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MODEL 460
DC-WIDE BAND
0SCILLOSCOPE

CATHODE-RAY TUBE
TYPE civearennnnsrnrnrsnsasanssnonnans Crereres cenaaa. SUPT
Accelerating Potential ..........cccivvenennnn Ceerarneas 1200 volts (2nd anode with respect to cathode)
Illuminated Scale ......ccovuvnne. creresaeens feriaeeans Engraved, illuminated plexiglass scale over face of
tube; dimmer control provided on front panel.
Filter «.viiieiirncrnrssnsonnncaenrsscsesssasnnns .... Special green acetate matches screen phosphor.
Bezel ...... Cereesraaraeens Creeesiaaens Cersasasssaes . Standard 5" CRT bezel fits standard photographic
equipment.
VERTICAL CHANNEL
Sensitivity (at full gain} ............ ceveraersaaees vee o 25millivolts rms/inch
Undistorted Deflection ...............s hessssesaananaas greater than 4 inches
Frequency Response (sinusoidal)
Direct Coupling +ovvveeeenacniiersscnnnaaeanns ... Flat (+1, ~3db) from DC to 4.5mc
Capacitive Coupling «.ovvvieiniiaaaa... veeesssan. Flat (#1, ~3db) from 1cps to 4.5mc
Transient Response
RiseTime .....coovvvuncnnnn. berresenanas cesiaaans 0.06 microseconds or max.
Overshoot ...vevverriinnaanss teerersenensssasssss B% or mox.
Input voltage (Maximum)
Unbalonced (elther coupling ) ...oovieniennniannats 600 volts (de plus peak ac)

Balanced ........ Cereesisasriesteesaranans ceranes 1 volt p=p
Input Coupling +veevvenrieniiennannnnnnn, Cersaianeees Capacitive or direct
Attenuation (switch-type) ................. Ceeraeeeaeras By factorsof 1,10, 100, and 1000+ 5% as selected by

Input Impedance

VERT. ATTENUATOR selector; frequency compen—
sated so that there is no visible change in waveshape
at any attenuator position.

Single—ended (unbalanced) .......ccoiiiiiiiia.n, 3 megs shunted by 35 mmf
Balanced ..... cerenaaaes Cerssarreanes vecevsssess. b megs shunted by 20mmf
Positioning ....ccvviieurcensnnnarananne trersesasnanes . +2inches; permits centering onscreen of any portion
of trace expanded vertically to 4" peak-to-peak.
HORIZONTAL CHANNEL
Sensitivity ...vociiieriiiiiinnnss Ceersasrianeneaneas . 0.6rms volts/inch
Frequency Response .........oeceeeicannens Ceereassanas Flat (+1, =3db) 1cps to 400ke
Input Impedance ......eevevenann. Ceeesaerreeraes +..... Approximately 5 megs shunted by 35mmf (at Tkc).
EXpansion .....ecevevicncncnannanes Crerstaarsaeereien To 2 times full screen diameter without distortion.
Positioning ..... e S Cerreariiisaeaanaans Soany portion of expanded trace may be examined
on screen.
Horizontal Inputs ...oovuieiiinniinennannnnancans ve+s.. Linear time base with choice of synchronization des-

scribed below, phase-controlled 60cps input, or
external input.



LINEAR TIME-BASE GENERATOR (RECURRENT)

Frequency RONGe ........ seeseevessescsssssssssasssses 10 to 100,000 cps sawtooth In 4 ranges plus EXTER=
NAL CAPACITOR position., Sweep range down to
1cps may be obtalned by connecting appropriate
capacitor between EXT. CAP. terminal and ground.
Special TV-V and TV-H positions provide 30 cps and
7875 cps sweeps respectively for convenlence in tv
servicing.

SynchronTzation .....ceeievitiescascncscrsssssnsnnness “4" internal, "~ internal , 60 cps (phase controlled),
or external .

INTENSITY MODULATION CIRCUIT (Z AXIS)

Input Impedance ..........ceseseensessacasesessesssss Approximately 0.1 meg at medium intensity setting.

Semsttivity .....eevevnreeecssssarassasasssesnesceses. Approximately 3 volts rms for blanking the beam.

POIOHEY veveveevasnsesssnssssannnssererasssssssesesss Beamintensityincreased on positive excursion of sig-
nal.,

CALIBRATION YOLTAGE

Avdllability .............. teteeesesveceseesessnsrsnies Switched to input of vertical amplifier by setting
VERT. ATTENUATOR selector to CAL.

WaveshOpe .......iiceevssssnresessnsserasnsssssasasa Sinusoidal

FreqUeNncy ......ccisveenoreessnssssssssansosnansnnsas 60cps

Amplitude .......ciiiiieiiaiiiitntiiieiitesanaiiaiaas 400 millivolts peck-to-peak.

ACCURBEY +evrerernrsnsscesrssnsssssnsnsnsessssssssess £5% factory=adjusted; add accuracy of meter used for
initial adjustment In kit instruments.

Useful range . . .ec.cvvevsnerncesaacsassasscssssnsssess Withcalibrated graph screen and calibrated vertical
attenuator provided, permits voltage measurement
over range of 100,000 to 1.

SAWTOOTH OUTPUT

Avallability ......ovciiiiciiiiiarsssssssssssssenssass Front=panel terminal )
AMplItude ..ceeuvvsreeeeneenrennssscssnsasasasasesess 15 volts peak=to~peck mox. (veries with Hor. Gein

control).
Polarfty ...cceveevennnens teescesesrersssssassnsssnass Positive
Frequency ........... tevesssssssissasesiesnessensens. Some as linear fime-base generator.

IMPedONCe .....cievereerrecsssssossasssasssnsssessses Approximately 300 ohms.
60 CPS OUTPUT

Avallabllity ..cveviicenieiiiesiasnnseananss vessersess Front-panel terminal
Ampltude ....icverrinrresessrecirrsanscaninnnsaasases 3 volts rms

GENERAL

Sync Voltage «.iceeseeviesosssssssssasassssassessssss Amplifier limiter circuit provides automatic control;
no sync voltage adjustment required.

Phasing Control .......... tecesesrssassassasannasnannn Provides fully controlled phase shift for 60 cps sweep
application.
Power Supplies ......ccvunnns teveesssssssssssnsssssas One high voltage, cne low voltage; both transfermer
rectifler type with RC fllter systems.
TUBE COMPLEMENT .......... Cteeesereeeensaesssnessasses 2-6AUB, 2-6CB6, 2-616, 1=12AU7, 1-6AX5, 1-1V2,
PHYSICAL SPECIFICATIONS
Shipping Weglht .......cuaan.n. < 1 |
Overall Dimensions ......c0000eennne wesecveasessnceees 14 3/4" high, 8 1/2" wide, 16 1/2" deep
Cobinet ...c.ovieiinenanreessnrsssorenssasssasassanans Steel; grey wrinkle finish.
Panel ....cccvvvnnnnrensesncacanasnsarcennnes weeress. Heavy gauge aluminum; brushed satin finish; deep-

etched rub-proof legends.



FUNCTIONS OF CONTROLS AND TERMINALS
(Numbers — (1), (2), etc. refer to notes on the follow-
Ing page.)

The oscillescope controls and terminals are easy to use

once their functions are understood.

If the controls are divided into specific groups, for pur-
poses of explanation, it will be easier to understand and
keep in mind just what these functions are.

The INTENSITY and FOCUS knobs together control the
appearance of the trace. The INTENSITY knob controls
the brightness of the trace and the FOCUS knob controls
the sharpness or definition of the trace on the scope screen.
Proper adfustment of these controls should give a trace
formed from a thin bright line or an undeflected spot of
light that is tiny, round, and bright." These controls
interact to an extent; that is, adjustment of the FOCUS
knob is usually necessary when the setting of the INTEN-
SITY knob is chonged.™

The V-POS (Vertical=Position) and H=POS (Horizontal-
Position) knobs control the location of the trace on the
screen. Turning the H-POS knob shifts the trace left or
right™ and turning the V=POS knob moves the trace up
or dwn'l‘l (L]

The VERTical-ATTENUATOR provides a choice of no at=
tenuation or three decade steps of frequency-compensated

attenuation™ of the input voltage fed to the vertical am=
plifier. Each attenuation isobtalnable with either direct
coupling provided to the vertical amplifier (positions un-
der the DC arc on the dial) or capacitive coupling to the
vertical amplifier (positions under the AC arc on the dial).
Ateither “1" position, the amplitude of the signalvoltage
is unchanged (no attenuation). At either "10", "100",
“1000" position, the amplitude Is attenuated by a ratio
of 10:1,100: 1, and 1000: | respectively. At the CAL-
ibrator position, o 0.4 volt peck-to-peak sine wave at
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power line frequency is fed to the vertical amplifier.

The VERTical GAIN control allows continuous adjustment
of the vertical amplifier gain.™ It is used with the VERT.
ATTENUATOR selector to adjust trace height to the de-
sired value.

