase angle (2XcyR) in the Grob/Schultz book for series 
RC indicates VG lags I. If you simply calculate the phase angle without the minus sign (ScyR), then your 
 answer should be similar to the measured calculation using VR and VG.
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER

19

 The current fl owing in the windings of an induc-
tor produces a magnetic fi eld. With so many turns 
in close proximity, a large polarized magnetic fi eld 
builds up, which has the ability to create a force fi eld. 
A common example is a door bell that has a magnet 
in the center of an inductor. The free-moving mag-
net is  forced out by the fi eld’s magnetic opposition 
and strikes a bell. When the current is stopped, the 
fi eld collapses and the iron magnet falls back into 
the center of the inductor.
 More windings or turns in a inductor result in a 
larger magnetic fi eld when current fl ows. When a DC 
voltage is applied to an inductor, only the resistance 
of the wire exists and the current fl ows easily. In this 
case, the inductor is a short circuit to DC, with only 
the resistance of the coil. Because of this, you can 
verify that a coil is working by using an ohmmeter 
and checking for continuity. Figure 19-1.2 shows the 
circuit for verifying an inductor with an ohmmeter.

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Troubleshoot an inductor to verify that it is func-

tional for continuity.
■ Verify the DC and AC response of an inductor.
■ Induce a voltage with an inductor and light a 

neon bulb.

SUGGESTED READING
Chapter 19, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
Inductors are coils of insulated wire. Hence, they 
are often called coils. Coils have a specifi c num-
ber of coated and insulated wire windings around 
a center core, which is often made of air or iron. 
Inductors can produce (induce) voltage because 
of this winding construction, which can oppose or 
choke off higher-frequency currents. Inductors are 
rated in units of henrys (H), named after the sci-
entist Joseph Henry. For example, a 1-H coil has 
the ability to  induce 1 V when the current changes 
at the rate of 1 A/s. Whenever current is fl owing in 
a wire or conductor which is next to another con-
ductor, it is by defi nition an inductor. Figure 19-1.1 
shows some typical inductors.

E X P E R I M E N T  1 9 - 1

INDUCTORS

Fig. 19-1.1  Types of inductors and symbol.

Fig. 19-1.2  Verifying an inductor with an ohmmeter.

 When an AC signal is applied to the inductor, 
there is a reaction to the change in frequency. This 
reaction is greater when the frequency increases 
because the inductor opposes the fl ow of current 
or chokes it off. That is why an inductor is often 
called a choke. Another common use of an inductor, 
however, is in a power supply, where the buildup 
of the magnetic fi eld in a primary winding is used 
to induce a voltage in a secondary winding, often 
called a tap. This is one method of stepping down 
a higher voltage to a lower voltage; the ratio of the 
number of turns in the primary to the number of 
turns in the secondary determines the value of in-
duced voltage. Figure 19-1.3 shows a transformer, 
used to step down a voltage.
 Another form of inductor is very small and is often 
used in microwave applications. It is called a toroid 
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Fig. 19-1.3  Transformer.

Fig. 19-1.4  Toroid.

Fig. 19-1.6  Inductor in a series with AC source.

EQUIPMENT
DC power supply
AC signal generator
DMM
Oscilloscope

COMPONENTS
Resistors (0.25 W): 100 V
Inductors:

(4) coils of varying values from 10 mH to 0.5 H
(1) 0.5-H choke

Transformers: Standard 60-Hz power transformer 
with two or three taps or a center tap

Neon bulb: Ne2 bulb lighting at approximately 60 V 
or a similar bulb

PROCEDURE
 1. First, obtain a step-down transformer and 
record its values in Table 19-1.1. Then, verify the 
resistance of the primary and secondary windings 
by checking the resistance (continuity). Record 
the value of DC resis tance for each winding in 
Table 19-1.1. You should record the color of the 
wires (taps) in the table to identify them.

 2. Check the continuity of each inductor, and 
record the resistance value and the value of the 
inductor in Table 19-1.2. If any inductor is bad, 
 replace it.
 3. Connect the circuit of Fig. 19-1.5, but do not in-
sert the inductor.

 9. Measure the voltage across the inductor at 
1 Vp-p and 100 Hz. Record the value in Table 19-1.2.
10. Increase the voltage to 5 Vp-p. Measure and 
 record the value in Table 19-1.2.
11. Increase the frequency to 15 kHz. Measure the 
inductor voltage at 1 Vp-p and at 5 Vp-p applied. 
Record the results in Table 19-1.2.
12. Replace the inductor with the next value of in-
ductor, and repeat the measurements in steps 9, 10, 
and 11. Then repeat this procedure for each value 
of inductor you have.

V DC

Fig. 19-1.5  Inductor in a series circuit (with 
 current-limiting resistor).and is used to control or fi lter high frequencies. A 

toroid, as shown in Fig. 19-1.4, has only a few turns 
wound around a magnetic ring.  4. Apply 1 V DC across points A–B without the in-

ductor in the circuit. Turn off the power supply and 
insert the inductor. Turn on the power supply and 
measure the voltage across the inductor. Record the 
value in Table 19-1.2.
 5. Increase the applied voltage to 5 V. Measure 
and record the value in Table 19-1.2.
 6. Replace the inductor with the next value. Mea-
sure the voltage across the inductor at 1 V and at 
5 V, and record the results in Table 19-1.2.
 7. Repeat step 6 for the remaining inductors.
 8. Connect the circuit of Fig. 19-1.6, but do not 
 connect the inductor. Adjust the power supply so 
that 1 Vp-p at 100 Hz appears across A–B.
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16. Did the bulb light or not? Record the results in 
Table 19-1.3.
17. Increase the voltage in 0.5-V steps, and repeat 
steps 15 and 16 until the bulb lights. Note the ap-
plied voltage that lights the bulb in Table 19-1.3. Do 
not  exceed the allowable voltage rating (about 10 V 
is  average max) for the neon bulb.
18. Refer to Table 19-1.1. With the step-down 
transformer connected to an AC source, verify that 
the taps are lowering the applied voltage.

Note: Perform this step only with your instructor’s 
 approval. Use caution when measuring the out-
puts of the taps. Do not do this step until you have 
checked with your instructor about how to safely 
step down the voltage with a safe input of alternat-
ing current.

Fig. 19-1.7  Inductor with neon bulb circuit.

OPTIONAL
13. Obtain the neon bulb and connect the circuit of 
Fig. 19-1.7, but do not apply power yet.

14. Apply exactly 2 V DC to the circuit.
15. Toggle (close and open quickly) switch S1 in an 
instantaneous manner to create a current pulse. 
This will induce a voltage in the inductor which 
should be greater than the source.
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NAME DATE

QUESTIONS FOR EXPERIMENT 19-1

 1. How is an inductor constructed?

 2. How can you check if an inductor is working?

 3. How does a transformer tap work to produce various voltages?

 4. Is an inductor sensitive to changes in frequency?

 5. If an inductor measured 75 V, would it still be good?

 6. What was the difference between the inductor voltage at 100 Hz and at 
15 kHz?

 7. Why is an inductor called a choke?

 8. How is voltage induced in a coil?

 9. How could you keep the neon bulb lit longer?
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10. Is an inductor capable of causing a shock if you touch it?

TABLES FOR EXPERIMENT 19-1

TABLE 19-1.1  Transformer

Inductor Wire Colors Resistance

Primary  

Secondary  

 

 

 

TABLE 19-1.2  Inductors

 Value (H)
 and VT 5 1 V VT 5 5 V f 5 100 Hz f 5 15 kHz

Resistance VL VL VAC 5 1 Vp-p VAC 5 5 Vp-p VAC 5 1 Vp-p VAC 5 5 Vp-p

     

     

     

     

TABLE 19-1.3  Induced Voltage Circuit (Neon Bulb)

Applied DC Voltage

Volts 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5

Volts 8 8.5 9 9.5 10       

Circle the approximate voltage that lights the bulb.

OPTIONAL:
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:
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CHAPTER

20

a rather large inductor and is used for 60-Hz AC 
power lines or other low-frequency (audio range) 
applications. A 1-�H coil, however, is a rather 
small inductor and is used at higher frequencies. 
Also, remember that as the frequency increases in 
an AC circuit, the inductive reactance XL increases 
even though the value of the inductor (in henrys) 
remains the same. In other words, the coil reacts 
to, or opposes, a change in current. As frequency 
increases, XL  increases. Therefore, the formula for 
inductive reactance is

XL 5 2�fL

where f is the determining factor. Note that 2� is the 
constant circular motion from which a sine wave is 
derived (360°).
 As XL increases, the amount of circuit current 
 decreases because the inductive reactance acts like a 
variable resistance. That is, for any given frequency, 
the inductive reactance will have a different resis-
tance in ohms. For this reason, two series inductors 
of the same value will have twice as much reactance 
(in ohms), behaving like two series resistors. Simi-
larly, two parallel inductors of the same value will 
have half as much reactance as one. And, according 
to Ohm’s law, the value of circuit current is

IT 5   VT ___ 
XL

  

where XL is in ohms.
 When a voltage is induced in a coil, the current 
lags the induced voltage by 90°. This lag exists in 
time, as is best represented by Fig. 20-1.1.

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Understand the concept of inductive reactance 

and validate the formula XL 5 2�fL.
■ Understand phase relationships.
■ Plot the frequency response of a series RL circuit.

SUGGESTED READING
Chapters 19, 20, and 21, Basic Electronics, 
Grob/Schultz, twelfth edition

INTRODUCTION
To study inductance, cosine waves, inductive reac-
tance, inductive coupling, and many other aspects 
of an inductor (coil) in an AC circuit would require 
weeks of laboratory time. Therefore, this experiment 
will  focus on the basic properties of an inductor that 
are fundamental to a technician.
 As its name implies, an inductor produces its own 
(self-induced) voltage. In fact, any conductor that is 
close to another conductor (like two wires in close 
proximity) can be considered an inductor if current 
is  fl owing. Thus, as current fl ows in any inductor, 
a voltage is induced. This is accomplished because 
the  inductor (coil) produces a magnetic fi eld, and 
the magnetic fi eld is greater with more turns of wire 
and/or more changes of current (frequency).
 Remember that a coil’s inductance uses the sym-
bol L (from linkages of magnetic fl ux) and is mea-
sured in henrys (H). An 8-H coil, for example, is 

E X P E R I M E N T  2 0 - 1

INDUCTIVE REACTANCE

Fig. 20-1.1  Inductive circuit. (a) Purely inductive circuit. (b) Sine wave iL lags vL. (c) Phasor diagram.
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Therefore, if R 5 1 kV and XL 5 1 kV,

Z 5 (10002 1 10002)1y2 or Z 5  ÏWWWWWWW
  10002 1 10002  

5 1.414 kV

The phase angle � (theta) of the complete circuit is 
calculated as the inverse tangent of XL/R. In the case 
of Fig. 20-1.2,

  XL ___ 
RL

   5   1000 _____ 1000   5 1 and tan21 5 45°

At 45°, notice that XL and R are equal in resistance 
and also in IR voltages.
 The procedures that follow will allow you to validate 
all the concepts discussed above. However, remember 
that the effects of inductive reactance are sometimes 
diffi cult to comprehend in the same way that magne-
tism produces somewhat mysterious effects.

EQUIPMENT
Oscilloscope
Signal generator
Protoboard
Leads
DC power supply

COMPONENTS
(1) 560-V resistor
(1) 33-mH inductor

PROCEDURE
Note: Show all the calculations on a separate sheet, 
and label which procedure step they apply to.

 1. Using an ohmmeter, measure the DC resistance 
of the inductor and record the value in Table 20-1.1. 
Remember, this is the resistance at 0 Hz.
 2. Connect the circuit of Fig. 20-1.3.

Note: Adjust the signal generator to 5 Vp-p by plac-
ing the oscilloscope across points A and B only after 
the entire circuit is connected. This is because the 
signal generator has its own internal resistance. 
Therefore, VA can never be adjusted correctly un-
less it is  connected in the circuit. The frequency 
does not have to be exact.

 Although the current in the inductor lags by 90°, 
the value is still the same in all parts of a series circuit. 
The time lag exists only between the induced voltage 
and current, and is more theoretical than practical.
 When a resistor and an inductor are in series with 
an AC source, the current is the same in all parts of 
the circuit, and the inductor and resistor each has 
its own voltage drop (IR) calculated by Ohm’s law. 
However, the voltage across the inductor leads the 
voltage across the resistor by 90° due to the lag-
ging current. This is often referred to as ELI, where 
E (voltage across L) leads I. Thus, an inductor may 
have a 100-V (I 3 XL) drop, and the resistor may also 
have a 100-V IR drop, but the combined total volt-
age (V applied from the generator) will be the applied 
141 V, as shown in Fig. 20-1.2.
 Notice that in Fig. 20-1.2 the pythagorean theo-
rem can easily be used to combine the two IR series 
voltages. The resultant of the phase addition of R 
and XL (in ohms) is calculated the same way and is 
called the impedance, or total opposition to current, 
with the symbol Z:

Z 5 (R2 1 XL
2)1y2 or Z 5  ÏWWWWW

 R2 1 XL
2  

Fig 20-1.2  RL series circuit. (a) Series RL circuit with 
voltage drops shown. (b) Phasor diagram. (c) Resultant
of two phasors 5 VT 5  ÏWWWWW

 VR
2 1 VL

2   5 141 V.

Fig 20-1.3  Series RL circuit.
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 9. Calculate and record in Table 20-1.1 the induc-
tances as

 L 5   XL ____ 
2�f

  

10. Refer to Fig. 20-1.3. Readjust the frequency 
to 100 Hz. Increase the frequency in 100-Hz steps 
from 100 Hz to 1 kHz. Measure and record VL at 
each frequency step in Table 20-1.2.
11. Beginning at 1 kHz, increase the frequency in 
1-kHz steps from 1 kHz to 10 kHz, and measure 
and record VL at each step in Table 20-1.2.
12. Calculate XL for each frequency point in steps 10 
and 11 above, and record the values in Table 20-1.2.
13. Plot a graph of frequency versus VL and XL for 
the data of steps 11 and 12 using semilog paper.

OPTIONAL PROCEDURES
Series Inductance
Connect two inductors of equal value in series, and 
 repeat steps 1 to 9. Make your own data table (similar 
to Table 20-1.1). Or add a column on to Table 20-1.1, 
and label it as 2 series L.

Parallel Inductance
Connect two inductors of equal value in parallel, and 
repeat steps 1 to 9. Make your own data table (similar 
to Table 20-1.1). Or add a column on to Table 20-1.1, 
and label it as 2 parallel L.

 3. Calculate XL for this circuit as

XL 5 2�fL

Record the value in Table 20-1.1.
 4. Measure and record the peak-to-peak voltage 
across the inductor. Be sure the oscilloscope probe 
(1) is at point C.
 5. Measure and record in Table 20-1.1 the peak-
to-peak voltage across the resistor. Be sure to 
exchange the resistor’s place with the coil so that 
the oscilloscope ground and the signal generator 
ground are at the same point.
 6. Calculate the circuit current and record it 
in Table 20-1.1 by using the Ohm’s law formula. 
Do this by using the measured voltages for both 
components:

Note: The values of IT will be different because the 
measured values and the calculations are deter-
mined using different methods. Variations up to 
about 10% are common.

(a) IT 5   
VR ___ 
R

      (b) IT 5   VL ___ 
XL

  

 7. Calculate and record in Table 20-1.1 the total 
 circuit impedance, using two formulas:

 (a) ZT 5 (R2 1 XL
2)1y2    (b) ZT 5   

VG ___ 
IT

  

 8. Calculate and record in Table 20-1.1 the fre-
quency as

f 5   XL ____ 
2�L
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NAME DATE

QUESTIONS FOR EXPERIMENT 20-1

Answer true (T) or false (F) to the following:

  1. As frequency increases, XL also increases.

  2. The DC resistance of a coil is always 0 V.

  3. As frequency decreases, XL also increases.

  4.  Two parallel coils of equal value will have twice as much inductance as 
one coil.

  5. Two series coils of equal value will have half as much inductance.

  6.  If, in a series RL circuit, VR 5 2 Vp-p and VL 5 2 Vp-p, the applied volt-
age would equal 4 Vp-p.

  7.  In a series RL circuit, the voltage across the resistor always lags the 
voltage across the inductor by 90°.

  8. The current in an RL series circuit is the same in all parts of the circuit.

  9.  There is a phase relationship in a RL circuit because the resistor 
opposes a change in current.

 10.  The phase angle of an RL series circuit, where R and XL are equal, will 
always be 45°.

TABLES FOR EXPERIMENT 20-1

TABLE 20-1.1

Procedure Circuit 
Step Component Value

 1 RL Measured  V

 3 XL Calculated  V

 4 VL Measured  Vp-p

 5 VR Measured  Vp-p

 6a IT Calculated  mA

 6b IT Calculated  mA

 7a ZT Calculated  V

 7b ZT Calculated  V

 8 f Calculated  kHz

 9 L Calculated  H
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TABLE 20-1.2

F VL XL

100 Hz  

200 Hz  

300 Hz  

400 Hz  

500 Hz  

600 Hz  

700 Hz  

800 Hz  

900 Hz  

  1 kHz  

  2 kHz  

  3 kHz  

  4 kHz  

  5 kHz  

  6 kHz  

  7 kHz  

  8 kHz  

  9 kHz  

 10 kHz  
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER

21

of inductance L. Inductors have also some internal 
resistance that is usually very small compared to 
the reactance of the inductor. In most cases, as fre-
quency increases, the reactance of the inductor is 
usually much greater than its resistance.
 Because the inductor is a reactive component, the 
concept of phase angle becomes important, especially 
with high-frequency or microwave circuits. There-
fore, keep in mind the principle that the AC voltage 
always leads current in the inductor (which is the 
same as the current always lagging the voltage). In 
both cases, the difference is always 90 degrees. This 
90-degree phase angle is used to describe the con-
stant delay in time between the peak voltage and 
the peak current in the inductor. This effect occurs 
 because the inductor has many closely spaced turns 
or windings. However, regardless of the number of 
turns of the inductor or the frequency, the 90-degree 
phase difference stays  constant between V and I in 
the inductor itself. For practical purposes current is 
not measured directly in an inductive circuit but can 
be calculated from the voltage and the reactance.
 Another quality of an inductor is its Q. For any 
coil, this quality of merit of Q is calculated as XLyR, 
where R is the internal DC resistance of the coil. 
Of course, the reactance XL is dependent upon fre-
quency. Therefore, the Q is valid only for a given 

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Measure time and voltage in an inductive circuit.
■ Calculate phase shift between signals.
■ Determine the Q of an inductor.

SUGGESTED READING
Chapter 21, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
Most inductors are combined with capacitors to cre-
ate fi lters. However, inductors can also be used alone 
as chokes to keep an AC or rf signal out of some part 
of a circuit, usually the DC bias of an amplifi er or 
mixer. In this lab, you verify the use of an inductor 
for feeding DC to one part of a circuit while keeping 
the rf or AC signal out.
 As you previously learned, an ideal inductor is 
considered a short to DC. Therefore, when an induc-
tor is  in a circuit, it will pass DC but will oppose 
AC. This opposition to AC is a variable impedance, 
depending upon the AC frequency and the amount 

E X P E R I M E N T  2 1 - 1

INDUCTIVE CIRCUITS

Fig. 21-1.1  Phasor diagram. Left, RL series circuit impedance. Right, parallel RL circuit response.
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 4. Using a DC voltmeter, measure and record, in 
Table 21-1.2, the DC voltages to ground across bias 
 resistor R1 at point A, inductor L1 at point B, and 
the 1-kV load resistor at point C.
 5. Adjust the signal generator to each frequency 
step shown in Table 21-1.3, and measure the peak 
voltages (not p-p) to ground across bias resistor R1 

at point A, inductor L1 at point B, and the load resis-
tor at point C. Record the results in Table 21-1.3.
 6. Exchange the position of the resistor R1 and 
the inductor L1 so that the circuit looks like the 
one shown here in Fig. 21-1.3. Repeat the previous 
steps for this new confi guration, measuring and 

frequency. In general, the higher the Q, the greater 
the quality of the coil. Because Q is a ratio, less R 
has the most effect.
 In review, keep in mind that when R and L are in 
series, the amount of current is the same in all parts 
of the circuit but the voltages across L and R are 
90 degrees out of phase. This means that at the same 
point in time their voltages are different: When the 
resistor voltage is at its peak, the inductor voltage is 
at zero. To describe this, a phasor diagram is used 
(Fig. 21-1.1) where the two voltages VL and VR are 
shown on a right triangle. This is also used to de-
scribe the series circuit impedance Z of an RL series 
circuit. When L and R are in parallel, the 90-degree 
phase angle (shift in time) applies to the branch 
currents but the voltages are the same. Again, the 
right triangle and phasor diagram (Fig. 21-1.1) can 
be used to describe this parallel RL circuit response.

Note: The ideal phase shift of 90 degrees between 
R and L is not a practical measurement because 
the scope is grounded and cannot easily be made to 
measure across the individual components R and L 
at the same time. For this reason, measurements in 
this lab will have phase shifts less than 90 degrees 
due to the combined RL effects.

EQUIPMENT
DMM
Oscilloscope: dual-trace
Signal generator
DC supply or Signal Gen
DC offset
Protoboard
Leads

COMPONENTS
(1) 100-mH inductor
(1) 33-mH inductor
(2) 100-V resistor
(2) 1-kV resistor

PROCEDURE
 1. With an ohmmeter, measure and verify that the 
resistors used in this experiment are accurate. If 
any resistor is more than 10 percent from nominal, 
replace it.
 2. With an ohmmeter, measure the DC resistance 
of the inductors (33 mH and 100 mH), and record 
the values in Table 21-1.1. This will also verify that 
the inductors (coils) are not open. Your inductors 
may have 40 or 50 V of Ri at DC. Calculate the Q of 
each coil, assuming a reactance of 400 V at 1 kHz, 
and record the results in Table 21-1.1.
 3. Connect the circuit of Fig. 21-1.2. Fig. 21-1.3  Inductive circuit. Step 6.

Fig. 21-1.2  Inductive circuit. Step 4.
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 9. With the dual-trace oscilloscope displaying 
about 2 periods each of the p-p signals from ground 
to point A (channel 1) and from ground to point C 
(channel 2), draw the two signals as best you can 
on the oscilloscope graphs in Table 21-1.6. This will 
show their phase relationship or time on the x axis. 
On the graph, label the two signals: VA is 4 Vp-p 
and the other is VC. Also, indicate the difference on 
the x axis. For example, if the difference is 1⁄2 divi-
sion (between peaks), at 1 ms per division, then the 
difference in time is about 0.5 ms. Using that value, 
you can calculate the phase shift by using the ex-
ample formula shown in Table 21-1.6.
10. Decrease the signal generator frequency to 
100 Hz, and lower and notice the results on the 
oscilloscope between the phase of the two signals— 
adjusting the scope time base as necessary. Also, be 
sure to check the 4 Vp-p and adjust it if necessary. 
Notice what happens and keep this in mind for an-
swering the questions—there is no need to record 
the results.
11. Increase the signal generator to 1 kHz with 
4 Vp-p applied—notice how you adjust the signal 
generator (up or down in amplitude) and adjust 
the scope to display about 2 periods of each signal. 
Draw the two signals on the graph, and indicate 
which signal is the input and which is point C to 
ground. Also include the amplitude of VC and the 
difference in time  be- tween the two signals (x axis 
time) in Table 21-1.6.
12. Increase the signal generator to 10 kHz, 
 adjusting the applied voltage. Again, in Table 21-1.6, 
record the traces on the graph with amplitude, time, 
and phase differences.
13. Return the signal generator to 1 kHz with 
4 Vp-p applied. Now, connect the scope channel 
2 probe to point B (to ground). Notice how the 
signal at point B differs from that at point C due 
(at 1 kHz). Move the scope probe back and forth 
between points B and C to verify the difference 
between inductor values (33 mH versus 100 mH). 
Use this observation in your  report.

Fig. 21-1.4  Step 8.

recording the peak voltage at point C, across the 
1-kV load  resistor as you adjust the signal gener-
ator to 4 Vp-p for each step. Refer to Tables 21-1.4 
and 21-1.5 for recording results and varying the 
frequency.
 7. Slowly turn down the DC power supply volt-
age from 5 to 0 volts, and look at the traces on the 
scope. Note any change that occurs to the AC sig-
nal, and be prepared to include this information in 
your report.
 8. Connect the circuit of Fig. 21-1.4 shown here. 
The signal generator should be set to 200 Hz at 
4 volts p-p (peak-to-peak). You will need to connect 
the oscilloscope (Channel 1) to the circuit to measure 
the applied signal to get the correct results. Remem-
ber that the signal generator has its own impedance 
that is in parallel with the circuit—so connect it fi rst 
and then measure 4 Vp-p across the circuit.

Note: The scope time base will be at about 1 ms per 
div on the x axis for 200 Hz, and you may have to 
adjust the triggering. The y axis for magnitude (p-p 
value) can be 0.5 volt/div for channel 1 (4 Vp-p) and 
0.5 volt/div for channel 2.
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QUESTIONS FOR EXPERIMENT 21-1

1. Why is the DC voltage across the load resistor always zero for this experiment?

2. Why is the AC voltage across the load resistor the same as the generator?

3. What would happen if the inductor value (100 mH) increased greatly, for exam-
ple, to 1 H, in the fi rst two  circuits measured?

4. In the last circuit, what was the effect on the phase (time axis) of the two 
traces as the applied frequency was decreased?

5. In the last circuit, was the applied voltage (4 Vp-p) decreased or increased 
as you increased the frequency for the last steps? Explain why you think this 
was necessary.

