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Introduction

Conversions 1 meter = 100 cm = 39.37 in., 1 in. = 2.54 cm,

1 yd =0.914 m = 3 ft, | mile = 5280 ft, °F = 9/5°C + 32, °C =
5/9(°F — 32), K = 273.15 + °C Scientific notation 10" =
tera =T, 10° = giga = G, 10° = mega = M, 10’ = kilo =k, 10* =
milli = m, 10~° = micro = s 10~° = nano = n, 10°"%= pico = p
Powers of ten  1/10" = 107", 1/10"" = 10", (10")(10™) = 10",
10"/10™ = 10", (10" = 10™

Voltage and Current

Coulomb’s law F = kQ,0,/, k = 9 X 10° N-m*/C?,

Q = coulombs (C), r = meters (m) Current [ = Q/t (amperes),
¢ = seconds (s), 0, = 1.6 X 107 C Voltage V = W/Q (volts),
W = joules (J)

Resistance

Circular wire R = pl/A (ohms), p = resistivity, [ = feet,

Acm = doind)*, p(Cu) = 10.37 Metric units /= cm, A = cm?,
p(Cu) = 1.724 X 10~ ohm-cm Temperature (7] + 7,)/R, =
(|IT| + TY)/Ry, Ry = Ryol1 + czo(T; — 20°C)], crpp(Cu) = 0.00393
Color code Bands 1-3: 0 = black, 1 = brown, 2 = red, 3 = orange,
4 = yellow, 5 = green, 6 = blue, 7 = violet, 8 = gray, 9 = white,
Band 3: 0.1 = gold, 0.01 = silver, Band 4: 5% = gold, 10% = silver,
20% = no band, Band 5: 1% = brown, 0.1% = red, 0.01% = orange,
0.001% = yellow  Conductance G = 1/R siemens (S)

Ohm’s Law, Power, and Energy

Ohm’slaw [=E/R,E=IR,R = FE/I Power P = W/t =
VI =I’R = V*R (watts), 1 hp = 746 W

Efficiency 1% = (P,/P) X 100%, 17 = 11 - 12 03 =+ 1,
Energy W = Pr, W (kWh) = [P(W) - £(h)]/1000

Series Circuits

Ry =R, +R,+Ry+ -+ Ry Ry =NR, I =E/Ry;, V=1IR
Kirchhoff’s voltage law 5.V =0, S. Viees = S Vigrops
Voltage divider rule V, = R E/R;

Parallel dc Circuits

Ry = U(1/R, + 1/R, + 1/Rs + - + 1/Ry), Ry = R/N,

Ry = RRJ(R, + R,), I = EG; = E/R;

Kirchhoff’s current law X Iycring = 2 Licaving

Current divider rule 7, = (R;/R,)I, (Two parallel elements):
I, = RI/[(R;, + Ry, I, = RI/(R, + R,

Series-Parallel Circuits

Potentiometer loading R; >> R,

Ammeter  Rgn = R,lcs/(Inax — Ics)
Voltmeter Rcries = (Vinax — Vvs)lcs
Ohmmeter R, = (E/l¢s) — R, — zero-adjust/2

Methods of Analysis and Selected Topics (dc)

Source conversions E = IR, R, = R,, I = E/R;

a; b

Determinants D =
a, b,

= aib, — axb,

Bridge networks R,/R; = R,/R, A-Y conversions R’ =

Ry + Rz + Rey, Ry = RyRy/R', Ry = RyR:/R', R; = RgR:/IR', Ry = R,\/3
Y-A conversions R” = R|R, + R|R; + R>R3;, Rc = R"IR;, Ry = R"IR,,
R, =R'IR|, Ry = 3Ry

Network Theorems

Superposition Voltage sources (short-circuit equivalent), current
sources (open-circuit equivalent)

Thévenin’s Theorem Ry, (all sources to zero), E,: (open-circuit
terminal voltage)

Maximum power transfer theorem R; = Ry, = Ry, P =
E%,/ARp, = I3 Ryl4

Capacitors

Capacitance C = Q/V = eAld = 8.85 X 10 '%¢, A/d farads (F),
C=¢C, Electric field strength € = V/d = Q/eA (volts/meter)
Transients (charging) ic = (E/R)e ", 7= RC,vc= E(1 — e "),
(discharge) ve = Ee™"", ic = (E/IR)e™"C  i¢ ic,, = C(Avc/Af)
Series Q;= 0, = 0, = 03, 1/Cy = (1/C)) + (1/C5) + (1/C3) + =+ +
(1/Cy), Cr = C,CI(Cy + C,)  Parallel Oy = Q, + Q> + 0,
Cr=C +C,+C;  Energy Wc=(1/2)CV?

