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Table 1-1. Specifications

PLUG-ING: STORAGE T!ME:
NORMAL Writing | MAX Writing

Accepts all Model 1400-series plug-ins; upper Rate Mode Raie Mode

compartment for horizontal axis and lower com- . - —~ - —

partment {or vertical axis. Center shieid may SETJORE.M@# Mn‘gﬁ than I hour '{mﬁ&f@y X 15

be removedto provide a double -sized compartment (dim gisplay} | ; MIMEes

for a single dual-axis Mode! 1400-series unit. VIEW Maode tonger than 1 typically 15

{briso: display)l minute (typicatly seconds
2or 3 mimses)
CATHODE-RAY TUBE: .
Brightness:

Type: Greater than 100 foot-lamberts in NORBIAL
Post-accelerator storage tube; 7300 v accel- or VIEW; typically 5 foot-lamberts in STORE.
erating potentizl, aluminiz -d P31 phosphaor;
etched safety glass face plate reduces glare. CALIBRATOR:

Graticule: Type:

Line-frequency rectangular signal, sppros-

10 x 10 divisions (approx. 9.4 x 9.4 em), s
imately U.5 1 sec rise time.

parallax-free internal graticule; 5 subdivisions

per major division on major horizontal and Voltage:
vertical 2xes, and on second and tenth hori- ; ) ) -
zontal graticule lines. Two outputs: 1 volt and 10 volts ple-pl =1
Intensity Modulats from 18 Ctod5 €, 3 Ttrom 0 C 055" C.
ntensity Modulation:
ac coupled, +20 volt pulse will blank trace BEAM FINDER:
of normal intensity; input terminals on rear Pressing BEAM FINDER control brings trace om
panel. screen regurdless of setting of horizontal, op
Warranty: vertical position controls.
CRT specifications (persistence, writing rate, GENERAL:
brightness, storage time) warranted for one Power Requirements:
year. 115 or 230 volts, 107, 50 to 60 Hz, normally
less than 285 watts (varies with plug-in wnits).
PE.S"""“‘ mensions:
Norma : e e e - : -
) ‘ S Lt e L — . ¢
Natural persistence of P31 phospher {about 3 - 1 T,
40 U sec). Co f ‘~
Vaiable : — ? f
NORMAL Writing Rate Model  Continuousi /, s \\‘\\ |
variable from less than 0.2 Second to more / N |
than one minute (typically to two or three Lo j ¢ ) ;'[
minutes)_ \ s . . L o o i MW
I MAX W riting Raite Mode: Typically varible T /\
from 0.2 second to 15 seconds. ——— A L *
ERASE { I \
. I3 | f
Manual; erasure takes approximately 200 msec. S R , s
scope ready to record immediately after ' e
erasure (see options for remote erase). Weight:
WRITING RATE: Net, 40 lbs. (18 kg) (without plug-ins).
- ) . . ) Shipping, 51 tbs. (23 ke).
Conventional operation {using an hp 197A camera
with {/1..9 lens and Polaroid 3000 speed film): OPTIONS: (Specity by option number. )
:100 cm/u sec. . .
109: Remote erawse. BNC input on rear panel: shoit-
Storage: ing to groundi for at least 50 msec erases screen,
with osCilloscope ready for use 206 msee after
NORMAL Mode  greater than 20 cm/ms. ground iS rénoved:input draws 20na from groun
MAX Mode: greater than 1 cm/u sec. through a 600-ohm impedance to a - 12 volt supply.
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CHAPTER 1
HEWLETT-PACKARD OSCILLOSCOPE 141A

Section |.
1-A.1. SCOPE

This manual describes Hewlett-Packard Oscillo-
scope 141A with seria numbers prefixed 832- and
844-, and Dua Trace Amplifier 1402A with seria
numbers prefixed 709- and 716-. It covers their
operation, organizational, and direct and general
support. Refer to TM 11-6625-2390-15 for informa-
tion on Sweep Generator 1421A.

1-A.2. INDEXES OF PUBLICATIONS

a Refer to the latest issue of DA Pam 310-4 to
determine whether there are new editions,
changes, or additional publications pertaining to
this equipment.

b. Refer to the latest issue of DA Pam 310-7 to
determine if there are current, applicable modifi-
cation work orders (MWQ'’s) pertaining to this
equipment.

1-A.3. FORMS AND RECORDS

a. Reports of’ Maintenance and Unsatisfactory
Equipment. Maintenance forms, records, and re-
ports which are to be used by maintenance
personnel at all maintenance levels are listed in
and prescribed by TM 38-750.

b. Report of Packaging and Handling Deficien-
cies. Fill out and forward DD Form 6 (Packaging
Improvement Report) as prescribed in AR 700-
58/NAVSUPINST 4030.29/AFR 71-13/MCO
P4030.29A, and DLAR 4145.8.

c. Discrepancy in Shipment Report (DISREP)
(SF 361). Fill out and forward. Discrepancy in
Shipment Report (DISREP) (SF 361) as prescribed

INTRODUCTION

in AR 55-38 NAVSUPINST 4610.33B/AFR 75-18/
MCO P4610.19C and DLAR 4500.15.

1-A.3.1. REPORTING OF ERRORS

The reporting of errors, omissions, and recom-
mendations for improving this publication by the
individual user is encouraged. Reports should be
submitted on DA Form 2028 (Recommended
Changes to Publications and Blank Forms), and
forwarded direct to Commander, US Army Com-
munications and Electronics Materiel Readiness
Command, ATTN: DRSEL-MA-Q, Fort Mon-
mouth, NJ 07703.

1-A.3.2. REPORTING EQUIPMENT IM-
PROVEMENT RECOMMENDATIONS (EIR)

EIR's will be prepared using DA Form 2407,
(Maintenance Request). Instructions for prepar-
ing EIR’s are provided in TM 38-750, the Army
Maintenance Management System. EIR’s should
be mailed direct to Commander, US Army Com-
munications and Electronics Materiel Readiness
Command, ATTN: DRSEL-MA-Q, Fort Mon-
mouth, NJ 07703. A reply will be furnished direct to
youl.

1-A.3.3. ADMINISTRATIVE STORAGE

There are no administrative storage instructions
for this equipment.

1-A.3.4. DESTRUCTION OF ARMY
MATERIEL

Destruction of Army materiel to prevent enemy
use shal be as prescribed in TM 750-244-2.

1-A.4. ITEMS COMPRISING AN OPERABLE EQUIPMENT.

]

|_____Dimensions (in) ______| Weight
NSN Item Quantity | Height | Depth ] Width (1bs)
6625-00-181-1956 Oscilloscope AN/USM-320(V)1 1 9 18-3/8 16-3/4 40
6625-00-181-1957 Hewlett-Pa~kard Oscilloscope 141A 1 9 18-3/8 16-3/4 40
6625-00-249-4432 Hewlett-Packard Dual Trace Amplifier 1 4.062 13.5 8.812 6
1402A (PL1244/U)
6625-00-930-8119 Hewlett-Packard Sweep Generator 1 1.062 135 8812 6
1421A (PL1245/U)

1-A.1



1-1. DESCRIPTION.

The hp Model 1414, Figure l-l, is a
ccnventionsl, general purpose Cscillioe-
scope with the added festures of wari-
able persistence (durstion of trece
afterglow) and storage of CRT displays.
Persistence is varisble from 0.2 to
more than 60 seconds; a display ==y be
stored (at reduced intensity) for more
than 1 hour or displayed at normel ine
tensity for up ¢t~ 1 minute. Stored dise
plays can be erseséd im 100 miiliseconds.

Variable persistence is especially
useful for viewing slov-sweer signals.
The persistence of the signele from elec-
trocardiograms or other bic-chemical phe-
nomens can be sdjusted to provide a com-
plete trace, yet to fade fast encugh to
prevent interference with the next trace.
Display persistence of swept freguency
and time domain reflectometry measures
ment resdouts can be adjusted to elimin-
ate flicker and still provide high
resolution.

The storasge feature of the Model
1414 can be used to store single-shot
wavePforms and to later view or photo-
graph the phenomena. Comparison of

T™M 11-6625-2482-14

wvaveforms can be accomplished by storing
severs] displaye separately and thern
viewing them simultaneocusly.

The Model 1414 accepts all hp
Modei 1k0O0-series plug-in units. Ampli«
fiers with bardwidths up to 20 MHz and
sengitivities to 10 microvolis per centi-
meter are avallable as well as Lime de-
main reflectometry and swept freguency
indicator units. Complete specifications
for the Model 141A Oscilloscope are given
in Table 1-1.

1-2. CATHODE RAY TUBE.

The Model 141A uses an internsl
graticule, P31 aluminized phosphor CRT
with additional internal elements to
provide the variable persistence and
storsge Teatures. The tube is equipped
with & nonglare safety face plate and the
internal graticule eliminates varallax
error in ourerving the display.

1-3. ASSOCIATED EQUIPMENT.

The Model 1414 is normally operated

Figure 1-1. Model 141A Oscilloscope
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1-4. OPTION.

Option 09 for the Hewlett-Packard
1414 Oscilloscope modifies the oseillo-
scope to provide g remcte "RASE capabil-
ity. Pulse Board ATCL has additionsl
cireultry to accomodate s reed relay.

(o]
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Figure 1-2. Remote ERASE Circuit
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SECTION I
INSTALLATION

1-5. INITIAL INSPECTION

Mechanical Check. Check the lnstru-
t for external damasge such as broken
rrols or comascters, and dents or

gtohes on “he pansl surfaces. If dam-
‘e dent, see Parsgraph 1-4.3. IF

ahipping carton is not damaged, check

ershtoning material and note any
ne of severe stresg sx an indication
ugh naraling ln transit.
ument Pregrs damazed, perform the
1 crneck (Subparageaph B.).
“he packaging mate. lzl for pog~
e future use.

Tlectrical Check. Check the elec-
cal performance of the Model 14lA as

fvle afrter receipt. Farg-
b. contagin perrorme
reg which will vertify

Lt by gpect=
Initial
formance and accuracy of the lastitie
& are certified g8 staled on the ine
e front cover of tnis manual. I the
illoscope does not operate as speci-
d, refer to Paragraph 1-A.3.

1-6. PREPARATION FOR USE.

Power Requlrements.
The Model 1LlA Oscilloscope re-
reg & power source of ei.her 115 or
I volts ac, *10%, single phase, 50 to
Hz, which can deliver approximately
P watta. A rear panel switeh provides

ection of the line voltage to be used.

CAUTION

efore placing this instrument in
peration, be sure und set Tear panel
witeh to agree with the line volt-
we being used. Refer to Flgure 1-5,
‘roper Intensity AdJustment, to avold
laeaging CRT.

F30=Volt Operation. If the Instru-
it 18 to be operated from a 230-vclt

iree, set the rear panel switch to 230.
| Line “use, P40L, must be changed %o a

wmp slow<blow fuse for 230-volt opera-

m. The fuse g accesalible by removing

17 the fn~

the bottom cover of the Model 14IA; it is

identified fn Pigure 1-10.

¢, Three-conductor Power Cable. The
Vational Electrical Manufacturers' ASsgc-
igtion (WEMA) recommends that the instru-
ment panel and cabinet be grounded for the
protection of operating personnel. The
Model 1414 ie equipped with a detachable,
three-conductor power cable which, when
plugged into an appropriatz receptacle,
grounds the ingtrument. The offszt (rousd)
pin on the power cable comnector is the
ground pin. To preserve the protection
“eature when operating the Model 1514 from
& twowcontact outlet, use a three-conduc-
tor to two-conductor acapter and comnech
the zreen lead on the adapter to ground at
the pewver cutlet.

d. Instrument Mountling.

(1) Modular Cabinet. The Model Lhih is
shipped from the factory as & bench ime
strument with the tilt stand, feet, and
plastic trim in place. The top and bottom
panel covers can be removed, giving com-
plete accessibility to all components and
adjustments. Sufficient space should be
left around the sides of the cabinet to
allow unrestricted alr circulation.

(2) Rack Mounting. A kit for convertimg
the modular cabinet to & rack mount is
supplied with each Model 1L1A. TImstruct-
tong for making the conversion are glven
below. Refer to Figure 13 as an aid to
fdentilying parta.

(a) Detach tilt etand by pressing &2y
from front feet; remove all plastic feet
by depressing metal button and sliding
foot free.

(b) Aluminum trie strips (behind each
Pront handle) on sides of instrument have
an adhesive back; use & thineblade tool
to remove theum.

(¢) Attach a rack-mounting flange,
uslng screws provided im kit, In each
spece where trim strip was adhered;
larger notch of flange should be poslit-
toned al instrument bottom.