6. In the last step, was the signal across the resistor (point B) greater or lesser 
for the branch with 33 mH,  instead of 100 mH, and why?
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TABLES FOR EXPERIMENT 21-1

TABLE 21-1.2

Applied DC Voltage DC Voltage Point B DC Voltage Point C

5.0  

TABLE 21-1.1  XL 5 400 V

Resistance and Q of 33-mH Inductor Resistance and Q of 100-mH Inductor

R 5  R 5 

Q 5  Q 5 

Note: Calculate Q as XK/R.

TABLE 21-1.3

Frequency A: Peak Volts B: Peak Volts C: Peak Volts

100 Hz   

300 Hz   

500 Hz   

700 Hz   

 1 kHz   

 3 kHz   

 5 kHz   

 7 kHz   

 9 kHz   

 10 kHz   

TABLE 21-1.4

Applied DC Voltage DC Voltage Point B DC Voltage Point C

5.0  
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TABLE 21-1.5

Frequency A: Peak Volts B: Peak Volts C: Peak Volts

100 Hz   

300 Hz   

500 Hz   

700 Hz   

1 kHz   

3 kHz   

5 kHz   

7 kHz   

9 kHz   

10 kHz   
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TABLE 21-1.6
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER

22

63.2 V in 4 ms. In another 4 ms, the capacitor would 
change to 63.2 percent of the remaining voltage, or 
63.2 percent of 36.8 V. This would repeat until the 
voltage across C equaled the applied voltage. Also, 
during this time, the circuit current would steadily 
decay until VC reached its maximum voltage, or VA.
 Similarly, if the capacitor were discharging, 
RC would specify the time it takes C to discharge 
63.2 percent of the way down, to the value equal to 
36.8 percent of the initial voltage across C at the 
start of  discharge. A capacitor is usually considered 
charged after approximately fi ve time constants.

EQUIPMENT
DC power supply
DMM with micro-ammeter capability
Leads and a Proto-board 
Blank paper or tabular paper and pencil or pen

COMPONENTS
(2) 4 �F or similar capacitors
(1) 1.2 MΩ resistor

PROCEDURE
This experiment should be done by two people: one 
reading the value on the DMM and one recording it 
in a table. The readings and recordings occur every 
two seconds—this is fast. If you are alone, you can 
do it every 4 seconds and estimate the values in be-
tween for every 2 seconds but it will be diffi cult and 
is not recommended.

1. Connect the circuit of Fig. 22-1.2. The switch 
S1 can be either a lead or the power supply on/off 
switch. S2 is a wire lead.

Caution: Do not turn power on yet.
2. Calculate and record in Table 22-1.1 the amount 
of circuit current IT by using Ohm’s law. Also, record 
the value of capacitance C (single capacitor value 
used).
3. Refer to Fig. 22-1.2, with S2 closed; apply power 
(close S1). Current is now fl owing in the circuit. 
Therefore, measure the total DC current (capacitor 
is bypassed) and record the value in Table 22-1.2. 

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Understand the concept T 5 RC.
■ Validate the decaying discharge current in an RC 

series circuit.
■ Plot a graph of Vc and Ic versus time for single, 

series and parallel capacitance.

SUGGESTED READING
Chapters 18 and 22, Basic Electronics, Grob/Schultz, 
twelfth edition.

INTRODUCTION
A capacitor in series with a resistance will charge to 
63.2 percent of the applied voltage in one time con-
stant. This time constant T (in seconds) is applied 
to nonsinusoidal waveforms as a transient response, 
where R is the series resistance in ohms and C is the 
value of the capacitance in farads, or

T 5 RC

For example, the circuit of Fig. 22-1.1 has the follow-
ing time constant:

 T 5 RC 5 (1000)(4 3 1026)
 5 4000 3 1026

 5 4 3 1023

 5 4 ms

Notice that the applied voltage does not affect the 
value of T. The time constant T is the time for the 
 voltage across C to change by 63.2 percent. If VA 
in Fig. 22-1.1 were 100 V, then C would change to 

E X P E R I M E N T  2 2 - 1

RC TIME CONSTANT

Fig. 22-1.1  RC time constant circuit.
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seconds from time zero to 30 seconds on a separate 
piece of paper (not the table yet). This is your fi rst 
run of collecting data.
8. Repeat the procedure (previous step) one or two 
more times to verify your results—you can average 
the values—add them and divide by the number of 
trials. Record the fi nal values of current for every 
2 seconds in Table 22-1.1.
8. Connect a voltmeter (DMM) across C1 and re-
peat the measurement for voltage across the capac-
itor every 2 seconds. Be sure to do it two or three 
times and average the values. Record the fi nal val-
ues of increasing voltage across C1 in Table 22-1.1. 
9. Connect two capacitors in series, repeat steps 2-8 
and record the values in Table 22-1.2.
10. Connect two capacitors in parallel, repeat 
steps 2-8 and record the values in Table 22-1.3.

Now you should have all the data you need.

11. Using the data from the fi rst table (single ca-
pacitor), plot a graph of current Ic and voltage Vc. 
Draw it as best you can—it will be similar to the 
graph shown in Fig. 22-1.3 which is a typical plot 
of voltage and current over time for and RC circuit. 
On your graph, be sure to label the axes values 
based on your data. 

mA

4 mF

DMM (mA range)

S2VA = 20 V
C1

S1

R1
1.2 MΩ

Fig. 22-1.2  RC series circuit for RC time constant 
measurement.

4. Discharge the capacitor: Turn off power (same 
as open S1) and close S2 (capacitor is shorted).
5. Now open S2: the discharged capacitor is now 
in the circuit with no power applied. Watch your 
ammeter (DMM) and turn on power (S1 closed). 
You should see the value of current decreasing as 
the capacitor charges in a few seconds it should 
decrease to zero. The amount of time it takes is the 
RC time constant. 

 For the next steps, you will record values of 
current and then voltage every 2 seconds for 30 sec-
onds. The objective is to observe the current decay-
ing as the capacitor charges and then to observe the 
voltage increasing—they are inversely related.

6. Now prepare to read and record the current in 
micro-amps on the meter every 2 seconds as current 
decays. You will need some blank paper and a part-
ner: one person to call out the value every 2 seconds 
and another person to record the value. You can use 
the phrase “ready go” when you apply power at time 
zero by closing S1 (keep S2 open). And then call out 
the value every 2 seconds as your partner record 
the value in micro-amps. Be sure your meter is set 
for micro-amps. When you are ready, discharge the 
capacitor again and try a practice run.
7. Discharge the capacitor again and begin the 
measurement: record the value of current every two 

Fig. 22-1.3  Typical plot of time versus amplitude for 
RC time constant. Label both axes as necessary and indi-
cate RC values in the title.
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NAME DATE

QUESTIONS FOR EXPERIMENT 22-1

Answer true (T) or false (F) to the following:

1. The RC time constant is expressed in units of farads.

2. The formula for the RC time constant is T 5 1/RC.

3.  The time constant T is the time for the voltage across R to change by 
36.8 percent.

4.  The change of 63.2 percent is constant for all values of R and C as long as 
a sine wave is the applied voltage.

5.  For a 1000-V R in series with an 18-�F C, the time constant would be 
180 ms.

6. The time constant formula is the same for a discharging capacitor.

7.  After approximately fi ve time constants, a capacitor is considered charged 
to the applied DC voltage.

8.  After two time constants in an RC circuit where R 5 2 kV and C 5 15 �F, 
the capacitor would be charged to about 86 V with an applied voltage 
of 100 V.

9.  For question 8, if C were increased to 30 �F and R were increased to 4 kV, 
the capacitor would charge twice as fast.

10.  An RC charge or discharge curve usually has the same shape, regardless 
of the values of R and C.
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TABLE 22-1.1   Single Capacitor—Current Decay and Voltage Charge

R1 5 1.2 MΩ, Total Current It 5 __________ with 20 Volts applied and C 5 ____________ .

Time in Seconds Current (�A) Voltage (volts)

 0

 2

 4

 6

 8

10

12

14

16

18

20

22

24

26

28

30

TABLE 22-1.2   Two Capacitors in Series—Current Decay and Voltage Charge 

R1 5 1.2 MΩ, Total Current It 5 __________ with 20 Volts applied and C 5 __________ .

Time in Seconds Current (�A) Voltage (volts)

 0

 2

 4

 6

 8

10

12

14

16

18

20

22

24

26

28

30

TABLES FOR EXPERIMENT 22-1
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TABLE 22-1.3   Two Capacitors in Parallel—Current Decay and Voltage 

Charge R1 5 1.2 MΩ, Total Current It 5 ___________ with 20 Volts applied and C 5 ___________ .

Time in Seconds Current (�A) Voltage (volts)

 0

 2

 4

 6

 8

10

12

14

16

18

20

22

24

26

28

30
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER

23

 When resistance is added to the circuit, the total 
 effect is determined by phasors. The phasor for the 
circuit of Fig. 23-1.1, if R were added, would be as 
shown in Fig. 23-1.2. Or, if XL were greater, it would 
be as shown in Fig. 23-1.3.

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Understand series reactance and resistance.
■ Determine the net reactance, phase angle, and 

 impedance of an RLC circuit.
■ Determine the real power of an AC circuit as 

 opposed to apparent power.

SUGGESTED READING
Chapter 23, Basic Electronics, Grob/Schultz,
twelfth edition

INTRODUCTION
Previous experiments covered RL series circuits and 
RC series circuits. In both of these AC circuits, the 
 concept of reactance was investigated. The results 
showed that the reactive component had its own 
 voltage drop that was out of phase with the resis-
tive component, although the circuit current was the 
same in all parts of the circuit.
 In an RLC series circuit, the same concepts apply. 
However, when XL and XC are both in the circuit, 
the opposite phase angles enable one to cancel the 
effect of the other. For XL and XC in series, the net 
reactance is the difference between the two series 
reactances, resulting in less reactance than either 
one alone. In parallel circuits, the branch currents 
cancel, resulting in less total current.
 Consider the circuit of Fig. 23-1.1. Notice that the 
circuit current is found by dividing the applied volt-
age by the total net reactance of the circuit. Here,

  120 V ______ 
20 V

   5 6 A

The net reactance is the difference between XL 5 60 V 
and XC 5 40 V. In the same manner, the difference be-
tween the two voltages is equal to the applied voltage 
because the IXL and IXC voltages are opposite. If the 
 values were reversed, the net reactance would be 20 V 
XC. The current would still be 6 A, but it would have 
a lagging (290°) instead of a leading (190°) phase 
angle.

E X P E R I M E N T  2 3 - 1

AC CIRCUITS: RLC SERIES

 When XL and XC are equal, the net reactance is 0 V, 
and the result is called resonance. Because reso-
nance has a specifi c application, it will be studied 
sepa rately in later experiments.

Fig. 23-1.1  LC circuit reactances. Net reactance 5 
60 V 2 40 V 5 20 V.

Note: XL = 2p fL and XC = 1/2p fC

Fig. 23-1.2  Phasor diagrams for net capacitive reac-
tance. (a) Impedance. (b) Voltage.

Fig. 23-1.3  Phasor diagrams for net inductive reac-
tance. (a) Impedance. (b) Voltage.
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PROCEDURE
1. Connect the circuit of Fig. 23-1.5.
2. Use an oscilloscope. Measure and record in 
Table 23-1.1 the peak-to-peak voltage across the 
capacitor (VC), the inductor (VL), and the 
resistor (VR).

Note: Avoid ground loops when measuring voltage 
with the oscilloscope by moving the resistor and in-
ductor to keep the same ground point.

3. Calculate and record XL and XC in Table 23-1.1.
4. Calculate and record the circuit current IT for 
VRyR, VCyXC, and VLyXL.
5. Calculate and record in Table 23-1.1 the net re-
actance and the impedance Z. Also, draw a phasor 
diagram for these values and determine the phase 
angle.
6. Determine the apparent power, real power, and 
power factor and record in Table 23-1.1.
7. Increase the frequency to 10 kHz and repeat 
steps 1 to 6. Record in Table 23-1.1.

 The procedure that follows will investigate an 
RLC circuit where there will be a net reactance. In 
that case, there will be a difference between real 
power and apparent power. Consider the example of 
the  circuit shown in Fig. 23-1.4. With V and I out 
of phase because of reactance, the product of the 
applied voltage and the circuit current is apparent 
power, and the unit is the volt-ampere (VA). How-
ever, the real power is the resistive power, dissipated 
as heat, and can  always be found as I2R. Finally, the 
ratio of real power over apparent power is called the 
power factor and is equal to the cosine of the phase 
angle of the circuit. The power factor is used com-
mercially to bring about effi cient distribution of en-
ergy in power lines.

EQUIPMENT
Signal generator
Oscilloscope
DMM
Leads
Protoboard

COMPONENTS
(1) 1-kV, 0.25-W resistor
(1) 0.01-�F capacitor
(1) 33-mH inductor

Fig. 23-1.4  RLC series circuit.

Fig. 23-1.5  RLC series circuit for measuring net 
reactance.

OPTIONAL PROCEDURE
Use different values of R, L, and C. Record the values 
and repeat steps 1 to 7. Also, try different frequen-
cies: 5 kHz, 100 kHz, and 1 MHz. Use a separate 
sheet to record and discuss the results.
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NAME DATE

QUESTIONS FOR EXPERIMENT 23-1

1. In an RLC series circuit, why can an inductor have more measured voltage than 
the applied voltage?

2. If XL and XC were zero, what would the phase angle of Fig. 23-1.5 be?

3. Explain the difference between real power and apparent power.

4. If an RLC series circuit had four inductors, fi ve resistors, and seven capacitors, 
all in series, would the value of current be the same in all parts of the circuit?

5. When would the circuit of Fig. 23-1.5 (as shown) have the opposite net 
reactance?
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TABLE FOR EXPERIMENT 23-1

TABLE 23-1.1

Procedure Circuit  Steps 2–6:  Step 7: 
Step Component Value at f 5 1 kHz Value at f 5 10 kHz

2 VC measured  

 VL measured  

 VR measured  

3 XL calculated  

 XC calculated  

4 IT 5 VRyR  

 IT 5 VCyXC  

 IT 5 VLyXL  

5 XO calculated
 (net reactance)  

 Z calculated  

6 Apparent power  

 Real power  

 Power factor  

5 Draw phasor diagram here:
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER

24

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Use complex numbers to describe circuit 

 impedances.
■ Measure and record complex data.
■ Calculate the complex impedance of measured 

 circuits.

SUGGESTED READING
Chapter 24, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
Complex numbers are most often used to describe 
the impedance (Z) of a circuit. Consider an ampli-
fi er for example, as shown in Fig. 24-1.1. It may 
have both resistance and reactance to the input sig-
nal that is to be amplifi ed over a specifi c frequency 
range. The AC signal is also coming from the out-
put of another stage or circuit, such as a preamp. 
Therefore, to achieve maximum power transfer, the 
output impedance of one stage must be matched to 
the input of the next stage. To do this, you need to 
determine the amplifi er’s input impedance (resis-
tance and reactance) so  that it can be modifi ed to 
match the output im pedance of the previous stage. 
Therefore, the use of complex numbers becomes an 
important way to  describe Z and obtain a match.
 In general, many rf circuits are designed for off-
the-shelf use to have a standard value of impedance: 

50 1 j0. Of course, there is some tolerance. For this 
reason, you will see test equipment often made with 
50 V of impedance.
 The complex number describes the amount of 
resistance (real part) and the amount of reactance 
(imaginary part) due to XL or XC in the circuit. The 
reactance or imaginary part is referred to as the j 
operator and is often plotted on a polar plot. By de-
scribing the impedance Z as a complex number, the 
test technician can work with the circuit designer to 
achieve a better match from one output to the input 
of another stage.
 In rf and microwave circuits, the measurement of 
circuit impedance is usually done with a network 
 analyzer. The network analyzer sends a signal into 
a circuit and determines the amount of signal that is 
 refl ected from the input. Thus, by knowing the input 
signal and the refl ected signal, the impedance can 
be calculated automatically and plotted on the dis-
play. The network analyzer can also measure trans-
mission to determine the amount of signal passing 
through (gain or loss) a circuit compared to the in-
jected signal. However, this type of expensive test 
equipment is usually reserved for high-frequency 
(microwave) study and not often used in the fi rst 
year of electronics for technicians. But it is possible 
to measure circuits that represent impedances and 
then describe them using complex numbers.
 As shown in Fig. 24-1.2, the impedance of a circuit 
can be plotted as a phasor or put on a polar plot.
 Using complex numbers to describe impedance 
has this advantage: The real part from the resistance 
stays the same regardless of the frequency applied. 
However, the reactive part of 1j or 2j V is specifi c 
to a given frequency. Also, remember that an imped-
ance of 25 2 j100 V, for example, is not meaningful 
unless the frequency is specifi ed. This is because the 
reactive component ( j) is calculated from XL or XC.
 The circuit of Fig. 24-1.3 shows a mismatch be-
tween two circuits. With two different impedances, 
the AC signal will not transfer with maximum power 
from one circuit stage to the next, unless the imped-
ances are matched exactly equal (real and imagi-
nary). In addition, there will always be a phase shift 
between the real and imaginary parts unless there 
is no reactance at all.

E X P E R I M E N T  2 4 - 1

COMPLEX NUMBERS FOR 
AC CIRCUITS

Fig. 24-1.1  Amplifi er circuit; (b) equivalent circuit.
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COMPONENTS
(1) 50-V resistor or (2) 100-V resistors connected in 

parallel
(1) 1-�F capacitor
(1) 33-mH inductor

PROCEDURE
 1. With an ohmmeter, measure the 50-V resistor 
or the two 100-V resistors in parallel to be sure 
you have 50-V of series resistance within 5 percent 
tolerance.
 2. Connect the circuit of Fig. 24-1.4.

Note: As you study electronics, you will learn that 
50 V is a standard value of impedance for electronic 
circuits. With air being about 300 V and a perfect 
conductor being 0 V, 50 V is a reasonable standard 
for all high-frequency applications.

 3. Connect the scope across the signal generator 
and adjust input signal VA to 2 Vp-p with a fre-
quency of 3 kHz the input.

 For the circuit with the mismatch (Z input), a 
resis tance of 25 V is added to the input; along with 
an inductor that had 100 V of inductive reactance at 
the frequency of interest to cancel out the 100 V of 
capacitive reactance. Also, keep in mind that when 
L and C are in series or parallel, they can also reso-
nate at some frequency so this is another factor that 
must be considered.
 For this experiment, without using a network ana-
lyzer, the use of complex numbers to describe circuit 
impedance will be obtained from measuring volt-
ages and then calculating reactance and writing the 
complex number to describe the circuits. Afterward, 
the circuit will be modifi ed to achieve the desired 
impedance.

EQUIPMENT
DMM
Dual-trace oscilloscope
Breadboard
Signal generator
Leads as needed

Fig. 24-1.2  Impedance plotted as a phasor (left) and as a polar plot (right).

Fig. 24-1.3  A mismatch between two circuits. Solution in text below.
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13. Connect the R-L circuit of Fig. 24-1.5 by re-
placing the capacitor with a 33-mH inductor.
14. Repeat the steps for this circuit by measuring 
and recording VL, calculating XL and writing the 
complex impedance, and also approximating and 
recording the distance between peaks VL and VA at 
both 3 kHz and 300 Hz, according to Table 24-1.2.

Note: At this point in the experiment, you should 
see that the complex numbers for the impedance of 
each of the two circuits have some similarities and 
some differences. Consider these concepts and the 
information in the introduction for your report and 
also for the next steps.

15. Connect the circuit of Fig. 24-1.6 where both L 
and C are now in series with the 50 V of resistance. 
Notice that point VX is across the combined series 

 4. Measure the p-p signal voltage across the ca-
pacitor at VC and record the value in Table 24-1.1.
 5. Calculate the reactance of the 1-�F capacitor at 
3 kHz, and record the value in Table 24-1.1. Use the 
formula XC 5 1y(6.28 3 3 kHz 3 1 �F).
 6. Knowing the R and XC values, record the com-
plex impedance Z in Table 24-1.1.
 7. Look at the two signals VC and VA on the scope, 
and approximate the difference in time between 
the VA peak and the VC peak. For example, if the 
scope is set to 0.1 ms per division (that is the same 
as 100 �s), and the peaks are three divisions apart, 
then the difference in time would be about 300 mi-
croseconds. Record the value between peaks in mi-
croseconds in Table 24-1.1 as delta time.
 8. Notice which peak, VA or VC, is leading or lag-
ging, and note this on a separate sheet of paper––
even drawing it if you want. You will use this 
information to answer the questions for this lab.
 9. Reduce the frequency of the signal generator to 
300 Hz, adjusting the applied voltage from the sig-
nal generator to 2 Vp-p input.
10. Measure and record the p-p signal of VC in 
Table 24-1.1.
11. Calculate XC for the signal at 300 Hz and re-
cord the complex impedance.
12. Approximate the distance in time between 
peaks VA and VC and record that value also—you 
may see very little change but try to record it 
 anyway. You will use this information in the re-
port. Also, you may want to move the traces up 
and down or take the scope out of CAL to line up 
the peaks for a better view. You may be adjusting 
the time base also. Always remember to check 
your scope, signal generator, and circuit connec-
tions carefully at each step and reset them as 
needed. Do not make the mistake of assuming the 
scope is correctly set—always check your settings 
before recording a measured value.

Fig. 24-1.4  Series RC. Step 2.
Fig. 24-1.5  Series RL. Step 13.

Fig. 24-1.6  Series RLC complex Z circuit. Step 15.
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17. Look at the data you have collected, especially 
the complex impedance values. You may have 
 concluded that somewhere between 300 Hz and 
3 kHz there may be a frequency where XC and XL 

cancel for a net reactance of zero. Carefully adjust 
the signal generator to a frequency where the VX 

 signal is at a minimum value. Record this fre-
quency value in Table 24-1.4. This is the frequency 
where L and C are series resonant and XL and XC 
cancel. At this point, the circuit impedance is effec-
tively: 50 1 j0 V.
18. Record the approximate p-p value of point VX in 
Table 24-1.4 at its minimum.

LC combination. In this case, both L and C com-
ponents are combined to achieve the purpose of 
making the impedance 50 1 j0 at a specifi c fre-
quency. Also, this is the frequency where Z is at a 
minimum (zero), and this results in maximum cur-
rent through L and C.
16. With 2 Vp-p applied at each frequency, mea-
sure and record the values of VX at both 300 Hz 
and 3 kHz. Also, calculate the net reactance XO 

 (difference between XL and LC) for each frequency, 
and write the complex number that describes the 
impedance at both frequencies. Remember that 
the complex number for the impedance uses the 
net reactance as the imaginary part. Record all 
the values in Table 24-1.3.
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NAME DATE

QUESTIONS FOR EXPERIMENT 24-1

1. In the circuit RC of Fig. 24-1.4, which signal was leading and which was lagging 
in time? Explain your answer, and remember that the oscilloscope x axis is in 
the time domain. Therefore, a signal peak that appears fi rst (starting from the 
left or earlier time point) is really the leading signal—the one that follows later 
in time is lagging.

2. In the circuit of Fig. 24-1.5, which signal was leading and which was lagging in 
time?

3. Explain the differences between the measured signals at VA and either VC or VL 
in the RC and RL circuits.

4. In the last circuit (Fig. 24-1.6), why do you think the p-p values of VX were 
equal to VA? Use your data to explain this. Hint: Compare the reactance to the 
50 V of resistance.
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TABLES FOR EXPERIMENT 24-1

TABLE 24-1.1  RC Complex Impedance Circuit (Fig. 24-1.4)

Frequency VA p-p VC p-p XC Delta Time Complex Z

3 kHz 2 Vp-p    

300 Hz 2 Vp-p    

TABLE 24-1.2  RL Complex Impedance Circuit (Fig. 24-1.5)

Frequency VA p-p VL p-p XL Delta Time Complex Z

3 kHz 2 Vp-p    

300 Hz 2 Vp-p    

TABLE 24-1.3  RLC Complex Impedance Circuit (Fig. 24-1.6)

Frequency VA p-p VX p-p XO Delta Time Complex Z

3 kHz 2 Vp-p    

300 Hz 2 Vp-p    

Note: XO is the net reactance.

TABLE 24-1.4  Minimal Z Values (Fig. 24-1.6)

Frequency (within 10 Hz) for 50 1 j0 Approx p-p value of VX
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.





 EXPERIMENT 25-1  353

CHAPTER

25

E X P E R I M E N T  2 5 - 1

SERIES RESONANCE

LEARNING OBJECTIVES 
At the completion of this experiment, you will be 
able to:
■ Understand the concepts of series resonance.
■ Validate the formula for the resonant frequency 

fr 5 1y[2�(LC)1y2].
■ Plot a graph of frequency versus circuit current.