Inductors

Self-inductance L = N’uA/l (henries), L = u,L,

Induced voltage e, = L(Ai/At) Transients (storage) i; =
1,1 —e "), 1, = EIR, 7= LIR, v, = Ee~"" (decay), v, =

[1+ (R/R)Ee ™, 7 = LIR, + Ry), iy = L,e ", I, = EIR,

Series Lp=L,+ L, + L3+ -+ Ly Parallel 1/L;= (1/L)) +
(1/Ly) + (1/Ly) + -+ + (1/Ly), Ly = L\Lo/(L, + L)

Energy W, = 1/2(LI*)

Magnetic Circuits

Flux density B = ®/A (webers/m?) Permeability u = i,
(Wb/A-m) Reluctance R = [/uA (rels) Ohm’s law & = F/R
(webers)

Magnetomotive force % = NI (ampere-turns) Magnetizing
force H = %/l = NI/l Ampere’s circuital law 3% =0

Flux 3 @upering = > Preaving ~ Airgap H, = 7.96 X 10° B,

Greek Alphabet
Letter Capital Lowercase | Letter Capital Lowercase
Alpha A o Nu N 7
Beta B B Xi o) £
Gamma r 0% Omicron O 0
Delta A ) Pi I T
Epsilon E € Rho P I3
Zeta Z ¢ Sigma 3 14
Eta H n Tau T T
Theta [S) 0 Upsilon T v
Tota 1 L Phi [ o)
Kappa K K Chi X X
Lambda A N Psi A4 ¥
Mu M s Omega Q )
Prefixes
Multiplication SI SI
Factors Prefix Symbol

1000 000 000 000 000 000 = 10'® exa E

1 000 000 000 000 000 = 10'S peta P

1,000 000 000 000 = 10" tera T

1000 000 000 = 10° giga G

1000 000 = 10° mega M

1000 = 10° kilo k

0.001 = 10~° milli m

0.000 001 = 10~° micro I

0.000 000 001 = 10~° nano n

0.000 000 000 001 = 10 ' pico p

0.000 000 000 000 001 = 10~'5 femto f

0.000 000 000 000 000 001 = 108 atto a
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Sinusoidal Alternating Waveforms

Sine wave v =V, sin o, « = wt = 2xft, f = 1/T, 1 radian = 57.3°,
radians = (7/180°) X (degrees), degrees = (180°/m) X (radians)
Identities sin(wt + 90°) = cos wt, sin wt = cos[wt — (7/2)],
sin(—a) = —sin «, cos(—a) = cos « Average value G =
algebraic sum of areas/length of curve

Effective (rms) value [, = 0.7071,,1, = \f21rmg,

Lns = Varea [i(1)2/T

The Basic Elements and Phasors

R: [,=V,/R,in phase L: X; = oL, v; leads i; by 90°

C: Xc = l/wC, icleads ve by 90° Power P = (V,1,/2)cosf =
VimsJms €080 Rt P = Vil = I;nR = Vo /R Power
factor F, = cos 0 = P/Vyyilims Rectangular form C =A * jB
Polar form C=Cz60 Conversions C=VAZ+ B2 0=

tan” '(B/A),A = Ccos0,B=Csinf  Operations j=V—1I,
F==1 1= =), C = Cy = (XA, £ Ay) + j(£B, = By),

C,-Cy=C G L(0, + 0), C/C, = (C/CHL(O, — 0)

Series and Parallel ac Circuits

Elements RZ0° X; £90° X/ —90°
Series Zr=7,+Zy+Zy+ -+ + Zy, I, = B/Zs, F, = RiZ;
Voltage divider rule V,=Z E/Z; Parallel Y, =Y, +Y,+
Ys + o+ Yy Zyp = ZyZo/(Z, + L), GLO, By L —90°,
B £90°, F, = cos 07 = G/Y, Current divider rule I, =
ZZIT/(ZI + Zz) ILL=Z IT/(Z, + Zz) Equivalent circuits R =

,, 1,/(X2 +R), X, = RX,/(X; + R), R, = (R} + XDIR,,

—(R + X )/X

Series-Parallel ac Networks:

Employ block impedances and obtain general solution for reduced
network. Then substitute numerical values. General approach similar
to that for dc networks.

Methods of Analysis and Selected Topics (ac)
Source conversions E =1Z,, Z, =7, 1=E/Z; Bridge
networks Z,/Z; = Z,/Z, A-Y, Y-A conversions See dc
coverage, replacing R by Z.

Network Theorems
Review dc content on other side.