(4) I Model 1L1A fs to be placed ina
rack above or below another hp instrument,

1-3
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choose a location whick provides ‘
‘ o iy ‘ at b. Heswy PEper or sheets of card)

%g% three ﬁie?:m ai’* clegrance ground protect 8l)] instrument surfa ‘Ox::j mﬁi?&

Naad Emwé«m Wmm éiﬁ“ﬁim“ ) nonatresive material such ss m@i*«”wﬂ@

wire pertogte o fan and alr filter re- or cushioned paper such as Kimpack

Sefey [or-odic lubricstion and cleaning.  ell projecting parts TITRAEE areug

;ﬂ;;g» ﬁm:*iz;z anﬁ 1-29.b. for mainten- c. At least L inches of Tightly-packed "

~ T ions., ‘l:?%’try approved shock-ahsorbing mﬁer’

el s . : : 28

1-7. REPACKAGING FOR SHIPMENT a Eﬁf‘y agugtgé;fm polyurethane foash

» TICE Y - o 1 DA

ng tape for securin
cutside of carton. pe cemrs 7

I7 the Model 1414 ie to be repaci-
&ged Tor shipment, the original ship.
ping carton and packaging meterisl
with the exception of sceor iw@-»pi;amﬂ
pads, may bhe reusable, 1f m@meﬂ
Materials used for shipping an instrge
ment should include the follow:ng:
2. A double-wmlled cartoen, see Table
1-2 for test strength reqguimed, -

Table 1-2. Shipping Carton Test Strengths

~ ey

Groess Wenghn ¢lis ) Coartom S1rensth (1651 M)

i i o]

G ten 3O

0w §26G
20 oo 140
L4D e 16D

FOOT RELEASE
BUTTON

7 PLASTIC
., FooT
g

FILLER STRP

VAP

i | y -~

TRIM STRIP 1] [

(ADHESIVE BACK) ﬁi & N‘Rmrﬁmn%

Y

Figure 1-3. Rack Mounting Procedure
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OPERATION

1-8. INTRODUCTION.

| The Model 1414 s a variable persistence, stor-
age Oscilloscope which employs plug-in type vertical
and horrzontal amplitiers. The controls which atfect
the operation of the power supplies and cathode-ray
tube are located on the Model 1414 all other controls
are focatedonthe plug-inx . plifiers. The Model [41A
includes the high and low-voltage power supplies, a
calibrator circuit with ! and 10 volt pk-pk outputs on
the front panel, the CRT, andapulse circuit for vari-
able persistence and storage vperation.

1-9. FRONT PANEL COMPONENTS.

Fig. L=L deatiftes the froat panel controls and
gives a brief functionzl descrption of each, Additionsl
iformation on some of the controls s given below.
A more detailed description of some of the contruls
and thetr function in variable persistence and storage
operation s given in Paragraph l=13,

&. TRACE ALIGN. The TRACE ALIGN adjust-
ment s provided to compensate [or manufacturing
tolerances and external magnetic fields which may af«
fect the CRT trace. The adjustment should be made
when the trace does not appear parallet with the hori-
zontal lines on the CRT graticule. To adjust the
TRACE ALIGN, setthe Presentation Seiector to WRITE
and adjust a free-runaing trace on the CRT; rotate the
TRACE ALIGN adiustment as required to make the
trace parallel to the wraticule lines.

CAUTION

BEAM FINDER should be pressed only
momentarily and then released. If it is
held, damage to the CRT will occur.

b. BEAM FINDER. A very high de input signal
may drive the trace off the CRT screen. When the
BEAM FINDER is pressed, the trace will be returned
to the screen regardless of the setting of horizontal
or vertical POSITION controls. If pressing the BEAM
FINDER does not return & beam to the viewing area,
set INTENSITY io the 10 o'clock position,

C.  ASTIGMATISM. The ASTIGMATISM adjust-
ment 1s provided to insure uniform focus of the trace
over the entire CRTscreen. To adjust the ASTIGMA -
TISM, set Presentation Selector te WRITE, center a
ow-intensity spotonthe CRT ¢ reen WRITING RATE

d PERSISTENCE both in NORMa ) and adjust FOCUS
and ASTIGMATISM for a small, rcund, sharply focused
spot.

1-10. REAR PANEL COMPONENTS.

&. 115 230 VOLT SWITCH. This switch, located
a8 the bottom of the rear panel, must br set to the
position which corresponds to the lime voltage to be
used. The Model 1414 is shipped with 2 4-amp fuse
installed for 115-volt operation. [ the Model 1414
is to be connected to a 230-volt cutlet, change the fuse
tox 2-amp, sbow-plow fuse supplied with the wsiroment.

e Z-AXIS INPUT. The Z-AXIS INPUT terminals
and selector switehireon the rear pame | of the iustru-
ment. Toesternzlly modulate the trace imtensiiy, set
the switeh to EXT, remove the shorting strap and
connect the modulation signal to the termomals. The
amplitude of the pulse required to blwnk the trace de-
pends un the fromt panel INTENSITY control setting,
and is approximately 20 volts positive for aormal -
tensity settings. When not using esternal infensily
modulation, conmect the strap across the tesminals
and place the switeh to INT.

1-11. PLUG-IN UNITS.

For normal opecation, install o vertical plug-in
in the lower compartment and a horizontal plug«in in
the upper compartment. The compartment divider
must be in place to provide proper shrelding between
th plug-ins. For double-size plug-in operationm,
remove the divider. All plug-ins installed should be
securely locked in place with the plug-in front panel
LOCK knob.

Deflection-plate sensitivity may vary slightly
from one CRT to another. This may necessitate ad-
justiient of the sensitivity calibration of plug-ing in-
stalled in the Model 141A for the first time, or when
moved from one Model [41A to another. Refer to the
Operating and Service Manual furnished with plug-im
unit for the SENS CAL adjustment procedure.

1-12. DEFINITIONS.
Note

Always allow at least 15 minutes warm up
before attempting to use the Model 141A.

Severalwords andphrases, the definition of which
may vary slightly from common usage, are used to
deseribe the operotion of the Model 14IA. The defi-
nitions of these words and phrases which apply to the
Model 141A are as follows:

a. WRITE - To transform an input signzl into a
visible display on the CRT screen.

b, PERSISTENCE - The length of time a single
sweep-written display remains visible on the CRT
screen (INTENSITY and Sweep Time Constant).

c¢. STORE - To retain, atreducedintensity, adis-
play which has veen written on the CRT.

1-5
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® 0 0 W W

Adjustment (o set traceparallel with horizontal gra-
ticule lines.

Momentary switch 1o return beam to CRT yegardless
of vertical and horizontal POSITION control settings.
See CAUTION statement in Paragraph 196,

® ©

ON position connects ac power 1o Oscilloscope and
iights POWER indicator.

Control for locusing beam on CRT.

©E ©

Control for selting intensity (brightness)of CRT display.
See CAUTION statement in Paragraph 1-13.8.

Control for setting trace persistence (afterglow) on
CRT.

Presentation Selector, for selecting function of CRT.

Switch for selecting CRT writing rate.

Adjustment o se! roundness of CRT beam.

BIOJOIOXO

1 and 10-volt pk-pk, 60 Hz, calibsyated square wave
oulputs.

Figure 1-4. Model 141A Controls



& VIEW - To redisplay om the CRT screen, at

wmal ntensity, & stoved display.

e, ERASE - To remaove all displays. and blooms
nich have been stored, or writlen with persistence
£ GTENSITY - The brightness of a display as
if} wf‘?ﬁfﬁ%ﬁ%&rﬁxe gﬁ%@f screen | PE‘RSES»’EE?’B&CE&M

weep Time constamt).

. BLOOM - A wisible, non-symmetrical expansion
£ a:ds&pﬁ&y written on the CRT screen, Figure 1.8,

k. FADE SITIVE - Appears as random green
r‘ei;':e OE;&;;D ?tai?iiﬁ;ruum% MAX., PERSISTENCE.
eo Figure 1=10.

. BACKGROUND ILLUMINATION - A ¢green cloud
§ lemination visthle on the CRT screen, Fufure Jwfa

. SWEEP TIME - The time (in seconds, mebli-
:eéowds. or microsecondst required for the beam tu
nove horizomtally ome umit of distance (centimeter)
ceross the CRT screen. when writing a display.

k. FADE NEGATIVE - Acoadition mwhcha por-
tor of the trace or screen begins to dim.

m. BURN - & burn s permanent damage tothe CRT
shosphor of  mesh resulting from excessive nIeasity
setny masiaimedior twolonga period. Phosphor burns
appear usu discoloredarea on the CRT sereen. Mesh
REFTis AapPEar a4 SPOLs of traces that are «m_m ummm
backeround tilumimation in the MAX PERSISTENCE,
MAX. WRITE modes.

1-13. CONTROL FUNCTIONS.
CAUTION

Excessive intensity may damage the CRT
storage mesh. The INTEXSITY setting for
any sweep speed should be that intensity
which just eliminates any trace blooming
with minimum PERSISTENCE setting.

a. PERSISTENCE and INTENSITY. These ¢cn-
trols contribute to the duration of afterglow of a dis-
play. Always set PFRSISTENCE and INTENSITY as
shown in Figure &a§eThe PERSISTENCE control sets
the rate at which a display is erased; INTENSITY sets
the brightness of the trace as it is written. With &
given PERSISTENCE setting, the actua!l duration of
trace afterglow may be increased by increasing the
INTENSITY. Since the PERSISTENCE control sets
the rate of erasing a written dispiay, it follows that &
brighter trace will require more time to be erased.
Conversely, a display of low intensity will disappe r
more rapidly. The same principle appliesto a stored
display of high and low intensity.

P. PRESENTATION SELECTOR. This control
selects the mude wn which the CRT functions. i e
ERASE position, the other three functions are dis-
connected and all stored and persisting displays arce
removed from the CRT. The WRITE position is the
only position on the selector in whicha display may be
written on the CRT screen. TheSTORE posit.ondis-
connects the WRITE function and retains written dis-
plays (at reduced intensity) on the CRT. INTENSITY
and PERSISTENCE do not function it the STORE posi-
tion. The VIEW position intensifies the stored displayv
to a set brightness. Again, INTENSITY and PER-
SISTENCE do not affect the display.

TM 11-6625-2482-14

E. WRITING RATE. [n the MAX position, the rate
of erasing a written display is decreased. Simce the
erasing rate s decreased, the entire screen UECTmEs
sllwminated more rapidly and the display 15 obgcured.
The effective persistence and sturage tume are Uhus
caonsiderably reduced.

1-14. OPERATING TIPS

These operating tips will provide the operamr
with a familiarity with rstrunent comtrols and zw
obtaining desired CRT display.

3. The persistence uniformity we NORMAL wrismg
rate can be considerably mproved by reducuing the
size of the useable display creax. To accomplish this,
reduce green tlood-gun rings approsunately 3 4 welh
mside zluminum ring by adjusting RT06, Collimator
Adjustment.

b, For variable persistence opersiion, Wsé (mim-
mwr INTENSITY and maximum PERSISTESNCE ¢oum-
patible with the desired display. (’S‘ee Fig. 1=-7.Y

. Use WRITING RATE in MAX only tor tast sweep
time, single~shot display s, or to Ive mpiorim-
1y of trace intensity, The MAXp ! T
cagnd positive lading on the CRT and persistence of
storage time of the display s thus reduced.,

d. To store adisplay, setthe Presentation Selector
to WRITE, adjust the INTENSITY and PERSE FENCE
for the desired display and rotate the Presentatiom
Selector to STORE.

e. Toview a storeddisplay, rotate the Presentation
Selector to VIEW.

f. To store more than one display, set Presentation
Selector to WRITE, se’ PERSISTENCE fully cloekwise
and INTENSITY as required; allow tirst display to be
written on the CRT. Set INTENSITY fully counter«

clockwise and connect second signal tobe stored. Re-
set vertical POSITION if second display is not to be
superimposed on first. Slowly rotate INTENSITY

clockwise until second display v neuars. hotate Presens
tation Selector to STORE and both displays are stored,

g, Adisplay stored when instrument power 1$ turned
off, wiil remay. stored for several days. To observe
& stored display, set Presentation Selector to VIEW
and vertical position controt cew, belore twrning om
the Model 1491A,

h. To erase all persistent or stored displays, set
Presenatation Selector to WRITE and rotate PERSIS-
TENCE control counterclocksise to (but not )
NORMAL detent, or rotite Presentation Selector to
ERASE for approximately 1 second, then release.
(First method not effective when WRITING RATE is
set to MAX.)

i. When using the Model 14IA for single sweep
operation, the FOUUS control must be adjusted indi-
rectly to abtain a well-defined trace. Set the sweep
for smgle operation, erase the CRT ‘rugger the sin-
gle sweep and note trace definition, Change FOCUS
setting as necessary each time and repeat preceding
uitil sharpest trace is obtained.

1-7
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y GtA~R= {5
\;g&

VARIABLE PERSISTENCE 30ODE NORMAL PERSISTENCE MODE
Ratate WRITING RATE 1o NORMAL position. 1. Rotate WRITING RATE to NORMAL position.
Rataie Fresemation Selector 1o WRITE. 2. Rotate Ppresentation Selector to WRITE.

3. Hotate PERSISTENCE control cew to, but not
Rmaﬂe‘PE’RS]STENCE comtrol cow 1o, bul not in, NOCRMAL detent.
in, NORMAL detent. 4. Adjust INTENSITY to a point where no trace
Adjust INTENSITY 1o 2 point where no - blooming appears.

blovming appears

5. Set FPERSISTENCE fully ccw into NORMAL de
tent. DD NOT INCREASE INTENSITY.

CAUTION

Trace blooming, Fig. 1~8, isthe best indicator of exces
sive INTENSITY which can damage the CRT. Howeve,
bisoming dees not occur when PERSISTENCE s st to NOR-
MAL. Therefore, DO NOTINCREASE INTENSITY WHEN
PERSISTENCEISSET TO NORMAL. Always be sure to re-

nals change.