The HOR. SELECTOR combines the functions of sync se-
lector for the internal sweep and input selector for the
horizontal amplifier. At any of the four most counter~
clockwise positions (under SYNC-SWEEP arc on dial) the
internal linear sweep is fed to the horizontal amplifier.
These four positions permit selection of sync voltages for
the sweep oscillator. At the "+" ond "=" positions, the
synchronizing voltage istaken internally from the vertical
amplifier. (At "=", sweep trace flyback starts during the
negative-going excursion of the voltage cpplied to the
vertical amplifier. At "+", the sweep trace flyback starts
during the positive=going excursion of the voltage applied
to the vertical amplifier)!'™ At the "EXT." position, an
external synchronizing voltage applied between the H-
INPUT/EXT. SYNC. terminal and ground is fed to the
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sweep oscillator.” At the 60CPS position, an ac signal
of power line frequency is taken from the power supply and
applied to the sweeposcillator to sync it atline frequency.
The PHASING control is effective in the "60CPS" SYNC
position and permits phase adjustment of the 60cps sync
voltage to shift the starting point of the waveform display
to any desired point on the waveform.'

At either of the two most clockwise positions of the HOR.
SELECTOR (under HOR arc on dial), the sweep oscillator
is discbled. At the 60CPS HOR. position, an ac signal
of power line frequency is token from the power supply
and applied to the input of the horizontal amplifier. The
PHASE knob controls the phase shift of the line frequency
voltage used for sinusoidal sweep.”™ At the EXT. HOR.
position, an external signal voltage fed between the H-
INPUT/EXT. SYNC. terminal and ground isapplied to the
input of the horizontal amplifier. The HOR-GAIN con-
trol is effective In both the 60CPS HOR. and EXT. HOR.
positions.

The SWEEP FREQuency band selector selects the frequency
band over which the SWEEP VERNIER (fine sweep fre-
quency control) can be varied for frequency adjustment of
the internal linear sweep. The numbers on either side of
the markers cre the upper and lower limits of the band
(opproximately). The four positions, reading from left to
right are 10~100cps, 100cps - 1ke, 1=10ke, 10~100ke.,
The EXT. CAP position is used when it is desired to obtain
a linear sweep below 10cps down to approximately 1 cps.
A 0.5mf external copacitor (rated ot least 200WVYDC)
mustbe connected between the EXT. CAP and SAWTOOTH
terminals for sweeps down to 1cps.'"

The V & H positions (under the TV arc on the dial) are
designed to eliminate the need for repeated readjustment
of the SWEEP VERNIER in tv work. If, with the SWEEP
SELECTOR set at the TV=V position, the SWEEP VERNIER
Is set to display two full cyclesof a 60cps signal to obtain
a sweep frequency of 30 cps, turning the SWEEP SELECTOR
to TV-H will result in a sweep frequency of 7875 cps with-
out readjustment of the SWEEP VERNIER."

The V=INPUT terminals provide for connection of external
slgnals to the vertical amplifier. An external jumper
must always be used to short the lower of the two termi-
nals to ground for conventional single-ended input. Re-
move jumper for balanced input. (No attenuation may
be derived from the vertical step attenuator on balanced
input because this attenuator cffects only input signals
fed to the upper of the two V=INPUT terminals.) See
NOTES ON CONTROLS & TERMINALS for use of bal-

anced input.'*

An external voltage for purpose of intensity (Z-AXIS)
modulation may be applied between the Z=AXIS Binding
post and ground. Never apply on intensity modulating
signal that is large enough to swing the grid of the cath-
ode ray tube positive, or the life of the tube may be
greatly shortened. Positive grid swing is indicated by
noticeable defocusing of the trace during the positive
phase of the intensity modulating signal.



A test voltage of power line frequency Is available be-
tween the 60cps terminal and ground. The amplitude of
this voltage varies with load.

A sawtooth voltage from the output of the sweep clrcuit
oscillator is ovailable between the SAWTOOTH terminal
and ground. The frequency of the sawtoothis, of course,
variable by the SWEEP SELECTOR and SWEEP VERNIER
controls. The amplitude 1s variable by the HOR.=GAIN
control .

The AC POWER switch Is ganged with a dimmer control
for the lamp which edge-lights the plexiglass scale.

NOTES ON CONTROLS AND TERMINALS

1. Proper trace definition will be obtained only if the
astigmatism control is correctly adjusted (See Mainte-
nance)and the scope Is not operated Instrong flelds such
as are found near transformers, fransmitters, and power
generating equipment, etc., which may distort the elec-
tron beam that produces the trace.

2, A sharply focused short line or a small spot of high
intensity should not be permitted to remain stationary on
the screen for any considerable length of time (more thon
- 1/2 minute) or the screen will be burned. A trace of ex~
cessively high Intensity will burn the screen in 310 5
minutes. These burned portions of the screen will no long=
‘er fluoresce and are useless for observation,  If it 1s re-
quired to have a flxed trace on the screen for a long pe-
rlod, reduce the Intensity of the trace to o minimum.

3. Atrace canbe expanded horizontally toseveral times
full screen width without distortion. This Is particularly
important In dealing with sweep waveforms. The renge
of horizontal positioning Is several times full screen to
permit examination of any part of the expanded trace.

4. A trace can not be expanded vertically beyond full
screen width without distortion. Vertical positioning be~
yond the £2 Inches obtalnable is therefore not useful,
since this range of positioning will permit bringing the
top or bottom of any trace expanded vertically to full
screen width into the central region of the screen where
screen curvature will not couseblurring of these portions
of the trace.

5. When the VERT.~ATTENUATOR control is set ot one
of the positions under the DC (direct-coupled) arc on
the dial, the dc ent of anysignal fed to the vert-
ical amplifier will be amplified clong with the ac com-
ponent of the signal and be reflected on the screen by o
proportional vertical movement of the trace. The direc-
tion of trace movementdepends on the polarity of the de
component. Therefore, when going from observation of @
pure ac wave to one containing dc or vice versa, it may
be necessary to use the V=POS control to bring the trace
back to center screen. The de component of a signal has
no effect at the AC (copacltive~coupled) positions of the
VERT.-ATTENUATOR.

6. Trimmer capacitors C2, C3, and C4 are used for com=
pensating the vertical step attenuator at the 1000, 100,
and 10 positions respectively. See MAINTENANCE sec-
tion for procedure.

7. See OPERATION section for use of CALibration po~
sition.

8. Potentiometer Ré is used to set the peak~-to=-peck value
of the calibrating voltage to the prescribed value. See
MAINTENANCE section for procedure.

9. Potentiometer R16 Is the dc balance adjustment. When
R16 1s odjusted properly, there will be no shifting up or
down of the trace on turning the VERT. GAIN control from
minimum to maximum with no input signal to the vertical
amplifier. See MAINTENANCE section for adjustment
procedure,

10. The +(INT.)and =(INT,) positions allow the synchro-
nizatlon of any type of non-sinusoidal waveform.

11. The EXT. sync position Is for use with generators or
other devices which have sync outputs.

12. The PHASING control action in the "60CPS" SYNC
position is useful when observing discriminator “S" curves,

13. The PHASING control action in the "60CPS" HOR.
position permits use of sweep generators that do not have
phase~controlled 60 cps sinusoldal sweep outputs or dis-
pensing with connections to such outputs when they are
available.

14. Large valued capacttors will give lower sweep fre=
quencles {approximately 1mf for a sweep as law a3 0.5
cps). However, good results below o few cps can not be
ossured,

15, Trimmer C22 must be adjusted Initially in kit instru-
ments to display two full cycles of a 15750 cps signal ot
the TV-H position after the SWEEP VERNIER has been set
to display two full cycles of o 60cps signal at the TV=V

. positions. See MAINTENANCE section.

16. Use of the balanced input to the vertical amplifier
makes it passible to reject considerably any common-mode
signal (in-phase signal applied to both inputs) while at
the same time passing and amplifying the balanced input
signal. In this way, noise pickup in the test leads or In
the equipment under test can be greatly reduced. Bal-
anced input is obtained by removing the jumper between
the lower of the two V-INPUT terminals and ground, set-
ting the VERT. ATTENUATOR at the 1" position under
the DC arc,and feeding the signal to be observed between
the two upper V=INPUT terminals. Use of the balanced
input is limited by the fact that no step oitenuation Is
possible because there is only one step attenuator in the
instrument and therefore only one of the inputs could be
attenuated. Therefore, with balanced Input, full scope
sensitivity isobtained and the maximum amplitude of sig~
nal that can be observed without distortion due to over-
loading is 1 volt p=p. -



17. The maximum undistorted output voltage of the ver-
tical amplifier generally does not produce vertical de~
flection In excess of 5. Maximum deflection of 4" will
provide adequate utilization of screen area.

18. A slight overshoot or ringing may be evident with
high frequency square=wave Inputs. This effect should
not exceed 8%. Keep In mind, however, that sometimes
the square wave generator may be at fault and this should
be checked before atiributing the effect to the scope.

19. At maximum gain settings, the sensitivity of the am=
pléfiers is very high. Under these conditions stray pickup
may produce patterns on the screen when no signal source
Is connected to the vertical Input terminals. This Is nor-
mal and does not Interfere with the scope operation.

OPERATION
NOTE: To obtaln proper results with your 'scope, It s

advisable to become acqualnted with the functions and cor-

rect use of the panel controls and terminals by making

"some simple tests. These testswill also serve to assure you

that the Instrument Is In proper working condition. Do
not attempt this procedure with kitsbefore all final checks
have been completed and ali Initial adjustments have been
mode as described In the MAINTENANCE sectlon.