Thévenin’s theorem (dependent sources) E,. = Ep,, Zp, = E, /I,
Zp, =EJ/1, Norton’s theorem (dependent sources) I, = Ly,
Zy=E, /L, Zy=E,/1, Maximum power transfer theorem
ZL = ZThs 0L = _0Thz9 Pmax = E2Th/4RTh

Power (ac)

R: P=VI=V,I.,2=I"R=V*R  Apparent power S = VI,

P =S8cosf, F,=cosf =PIS Reactive power O = VIsin 0

L QL =VI= IZXL = VX, C: Qc = VI = PX¢ = VX,
=VPi+ Q% F, = Pr/Sr

Resonance
Series X, = X, f, = /2wVLC), Zy, = R, Q) = X,/R), O, = X,/R =
(RWLIC, Vi, = Q.E, Ve, = Q,E, Pypr: = (112)P . f =
(12m)[—R2L + (1/2)V/(RIL? + 4/ILC), f, (use +R/2L), BW = f, — f, =
R2xL =f,/Q,  Parallel X, =Xc X, = R? + XPIX,,

= [U@rVLOIWV1 — (RiCIL), Z;, = R, \|R,,, R, = (R} + XD)IR,
Qp - (R HRp)XLps BW = f2 fl f})/Qp Q = 10: ZTI =R HQ Rls
Xy, =X, X, = Xe. f, = 1/Q27VLO), Q, = 0. 1, = Ic = Ql,
BW = f,/0, = R/27L

Decibels, Filters, and Bode Plots

Logarithms N = b", x = log;, N, log,x = 2.3 log,, x, log;o ab =
logpa + log,ob, log galb = log ga — logob, log,o a" = nlog;ga,
dB = 10log;, P»/P,, dB, = 20log;, V»/V,

R-C filters (high-pass) f. = 1/27RC), V,/V; = RINR®> + X2

/tan l(X’C/R) (low-pass) f. = 1/2wRC), V,/V; = Xc I VR*> + X2

/—tan ' —
Xe

Octave 2 : 1,6 dB/octave Decade 10 : 1,20 dB/decade

Transformers

Mutual inductance M = kVL,L, Iron-core E, = 4.44fN,®,,
E, —444fN<I> E,/E; = N,IN,, a—N/N L/ —N/N,,,

Z,- a7, E,I - E, I, P, = P(ideal)
Alr-core Z Z + [wM)(Z; + Z,)]
Polyphase Systems

Y-Y system Iy, =1, = I, Vo= Eg, E, = V3V, Y-Asystem
Vy=E, I, =V3l, A-Asystem V,=E, =E,I =3I,
A-Y system E, = V3V, I,=1,E =E, Power P;=3P,
07 =304, Sy =38, = V3EI,, F, = P1/S;

Pulse Waveforms and the R-C Response

% tilt = [(V, — V,)/V] X 100% with V = (V, + V,)/2
Pulse repetition frequency (prf) = 1/T
Duty cycle = (z,/T) X 100%
= (duty cycle)(peak value) + (1 — duty cycle) X (V,)
R-C circuits ve =V, + (V; — V)(1 — e 7R
Compensated attenuator R,C, = R,C
Nonsinusoidal Circuits
Fourier series f(a) = Ag + A, sin wf + A, sin 2wt + --+ +
A, sin nwt + By cos wt + B, cos 2wt + +-+ + B, cos nwt
Even function f(o) = f(—a), no B, terms 0Odd function f(a) =
—f(—a), no A, terms, no odd harmonics if f(r) = f[(T/2) + t], no even
harmonics if f(t) = —f[(T/2) + 1]
Effective (rms) value V., =
NVVE+ (V2 + -+ V3 + V2 + -+ V22
Power P;= VOIO + Vil cos O + -+ + V, I,cos 0, = I, >R = Vi IR

Standard Resistor Values

Ohms Kilohms Megohms
Q) (kQ) MQ)

0.10 1.0 10 100 1000 10 100 1.0 10.0
0.11 1.1 11 110 1100 11 110 1.1 11.0
0.12 1.2 12 120 1200 12 120 1.2 12.0
0.13 1.3 13 130 1300 13 130 1.3 13.0
0.15 1.5 15 150 1500 15 150 1.5 15.0
0.16 1.6 16 160 1600 16 160 1.6 16.0
0.18 1.8 18 180 1800 18 180 1.8 18.0
0.20 2.0 20 200 2000 20 200 2.0 20.0
0.22 2.2 22 220 2200 | 22 220 2.2 22.0
0.24 2.4 24 240 2400 24 240 2.4
0.27 2.7 27 270 2700 | 27 270 2.7
0.30 3.0 30 300 3000 30 300 3.0
0.33 33 33 330 3300 | 33 330 33
0.36 3.6 36 360 3600 36 360 3.6
0.39 3.9 39 390 3900 | 39 390 3.9
0.43 43 43 430 4300 | 43 430 | 43
0.47 4.7 47 470 4700 | 47 470 4.7
0.51 5.1 51 510 5100 51 510 5.1
0.56 5.6 56 560 5600 56 560 5.6
0.62 6.2 62 620 6200 62 620 6.2
0.68 6.8 68 680 6800 68 680 6.8
0.75 75 75 750 7500 75 750 7.5
0.82 8.2 82 820 8200 82 820 8.2
0.91 9.1 91 910 9100 91 910 9.1