Figure 1-5. Proper Intensity Adjustment.




i. I only a portion of a slow sweep display ts de-
gived, switeh the Presentation 3elector to STORE
when the trace has been writlten to the desired pownt,
the write gun is blanked and the written portion 8
gtored.

k., Use a viewing hood, i desired, to improve
screen-dispiay contrast.

m. If high intensity is used to write a trace on the
CRT, « may not completely erase with one ERASE
operation. Continue to erase the CRT in the normas
lector in ERASE for more than ! second at any one
time.

n Plg. 1-6 thru l-13are provided to show
typtcal CRT displays with various control settings aad
input signats. Theyare examples which, if duplicated
by the operator, wiltlaudinunderstanding the operation
of the Model 141A. Fig. l=13shows small bright
spots on the CRT sereen which are caused oy minute
imperfeciions in the storage mesh.

1-15. SINGLE-SHOT OPERATION.

8. Towrite with persistence or storea single-shot
phenomena, trial sctting of INTENSITY is the best

TM 11-6625-2482-14

approach. The amplitude of the phenomena and the
sweep-time required to display it will affect the per-
sistence. For example, with mez:mum PERSISTENCE
and some settings of INTENSITY, a single-shat
straight-line trace may bloom, Flg. 1-8, and a
single-shot signal withamplitude variations of several
centimeters may not cause blooms, Fig. 1-9. To
determine the best INTENSITY setting, connect &
signal which approximates the sweep time and ampli-
tude of the single-shot signal to be written. Set
PERSISTENCE fully clockwise and trigger a single
sweep of the test signal. Set the INTENSITY as far
clockwise as possible without causing blsoming. Re-
peat the single sweep signal, erasingthe display and
setting the INTENSITY after each trace antil the de-
sireddisplay is obtained. This setup shouldgive maxi-
murm persistence to the single-shot display. After
the singie-shot signal has been writtem, turm the
Presentation Selector to STORE to retain the display.

b. Single-shot signals which require a sweep tume
faster than 20 miscroseconds per centimeter cam be
written with more brighteness by setting the WRITING
RATE to MAX. The screenwill be unevenly ilumim-
ated after erasing when WRITING RATE s in MAX,
however the INTENSITY can be set high encugh to make

Note: A vertical amplifier plug-in, used in the horizontal ecompartment, may
have [ess than specified bandwidth. Make the high {requency adjustirents
(plug - in manual) with the vertical amplifier in the horizontal compartment

Fiure 1-6. Background illumination occurs when
erasing with WRITING RATE in MAX

Fi re 1-8. Sin Ieottrace bloom caused b
INTENSITY and or PERSISTENCE st too hig

Figure 1-7. Variable persistence with a slow,
repetitive sweep

Figure 1-9. Single-shot display with INTENSITY
and PERSISTENCE set the same as Figure 1-7

1-9
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Figure 1-10. Fade positive which occurs after
Presentation Sector is left in VIEW
for 2 to 4 minutes

Figure 1-12. Same display as Fig. 1-11 after 3
minutes in VIEW

thedisplay visible threugh the sifumanation. A display,
written with WRITING RATE ser toMAX  wll Le ob-
scyred by positive fading more ramdly than a display
written with WRITING PATE set 1o XORMAL.

C. Single-shat sigrals which require 2 sweeplime
between 200 and 20 mucroseconds per cenlimeler may
have tow brightness at the center of the screen.  Fire
a single-shot test signal with INTERSITY and PERSIS-
TENCE [ully clockwise and WRITING RATE i NOR-
MAL, and if the center wrightness 1s jow, wanl fur ane
to three minutes for the tvw-brightness areatobecome
brighter. Likewise, if the entire displa- terightness

Figure 1-11. Single-shot 20 u sec/cm display

Figure 1-13. Small bright spots caused by minute
imperfections in storage mesh

appears below a usable level, or the display.snot vis-
ible at all, wait for one to {-ve minutes for the display
to appear, Figure 1-11 and 1-12.

d. For single-shot signals requiring a sweeptime
irom one to five minutes, set PERSISTENCE and
WRITING RATE to NORMAL andINTENSITY as re-
quired to prevent blooms. Firethe single-shot signal
and after the sweep 15 completed, rotate Preseatation
Selector to VIEW and PERSISTENCE wt of NORMAL.
The complete display may then be viewed for up toone
minute or stored (Presentation Selector to STORE)
for up to one hour.
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SECTION [V

PRINCIPLES OF OPERATION

1-16. GENERAL

&. Refer to the black dragram, ?‘ﬁg. ]f_.‘j_&g’ for
exgplanation.  The Model 141A Oscilloseope has
i cireuits s low-voltege supgly, & high-voltage

supply, & culibrator cireust, andd pulse circuit. The
norizontal and verticsl amplifier circutts are m the
plug~m untls and operate directlv mto the CRT.

. LOW-VOLTAGE SUPPLY. The lew-vaoltage
supply wses [13 or 230 volts ac (rear panel switeh),
single phase, 30-60 Hz. Ouwtput voltages are ~12.6.
- 100, - o0 and -230 voltsde, all outputs are fused and
are electronically reculated. Voltugesare distributed
to the hpsh-voltzpe supply, the calibrator, pulse eir-
cuils, and to the horrzontel snd vertical ptug-ms. 6.3
vie vs nuppbied from the low voltage transtormer to
the miwen Lthement of the CRT and s o sigml o the
cal.brator,

¢. CALIBRATOR. The6. 3vac applied to the cali-
brator cireuit i+ shaped into & square wave (of line
trequenc vl and applied to two front panel coanectors,
LOV and IV (peak-to-peak amplitude).  The l-volt out-
put s alse supphed to the vertical and horizontal
plug-ins for sensitivity ~alibration, Accuracy of the
calibrating sigual 15 - 1§

d&. HIGH-VOLTAGE SUPPLY. A framsistorized
oscillator snd a step-uptransforme rare used to gem-
erate negative andpositive high voltages for tre TRT.
Both the -3000 volt and -2350 volt supplies zreelec-
tronically regulated.

€. PULSE CIRCUIT. This circult gemerates a
pulse of varible level and width, The pulse and otier
de voltages from the cercuit a re applied to the storage
and persistence elements in the CRT. Al voluages
from the low-voltage supply are wsed i the pulse
crrcwst,

1-17. LOW-VOLTAGE SUPPLY.

a. General

(1§ The low-voltage supply eonsists of: - 10€ wols

supply. -160 volt supply, 250 volt supply and -12. &
volt supply. The - 100 volt supply is independens, and
provides a rejerence voltage for the - 100 volt supply.
The -250 vole and - 12. 6 volt supplies are dependent on
the - 100 volt supply for reference voltages.

(2) Pig. L=15is a stmplified block
regulator u@ec[ in the low-voltage supply
regulator acts asa varable reststance w the r@wwwk@d

output. A sensor (or differential amplitier) compares
the output voltage with a reference wokmk.@ (de retuwrn

——m
—— 0
. CALIBRATOR
— 1 [t -
oot LOW VOLTAGE I 5.IVAC  #250 +100  -I00 - 1246 ' E‘ —
POWER ™ oo " - ’ . of HOR:ZONTAL h
INPUT POWER SJPPUI UNBL ANKING ' PPN e |
= oo . ] Lo IR
WRTING [PERSISTENCE | T
‘ E RATE i ‘*ERS%SOWCE TTUF : O
p/0 TRIGGER iwry
BEAM O~ CONNECTION , Mﬂ.
FINDER FINDER
PULSE ‘ pommmmTmTY
f CIRCUIT L__“t veRTicaL o
' PLUG-IN !
k I
hccccmae e &
J  PRESENTATION
oo HIGH VOLTAGE SELECTOR
Z-axt§ | ;
NBUE | | POWER suPPLY cnr
Eo_cy_s_no ' ~y, [TFaeE
1 ALIGN
- B

Figure 1-14. Model 141A Block Diagram
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&WRE’SW\L{"EE& SENES t REGL D
DL “OLTAG TERIFS o
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RECTIFERS RECULATOR
“
SEMSIR
R E o
B DiFrEREnTieL
RRPLIFER
o
&
REFERENWCE
P vOLTAGE

Figure 1-15. Regulated Power Supply Block Diagram

for the sugply). The driyver (@mimer jollvwer o
amplifier) contrels the bkias on the series regulator,
which effectively comrols the series resistance. Any
change in output voliage is fed back to the series requ-
lator. The chamge inseries resistance and the result-
ing voltage drop is oppoesite 1o the oulpul voltage
change; thus the owpw voltage 15 maldaimed a1 a
constant [evel.

(3) Pig. FO=L is 2 schematic diagram of the low
voltage supply. The primary winding of transformer
T401 is wired through a rear panel switch for guick
conversion i ejther 115 or 230-vac operation.  Line
voltage is agplied to the primary «f T40) through an
on-off switch, a fuse and 3 thermal switch., A palot
lamp is provided to indicate when power is applied to
T401l. Two shunt resistors areconnectedtothe -250

volt supply to reduce series regulator power dissi-
pation when high-current plug-ins are used. The
shunts are wired cue to each rear panel plug and the
internal wiring of the plug-in determines whether the
shunt is or is not used.

b, ~100VOLTSUPPLY. Theac voltsge from secon-
dary of T401 1S rectifed by CH441-CR444 and partally
filteredby C44landR441. The resulting de vollages
appliedthroughthe Sertes Reguiator, 441, 1o the out-
put. Differential Amplifier, Q447 Q445 compares the
voltage across R447 and V441 with a sample of the
output voltage. Any tendeacy of the outpur voltage 1o
change is applied 1o the base of the Driver. Q442.
which contrels bias on Regulator. Q441 Series Regu-
latur compensates for the change sn outpul voltage by
its change in series resistance and restores the out-
put level to normal. The - 100 volt cutput 1s adjusted
by R453. Fuse F441 provides overload protection.

c. -100 VOLT SUPPLY. Reference voltage for the
-100 volt supply s taken from the cuiput of the - 100
volt supply. The reference voltage acrnss R467 is
compared with a sample of -100 voli cuiput across
R473. Theerror voltage sensed by Differentiai Amp-
lifier, Q463 /Q464, isappliedthroughthbe Driver, Q462.
andSeries Regulator, Q461. Series Regulator brings
the -100 volt supply back into proper balance with re-
spect to the - 100 volt supply. AC voltage from T401
is rectified by CR461-CR464. partially filtered by
C461,/C462/R461, and the resulting dc voliage is ap-
plied by the Series Regulator, Q461, to the -100 volt
gutp]n_:fz Regulationis ohtainedas in the - 100 volt sup-

i

phy. R47T1 adjusis the - 100 «

provides overload profeciion.

d. -230 VOLT sUPPLY. Sensor Amnp

¢ ooutput and {use F261

put voltare, wih respest 1o - 3100 volts. T
vollage 35 amphihed by Driver, Q4220 wineh applies
corrective 9ias to Serwes Regulator, Q4210 R432
adjusts the 250 volt owpur and fuse F4271 prow

crerluad protection. CRA2ZT provides tempe

< e g

N

compensatieonfor @423 and s normallviorward-tnased.

€. -12.6 VOLT SUPPIY. Sensor Amplifier,
Q48+, senses any variaton of Huipul voltage with re-
spect go ~-100 volis and apphies tie errer voltage 1o
Driver Amplifier, Q482. The Driver increases sig-
nal current to the level reguired to control Series
Regulator, Q481. The -12. 6 volt output is adjusted by
Riss. Current Limiter, a protective eircuil for the
Series Regulator, 1s normally biased off. If an over
ivad occurs across the =12, 6 volt vutput, the base of
Q483 goes positive by the voltage drop across R483
minus the forward breakdown voltage of CR483, wurn-
g Q483 on. The collecior of Q483 1s applicd through
@482 1o the base of Series Regulator, Q481, reducing
the current flowing through Q481. The current which
then {lows through the externaloverload is limuted to
the current required tokeep Q483 on. Additionalover-
load yprotection is provided by fuse, F 481,

1-18. CALIBRATOR.

The sehematic diacram of the Calibrator cgr-
cut is shown in Fig, FO=3. The circuit consists of
three parts: a tunned diode square wave generator, a
transistor switch, and o calibration network.

6.3 volts ac 1= applied through R491 to tunnel
dicde CR490. which generates a square wave at liue
freguenc v, Transistor switch Q490 is off during the
time of the posatve hall- cvele of the square wave twhen
the voltage at the base is cluse te zero), and the col-
fector voltage s us at a fevel set by de voltage
divider R493, R495, and R496. When the negative-
going purtion of the square wove s applied to the base
of Q490, the trans,stor conducts heavily, effectively
shorting the collector to ground.  The cutput of the
Calibrator becomes cerovolts. At the endof the nega-
tive mput hadf-cvele, the bias of Q490 returns 1o zevo,
the transistor is switched off, and the output returns
10 its previous value.