1. Set the INTENSITY, VERT. GAIN, and HOR. GAIN
controls at thelr furthest counter-clockwise positions.

2, Set the FOCUS, V=POS., and H=POS. controls at the
center of their ranges. All other controls may be set at
any position.

3. Insert the power cordInto a105-125volt, 50~60cycle
ac outlet,

WARNING: This Insirument will not operate, or operate
improperly, and even be serlously damaged If connected
to any other type of power line {such as dc, 25cycle oc,
or an ac line above 125 volts).

4, Turn the POWER control clockwise (on), at which the
pllot lampshould light.{ Note scale liumination control

by potentiometer attached to POWERswlitch.) Allow the
unlt to warm up for abouta minute. Then gradually turn
the INTENSITY control clockwise untll a spot appears
somewhere on the screen of the screen of the cathode~
ray tube. If the spotdoes not appear, adjust the V-POS.
and H-POS. controls slightly, os It may be off screen.

5. Adjust theV=POS. and H-POS. controls until the spot
Is-In the exact center of the screen, and then adjust the
FOCUS control for the sharpest image. Notice that for
every setting of the INTENSITY control, there Is a best
setting for the FOCUS control. The finest focus Is usually
obtalned at low Intensity.

6. Set the HOR. SELECTOR ot H{INTERNAL) SYNC.
Now advance the setting ofthe HOR. GAIN control grad=
ually, and note that the spot extends to a horlzontal-line.
This is the linear horlzontal sweep.

7. Set the HOR. SELECTOR at EXT.~HOR. Notice that
the horizontal line returns to a spot, as the horizontal
amplifier Isnow connected to the H=INPUT binding posts.
Any signal applied to the H-INPUT terminals will couse
the line to lengthen horizontally In proportion to the peck
value of the applied signal.

8. Set the HOR. SELECTOR at 60CPS~HOR. The horl~
zontal 1ine on the screenls the 60cycle sine sweep. The
phase of this sweep is adjusted by the PHASING control.
To check this, connect a wire between the 60cps, and
the V=INPUT binding posts. Adjust the VERT. GAIN and
HOR. GAIN controls untll the pattern Is a few Inches
high and a few Inches across. The pattern on the screen
is a statlonaly eliipse because the vertical and horizontal
Inputs are Identlcal In frequency. Rotate the PHASING
control and notlce that because of the changing phase
difference between the vertical and horlzontal Inputs,
the ellipse either fiattens or broadens out.

9. Set the HOR. SELECTOR bocl:q TERNAL)SYNC,
the VERT. ATTENUATOR ot U@, Fhé SWEEP FREQ. se-
lector between 10 and 100, the SWEEP VERN. control at
10. The jumper between the 60CPS and V~INPUT binding
posts remalns. Now adjust the VERT-GAIN and HOR-
GAIN controls untl] the pattern extends about two=thirds
the width and the helght of the cathode-ray tube. The
pattem wiil not be clear because of Its ropld horizontal
drift. Advance the setting of the SWEEP VERNIER grod-
vally until o single sine wave of power line frequency
appears and remalns stationary on the screen.

NOTE 1: In rotating the SWEEP VERNIER, 1t will be no~
ticed that the drift of the pattern slows down as certaln
critical frequencles are opproached, and then reverses
directionwhen the critical frequency Is passed. At these
critical frequencies, a clear pattern can be discerned.
These critical sweep frequencles are submultiples of the
signal frequency, or the signal frequency itself (when
only one cycle of the signal Is displayed). The pattern
may be locked in at submul¥iples of the signal frequency
when 1t Is desired to view more than one cycle of the
signal. The sweep frequency Is equal to the signal fre-
quency divided by the number of complete cycles dis-
playedon thescreen. For example, If two complete cycles
of the 60cps signal are displayed, the sweep frequency
Is 30cps.

NOTE 2: At low sweep frequencies, flickering of the
pattern Is normal due fo the slow writing speed of the spot
and the persistance of the screen, which together are In-
sufficlent to cause the motion to blend into afixed Image.

10. With the single sine wave pattern locked In, switch
the HOR, SELECTOR from +{INT.) to =(INT.). The same
waveform should appear, but disploced by 180°

11. With the single sine wave pattern locked In, switch
the HOR. SELECTOR to the 60CPS SYNC posttion. Tum
the PHASING control and note the shift In starting point
of the displayed waveform. -



In these flgures, points that occur simultaneously are num=-
bered the same. The circle represents the tube screen,
If simultaneous projections were drawn from every point
on each wave, the intersections would trace out the sine-
waves shown in the circles. The sections of the sawtooth
between 1 and 4 in Fig. 1and between 1 and 9 in Fig. 2
are the sweep sections during which the displays are pro-
duced. The sections of the sawtooth between 4 and 5 in
Fig. 1 and between 9 ond 10 In Fig. 2 are the sections
during which the beam is returned very rapidly to the
starting point at the left-hand side of the screen. The
return trace appears on the screen os a flne horizontal
line.

LISSAJOUS PATTERNS: Another typeof fundamental pat-
tern is obtalned when both the vertical and horizontal de~
flection voltages aresinewaves that are related in frequen=
cy as follows: one frequency Is a whole number of times
larger than the other; one frequency Is a simple fraction of
the other. When one or the ather of these conditions is
fulfilled, stationary closed-loop patterns are obtalned.
These patterns cre called Llssajous flgures ofter the 19th
century French Sclentist. They are particularly useful in
determining the frequency ratic between two sinewavesig-
nals. If the frequency of one signal Is known, the fre-
quency of the other signal can be easily determined from
the frequency ratio. Usually the known signal is applied
to the horizontal channel and the unknown signal to the
vertical channel. The shape of the pattern changes with
the phase relationship between the known and unknown
signals. For example, all the patterns shown In Fig. 3
(ond those intermediate) are possible with a frequency
ratla of 1:1 If the phose differences indicated exist.

VEZZCRNDN

0° 45° 180°
' Fig. 3

In general todetermine frequency ratio from the Lissajous
figure, count the number of points of tangency to hori-
zontal and vertical lines, drawn or Imagined (See Fig. 4).
Points of tangency at the top of the figures result from
the unknown frequency appllied to the vertical channel.
Those at the side of the figure result from the known fre-
quency applied to the horizontal axis. As a matter of
fact, the following relationship holds true in all cases:

V axis freq.

V pts of tangency
H oxis freq. = =

H pts of tangency

As an example, take Fig. 4c, which shows four points of
tangency at the top and one point at the side. This in-
dicates that the unknown frequency opplied to the vertical
axis is four times the known frequency. In Fig. 4f, one
point of tangency at the top and four ot the side indicate
that the unknown frequency is one-fourth the known fre-

quency.

SQUAREWAVE TESTING OF AMPLIFIERS: In conjunction
with the scope, square wave signals provided by the

1:2 1:3

2:1 3:1 4:1 _ I3 .’I:“
A B F

D E
Fig. 4
Model 377 Audic Generator or Model 488 Electronic
Switch can be used to check omplifiers as to frequency
response, phase shift, transient response, deficient de=
sign, or faulty components. The equipment Is set up as-
shown in Flg. 5.

Mﬁ?g"g" EQUIPMENT @
TO BE TESTED }—o
GENERATOR SCOPE
Fig. 5

First, os a means of comparison, the square wave output
from the Audio Generator is viewed on the 'scope. The
horizontal sweep of the 'scope should be adjusted so that
at least two full cycles con be seen on the screen. (Fig.
6a shows one full cycle of a perfect square wave). The
'scope is then connected to the output of the amplifier
under testso that themodified square wave can be viewed
on the screen. Possible output wave shapes are shown-in
Flg. 6b to 61, and the significance of each waveshope-is
explained below.
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Fig. ébshows "rounding” of the leading edge ol-'thuquum
wave. Thisindicates adrop off In gain at high frequenaies:
*Rounding” will generally be observable when there Is o
substantial drop In the gain by the tenth harmonic (ordess).
Therefore, if a 2Kc square wave fed to the amplifier is
reproducedon the 'scope without "rounding”, the ampli=
fier is flat to 10 X 2Kc = 20Ke.

Fig. 6c shows the effect of Increased gain and Flg. 6d
shows the effectof decreased galn at the square waxe fre~
quency. Fig. 6e indicates lowered gain at a narrow.fre=
quency band. If the square wave frequency is brought
into this narrow frequency band, Fig. &d will re-qul»h
The effect of phase shift in the amplifier is shown infigs.
6f and 6g. If, ot low frequencles, there is phase.shift in
the leading direcﬂon, the square wave will be tilted as
in Fig. 6f. If there is phase shift in the lagging direct=
lon, the top of the square wave will be tilted as-inFig.
6g. The steepness of the tilt is proportional to thecamount
of phase shift. Phase shift Isnot important in cudio-ampli-
flers, although the ear Is not entirely insensitive to it..
In television and 'scope amplifiers, however, phaose shift
should ‘not be tolerated., '



12. Setup the 'scope controls as in paragraph 8, adjusting
the PHASING control for @ broad ellipse. Then set the

INTENSITY control at minimum. Fromanoudio oscillator,Z
apply abaut 3 volts at 300 cps between the HNF—moB-H* (S

binding post and ground, and then gradually advance the
INTENSITY control until a broken line ellipse is seen on
the screen. Adjust the frequency of the audio oscillator
carefully, until the broken lines stand still, and note that
there are 5 such lines. This Indicates that the ratio be-
tween the frequency applied to the INT, MOD. binding
post and the frequency applied to the V. INPUT binding
post (60cps) is 5. The INT. MOD. binding post may be
used for inserting timing markers on a trace or determining
the frequency of on unknown signal.