SUGGESTED READING
Chapter 25, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
The resonant effect takes place when XL 5 XC for 
a series inductor and capacitor. The frequency at 
which the opposite reactances are equal is called the 
resonant frequency, and it can be calculated as

fr 5   1 _________ 
2�(LC)1y2   or fr 5   1 ________ 

2� ÏWW LC  
  

Because of the canceling effect of XL and XC (oppo-
site in phase), the resonant effect can occur only at 
one specifi c frequency for a given combination of L 
and C. In general, large values of L and C provide a 
relatively low resonant frequency. Smaller values of 
L and C provide a higher value for fr. Figure 25-1.1 
shows (a) a series resonant circuit and (b) its response 
curve.
 Notice that XL and XC are equal at 1000 kHz. This 
can be proven by using the formulas for XC 5 1y(2�fC) 
and XL 5 2�fL. If the frequency of the signal gener-
ator (VT) were to change, the circuit would no longer 
be resonant. Although the opposite reactances (180° 
out of phase) would still give a canceling effect, there 
would still be some net reactance remaining: XC for a 
decrease in frequency and XL for an increase in fre-
quency. In Fig. 25-1.1, the only opposition to current 
fl ow is the  resistance rS, which is the resistance of the 
coil.
 The main characteristic of a series resonant cir-
cuit is that the circuit current is maximum at the 
resonant frequency, as shown in Fig. 25-1.1b. This 
is called a resonant rise in current. Also, because of 
the canceling of XC and XL, the circuit impedance is 

minimum at the resonant frequency. And the circuit 
current is in phase with the generator voltage, mean-
ing that the circuit phase angle is 0° at resonance.
 Finally, because the circuit current is maximum, 
the voltage across either L or C is maximum at res-
onance. Thus, if the output of Fig. 25-1.1 were taken 
across  either L or C, the result would be maximum 
voltage.
 In addition, the quality of a resonant circuit is de-
termined by the sharpness of the resonant rise in 
voltage across L or C, called Q, where Q is calculated 
as XLyrS. The greater the ratio of the reactance to the 
series resistance, the higher the Q and the sharper 
the resonant effect. Note that the XL reactance, 

Fig. 25-1.1  Series resonant circuit. (a) Schematic dia-
gram. (b) Response curve.
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2. Calculate and record the resonant frequency 
in Table 25-1.1.
3. Measure the voltages across R, L, and C, 
using an oscilloscope, and record the results in 
Table 25-1.1.

Note: For steps 4 through 8, create your own data 
table and graph the results in a response curve.

4. Increase the frequency in 250-Hz steps from 1 to 
5 kHz and repeat step 3 at each frequency. Be sure 
to keep the applied voltage constant at each step. 
Thus, measure VA at each step to be sure there is 
no change.

Note: Knowing the calculated resonant frequency, 
measure and record VR, VL, and VC at several 
(3 or 4) extra frequency points on either side of that 
frequency.

5. Calculate the Q of the circuit. Now determine Q 
by measurement, and compare both values.
6. Calculate and record the circuit current for each 
frequency step as I 5 VRyR.
7. Calculate and record the values of XL and XC at 
the two edges of the bandwidth. This is the same 
as the two half-power points on either side of the 
 resonant frequency (fr), where the voltage decreases 
to 70.7 percent.
8. Calculate and record the circuit impedance Z 
and the phase angle at fr and at both half-power 
points.
9. Plot a graph of frequency versus the voltages 
VR, VL, and VC. Indicate the bandwidth (half-power 
points on either side of fr), where each half-power 
point is 70.7 percent of Imax.

rather than XC, is used to determine Q, due to the 
DC resistance of the coil. Also, the greater the LyC 
ratio, the greater the circuit Q. Thus, increasing L 
and decreasing C can produce a higher Q for any 
given resonant frequency. Q can also be measured as 
Q 5 VinyVout, where Vout is equal to the voltage across 
either L or C and Vin equals the generator voltage.
 Remember, the main purpose of resonant circuits 
is for tuning, that is, to tune to a desired frequency, 
as in radio, television, and other forms of communi-
cation instrumentation.

EQUIPMENT
Signal generator
Oscilloscope
Protoboard
Leads

COMPONENTS
(1) 56-V, 0.25-W resistor
(1) 0.1-�F capacitor
(1) 33-mH inductor

PROCEDURE
1. Connect the circuit of Fig. 25-1.2.

Note: Avoid ground loops by moving R and L as 
 required.

Fig. 25-1.2  RLC series circuit for measurement data.
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NAME DATE

QUESTIONS FOR EXPERIMENT 25-1

Answer true (T) or false (F) to the following:

1. The resonant effect occurs when XL is greater than XC.

2. The resonant frequency of a series LC circuit must always be above 60 Hz.

3. The circuit impedance Z of a series circuit is maximum at fr.

4. XL and XC are 90° out of phase at resonance.

5. The highest value of series circuit current is at resonance.

6. The greater the circuit Q, the higher the resonant frequency.

7. fr 5 1y[2�(LC)1y2] and Q 5 XLyXC.

8. The resonant frequency of a series RLC circuit with R 5 100 V, L 5 8 H, 
and C 5 4 �F is 28 Hz.

9. The Q of the circuit values in question 8 is 14.

10. The resonant frequency of the circuit values of question 8 would not 
change if L 5 4 H and C 5 8 �F.

TABLE FOR EXPERIMENT 25-1

TABLE 25-1.1

Procedure  Measured
Step Measurement Value Calculation

2 fr Hz Hz

3 VR V at 1 kHz

 VL V at 1 kHz

 VC V at 1 kHz
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GRAPH FOR EXPERIMENT 25-1
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER

25

E X P E R I M E N T  2 5 - 2

PARALLEL RESONANCE

the path of least reactance, the C branch. Therefore, 
when XL and XC are equal, the tank impedance will 
be maximum. Thus, as a tuning circuit, the maximum 
voltage can be taken across the tank at the resonant 
frequency.
 A higher circuit Q will result in a sharper re-
sponse curve or narrower bandwidth. Since the 
bandwidth is determined by the half-power points 
(70.7 percent of Imax) on either side of the resonant 
frequency, the bandwidth is equal to fryQ. Thus, for 
f1 and f2 in Fig. 25-2.1b, the difference between the 
two  frequen cies is the bandwidth.

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Understand the concept of parallel resonance.
■ Note the differences between a series and a par-

allel LC resonant circuit.
■ Plot a graph of frequency versus amplitude.

SUGGESTED READING
Chapter 25, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
Similar to a series resonant circuit, the resonant ef-
fect takes place in a parallel LC circuit, when XL 5
XC. The formulas for fr and Q 5 XLyR are also the 
same. The cancellation of XL and XC, due to the 180° 
phase difference at the resonant frequency, is simi-
lar for both series and parallel circuits. However, the 
parallel LC circuit has differences due to the source 
being outside the parallel branches of L and C.
 At resonance, the reactive branch currents cancel 
in the main line and produce minimum current only 
in the main line. Because the main-line current is 
minimum, its impedance is maximum at fr. The par-
allel branches of L and C (also called a tank circuit), 
however, have maximum current at resonance be-
cause they are in separate branches. In a circulating 
manner, the capacitor discharges into the inductor, 
which in turn has its fi eld current collapse into the 
other side of the capacitor. This is called the fl ywheel 
effect and is possible only because of the ability of 
L and C to store energy.
 Therefore, a parallel resonant circuit, or tank cir-
cuit, has both main-line and tank currents. Because 
the tank current is maximum at resonance, the 
greatest voltage drop will occur across either L or C
at fr. In the circuit of Fig. 25-2.1a, note that the re-
sistances rS1 and rS2 are used to measure either line 
current or tank current for comparison (VyR 5 I).
 Remember that in a parallel resonant circuit, low 
frequencies will take the path of least resistance, or 
the L  branch. Likewise, high frequencies will take 

Fig. 25-2.1  Parallel resonant circuit. (a) Schematic. 
(b) Graph.
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7. Determine ZT as follows and record the results 
in Table 25-2.1. Replace rS1 (main-line resistor) 
with a 1-MV rheostat. Adjust the circuit to the 
resonant  frequency, and adjust rS1 so that its volt-
age equals the voltage across the tank. Record the 
value.

Note: When the voltage across the rheostat equals 
the voltage across the tank, its ohmic value is equal 
to the tank impedance. This is due to the laws of se-
ries circuits, where equal resistances or impedances 
divide the applied voltage equally.

8. Plot a graph of frequency versus amplitude for 
both tank current and main-line current. Indicate 
the bandwidth and any other signifi cant points on 
the graph.

Fig. 25-2.2  Parallel resonant circuit for measurement.

EQUIPMENT
Signal generator Protoboard
Oscilloscope Leads

COMPONENTS
(1) 1-MV potentiometer (connected as rheostat)
(1) 100-V, 0.25-W resistor
(1) 47-kV, 0.25-W resistor
(1) 0.01-�F capacitor
(1) 100-mH inductor

PROCEDURE
1. Calculate and record in Table 25-2.1 the resonant 
frequency of the circuit of Fig. 25-2.2. Show your 
work.
2. Calculate and record in Table 25-2.1 the Q. Show 
your work.
3. Calculate and record in Table 25-2.1 the band-
width (equals fryQ).
4. Connect the circuit of Fig. 25-2.2.

Note: Keep the input voltage constant for all fre-
quencies, and avoid ground loops by moving the 
components as necessary.

5. Measure and record in Table 25-2.1 the voltage 
across rS1, rS2, L, and C. Calculate and record main-
line and tank currents (VyR 5 I).
6. Increase the frequency in 250-Hz steps from 
3500 to 6500 Hz, and repeat step 5 for each fre-
quency step. Create your own data table to record 
the values.
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NAME DATE

QUESTIONS FOR EXPERIMENT 25-2

Answer true (T) or false (F) to the following:

  1. The formula for resonance is 1y(2�fC).

  2. The higher the Q, the sharper the bandwidth response.

  3. One difference between a series resonant circuit and a parallel resonant 
circuit is that the parallel resonant circuit has minimum impedance at fr, 
while the series has maximum impedance at fr.

  4. Greater values of L and C will result in increased bandwidth.

  5. If a tank circuit had a resonant frequency of 8 kHz with a 2-kHz band-
width, the bandwidth could not be decreased without changing the reso-
nant  frequency.

  6. At the resonant frequency, a tank circuit requires minimum input power 
from the source.

  7. In a tank circuit, line current is maximum and tank current is minimum 
at resonance.

  8. For a tank circuit with L 5 2 H and C 5 10 �F, the resonant frequency is 
 approximately 36 Hz.

  9. For question 8, a resonant frequency of 3600 Hz could be obtained by in-
creasing L to equal 200 H.
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TABLE FOR EXPERIMENT 25-2

TABLE 25-2.1

Procedure  Measured 
Step Measurement Value Calculation

1 fr  Hz

2 Q  (XL 5 V)

3 BW  Hz

5 VrS1 Vp-p at 3.5 kHz

 VrS2 Vp-p at 3.5 kHz

 VL Vp-p at 3.5 kHz

 VC Vp-p at 3.5 kHz

 Itank  A

 Iline  A

7 ZT V
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GRAPH FOR EXPERIMENT 25-2
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER

26

E X P E R I M E N T  2 6 - 1

FILTERS

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Understand how fi lters separate different 

 frequency components.
■ Learn the difference between high-pass, low-pass, 

bandstop, and bandpass fi lters.
■ Plot a graph of frequency versus amplitude for 

different fi lter types.

SUGGESTED READING
Chapter 26, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
Filters are used to separate wanted from unwanted 
signals. For example, a radio can receive many dif-
ferent station broadcasts. But somehow, it must iso-
late the desired broadcast signal and fi lter out the 
frequencies that are not part of the broadcast. Thus, 
fi lters are used to allow only those desired frequen-
cies to pass through certain parts of a circuit.
 Inductors and capacitors are used, in various con-
fi gurations, to build fi lters. Generally, capacitors 
allow high frequencies to pass, while inductors allow 
low frequencies to pass through them with very lit-
tle reactance or opposition to current fl ow. Also, the 
manner in which a fi lter’s components are placed to-
pology determines the type of fi lter it is.
 Low-pass fi lters allow low frequencies to pass 
through them, while higher frequencies are sent to 

ground. High-pass fi lters allow only high frequen-
cies to pass, while blocking low frequencies by send-
ing them to ground.
 The following procedures examine four simple fi l-
ter types.

EQUIPMENT
Signal generator
Oscilloscope
Protoboard
Leads; graph paper

COMPONENTS
(1) 1-kV resistor
(1) 56-V resistor
(1) 0.01-�F capacitor
(1) 0.1-�F capacitor
(1) 10 �F capacitor
(2) 33-mH inductors

PROCEDURE
 1. Connect the circuit of Fig. 26-1.1.

Note: Remember to keep the input voltage constant 
at each frequency for all the steps in this procedure.

 2. Increase the frequency from 1 kHz to 10 kHz in 
1-kHz steps. Measure and record in Table 26-1.1 
the peak-to-peak output voltage at each step.
 3. At 10 kHz, place another 33-mH inductor 
across points C and D. Measure and record the out-
put  voltage.

Fig. 26-1.1  High-pass fi lter.
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 8. Connect the circuit of Fig. 26-1.3.
 9. Increase the frequency from 2 to 18 kHz in the 
steps shown in Table 26-1.1. Measure and record 
the output voltage at each step.
10. Connect the circuit of Fig. 26-1.4.
11. Increase the frequency from 2 to 18 kHz in the 
steps shown in Table 26-1.1. Measure and record 
the output voltage at each frequency step.
12. Plot a graph of frequency versus load voltage 
for each of the previous four fi lter circuits.

 4. At 10 kHz, remove one of the inductors and 
 replace the 0.01-�F capacitor with a 0.1-�F capaci-
tor. Measure and record the output voltage.
 5. Connect the circuit of Fig. 26-1.2.
 6. Decrease the frequency from 10 kHz to 100 Hz 
in the steps shown in Table 26-1.1. Measure and 
 record the output voltage at each step.
 7. Place a second capacitor of 10 �F across points 
A and B. Measure and record the output voltage for 
each step shown in Table 26-1.1.

Fig. 26-1.2  Low-pass fi lter.

Fig. 26-1.3  Bandstop fi lter.

Fig. 26-1.4  Bandpass fi lter.
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NAME DATE

QUESTIONS FOR EXPERIMENT 26-1

1. Explain what happens to low frequencies in the circuit of Fig. 26-1.1. Why don’t 
they reach the load RL?

2. Explain what happens to high frequencies in the circuit of Fig. 26-1.2. Why 
don’t they reach the load RL?

3. Explain how the resonant effect works as a fi lter in the circuit of Fig. 26-1.3.

4. Explain how the resonant effect works as a fi lter in the circuit of Fig. 26-1.4.

5. Design a fi lter circuit that (a) passes frequencies from approximately 8 kHz to 
12 kHz and (b) stops or rejects frequencies from 8 kHz to 12 kHz. Show all the 
values and calculations, where VA 5 1 Vp-p and RL 5 8 V (similar to a radio 
speaker).
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TABLE 26-1.1

Procedure Measurement Load Voltage,
Step Frequency Vp-p

2 1 kHz 

 2 kHz 

 3 kHz 

 4 kHz 

 5 kHz 

 6 kHz 

 7 kHz 

 8 kHz 

 9 kHz 

 10 kHz 

3 10 kHz 

4 10 kHz 

6 10 kHz 

 9 kHz 

 8 kHz 

 7 kHz 

 6 kHz 

 5 kHz 

 4 kHz 

 3 kHz 

 2 kHz 

 1 kHz 

 500 Hz 

 200 Hz 

 100 Hz 

  50 Hz 

7 10 kHz 

 5 kHz 

 2 kHz 

 1 kHz 

 500 Hz 

 100 Hz 

  50 Hz 

Procedure Measurement  Load Voltage,
Step Frequency Vp-p

9 2.0 kHz 

(C 5 0.001 �F) 3.0 kHz 

fc ø 9 kHz 4.0 kHz 

 5.0 kHz 

 6.0 kHz 

 6.5 kHz 

 7.0 kHz 

 7.5 kHz 

 8.0 kHz 

 8.5 kHz 

 9.0 kHz 

 9.5 kHz 

 10.0 kHz 

 12.0 kHz 

 14.0 kHz 

 16.0 kHz 

 18.0 kHz 

11 2.0 kHz 

(C 5 0.01 �F 3.0 kHz 

fo ø 9 kHz) 4.0 kHz 

 5.0 kHz 

 6.0 kHz 

 7.0 kHz 

 8.0 kHz 

 8.5 kHz 

 9.0 kHz 

 9.5 kHz 

 10.0 kHz 

 11.0 kHz 

 12.0 kHz 

 13.0 kHz 

 14.0 kHz 

 15.0 kHz 

 18.0 kHz 

TABLE FOR EXPERIMENT 26-1
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER
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FILTER APPLICATIONS

 Parallel resonant fi lters (tanks) have a maximum 
impedance and a minimum current at resonance. 
When connected in series with a load, the paral-
lel-tuned LC circuit provides maximum impedance 
in  series with the load, stopping the current fl ow to 
the resistive load at resonance. This is a bandstop 
fi lter (see Fig. 26-2.2a). When the load is connected 
across the parallel resonance, however, the LC 
circuit becomes an impedance for frequencies at and 
near  resonance and allows maximum current fl ow to 
the load. This is a bandpass fi lter (see Fig. 26-2.2b).

Designing a Filter
To design a bandpass or bandstop fi lter, you need to 
calculate the resonant frequency that you want to 
stop or pass. This is done using the resonant formula

Resonant frequency (fr) 5   1 ________ 
2� ÏWW LC  

  

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Design a resonant fi lter circuit.
■ Measure BW and determine Q for resonant 

fi lters.
■ Troubleshoot bandstop and bandpass fi lters.

SUGGESTED READING
Chapters 25 and 26, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
A resonant circuit can be used to tune to a specifi c res-
onant frequency. Therefore, it has the effect of fi lter-
ing out all signals except the resonant frequency. This 
applies to both series and parallel resonant circuits. 
Therefore, depending on the circuit confi guration and 
where the resistive load is connected, resonant fi lters 
can be bandpass or bandstop in their effects.
 Series resonant fi lters have a maximum current 
and a minimum impedance at resonance. When 
connected in series with a load, the series-tuned LC 
 circuit allows the maximum current to fl ow to the 
resistive load at resonance. This is a bandpass fi lter 
(see Fig. 26-2.1a). However, when connected across 
the load, the tuned LCR circuit becomes a low- 
impedance shunt path for frequencies at and near 
resonance, and little or no current fl ows to the load. 
This is a bandstop fi lter (see Fig. 26-2.1b).

Fig. 26-2.1  Resonant fi lters (series). (a) Bandpass fi lter. 
(b) Bandstop fi lter.

Fig. 26-2.2  Resonant fi lters (parallel). (a) Bandstop fi lter. (b) Bandpass fi lter.
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Fig. 26-2.3  Resonant fi lter response: BW and Q.

Fig. 26-2.4  Series-tuned LC fi lter.

Fig. 26-2.5  Parallel-tuned LC fi lter.

In addition, the bandwidth (BW) of the resonance 
can become critical if it is too wide or too narrow. 
Bandwidth is measured practically as 70.7 percent 
of the peak of the response. Bandwidth is related to 
the circuit Q, where Q is a ratio: Q 5 XLyr (coil). The 
idea usually is to have a sharp (narrow) response 
with reasonable bandwidth: high Q. In a high-Q 
circuit, the ratio of L to C is also greater, and this 
means that you can adjust different values of L and 
C to achieve the same resonance, but with differ-
ent bandwidths, and different Q rises in voltage or 
current. Figure 26-2.3 shows the response of a fi lter 
with different values of Q and varying BW.

EQUIPMENT
Signal generator
DMM
Oscilloscope

COMPONENTS
Resistors: 10 V, 100 V and 1 kV
Capacitors: 0.0047 �F and one other to be deter-

mined by design
Inductors: 15 mH and one other to be determined 

by design or any available value

PROCEDURE
 1. Refer to the circuit in Fig. 26-2.4. Calculate XL 

and record the value in Table 26-2.1.

 2. Measure the resistance of the coil L and record 
the value in Table 26-2.1.
 3. Calculate the circuit Q, the resonant frequency, 
and determine the bandwidth. Record the values in 
Table 26-2.1.
 4. Connect the circuit of Fig. 26-2.4, but do not 
turn on power.
 5. Apply power and adjust the signal generator 
frequency so that the maximum voltage appears 
across the load resistor. Record both the measured 
resonant frequency and the peak-to-peak voltage 
across the load resistor in Table 26-2.1.
 6. Measure the BW as 70.7 percent of the value in 
step 5, and record the measurement in Table 26-2.1.
 7. Insert a 10-V resistor between L and C. Do not 
make any adjustments to the signal generator volt-
age. This resistor will represent additional series 
resistance of the coil, which should change the cir-
cuit Q. Add 10 V to the measured value, and record 
this number as R coil measured in Table 26-2.1.
 8. Calculate the new values of Q and BW with the 
added resistance, and record the values in Table 26-2.1.
 9. Measure the peak-to-peak voltage across the 
load resistor, and record the value in Table 26-2.1.
10. Measure the BW as 70.7 percent of the value in 
step 9, and record it in Table 26-2.1.
11. Refer to the circuit in Fig. 26-2.5. Calculate XL 

and record the value in Table 26-2.2.
12. Measure the resistance of the coil L, and record 
the value in Table 26-2.2.
13. Calculate the circuit Q, the resonant frequency, 
and the bandwidth, and record the values in 
Table 26-2.2.
14. Connect the circuit of Fig. 26-2.5, but do not 
turn on the power.
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15. Apply power and adjust the signal generator 
so that the maximum voltage appears across the 
load resistor. Record both the measured resonant 
 frequency and the peak-to-peak voltage across the 
load resistor in Table 26-2.2.
16. Measure the BW as 70.7 percent of the 
value in step 15, and record the measurement in 
Table 26-2.2.
17. Insert a 10-V resistor in series with the coil L. 
Do not make any adjustments to the signal gener-
ator voltage. This resistor will represent additional 
 series resistance of the coil, which should change 
the circuit Q. Add 10 V to the measured value, 
and record this number as the measured value in 
Table 26-2.2.
18. Calculate the new values of Q and BW with the 
added resistance, and record the values in Table 26-2.2.
19. Measure the peak-to-peak voltage across the 
load resistor, and record the value in Table 26-2.2.

20. Measure the BW as 70.7 percent of the 
value in step 19, and record the measurement in 
Table 26-2.2.
21. Filter design. Design a bandstop fi lter with 
a  resonant frequency of either 5 kHz or 50 kHz, 
or do both if you have time. The goal is to have a 
high-Q circuit if possible. On a separate sheet of 
paper, show all your calculations and draw the 
circuit. Be sure your lab can supply the values of 
L and C you need—if not, use different values of L 
and C. Show all your calculations and then build 
the circuit. Test your design by measuring 10 fre-
quency points on  either side of the resonant fre-
quency, with enough spacing so that you have the 
data to plot the  re sponse on a graph. Graph the 
results, and indicate BW, resonant frequency, and 
any other values you want.

Note: Vin 5 5 Vp-p or less.
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NAME DATE

QUESTIONS FOR EXPERIMENT 26-2

1. What elements control the BW of a resonant fi lter?

2. What is meant by the Q of a resonant circuit?

3. Why is a high-Q circuit desirable?

4. When would you expect one inductor to have a greater resistance than another?

5. What would happen if the series resistor RS were not in the circuit of Fig. 26-2.5?

TABLES FOR EXPERIMENT 26-2

TABLE 26-2.1 (Steps 1 through 10)

 Freq.  Freq. VRL  BW  Rcoil  XL  Q BW
 Calc. Meas. Meas. Meas. Meas. Calc. Calc. Calc.

        

With
10-V    
Rcoil

added        

TABLE 26-2.2 (Steps 11 through 20)

 Freq.  Freq. VRL  BW  Rcoil  XL  Q BW
 Calc. Meas. Meas. Meas. Meas. Calc. Calc. Calc.

        

With
10-V    
Rcoil

added        
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER
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P-N JUNCTION

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Determine the forward-bias conditions of a diode.
■ Determine the reverse-bias conditions of a diode.
■ Develop the characteristic curve for a diode.

SUGGESTED READING
Chapter 27, Basic Electronics, Grob/Schultz, 
twelfth  edition

INTRODUCTION
This experiment will introduce the characteristics of 
a silicon diode. The diode will be ohmmeter-tested 
and then connected to a DC power supply and its 
operating characteristics graphed.
 Basically, a 1N4004 diode will conduct in the for-
ward direction (forward bias) with a low value of inter-
nal  forward resistance. In the reverse-bias condition, 
the diode will not conduct and has an almost infi nite 
resistance. However, under extreme conditions of 
high voltage or current, in either direction, the diode 
will break down and conduct or else be destroyed.
 A manufacturer’s specifi cation sheet for this diode 
has been included in Appendix G. Note the ratings 
and characteristics for these diodes. These terms 
should be consistent with the explanations found in 
most theory textbooks.

EQUIPMENT
Oscilloscope
DMM
DC power supply, 0–10 V
DC power supply, 0–150 V
Protoboard or springboard
Test leads

COMPONENTS
(1) 1N4004

Resistors (all 0.25 W):

(1) 330 V (1)  12 kV
(1) 680 V (1) 1.0 MV

PROCEDURE
 1. With the DMM on the ohm- meter function, 
record in Table 27-1.1 the forward and reverse 
resistance of the diode. See Fig. 27-1.1.
 2. Connect the circuit of Fig. 27-1.2, with  R  L 1 

  equal 
to 12 kV. Measure and record in Table 27-1.1 the volt-
age of the power supply ( V T ), the voltage across the 
diode ( V D ), and the voltage across the load resistor 
( V  R 1 

 ). Also, measure the voltage across the diode while 
you slowly increase the power supply from 0 to 4 V, 
and note that the voltage across the diode should in-
crease to approximately 0.65 V and remain constant 
regardless of any further increase in supply voltage.
 3. Repeat step 2 for a load resistance of 680 V. Be 
sure to record this information in Table 27-1.1.
 4. Reverse the power supply leads so that pola-
r ity is reversed for Fig. 27-1.2’s circuit. The diode 
is now reverse-biased. For both values of load 

Fig. 27-1.1  Circuit connection for the measurement of 
forward and reverse resistance.