Tunnel diode bias current is supplied through
R492. The bias current sets anoperating leveltor the
diode which affects the symmetry of the square wave
output. CalAdj, R494, isuscdtose! the de voltage at
the collector of Q490 to -10 volts when the transistor
is off. Breakdown diode CR491 reduces the output
impedance, and provides the temperature compensa-
tion for the circuit. Voltage divider R495/R496, re-
duces the 10 volt output to 1 volt. Both 10 and 1 volt
outputs are available on the front panel of the Model
141A andthe 1 volt output §s available to hpth plug -ins.

1-19. HIGH-VOLTAGE SUPPLY.

a. Fig. 1-16isablock diagramof the high-voltage
supply. The output of a repulated transistor oscil-
lator is stepped up in voltige and applied to a series
of high voltage rectifiers. The positive output of the
voltage doubler is connected to the post-accelerator
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Figure 1-16. High-Voltage Power Supply Block Diagram
of the CRT. The negative outpui voltages are used post-accelerator. and phosphor seveen  In addot o,
tn the gun assembly of the CRT and its associated there are two flood guns (£ cathodes, and
controls. The Z-axis input can be used to applv in- erids only). a collimator, & collector mesh. and 3
tensity modulating signals to the CRT. storage mesh. These added elements make posSiible
. the varic rsistence and storage functions of the
b. Fig. FO-2 isa schematic diagram of the high- M:}d\@;r;fl}f persistence s e .
voltage supplv and the CRT. Oscillator Q602 operates ’
at a frequency of approximately 32 kHz.  Anv charge 2. FLOOD GUNS. The tlood guns are phrsicaliy
in the output voltage is applied to the grid of V60I, located on the electron gun outside of the hoy izontal
which converts the voltage change toa current change. deflection plates. Horizontal Drivers, Q€03. and
This current change is applied. by Fmitter Follower Q604 prevent flood gun electrons from flowing throwglh
Q601.to the base of the oscillator transistor. The the deflection plates to the output stage of the plug -im.
amplitude of osc:llatioas 15 changed in such a diree- The wun operates continuously when the power switch
tion as to oppose the original output voltage change. is on. An electron cloud. which is emittedby the flood
Hich-Voltage Adiust R619 sets the amplitude of oscil- guns, is accelerated toward the CRT screenby colli-
lation to produce ‘he correct output voltage. mator and collector mesh voltages. These elecirons
. ake s C caisting displ sible. ! are
¢. Two separate negative supplies are used, one :;;:ieus:;;fi?eﬂ:"br:«szgk‘?; ﬁﬁ}im:su:ﬁe@m :g?ff wre
for the control grid ot the CRT, and one to provide R o ang persisting WSPRays.
CRT cathode and focusing voltages. Both supplies b. COLLIMATOR. The collimator is an internal
use half wave rectifiers (V604 and CR608). The un- coating along the tapered portionof the CRT. Aposi-
blanking gate from the horizontal plug-in (pin 1, J2) tive voliage applied to the collimator focuses the flood-
is applied to the return side of the grid cupply. and gun electrons. The cloudelectrons are formed into a
changes the negative grid voltage by about <50 volts columin perpendicular to, and approximately equal to
to unblank the trace. A positive pulse of about 20 the diameter of, the CRT screen.

volts will blank the trace when applied to Z-axis in-
put. When Z-axis input is not used, S601 is set to
INT to receive chopped blanking from a dual-trace

C. COLLECTOR MESH. The collector mesh is
between the {lood guns and the storage mesh (closest

lug-i to the storage mesh). It is always positive with re-

plug-in. spect to the storage mesh except in the ERASE position
d. The voltage doubler circuit providesthe5 kV of the Presentation Seiector; bothare then at the same

post-accelerating voltage applied to the CRT. potential. In addition to accelerating flood run elec-
€. The ASTIGMATISM adjustment, R461, affects ',r:,'fr‘_“':g S?’i‘fg P nﬂf Iso repels positive wons

the roundness of the spot, and the Geometry adjust- geners ¥ Buns:

ment, R643, is used to optimize pattern shape. d. STORAGE MESH. The storage mesh is just

1-20. STORAGE CRT. behindthe CRT screenand is coated with non-conducting

material. It is statically held at a slightly positive
potential (approximatety -3 volts). When the electron
beam from the writing gun strikes the mesh coating.
secondary electrons are emitted. This secondary

1-13

Refer toF1g.FO=2 forthe schematic diagram
of the storage CRT, V610. The CRT contains the con-
ventional electron (writing) gun, deflection plates.
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Figure 1-17. Pulse Circuit Block Diagram

emission creates a paltern of poesitive potentiz? iden-
tical to the movement of the beam. Flood gun electrons
are accelerated by this positive polential paltern and
strike the phosphor screen. thus creating a visible
display.

The storage mesh 15 comtingously pulsed with a
variable width pulse of approximately -0 volts. These
pulses erase the posilive patiern on the storage mesh
by discharging the mesh coating. Time regquired for
this erasing operation 15 determined by the widlth of
the negative pulse. The positive pattern on the mesh
may also be neutralized manupally by connecting the
collector and storage meshes (ERASE). The highposi-
tive potential {(approximately - 156 volis) allows more
uniform dischargmag of the surface. Whenthe storage
n:esh is disconnected from the collector meshandre-
turned to -3 volts, the comtedsuriace :5 a1 3 uniformly
equal potential of -9 volts. In both cases. the screen

s no tilumination. The pauern may be lost by the
storage mesh fading positive and allowing the entire
sereen to be illeminated. This cccurs when positive
fons from the flood gun rawse the surface potential of
the storage mesh in random areas sufficiently 1o 2llow
flood gun electrons to strike tne screen.

1-21. PULSE CIRCUIT

Fi 9 1-17 5 a simplified block diagram of the
Pulse Circuit. A {ree running Multivibrator triggers
a Monostable Multivibrator. The pulse width of the
Monostable Multivibrator is wvaried by the settir; of
the PERSISTENCE control. The output of the Mono-
stable Multivibrator is applie’! to the CRT storage
mesh in the WRITE mode to control the display per-
sistence. In STORE the output of the Monostable
Multivibrator is amplified and applied to the CR7T
coilimator.

Fig. FO-3 ts a schematic of the PulseCircuit.
The Multivibrator Q701,702 [ree-runs at approximately
1200 Hz. The square wave output is differentiated
by C703. The negative spike is blocked by CR701 and
the positive spike is applied to Q703. The positive
spike turns Q703 on and C705 couples a negative-¢oing
signal through Q704 to start turning Q705 off. Q704,

1-14

an emitter {ollower, 1solates the variable load of the
PERSISTENCE control from Q705. The turr..g off
of Q705 generates a positive-going signaiut its collec-
ter. R708 couples this signal 1o Q703 driving i1 to
saturation. C7056is now charged to-11 volt and begins
1o discharge toward ground through R730 and the
PERSISTENCE control. When C705 reaches approx,.
-9. 5 volt Q705 begins turming on. When Q709 wurns on
anegative-going signal is coupled through R708 10
Q703 wrning it off. C705then continues to discharge
to ground through R730 and the PERSISTENCE con-
trol in parallel.

&@. TheWRITE function of the PresentationSelector
allows the 141A to be used &s a normal or variable
persistence oscilloscope.

b. The STORE function of the Presentation Selector
allowsthe 141A to store a previc sly written trace for
periods of one hour or more at reduced intensity, In
this position of the Presentation Selector the negative
pulses from Q706 areamplified by a normally-off two
stage amplifier Q707/708. The output of Q708 is ap-
piied tothe collimator. These negative pulses reduce
the number of flood gun electrons reaching the storage
mesh. In STORE the Monostable Multivibrator has a
fixed pulse width determined by R729 and P~ ?0.

C. The VIEW function of the Presentation Selector
enables the 141A to display the stored trace at full
intensity for a short time. This time is dependent
onthe WRITING RATE selectedtowrite the trace. In
VIEW the Monostable Multivibrator is disabled and the
collimator is held at a fixed positive level. Thus the
flood gun electrons are continously accelerated to-
ward the storage mesh and increase the intensity of
the stored trace.

d. The WRITING RATE switch selects the collima-
tor storage mesh potential. In NORMAL, the col-
limator is held at between +45 and <90 volts. InMAX
the collimator is held at between +36 and -61 volts.

€. The PERSISTENCE control has a NORMAL de-
tented position which disconnects everything from the
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Figure 1-18. Erase: Functional Waveform

storage meshbuta -30V level determinedby R137. 738,
This -30V level immediately discharges any positive
potential or charge point ocecuring onthe storage mesh
due to electrons from the write beam striking the mesh.
The persistence of thetrace isthencontrolled entirely
by the natural persistence of the phosphor coating.

1-22. CLAMP CIRCUIT.

The Clamp Circuit assists in erasing the CRT
by momentarily clamping the storage mesh to -12. 6
volts.

Fig. FO-3inciudes a schematic of the clarap
circuit. Withthe PresentationSelector out of ERASE,
Q710 is oif. Turning the Presentation Selector to
ERASE grounds C710 through R745, saturating Q710.
This places the collector at a -12.6 volts. Releasing
the PresentationSelector allows CTi0to charge t' rough
R746. Initially,when the PresentationSelector iSre-
leased, the storage mesh goes to -12.6V. However,
the charging of C710 begins to turn Q70 off and it
cannot maintainthe storage mesh at -12. 6V. As soon
as the clamp is broken the discharge current {rom
C708 causes the voltage on the storage mesh to go to
approx. ~12v asdetermined by CR702 andthe selected
Write Level. Whea Q710 has completely turned off,
C709 begins todischarge and the storage meshreturns
to alevel determined by the selected Write Level con-
trol. P1g. 1-18is a graphic.! presentation of the
ERASE function. Point A isthe initiation point for the
ERASE function; the PresentationSelector ts rotated

T™M 11-6625-2482-14

1o the ERASE position. Point B is the point at which
the PresentationSelector isreleased. PointC repre-
sents the voitage on the storage mesh immediately
cfter the PresentationSelector isreleased. Forprac-
t.~al purgcses the time between B and(C may be cun-
sidered as instantanecus. Point D represemis the
point at which the clamp breaks and Q710 loses com-
trol of the voltage on the storage mesh. Note that
there is a voltage difference between C and D of 2 few
volts. Points E and F represent the selected Write
Levels and show the "depth of erasure” of the CRT im
the NORMAL and MAX positionof the WRITING RATE
switch respectively. The "depth of erasure” term
describes how well the CRT is erased. A maore
positive voltage at this point results in o deepey eva-
sure. Potnt G isthe voltage level cf the storage mesh
after erasure.

1-23. TRACE ALIGN.

The Trace Align coil, L6802, i1s located aromd
the CRT near the screen. Adjustment of Trace Aligm,
R6E504 ‘B, changes the magnitude anet direction of car-
rent through the coil and rotates the trace into align-
ment with the CRT graiicule.

1-24. PLUG-IN KIT FABRICATION.

The hp Model 104774 and Model 104874 Acces~
sory Plug~ing are blank plug-in umits for the Model
141A Oscilloscope. These two wiits pesmit the uger
to desizgn his own special-purpose circuits. Curremt
available from each of the Model 141A power supplies
is show in Table 1-3. Do not exceed the capabilities
in Table 1-3.

Table 1-3. Current Capability

Supply Voltage and Current Available at
J1/J2 pin number each Jack (Jt and J2)
«250Vde ¢ 9 0-530 ma
«250 Vde 9 50-100 ma (pin 2 must
be wired to pin Jin the
plug-in. )
100 vde 2 0-137.5 ma
- 100 Vde (] 10-200 ma
-12.8 Vdc 21 0-0.9 amps
6.3 Vac 13-4 |  @-3.25 awaps

1-15
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Table 1-4. Equipment Required for Tests and Adjustments

Red Begusi ca
Par. Characierisics

Blodel Reguared for

Calibrator check: 1-26.D Outputs of 1 v and 10 v pa-pk

B Voltase Admast- 1=2T7.7 L300 v G 2 0.2
; Faeaal s
Cabbrator Adpusi- 1=27.D]
ment y

DO Vodimeeter | %p 2124 Low-soltave Adiast- [ 1l=27.8 -100 15 - 100 volws, - 1

BERTS TR

DO VTR

g -Voltage Adjust- 1127, F Aiav Le adapted for bich voltaee
magnl (2.5 Ky mensurement.  Provi-
son for alter:ng cahibration.

Vooltage |omp 11054 High-Volizge Adjust- | 127, 8 Provide 1001 division o vy
Dherder g 100454 e ml 2.5 and 30 kv rating

el 1-27.% a0 Hr and 40 kHz
Chre bzl

1-16
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SECTION V
MAINTENANCE

1-25. INTRODUCTION

This aecrmn covers maintenance, trouble-
shooling, ¢ of the Model [41A Qscillo-
SCOpe. [ - check s ineluded which may be
uwed at Lmummw in ction, or after adjustiments have
been made, to verify that the instrurment meets
fieations.

R OC T

1-26. PERFORMANCE CHECK.
a. Crt. Controls.

(1, Install a single laree plug-inor two small plug-
i ounels e the Model 14LA ( vertical plug-in in the lower
compartment, horizontal i the upper compartiment).

f?\‘ Set INTENSITY tully counterclockwise.

(3} set PERSISTENCE counterclockwise just out of
NORMAL detent and Preseatation Selector to WRITE.

{3} Set POWER switch to ON.

(5) Check to see that CRT screen is lightly and
evenly ifluminated.