CAUTION: In any application where a signal Is applied
4o the 7 gxis binding post, the INTENSITY control
should just be set at minimum and then advanced until the
desired intensity Is obtained.

13. To operate the intéraal calibrator for measuring peak-
to-peck voltage, use the following procedure: (p-p) is an
abbreviation for peak-to-peak).

MEASUREMENT OF P-P YOLTAGES (a) Set the VERT,
ATTEN. ot CAL, This operation injects a 0.4 volt p-p
sine wave of power line frequency into the vertical input
circuit at a point following the vertical step attenuator
but preceding the vertical gain control. (b) Set the HOR.
SELECTOR at "+" ond the HOR. GAIN control ot zero
(so that the pattern on the screen is simply avertical line).
(c) Adjust the VERT. GAIN and VERT, POS. controls un-
til the vertical line extends exactly 4 major divisions (o
division is 1 inch) on the calibrated screen.

Youhave now standardized the sensitivity of the vertical
omplifier to permit direct p~p voltage measurements. Do
not touch the VERT. GAIN controls while voltage meas—
urements are being made, as any disturbance of the setting
makes It necessary to recalibrate the vertical amplifier.

The p-p amplitude of a signal voltage applied to the V.
INPUT terminals may be read as follows. Set the VERT.
ATTEN.. selector at a position that gives a pattern under
4 In. in height, without touching the VERT. GAIN con-
trol. Use the VERT. POS. control to place the bottom of
the pattern on the lowest graduation of the callbrated scale.
If the VERT. ATTEN. selector is at the 1 position, full
scale(41n.)1s 0.4 volt p-p. At the 10 position, full scale
is 4 volts p=p. At the 100 position, full scale is 40 volts
p-p. At the 1000 position full scale Is 400 volts p-p.

MEASUREMENT OF P-P VOLTAGES ABOVE 400 VOLTS:
Steps a and b are the same os when measuring voltages
under 400 voltsp-p. In step c, however, the VERT. GAIN
control is adjusted for o deflection that is o convenient
fraction of full scale. At most, this deflection should be
as many times smaller than full scale asthe expected value
of the unknown voltage Is larger than 400 volts p~p. The
VERT. ATTEN. is then set at 1000 and the p-p deflection
of the unknown signal is read off the calibrated screen.

The ratio of this deflection to. the deflection set ot cali=
bration is then multiplied by 400 to obtain the amplitude
of the unknown signal in volts p-p. EXAMPLE: The de-
flection set at calibration is 10divisions or 2 inches. With
the VERT. ATTEN. set at 1000, the p-p deflection of the
unknown signal Is 20 divisions or4 Inches. The amplitude
of the signal Is equal to (20/10) X 400 = 800 volts p=p.

NOTE: If the signal under observation Is a slne wave (on-
ly), the rms value of the amplitude may be obtained by
dividing the p-p value by 2.8.

APPLICATIONS

GENERAL: The oscilloscope is an instrument designed for

viewing electrical oscillations and transients. Phenomena
having a repetition rate from a few cycles per second to
several megacycles persecond may be displayedon a scope

WAVEFORM INVESTIGATION: When the output of the
Internal sweep generator isfed to the horlzontal channel
the pattern on the screen Is actually o graph showing the
variation with time of the Instantaneous amplitude of the
signal applied to the vertical channel. The sweep fre-
quency is usually a sub-harmonic of the signal frequency,
so that several complete cycles of the signal aredisplayed .
on the screen.

DISPLAY OF WAVEFORMS: Displaying a waveform means
obtaining a picture that shows the amplitude of the
signal under observation varles with time. It is generally
most convenient to use a time=base signal that varles lin-
early with time, so thot equal intervals of time are rep-
resentedon the screen by equal Intervals of distance along
the same axis. Thesawtoothoutputof the sweep generator
glves such o time-base on the horizontal axis, the time
(in seconds) represented by the overall horizontal deflec-
tion being equal to thereciprocal of the sweep frequency
(in cycles per second).

Apparently if the frequency of the ocbservedsignal Is equal
to the sweep frequency, one complete cycle will be observ—
ed on the screen. If the frequency of the appliedsignal Is
twice the sweep frequency, two complete cycles will be
obtained on the screen and so on. Fig. 1 is a projection
drawing of a sinewave applied ta the vertical plates and
a sawtooth wave of the same frequency cppliedto the hor-
izontal plates. Fig. 2 s o projection drawing showing
the resultant pattern when the frequency of the sawtooth
Is one-half that employed In Fig. 1.
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Flg. 6h shows the pulse output from the amplifier that re-
sults when the square wave has undergone differentiation.
This will happen when the grid resistor or the coupling
condenser Is too low Invalue or If the coupling condenser
Is partially open. Lastly, Fig. é1, shows a square wave
with domped osclllations following the leading edge. This
results when a high frequency square wave Is fed to an am=
plifier inwhich distributed copacities and lead inductances
resonate at low frequencles. Intelevision and 'scope am-
plifiers it may result from on undomped peaking coll.

High fidelity audlo amplifiersmaybe given a rapid check
by testing first with o square wave of fundamental fre-
quency not less than 3 to 4 times the low frequency limit
of the amplifier (3db point)and then with a square wave
of fundomental frequency which may be anywhere between
1/100 to 1/10 of the high frequency limit of the amplifier
depending upon how many harmonics are considered nec-
essary to produce an acceptoble version of o square wave-
form. Usually square waves of fundomental frequency
from 40 to 60cps and 1000 to 2000 cps are employed to
caver the range up ta 20;000 cps.

To insure correct results, the following Is suggested: Con-
nect the proper value of load across the amplifier output
terminals; use low capacitance cable for connecting the
generator to the amplifier input; If the amplifier has o
high impedance Input, use a | meg Isolating resistor be=
tween the generator and the amplifier, shunted by a .001
mf capacitor If there Is capacitance present In the am-
plifier Input; set the generator output to an ample value
but be sure not to overlood the amplifier. The square
wave signal Isfed to the amplifier Input and the scope 1s
connected across the amplifier load, Use the internal
linear sweep to observe the waveform. Note that tone
controls have a very marked effect onsquare wave

and should beset to the "flat” positionsunless It Is desired
to observe their effect. MNote, also, that low fidellty
and p.a. omplifiers will not reproduce the square wave-
form,

Video amplifiers may be square wave tested In the same
manner cs described for testing audio amplifiers. The test
frequencies might be 60cps for the low and 25,000 cps
for high frequency end.

SERVICING TV RECEIVERS: One major use of the scope
In tv servicing Isalignment In conjunction witha TV/FM
Sweep Generator. First the IF stages cre aligned, ond
then the RF and local osclllator stages, following the
same general procedure used In AM receivers. The general
method and theory of alignment is described in the sweep
generator Instructions manuals. The specific methods of
alignmentdependon the recelver, and the manufacturer's
service Instruction should always be followed.

Another major use of the scope Is to check the waveform
of the complex tv signal as It passes through the recelver.
The exceptional fidelity of the Model 450 scope Is very

important In this application, since you must be able ta
observe small variations.In waveform In order to localize

and correct the couse of poor picture quality. Here

again the setmanufacturer provides representative wave-

forms tobe expected at specific polnts in a specific model

of recelver, These waveform pictures are furnished for
the entire receiver, with the exception of the tuner portion.
EICO manufactures a complete line of high quality os-
cilloscope probes meeting all the requirement for wave-
form observation in any part of a tv recelver.

Keep in mind that two basic frequencies are involved in
checking waveform of signalsin tvreceivers. Thevertical
or fieldfrequency Is60cps. Any waveform check, except
within the horizontal osclllator, itsdifferentiator netwark,
and the horlzontal omplifier stages, con generally be mode
using an Internal linear sweep frequency of 30 cycles to
show two complete fields of the signal. To examine the
horizontal pulse shape, or the operation of the horlzontadl
deflectionsystem, it is generally suitable to usean Internal
linear sweep frequency of 7875¢cps, again to show two
complete lines of the signal. The TV=V pasition (30 cps)
and the TV=H posltion (7875 cps)on the SWEEP SELECTOR
were provided to permit rapld changeover from one besic
tv sweep frequency to the other without need for other
cantrol readjustments.

MAINTENANCE

GENERAL: Included in this section are Instructions for in-

" ternal adjustments, trouble-shooting, and part replacement.

All internal adjustments must be performed In the order
glven on completed kit instruments before they can be
placedinuse. The same procedureswill serve for periodic

readjustments in both kit and factory-wired instruments
when required by component ageing or replacement.

REMOVAL FROM CABINET: To remove the Instrument
from the cabnet, first disconnect it from the power line
and remove the two screwsat the cabinet rear. Then slide
the chassis out the front of the cabinet.

WARNING: The voltages in this Instrument are dangerous.
Take coutlon to avoid personal contact with these voltages
when the Instrument is being operated outside of its cabinet.
Remember that capacitors may remain charged to donger-
ously highvoltagesfor a considerable time ofter power has
been remaved.