Fig. 27-1.2  Forward-biasing the diode.
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the diode. The reverse-bias voltage measured across 
the diode is given the symbol  V REV . Measure and 
record in Table 27-1.3 the corresponding voltage 
dropped across  R 1 .
12. Calculate and record the reverse current  I R  for 
each voltage level applied in step 11.
13. Plot  I R  versus  V REV  on Fig. 27-1.4 (quadrant 3).

resis tance (12 kV and 680 V), measure and record 
in Table 27-1.1 the values of  V T ,  V D , and  V R  load.
 5. Connect the forward-biasing circuit of Fig. 27-1.3.
 6. Measure and record in Table 27-1.1 the resis-
tance value of the 330-V resistor.
 7. Turn on the power supply and adjust the 
 ap plied voltage to 0.2 V. The forward-biasing volt-
age measured across the diode is given the symbol 
 V FWD . Measure and record in Table 27-1.2 the value 
of  V FWD . Calculate and record the forward-biasing 
current  I F  by the relationship of

  I F  5   
 V T  –  V FWD 

 __________ R  

 8. Repeat step 7 for the  V A  values of:

0.25 V 0.65 V
0.30 V 0.70 V
0.35 V 0.75 V
0.40 V 0.80 V
0.45 V 0.85 V
0.50 V 0.90 V
0.55 V 0.95 V
0.60 V 1.00 V

 9. Using the data obtained in steps 7 and 8, 
plot the forward characteristics of this diode in 
Fig. 27-1.4 (quadrant 1).

Note: If desired, draw your own plot similar to 
Fig. 27-1.4 to hand in with your report.

10. Connect the circuit shown in Fig. 27-1.5.
11. Increase the power supply voltage from 0 to 
150 V in 50-V steps. This voltage will reverse-bias 

Fig. 27-1.3  Forward-bias condition.

Fig. 27-1.4  Silicon diodes’ forward and reverse 
characteristic curves.

Fig. 27-1.5  Reverse-bias condition.
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NAME DATE

QUESTIONS FOR EXPERIMENT 27-1

1.  What general statement could be made for the forward and reverse resistances 
of a good diode?

2. Under what conditions can the diode be forward-biased?

3. Under what conditions can the diode be reverse-biased?

4. Describe the signifi cance of the curve found in quadrant 1 of Fig. 27-1.4.

5. Describe the signifi cance of the curve found in quadrant 3 of Fig. 27-1.4.

TABLE 27-1.1

Procedure 
Step  RL VT VD VR LOAD

1 Fwd. bias R 5  V

 Rev. bias R 5  V

2 Fwd. bias 12 kV   

3 Fwd. bias 680 V   

4 Rev. bias 12 kV   

  680 V   

6 330-V R (nominal)

   5  V (measured)

TABLES FOR EXPERIMENT 27-1
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TABLE 27-1.2

Procedure   Calculated
Step VT VFWD IF

7 0.20 V  

8 0.25 V  

 0.30 V  

 0.35 V  

 0.40 V  

 0.45 V  

 0.50 V  

 0.55 V  

 0.60 V  

 0.65 V  

 0.70 V  

 0.75 V  

 0.80 V  

 0.85 V  

 0.90 V  

 0.95 V  

 1.00 V  

TABLE 27-1.3

Procedure    Calculated
Step VT VREV VR1 IR

11 and  50 V   

12 100 V   

 150 V   
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER

27

E X P E R I M E N T  2 7 - 2

TRANSISTOR AS A SWITCH

EQUIPMENT
DC power supply, 0–10 V
DMM
Protoboard or springboard
Test leads

COMPONENTS
(1) npn transistor
(1) pnp transistor

Resistors (all 0.25 W):

(1) 1 kV (1) 10 kV

PROCEDURE
1. Connect the circuit in Fig. 27-2.3. Apply the 
correct polarity of voltage to  V CC .
2. Connect point A to ground. Measure and record 
in Table 27-2.1 the voltage from point B to ground.
3. Connect point A to 15 V. Measure and record in 
Table 27-2.1 the voltage from point B to ground.

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Understand the importance of cutoff and satura-

tion to the operation of a transistor switch.
■ Defi ne the purpose of a transistor inverter.
■ Identify the function of a transistor switch.

SUGGESTED READING
Chapters 27 and 28, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
The computers of today do not process numbers in the 
base 10 (i.e., 0, 1, 2, 3, . . . , 9). Computers instead use 
binary logic of base 2 (0 and 1) to perform their func-
tions. One fundamental circuit is the transistor switch, 
also known as an inverter. Here, a transistor connected 
in a common-emitter fashion inverts a signal. That 
is, if a high-input signal is applied, a low-output sig-
nal is created. If a low-input signal is applied, then a 
high-output signal is created. The circuit of Fig. 27-2.1 
is an example of a transistor inverter design.
 The circuit of Fig. 27-2.1 is also a transistor 
switch. In a transistor switch circuit, a voltage level 
applied to the base terminal will control the poten-
tial at the collector. In this fashion, the transistor 
can be used to turn on or off circuitry connected to 
the collector. This common-emitter circuit is being 
switched from cutoff to saturation, as shown in the 
load line of Fig. 27-2.2.
 In this experiment, a transistor will be connected 
to demonstrate this switching ability.

Fig. 27-2.1  Transistor inverter design.

Fig. 27-2.2  Cutoff and saturation plotted on a load line.

Fig. 27-2.3  Transistor switch.
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Fig. 27-2.4  Transistor switch.

4. Connect the circuit of Fig. 27-2.4. Apply the cor-
rect polarity of voltage to  V CC .
5. Connect point A to ground. Measure and record 
in Table 27-2.1 the voltage from point B to ground.
6. Connect point A to 25 V. Measure and record in 
Table 27-2.1 the voltage from point B to ground.
7. Construct a table of your results that will con-
trast the two circuits.



EXPERIMENT 27-2  387

NAME DATE

QUESTIONS FOR EXPERIMENT 27-2

l.  In the prior circuits, what voltage level would a binary 1 represent? A binary 0? 
Are the answers the same for both the circuits shown in Figs. 27-2.3 and 27-2.4?

2. What is saturation? How is it demonstrated in this experiment?

3. What is cutoff? How is it demonstrated in this experiment?

4. Are the saturation and cutoff points the same for both the circuits shown in 
Figs. 27-2.3 and 27-2.4?

5.  What are the fundamental differences between the two circuits shown in 
Figs. 27-2.3 and 27-2.4? Do the differences signifi cantly affect overall outcomes? 
Explain.

TABLE FOR EXPERIMENT 27-2

TABLE 27-2.1

Procedure 
Step Function and Measurement Value

2 Point B to ground  V

3 Point B to ground  V

5 Point B to ground  V

6 Point B to ground  V
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER

27

E X P E R I M E N T  2 7 - 3

DIODE RECTIFIERS

2. Using the oscilloscope, draw the waveforms from 
points A to C and from B to C on the two graticule 
displays in Fig. 27-3.5 (at the end of this  experiment). 
On these graticule displays be sure to include the 
peak-to-peak voltages read on the oscilloscope. Also 
include the load resistor voltage read with the DMM.
3. Connect the circuit shown in Fig. 27-3.2.

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Construct a half-wave rectifi er circuit.
■ Construct a full-wave rectifi er circuit.
■ Compare a bridge circuit confi guration with a 

 center-tap circuit confi guration.

SUGGESTED READING
Chapters 27 & 28, Basic Electronics, Grob/Schultz, 
twelfth edition.

INTRODUCTION
Only a battery can supply direct current to a circuit. 
However, AC voltage can be rectifi ed (turned into 
DC). For practical purposes, rectifi ed AC voltage 
will always contain some amount of the AC compo-
nent, regardless of circuit design.
 At this point, the diode has been forward-biased 
and reverse-biased under DC bias conditions. There-
fore, the characteristics under ideal circumstances 
have been established. The following procedure will 
use AC voltages in rectifi er circuits. The diode char-
acteristics are similiar, while the results are different.

EQUIPMENT
Oscilloscope
1:1 probe
DMM
120:12.6-V center-tapped transformer
120:6.3-V fi lament transformer
Protoboard or springboard
Test leads

COMPONENTS
(4) 1N4004 silicon diodes

Resistors (all 0.25 W):

(2) 560 V (1) 12 kV

PROCEDURE
1. Connect the circuit of Fig. 27-3.1.

Fig. 27-3.1  Half-wave rectifi er circuit.

Fig. 27-3.2  Full-wave rectifi er circuit.

4. Using the oscilloscope, draw the waveforms from 
points A to B and from C to D on the two graticule 
displays in Fig. 27-3.6 (at the end of this  experiment). 
On these graticule displays be sure to include the 
peak-to-peak voltages read on the  oscilloscope. Also 
include the load resistor voltage read with the DMM.
5. Connect the circuit shown in Fig. 27-3.3.
6. Using the oscilloscope, draw the waveforms 
from points A to B and from C to D on the two 
graticule displays in Fig. 27-3.7 (at the end of this 
experiment). On these graticule displays be sure 
to include the peak-to-peak voltages read on the 
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Fig. 27-3.3  Full-wave rectifi er circuit using a center-
tapped transformer. Fig. 27-3.4  Full-wave diode connected in a four-diode 

bridge arrangement.

oscilloscope. Also include the load resistor voltage 
read with the DMM.
7. Connect the circuit shown in Fig. 27-3.4.
8. Using the oscilloscope, draw the waveforms 
from points A to B and from C to D on the two 

graticule displays in Fig. 27-3.8 (at the end of this 
 experiment). On these graticule displays be sure to 
include the peak-to-peak voltages read on the oscil-
loscope. Also include the load resistor voltage read 
with the DMM.
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NAME DATE

QUESTIONS FOR EXPERIMENT 27-3

1. How does a full-wave bridge rectifi er circuit compare with a center-tap circuit?

2. Concerning each of the circuits studied, how do the graticule displays compare?

3. How does the oscilloscope input coupling affect the displayed waveform?

4. Make a general statement concerning the resistance of a p-n junction diode.

5. Which of the studied circuits would be best as a DC power supply?

Fig. 27-3.5  Graticule for step 2.

GRAPHS FOR EXPERIMENT 27-3
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Fig. 27-3.6  Graticule for step 4.

Fig. 27-3.7  Graticule for step 6.

Fig. 27-3.8  Graticule for step 8.
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER

27

E X P E R I M E N T  2 7 - 4

RECTIFICATION AND FILTERS

PROCEDURE
 1. Connect the circuit shown in Fig. 27-4.1 with-
out the capacitor.

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Compare the average value, also called the DC 

value, of the half-wave and the full-wave voltages 
across the load resistor.

■ Observe the effects of fi ltering on a rectifi ed AC 
voltage.

■ Compare the difference between capacitive versus 
inductive fi ltering circuits.

SUGGESTED READING
Chapter 27, Basic Electronics, Grob/Schultz, twelfth 
 edition

INTRODUCTION
Rectifi ed AC voltage can be fi ltered to resemble the 
unidirectional quality of battery DC voltage, al-
though it will always contain some small amount of 
the AC component, regardless of fi ltering. This AC 
voltage component is called ripple, and it is a mea-
sure of the quality of rectifi cation and fi ltering.
 This experiment investigates the use of reactive 
components as fi lters for smoothing the rectifi ed AC 
voltage. Capacitive reactance, inductive reactance, 
RC time constant, and circuit confi guration all affect 
the smoothing of the ripple.

EQUIPMENT
Oscilloscope
DMM
120:12.6-V, center-tapped transformer
120:6.3-V, fi lament transformer
Test leads

COMPONENTS
(4) 1N4004 diodes or equivalent
(1) 1-H inductor (choke) or larger up to 8 H
(1) 47-�F capacitor
(1) 10-�F capacitor
(1) 680-V, 0.25-W resistor
(1) 2.2-kV, 0.25-W resistor

Fig. 27-4.1  Half-wave rectifi er.

 2. Using an oscilloscope, measure and record in 
Table 27-4.1 the AC output voltage across  R L .
 3. Using a DMM, measure and record the DC 
value of the voltage across  R L .
 4. Connect a 47-�F fi ltering capacitor across 
points A and B in the Fig. 27-4.1 circuit. Repeat 
steps 2 and 3 for measuring the output voltage.
 5. Determine and record in Table 27-4.1 the per-
cent of ripple for the fi ltered circuits only, using the 
following formula.

%ripple 5   
rms value of ripple voltage across  R L 

    __________________________________   DC component across  R L    3100

 6. Connect the full-wave rectifi cation bridge cir-
cuit of Fig. 27-4.2.
 7. Repeat steps 2 to 5 for the full-wave rectifi er 
bridge of Fig. 27-4.2.
 8. Connect the full-wave, center-tap circuit shown 
in Fig. 27-4.3 with the load resistor only (omit the 
 “arrowed” components).

Note: Procedures 9 to 14 refer to Fig. 27-4.3 as 
 adjusted for each specifi c fi lter confi guration. Do 
not remove a fi lter component unless you are 
 instructed to do so. The inductor is also called a 
“choke.”

 9. Using the oscilloscope, measure and record the 
AC output voltage across  R L .
10. Measure the DC value of the voltage across  R L , 
and, only if fi ltered, compute the percent of ripple.
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Fig. 27-4.3  Full-wave center-tap circuit.

11. Connect a 47-�F capacitor ( C 1 ) across points A 
and C, and repeat steps 9 and 10.
12. Remove the jumper between points A and B, 
and in its place (in series with the load), connect 
the choke. Repeat steps 9 and 10.

13. Connect a 10-�F capacitor ( C 2 ) across  R L  
(points B and D), and repeat steps 9 and 10.
14. Replace the choke with a 2.2-kV resistor, leaving 
the capacitors in place, and repeat steps 9 and 10.

Fig. 27-4.2  Full-wave bridge circuit.
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NAME DATE

QUESTIONS FOR EXPERIMENT 27-4

1.  How does a full-wave bridge rectifi er compare with a center-tap circuit in this 
experiment?

2.  Concerning each of the circuits studied in this experiment, how do the  displayed 
oscilloscope waveforms compare with one another?

3. How does the oscilloscope input coupling affect the displayed waveform?

4. Does the resistance of the p-n junction diodes affect the operation of the rectifi ed 
circuits studied?

5. With respect to this experiment, what would be a defi nition of fi ltration?
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TABLE FOR EXPERIMENT 27-4

TABLE 27-4.1  

Procedure
Step Measurement Value

Ripple 
Calculation

2  V  R L  (oscill.)  Vp-p

3  V  R L  (DMM)  V

4  V  R L  (oscill.)  Vp-p

 V  R L  (DMM)  V

5 % ripple  %

7  V  R L  (oscill.)  Vp-p

 V  R L  (DMM)  V

 V  R L  (oscill.)  Vp-p

 V  R L  (DMM)  V

% ripple  %

9  V  R L  (AC)  Vp-p

10  V  R L  (DC)  V

11  V  R L  (AC)  Vp-p

 V  R L  (DC)  V  %

12  V  R L  (AC)  Vp-p

 V  R L  (DC)  V  %

13  V  R L  (AC)  Vp-p

 V  R L  (DC)  V  %

14  V  R L  (AC)  Vp-p

 V  R L  (DC)  V  %
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER

27

E X P E R I M E N T  2 7 - 5

TROUBLESHOOTING POWER 
SUPPLIES

 There are many different types of power supply 
circuits. However, most supplies have some basic 
components that perform the fundamental tasks re-
quired of all power supplies. Therefore, let’s review 
these tasks and the components that perform them.

Transformers
Most power supplies use a transformer to transform 
or change the line voltage from one level to another. 
Usually, this is a reduction in voltage from the large 
line voltage (110 V) to a smaller voltage used for the 
power supply. This is usually referred to as a step-
down transformer because it steps down or decreases 
the line voltage. Also remember that a transformer 
consists of two separate coils or inductors (a primary 
and a secondary) that are actually lengths of wire 
wrapped around a core. Besides reducing the volt-
age, the transformer isolates the secondary voltage 
from the line voltage.
 In troubleshooting, it is common practice to check 
the continuity of the transformer’s windings with an 
ohmmeter, to be sure that the wires have not shorted 
or opened. Always do this with the power off, and be 
sure to unplug the equipment.

Fuses
Most power supplies have line fuses connected in 
series with the transformer. Typically, fuses protect 
the product’s circuitry from any great changes in AC 
line voltage or in the amount of current drawn by the 
load. Although it may seem obvious to check a fuse 
whenever a product fails to operate, several common 
problems are often overlooked by many technicians. 
For example, fuse ratings must be checked and ad-
hered to for proper operation. If a fuse is supposed to 
be 1 A and a 0.5-A fuse is used, the product may work 
for a while and suddenly appear to break. Also, if a 
slow-blow fuse is specifi ed but not used, the product 
may continually blow the fuse, no matter what rat-
ing is used. Slow-blow fuses cannot or should not be 
replaced with regular fuses, and regular fuses should 
not be replaced with slow-blow fuses. This simple 
rule cannot be overemphasized. Always check the 
fuse when you are troubleshooting.

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Review the design of a basic power supply.
■ Evaluate power supply design.
■ Evaluate other power supply designs.

SUGGESTED READING
Chapters 11, 26, 27, and 28, Basic Electronics, 
Grob/Schultz, twelfth edition

INTRODUCTION
Most modern electronic devices require a DC voltage 
source or DC power supply, like a battery, to oper-
ate correctly. The power supply modifi es the existing 
power in some way. There are AC power supplies as 
well as DC supplies.
 Almost all power supplies that today’s electronic 
technicians troubleshoot and repair have some form 
of regulation. This means that their outputs are de-
signed to provide a constant level of voltage, regard-
less of how much current is needed to operate the 
equipment. Remember that connecting a load of any 
kind to a power supply is like connecting a resistor 
in series with a battery. Therefore, current will fl ow, 
and a voltage drop will be present across the load 
(resistor) and the battery (its internal resis tance). A 
regulated power supply is designed to eliminate the 
effects of the supply’s loading (voltage drop), so that 
the load will always have a constant fi xed voltage 
across it, no matter how much current fl ows in the 
circuit. Although this explanation is extremely sim-
ple, it provides a foundation to get started.
 In summary, regulation in a power supply means 
the ability to maintain the output voltage level 
under various load conditions. However, before the 
supply voltage can be regulated, an unregulated
voltage must be provided. To do this, the DC power 
supply will have to use a rectifi er and fi lter system 
which helps convert the alternating current, like the 
110-V, 60-Hz line voltage, to a relatively smooth di-
rect current, as a battery provides, for the product 
(load) to operate.
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4. Never walk away from equipment or products 
that are exposed. Always turn off the power, and 
put some cover over the opening to prevent acciden-
tal discharge of high-voltage capacitors.
5. Never use equipment that is underrated for 
the work you are doing. This is especially true for 
high-voltage probes used to test CRT anodes.
6. Always refer to the service manual or call the 
manufacturer for advice if no manual is available.
7. Always replace components with recommended 
parts. Do not use components that are out of toler-
ance or underrated. And always discharge capac-
itors with an insulated-handle screwdriver before 
you try to remove them.
8. Never work on equipment that you are not qual-
ifi ed to troubleshoot or repair. Even if you do not in-
jure yourself, you could injure or ruin the equipment.

Basic Power Supply Troubleshooting
Although experience and factory-type training cours es 
are the best way to learn how to test and repair 
equipment, two troubleshooting summaries are 
presented below. One is a general set of principles, 
many of which are reinforced in the experiments in 
this  manual.
 Power supplies are often the cause of most con-
sumer product failures because their circuits use 
high currents and large voltages and dissipate a lot 
of heat, which can cause component damage.

1. Check Fuses. Obviously, this is the easiest re-
pair you can make. But don’t be too quick to judge a 
bad fuse. Remember that slow-blow fuses cannot be 
replaced by regular quick-blow types. Always check 
the amperage rating.
2. Check the Transformer Windings. This is 
not often a problem with newer equipment. How-
ever, older products typically have had more time 
running under higher temperatures. Therefore, 
a greater chance exists that the coating around 
windings has melted or worn away, causing a short, 
or there is a chance that heat has caused an open. 
Disconnect the primary and any secondaries from 
the circuit, and use an ohmmeter to check for conti-
nuity. Don’t forget that you should always check the 
input and output voltages to verify their levels with 
the schematic.
3. Check the Rectifi er. A defective diode can 
cause lowered voltage or no voltage. Use the volt-
meter to check AC input and DC output voltages.
4. Check Filter Capacitors. Excessive audible 
noise, called hum, and low output voltage can be 
caused by a bad fi lter capacitor. Check the capaci-
tors out of the circuit for open resistance. And check 
their input and output voltages with an oscillo-
scope, to verify their fi ltering (smoothing) ability.

Rectifi cation
The term rectifi cation refers to the concept of chang-
ing AC voltage to DC voltage. Therefore, it is common 
to have a rectifi er, typically made of diodes that con-
duct in only one direction, at the output of the second-
ary. A wide variety of rectifi ers are used in DC power 
supplies. The type of rectifi cation system employed 
depends on the design and power demands of the cir-
cuit used.

Ripple
Remember that the purpose of any fi ltering system is 
to remove the AC component of the rectifi ed AC line 
voltage. The ideal DC output would be like a battery: 
pure direct current with no trace of alternating current. 
However, because no fi lter can remove 100 percent of 
the AC component, there is always some amount of 
what is called ripple on the direct current. This ripple 
on the DC level is usually represented by a percentage:

Ripple factor, % 5   
V ripple 

 __________ V DC, out   3 100

For troubleshooting purposes, the ripple factor of 
any fi ltered output should never exceed 1 percent. 
In fact, 0.2 percent or less is a good value.

Safety
There is nothing more important for a technician than 
safety. Regardless of how much knowledge or experi-
ence a person has, one small mistake or accident can 
lead to injury or even death from electric shock.
 Electricians are trained to measure high voltages 
with one hand. If you do not use one hand, you are 
putting your body (especially your heart and lungs) 
in the middle—between your two hands—when 
you measure high voltages. So be careful when you 
are dealing with line voltages. And never stay near 
water when high voltages are present.
 If someone receives electric shock, always remove 
the person from the source as quickly as possible. You 
can do this by shutting off the product’s line switch or 
by simply pulling the plug. Then proper medical atten-
tion should be administered as soon as possible. In the 
case of heart failure or severe shock, CPR or artifi cial 
respiration should be administered immediately.
 However, the best way to avoid injury or worse is 
to follow these simple rules:

1. Never work near water.
2. Use a separate isolation transformer with a 1:1 
voltage ratio. Plug the transformer into the AC line; 
then plug the product and/or equipment into the 
transformer. Even a fused power distribution bar 
serves as protection.
3. Never work on equipment while you have metal 
jewelry on your fi ngers, wrists, neck, or arms.
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 The circuit you will develop is a low-voltage DC 
power supply. As Fig. 27-5.1 shows, it is a full-wave 
bridge rectifi er with a pi fi lter.
 The output of this power supply is approximately 
12 V. The load is indicated as purely resistive and is 
designated as R1. Resistor R1 will draw a maximum 
current of 150 mA; Rb is a bleeder resistor and is 
always connected.
 Resistor R1 is designed to draw 150 mA at 12 V. 
From Ohm’s law R1 is calculated at 80 V. Given the 
value of R1, Vout, and the load current, the power de-
livered to the load P1 can be calculated at 1.8 W. Note 
that P1 is not equivalent to peak power Ppeak. And 
Ppeak can be determined if Vpeak and Ipeak are known. 
So Vpeak equals Vrms/0.707 5 17.8 V. And Ipeak equals 
Vpeak/R1, which is 0.222 A. Therefore Ppeak is equiv-
alent to the product of Vpeak and Ipeak and is 3.95 W. 
Normally a power supply is derated in terms of power 
by a factor of 2, so an 8-W power rating is advised.
 In determining a value of Rb, Ib must be calcu-
lated. Bleeder currents are normally one-tenth 
(0.10) of the load current. In this case Ib is 0.015 A. 
Now Rb can be determined from Ohm’s law as 
12 V/0.015 A, or 800 V. Power dissipated by Rb can 
be calculated again as Vpeak/Rb and is 0.0178 A. Also, 
Ppeak is determined as the product of Vpeak and Ipeak

and is 0.316 W.
 In the schematic, the fi lter capacitors have been 
specifi ed at 50 �F. Their DC working voltage rating 
must be at least 12 V. A standard value of 15 DC 
working voltage makes a good choice.
 The next component to be selected is the fi lter in-
ductor. The inductance value has been specifi ed as 
1  H. The current rating must be at least 165 mA 
and should be derated to at least 300 mA. Note that 
using an inductor with a higher than required cur-
rent rating reduced DC losses due to the larger size 
of the wire used in the windings.
 The diodes used in the full-wave rectifi er have two 
main ratings: maximum current and peak inverse 
voltage. The normal average current for this circuit 
approaches 200 mA. However, when it is fi rst en-
ergized, a large surge exists because the uncharged 
state of the capacitor provides little opposition to 
current. Allowing for a margin of safety, diodes with 
a 1-A rating should be suffi cient.
 The last component to be selected is the trans-
former, and it has a specifi ed secondary voltage of 

5. Check the Regulator Circuitry. This is 
often the most diffi cult part of troubleshooting a 
regulated power supply. If the rectifi er and fi lter 
elements are good, then the regulator portion is 
suspected. You will have to check all components, 
one at a time, to verify their nominal values or their 
operation. There is no standard way to check this 
circuitry except to use a variable high-wattage load 
resistance and to simulate operation with the real 
load disconnected. Voltages around the transistor 
and any other components can then be measured. 
Use an oscilloscope or voltmeter and any schematic 
provided. Remember that the theory you just read 
in the previous section provides a basis for ana-
lyzing the measurement results. For example, if 
you decrease the load and draw more current, you 
should see some kind of change in the bias around 
the pass regulator. If there is no change, you can 
be sure that the regulator circuit is faulty. At that 
point, you may have to replace components, one at a 
time, if you cannot determine the faulty one. Many 
experienced technicians use this method.
6. Check the Load. Connect sections of the load 
circuit, one at a time, if possible. Remember that a 
short in the load can cause the power supply to fail. 
Also, if the load is faulty, the power supply opera-
tion may  appear to be faulty but is not.