CAUTION

ff the CRT sereen ts not lightly
tlluminated, turn FOWER off and
cneck that atl CRT neck and bulb
teads are connected. DO NOT
votate INTENSITY clockwise or
the CRT may be damaged.

(6) Rotate PERSISTENCE into NORMAL detent and
depress BEAM FINDER switch. A spot should ap-
pear on the screen.

(7) set INTENSITY control to 12 o'clock and return
beam to sereen witn POSITION controls.  Check that
counterclockwise rotation of INTENSITY control ex-
tinguishes beam and ¢lockwise rotation gives brighter
than normal intensity. lmmediately return INTENSITY
to 12 o'clock.

(8) The FOCUS anct ASTIGMATISM adjustments
should have suffictent range to defocus the beam in
both extreme position  and shouldgivea sharp, round
spot when close 1o miu-range.  Adjust bothcontrols
for the sharpest display.

(Y The magretic field in which the Model F41A is
operaed will aflect the alignment of the trace on the
CRT. Setalree-runaing trace and adjust the TRACE
ALIGN to make the trace parvallel with the horizontal
graticule line.

(10) set a free-running, 1| MSEC CM trace and center
both POSITION controls.

"11} Rotate INTENSITY control slowly clockwise until
a trace appears.

( 12) Change sweep time to 0. 2 SEC CM and observe
that the trace disappears and that the moving beam
spot has ne tail.

(13) Rotate PERSISTENCE slowly clock wise and note
that beam spot develops z tatl; fully clo kwise malkes
the complete trace remain on the scree .

(14} Rotate INTENSITY fully counterclockwise; trace
should remain visible for one minute.

(15) Rotate INTENSITY slowly clockwise watil trace
plooms, then fully counterclnckwise.

(16) Rotate Presentation Selector to ERASE for one
second and release; sereen should be darik.

(]’.T)} Rotate INTENSITY slowly clockwise wntil trace
has normal intensity, then fully counterelockwise.
(1@) Rotate PERSISTENCE counterclockwise, sereen
shoud be lightly illeminated and trace showld disap-
pear: rotate PERSISTENCE fully clockwise and sereen
should be dark.

(19) Repeat step (17).

(20} Rotate Presentation Selector to STORE; trace
should remain visible 2t low intensity for one howr.
Trace may be viewed, at normal intensity, any time
during the hour of storage by rotating the Presentation
Selector to VIEW. Viewing time decreases as time
in storage increases.

{21) Set sweep time to LWSEC/CM, Presentation
Selector to WRITE, and WRITING RATE to MAX.
(22) Rotate Presentation Selector to ERASE far §
secondand release; sereenshould have & varying con-
trast across the graticule. (See "B", Pig. 1-22).
(23) Rotate INTENSITY slowly clockwise until trace
APPEArS.

{2&) Set horizontal plug-in for single sweep.
{25) Rotate Presentation Selector to ERASE for 1
second and release.

(?6} Arm sweep (if necessary) and trigger a single
sweep.

( 27 ) Trace should appear and remain on the screen
for a short time, thenthe entire sereen should stowly
fade positive (total illuminaticn).

b. Callbrator.

(1) set: Vertical SENSITIVITY - - - . 0.05 V'CM
INPUT coupling -« « » =« » » o~ DC
PERSISTENCE « « « « + « NORMAL detent

':E) Connect 1 VOLT pk-pk from the Voltmeter Cali-

brator to vertical INPUT.

(3)Adjust vertical VERNIER for exactly 10 em
deflection.

( b ) Disconnect the Voltmeter Calibrator and connect
the 1V CALIBRATOR output to the vertical INPUT.
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(‘(‘ﬂ* Deflection shoald be 10 cm = 0 1 cm.

7"‘? Repeat steps 2 through €, w .5 ¥ T ver-
tical SEXNSITIVITY apd 0 wolis from the Volimeier
Calibrator .

1-27. ADJUSTMENTS.
a. Genersl

The 3ﬁlﬂn.~ﬂrm@m procvediores lor the Model 1414
1T . thro 1-27. 3. Test

Gre g‘m@m PRTR.
equipment reguired i1s hstedin Table 7 -l . Simalar 1es1

equipment having ihe reguiredcharaclerisiis may be
substituted for thes recommended im lhwe » a&?ﬁlm i}
difficwliv % esoogmiered v mak
refer o Parg. 1-20 o trou

b. PRELIMINARY SETUP. Plug-ins should be ir-
stalled in both compartments before power supply ad-

justments are made; propey regulaiion may nol ooour

with no lced conmected.

C. ADJUSTMENTCOMPONENT IDENTIFICATION.
Al imternal adusiment components are dentified in
Figure 1-1G.

d. CONDENSED ADJUSTMEXRT PROCEDURE.
Table 16 & 2 condensed adjustment procedure. The
table may be useful after becomng 1amaliar with the
step=twy -5l procediures

e. Adjustmente of Low-Yoltage Supply.

Measure the output of each low-woltage supply,
and adjust it to the value shown mw Table 1=5. Mea-
surement may be made on 3my Wire Wearimg andhicated
color code. Para. 1-28.b.gwes ailowable ripple

Table 1-5. Low-Voltage Adjustments

?ggﬁ%)ﬁ Wire Color Code Adipustment
+160 Wihite "Red - 100V Adj B453
-100 Violet =100V Adj R471
=-12.6 White / Violet -12.6V Adj R488
«250 Red 250V Ad) R432

f. Adjustments of High-Voltage Supply.

(1}7 Connect the Voltage Divider 1o the DT probe of
a Model 410B C Voltmeter.

(9) Set Voltmeter to 3=-volt <DC range.

(3) Set the Voltmeter Calibrator for -300 volts DC
output, and connect divider tip to the oulpat.

U“) Sel the pain adjustment of the Mode] 4108 C (lo-
cated at the rear of the instrument) for a reading of
exactly 3 volts.

(5) Set the Voltmeter 1o the 30-volt range. andmea-
sure the high volitage supply. This may be done at the
junction of R65! and RE52.

(6) set High Voltage Adjust R619 Jor -2350 volts.

(7) Recalibrate the Model 410B/C.
g. Intensity Limit Adjustment.

{1) Remove plug-ins: short pins 1 and 2 of J2.
(2) Set R612, Intensity Limit, fully cow.

1-18

{3) Set INTENSITY comrol 1o 12 o'clock

{{“7*’3 Adjust RE12 vanl spor 15 just visible.
short and remsiall plug- s

h. Astigwetism Adjustment.

Hepwove 10

an FmER
Center 3 low-inie sy S0l un ie CRT.
A

%

1)
?‘3 Adpast FOCUS and ASTICMATISN fur 3 small
round, ﬂmx‘gﬂw -locused spul .

i. Geometry Adjustment.

(1) Ser: TRIGGER LEVEL o
SWEEP TIME- - - - - - - 0.2

@(@‘% Connect 4 $00-kH2 sional irom the Auvdio Os=cil-
lator to the vertical INPUT of the amplifier pleg-in.

=S

. AUTO
MSEC CM

{33 Adjust vertiesl and horizontal controls 1o obtlan
a2 pattern 8 cm fhgh.

'{4\ Adypust Geometry, R643, 10 cblain the stra. ghtest
possible edees on the a; clanpular pattern.

J. Calibrator Adjustment.

{1) Connect a 180 VOLT Pk-PR signalirom the Veld-
meter Calilrator to the verucal ampliier INSUT.

(2) sen amplifier SENSITIVITY 10 0. 5V CAM, INPUT
coupling 1o DC.

(3} Adiust vertieal VERNIER for esacthy 10 om
dlefdocting

(%) Disconnect the Voltmeter Cabibrator. and cune
weet the 10V CALIBRATOR output 1o the amplilier
INPUT.

{5) Set Cal Adj, R494, for exactly 10 cm deflection.

k. Pulse Circuilt Adjustment.

The following procedure coversallfive of the ad-
stments inthe pulse circust. The adjustments csvered
are: Normal Write Level (R743); Normal Write Col-
limator (R725); Maximum Write Level (R7 14). Maxi-
mum Write Collumator {R727); and Fiood Gun (R726).

(1) ser Presentation Selector 10 WRITE, PERSIS-
TENCE counterclockwise to, bul not in, NORMAL
detent and WRITING RATE 1o MAX.

(2) Set Normal Write Level Adust, R743. fully
coumerclockwise.

{3) Set Max Write Level Adj, R714, fully clock-
wise.

{h) Set Normal Write Collimator, R725,
between stops.

{5) Set Flood Gun Adj, R726, fully clockwise.

{6) Rotate Presentation Selector to ERASE for |
second and quickly release.

{7) Roate Coll Max Write Adj, R727, so that the
non-concentric green rings of illumination wvisible
within the viewing area of the screen are located with
the outer green ring just touching the aluminum ring
on either of the sides, opposite side should be with-
in 1, 16" of aluminum ring (see “A", Figure 1.22).

{8) Rotate Presentation Selector to ERASE for 1
second and quickly release.

halfway
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Figure 1-19. Adjustment and Component Locations, Bottom View
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Table 1-6. Condensed Adjustment Procedure
Test External Bguip- Procedure Adjust
mesd Reguired
Low DC YVolimster MNeasure:
Voltage =100 v (Violer) n471
Sugplies -12.8 v (White /Violet) R488
~ 180 v (White Red) R253
+250 v (Red) P432
High DC VTVRL: 100:1 a. Cahbrate Divider - Volimeter R619 for -2350 volts
Voltage Divider : Vollmeler combinzlion.
Supply Calibrator b. Measure -2350 v
Intensaty Kone - ’ R612 unti] spot is just
Loeman Refer 1o Paragraph 1-27.g. extinguished.
Astigms - Nome Center 2 :0W-1nlensity spot. FOCUSand ASTIGA. . . 84
[T for sharp spot

Geometrsy

Qscallator a. TRIGZER LEVEL o AUTO
SWEEP TIME 10 0.2 MSEC CM

. Connect 480 kHz sine wave o
vertical INPUT.

. Obtaip pattern 8 om hugh,

R643 for straightest
edges.

Calelr aton
Calib ator

Volimeter a. SENSITIVITY 10 0.5 V'CM

b. Apply 10 v pk-pk from Voltmeler
Calibrator 1o vertical INPUT.

¢. Adjust vertical VERNIER for
10 ¢m deflection.

d. Connect 10 V CALIBRATOR to
vertical INPUT.

Cal Ad) R494 for 10 om
deflection.

(9) adjust R726 coumterclockwise unti! the inner
ring on ether side just disappears. Now rotate R726
20 clockwise. Overiapof aon-conCemric rings must
now be visible after CRT 15 erased. Erase CRT after
each change.

(20) Rotate PERSISTENCE fully clockwise.

(11) Rotate Presemation Selector 10 ERASE for 1
second and quickly release.

(12) Ratate R714 counterclockwise in small incre-
ments, erasing after each change. Jor the most uni-
form hght green background lumsnation of the screen.
Background should be light envugh to just see a fine
wire meshappearing with varying contrast across the
entire graticule (sec "B”. Figure 1-22).

(13) Set the sweey Lime 1o 10 zsec. cm. tura the IN-
TENSITY off, sweep 1 Normal. Presentation Selector
to WRITE, WRITING RATE 1o MAX, and PERSIS-
TENCE countercincksise .., but not in, NORMAL de-
tent.

(14) Connect Oscillator output to vertical plug-in
input. Set Oscillator freguency to 40 kEz and slowly
rotate INTENSITY until trace appears. Set vertical

sensitivity for 10 em deflectionisee "C’, Figure 1_22),

(15) Set hor:zontal plug-in to single sweep.
1-20

{18) Rotate INTENSITY control to 3 o'clock and
rotate PERSISTENCE fully clockwisc.

(17) Rotate Presentation Selector to ERASE for 1
second and quickly release.

{18} Arm sweep and trigger a single sweep.

{19) 80-90" of trace should remain on screen for at
least 15 seconds and then slowly fade positive (total
illumination). If necessary. readjust FOCUS for sharp
trace without returning to Normal Sweep.

{20) 1 trace rapidly fades intothe susrounding green
background, rotate R714 slightly cluckwise to reduce
the intensity of the background illumination. If the §
trace appears andthen rapidly disappears into a dark £
background, rotate R7 14 counterclockwise toincrease
the brightness of the green background illumination.

(21) Switch WRITING RATE to NORMAL. PERSIS-
TENCE cew to, but net in, NORMAL detent.  Adjust
R725, erasingthe CRT after each change,s0 two non-
concentric rings of illumination are brought into the
viewing area of the screen. Readjust R725 <o that
the inner green rings on both sides are moved just off-
screen behindthe aluminum band  (Refes to D7, Fag-
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Figure 1-20. Component Locations, Top View
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1*2'2)}- Oecastonally these green rings may be off-
center with respect 10 the a'omitmm mask. Siorage
and persistence uniformuy may be improved by mov-
ing these inner rings back imlo the viewing area by
not more toan 1, 16"

(22) set sweep time to 0.5 ms/em, WTENSITY off,
and sweep to normal.

{23) adjust Oscillator frequency to 80D Hz, then
rotate INTENSITY slowly clockwise until sine wave
trace appears. Adjust vertical sepsitivity for 10 cm
of deflection (see "E", Figure 122},

(2&') Set horizontal plug-in for single sweep.