INTERNAL ADJUSTMENTS: The need for repetition of
any of the following adjustments ofter the Instrument has
beenIn use canbe determined by referring to the trouble-
shooting chart. Therefore no referencewlll be made here
to the symptoms which Indicate readjustment Is necessary.

a) Insert the AC plug In the 115 volt AC line outlet and
turn the power on by rotating the SCALE LIGHT control

clockwise from AC-OFF. While the scope is warming up,
install the shorting link supplied between ground and the
lower V=INPUT terminal (remains In place throughout ad-
justments and in normal use of 'scope, except when bal-
anced input is dasired) and then set the panel controls as



follows: INTENSITY, FOCUS, V-POS, H-POS, PHAS-
ING, SWEEP VERNIER, VERT. GAIN to approximate
middle of rotation; SWEEP SELECTOR ot "10~100"; VERT.
ATTENUATOR to CAL.; HOR. SELECTOR to "+"; HOR.
GAIN to 40.

b) Adjust pane! controls for a stationary pattern of several
60.cps sine waves (approximate overall pattern dimensions:
2" high, 3" wide). Mcke a preliminary adjustment for
sharpness of the trace with the FOCUS control. Then set
the INTENSITY control to produce: a trace of normal bright-
ness (excessive intensity willbe evidenced by "blooming"
of the trace). At this point any astigmatism in the trace
will be evidenced by some portions of the trace belng
thicker than others. Now jointly adjust the astigmatism
control R81 (see Fig. 7) and the FOCUS control untll o
sharp trace with the greatest possible uniformity of thick-
ness is cbtained.

+t) Short the V=INPUT terminals. Set the VERT. ATTEN-
UATOR to "1000" under the AC arc on the dial and the
VERT. GAIN control for minimum gain. Adjust the'V.
POS. control for o trace vertically af dead center. Now
set the VERT. GAIN control for maximum gain and adjust
the DC balance control R16 (see Fig. 7) untll “the trace
is returned vertically to dead: center, Repeat until no
vertical shift in thetrace can be detected when the VERT.
GAIN control 1s rotated from minlmum to maximum.

d) Adjust linearity controls R26and R27 (see Fig. 7) ex-
actly as follows. Set the VERT. GAIN control for mini-
mum gain, Set your VTIVMor VOM (at least 1000Q Avolt)
to a low DC volts range on which 2 volts dc can be read
with reasoncble accuracy. Connect the negative volt-
meter lead to grid pin 1of the 6CBS tube V3 and the pos-
itlve lead to cathode pin 2. Adjust the linearlty control
R26 for a voltmeter reading of 2 volts; or as near 2 volts
as the control permits. Disconnect both voltmeter leads
from the grid and cathode pins of V3. Now connect the
negative voltmeter lead to grid pin 1 of the other 6CBS
tube V4 and the positive lead to the cathode pin 2. Ad-
just theother linearlty control R27 for a voltmeter reading
of 2 volts also, or If 2 volts was not obtainable In the previous
adjustment, to whatever voltage was obtained in this ad-
justment. Do not attemptvoltage measurements to ground
as there Is a voltage of approximately 100 volts between
each 6CBé cathode and ground which mightseriously dam=
age avolimeter set to alow range. Changein H position-
ing is normal during these adjustments.

e) After completing the linearity odjustments described
above, leave the scopein operation for at least o 1/2 hour
interval, Thenrepeat the DC balance adjustment described

In paragraph c.

f} Check for o screen (pin 6) to cathode (pin 2) voltage
of approximately 150 volts dc on each of the 6CBé tubes,
V3 and V4,

) Check for a dc voltage of 45 volts + 10% across 500Q
resistor R77 coming directly off the V9 (6AXS5) tube cath-
ode pin 8. This Is a check of the B+ drain after vertical
amplifier adjustments are completed.

h) Stray copacities shunting the resistive components in
each of the vertical input attenuator networks would re-
sult in frequency discrimination were not each of these
attenuator networks frequency-compensated by on indi-
vidual trimmer. These trimmers are accessible through
holes in the left front bracket; uppermost trimmer C2 for
the 10:1 attenuator, middle trimmer C3 for the 100:1 at=
tenuator, and lowest trimmer C4 for the 1000:1 attenuator.

Fig. 7

Method of adjusting trimmers: Connect a jumper between
the SAWTOOTH and V=INPUT terminals. Set the HOR.
SELECTOR at "+, the SWEEP SELECTOR ct the 100~1K
position, the SWEEP VERNIER at 100, the VERT. GAIN
control ot 50, and the HOR. GAIN at 40, Now set the
VERT. ATTENUATOR selector at 10 (either DC or AC)and
then use the panel controls to obtain a centered, focused
trace (readjust VERT. & HOR. GAIN controls if required
to obtain a trace entirelyon the screen). Withthe upper
trimmer C2 odjusted improperly, the trace will appear
either as in Fig. Ba or Fig. 8b. If this is the case, adjust
the uppermost trimmer C2 until the hook disappears and
the trace is a straight Iine os in Fig. 8c

OOO

Fig. 8
Now set the VERT. ATTENUATORselector at 100 (either
AC or DC)eond turn the VERT. GAIN control to maximum.
With the middle trimmer C3 adjusted improperly, the trace
will again appear as in Fig. 8a or Fig. 8b. If this is the
case, adjust the middle trimmer C3until the hook disap-
pears and the troce appears os In Fig. 8c.

Now set the VERT. ATTENUATORselector at 1000 (either
ACor DC)and carefully replace the SAWTOOTH to V.-
INPUT terminals jumper by o jumper between pin 9 of the
cathode-ray tube ond the V. INPUT terminal. With the
lowest trimmer C4 cdjusted improperly, the trace will
again appear as InFig. 8a or Fig. 8b. [f this Is the case,



adjust lowest trimmer C4 until the hook disappears and the
trace oppears as in Fig. Bc.

A much to be prefered method of adjustment, when the
equipment is available, is to apply a square wave of ap-
proximately 1ke fundamental frequency to the V-INPUT
terminals and adjusting each trimmer in turn, with the
VERT. ATTENUATOR selector set at the corresponding
position, for best possible square wave reproduction. In-
ternal sweep is employed and the panel controls set for
several stationary square waves on the screen befare ad-
justing the trimmers for proper frequency compensation.

Under-compensation and over-compensation are indicated
square waves appearing as in Figs. 9a and brespectively.
Proper compensatian is indicated by square waves appear=
ing as In Fig. 9c.
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Fig. 9
i) Adjustment of calibration voltage: Set your VIVM or
VOMto the ac voltage range onwhich 1.42 volts rms (or
4 volts peck-to-peak) can be read as accurately as possj-
ble,. Connect one voltmeter lead to the junction of rhea=
stat Ré and resistor R5 and the other lead to chassis ground.
Adjust rheostat Ré (see Fig. 7) for a reading of 1.42 volts
rms or 4 volts peak-to-peak. MNote that this voltage is
applied to a 10:1 divider composed of R4 and R5, so that
the voltage actually injected into the vertical amplifier
is 400 millivolts peak=~to-peak.

i) Adjustment of TV-H sweep trimmer: Set the SWEEP
SELECTOR at TV=V. Then set the VERT. ATTENUATOR
to CAL., the HOR. SELECTOR at "+*, and adjust the
SWEEP VERNIER to obtain astationary pattern of two com~
plete cycles on the screen indicating a 30 cps sweep fre-
quency. MNow turn the SWEEP SELECTOR to the TV-H
position and apply a 15,750 cps signal taken from the hori~
zontal section of any tv set to the V. INPUT terminals.
Adjust the VERT. ATTENUATOR & VERT. GAIN controls
to obtain a drifting pattern entirely on screen but do not
touch the SWEEP VERNIER. Now adjust trimmer C22 (see
Fig. 7) until a stotionary pattern of two complete cycles
is obtained on the screen, indicating a 7875 cps sweep
frequency. This completes the adjustment. Now, when-
ever the SWEEP VERNIER is set to produce a 30 cps sweep
(indicated by two cycle display of 60 cps signal) with the
SWEEP SELECTOR set at TV=V, turning the SWEEP SELEC-
TOR to TV=H without touching the SWEEP VERNIER will
automatically give a 7875 cps sweep.

k) Highfrequency-response adjustment: Infactory-wired
instruments adjustable peaking coils L1, L2, L3, and L4
have been adjusted to provide optimum reproduction of a
500kc square wave. In kit instruments, these pecking
coils are supplied with the slugs pre-set. The design of
the vertical amplifier is such that the high frequency re-

sponse willbe within a few db of specified response with-
out further adjustment of the peaking coils.

Unless a generator copable of producing at least 100ke
squore wave or a generator having a metered sine-wove
output up to 5mc is available, it is recommended thot no
further adjustment of the pecking coils be attempted. In
the cose where a metered sine-wave generator of range
up to 5mc is used, the procedure is to adjust the peaking
coils for uniform response of the vertical omplifier (con-
stant peak-to-peak deflection of any arbitrary vaiue up
to 4" with generator output maintained at any arbitrory
value up to4volts p-p and the VERT. ATTENUATOR set at
"1 AC as the frequency is varied) with an expected 3db
drop at 4.5mc (approximately 30% down).