Typical Power Supply Problem
No Voltage: This problem could be caused by a 
blown fuse or a failure in the fi lter circuitry.

Solutions: Measure the primary voltage Vin. Visually 
inspect the supply for heat damage—look for darkened 
components. Replace the fuses. Use the ohmmeter to 
check for continuity or opens where applicable. If the 
supply has a total resistance that is low, it is suggested 
that the load be removed. If the total resistance is high, 
the problem is then due to the load. After this, recon-
nect the supply and power on again. If the fuse blows, 
the supply may have a short. Earlier, we discussed 
how to check all the discrete components for typical 
resis tance and voltage readings. We then discussed 
how to connect each part of the circuit one at a time 
to determine where the short was. Finally, more pos-
sibilities were discussed, including the use of a Variac 
(vary input voltage), before coming to a conclusion.

Fig. 27-5.1  Full-wave bridge rectifi er circuit.



404  EXPERIMENT 27-5 

 7. Disconnect the power to the supply.
 8. From the information measured, calculate the 
percentage of regulation by the formula

% regulation 5   
Vno load 2 Vfull load   ________________  

 Vfull load
   3 100

Record the percentage of regulation in Table 27-5.1. 
However, note that a low percentage value would 
 indicate an output voltage that does not vary much 
from full-load to no-load condition. A low percentage 
is preferable and indicates a more constant output 
voltage.
 9. With the power disconnected to the supply, re-
move RL from the circuit. Connect a voltmeter across 
Rb. Energize and deenergize the supply circuit. Record 
how long it takes for C2 to discharge.
 The RC time constant for the Rb and C2 compo-
nents should be totally discharged in 5 time constants. 
The length of time required can be calculated by

 Time 5 5T where T 5 RC
  5 5RbC2

  5 1.2 s

10. With the circuit deenergized, change Rb to 
100 kV. Energize and deenergize the circuit, and 
note the discharge time. Calculate the discharge 
time for this circuit.

Note: If there were no bleeder resistor, how long 
would circuit discharge take? In some circuits, a dis-
charge time of days is possible. For this reason, never 
operate a power supply without a bleeder resistor.

11. When the capacitor has fully discharged (power 
off), replace the 100-kV resistor with the original 
1-kV resistor.
12. With the circuit deenergized and RL discon-
nected, connect an oscilloscope across the power 

Fig. 27-5.2  Full-wave test circuit.

Fig. 27-5.3  Full-wave circuit loaded.

12.6 V. We have already estimated an average power 
supply current of approximately 200 mA, and most 
transformers with a specifi ed voltage far exceed that 
capacity. Therefore, a 12.6-V transformer rated at 
0.5, 1.0, or 1.5 A will be satisfactory.

EQUIPMENT
Oscilloscope
DMM
Protoboard
Test leads
Filament transformer (120 V:12.6 V)

COMPONENTS
(4) 1N4004 diodes or equivalent
(2) 47-�F capacitors
(1) 1 H inductor (choke) or largest available
(1) 1000-V, 1-W resistor
(1) 5.1-kV, 1-W resistor
(1) 100-kV, 1-W resistor
(1) SPST switch

PROCEDURE
 1. Build the circuit shown in Fig. 27-5.2. Do not 
energize. Double-check all component connections.
 2. When you are satisfi ed that the circuit is con-
nected correctly, energize it.
 3. Measure the unloaded DC and AC peak-to-peak 
ripple voltages. Record these measurements in 
Table 27-5.1 in the “Results” section of this 
experiment.
 4. Disconnect the power to the supply.
 5. Connect the load resistor to the output termi-
nals of the circuit, as shown in Fig. 27-5.3.
 6. Measure and record the fully loaded DC and AC 
peak-to-peak ripple voltages in Table 27-5.1.
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16. With the power supply deenergized, remove one 
diode, as shown in Fig. 27-5.4. Making sure that the 
circuit is under full load, energize the circuit. Mea-
sure and record the DC and ripple levels; note the 
ripple waveshape.
17. Compare the output characteristics of the 
open-diode circuit in step 16 with the original circuit 
characteristics.
 A power supply overload or a shorted fi lter capac-
itor will result in excessive diode current. This exces-
sive diode current can cause a diode to open. If this 
happens in a full-wave bridge-type circuit, the circuit 
will operate as a half-wave circuit. This defect will 
result in obvious symptoms. The output voltage will 
drop, the ripple voltage will change, and the ripple 
frequency should decrease from 120 to 60 Hz.
18. With the circuit energized, measure the DC 
voltage across the open diode. As soon as you are 
fi nished examining the circuit and taking measure-
ments, deenergize and replace the diode.
19. With the circuit deenergized and the diode 
replaced, remove capacitor C1, as shown in 
Fig. 27-5.5. This simulates an open capacitor 
condition. The capacitor is supposed to charge to 
the peak value of the input signal. Therefore an 
open capacitor should cause an output voltage 
drop. Removal of the capacitor will also cause the 
ripple to increase.
20. With the load RL connected, energize; then 
measure, and record the DC output voltage, ripple 
voltage, and ripple frequency in Table 27-5.1.
21. Deenergize the circuit and reconnect 
capacitor C1.
22. With the circuit deenergized, remove C2, as 
shown in Fig. 27-5.6.
23. Energize the circuit and take measurements of 
VDC and Vripple. Capacitor C2 is important in remov-
ing ripple. Its effect on the DC voltage level may not 

supply output terminals. Energize the circuit. With 
the oscilloscope correctly adjusted, measure the peak-
to-peak ripple voltage across Rb. Record this value 
and the calculated value of Vrms in Table 27-5.1.
 The ripple voltage and ripple percentage provide 
an indication of the quality or smoothness of a DC 
voltage. Ripple must be measured under both load and 
no-load conditions. Ripple is measured with an oscillo-
scope. The results will be in peak-to-peak values;  after 
the measurement is taken, convert to rms values.
13. Deenergize the circuit.
14. With the circuit deenergized, connect RL across 
Rb. Energize and record the peak-to-peak ripple volt-
age in Table 27-5.1. Calculate the Vrms equivalent 
and record it in Table 27-5.1. Deenergize the circuit.
 The full-load ripple should be larger and have a 
different waveshape than no-load ripple. The ripple 
waveshape should change from a sawtooth to a sine 
wave. Under no load, the capacitor remains charged 
longer, and the inductor provides little effect. When 
the load is increased, the capacitor discharges 
faster and the inductor begins fi ltering more.
15. Determine and record in Table 27-5.1 the ripple 
percentage from

Ripple, % 5   
Vrms  _____ 
VDC

   3 100

A low ripple percentage indicates a high-quality 
fi lter. When the load is increased, the ripple voltage 
increases, and the DC voltage level decreases.

Power Supply Defect
The most common defect in a power supply is an 
open fuse or circuit breaker. The next most probable 
problem is an open diode.
 Shorted, open, and leaking capacitors are com-
mon. The symptoms produced by these defects are 
usually recognizable to a skilled technician.

Fig. 27-5.4  Full-wave open diode test circuit.

Fig. 27-5.5  Full-wave open input capacitor test circuit.
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Fig. 27-5.6  Full-wave open output capacitor test circuit.

Fig. 27-5.7  Full-wave shorted output circuit (do not construct!).

Fig. 27-5.8  Full-wave shorted capacitor circuit (do not construct!).

be as noticeable compared to the effects of the input 
 capacitor C1. Both capacitors have an effect on the 
ripple and DC average; but when compared, the 
input capacitor C1 has the greatest effect overall.
24. Deenergize the circuit and disconnect. The 
effect on short circuits was not discussed in this 
experiment. It was not presented because electric 
shorts can cause damage. Consider the shorted 
circuit in Fig. 27-5.7. The overall effect would be an 
increase in output current.

 The sudden increase in current would continue 
until the maximum ratings of the components were 
reached. Circuit opens would occur, most likely a 
diode.
 Another circuit condition (see Fig. 27-5.8) is a 
shorted or leaky capacitor. A leaky capacitor oc-
curs when the dielectric strength deteriorates and 
allows more current to fl ow through the capacitor. 
Again increased current fl ow manifests itself in 
opened components such as a diode.
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NAME DATE

QUESTIONS FOR EXPERIMENT 27-5

1. What are the circuit characteristics of a power supply with an open output 
capacitor?

2. What are the circuit characteristics of a power supply with an open input capacitor?

3. What are the circuit characteristics of a power supply with an open rectifi er diode?

4. What does the percentage of full-load ripple indicate?

5. Why is a bleeder resistor important in a power supply?

6. What safety factors must be observed when you are working with a power supply?
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TABLE FOR EXPERIMENT 27-5

TABLE 27-5.1

Procedure 
Step Value Measured Calculated

 3 VDC 

 3 Vripple 

 6 VDC 

 6 Vripple 

 8 % Regulation  

 9 T for C2  

10 T for C2  

12 Vripple 

12 Vrms  

14 Vripple 

14 Vrms  

15 % Ripple  

16 VDC 

 Vripple 

18 VDC 

20 VDC 

 Vripple 

 fripple 

23 VDC 

 Vripple 
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTERS

28
&

29

E X P E R I M E N T  2 8 - 1

COMMON-EMITTER AMPLIFIER

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■  Study the phase relationship of the input signal 

 versus the output signal of a common-emitter 
 amplifi er.

■  Investigate the purpose of biasing in a common-
emitter amplifi er.

■  Plot a load line on the characteristic curves of a 
transistor.

SUGGESTED READING
Chapters 28 and 29 Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
This experiment uses a bipolar junction transistor 
(BJT) to amplify a small value of audio-range signal. 
The transistor polarity will be verifi ed (pnp or npn), 
and the bias supply will be adjusted to allow a max-
imum value of undistorted output voltage for the 
sine-wave input. The concept of gain (AV) will be ex-
amined by varying the value of the collector resis-
tor. The fundamental aspects of the common-emitter 
confi guration can be determined from an analysis of 
the data obtained in the experiment.
 Bias is defi ned as electrical force applied to a semi-
conductor transistor for the purpose of establishing 
a reference level for the operation of the device. In 
this  experiment, a common-emitter pnp transistor 
amplifi er is biased for operation under different lev-
els of reference. The reference levels are established 
with respect to the load line and the Q point of op-
eration. Consistent with the principles discussed in 
theory textbooks, amplifi cation of a sine wave will 
have varying output results depending upon the 
 biasing of the transistor. The results obtained in this 
experiment should provide suffi cient data for analy-
sis of the concept of transistor bias.

EQUIPMENT
Signal generator
Oscilloscope

Low-voltage power supply
Microammeter
Test leads
DMM

COMPONENTS
(1) 100-kV potentiometer
(2) 10 �F at 25-V capacitors
(1) 2N3638 transistor or equivalent

Resistors (all 0.25 W):

(1) 470 V (1)  10 kV
(1)  1 kV (1) 4.7 kV

PROCEDURE
 1. Using a DMM test the  transistor to determine 
the emitter-to-base and  base-to-collector junctions. 
This is a test of the diode action of the transistor. 
Forward bias is positive  potential to the p material 
and negative potential to the n material, indicated 
by a low-resistance reading with the ohmmeter. 
Emitter-to-collector junctions will have a high resis-
tance reading.
 2. Connect the circuit shown in Fig. 28-1.1.
 3. With the power supply (VCC) adjusted at 210 V, 
obtain 25 V at the collector by adjusting the poten-
tiometer (RB). This means that one-half the voltage 
(VCC) of the supply is developed both across the 
 collector to ground and across the collector resistor 
 itself.

Fig. 28-1.1  PNP common-emitter amplifi er.
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oscilloscope lead and using the dual-trace capabil-
ities of the oscilloscope. Note the results in your 
report.
12. Draw a DC load line on the family of charac-
teristic curves for a 2N3638 shown in Fig. 28-1.2, 
where RC 5 1 kV and VCC 5 10 V.

Note: The circuit for which this load line is drawn 
 appears in Fig. 28-1.3.

Note: The wiper of the potentiometer divides the 
 potentiometer so that part of its resistance is added 
to the value of RA. The remaining resistance is 
equal to RB. This is called voltage divider bias.

 4. Apply a 30-mVp-p input signal to the amplifi er.

Note: It may be necessary to attenuate the output 
of the signal generator. This can be done by creat-
ing a voltage divider network across the terminals 
of the signal generator. For example, a 10-kV re-
sistor in  series with a 1-kV resistor will divide the 
voltage into 11 equal parts, 1 part across 1 kV and 
10 parts across 10 kV. The frequency of the input 
signal should be set at 1 kHz.

 5. Measure and record in Table 28-1.1 the output 
voltage from the amplifi er.
 6. Measure and record in Table 28-1.1 the DC volt-
age from the base to the emitter.
 7. Calculate the gain of the amplifi er (AV):

AV 5   
Vout ____ 
Vin

  

Record the results in Table 28-1.1.

 8. Disconnect the power supply from the circuit 
(VCC and ground). Carefully remove the potentiom-
eter wiper lead (point B) from the circuit, and mea-
sure the resistance of RA (points A and B) and RB 

(points B and C). Record the results in Table 28-1.1.
 9. Change the value of RC to 470 V and repeat 
steps 2 to 8. Record the results in Table 28-1.2.
10. Change the value of RC to 4.7 kV and repeat 
steps 2 to 8. Record the results in Table 28-1.3.
11. Determine the phase relationship of the 
input and output signals by obtaining a second 

Fig 28-1.2  2N3638 family of curves (approximate).

Fig. 28-1.3  Common-emitter amplifi er.

13. Connect the circuit of Fig. 28-1.3.

Note: Voltages are negative for the pnp transistor, 
and for convenience, the following abbreviations 
will be used:

Q 5 quiescent, the point or conditions under which 
the currents and voltages in a transistor exist 
when no signal is applied 5 DC bias conditions

IB 5  base current
IC 5  collector current
VCC 5 power supply voltage
VCE 5 collector-to-emitter voltage
VC 5 collector-to-ground voltage
VBE 5 base-to-emitter voltage

DC Characteristics
14. Check all the connections and polarity. Apply 
210 V, which is equal to VCC.
15. Adjust the bias potentiometer to obtain 25.0 V, 
which is equal to VCEQ 5 ½   VCC.
16. Measure and record IBQ and ICQ on the charac-
teristic curve sheet shown in Fig. 28-1.4.

Note: ICQ cannot be measured directly. Use Ohm’s 
law to determine the current through RC.

17. Measure and record VBEQ in Table 28-1.4.
18. Disconnect VCC, and carefully disconnect the 
 microammeter from the circuit in order to measure 
the values of RA and RB. Measure and record these 
values in Table 28-1.4.
19. Reconnect the circuit, and repeat steps 16 to 18, 
with the bias potentiometer set at VCEQ 5 28.5 V 
and 21.5 V. (Record results in Tables 28-1.5 and 
28-1.6, respectively.)
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Fig. 28-1.4  2N3638 family of curves (approximate).

Fig. 28-1.5  Oscilloscope graticule.

AC Characteristics
20. Disconnect or short-circuit the microammeter. 
Reconnect the power supply and adjust the bias 
 potentiometer to obtain VCEQ 5 5.0 V.
21. Apply an input signal at 1 kHz and adjust the 
signal amplitude until the output voltage is equal 

to 6.0 Vp-p. Measure and record the input signal 
(Vin), and use this same value for the following 
procedures (Table 28-1.7).
22. Record the output waveform of the amplifi er 
with the oscilloscope set at DC coupling. When 
drawing the output waveforms, indicate the 
parameters of the transistor bias as shown on 
the grati cule in Fig. 28-1.5.
23. Repeat steps 21 and 22 with the bias potenti-
ometer adjusted to obtain VCEQ 5 8.5 V and 1.5 V. 
Be sure to use the previous value of input signal. 
The output signal will change. Use Table 28-1.7 
and Fig. 28-1.6 for these data.

Fig. 28-1.6  Additional oscilloscope graticules.
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NAME DATE

QUESTIONS FOR EXPERIMENT 28-1

1. What is the purpose of biasing the transistor?

2. What were the values of biasing resistors used?

3. What is the difference between using npn and pnp transistors with respect to 
bias supply voltage?

4. What is the phase relationship of the input voltage versus the output voltage?

5. Explain the differences between DC and AC characteristics.
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TABLE 28-1.3  RC 5 4.7 kV

Procedure
Step Measurement Value

10 Vout  Vp-p

 VBE  V

 AV 

 RA  V

 RB  V

TABLE 28-1.4  VCEQ 5 25 V

Procedure
Step Measurement Value

17 VBEQ  V

18 RA  V

 RB  V

TABLE 28-1.7  

Procedure
Step Measurement Value

21 Vin  Vp-p

23 VCEQ 5 8.5 V Vout 5  Vp-p

 VCEQ 5 1.5 V Vout 5  Vp-p

TABLE 28-1.5  VCEQ 5 28.5 V

Procedure
Step Measurement Value

19 VBEQ  V

 RA  V

 RB  V

TABLE 28-1.6  VCEQ 5 21.5 V

Procedure
Step Measurement Value

19 VBEQ  V

 RA  V

 RB  V

TABLES FOR EXPERIMENT 28-1

TABLE 28-1.1  Vin 5 30 mVp-p

Procedure
Step Measurement Value

5 Vout  Vp-p

6 VBE  V

7 AV 

8 RA  V

 RB  V

TABLE 28-1.2  RC 5 470 V

Procedure
Step Measurement Value

9 Vout  Vp-p

 VBE  V

 AV 

 RA  V

 RB  V
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OSCILLOSCOPE GRATICULES FOR EXPERIMENT 28-1
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER

30

E X P E R I M E N T  3 0 - 1

FET AMPLIFIER

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Identify the polarity of a FET.
■ Study the circuit components and power supply 

polarity necessary to permit a FET to function as 
an amplifi er.

■ Evaluate the performance of a FET amplifi er.

SUGGESTED READING
Chapter 30, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
A junction fi eld-effect transistor (usually referred 
to as a FET) is a semiconductor device that is con-
trolled like a vacuum tube. In its simplest form, the 
FET is a layer or channel of n-type material that acts 
like a resistor between its two end terminals called 
the source and the drain. On both sides of the chan-
nel, p-type material forms a gate through which elec-
trons fl ow (drain current) from source to drain. With 

current fl owing through the n channel, the FET is 
considered to be a normally on device, which is also 
referred to as in an  enhancement mode. However, 
when a control voltage is applied to the gate which is 
a reverse-bias gate-to-source condition, the channel 
is depleted and the current through the channel de-
creases. Once the channel has been depleted enough, 
the FET is said to be pinched off; that is, no further 
drain current will fl ow. It is important to note, how-
ever, that current can still fl ow while the channel 
is pinched off. The point is that no further amount 
of current will fl ow. See the family of curves in Fig. 
30-1.1. It is also important to note that a FET ampli-
fi er (common source) will have a Q point of operation 
well into the pinch-off region, allowing for a symmet-
rical (positive to negative) output voltage swing.

EQUIPMENT
Signal generator
Oscilloscope
DC power supply, 0–15 V
DMM
Test leads

Fig. 30-1.1  N-channel FET drain curves.
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3. Replace the load resistor with 4.7-kV, 5.6-kV, 
and 8.2-kV resistances, and record all the DC and 
AC peak-to-peak values around the circuit. Deter-
mine AV. Record in Table 30-1.2.
4. Using the 8.2-kV resistor as a drain load, in-
crease the power supply voltage to 30 V DC, and 
note any  effects (in Table 30-1.3) upon the amplifi er.
5. Remove the source bypass capacitor, and note 
the effect (in Table 30-1.3) upon gain and DC 
parameters.

Note: Use VDD 5 15 V and RL 5 5.6 kV.

6. While the source bypass capacitor is removed, 
make a frequency check of this amplifi er, determine 
the low-frequency cutoff value, and calculate the 
input resistance based on that value and the value 
of the coupling capacitor.

Note: Use semilog graph paper found at the end of 
this experiment or in Appendix C-2.

COMPONENTS
(1) 2N3823 FET, or equivalent

Resistors (all 0.25 W):

(1) 1   kV (1) 5.6 kV
(1) 2.2 kV (1) 8.2 kV
(1) 4.7 kV (1) 470 kV

(2) 0.01�F capacitors
(1) 100-�F capacitor

PROCEDURE
1. Use an ohmmeter on the R 3 1000 range, and 
measure S 2 G, G 2 D, and S 2 D in both directions 
of lead polarity. Record results in Table 30-1.1. A 
diode junction should be indicated when measuring 
S 2 G and G 2 D. The polarity of the FET should be 
indicated by the forward-bias indication of the ohm-
meter. A p channel will require a positive-ground, 
negative-drain potential. An n-channel FET will 
 require a negative-ground, positive-drain potential. 
See Fig. 30-1.2 for the correct lead orientation for 
n- and p-channel FETs.

Fig. 30-1.2  (a) N-channel FET. (b) P-channel FET.

Fig. 30-1.3  N-channel FET amplifi er using a 
2N3823 FET.

2. Connect the circuit shown in Fig. 30-1.3, being 
sure to observe proper VDD polarity and also electro-
lytic capacitor polarity. Apply 1 kHz at 100 mVp-p. 
Use a 2.2-kV resistor as the load (drain) re sist ance. 
Measure and record in Table 30-1.2 all the DC and 
AC peak-to-peak voltages.  Determine the  voltage 
gain (AV).
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NAME DATE

QUESTIONS FOR EXPERIMENT 30-1

1. What was the polarity of the FET used in this experiment?

2. What is the function of the bypass capacitor? What happens when it is removed 
from the amplifi er circuit?

3. What factors infl uence the input resistance of the amplifi er?

4. What is the overall effect that is created by increasing the value of load resistance?

5. What effects to the amplifi er are created by increasing the value of the power 
 supply voltage?
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TABLES FOR EXPERIMENT 30-1

TABLE 30-1.1

Procedure
Step Measurement R, V

1 S to G 

 G to D 

 S to D 

Leads S to G 

reversed G to D 

 S to D 
5

TABLE 30-1.2

Procedure
Step RD, kV VG(DC) VD(DC) VS(DC) VG(AC) VD(AC) VS(AC) AV

2 2.2       

3 4.7       

 5.6       

 8.2       

TABLE 30-1.3

Procedure
Step VDD Noted Effects

4 30 V DC 

  

  

5 15 V DC 

  

  

Capacitor removed: 
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SEMILOG PAPER FOR EXPERIMENT 30-1
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.



 EXPERIMENT 31-1  425

CHAPTER

31

E X P E R I M E N T  3 1 - 1

TWO-STAGE TRANSISTOR AMPLIFIER

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Build and test a two-stage amplifi er.
■ Design a two-stage amplifi er for voltage gain.
■ Determine the difference between one- and two- 

stage frequency bandwidth responses.

SUGGESTED READING
Chapter 31, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
Transistors are usually connected in various confi g-
urations or stages to perform different tasks. By 
connecting two transistor amplifi ers in the common- 
emitter confi guration, more gain can be obtained from 
one supply voltage. To accomplish this, the output 
 signal from the fi rst stage is input or coupled into the 
next stage. This type of amplifi er is called a cascaded 
amplifi er because it uses more than one transistor.
 All the concepts that applied to the single-stage 
transistor amplifi er are applicable in this experiment. 
The transistor must be properly biased in each stage, 

and both transistors will have the same polarity: npn 
or pnp.
 In the circuit shown in Fig. 31-1.1, note the bias 
 resistors on Q1, the fi rst-stage transistor. Here Ra 
and Rb provide voltage divider bias, Rc is the collec-
tor resistor, and Re is the emitter resistor.
 The bias resistors on Q2 act exactly the same as those 
used for Q1. In fact, they can be the exact same values 
where Ra and Rb provide voltage divider bias, Rc is the 
collector resistor, and Re is the emitter resistor.
 Also notice that capacitors C1 and C3 block the DC 
current from the input and output. Capacitor C2 is 
a coupling capacitor that keeps the DC currents iso-
lated between stages and passes or couples the AC 
output signal from stage 1 into stage 2.