(25) Rotate INTENSITY control to 3 o'clock and
rotate PERSISTENCE fully clockwise.

(26) Rotzte Presemtation Selector to ERASE for 1
second and quickly release.

(27) Arm sweep and trigger a single sweep.

(28) 26-907 of trace should remain o the screenfor
approximately one mimne. A hood should be used for
this check. [If necessary, readjust FOCUS for sharp
trace withouwt returning 1o Normal sweep.

(29) if trace isnot conimuous (see "B | Frgure 1=22),
adjust R743 clockwise in small nerements, repeating
steps bb through dd at each increment 1ocbtain speci-
fied conditions.
Note

Adjusting R743 toe far clockwise will cause

green blotches to appear on screen after 1

second erase and the screen will rapidly

fade positive, reducing storage time.

1-28. TROUBLESHOOTING.

a. Low-Voltage supply.

(1) Transistors. The series regulator transis-
tors are locatedonthefanassembly. Each is easily
replaced by removing the two screws and pulling the
transistor from ils socket. All other low voltage
power supply transistors are located on the low-volt-
age circuit board.

DC voltages shown on the low voltage schematic
diagram were measured toground, with Mode] 1402A
and 1421A plug-ins instalied. Voltages may vary
slightly when other plug-ins are used. Correct volt-
ages for points not marked for voltage are generally
obvious by being connected(directly or indirectly) to a
supply output. Transistor base voltage in most cases
should not measurably differ from emitter voltage
when measur ed withrespect to ground. Voltage drops
across breakdown dicdes ar e indicated on the schematic.

(2) EXCESSIVE RIPPLE. Excessive 120 Hz ripple
onany supply canusually be tracedtoether input filter
or regulator circuit by comparing ripple voltages at the
rectifier outputs with values given onthe schematic.For
ripple above specified value, check C421. C441. C46]
or C481. 60 Hz ripple above specified value at these
points indicates an open rectifier or low-gain amplifier
transistors. Maximum ripple on supply cutputs(at 115
Vac with maximum load onsupply} s: 10 mv al -250v:
7 mv at +100v and -100v; and 2 mv at -12. 6v.
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{3) FUSES. i the -12.8, -1060, -100or -250 volt
supply should be accidentally shorted 1o ground, the
fuse for that particular supply will blow. This cuis
off current in the supply and pr ~tects the transistiar s.

The -12.6 volt supply is .used, and emplovsa
current limiter, Q483, for protection against brief
shortings of the output to ground. The supply should
immediately function normally upon removal of the
short, provided the fuse has not blown.

(%) ISOLATING TROUBLES. Trouble in the 100
volt supply can be reflected in the operation of all
other low voltage power supply cutputs. H +100 vaolt
supply is incorrect, proper circuit repair may elimin-
nate the trouble. if +100 volt supply is correct, folicw
these steps in their given order:

(&) Check the -100 volt supply. The +250 volt and
~12.6 volt supplies are referenced to this sepply. A
faultin the -100 volt supply can cause malfunction of
€ither of the other two. I the -100 volt supply is in=
correct, proper circuit repair may eliminate trouble
in the +250volt or -12.6 volt supply. If the - 100 voit
supply is correct, proceed to the next step.

() The +250 volt supply is referenced to the -100
volt supply. Iftrouble here has not been eliminated by
checking the -100 voit supply, the trouble lies in this
circyit and canbe located by making the proper circuit
and component checks as describedin Subpara. a.

(c) A trouble that appeared t¢ be in the -12. 6 volt
supply may have been eliminated by the above proce-
dures. If not, it will be necessary 2t this point to make
thorough voltage and component checks of the supply.

b. High-Volitage Supply.

If one hagh - voltage supply output 1s zero but other
outputs are normal, one of the rectifiers 1s hkely at
fault. Normal DC voltages dare given on the high volt-
age schematic,

If there 1s no high-voltage output, observe the
waveforms at the collector of Q602 (blue wire). 1l an
approximately 30 kHz 20-volt peak-to-peak sine wave
appears for short intervals, the trouble is probably
a defective component in the rectifier filter divider
ncoworks. 1 no waveform appears. use Table 1=T.

1f the high-voltage output is incorrect and can-
not be adjusted to the correct value. use Table 1-8.

1f the -2350 volt supply seems to be operating
properiy, the -5 kv post-accelerator potential may be
checked by removing the left side instrument cover
and measuring the 5-kv vo! age attheboard termina-
tion of the thick red lead.

¢. Pulse circuit.

A good knowledge of the operating procedures
and an understanding of the principles of operation of
the Model 141A are helpful when troubleshooting the
pulse circuit. Refer to Section 111 for operating pro-
cedures and Section 1V for principles of operation.
Always usc the turn-on procedure given in Paragraph

1-26if the Model 141A is not operating properly.
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Table 1-7. Troubleshooting High-Voltage Supply, No Voltage

L Cheek Q602 LEQL
Repluce anv bad components.

and the assoctated transiormer primary for open ¢wrewsts or shorts.

Procedure

Indication Come bus pom

Z, Remove the edee-on conieclor
the emitier of QBOT (vellow wrel.
this lewd through o« 2K resistor to -12.6 \&uLts
tamy white - violet werel

Rectifier (V602-VE0G5)
titament lights.

Proceed to step 3.

Filiment doesn't Exght. Proceea tu step 4.

3 Replace edge -on conpector, .end change VeoL.

Fnumem hgms. a0l was bad

Filament doesn't light. Checlk brasing (:ﬁELLE)}EW
of VEOL g

QEGE and J&.‘k‘su@"_@m@
CIFEUWELEY,

Cheek THOV anet rectifier loud ciroutt tor
Then §sft one bead of C613.
621, €623, uand turn n-

e

DRENs OF = nes s
Cets, Cols, Cals.
Strument on Loxin,

Filament lights. Put capac ilors back one
at & time wntil the bad
one causes filaments to
go aut.

Filament doesn't lignt. Trouble prokably with
transformer TEOL.

Table 1-8. Troubleshooting High-Voltage Supply, Incorrect Voltage

Procedure

Fiteo: Cone hustom

. Remove Suvistor VL from its socket.

Output drops to 2ero.

Proceed to step 2.

Output remains at an
incorrect value.

Q601 shorted.

2. Replace V60T in its soeket, wnd [ift one
end of RE0T,

Outpat drops,

Trouble probably in the
resistor divider networlk
REIE, R619 - REIS.

Output remains at an
mcorrect value,

V60T bad.

Al doe voltages from the low-voltawe supply are
used n the pulse circuit. Whena malfunctivnoceurs,

check all wﬁtm_:c s connected to the pulse circuit board.

It all tow voltages are ok, check the high voltages at
the heh-voltave circurt board.  These checks will,
by ehimtination, isobate the wouble toone generat o -
cutt. 1 both supplies are ok, check the waveforms

at test potnts showrn on the schematic diagram, Fuure

FO=3, Check de vottages to solate defective compo-
nents tn a stage where an improper, or no waveform
is present. Conditions for measurcments and wave-
forms for test points are wiven in Fig. 1=29. The
PERSISTENCE contro! should vary the pulse width
of the wavetforms observed at test pownts 4 through 8.
With PERSISTENCE just out of NORMAL detent,
PresentationSetector inWRITE, andnopulse present
at test point 8, persistence will be maximum: this in-
cdicates a trouble in the multivibrator or pulsegeneria-
tor circuit. When a normal pulse, which 1s not vari-
able, 15 present at test point 8, persistence 1s min-
mum, this indicates a matfunction inthe PERSISTENCE
control or Presentation Setector.

The pulse amplifier circuit functions only n
the STORE position of the Presentation Selector. In

all other pusitions, g steady de voltage 15 applied to
the collimator.  If all modes, except STORE. operate
properly, check waveforms ©, 10 and 11 in the pulse
wmplhifier creust,

1-29. PERIODIC MAINTENANCE

a. “.ezctrical Maintenance.

Perform the leetrical adustments once every
6 months aad after repawr or camponent replacement.

b. Mechanical Maintenance.

Iaspect the awr filter at the rear of the instru-
ment andcelean it before it becomes ciogged and restriets
air flow.  To clean the filter, wash it thoroughly w
warm water and detergent. Drythe filter thoroughly
before mstalling 1t on the instrument.  Gil the mator
(one point) with hight machine oil, one e every & months.

1-30. INSTRUMENT REPAIR.

Chassis-mounted components are dentfed i
Flg. 1-19 & 1-20.Components on cireuit boards
areadentificdain figures aear the applicable sehemate

falso see (30 see Table 1-9).
1-23
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Fig. 1-30is ar exploded mew drawing of the
Model 1414 frame. All parts zre wdentified by des-
cription and hp part member.

1-31. MAJOR COMPOXRENT
&. CRT Remowel and Replacement. Tore-
move the CRT, proceed as follows:

WARNING

To prevent yersonal imjury, always wear
2 face mask or gopgle- ard gloves when
handling the CRT. HandletheCRT carefully.

(1} Remove top covsr of instrument. (Top wiew
drawing of Maode] 141A shown on mside of topoover. )

(i-’) Remove bezel and discharge post-accelerator
lezd and CRT connect:en 10 chissis groend.

(3) Disconnect the clip-on leads from the bulb of
the CRT.

(%) Disconnect the clip-on leads from the neck of
the CRT.

(5) Loocsen the clamp at the CRT sockel

(6) Remove the socket irom the CRT base; pry loose
carefully.

(7) Place one hand on the CRT face and, with the
ather hand, slide the CRT forward and out of the in-
strument. Use care siros aeck pins can daiaage the
trace a'tonment coil.

(8) To replace the CRT. first reconnect the white
blue collimztor lead (rowed thropgh CRT shield on
left) while CRT isabout fou:  .ches out from fromt panel.

(9) Reverse above procedure and be sure all bulb
and neck leads are connected BEFORE turning power on.

(10) Cheek the trace alignment zod geometry ad-
justments, Para. 1-0.e.end 1-2T Lrespectively.

b. Fan Removal and Replmcement. Uscthe
following procedure for removing, andreverse the pro-
cedure {or roplacing the cooliag fan.

(1) Remove the top and bettom covers of the Model
141A.

(2) Disconnect the white-gray andwhile-green-gray
wires from the fan terminals.

(3) Remove all transistor heat sinks from the fan
assembly and push them ou! of the way.

(h) Remove the four fan mounting nuts on the rear
panel of the instrument.

(5) Liit cut the fan ass~mbly.

c. HV Deck Remowval and Replscement.
Most of the components on the high voltage deck can
be replaced without removing the assembly. Other
components can be removed and replaced by moving
the deck part way out (without disconnecting wires).
Refer to Fig.1-20 for mounting screws and wire
identification; use the following procedure for re-
moving the high voltage deck.

(1) Remove the left side and top covers.

1-24

&) (3

AN

{924}8T (0)  SCREW

SCREWS

SCREW

140S-A~TA

Figure 1-21. High Voltage Deck Removal

(2) Disconnect the 6 wires from -.e board and re-
move the 4 mounting screws; seeFig, 1-21 for wire
and screw identification.

(3) Disconnect the post-accelerator lead from the
CRT and short the CRT pin and lead to the chassis.

(h) Push the wires aside, tilt the deck away fromthe
left side of the instrument and lift it out.

1-32. SERVICING CIRCUIT BOARDS.

The Model 141A has circuit boards of the plated
through type. When servicing this type board. com-
ponents can be removed and replacedby applying a
soldering iron tip tothe component connection on either
side of the bvard. When removing a component with
multiple leads, such as potentiometers, move the ‘
soldering iron tip from lead to lead while applying
moderate pressure to the component tolift it from the
board. Excessive solder can be removed by apply-
ing heat and rotating a wooden toothpick in the hole.
Hewlett- PackardSer vice Note M-20D contains addition- ‘

al information on the repair of circuit boards; impor-
tant considerations are as follows:

a. Do not apply excessive heat.
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. Apply hext to component ‘eads and remove com- d. U the metal conductor Lifts from the i ard, it

onent with 2 straight pull awzy from the board. canbe cemented back with a quick-drying acetaie ase

cement having good insulating proge .ies. [ the metal

e. Do aot force replacement component lead into conductor is broken, solder a good conducting bare
he hole. iire to the conductor so it bridges the brealk.

1-25
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Table 1-9. Schematic Diagram Notes

Befer to MIL-STD-15-14A for schematic svmbols not listed in this table.

Etched circuit board
Front panel marking
Rear panel marking

Frout panel controt

Screwdriver adjustment

Field effect transistor
(N-channel)
Breakdown diode

Tunnel diode

Step recovery diode

Part of Circuits or components drawn
- with dashed lines (phantorm) show
Clockwise end of vari- __.f[' \' function only and are not itended
able resistor Y to be complete. The circut or
; component is shown i detael an
4 ancther sehematic.

NC

No connection
Waveform test point
{with number)

Common electrical point

{with letter) not necessarily
ground

Single pin connector on board

Pin of a plug-in board
{with letter or number)

Main signal path
Primary feedback path

Secondary feedback path

Optimum value selected
at factory, average
value shown; part may
have been omitted.