Ifhigh frequency response adjustment is thought necessary
for any reason, and neither a square wave generator nor
a metered sine-wave generator asdescribed cbove is avail-
able, satisfactory odjustment for most purposes may be
made using an unmetered signal generator as follows.
Connect the generator to the V. INPUT terminals and
set it at 5mc. Use maximum generator output. Set the
VERT. ATTENUATOR Selector at "1" AC. Use internal
sweep but do not attempt to "lock in" the signal, since
only the p-p amplitude of the signal is of interest and a
drifting display.will form a "band”, the p-p height of
which is easy to observe. Set the VERT. GAIN control
for a small p-p vertical deflection of say 1". Now use an
insulated screwdriver to adjust the slugs in the four peak-
coils L1, L2, L3, and L4) for maximum vertical p-p de-
flection. First adjust the L3 and L4 pair and then the Li
and L2 pair. Repeat until no further increase in response
is obtained. For best results, the depth of the slugs in
each of the two collsthat form a pair should be about the
same. For this reason, it is best to adjust the two coils
in a pair alternately, making a small adjustment in one
coil and duplicating this adjustment on the other coil of

pair before proceeding to further adjustment of the first

coil.

TROUBLE-SHOOTING THE 460 OSCILLOSCOPE: The
block diagram of the 460 (Fig. 12) should aid in isolating
the circuit in which the trouble is located. Once this is
done, reference should be made to the appropriate section
of the complete schematic (Fig. 13). The next step is to
localize the trouble in the particulor section to the tube
circuit involved and then to try a replacement tube. If
the trouble is not eliminated, voltage and resistance checks
should be made and compared with the data provided in
the voltage and resistance chart provided (Fig. 11).

As an cid in locolizing trouble, common symptoms toget-
herwith their possible couses and remedies have been listed
in groups corresponding to the major sections of the instru-
ment (Fig. 10). Of course, all possible troubles could not
be included in the chart ond the make-up of the chart has
been based on the assumption that the instrument hos worked
properly at some previous time. Keep in mind that in
trouble-shooting, the main endeavor is to find and eliminate
the source of the trouble. Recurrence ofa trouble usually
indicates that the effect, not the couse hos been remedied.




Fig. 10 TROUBLE SHOOTING CHART

POWER SUPPLY

Pilot light fails to light

SCALE LIGHT switch in AC—OFF position
No AC line voltage

Pilot lamp open

Fuse defective

Power Transformer defective

Broken lead/or leads in the filament path

Turn SCALE LIGHT switch clockwise.
Trace line failure

Replace 12

Replace F1

Replace T1

Repair defective connections

Fuse, F1, blows when AC
power is turned on.

Shorted AC line cable on the primary side
of the power transformer.

Defective rectifier tubes

Defective filter capacitors

Short In filoment connections

Repair the short

Check VB, V9. Replace if bod

Check C27, C28, C26, C25 for low resist-
ance or short. Replace if necessary

Check filament connections for shorts. Re-
pair if necessary.

Some or all filomentsfail
{to light.

Defective tube or tubes
Broken lead from power transformer

Power transformer defective

Replace tube or tubes*

Check with an ohmmeter for continuity.
Repair if necessary.

Replace.

Scale does not light

Broken lead or leads to 11

Check and repair if necessary.

No voltage on second anode

Note: Spot may be deflected off screen.
Adjust V=POS. control for equal voltages
from CRT pins 6 & 7 to ground (V. defl,
plates) and H. POS. control for equal vol-
tages from CRT pins 9 & 10 to ground (H .
defi. plates). The spot should then be cen-
tered. If either adjustment is impossible,
refer to the vertical or horizontal amplifier
sections.

Bulb 11 defective Replace
Potentiometer R8O defective Replace
CRT CIRCUIT
No spot on CRT screen. High voltage rectifier tube, V8, defective. | Replace
Filoment leads broken Repair

Check circuit. Repair if necessary.

No spot on CRT screen. Defective CRT (V10) Replace V10
(All CRT voltages correct)
Retrace blanking in- C23 open Replace
operative Broken lead from the sweep frequency gen- | Check and repair if necessary.
erator to the grid of V10.
No focusing R75 defective Replace
R81 defective Replace
Note: R75 is the focusing potentiometer.
Its action is dependent on the setting of the
astigmatism potentiometer R81. For best
focus, bath pots must be adjusted simul-
taneously as an initial adjustment.
No horizontal positionlng | Refer to horizontal amplifier
No vertical positioning Refer to vertical amplifier
Astigmatism control inop~ | RB1 defective Replace

erative.




SWEEP CIRCUIT

No sweep (hor. ampl.
checks C.K.)

Hor. Selector switch is not set to Sweep

Sync positions.

Lead or leads broken
Vé defective

S3 defective

S2 defective

R24 defective

Check R47-54 for open

Set HOR. SELECTOR to position under
SYNC-SWEEP arc on dial.

Check and repair if necessary

Replace

Check. Replace if necessary

Check. Replace if necessary

Check. Replace if necessary

Replace if necessary

vertical displacement of
the trace results.

One or more components in the vertical
amplifier defective.

Sweep inoperative on One of C17-C22 defective Replace the defective capacitor *
some ranges S3 defective Replace
Incorrect sweep frequency | C22 out of adjustment Adjust C22
obtained at TV=H position
Loss of synchronization 'V5-A defective Replace V5
52 defective Check. Replace if necessary
C29 open Replace
R47 open Replace
Sync. twin-lead defective Replace
VERTICAL AMPLIFIER
With appropriatesignal Defective S1 Check. Replace if necessary.
applied to INPUT, no One or more tubes defective Check V1, V2, V3, V4*, Replace if

defective. .
Check resistors and potentiometers with
chmmeter. Replace if defective.

Signal distorted; unable to

Peaking coil or coils open.

Check for continuity. Replace ifdefective.

attenuator pos.; O.K. in
DC pos.

balance. R16 defective Replace
R26, R27 defective Replace
No vertical positioning R42 defective Replace
VERT. GAIN control af= | DC unbalance Balance with R16.
fects position of trace
No vertical signal in AC | C1 open Replace Cl1

Size of pattern changes
with positions on CRT
screen.

Vertical linearity out of adjustment.

Adjust R26, R27

Square wave (10KC) dis-
torted on 10, 100, 1000V
pos. of the attenuator.

C2, C3, C4 out of adjustment.

Adjust C2, C3, C4

DC balance impossible;
all components O.K.

One of the tubesin vertical amplifier out of
toleronce.

Switch V1 and V2; switch V3 and V4
Note: If this does not improve the bal-
ance, try one or more replacement tubes.

No gain adjust

R24 defective

Replace R24

Trace "jumps” on CRT
|screen in vertical direction

Loose connection in vertical emplifier sect-

jon,
One of the tubes "microphonic”

Repair

Tap tubes lightly. Replace the one which
is "microphonic”.




VERTICAL AMPLIFIER CONTINUED

No trace when VERT.
ATTENUATOR atCAL. pos.

R5 or Ré open

Check and replace if necessary.

No adjust possible with
peaking coil or coils.

Pedking coil or colls short circuited.

Replace the defective coil.

P-p voltage reading made
with scope by use of the
reference voltage supplied
at the CAL. position of the
VERT. ATTEN. selectorare
inaccurate (or noreference
voltage obtained at CAL.
position).

Ré out of adjustment or R4, R5, RS, S1
defective.

Adjust RS, .or replace R4, R5, RS, Ar S1.

HORIZONTAL AMPLIFIER

No horizantal deflectlon; | C13 open Replace
sweep checks O.K. and V5 or V7 defective Check and replace if bad.
HOR. SELECTOR in oneof | C15 shorted Replace
SYNC-SWEEP positlons. C14 open Replace
R60 defective Replace
53 defective Replace
No horizantal posttioning. | R63, R64, or REB defective Check and replace if necessary.
C16 shorted Replace
R62 defective Replace
Horizontal deflection C15 open Replace
present but distorted. C16 open Replace
V7 defective Replace
R67, R66 defective Replace

* Indicates replacement of component in this group makes it necessary to repeat some part of the initial adjustment pro-

cedure.

TUBE REPLACEMENT: Tube location is shown in Fig. 7.
Readjustment will be required when replacing V1, V2,
V3, or V4. When theCRT is replaced, it must be rotated
until the horizontal trace is level.

FUSE REPLACEMENT: A 1amp fuse islocated in the fuse
holder on the rear chassis apron. If the fuse should blow,
the component that has failed and caused the excessive
current drain must be found and replaced before a new
fuse is inserted.

SERVICE

Iftrouble developes in your instrument which you cannot

remedy yourself, write to our service department listing
all possible indications that might be helpful. If desired,
you may return theinstrument to our factory where it will

be placed in operating condition for $8.50 plus the cost
of parts replaced due to their being damaged in the course
of construction. NOTE: Before returning this unit, be
sure all parts are securely mounted. Attach a tag to the
instrument, giving your home address and the trouble with
the unit. Pack very carefully in a rugged contoiner, us-
ing sufficient packing material (cotton, shredded news-
paper, or excelsior), to mcke the unit completely immov-
able within the container. The original shipping carton
is satisfactory, providing the original Inserts are used or
sufficient packing material is inserted tokeep the instru—
ment immoveble. Ship by prepaid Railway Express, if
possible, to Electronic Instrument Co., Inc., 84 Withers
Street, Brooklyn 11, New York. Return shipment will be
made by express collect. Note that a carrfer cannot be
held liable for domages in transit If packing, IN HIS
OPINION, is insufficient.