Designing a Two-Stage Amplifi er
In a previous experiment, you may recall that a single-
stage amplifi er’s voltage gain was equal to Vout/Vin. In 
this experiment, the voltage gain is controlled by the 
relationship of RcyRe. For example, if Rc 5 10 kV and 
Re 5 1 kV, then the voltage gain is equal to 10, assum-
ing the transistor is operating in the middle of the load 
line and the common-emitter confi guration is used.
 Although an amplifi er can be designed (through 
mathematical calculations) to produce a specifi c 

Fig. 31-1.1  Two-stage (cascaded) transistor amplifi er.
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 12.5 �A 3 10 5 0.125 mA

 Rb 5   1.15 V _________ 
0.125 mA

  

 5 9.2 kV

 Ra 5   
VRa ____ 
IRa

  

 VRa 5 Vcc 2 VRb

 5 12 2 1.15 5 10.85 V
 IRa 5 IRb 1 Ib

 5 0.125 mA 1 12.5 �A 5 0.1375 mA

 Ra 5   10.43 V ___________ 
0.1375 mA

   5 76 kV

5. Finally, the capacitors are chosen so that their 
 reactance will not create any appreciable voltage 
drop at the amplifi er’s lowest operating frequency. 
A typical approximation is made by using the for-
mula C 5 10y(2�f1Zin), where f1 is the lowest fre-
quency and Zin is the estimated input impedance of 
the  amplifi er. For example,

C 5   10  ____________________  
6.28(100 Hz)(1.5 kV)

   5 10 �F

EQUIPMENT
Oscilloscope (dual trace)
Signal generator
Variable DC power supply
DMM

COMPONENTS
(2) Transistors—2N3904 npn silicon 
Resistors, all 0.25 W:
  (2) 82 kV  (2) 1.5 kV  (1) 1 kV  (2) 150 V
  (3) 10 kV  (1) 100 V
(3) 10 �F at 25-V DC capacitors

PROCEDURE
 1. Connect the circuit of Fig. 31-1.3, but don’t con-
nect the AC signal source or the load resistance yet.
 2. Measure and record all the DC voltages around 
the circuit, as indicated in Table 31-1.1. Also calcu-
late the currents I 5 V/R through each resistor.
 3. Apply an input signal of 100 mVp-p at 5 kHz. 
Be sure to measure the input signal when it is con-
nected to the amplifi er input at C1. Measure the 
two-stage output voltage, and calculate the gain as 
VoutyVin in Table 31-1.1.
 4. Disconnect the AC signal. Disconnect the stages 
at points A and B; also disconnect C2 at point D. 
 Measure and record the DC voltages across each 
bias resistor. Record the results in Table 31-1.1.
 5. Apply an input signal of 100 mVp-p to each 
stage, and measure the output. The output of stage 1 
is at point D. The input to stage 2 is at point C. 

result, for example, a specifi c voltage gain, the bias 
 resistor values are often adjusted during testing of 
the prototype to achieve the desired gain. In this ex-
periment, the test amplifi er will produce a voltage 
gain of about AV 5 70 after the bias resistors are ad-
justed. However, the original design was calculated 
for each stage to have a voltage gain of 10. Thus, 
stage 1 gain 3 stage 2 gain equals 100, as described 
in the fi ve steps below:

1. A load line was drawn for a single stage where 
Vcc 5 12 V, Vce 5 6 V, Ic (max) ø 6 mA where Rc is 
 assumed to be 1.5 kV. This load line was drawn on 
a typical family of curves for a 2N3904, made on a 
curve tracer.
2. The Q point (middle of the load line) shows 
Ic 5 3.0 mA and IB 5 12.5 �A in Fig. 31-1.2.

Fig. 31-1.2  Load line for 2N3904 made on a curve tracer.

3. To get a total gain of AV 5 100, each stage has an 
RcyRe ratio of 10/1. Thus, the fi rst-stage AV times the 
second-stage AV 5 100. Therefore, if Rc 5 1.5 kV, 
then Re is chosen to be 150 V: 1.5 kV/150 V ø 10/1.
4. To determine the voltage divider bias resistors 
Ra and Rb, the following calculations were made:

 Rb 5   
VRb ____ 
IRb

  

 VRb 5 Vbase 5 VBE 1 VRe

where VRe 5 ReIcQ

 VRe 5 150 V 3 3.0 mA 5 0.450 V
 VRb 5 0.7 1 0.450 5 1.15 V
 IRb 5  IB 3 10, where 10 is an

approximation 
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Record the output voltages, and calculate the gain 
for each stage in Table 31-1.1.
 6. Reconnect both stages, and perform a frequency 
response test. To do this, apply a 5-kHz signal at 
100 mV and decrease the frequency until the 3-dB 
(half-power) point is reached. The output of stage 2 
will show about 70 percent of its previous output 
 voltage. Then increase the frequency until the sig-
nal output is 70 percent of its value at 5 kHz. For 
example, if the 5-kHz output is 10 V, it will roll off 
to 7 V at the low ( f1) and high ( f2) ends of the am-
plifi er’s bandwidth. Calculate the bandwidth (BW) 
as f2 2 f1. Record all the values according to Table 
31-1.1.
 7. Connect the load resistor RL 5 1 kV, and mea sure 
the output voltage at 10 kHz with Vin 5 100 mV. 
Record the results in Table 31-1.1.

load

Fig. 31-1.3  Two-stage voltage amplifi er.

 8. Replace RL with a 100-V resistor and repeat 
step 7.
 9. Replace RL with a 10-kV resistor and repeat 
step 7.

OPTIONAL
10. Adjust the bias resistors to obtain a gain of 
100 as calculated in the introductory material. 
This step will require you to use a trial-and-error 
process. Try replacing RC2 as a start. On a sepa-
rate sheet of paper, describe what you did to obtain 
and verify a gain of 100.
11. Perform a frequency response (bandwidth) test on 
the single-stage amplifi er. Compare the results with 
the two-stage bandwidth response in your  report.
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NAME DATE

QUESTIONS FOR EXPERIMENT 31-1

1. With reference to amplifi ers, defi ne the term gain.

2. What is the general purpose or reason for the creation of the cascading amplifi er 
circuit?

3. When determining the calculated voltage gain of an amplifi er, which two resis-
tance values can be used to determine its value? How is this different from a 
single-stage amplifi er? Explain your answer.

4. Describe the importance of the Q point. Explain your answer.

5. Describe the process used to determine the value of the capacitors used for the 
 cascaded amplifi er.
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TABLES FOR EXPERIMENT 31-1

TABLE 31-1.1 Step 4

     Voltages 
  Nominal  Measured Calculated with Stages 
 Resistor Value Voltage Current Disconnected

Step 2 Ra1   82 kV   

 Rb1   10 kV   

 Rc1   1.5 kV   

 Re1 150 V   

 Ra2   82 kV   

 Rb2   10 kV   

 Rc2   1.5 kV   

 Re2 150 V   

Two Stages

Step 3 Vin 5 100 mV, Vout 5 , AV 5 

 Note: Vout 5 stage 2 output

Single Stages

Step 5 Stage 1: Vin 5 100 mV, Vout 5                   V, AV 5 

 Stage 2: Vin 5 100 mV, Vout 5                   V, AV 5 

Bandwidth

Step 6 At Vin 5 100 mV, f1 5  Hz at Vout

 BW 5 . f2 5  Hz at  Vout

Step 7 RL 5 1 kV, Vout 5  V, AV 5 

Step 8 RL 5 100 V, Vout 5  V, AV 5 

Step 9 RL 5 10 kV, Vout 5  V, AV 5 
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER

32

E X P E R I M E N T  3 2 - 1

LIGHT-SENSITIVE DIODES

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Understand how light energy can be converted to 

electric current.
■ Use a photodiode.
■ Understand the construction of a photodiode

SUGGESTED READING
Chapter 32, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
Although many devices are sensitive to light, the 
most common types are light-sensitive diodes. These 

diodes, or photo-sensitive cells, have been used for 
years to convert or transduce energy from one form 
to another. For example, a photodiode converts light 
to electric current, and a light-emitting diode (LED) 
converts electric current to light.
 Changes in the communications industry have 
created a demand for light-sensitive diodes to be 
used with fi ber-optic cable. This cable, made of 
a special type of glass, is replacing copper wire in 
many applications throughout the world.
 Instead of varying (modulating) the frequency 
and amplitude of an AC signal, the intensity of light 
is modulated and sent through this fi ber-optic cable. 
Thus, diodes are used to convert the light to electric 
current so that audio, visual, and data transmission 
can be used in electronic systems.
 Although the light in fi ber-optic cable is provided 
by a laser, light-emitting diodes are similar because 
they convert, or use, electric energy to create light. 
Light-sensitive diodes, or photodiodes, are almost 
always found in the receiving end of fi ber cable.
 Figure 32-1.1 shows the typical construction 
and use of a light-sensitive diode. This diode, also 
called a solar cell, converts light to electric current. 
Notice that the symbol is like a battery or cell, ex-
cept that the Greek letter � (“lambda”) is shown 
next to the cell to indicate light or light wave. Also 
notice that the p-type material is very thin so that 
the light energy can penetrate and excite the p-n 
junction, causing electrons to fl ow, as the following 
procedure demonstrates.

EQUIPMENT
DMM
Lamp (light source)
Leads or solder and soldering iron

COMPONENTS
(2) Solar cells (IR#S1M) or any similar pn silicon 

photodiodes
(1) 330-V, 1.0-W resistor
(4) Bulbs, one each, 25, 60, 100, and 150 W

Fig. 32-1.1  Solar cell or light-sensitive diode schematic 
and cross section.
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2. Position the lamp (ON) as close as possible to the 
diode or cell so that the maximum current fl ows 
without overheating the circuit. Record the current 
in Table 32-1.1.
3. Remove the ammeter, and put a 330-V resistor 
in place of the ammeter. Measure and record in 
Table 32-1.1 the voltage across the resistor. Keep 
the lamp in the same position.
4. Turn off the lamp, and replace the 150-W bulb 
with a 100-W bulb; repeat steps 2 and 3.
5. Turn off the lamp, and replace the 100-W bulb 
with a 60-W bulb. Repeat steps 2 and 3.
6. Turn off the lamp, and replace the 60-W bulb 
with a 25-W bulb. Repeat steps 2 and 3.
7. Connect a second diode or cell in series (as close 
as possible) with the fi rst cell. Repeat steps 2 to 6.
8. Connect a second diode or cell in parallel (as 
close as possible) to the fi rst cell. Repeat steps 2 
to 6.

PROCEDURE
1. Connect the circuit shown in Fig. 32-1.2, using 
the 150-W bulb.

Fig. 32-1.2  Light-sensitive circuit.

Note: Any variable light source can be used instead 
of four bulbs, as long as it supplies enough light 
 (variable) to produce adequate results.
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NAME DATE

QUESTIONS FOR EXPERIMENT 32-1

1. Describe how these types of photocells could be used in three different applications.

2. Describe the difference between a zener diode and a regular diode.

TABLE 32-1.1

 Lightbulb
 or Current Volts

Step(s) Wattage I across 330 V

2 and 3   

4   

5   

6   

Two Devices in Series

   

   
7
   

   

Two Devices in Parallel

   

   
8
   

   

TABLE FOR EXPERIMENT 32-1
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER

32

E X P E R I M E N T  3 2 - 2

ZENER DIODES FOR REGULATION 
AND PROTECTION

side. When 8 V or more is across the diode, current 
will fl ow. Of course, the load has some resistance, 
which is why more than 8 V is required here.
 However, zener diodes are not usually used in 
this confi guration. They are usually put in parallel 
with other components requiring voltage regulation 
or protection.
 In Fig. 32-2.3, the zener was selected to protect 
the load from too much current. The load circuit will 
be destroyed if the voltage across it is 15.5 V or more, 
resulting in too much current: IL 5 VZyRL. While V 
applied is less than 15 V, the zener is like an open 
switch and the current IL is all fl owing through the 
load. (See Fig. 32-2.3a.) However, when V applied 
reaches 15 V, the zener acts as a closed switch (0 V) 
so that very little current can fl ow through the load 
(see Fig. 32-2.3b). In this way, the zener protects 
the load circuit. In other words, the zener acts as a 

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Understand how zener diodes operate.
■ Use a zener diode to protect circuits from exces-

sive current or voltage.
■ Use a zener diode as a simple voltage regulator.

SUGGESTED READING
Chapter 32, Basic Electronics, Grob/Schultz, 
twelfth edition

INTRODUCTION
Zener diodes are similar to, but also different from, 
ordinary silicon p-n junction diodes. Zener diodes 
are similar because both these types of diodes are 
made from p and n material. However, they differ 
because in the zener diode, the p and n material is 
“doped” so that it can be used in the reverse direc-
tion. Recall that a typical p-n junction diode (silicon) 
allows current to fl ow in the forward direction when 
about 0.7 V is across it, causing forward bias.
 Generally, a p-n junction diode is found in a recti-
fi er circuit where it passes only one direction of cur-
rent fl ow from an AC signal. Current is blocked when 
the p-n junction diode is reverse-biased, unless the 
reverse voltage reaches the breakdown level, which 
is usually around 5 V. However, the zener diode is 
designed to perform a different task. It is used in its 
reverse direction so that current will fl ow through it 
when a particular voltage reverse-biases the zener 
diode. Like the p-n junction diode, the zener diode 
allows current to fl ow when about 0.7 V is across it 
in the forward direction. The characteristics of an 
8-V zener diode are shown in Fig. 32-2.1.
 Notice that when 8 V is across the zener diode, in 
the reverse direction, an “avalanche” or breakdown 
of the p-n junction occurs, and the zener is then like 
a closed switch. Before 8 V is across the zener, only 
a small leakage current fl ows. Figure 32-2.2 shows 
the symbol for a zener diode where current will fl ow 
when 8 V is across the zener.
 The zener diode cathode (2) is on the positive side 
of the battery, and its anode (1) is on the negative 

Fig. 32-2.1  The 8-V zener diode characteristics.

Fig. 32-2.2  Zener diode used as a switch.
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Fig. 32-2.3  Zener protection circuit. (a) Zener is like an 
open switch—current fl ows through load. (b) Zener is like 
a closed switch—minimal current fl ows through load.

Fig. 32-2.4  Simple zener diode voltage regulator.

Fig. 32-2.5  Zener diode circuit.

Note: Voltage and current
           measurement
           may be needed.

protection switch to keep the load protected in case 
there is a short that draws more current than the 
load can withstand.
 Finally, Fig. 32-2.4 shows a zener diode used to 
keep a constant voltage across a load. This is a sim-
ple regulator where RS limits the total circuit cur-
rent, and, regardless of how much current is drawn 
by the load, the zener diode keeps the load voltage 
constant. However, this circuit assumes that V ap-
plied remains high enough that the voltage across 
the zener allows current IZ to fl ow.

 Although the zener diode protection circuit and the 
zener diode regulator circuit may appear similar, re-
member that the difference is simple. In Fig. 32-2.3, 
the protection zener is not biased ON during normal 
operation—it conducts only when too much voltage is 
seen across it or the load. In Fig. 32-2.4, the zener is 
purposely biased ON during normal operation so that 
it keeps a constant voltage across the load.
 The following procedure will validate the basic 
operation of a zener diode. However, keep in mind 
that not all aspects of a zener diode are covered here. 
A zener diode, like any semiconductor device, has 
 numerous properties and characteristics which re-
quire extensive testing to verify. This experiment 

will introduce you to the most widely used applica-
tion of a zener diode.

EQUIPMENT
Variable DC power supply (0–30 V)
DMM
Ammeter (or additional DMM if available)

COMPONENTS
(1) 1-kV resistor (0.25 W)
(1) 330-V resistor (1 W)
(1) 4.7-kV resistor (0.25 W)
(1) 100-V resistor (0.25 W)
(1) Zener diode, 5 V (1 W)

PROCEDURE
 1. Connect the circuit shown in Fig. 32-2.5.

 2. Turn on the power supply, and slowly increase 
the applied voltage until 5 V appears across the 
zener diode. Measure and record the applied volt-
age at this point in Table 32-2.1.
 3. Measure and record the current IT in Table 32-2.1.
 4. Measure the voltage across RS, and record 
the  results in Table 32-2.1. Calculate the current 
through RS, and record the results next to IT (mea-
sured) in Table 32-2.1.
 5. Increase the applied voltage by 2 V, and repeat 
steps 3 and 4. Use the voltmeter to verify that V applied 
is 2 V greater. Be sure to measure and record VZ and VA.
 6. Increase the applied voltage by 2 V more 
(4 V greater than step 2), and repeat steps 3 and 4. 
Be sure to measure and record VZ.
 7. Connect a 4.7-kV resistor across the zener 
diode, keeping the rest of the circuit the same, as 
shown in Fig. 32-2.5.
 8. Repeat steps 2 through 4 for the circuit with 
the 4.7-kV load connected. Turn off the power when 
you have fi nished.
 9. Repeat steps 2 through 4 with a 100-V load re-
sistor. Turn off the power when you have fi nished.
10. Remove any load resistors, and connect the 
zener in the opposite polarity. Vary the power sup-
ply voltage between 0 and 8 V, and measure the 
voltage across the zener at 1-V intervals. Also, mea-
sure IT and record the results in Table 32-2.2.
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NAME DATE

QUESTIONS FOR EXPERIMENT 32-2

1. How does a zener diode act when it is connected in the forward-bias manner?

2. How does a zener diode operate when it is connected as a voltage regulator?

3. How does a zener diode operate when it is connected as a protection device?

4. Explain the difference between a zener diode and a p-n junction diode.

5. What was the purpose of RS in the circuit in Fig. 32-2.5?

TABLE 32-2.1

   IT  IT 
 VZ  V Applied (Va)  Measured,  Calculated,  VRS 

Step(s) Measured, V Measured, V mA mA Measured, V

2–4 5   

5

Va 1 2 V    

6

Va 1 4 V    

8

RL 5 4.7 kV 5   

9

RL 5 100 V 5   

TABLES FOR EXPERIMENT 32-2
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TABLE 32-2.2  Step 10

V Applied (Va),
V VZ, V IT, mA

0  

1  

2  

3  

4  

5  

6  

7  

8  
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.





EXPERIMENT 32-3  443

CHAPTER

32

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Understand how silicon-controlled rectifi er (SCR) 

devices operate.
■ Use an Ohmmeter to test an SCR.
■ Use an SCR in both DC and AC circuits.

SUGGESTED READING
Chapter 32, Basic Electronics, Grob/Schultz, twelfth 
edition

Important Operational Note: The SCR is a 
high-current device and will not usually work with 
low-current lab equipment. Therefore, it is sug-
gested that you use the MultiSim program for this 
experiment. Or consult with your instructor about 
using a real SCR, if applicable. 

INTRODUCTION
An SCR or Silicon Controlled Rectifi er (trade name 
by General Electric) is a four-layer (p-n-p-n) current-
controlling device, also known as a type of thyris-
tor because it has four layers. You can think of it 
as two transistors: one npn and one pnp connected 
together at the internal p-n junctions, as shown in 
Fig. 32-3.1. Notice the three terminals: anode, gate, 
and cathode (K is for the cathode, not to be confused 
with C for collector).

E X P E R I M E N T  3 2 - 3

SILICON-CONTROLLED RECTIFIER

 The gate is connected to the p section between two 
N material sections. Also, an SCR is considered a 
unidirectional device, which means current fl ows in 
one direction when the SCR is triggered or turned 
on. To trigger an SCR, a small voltage at the gate 
is applied, and this will allow a large current fl ow 
through the device: anode to cathode. 
 Because the SCR is constructed to handle high 
power or large current, it is often used in power sup-
plies, motors, heating and air-conditioning systems, 
power protection circuits, and other high-current 
fl ow applications. In fact, some SCRs are much 
larger in size than the diodes or transistors you have 
used in these exercises and have built-in heat sinks 
(metal) to dissipate heat easily, as the large amount 
of current is fl owing as shown in Fig. 32-3.2.

Fig. 32-3.1  SCR circuit and pnpn junction.

P

P

N

N

G
G

AA

KK

G==

A

K

Fig. 32-3.2  Generic SCRs (low power and high power).

 Since the SCR is like two transistors (not two di-
odes), the triggering voltage at the gate drives the 
npn transistor to conduct current. When this hap-
pens, the base voltage of the pnp section is negative, 
and this causes the pnp to conduct current. So, the 
pnp supplies the base current to the npn, and this 
keeps the SCR conducting current even if the origi-
nal trigger voltage is removed. 
 Once an SCR has been triggered at the gate, it is 
often called latched and can remain on even if the 
triggering gate voltage is removed. Or, it will also 
remain on until the current fl owing through the an-
ode-cathode falls below a level known as its holding 
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current. This means that SCRs will conduct with or 
without gate voltage if there is enough current fl ow-
ing, and this is called breakover voltage. Another 
way to explain this is that the upper transistor is 
still conducting in that situation. Therefore, SCRs 
are chosen for circuits so that they have a greater 
breakover voltage than ever expected so that they 
cannot be turned on except at the gate.
 Many SCRs are very sensitive when in operation. 
They may even appear to conduct in both directions 
at the gate-cathode junction when tested. Never as-
sume an SCR is faulty if you test it with a DMM. 
Also, some SCRs have a resistance built into the 
gate-cathode junction and may not even appear to 
conduct when the typical 0.7 volt is applied to the 
gate. This resistance is used to protect it from turn-
ing on when not desired. 
 In practical application, no current should fl ow 
through an SCR, except for a very small leakage 
current similar to other pn devices. The SCR is only 
triggered to turn on if the voltage at the gate breaks 
down the barrier, like most diode junctions, or if the 
cathode voltage exceeds its specifi ed threshold level. 
 Figure 32-3.3 is a simplifi ed circuit in which the 
SCR is connected in series with a DC supply and a 
resistor. Here, current can fl ow negative at the cath-
ode. Notice the two switches (ON and OFF). The OFF 
switch is actually on here so it connects the anode 
to the DC supply. It is used to turn OFF the fl ow of 
current by creating an OPEN when needed. 

EQUIPMENT
Recommended: MultiSim simulation software

Or if using an appropriate SCR:

DMM ohmmeter (capable of SCR testing)
Voltmeter (DMM) 
Oscilloscope (dual trace)
Variable high-current DC power supply (2 outputs)
Signal generator (capable of supplying enough 

current)

COMPONENTS
(1) 1 kΩ resistor
(1) SCR: low-current only

PROCEDURE
1. Test the SCR with an Ohmmeter (Continuity). 
As shown here, test the continuity of the gate-to-
cathode junction. Remember that the gate is p ma-
terial and the cathode is n material. So, connect the 
cathode to the negative or common input and the 
gate to the positive or Ohm function input. With the 
meter in the Ohm or resistance mode, record the 
results in Table 32-3.1. 

Fig. 32-3.3  Simplifi ed SCR Circuit 

ON switch

SCR

OFF switch

Fig. 32-3.4  Ohmmeter SRC test.

K

G

A

+

DMM

-
COMΩ

Note: Use multisim or a DMM

 However, the ON switch is normally an OPEN. 
It is pressed ON to connect the gate to the anode to 
trigger the SCR on (latched) so that current fl ows 
from the cathode to the anode. At that point, no fur-
ther triggering is required. This means even if the 
ON switch is released (creating an open), the SCR 
will still be conducting (latched). To turn it off, the 
OFF button should be released to create an open 
circuit. Although this ci rcuit demonstrates how an 
SCR works, typical school lab equipment will not 
usually provide enough current from the supply to 
latch the SCR or trigger it on. For that reason, the 
procedure that follows is best done with the Multi-
Sim program. 

2. Repeat the resistance or continuity test for the 
gate-to-anode terminals and the anode-to-cathode 
terminals and record the results in Table 32-1.1.
3. DC setup: Connect the circuit of Fig. 32-3.5. V1 is 
used to forward bias (trigger) the SCR at the gate. 
V2 (15 volts) is a source voltage supplied to the 
load R1 (1 kOhm). In this circuit, the SCR acts as 
a switch so that voltage to the load is controlled by 
the gate bias. With V1 (bias) at 0 volts, measure and 
record the voltage across the load in Table 32-3.2
4. Increase the V1 voltage to 0.5 volts and record 
the voltage across R1.
5. Increase the V1 voltage to 0.7 volts and record 
the voltage across R1.
6. Increase the V1 voltage to 1 volt and record the 
voltage across R1.
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7. Increase the V1 voltage to 2 volts and record the 
voltage across R.
8. Connect the circuit of Fig. 32-3.6. The oscillo-
scope leads are across the load R1. Set the time 
base to 500 usec (microseconds) per division and 
the amplitude scale to 200 mV per division. Set the 
V2 signal generator to 1 V-peak (2 volts p-p). Set the 
V1 gate trigger to 0 volts. Adjust the oscilloscope 

time and amplitude as you prefer. Record the peak 
voltage across R1 in Table 32-1.1.
9. Increase the V1 voltage to 0.5 volt and record the 
voltage across R1.
10. Increase the V1 voltage to 0.7 volt and record 
the voltage across R1.
11. Increase the V1 voltage to 1 volt and record the 
voltage across R1.
12. Increase the V1 voltage to 2 volt and record the 
voltage across R.
13. Draw 2 waveforms for step 12 in Table 32-1.1 
and label the amplitude and the time.