Module outline

Assembly outline

IR 3f 3R
s AY

Uniess otherwise mdicated:
resistance (o ohms
capacitance in picofarads
inductance i microhearies

Wire colors are given by
numbers in parentleses
using the resistor color cade
[ (925) is wht-red-grn 1.

0 - Black 5 - Green
1 - Brown 6 - Blue
2 - Red T - Viclet
3 - Orange 8 - Gray
4 - Yellow 9 - White

Switch wafers are identified
S foilows:

1-27




TM 11-6625-2482-14

ALK
] (gp 4, WPPERI
—————e T 2 Pi% S NBLANK NG GATE TO wivPS on —o ‘

7 — - -— 2 00y —e * s

I racg .
3% - @D ¥
e g e «— FROM WA22A (e 250V SPUNT!  FROM R4228 = a— (9314
e DAL TRACE SYNC

PR FROM SWELP PLUG-IN A

‘ | N T 1wy ¥
i ¢ EE PN € 19561

S - - FRON (BEAMS NDER] 607 - —— e X%
B ———— i ~

7 | e ?7;

ks o - U0y —e &

e —iZefy GROUNT RE T URN o 978! o
an £ . 2
R o * %00 —e =S
o =Te - N TR » T TRG [ETekT]
- - / e e
e
o WE ﬂ‘/)&
e . — — . . — <
% s,
. s w7 il L% T RES ¢ - é
S
s [
: — — o Sei AL FROM TS0 G o ——a
- £ ¢ (911
< - LQIAC TR TAT (15 - i
T i
s el et R EL B LNR NG T e B T0 Ji, PIN | ,.‘3_'(.:
LESI) ARSIV T}

e Ae, S RN 345)
e B o —— 9 [+

!kb-o»- A e i e e 0 S NAL RO N 8

o . o FROM B3, Ra9s L (939)

F15) WE——— Y N e (20

FJ) ak -~ ik (971,

2 \(DOE SWEEP NeiB'T (DC STAB PLUG INY - INT “HIG (904 22

o1 YA >< (9C4) s

2oy — 70 vBI0 04 110 REST) @ B t2a
ad

Figure 1-23. Plug-In Jack Connections
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A B C D E F

b

€

(0) (5y CRs2E
o Re85

(o) § i ' s

et

© & 968 ©n (N (928 (926 (%21 o2 (W
O O (58 (936) (94T (957, 2n 9% (s2A (2

| 6

- T Zare ]
REF D] REF ] GRID | REF | GRID | REF | GRID | REF | GRD | REF | GRD |
DESIG Egcg aEEsm | LOC |DESIG | AL Esa LOC |DESIG | LCC laz»:smz‘L Loe
C433 .y CR3ATE-3 Q333 LE-3 | ra3 fe-y E (e b [ A3 L :
Ca24 vy CR34B E -4 Q462 o foean Fezo bomesT o3 Rded
C4d2 ¢ .5 CRD D3 Q63 C-3 b opanr Fer ‘ P O R
C443 ¢ 3 CRI65 DS Q865 Dod | v oo D Rt
C463 )5 CRI96 QAR HCd } e [T T
Ca64 5 CRIET Co4 | QeH3 -8 e | D3 R
C482 .2 CRI65 D4 | Qdnd b | Fod Do R
C483 .y CRE8I 4 | QR0 B4 Ran F S 0 T l T
CRA425 ¢ CRand C.3 L BA2D WS | R B4 FanL
CR426 ¢ CRass C 4| BRI FLS ! R4T b2 I T
CRA27 ¢ .y CRIVO B b opaas F 440 F b 3 TR
CRA428 .5 CRIDY B3| R cod o man2 b IR B E T T
CRA29 ¢ 4 @422 F o4 | iz v | RIS F 2 3 g e Bt
CRA430 ¢ 4 Q421 ¥ R428 FL3 L Rand F LY ¢ [EECT T
CRA45 ¢ Q447 D4 | Razn P3| s bod N T
CRA446 ¢ .3 Q3 ba | [ |

Figure 1-24. Component ldentification, Low Voltage Board A401. 1.29
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A B C D E F

' R4TI  R4S3  RA32 y ;E
1 L T A Q L Y 4 |
978} - Hede M43
(97} ~ F% . R&%E
1934) e
(935} 3

© (€ (968 N (N (928 (@6 (821 92 8

{0} o 58 (936 (9470 (957, (027} (95} (92 (2}

| | B

REF  "Gaip | REF | GRID | REF | GRID | REF | GRID | REF | GRID | REF | GRID |
DESIG (oC |DES!G | LOC |DESIG | LAC IDES:G | LOC |DESIG | LCC |DESIG | oL |
C433 ¢T3 CRIATE 3 Q3 1 3 Wiad f e -d RN [ Teiad Lo

Cazd CR448 -3 Q62 4 Ha31 0 F 2 RAT B3| Ras ¢
C442 ¢ .5 CRI4O D4 QI63 -3 RERR RS TS R A
C443 ¢ CR465 DY Q64 04 g2 pa Do | e

G463 ;.5 CRI06 QA2 B : [ B R T T B

€464 .o CRIET €4 Q4HY O3 wad A | 3 Riss

€482y, 5 CRri6E 14 Gand 4 AESE 4| R DY fa

C483 .4 CRAED C4 | 0 B 440 F paks 0 T

CRA425 ¢ ¢ Cidnd €23 L R323 RS BB Fon | waio I VR TV RO
CRA426 ¢ CR35 C 4| RA2EF S WadT b2 )T D2 | sy n
CRA27 ¢ 4 CRIO B4 b oRads v 40 F 4 IR Y S B TR R T
CRA428 5 CRIG B3| BRI b1 | RS2 b BATT Dy it h
CRA29¢ 4 P B T ITEF IR SR R (FUSR W
CRA30 ¢ 4 Q423 F4 | R42H F.3 L pasa p ATy a2 s
CRAA5 ¢ .5 Q442 D4 RIDFSD | A D4 wasy o b v
CRA446 ¢ .3 Q43 by | [ [

1404&-4-1S

Figure 1-24. Component Identification, Low Voltage Board A401.
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(-¥13

R657

K658

i41A~-A~-SA

Figure 1-25. Component Identification, Horizonta
Driver Board A603
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A B C D E F

DESIG  GRD | REF GRO | REF E GRID | REF GRID |
LOC {DESIS [Xaln nESsGF [XaTo EMSL@ L0C |

¥
ggg?z’ B (a3 Al | CHEDT Bk 60+ 03
cel0 D¢ Céle B3 | CRE0S (-3 REto B3
c611 E-6 Cets A3 | CRE09 €T RELL RS
c612 R CREG4 C o3 | .60t Gl Taat €
D | CREES F.4 | Q802 B-2 Va4 -8

OG- b=l

Figure 1-26. Component Identification, High Voltage Rectifier Deck and Board A601.
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A

-
{4
2 (©3)
(3]
{2)
{S34)
3 (s2)
{n
{3}
{0
4 (945)
{e24)
{g24)
{926)
5 o
L) @ @ 9 @ @) (3 (3) (8 (8)
REF “gwmip | ®EF | Gwip | &EF | GAID
DESIG ot [0€%:16 | 1OC [0E€%:16 | LOC
C601 .2 | mese D-5 A633 B35
C616 .5 | werr -3 RE34 §e3
C621 .3 | mere ©-3 #6942  C.2
C622  c.g | mesy B3 RE4I O}
C623 g5 | me20 B-2 | RO4E  D-2 .
CR602 ¢ ;5 | mepn  B-2 | RG4S D2
CROO3 .4 | mezz D-3 | RES3 €5
CRE0S 3.9 nEPS CD RES2 -5
Q601 .5 62T B4 RES3  C-2
R60L .y G B4 V6O D3
R605 5.3 | mesy ®-4 | web6 .3
R612 ¢ 5 | med B4 VROOT D4
RE13 .3 | mess ©.3 | vROOE D-5
R615 p.g | mesz 8.3 VREW -4

(Qth-B-6A

Figure 1-27. Component ldentification, High Voltage Regulator Board A602
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- - r ;

GR©O | REF | GRD | REF | SRl | REF | GRIO | i |
LOC | DESIG L LOC DESIG LOC [DESIG | LOC i

2 i et N 4 LI
3| CHIE e RIS Ce5 RI32 C-3 ClTe

O T R7IL6 -8 013 -2 R

O B R7IT €2 I3 C-3

oo RIls 63 | KT D-2

2 } RTI9 82 | HIM D2

: . RI20 03 RTI9 €-2

b [ RI21 B4 R740 P-4

S N RI22 B4 R741 D-2

s N R725 B3 R4 B3

3o ° R4 C-5 750 D-5

R s R725  D-3 RI51 D5

4 R226 D9 052 -2
b I R127 D3 R D3

3 a3 niw C3

R R730 1.6

(TR 1

Figure 1-28. Component Identification. Pulse Board A701 and Clamp Board A704.
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For numbers 1 thra 3 and 5 thea 8

Maodel 1414,
Presentation Selector - - - - - - - - WRITE
PERSISTENCE - - »~ - = -« = - - - - fuliy cew
WRITING RATE - - - - - -« « - NORWMAL
INTENSITY - - « = « = « = « = = - fully cow
Test Oscilloscope;
SENSITIVITY - - - - « = = = - = 0.2V CM
SWEEP TIME - - - - - - - - - 0.2Ms CM

For number 4, same as [ thra 3 and 5 thru 8

Test Oscilloscope;
SENSITIVITY - - - - - = - - - - - 0.5 V.CM

For number 9 same as 1 thru 3 20d 5 thry 8
except:

Maodel 1414,

Presentation Selector - - - - - - . -STORE

e ,-—:--qs p == Y
i ;A
4

Y
. - -0V
=0TV
e .= =V
- i
il
! “1
‘ - =
. —ov
iy
W i 7
L/
v —-12v
I i
i

Voo TER Y

CONDITIONS FOR WAVEFORM MEASUREMENT

Test Oscilloscope;

SENBITIVITY - - - -+ - - - -« 0.1V CM
SWEEPTIME - - - - . - . . .. 0.1 M8, CW

For number 10 same as 9 except:

Test Oscilloscope:
SWETPTIME . . . - . ... .. 203 CM

For number 11 same as 10 except:

Test Oscilloscope;

SENSITIVITY - - - - - . . 2V C¥M
Note
The voltage levels givenn
the foliowing waveforms
are intended for reference
only and may vary some-
what with the adjustment
of the Model 141A.
=i0s BV
/ ————f T
= ~ v
1 i roTw
{ I [
—_
1 n .
! i
\/ Ll
| S| E—— — -y
1 'Tz o - TV
L——]L__ o BY
— +60V

Figure 1-29. Waveforms
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UG e B == I

Figure 1-30. Cabinet Parts, Exploded view
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#RVES

—a

Fuwl Talk

R

§_aa®
Lo

puky TRALL ARPLIFER

wor s (B

La@itE e

BRESEY
oeE |
ee®

BE - 2HWC LT

Figure 2-1. Model 1402A Dual Trace Amplifier

Table 2-1. Specifications

MUDE OF OPERATION:
C”U(\m« i A alone

L be e

e

g &t approsumately 100 ke, with 1ra«

y Switch-
e Blank-

H2. 9

g during switching.

wn

polaray of Channel
e ebigfer

SENSITIVITY:
Eovel ool by
Pvv em gm0 ealibeat
quence. Vermer sl
between calibrated ra

ARy

Channel A and Chan

at least 25 ¢

ned B added alpebracally,
A may be inverted 1o ob-

il operaton.

-

Irosn 5 omiv cey o
i mal, 2,9 se-

g PTB“WW&J}J% adpstovent
s and extends mninam

Sensitivity to cm. Attenualor  ac-
curacy 3%
RANDWITTH (, cm re’erence signal)
C coupled: do to 20 me.
AC coupled: 2 cps to 20 me.
in & Model 1k3f Cscilleoscope,
I coupled: de to 15 ae.
AC coupled: 2 cps fo 15 me.

RISE TIME:
input.

Less than 20 nsec with 6 ¢cm  step

SIGNAL LELAYV:
Sipnal 1s delayed so that leading cdge of fast
rise signals is visible at start of sweep.

COMMON MODE REJECTION:
(I B-A mode). At least 40 db on 10, and
20 mv/cm ranges, at least 30 dbon 50 mv./cn
to 10 v cm. Sine wave common mode sipnal
not w exceed 150 ecm (e. g., 150voltsonlv.em
range) or a {requency of 500 ke,

~
oy

INPUT IMPEDANCE: 1 megohm shunted by 43 pf.

MAXIMUM INPUT:
600 volts (dc + peak ac).