Fig. 11
VOLTAGE CHART

TUBE Vi V2 V3 V4 V5 “Vé V7 ' Ve V10
6AUB | 6AUB &CBS 5CBS 12AU7 436 8J6 iv2 SAXS5 5UP1
PINY
105 105 260 =550 =870
L 105 | Notes | Notes | '3 150 Note! | Note8 | M Note?
2 \ 107 107 | 58 260 i 74010 -870
o 01 Nges . 85 . NC 3.15ac
3 230 230 3.15ac 3.15ac 4 3.15ac 3.15ac NC 400 ac -820
4 | 350 | 3.150 | 3.150c | 3.5ac | 3.150c | 3.150c | 3.15ac 75°°; NC ""°°| ':'7355
5 3.15ac | 3.15ac | 270 270 3.15qc | 48 0 75""; 400 ac NC
- 0 730
6 2 2 257 257 40160 | 48 Nove NC NC N2
7 0 0 107 107 F0.3t0-0.5] 54 .6 NC 3.15ac 230
Note | Note2
8 120 120 - - 0 - - NC 380 270
. 260
9 01 10 - - 358 | - - -950 - Note
260
PINTO| et
PIN 11 NC
870
Nz | 0
REFERE R I CONTROL SETTINGS

NC  No Connectian

Note 1 Varles with H.POS. control setting—Values glven for centered trace.

Note 2 Varles with V,POS. control setting— Values glven for centered trace.

Note 3 Varles with FOCUS control setting.

Note 4 Vorles with INTENSITY control setting.

Note 5 Varies with astigmatism control setting

Note 6 The difference between the voltages on plns 1 and 2 of each tube Isthe
grid blas. The blas voltages for V3 ond Vi should be closely equal and
near 2 volts when lineartty controls R26 endR27 are ad|usted properly os
described in the Initlal Adjustment section of MAINTENANCE.

Note 7 Check with tube aut, each pln to gnd. Dan'tcheck fil. valt. between.

Note 8 Pin 1 Internally connected to pin ¢

Note® 6.3voltiAC between pins. CAUTION: These pins 870volts off chassis.

Nate 10 Varies with SWEEP VERNIER setting.

Nate 11 Varles with HOR. GAIN setting.

Note 12 Varles with settings of VERT. GAIN cantrol ond linearity controls
R26 and R27.

UNLESS OTHERWISE INDICATED, ALL VOLTAGES ARE DC, POSITIVE AND

MEASURED TO CHASSIS

Line Valtage: 115 volts, &0cps

All measurements made with VTVM of approximately 11 megs Input imped .

SWEEP FREQ. selector at 100~-1K position
SWEEP VERNIER control ot center of range (55)
VERT.ATTENUATOR set at 1000AC
VERT.GAIN ot 10 (minimum)
HOR. INPUTselector at "EXT* under the SYNC-SWEEP
arc on the dial
HOR. GAIN ot 30
PHASING at center of range
Shorting Link In placebetween lower V. INPUT
terminal ond ground terminal.
Upper V. INPUT terminal also shorted to ground terminal .

Set FOCUS control for focused trace

Set INTENSITY control fornormal troce brightness.

Set V.POS. & H. POS. controls for centered troce.

Note: All prescribed intemal adjustments are pre-
sumed to have been made.

equired for voltage checks only.

Unless otherwlse noted, all voltage and resistonce val-
ues may nomolly vory by +15%.

RESISTANCE CHART

TUBE Vi V2 V3 V4 V5 Vb Y7 V8 Ve V10
SAUS 6ALB 6CBS &CBS 12AU7 6J6 [ 3] 1v2 HAXS5 5UP1
pLnt
1 47K 47K 47K 47K 130K * 80K * BOK* NC NC 4.8 meg
2 |Bok* 80K * 1.5+ ‘I ‘!"""fz 2.5meg | 30k* | sok* NC 0 5 meg
3 | BOK* BOK* 0 0 24K 0 0 NC 600 4.7 meg
2-4 meg
4 o ] ] o 0 1] V] 875 NC Note 3
2=-10meg | 0-7K
5 1] o BOK* BOK* 0 Nate 10_| Note 11 875 &00 NC
6 |1.2k 1.2K gok* | eok* | 100k* | 30K Bk N NC 0.81.1 meg
23 DR T
7 |l ] 4.3k | 43k |Cade"d e | NC 0 0-3 - mes
8 |B8oK® 8OK* - - 0 - - NC 80K Nt
9 | BoK* 80K * - - o - - 5 meg - 80K *
PIN 10 80K *
* Measurement reaches final value slowly due to long RC time constants. Velues given are
approximately 2/3 of final value. PIN 11 NC
PIN 12 4.8 meg




Stockf Symbol Description
20028 C1,17 cap., molded, .1mfd
29505 C2,3,4 cop., trimmer, 3-13mfd
22001 C5 cop., ceramic, 100mmf
21000 Cé cap., mica, 1000 mmf
22505 C7,8,9 cap., disc, .01 mfd=-500V
23003 C10 cap., elec., 16mfd-350V
22517 C11,12 cop., disc, .025mfd
20004 C13,16 cap., paper, .25mfd-400V
30
23011 C14,28 cap., elec., 50mf-50V
23010 C15 cap., elec., 10mf-150V
20022 C18 cap., molded, .01 mfd
20016 C19 cap., molded, .001mfd
22009 C20 cap., ceramic, 68mmf
21001 C21 cap., mica, 270 mmf
29507 C22 cap., trimmer, 5-80 mmf
20003 C23,25, cap., paper, .1mfd-1000V
26
22503 C24 cap., disc, .01mfd=1KV or 1500V
24004 C27 cap., elec., 3X20mfd-450V
20006 C2¢9 cap., paper, .1mfd
91002 F1 fuse, 1 Amp.
92000 11,2 bulb, #47
52001 J1-9  binding post, 5 way
86010 11,23, coil, var., 100uH
4
A0533 R1,2,3 res., 3.3MegQ, 1/2W, 5%
10535 R4 res., 91Q2, 1/2W, 5%
#0536 RS res., 820Q, 1/2W, 5%
18014 R6,16  pot., 2KQ (cal; DC bal.)
10500 R7 res., 360KQ, 1/2W, 5%
10503 RB,49 res., 33KQ, 1/2W, 5%
40502 R9 res., 3.3KQ2, 1/2W, 5%
10417 R10,12 res., 220KQ, 1/2W,10%
71
10954 R11 res., 820Q, 2w, 10%
10951 R13 res., 3.9KQ, 2W, 10%
10400 R14,18 res., 10KQ, 1/2W,10%
10950 R15,17, res., 2.2KQ, 2w, 10%
30,38
14503 R19,29 res., 2.5KQ, 5w, 10%
10003 R20,21, res., 100Q2, 1/2W 20%
55,61,65
10849 R22,23, res., 47KQ, 1w, 10%
|5 66,67
160& R24 pot., 2.5KQ (vert. gain)
10952 R25,28, res., 4.7KQ, 2W, 10%
52
19008 R26,27 pot., 5KQ, W.W. (lin. odj.)
10424 R31,32, res., 22KQ, 1/2W,10%
36,37,50,
59,63
10771 R33,34 res., 820Q, W, 5%
10953 R35 res., 8.2KQ, 2W, 10%
10407 R39,40 res., 1MegQ," 1/2W,10%
10032 R41,43, res., 2.2MegQ, 1/2W,20%

PARTS LIST MODEL 460

46,56,70

Am't,
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Stock? Symbol Description

16014
10015
16005
10851
10956
nos47
10029
10423
16010
10854
16004
10431
10416
16002
18045
10843
16011
10839
14500

19007

54007
54008
50027

#0013
90029
90030
90035

97707
97700
97025

97024

£7003
97026
40000
40001
40007
40008

R42,54
R44

R45
R47
R48
R51,57
R53

R60
R62
R&64
Ré8B
R&9
R72
R73
R74
R75
R76

pot., 10MegQ (vert. posn; sweep)
res., 1KQ, 1/2W, 20%
pot., 100KQ (phasing)
res., 22KQ, w,
res., 10KQ, 2W, 10%
res., 100KQ, 1w, 10%
res., 6B0KQ, 1/2W, 20%
res., 2.2KQ,  1/2W, 10%
pot., 10KQ, (har. gain)
res., 6.8KQ, 1w,
pot., 50KQ (hor. posn.)
res., 470KQ,  1/2W, 10%
res., 15KQ,  1/2W, 10%
pot., 250KQ, (intensity)
res., 220KQ, 1w,
res., 470KQ, 1W,
pot., 2MegQ (focus)
res.. 2.2MegQ2, 1W,
res., 500Q, 5w,

10%

10% 2w

10% 3 '?.)
10%

10%
10%

pot., 75Q, W.W. w/switch
(scale light)

pot., 2MegQ2, (astigm.)
switch, 9 Posn (vert. att.)
switch, 6 Posn (hor. sel.)
switch, 1P = 7Posn (sweep sel.)
power transformer

terminal strip, 1P. left

terminal strip, 1P. right
terminal strip, 1P, right w/ground
terminal strip, 2P.