Fig. 32-3.6  AC test for SRC.
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1 KΩ

V2

1 Vp-p
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V1

0 V
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A

AC
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-
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Fig. 32-3.5  DC test for SRC.
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NAME DATE

QUESTIONS FOR EXPERIMENT 32-3

1. What is the difference between an SCR and a transistor?

2. Why are SCRs used to control motors? 

3. How can an SCR be turned on?

Ohmmeter test (continuity)

Gate to cathode resistance Ω: 

Gate to anode resistance Ω: 

Anode to cathode resistance Ω: 

DC test: voltages across load R1 

V1 5 0 V, load voltage VR1 5 V

V1 5 0.5 V, load voltage VR1 5 V

V1 5 0.7 V load voltage VR1 5 V

V1 5 1 V and load voltage VR1 5 V

V1 5 2 V and load voltage VR1 5 V

AC test: voltages across load R1 with 1 V peak at 1 KHz

V1 5 0 V, load voltage 5 Vp

V1 5 0.5 V, load voltage 5 Vp

V1 5 0.7 V load voltage 5 Vp

V1 5 1 V and load voltage 5 Vp

V1 5 2 V and load voltage 5 Vp

TABLE FOR EXPERIMENT 32-3
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Waveform for step 12:
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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CHAPTER

33

will fi nd that they lend themselves easily and adapt 
well to a variety of industrial applications. They can 
be designed to  function as fi lters, oscillators, pulse 
modulators, peak detectors, signal-function genera-
tors, small-signal rectifi ers, instrumentation ampli-
fi ers, and a seemingly endless variety of specialized 
circuit applications. It has been determined that the 
operational amplifi er is the most commonly used IC 
found in industry today. Figure 33-1.1 shows an IC 
comparison chart for commonly used linear devices.
 When the schematic diagram of an op-amp IC is 
displayed, it will take the form of a simple triangle. 
Some European and Japanese manufacturers will 
use a modifi ed triangle schematic symbol that looks 
very similar to the symbol used for a digital gate cir-
cuit. We will not be using the modifi ed symbol for 
this text; instead, we will be using a simple triangle 
symbol, and it is used in all schematics presented for 
your use in this experiment. The symbol that will be 
used is represented in Fig. 33-1.2.
 To correctly address input signal information to the 
operational amplifi er, two input terminals are made 
available. They are traditionally drawn on the left-
hand side of the schematic diagram (see Fig. 33-1.3). 
The input terminals are connected internally to a dif-
ferential amplifi er located inside the IC casing. These 
terminals are referred to as the inverting and non-
inverting inputs and carry the symbols of 2 and 1, 
respectively. In addition to the input terminals, the 
device must make use of an output terminal. The 
operational amplifi er will use only one terminal for 
this function, and it is drawn at the apex of the trian-
gle, located on the right-hand side of the schematic 
diagram. Again direct your attention to Fig. 33-1.3, 
and notice the placement of the output terminal.
 Under normal operating conditions, if an AC sig-
nal is applied to the inverting terminal (2) with 
reference to ground, a 1808 inversion, out-of-phase, 
signal would be seen at the output terminal. This in-
version may be diffi cult to see with the use of a con-
ventional single-trace scope, but when a dual-trace 
oscilloscope is used to compare the input versus the 
output signal, the 1808 out-of-phase signal is easy to 
see. An AC signal applied to the noninverting termi-
nal (1) with reference to ground would cause no in-
version or phase shift in the signal being measured 

LEARNING OBJECTIVES
At the completion of this experiment, you will be able 
to:
■ Demonstrate the operation of an inverting  amplifi er.
■ Demonstrate the operation of a noninverting 

 amplifi er.
■ Demonstrate the operation of a buffer amplifi er.

SUGGESTED READING
Chapter 33, Basic Electronics, Grob/Schultz, twelfth 
edition

INTRODUCTION
The fi rst effort of this experiment will be directed to-
ward the defi nition of terms used in conjunction with 
the operational amplifi er. The operational amplifi er, 
sometimes shortened to op amp, is a highly sophis-
ticated linear integrated circuit (IC) direct-current 
amplifi er, demonstrating high-gain, high-input im-
pedance, and low-output impedance. Originally, the 
term referred to high-gain, high-performance vacuum 
tube direct-current amplifi ers that were designed to 
perform mathematical operations with predetermined 
voltage levels. Operational amplifi ers were the basic 
building blocks of analog computers because they per-
form the mathematical operations of amplifi cation, 
addition, subtraction, integration, and differentiation. 
The operational amplifi er used today can still be used 
to perform these mathematical operations; however, 
more useful circuit designs have been created. In com-
bination with nonlinear elements such as diodes, they 
may be used as limiters, level detectors, and nonlin-
ear function generators. By designing operational am-
plifi er circuits that include other active components 
such as transistors, it is even possible to multiply and 
divide analog voltages by taking the logarithms and 
antilogarithms of input voltages.
 The modern-day device tends to operate at lower 
voltages and does not have any of the common 
problems associated with vacuum tubes. Today’s 
operational amplifi er is in an IC format and still 
resembles the high-gain, direct-current amplifi er 
that uses external feedback for controlled responses. 
When working with operational amplifi ers, the user 

E X P E R I M E N T  3 3 - 1

OPERATIONAL AMPLIFIERS
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simplify the analysis of operational circuitry. For 
example, the assumption of an infi nite input imped-
ance allows us to ignore the loss of any signal cur-
rent into the amplifi er’s input terminal. The lack of 
bias current enables us to neglect the effect of this 
variable. These assumptions of the ideal amplifi er 
can now be applied to the following circuits.

The Noninverting Amplifi er
The noninverting operational amplifi er circuit will 
usually be drawn as the schematic confi guration 
shown in Fig. 33-1.5. Notice that both schematics 
are basically the same and are just redrawn for eas-
ier interpretation.
 The voltage appearing at the inverting input ter-
minal is at the same potential as Vin. Therefore, the 
voltage across R1 will be the same as the potential of 
Vin, or

V R1
  5  V in 

Knowing the above relationship, we can determine 
that the amount of current fl owing through R1 will 
be equal to the current fl owing through RF, the feed-
back resistor; it would then follow that

I R1
  5   Vin ___ 

R1
  

at the output terminal. A comparison of AC input 
signals of sine, triangle, and square waves applied 
to the inverting and noninverting terminals of a typ-
ical operational amplifi er is shown in Fig. 33-1.4.
 Of course, the operational amplifi er will need to 
have supply voltages and other components added 
in order to operate effi ciently.

Circuit Confi gurations
Circuits using operational amplifi ers commonly dis-
play properties radically different from those of the 
individual devices themselves. For example, you will 
fi nd that the circuit’s closed-loop gain, ACL, is only 
a fraction of the device’s internal open-loop gain, 
AOL. In addition, the circuit input impedance is often 
much different from the operational amplifi er’s in-
ternal input impedance (although for some circuits 
you will fi nd it to be of the same magnitude). Out-
put impedance of the operational amplifi er circuit 
is usually less than that of the op-amp device, but 
the bandwidth is usually greater. It is, therefore, ad-
visable to make the fi rst analysis of this circuit by 
assuming an ideal op- amp situation and then mod-
ifying the analysis for the imperfections existing in 
the real world.
 An ideal operational amplifi er would display the 
following fi ve characteristics:

1. Infi nite open-loop gain, AOL 5 infi nite
2. Infi nite input impedance, Zin 5 infi nite
3. Zero output impedance, Zout 5 0
4. Zero offset voltage, VOS 5 0
5. Zero bias current, Ib 5 0

Although these approximations are by no means 
conclusive, they are the values which infl uence 
most other characteristics. The approximations will 

Fig. 33-1.2  Schematic symbol for an op amp.

Fig. 33-1.3  The inverting and noninverting terminals 
for an op amp.

Fig. 33-1.4  Op-amp input-output signal comparison.
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to the ratio of the output voltage Vout to the input 
voltage Vin, or

AV 5   
Vout ____ 
Vin

  

Combining this equation with one previous one, we 
can now realize that the following equation holds:

AV 5 1 1   
RF ___ R1

  

This demonstrates a unique aspect of the nonin-
verting operational amplifi er, which is that the volt-
age gain of this particular amplifi er will always be 
greater than 1, or greater than that of a unity-gain 
amplifi er. Therefore,

AV . 1    (for a noninverting amplifi er)

Sample Problem 1.  In a noninverting amplifi er, 
where R1 5 10 kV and RF 5 50 kV, what will the out-
put signal level be with an input signal (Vin) of 0.5 V? 
Draw the schematic diagram and show all work.

Given:  A noninverting operational amplifi er of

 RF 5 50 kV
 R1 510 kV
 Vin 5 0.5 V 5 500 mV

Find:  Schematic diagram and Vout.

Solution:  See Fig. 33-1.6.

 AV 5 1 1   
RF ___ R1

  

 5 1 1   
50 kV

 ______ 10 kV
  

 5 6.00
 Vout 5 (Vin)(AV)
 5 (0.5 V) (6.00)
 5 3.00 V

The Inverting Amplifi er
As previously stated, we can calculate the volt-
age gain of any amplifi er by noting the relation-
ship existing between the input and output signal 

Voltage across RF would be determined by the cur-
rent fl owing through itself, and this can be related 
back to the input voltage:

  V RF
  5 (I) (RF)

 5   (Vin)(RF) ________ 
R1

  

 5 Vin   RF ___ 
R1

  

Since the left end of resistor RF is at the input poten-
tial, the voltage across RF is

 V RF
  5 Vin   RF ___ 

R1
  

This signal appears to be noninverting at the left 
end of the resistor, and the output voltage Vout can 
be calculated as

 Vout 5 Vin 1 VS   RF ___ 
R1

  

 5 Vin  1 1 1   RF ___ 
R1

   2 
We now have two dependable methods for determin-
ing the voltage gain of a noninverting operational 
 amplifi er.
 The fi rst method makes use of the formula which 
states that the voltage gain of an amplifi er is equal 

Fig. 33-1.5  Op-amp noninverting schematic diagrams.

Fig. 33-1.6  Noninverting op amp.
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where

Zin 5 Rin

Through rearranging, we have

Vout 5 2  RF ___ 
Rin

   Vin

and solving for the voltage gain,

AV 5   
Vout ____ Vin

   5   
RF ___ Rin

  

In summary, it can now be realized that the voltage 
gain can be equal to, less than, or greater than 1:

AV 5 1
AV , 1
AV . 1

Typically, it will be found that Rin is at least 1 kV 
and that for the operational amplifi ers the device’s 
input impedance is equal to the input resistance of 
Rin. Therefore,

Zin 5 Rin

Sample Problem 2.  Notice in the circuit of 
Fig. 33-1.8 that a 1.00-mV peak AC signal is applied 
to the circuit and that an oscilloscope is connected to 
monitor the output signal. What would the expected 
magnitude and phase of the output signal be?

Given:
RF 5 100 kV
Rin 51 kV

 Vin 5 1.00 mV

Find:  Phase of Vout.

Solution:

AV 5 2  
RF ___ Rin

  

5 2  
100 kV

 _______ 1 kV
  

 5 2100
Vout 5 (AV) (Vin)

5 (2100) (1.00 mV)
 5 20.1 V

magnitudes. The following equation is valid for any 
amplifi er:

 
AV 5   

Vout ____ 
Vin

  

Operational amplifi ers usually use feedback in the 
design circuitry in order for them to perform lin-
early. Negative feedback enables the designer to 
easily select and control the voltage gain. The in-
verting operational amplifi er schematic diagram is 
shown in Fig. 33-1.7. Note in Fig. 33-1.7 that the 
power supply connections, V1 and V2, are implied 
but not shown.
 Voltage at the inverting input terminal is at the 
same potential as the noninverting input terminal, 
or zero. This point is also said to be at a virtual 
ground reference level. The current through Rin will 
be equal in magnitude to the power supply voltage 
level divided by the resistance of Rin. This relation-
ship is represented by the formula

I Rin
  5   

Vin ___ Rin
  

The current of  I Rin
  also fl ows through RF because 

the current will not enter the operational ampli-
fi er; therefore the voltage potential across RF is 
related to the current through RF. This is also related 
to the parameters revolving around the input resistor 
Rin. Therefore,

V RF
  5  I Rin

  3 RF

5   
Vin ___ Rin

   RF

The left side, or node, of RF is at a zero reference 
point, and the right node of RF must be equal to the 
output voltage Vout. But in reality the voltage across 
RF is related to

Vin   RF ___ 
Rin

   5 Vout

with the right node negative with respect to the 
input voltage Vin, represented by the formula

Vout ____ 
Vin

   5 2  RF ___ 
Rin

  

Fig. 33-1.7  The inverting op-amp circuit.

Fig. 33-1.8  Inverting op amp.
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EQUIPMENT
Signal generator
Oscilloscope
DC power supply 615 V
Springboard or protoboard
Test leads

COMPONENTS
(1) 741 operational amplifi er

Resistors (all 0.25 W):
(2) 10 kV (1) 47 kV
(1) 27 kV (1) 82 kV
(1) 39 kV

PROCEDURE
 1. Connect the circuit shown in Fig. 33-1.11. Apply 
power, and observe and record the input and output 
traces on the oscilloscope.
 2. Adjust the amplitude of the signal generator 
to 1.00 Vp-p at 1.00 kHz. Notice the difference 
between the input and output waveshapes of the 
amplifi er.
 3. Verify that the gain of the amplifi er is equal to 1.
 4. Connect the circuit shown in Fig. 33-1.12.
 5. Apply power, and adjust the amplitude of the 
signal generator to 1.00 Vp-p at 1.00 kHz. Compare 
the input to the output signal. Record the input and 
output traces on graticule paper.
 6. Determine the voltage gain of the amplifi er 
such that

 AV 5 1 1   RF ___ 
R1

  

Record this information.
 7. Maintain the input amplitude from the signal 
 generator at 1.00 Vp-p, and change the value of R1 
to 27 kV, 39 kV, 47 kV, and 82 kV. Determine the 
 results of the output signal level and the voltage 
gain for each change of RF in Fig. 33-1.12, and 
 record the results in Table 33-1.1.

 The output signal displays a phase shift of 1808 
out of phase from its input voltage Vin reference 
 potential, hence the name inverting amplifi er.

Sample Problem 3.  In Sample Problem 2, what 
loading effect does this circuit present to the AC sig-
nal generator feeding it?

Given:
 RF 5 100 kV
 Rin 51 kV
 Vin 5 1.00 mV peak
 AV 5 2100
 Vout 5 20.1 V

Find:  Zin.

Solution:

 Zin 5 Rin

 51 kV

The Buffer Amplifi er
Buffering is the process by which the output load 
does not affect the operating conditions of the pre-
vious stage. The circuit employed to provide buffer-
ing is known as a buffer stage of a voltage follower 
(output voltage follows the input) stage. Operational 
amplifi ers are commonly used for this function when 
a certain degree of isolation is needed between audio 
amplifi er stages. The buffer amplifi er will always 
yield a voltage gain close to 1. This type of op-amp 
circuit results in a very high input impedance Zin 
(typically over 100 kV) and a low output impedance 
Zout (usually less than 100 kV). The primary func-
tion of the operational amplifi er in these types of cir-
cuits is to isolate the input source from the output 
load. For the buffer amplifi er, the ability to amplify 
is not as important a factor as its ability to match a 
resistive source to a load. Figures 33-1.9 and 33-1.10 
show a typical buffer circuit.

Fig. 33-1.9  The noninverting amplifi er used as a  voltage 
follower (buffer) circuit.

Fig. 33-1.10  Voltage follower stage with the elimina-
tion of RF 1 Rin.
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 9. Compare the input to output signal of the am-
plifi er. Record the input and output traces on grati-
cule paper.
10. Determine the voltage gain of the amplifi er.
11. Repeat step 7 (for Fig. 33-1.13), and record this 
information in Table 33-1.2.

 8. Connect the circuit shown in Fig. 33-1.13. Apply 
power to the circuit, and adjust the amplitude of 
the signal generator to 1.00 Vp-p at a frequency of 
1.00 kHz.

Fig. 33-1.11  (a) Voltage follower and (b) pinouts for a 741C.

Fig. 33-1.12  Noninverting amplifi er.

Fig. 33-1.13  Inverting amplifi er.
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NAME DATE

QUESTIONS FOR EXPERIMENT 33-1

1. For a voltage follower circuit, what is the difference between the input and out-
put signals for phase and gain?

2. For the noninverting amplifi er, how does the measured voltage gain compare 
with the formula for determining gain? What is the percentage of error between 
these two values?

3. For the inverting amplifi er, do the experimental results agree with the gain 
equation?

4. What would be the purpose for a buffer amplifi er?

5. What voltage gain can be expected from a noninverting amplifi er?

TABLES FOR EXPERIMENT 33-1

TABLE 33-1.1  Vin 5 1 Vp-p

R1, kV Vout AV

27

39

47

82

TABLE 33-1.2  Vin 5 1 Vp-p

R1, kV Vout AV

27

39

47

82
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If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.

EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:
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SUPPLEMENTAL

A

E X P E R I M E N T  A - 1

DIGITAL OR AND AND GATES

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Build a diode OR gate.
■ Build a diode AND gate.
■ Construct a truth table for a gate circuit.

SUGGESTED READING
Basic Electronics, Grob/Schultz, twelfth edition

INTRODUCTION
The computers of today do not process numbers in 
the base 10 (that is, 0, 1, 2, 3, . . . , 9). Computers in-
stead use binary logic of base 2 (0 and 1) to perform 
their functions. Two fundamental circuits are the OR 
and AND gates.
 The OR gate has two or more input signals but cre-
ates only one output signal. If any input signal is 
high (binary 1), the output signal is high. OR gates 
can be discrete, that is, made from several compo-
nents such as diodes and resistors. OR gates can also 
come packaged as integrated circuits or ICs. The OR 
gate circuit constructed in this experiment is dis-
crete. Figure A-1.1 shows a discrete OR gate and its 
truth table.
 Truth tables are data tables that quickly show the 
overall circuit action of the gate under investigation. 
For the circuit of Fig. A-1.1, a binary 1 is equivalent 
to 15 V, and a binary 0 is equivalent to ground po-
tential. Studying the truth table of Fig. A-1.1 reveals 
that for a two-input OR gate, the circuit is off only 
when points A and B are both at ground potential. 
Another way of explaining the results of the truth 
table is to say that the OR gate is a “mostly on” de-
vice. In the case of the truth table of Fig. A-1.1, the 

two-input OR gate is on 75 percent of the time. The 
OR gate has a symbol, and it is shown in Fig. A-1.2.

Fig. A-1.1  Two-input OR gate and truth table.

Fig. A-1.2  OR gate symbol.

Fig. A-1.4  AND gate symbol.

Fig. A-1.3  Two-input AND gate and truth table. Note 
that 0 5 low 5 0 V and 1 5 high 5 5 V.

 The AND gate circuit is on only when points A and 
B are both at a 15 V level, or at a binary 1. Another 
way of describing the results found in the truth table 
is to say that the AND gate is a “mostly off” device. 
In the case of the truth table of Fig. A-1.3, the two-
input AND gate is off 75 percent of the time. The AND 
gate has a symbol, and it is shown in Fig. A-1.4.

EQUIPMENT
DC power supply, 0–10 V
DMM
Protoboard or springboard
Test leads

 The AND gate has two or more input signals but 
creates only one output signal. All the inputs must 
be high to get a high output signal. AND gates can 
also be of either discrete or IC design. Figure A-1.3 
shows a discrete AND gate and its truth table.
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3. Complete Table A-1.1 for the remaining combi-
nations of A, B, and C.
4. Connect the circuit of Fig. A-1.6. Apply the cor-
rect polarity of voltage to the circuit.
5. Connect points A, B, and C to ground. Measure 
and record in Table A-1.2 the voltage level mea-
sured from point Y to ground.
6. Complete Table A-1.2 for the remaining combi-
nations of A, B, and C.

Note: Remember that a 1 5 15 V and a 0 5 ground 
potential.

COMPONENTS
(3) 1N4004 silicon diodes
(1) 1-kV, 0.25-W resistor

PROCEDURE
l. Connect the circuit in Fig. A-1.5. Apply the 
 correct polarity of voltage to the circuit.

Fig. A-1.5  Three-input OR gate.

Fig. A-1.6  Three-input AND gate.

2. Connect points A, B, and C to ground. Measure 
and record in Table A-1.1 the voltage level mea-
sured from point Y to ground.

Note: Remember that a 1 5 15 V and a 0 5 ground 
potential.
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NAME DATE

QUESTIONS FOR EXPERIMENT A-1 AND 
TABLES

l. In the prior circuits, what voltage level would a binary 1 represent? A binary 0? 
Are the answers the same for both circuits of Figs. A-1.5 and A-1.6?

2. What is an OR gate? For what percentage of time is the three-input circuit on?

3. What is an AND gate? For what percentage of time is the three-input circuit off?

4. What function do the diodes perform in the OR and AND gates?

5. What are the fundamental differences between the two circuits shown in 
Figs. A-1.5 and A-1.6? Do the differences signifi cantly affect overall outcomes? 
Explain.

TABLES FOR EXPERIMENT A-1

TABLE A-1.1

A B C Y

0 0 0 ____________

0 0 1 ____________

0 1 0 ____________

0 1 1 ____________

1 0 0 ____________

1 0 1 ____________

1 1 0 ____________

1 1 1 ____________

TABLE A-1.2

A B C Y

0 0 0 ____________

0 0 1 ____________

0 1 0 ____________

0 1 1 ____________

1 0 0 ____________

1 0 1 ____________

1 1 0 ____________

1 1 1 ____________
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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SUPPLEMENTAL

A

E X P E R I M E N T  A - 2

DIGITAL NOR AND NAND GATES

say that the NOR gate is a “mostly off” device. In the 
case of the truth table of Fig. A-2.1, the two-input NOR

gate is off 75 percent of the time. The NOR gate has a 
schematic symbol, and it is shown in Fig. A-2.2.

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Build a diode NOR gate.
■ Build a diode NAND gate.
■ Construct a truth table for gate circuits.

SUGGESTED READING
Basic Electronics, Grob/Schultz, twelfth edition

INTRODUCTION
Two fundamental circuits are the NOR and NAND

gates. The NOR gate has two or more input signals 
but creates only one output signal. If any input sig-
nal is high (binary 1), the output signal is low. NOR

gates can be discrete, that is, made from several 
components such as diodes and resistors. NOR gates 
can also come packaged as integrated circuits (ICs). 
The NOR gate circuit constructed in this experiment 
is discrete. Figure A-2.1 shows a discrete NOR gate 
and its truth table.

Fig. A-2.1  Two-input NOR gate and truth table.

Fig. A-2.2  NOR gate symbol.

Fig. A-2.3  Two-input NAND gate and truth table.

Fig. A-2.4  NAND gate symbol.

 Truth tables are data tables that quickly show the 
overall circuit action of the gate under investigation. 
For the circuit of Fig. A-2.1, a binary 1 is equivalent 
to 15 V, and a binary 0 is equivalent to ground poten-
tial. Studying the truth table of Fig. A-2.1 reveals that 
for a two-input NOR gate, the circuit is on only when 
points A and B are both at ground potential. Another 
way of explaining the results of the truth table is to 

The NAND gate has two or more input signals but 
creates only one output signal. NAND gates can also 
be  either of discrete or IC design. Figure A-2.3 shows 

a discrete NAND gate and its truth table. The NAND

gate circuit is off only when points A and B are both 
at a 15-V level, or at a binary 1. Another way of 
describing the results found in the truth table is to 
say that the NAND gate is a “mostly on” device. In the 
truth table of Fig. A-2.3, the two-input NAND gate is 
on 75 percent of the time. The NAND gate has a sche-
matic symbol, and it is shown in Fig. A-2.4.

EQUIPMENT
Power supply 0–10 V DC
DMM
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Fig. A-2.5  Three-input NOR gate.

Fig. A-2.6  Three-input NAND gate.

Protoboard/springboard
Test leads

COMPONENTS
(3) 1N4004 silicon diodes
(1) 2N3904 transistor
(2) 1-kV, 0.25-W resistors
(1) 10-kV, 0.25-W resistor

PROCEDURE
1. Connect the circuit in Fig. A-2.5. Apply the cor-
rect polarity of voltage to the circuit.

2. Connect points A, B, and C to ground. Measure 
and record in Table A-2.1 the voltage level mea-
sured from point Y to ground. Remember that 
1 5 15 V and 0 5 ground potential.
3. Complete Table A-2.1 for the remaining combi-
nations of A, B, and C.
4. Connect the circuit of Fig. A-2.6. Apply the cor-
rect polarity of voltage to the circuit.

5. Connect points A, B, and C to ground. Measure 
and record in Table A-2.2 the voltage level mea-
sured from point Y to ground. Again remember that 
1 5 15 V and 0 5 ground potential.
6. Complete Table A-2.2 for the remaining combi-
nations of A, B, and C.
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NAME DATE

QUESTIONS FOR EXPERIMENT A-2

1. In the circuits in Figs. A-2.5 and A-2.6, what voltage level would a binary 1 rep-
resent? Binary 0? Are the answers the same for the circuits in both these fi gures?

2. What is a NOR gate? What percentage of the time is the three-input circuit off?

3. What is a NAND gate? What percentage of the time is the three-input circuit on?

4. What function do the diodes perform in the NOR and NAND gates?

5. What are the fundamental differences between the two circuits shown in 
Figs. A-2.3 and A-2.4? Do the differences signifi cantly affect overall outcomes? 
Explain.

TABLES FOR EXPERIMENT A-2

TABLE A-2.1  

A B C Y

0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

TABLE A-2.2  

A B C Y

0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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SUPPLEMENTAL

A

E X P E R I M E N T  A - 3

MULTIVIBRATOR FLIP-FLOP

EQUIPMENT
DC power supply, 0–10 V
DMM
Protoboards
Test leads

COMPONENTS
(2) 2N3904
(2) LEDs
(2) 220-V, 0.25-W resistors
(2) 82-kV, 0.25-W resistors
(2) 25-�F, 10-V DC electrolytic capacitors
(2) 47-�F, 10-V DC electrolytic capacitors

PROCEDURE
1. Construct the astable multivibrator circuit of 
Fig. A-3.2 using the two 25-�F, 10-V DC electrolytic 
 capacitors.

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Construct a basic multivibrator circuit.
■ Test for proper operation in an astable multivi-

brator circuit.
■ Determine which components determine the fre-

quency of operation of a multivibrator

SUGGESTED READING
Basic Electronics, Grob/Schultz, twelfth edition

INTRODUCTION
Multivibrators are also known as latches, registers, 
and fl ip-fl ops.
 A fl ip-fl op is a circuit that receives an input signal 
that is either 5 V or at ground potential. The circuit 
then produces and remembers a predictable output 
signal which is also either 5 V or at ground poten-
tial. The circuit can maintain its memory even after 
the  input signal has been removed from the device.
 The simplest astable multivibrator is formed by 
connecting two inverting gates back to back through 
two capacitors, as shown in Fig. A-3.1. This connec-
tion produces a circuit which switches from low to 
high repeatedly. The time between switching, or the 
frequency of operation, is determined by the value of 
the capacitors.

Fig. A-3.1  Basic astable multivibrator circuit.

Fig. A-3.2  Astable multivibrator.

2. Turn on the power supply. Determine the 
 frequency of the circuit.
3. Turn off the power supply.
4. Change the value of the capacitors to 47 �F. 
Turn on the power supply. Determine the output 
frequency, and note the difference in circuit action. 
Describe the circuit action of this step in the “Re-
sults” section of this experiment. How do the re-
sults of steps 2 and 4 differ?
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NAME DATE

QUESTIONS FOR EXPERIMENT A-3

1. What components determine the frequency of operation?

2. What does a multivibrator do?
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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SUPPLEMENTAL

A

E X P E R I M E N T  A - 4

INTEGRATED LOGIC CIRCUITS

 It is important to check the manufacturer’s spec-
ifi cation sheets for proper pin identifi cation before 
use. The 7400 series ICs are available in the 14- or 
16-pin format. The 7400 family of logic ICs uses pins 
7 and 8 for the ground connection and pins 14 and 16 
for 15 V.

EQUIPMENT
DC power supply, 0–10 V
DMM
Protoboard
Test leads

COMPONENTS
(1) 7432 IC quad OR gate
(1) 7408 IC quad AND gate

PROCEDURE
1. Construct the circuit of Fig. A-4.3. Be sure to 
connect the ground and 15 V to the proper pins 
(see your instructor).

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Verify the proper operation of an integrated 

circuit (IC) OR gate.
■ Verify the proper operation of an IC AND gate.
■ Describe the fundamental differences between 

AND gates and OR gates.

SUGGESTED READING
Basic Electronics, Grob/Schultz, twelfth edition

INTRODUCTION
The computers of today do not process numbers in 
base 10 (that is, 0, 1, 2, 3, . . . , 9). Computers instead 
use binary logic, base 2 (0 and 1), to perform their 
functions. Two fundamental circuits are the IC OR

gate and the IC AND gate.
 Integrated circuits contain a complete circuit, con-
sisting of active and passive components connected 
in a unique circuit confi guration contained in a space 
no larger than a transistor. The active components 
are transistors and diodes; the passive components 
are the resistors and capacitors. The components of 
an IC are not discrete parts wired together to form a 
complete circuit. Instead the IC is a complete circuit 
formed by a photographic process, on a small slab of 
silicon.
 The purpose of this experiment is to introduce inte-
grated logic circuits. The IC OR gate has two or more 
 input signals but creates only one output signal. If any 
 input signal is high, the output signal is high. The OR

gate circuit constructed in this experiment has an IC 
orientation. Figure A-4.1 shows an IC OR gate and its 
truth table.

Fig. A-4.1  IC OR gate and truth table.

Fig. A-4.2  IC AND gate and truth table.

Fig. A-4.3  OR gate circuit.

The IC AND gate has two or more input signals but 
creates only one output signal. All the inputs must 
be high to get a high output signal. Figure A-4.2 
shows an IC AND gate and its truth table.
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2. Connect inputs A and B to 0 (ground level), and 
measure the output level with the VTVM. Record 
these measurements in Table A-4.1.
3. Connect inputs A and B to the states indicated 
in Table A-4.1, and record the measurements of the 
VTVM in Table A-4.1.
4. Construct the circuit of Fig. A-4.4. Be sure to 
connect the ground and 15 V to the proper pins 
(see your instructor).

Fig. A-4.4  AND gate circuit.

5. Connect inputs A and B to 0 (ground level), and 
measure the output level with a voltmeter. Record 
these measurements in Table A-4.2.
6. Connect inputs A and B to the states indicated 
in Table A-4.2, and record the measurements of the 
voltmeter in Table A-4.2.
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NAME DATE

QUESTIONS FOR EXPERIMENT A-4

1. In the circuits shown in Figs. A-4.3 and A-4.4, what voltage level would binary 
1 represent? Binary 0? Are the answers the same for both circuits?

2. What is an OR gate?

3. In a three-input OR gate circuit, what percentage of the time is the circuit on?

4. What is an AND gate?

5. In a three-input AND gate circuit, what percentage of the time is the circuit off?

6. What are the fundamental differences between the two circuits constructed in 
this experiment?

TABLES FOR EXPERIMENT A-4

TABLE A-4.1  

A B Y

0 0 

0 1 

1 0 

1 1 

TABLE A-4.2  

A B Y

0 0 

0 1 

1 0 

1 1 
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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SUPPLEMENTAL

B

E X P E R I M E N T  B - 1

VACUUM TUBE AMPLIFIER

LEARNING OBJECTIVES
At the completion of this experiment, you will be 
able to:
■ Study the operation of a tube as an amplifi er.
■ Measure the voltage gain of a vacuum tube 

amplifi er.
■ Study a family of characteristic curves for a vac-

uum tube.

SUGGESTED READING
Basic Electronics, Grob/Schultz, twelfth edition

INTRODUCTION
Vacuum tubes are able to operate effi ciently over a 
wide range of frequencies. Their operation is based 
upon their ability to control, almost instantaneously, 
the fl ow of millions of electrons. The main difference 
between vacuum tubes and transistors is that vac-
uum tubes are controlled by voltage, whereas tran-
sistors, typically, are controlled by current.
 Vacuum tubes can be used as (1) voltage amplifi -
ers, (2) power amplifi ers, (3) detectors, (4) oscillators, 
(5)  frequency detectors, (6) regulators, (7) modula-
tors, and (8) rectifi ers. As a rectifi er, a vacuum tube, 
like a silicon diode, will allow current to fl ow in only 
one  direction. The vacuum tube operates as follows.
 Within the evacuated (void of air) tube, there 
are electric elements called a cathode (an electron 
emitter, given the sign 2) and a plate (the electron 
acceptor, given the sign 1). If a positive voltage 
is applied to the plate, electrons emitted from the 
cathode are attracted to the plate. In this case, the 
cathode must be heated in order to release the elec-
trons. One method of heating the cathode so that it 
will release electrons is through the use of a fi lament 
supply, typically 6.3 Vrms. With the cathode heated, 
and a positive voltage applied to the plate (positive 
electrode), electrons will fl ow from the cathode (2) 
to the plate (1), creating the same results as if a p-n 
junction diode was forward- biased.
 When a third electrode, called a control grid, is 
added inside a vacuum tube, the tube is then called 
a triode. It is located between the plate and the 

cathode, as shown in Fig. B-1.1. The control grid 
actually controls the number of electrons allowed 
to fl ow from the cathode to the plate. Again, voltage 
is the controlling factor. If the control grid is made 
more negative than the cathode, some of the elec-
trons going toward the plate will be repelled by the 
grid, thus reducing the plate current. If the plate is 
made as positive as possible and the maximum num-
ber of electrons given off by the cathode is attracted 
to the plate, the triode is said to be saturated. That 
is, plate current has reached a saturation point, and 
any increase in the plate voltage will not increase 
plate current.
 Conversely, if the control grid is biased negative 
so as to prohibit the fl ow of electrons from cathode to 
plate, the triode is said to be a cutoff triode. In this 
case, the fl ow of current is stopped, or cut off.
 The operation of a triode tube can be plotted on a 
load line similar to that of a transistor, with the plate 
voltage on the x axis, plate current on the y axis, and 
differing values of grid voltage as a family of curves.

Plate Resistance
The plate resistance is the measure of opposition to 
the fl ow of current through the tube. The formula is 
basically Ohm’s law. For DC parameters,

RP 5   
Ep

 ___ Ip
  

where Ep 5 DC plate voltage
 Ip 5 DC plate current

For AC parameters,

 rp 5   
Dep

 ____ 
Dip

      (with eg constant)

Fig. B-1.1  Triode.
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EQUIPMENT
High-voltage DC power supply (0–300 V)
Low-voltage DC power supply (0–10 V)
Filament power supply
Signal generator
Test leads
Tube socket for the 6SN7 or 6J5
Test leads
DMM (high voltage input)

COMPONENTS
(1) Tube 6J5 or 6SN7
(2) 0.01-�F capacitor (disc)
(1) 22-kV, 2-W resistor
(1) 100-kV, 0.25-W resistor

PROCEDURE
1. Connect the circuit shown in Fig. B-1.2. Be care-
ful with the high-voltage power supply.

Note: B1 is the standard symbol for the plate sup-
ply voltage. Here, B1 5 300 V DC. The 22-kV resis-
tor is referred to as Rp, plate resistor. The 100-kV 
resistor is referred to as Rg, grid resistor. Directly 
below the grid resistor is the variable power supply, 
Vgg. This is a separate power source that controls 
the grid voltage, which in turn controls the fl ow of 
electrons from the heated cathode (2) to the plate, 
also referred to as the anode (1). Also, note that the 
fi lament is not drawn on the schematic of Fig. B-1.2 
(it is assumed to be connected).

2. With the circuit of Fig. B-1.2 connected, adjust 
the grid voltage to 22 V. Also, adjust the signal 
 generator to 1 kHz at 2 Vp-p output.
3. Measure and record in Table B-1.1 the signal 
voltage from grid to cathode.

where rp 5 AC plate resistance
 Dep 5 small change in plate voltage
 Dip 5 small change in plate current

Amplifi cation Factor
The amplifi cation factor is a measure of how much 
more control the grid voltage exerts over plate cur-
rent compared to the plate voltage. The symbol used 
to denote amplifi cation is the Greek letter mu (�). The 
formula for this calculation is, for DC parameters,

� 5   
Ep

 ___ Eg
  

and for AC parameters,

� 5   
Dep

 ____ 
Deg

      (with ip constant)

where � 5 amplifi cation factor (a ratio)
 Dep 5 small change in plate voltage
 Deg 5 small change in grid voltage

Transconductance
The transconductance is a factor which relates the 
amount of plate current change which is caused by 
a grid voltage change. The formula is basically one 
of conductance, where G 5 IyE. For DC parameters,

Gm 5   
Ip

 ___ Eg
  

For AC parameters,

gm 5   
Dip

 ____ 
Deg

   (with plate voltage held constant)

where gm 5 transconductance, in siemens
 Dig 5 small change in plate current
 Deg 5 small change in grid voltage

Fig. B-1.2  (a) Triode amplifi er. (b) Pinouts for a 6J5 and a 6SN7 tube.
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7. Compare the calculated voltage gain with the 
measured voltage gain. Calculate and record in 
Table B-1.1 the percentage of error between the 
measured and calculated voltage gains.
8. Replace the 22-kV plate resistor with an 8.2-kV 
 resistor. For the corresponding grid voltages of 22 V,
24 V, 26 V, and 28 V, measure and record in 
Table B-1.1 the corresponding plate voltages.
9. With the 8.2-kV resistor as Rp, repeat steps 2 to 
8. Record results in a separate data table of your 
own, similar to Table B-1.1.

4. Measure and record in Table B-1.1 the input and 
output signals for grid voltages of 22 V, 24 V, and 
26 V. Calculate and record the voltage gain (AV) for 
each one.
5. With the grid voltage set at 24 V, decrease the 
frequency of oscillation to 20 Hz, and record the 
peak-to-peak output voltage in Table B-1.1. Also, 
record the peak-to-peak output voltages with the 
frequency at 15 kHz and 50 kHz.
6. Calculate the voltage gain (AV) of the amplifi er 
by using the following formula, where � 5 20 for the 
6J5 or 6SN7 vacuum tube. Also, rp 5 7.0 kV and is 
the AC plate resistance. Record this in Table B-1.1.

AV 5   
� 3 Rp

 _______ Rp 1 rp
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NAME DATE

QUESTIONS FOR EXPERIMENT B-1

1. Defi ne the purpose and function of each of the elements found in a triode.

2. In this experiment, which step had the largest effect on gain?

3. For this tube experiment, defi ne the condition causing saturation.

4. For this tube experiment, defi ne the condition causing cutoff.

5. How do the calculated values of voltage gain compare to the actual measured 
values? How are differences accounted for?
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TABLE FOR EXPERIMENT B-1

TABLE B-1.1

Procedure  Value Calculated Measured
Step Measurement V AV AV

3 VGK 

4 Vin at VG 5 22 V   

 Vout at VG 5 22 V 

 Vin at VG 5 24 V   

 Vout at VG 5 24 V 

 Vin at VG 5 26 V   

 Vout at VG 5 26 V 

5 Vout at 20 Hz 

 Vout at 15 kHz 

 Vout at 50 kHz 

6   

7 Percent of error 5

  %

8 VP with VG 5 22 V 

 VP with VG 5 24 V 

 VP with VG 5 26 V 

 VP with VG 5 28 V 
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.
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Appendix A    Applicable Color Codes
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FIG. A-6  Marking of a tantalum capacitor.
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Appendix B-1: How to Write Lab Reports
 1. Write short sentences whenever possible.

 2. Use a dictionary and spell all the words correctly.

 3. Write neatly in blue or black ink.

 4. Avoid personal pronouns: I, you, we, etc.

 5.  Never discuss results unless they are part of your data.

 6. Do not copy or paraphrase textbook theory.

 7.  Label all data tables and graphs with titles, numbers, proper units, and 
 column headings.

 8. Never write in the margins of your paper.

 9.  Leave enough space between sentences for the instructor to make 
 corrections.

10.  Technical accuracy and completeness are the most important part of a 
lab report. Unless the report is well organized and easy to read, it is of 
little value.

Every instructor will have different standards and different ideas about report 
writing. However, most lab reports refl ect the scientifi c method as follows:

• A hypothesis is formulated. This is like a statement of purpose.

• Data are collected and analyzed. This is like the procedure and results.

• The hypothesis is proven or disproven based upon the results. This is like 
the discussion and conclusion.

Refer to the blank  Experiment Results Report Form (Appendix B2) 
and the two sample reports that follow in Appendixes B-3 and B-4. One 
is a poor report that does not follow these suggestions. The other is a good
report that does use the suggestions.

Appendix B    Lab Report Preparation
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.



490  APPENDIX

EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:
OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:
OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:
OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.

 3 J. Doe

 Ohm’s Law Elec.
  Jones

To do the Ohm’s Law experiment

The more voltage I had the more current I had when I measured.

When we changed the resistors I saw more current but it was hard to measure 
 because the needle was bent a little.

I 5   V __ R   is ohm’s law.

Ohm’s law works good.

Appendix B-3    An Example of a Poorly Written Report
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EXPERIMENT RESULTS REPORT FORM

Experiment No:  Name: 
 Date: 
Experiment Title:  Class: 

 Instr: 

Explain the purpose of the experiment:

List the fi rst Learning Objective:

OBJECTIVE 1:

After reviewing the results, describe how the objective was validated by this experiment.

List the second Learning Objective:

OBJECTIVE 2:

After reviewing the results, describe how the objective was validated by this experiment.

List the third Learning Objective:

OBJECTIVE 3:

After reviewing the results, describe how the objective was validated by this experiment.

Conclusion:

If required, attach to this form:  Answers to Questions,  Tables, and  Graphs.

 3 John Doe

 Ohm’s Law Elec. 101
  Mrs. R. Jones

To validate the ohm’s law expressions of V 5 I?R, I 5   V __ R   and R 5   V __ I  

 Validate I 5   V __ R  

With resistance “R” held constant, current varied in direct proportion to any changes 
in applied voltage.

 Validate V 5 I?R

With the voltage held constant, the current was inversely proportional to any changes 
in circuit resistance.

 
R 5   V __ I  

Resistance increased as current decreased, when the voltage was held constant.

Ohm’s law is valid based upon the results of this experiment. Current is directly 
 proportional to voltage and inversely proportional to resistance.

Appendix B-4    An Example of a Better Written Student Report
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Appendix C-1    Blank Graph Paper
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Appendix C-1    Blank Graph Paper
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Appendix C-1    Blank Graph Paper
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Appendix C-1    Blank Graph Paper
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Appendix C-1    Blank Graph Paper
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Appendix C-2    Blank Log Graph Paper
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Appendix C-2    Blank Log Graph Paper
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Appendix C-2    Blank Log Graph Paper
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Appendix C-2    Blank Log Graph Paper
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Appendix C-2    Blank Log Graph Paper
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Graphs usually show the relationships of two or more variables. The relation-
ship is actually the curve or line that results. Here are some things to remem-
ber when making graphs.

1. Be neat and complete.

2. Never connect points. Always show the characteristic of the curve.

3. There should be room in the margins to title the graph.

4.  Use the fullest scales possible. Do not confi ne a graph to one corner of 
the paper.

5.  Use semilog graph paper for exponential quantities. Label the x axis as 
1 3 102 for 100s, 1 3 103 for 1000s, etc.

Appendix D    How to Make Graphs

Examples



APPENDIX  503

Appendix E    Oscilloscope Graticules
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Appendix E    Oscilloscope Graticules
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Appendix E    Oscilloscope Graticules
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Appendix E    Oscilloscope Graticules
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Appendix E    Oscilloscope Graticules
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The purpose of this appendix on oscilloscopes is to help you learn to use this 
measurement tool accurately and effi ciently. This introduction is divided into 
two sections: The fi rst section describes the functional parts of the basic oscil-
loscope, and the second section describes probes.

The oscilloscope is the most important tool to an experienced electronics tech-
nician (see Fig. F-1). While working through this appendix, it is best to have 
your  laboratory oscilloscope (or the one you will be using in your studies of 
 electronics) in front of you so that you can learn, practice, and apply your newly 
acquired knowledge. This appendix will discuss fundamentals that apply to 
any oscilloscope; your instructor or laboratory aide will help you with the fi ne 
 details and special provisions that apply to your particular oscilloscope.

Part 1: Functional Oscilloscope Sections
There are four functional parts to the basic oscilloscope: the display system, 
the vertical system, the horizontal system, and the trigger system.

Display System. Ths display system is a coordinated system of controls. It in-
cludes a cathode-ray tube (CRT), intensity control, and focus control. The CRT 
has a phosphor coating inside it. As an electron beam is moved across the phos-
phor coating, a glow is created which follows the beam and persists for a short 
time. A grid, also known as a graticule, is etched or painted on the screen of 
the CRT. This grid serves as a reference for taking measurements. Figure F-2 
shows a typical oscilloscope graticule. Note the major and minor divisions.
 The intensity control adjusts the amount of glow emitted by the electron 
beam and phosphor coating. The beam trace should be adjusted so that it is 
easy to see and produces no halo. The focus control adjusts the beam for an 
 optimum trace.

Appendix F    The Oscilloscope

FIG. F-1  The oscilloscope.
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(y axis) 

(x axis) 

Vertical System. The vertical system controls and develops the defl ection volt-
ages that are displayed on the CRT. In this system, you typically fi nd controls 
for vertical position, vertical sensitivity, and input coupling. The vertical posi-
tion controls the placement of the trace. Adjusting this control will move the en-
tire trace either up or down along the y axis of the CRT. This control is adjusted 
as  needed to help the operator make accurate measurements. The vertical- 
sensitivity control, also known as the volts-per-division switch, controls the 
y axis sensitivity. The range is usually controlled from 1 mV to 50 V per division. 
For  example, if you were to observe a trace occupying 4 divisions on the CRT, 
and the volts-per-division switch was turned to 1 mV/div., then the measured 
voltage would equal 1 mV 3 4 divisions, or 4 mV. If the switch were turned 
to the 50 V/div. position and a 4-division trace was observed, then the oscillo-
scope would be measuring 200 V. The input-coupling switch lets the operator 
determine how the circuit under examination is connected to the oscilloscope. 
The three positions of this switch are ground, DC coupling, and AC coupling. 
When the switch is in the ground position, the operator can adjust the position 
of the trace with no input signal applied to the oscilloscope. This function is 
used  primarily to align the oscilloscope to a reference point prior to taking a 
measurement. When in the DC-coupling position, the oscilloscope allows the 
operator to see the entire signal. However, when the input-coupling switch is 
in the AC- coupling position, only the AC signal components are displayed on 
the CRT. All DC components are blocked when the switch is in the AC position.

Horizontal System. As the oscilloscope trace is moved across the CRT (from 
left to right), it moves at a rate of speed that is related to frequency. The hori-
zontal system is dominated by two main controls: the horizontal-position con-
trol and the time-base control. The horizontal-position control performs the same 
task as the vertical-position, but utilizes the x axis. The time-base, or seconds-
per- division,  control is used to select the appropriate sweep necessary to see 
the  input signal. Ranges typically found on the time-base control extend from 
0.1�s to 0.5 �s per division on the CRT.

FIG. F-2  Oscilloscope CRT.
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Trigger System. The trigger system allows the operator to select a part of the 
 input signal and synchronize it with the trace displayed on the CRT. Normally, 
a trigger-level control is available. The position of the trigger-level control 
determines where on the selected trace the oscilloscope triggering will occur.
 Each oscilloscope has different features. Your instructor is the best source 
for varying operational procedures.

Part 2: Oscilloscope Probes
Probes should accurately reproduce the signal for your oscilloscope. Probes 
can be divided by function into two main areas: current sensing and voltage 
 sensing. Voltage-sensing probes can be further divided into passive and active 
types. For most applications, the probes that were supplied with your oscillo-
scope are the ones you should use. An operator picks the type of probe based 
on the voltage intended to be measured. For example, if you are measuring 
a 50-V signal, and the largest vertical sensitivity available is 5 V, then that 
partic ular signal will occupy 10 divisions on the CRT. This is a situation where 
atten uation is needed, and a 3 10 probe would reduce the amplitude of your 
signal to a reasonable proportion. The best way to ensure that your oscilloscope 
and probe measurement system have the least effect on the accuracy of your 
mea surements is to use the probe recommended for your oscilloscope.
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Appendix G    Diode Data Sheet
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Appendix H    Transistor Data Sheet
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Resistors
All resistors 0.25 W, 5% unless indicated otherwise.
(1) 10 V
(1) 15 V
(1) 47 V, 2 W
(1) 56 V
(1) 56 V, 2 W
(1) 68 V
(3) 100 V
(1) 100 V, 1 W
(1) 120 V
(2) 150 V
(2) 150 V, 1 W
(5) 220 V
(1) 270 V
(2) 330 V
(1) 330 V, 1 W
(7) 390 V
(3) 470 V
(5) 560 V
(3) 680 V
(3) 820 V
(4) 1 kV
(3) 1.2 kV
(2) 1.5 kV
(3) 2.2 kV
(1) 2.7 kV
(1) 3.3 kV
(1) 3.9 kV
(3) 4.7 kV
(1) 5.6 kV
(1) 8.2 kV
(4) 10 kV
(1) 12 kV, 1 W
(4) 22 kV
(1) 22 kV, 2 W
(1) 27 kV
(1) 33 kV
(1) 39 kV
(2) 47 kV
(1) 68 kV
(2) 82 kV
(1) 86 kV
(2) 100 kV
(1) 100 kV, 1 W
(1) 150 kV
(1) 220 kV
(1) 470 kV
(1) 1 MV
(1) 1.2 MV
(1) 3 MV
(1) 3.3 MV

Capacitors
All capacitors 25 V or greater.
(1) 0.0068 �F
(1) 0.068 �F
(4) 0.01 �F
(2) 0.1 �F
(4) 10 �F
(2) 25 �F
(2) 47 �F electrolytic
(2) 47 �F
(2) 4 �F or 1 �F
(1) 100 �F

Inductors
(2) 33 mH
(1) 100 mH
(1) 1 H (or optional value)
(4) Varying values from 10 mH to 0.5 H
(1) 0.5 H
(1) 0.01 H

Potentiometers
(1) 1-kV, 1-W linear taper
(1) 5-kV, 1-W linear taper
(1) 100-kV, 1-W linear taper
(1) 1-MV, 1-W linear taper
(1) 20-kV, 1-W linear taper

Batteries
(4) D cells
(4) D-cell holders

Diodes
(4) 1N4004 or equivalent
(4) LEDs
(1) Zener, 5 V (1 W)
(2) IR#S1M solar cells or equivalent photodiode

Transistors
(1) 2N3638
(2) 2N3904

FET
(1) 2N3823 or equivalent

Op Amps and ICs
(1) 741
(1) 7408
(1) 7432

Appendix I    Component List
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Miscellaneous Parts
(1) Circuit board; proto springboard or breadboard
(2) SPST switch
(1) SPDT switch
(1) 0–1-mA meter movement
(1) 50-�A meter movement
(6) Test leads 3 red, 3 black
(1) Decade box
(1) Magnetic compass
(1) Heavy-duty horseshoe magnet, 20-lb plus pull
(1) Sheet-metal shield, 6 3 6 in.
(1)  Grease pencil 
2–3 ft, thin insulated wire 
Iron  fi lings 
No. 18 steel nail
(4) lightbulbs: 25, 60, 100, 150 W
(1)  Clear glass functioning fuse (any current 

rating)
(1)  Clear glass nonfunctioning fuse (any current 

 rating)
(1) Neon bulb, approximately 60 V 

Vacuum Tube (Optional)
6J5 or equivalent

Transformers
(1) 60 Hz with two or three taps

Bench Equipment
Ammeter with 30-mA capacity; VOM/DMM
Voltmeter: DVM, VTVM, VOM, DMM
DC power supply, 0–30 V (615 V for op-amp 

 experiment)
High-voltage power supply with 120:12.6 V 

center-tap @ 6.3-V fi lament transformer
 Galvanometer or microammeter movement
Signal generator (sine wave, to 1 MHz preferred)
Oscilloscope (solid-state, auto-trigger, dual-trace, 

with operator’s manual preferred)
Frequency counter
Breadboard
AC signal generator
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