terminal strlp, "2P. w/ground
terminal strip, 3P. 2 right

terminal strip 3P. 2rt. w/ground
terminal strip, 4P

tube, 6AUS

tube, 6CB6

tube, 12AU7

tube, 6J6

tube, 1V2

tube, 6AX5

tube, 5UP1, CRT

fuse holder

pilot lite assembly (snap bracket)
piiot lite assembly

socket, 9 pin miniature

socket, 7 pin mlniature

socket, octal
socket, CRT, 12pin
nut, hex, 6-32
rut, hex, 3/8-32
nut, hex, 4-40
nut, hex, 8-32

l%’
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Stock? Symbol Description

40016
41000
41002
41003
-89527
41007
41014
41016
42000
»42001
42002
42007
42008
42017
42018
42029
43000
43001
43004
46000
- 46001
46003
46004
46005
48000
53002
53006
57000
58000

nut, hex, for fuseholder

screw, 6-32 X 1/4
screw, self tap
screw, 8-32 X 3/8
holder for handle
screw, 6-32 X 3/4
screw, 6-32 X 3/8
screw, 4-40 X 1/4
washer, lock, 3/8
washer, flat, 3
washer, lock, 6
washer, lock 14
washer, lock, 8

washer, fibre, flat, #8
washer, fibre, shoulder, #8
washer, rubber for fuseholder

lug, ground, #6

lug, pot., ground
lug, solder, #8
grommet, rubber, 3/8
grommet, rubber, 1/4
grommet, rubber 1/2
grommet, rubber, 5/8
foot, rubber

plug button

knob, small round pointer

knob. , round bar
line cord
hook=-up wire

DC BLOCKING CAP.

AP

Am't,

1 58300
36 -58402
2 -58501

4 ~59002

2 59003

2 59303

8 -59304
16 59504
/54 -80042
12 81053
46 81064
16 81045
13 81066
7 81067

9 81068

1 81069

2 81070

3 81071

7 81072

1 81073
10 81074
1 81075

1 81076

4 81902

3 87004

5 88027

7 66265

1 66015

_length

VERTICAL
ATTENUATOR

Stock? Symbal Description

spaghetti length
300Q twin lead length
bare wire length
graph screen
screen filter

felt (front tube)

felt (neck tube)
3-trimmer bracket
panel

pot., bracket
chassis, main
chassis, rear
bracket, front, left
bracket, front, right
bracket, rear, left
bracket, rear, right
strut, left

strut, right

chassis shield

bulb bracket

bezel, front

bezel, rear

clamp, CRT

binding post link
handle , leather
cabinet

manual of instructions (kit only)
manual of Instructions (wired only)

| 26086 (VI,VH)

Syne signols

VERTICAL
AMPLIFIER
BAUS W1, V2}

To Vartical Deflection
Plates

¢l

£ AKIS

To Horizontol Deflaction
Flates

Remava fumper for
balonced inpur
—0
'—o
L— o
o
SOCPS
PHASING [~
]
EXT.
o+
L o—
b0cpm
QEXT
(O —— HOR. INPUT selactor
H. INPUTLS
EXT. SYNC

BLOCK DIAGRAM

Fig. 12

1/2-12AU7 (VSB)
1m806 (V7)

POWER SUPALY
1=1VZ (VB), 1-8AX5 (V9T

— o — — o ) ot e el ol o ek pd et ol ol ol d ol el —d



Sym. Description

o | cap., .1mfd

€2 cap., trimmer 3-13mfd
C3 cap., trimmer 3-13mfd
C4 cap. , trimmer 3-13mfd
€5  cop., 100mmf

Lol cap., 1000mmf

<7 cap., .01mfd

C8  cop., .0Imfd

€o cap., .01 mfd

Cl0  cap., 16mfd-350V
C11 cap., .025mfd

C12  cap., .025mfd

C13  cap., .25mfd

C14  cap., 50mfd=-50V

C15  cop., 10mfd-150V
Clé cop., .25mfd

C17  cop., .1mfd

Ci18  cap., .01 mfd, 10%
C19  cep., .001 mid, 10%
C20 cop., 68Bmmf

€21 cap., 270mmf

C22 cop., trimmer, 5-80mmf
C23  cap., .1 mfd-1000V
C24  cop., .01 mfd-1000V

cap., .1mfd-1000V
cop. . .1mfd-1000V"
cop. . 3 X 20mfd-450V
cap. , 50mf-50V
cop., .1mfd

coll, var. 100uh
res., 3.3 meg, 1/2W,
res., 3.3 meg, 1/2W,
res., 3.3 meg, 1/2W,
res., 91Q, 1/2W,
res., 820Q, 1/2W,
pot., 2KQ (ou! )
res., 360KQ,
tes., 33KQ,
res., 3.3KQ,
res., 220KQ,
res., 820Q,
res., 220KQ,
ru., 3.9Kﬂ,
, 10KQ,
rn 2 2KQ
, 2KQ (dc bal. )
m 2 2KQ, 2w,
res., 10KQ, 1/2W,
res., 2.5KQ, 5W,
res., 100Q, 1/2W,
res., 100Q, 1/2W,
res., 47KQ, W, 10%
res., 47KQ, W, 10%
pot., 2.5KQ (vert. gain)
res., 4.7KQ, 2W, 10%
t., 5KQ, W.W. (linadj.)

EFEEEIEEEEY

10%

, 5KQ, W.W. (linadf.) -

res., 4.7KQ, 2W, 10%
res., 2.5KQ, 5W, 10%
res., 2.2KQ, 2W, 10%

Y67

Vvio

ZEERTRERE3E38538R3

Description
res., 22KQ, 1/2W, 10%
res., 22KQ, 1/2W, 10%
res., 820Q, W, 5%
res., 820Q, W, 5%
res., 8.2KQ, 2W, 10%
res., 22KQ, 1/2W, 10%
res., 22KQ,- W, 10%
m., 2.2KQ, 2w, 10%
, ImegQ, I/ZW, 10%
, ImegQ, 10%

res., 2. zmegn 1/2W,20%
pot., 10megQ, (vert. posn)
res., 2.2megQ,1/2W,20%
res., 1KQ, 1/2W, 20%
pot., 100KQ (phasing)
res., 2.2megQ ]ﬂw,20%
res, 22KQ 1/2w, 1

. 10KQ, 2w, IO%
res., 33KQ, 1/2w, 5%
res., 22KQ, 1/2W, 10%
res., 100KQ, 1W, 10%
res., 4.7KQ, 2W, 10%
res., 680KQ, 1/2W, 20%
pot., 10megQ, (sweep)
res., 100Q, 1/2W, 5%
res., 2.2megQ,1/2W, 20%
res., 100KQ, IW, 10%
res., 2.2KQ, 1/2W, 10%
res., 22KQ, 1/2W, 10%
pot., 10KQ (hor. gain)
res., 100Q, 1/2W, 20%
res., 6.8KQ, W, 10%
res., 22KQ, 1/2W, 10%
pot., 50KQ (hor. posn.)
res., 100Q, 1/2W, 20%
res., 47KQ, W, 10%
res., 47KQ, W, 10%
res., 470KQ, 1/2W, 10%
res., 15KQ, 1/2W, 10%
res., 2.2megQ,1/2W, 20%
res., 220KQ, 1/2W, 10%
pot., 250KQ (intensity)
res., 220KQ, 1W, 10%
res., 470KQ, W, 10%
pot., 2megQ (focus)

res., 2.2megQ, 1W, 10%
res., 500Q, 5W, 10%
res., 500Q, 5W, 10%

, 500Q, 5W, 10%

pof., 75Q, ‘W.w. (sculellght)

pot., 2mogQ (astigm.)
9posn. switch (vert. atten.)
éposn. switch (hor. sel.)
1P=7 posn. switch (sweep sel.)
power transformer

tube, 6AUS

tube, 6CB6

tube, 12AU7

tube, 616

tube, V2

tube, 6AX5

tube, 5UP1 (CRT)

== WENT BNPVT BALANCED (N0 IAPER FRtoM 12 TO 13}
r—-ﬂl"m LNMPER FROM 12 TO 1)
]

VERT. ATT
SWITCH PC
[ 10 A‘|cmo | 1000 o

S1A NC
siB 67| 68 | 69 | 610 | N
Sic |&7]| 68 |69 | &10]| &

* The construction of Switch S1 Is such that rol

MODEL 460

ELECTRONIC INSTRUMENT CO., Inc,
84 Withers Street, Brookiyn, N. Y.
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T. ATTEN. S1

CH POSITION

w] M [Fow | won w |1

5 to common totorolA&;
10| NC [6712 | 671 | 62 |63
10f 611)612 | 671 | 672 |63

ththat rotors Aand Bare olcclrteuII-y connected.

HOR. SELECTOR 52
SWITCH POSITION

SYNC-SWEEP HOR.
60CPS | EXT | + | - |eocPs| Ext
1-2 2 1212 | ne | Ne
S2A 76| 7-5 | 7-4 | 7-3
528 g9 | 8989|889 | 86 | 85
SWEEP SELECTOR 53
SWITCH POSITION
EXT.CAP | 10-100 | 100-1K | 1K-10K | 10K-100K | TV-V | Tv-H
1-8 -7 -6 1-5 1-4 3 | 12

DC-WIDE BAND OSCILLOSCOPE

§ECa
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