WEIGHT: Net, 6 ibs. (2,7 kg). Shipping, 8 lbs.
(3,6 k).
POWER: Supphlied by oscilloscope.
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DUAL TRACE AMPLIFIER 1402A

SECTION |

GENERAL INFORMATION

2-1. DESCRIPTION.

a. The hp Model 1L0O2A Dual Trace Amplifi-
er, Fig. 2-1, is a 20-Mc DC~coupled ampli-

fier plug-in unit which has been designed
for use with hp Model 1LO-series oseillo-
scopes.

put signals, for a function control which
determines the presentation of the signsl

on the screen of the oscilloscope cathode-

ray tube. The ampliflied signzls from the
Model 1L0O2A are applied directly to the
deflection plates of the CRT. Power is
supplied to the plug-in unit by the
oscilloscope.

b. The Model 14024 provides the Model
140-geries oscilloscopes with calibrated
gensitives from a 5 millivolts per centi-

meter to 10 volts per centimeter. IC coup-

ling is available at all sensitivities,
with provision for AC coupling at the in-
put. The Model 1402A Oscilloscope may be
used in either the vertical or horizontal
plug=-in compartments of the Model 1LOA
Oscilloscope, and sensltivity 1s the same
horizontally as vertically. Front-panel

gain adjustments are provided to calibrate

the gensitivity for both amplifier chan-
nels.
vallable for use with the Model 1402A.

¢. In dual tre e operation, the two sig-

nals are presented on the screen either on
alternate sweeps of the time base (ALT) or

SECTION

It containg dual amplifying chan-
nels for amplification of two separate in-

Frequency-coupensated probes are a=-

alternately on the same sweep (CTOP) at
a chopped rate of approwimately 100 ke.
Fxcept for speclal cases such as single-
shot high~speed phenomens, these two
modes accomodate all dual-trace applicg-
tions. Internal triggering uses the
Charnel A signal: optionally the com-
bined signal may be selected Tor trig-
gering in the ALTernate mode. In simgle
trace operation, either ome of the sig-
nals 1s presented while the opposite
channel is switched off. Algebraic ad-
dition (A+B) presents the sum of the two
input signals. Dual ¥X-Y displays also
are possible (see Figure 2-9).

2-2. PROBES.

Frequency- compensated probes are
recommended for measuring in high imped-
ance circults, or for reducing signal
voltage appllied to the Model 1LO2A. The
10:1 Divider Probes, Model 1000IA/E (30
Me) and Model 10003% (50 Me), provide an
effective input impedance of 10 megohms
shunted by 10 pf. The 50:1 Divider
Probe, Model 10002A/B (30 Me), provides
an effective input impedance of 9 meg-
ohms shunted by 2.5 pf. The calibrator
on the front panel of the oseilloscope
provides a square wave which cay be used
for the probe compensation adjustment
described in the Operating Note supplied
with the probe.

INSTALLATION

INITIAL INSPECTION.

a. Mechanical Check. Check the instru-

nent for external damage such as broken

controls or connectors, and dents or
acratches on the panel surfaces. If damage
is evident, see Paragraph 1-A.3. If the

shipping carton is not damaged, check
the cushioning material and note any
gigns of severe stress as an indication
of rough handling in tramsit. If the
instrument appears undsmeged, perform

2-1
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the electrical check given in the follow
ing parsgraph.

b, Flectrical Check. Check the electrl
cal performance of the Model 1L02A as
soon g8 possible after receipt. Parae
graph emw contains perforzence check
procedures which will verify instrument
operation within the specificstions list-
ed in Table 2-1. This check is also
sulfable for imcoming quality control in-
spection. TIf the Model 14024 does not
perform within the specifications when
received, refer to Parsgraph 1-4.3.

2-4. REPACKAGING.

The original shipping carton and
packing material, with the exception of
tne accordian-pleated pads, should be
uged for reshipment. The accordian-
pleated pads are Fatigued with one use
and are not reusable. Materials used
should fneclude: (1)a double-wmlled carton
{check with a Freizht carrier for test
streigth required), (2) heavy paper or
sheetg of cardboard to protect a2ll in-
strmument surfaces; use extra msterisl a-
round projecting parts of the imstrument,
3} at least Tour imches of tightly-peck-
ed shock-absorbirng zaterial surrounding
the instrument.

2-5. PREPARATION FOR USE.

The Model 1L0OZA is an amplifier
pluz-in unit for the Model lLQ-series

2-2

Oscilloscopes. In the Model 1404 Cmeil-

Inesnre *he Madal 132#"5‘3& asn ha nasad €
T N BN AR DI L. TS Radd  WE ww -id

either plug-in compartment, but it is
normally used as a verticel amplifier
in the lower plug-~in compartment, while
the upper compartment is used for the
sweep plug-~in unit. To install the
Model 14022, slide the unit into the
appropriate compartment in the oscillc-
scope front panel. Lock the plug-in in
place to ensuwgocd electrical &né me-
chanical connection. All necessary
power for the Model 1402A is supplied
by the oscillloscope.

d
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SECTION |11

OPERATING

2-6. INTRODUCTION.

The Model 1402A Dual Trace Amplifier contatns
two amplifier channels, with provision for display of
etther or both signals on the cathode-ray tube of a
Model 140-sertes oscilloscope With the exception
of FUNCTION, A POLARITY, and SENS CaL, all
controls and tnputs are duplicated: one set for Chan-
nel A xt left. the other for Channel B at right. Fig-
ure Z=3 Lsts the functions of the controls and

connecturs.

2-7. OPERATING PROCEDURES.

Tig. 2-4 thru 2-9 give step-by-stepoper-
ating :nstructions for the Modd 1i02A. These
inatructions are keved t0 individud co mtrols. Addi-
tional formation on the various modes of preseatation
is given in Paragraph 5.8, The DC
Balance and Sensitivity Calibration adjustments, Fig-
ures Sab & 2=5, are to be made before using the
Model 14024, Sensitivity calibration should be checked
each time the Model 1402A is iransferred from one
compartment to the other, or from one oscilloscope
to another. Th> Model 1402A may be used in either
vertical or hortzontal plug-in compartments of the
Model 140A oscilloscope: however, chopped blanking
takes place only when the Mudel 14024 is used in the
lower (vertical) compartment.

2-8. MODES OF PRESENTATION.

a. SINGLE CHANNEL. Either Channel A or Chan-
nel B may be displayed by switching the FUNCTION
control fully counterclockwise (A) or fully clockwise
{B). In either position the unused channel is switched
off, so that it is not necessary to disconnect input
signal. When internal triggering is used, time base

triggering is from the signa displayed.

b- ALTERNATE. In ALTernate operation, the
Model 1402A connects the output of one channel to the
CRT for the duration of one sweep, and the output of
the other channel for the duration of the next sweep.
Alternate opeiation is Intended for comparing signals
which requirefast sweep speeds. Although the sw
may be triggered by an external trigger signal Whie(?ﬁ
is synchronized with both vertical signals, internal
trlg%erlr]g may be used. each sweep being triggered
by the signa of the channel which is about to be pre-
sented,  This mode is useful when two signals unre-
lated in time are to be displayed.

C. ALTERNATE. TRIG BY CH. A. This mode is
similar to the alternate mode of operation described
in subpara. . except that internal sweep trig-
gring-is-from-the Channel A signa only. This method
of triggering permits accurate time comparisons be-
tween the two signals.

INSTRUCTIONS

d. CHOPPED. In CHOPped operaton the Model
14024 switches channels at a rate of approxumately
100 ke, so both signals appear during each sweep.
Chopped operation is intended for comparing signals
which require sweep speeds below about 30 mucro-
seconds per centimeter, tnat is. sweep speeds winch
are low compared to the 100-ke switching rate. This
type of operation permits precise tiltle COMpArisons
because both signals are displayed onthe same sweep.
When internal triggering ts used, the Channel A siginil
is used to trigger the time base. Switclung transients
are blanked when the Model 14024 s used in the
vertical (lower} compartment of the Maodel 140A
oscilloscope.

€. ALGEBRAIC ADDITION. In A+B operation, the
sum of in-phase signals applied to Channels A and B
s presented on screen; or, inthe case of out-of-phase
differential) signals, the difference of the two siguals
s presented. Differential (B-A) operation isobtained
sy switching A POLARITY to negative (). The B-A
mode presents the sum of out-of-phase (dsfferential)
signals, or the difference of in-phase signas. Com-
non-mode rejection may be improved by slight adust-
nent of one sensitivity VERNIER or the other to null
he common- mode signal seenonthescreen. Use only
»ne VERNIER inorder to maintai. a calibrated display .
#. DUAL X-Y. Two independent X-Y displays may
se presented on the CRT of the Model 1404 Oscillo-
scope by using two Model 14024 plug-ins, or one Model
1402A andanother 1400-series dual-trace vertical am-
slifier.  Operating instructions are given in Figure
3-9. For X-Y measurement above 10ke thedelay line
»f the Model 1402A may cause phase-shift ersors
zreater than 2° when used with a 1400-series plug-in
‘hat does not coatainadelay line. Two Model 1402A"s,
lowever, are matched closely enough that less than
2° of phase shift beyond 100 ke is assured, and less
than 3° to 1 Mc is typical.

&« Ifhigher-{requency X-Y operation is desired, the
]Eollovgjng modification an ¢ adjustments must be per-
.ormea.

(1) Disconnect the delay line in both both Model 1402A°s.

(2) Connect a 10-20 ohm, 1/4 watt resisior between
the L402,/R408 junction and L4 04/R415 junction in both
Moded 1402A’s.” Refer to Figure FO=T.

(3) Connect a 10-20 ohm, 1/4 walf resdfor between
the L401/R407 junction and L4 03/R41} junction in both
Model 1402A's.

NOTE

Jumpering the amplifier leads with
these resistors damps oscillation
tendencies.
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(4) mstai the Model 14024°s 1o the Model 1404,
and insert the same high-freguency signal into OGin
units using Channel A or B functions.

(5) Adjust C433, C441, and C461 in the lower Model
14024, as necessary, beiween the 1-10 Me band for
mimimum phase shift on 2 457 line display. C46) s
dominant throuwgh the 1-4 Mc band, C441 from 4 to 8
Mc, and C433 above 8 Mc, although all three interact
to some extent.

The maximum signal Sizes to minimize distortionare
10 X 10 cm for signals below 10 Mc, and 6 X6 cm
{centered) for signa's above 10 Me, When these limits
are observed, the 14024 X-Y gperation may typically

be less than 3° of phase shuft or disiortion throush
20 Mc.

(6) When normal use of the Model 1402A’s is again

desired; remove the resisters installed above, and
reconnect the delay lines. The Model 1402A in the
upper compartment should still be calibrated. The
Model 14024 in the lower compartmen! mus! be re-
compensated for high freguency performance, using
the procedure supplied in Paragraph 2=19.1.,

2-9. BANDWIDTH.

The bandwidth specification of the Mode! 1402A
is 20 megaeycles, referenced 1o 2 low freguency dis-
play of 6 centimeters. Linearity is svch that the G-

2-4

cm display may be positioned auywhere over the 10

X 10 ¢m area of the CRT graticule withowt signil:cant
distoruion or lossof bandwidih. Pig,2=2 illustrates ‘
a typical bandwidth curve. When used in &

Model 143A Oscilloscope, the bandwidth
specification is 15 me.
‘ ‘

25MC

20MC
BAND""' . TH _/\’1\0’

SPECIF . cATION—

ISMC

4CM  &CM IOCM

165288 2

Figure 2-2. Model 1402A Bandwidth
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Pusitieus Channel A trace vertically on CRT. 10. Positions Channel B truce vertically on CRT.

. Selects sensittivity of Channel A. 11. Locks plug-in unit in place.

Provides continuous adjustment between steps of

ot

SENSITIVITY swateh.
Balances Channel A amplifier to prevent verti-

signal (Channel A or combined) to be used for
tnternal triggering.

Deternunes polarity of Channel A display.
Balances Channel B amplifier.
Selects sensitivity of Channel B.

Provides continuous adjustment between steps of
SENSITIVITY.

16.

17.

18.

. Stgnal input connector for Channel B.

. Selects AC coupling or DC coupling at Clunnel

cal shuft of trace when sensitivity 1s chauged. B mput.
. Seleets siguals displayed., mode of display. and 14. Connects (ON) or disconnects (OFF) signal to

Channel B.

. Calibrates sensitivity of the Modei 14024,

Connects or disconnects siguil to Channel A.

Selects AC coupling or DC coupling at Channel
A input.

signal mput connector for Channel A

Figure 2-3. Controls and Connectors
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1. Set LEVEL to FREE RUN.

(]

Select Chanael A.

Set INPUT to OFF.

o

Set Channel A SENSITIVITY to .02 V, CM.

Center Channel A POSITION control.

e

6. Depress BEABM FINDER switch.
7. Adjust DC BAL to center trace.

8. Release BEAM FINDER and recenter trace with
DC BAL.

9. Adjust DC BAL for no vertical shift as SENSI-
TIVITY is varied between .02 V,CM and .005
V/CM.

10. Select Channel B and repeat steps 3 through 9,
using corresponding Channel B controls.

Figure 2-4. DC Balance Adjustment
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1. Select Channel A.

2. Set Channel A VERNIER to CAL.

3. Set Crannet A SENSITIVITY to .1 V. CM.

4. Connect 1V CALIBRATOR to Channel A INPUT.

5. Set SWEEP TIME to display a convenient number
of cyeles.

6. Adjust SENS CAL for exactly 10 centimeters of
vertical deflection.

Figure 2-5. Sensitivity Calibration
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1. Set COUPLING to DC if DC coupling is desired,
or w0 AC to bleck large DC components.

2. Connect signal to INPUT.

3. Select “hannel A (or B).

4. Sel SENSITIVITY to the desired range. For
calibrated sensitivity, set VERNIER to CAL.

5. Set A POLARITY to (+) for normal positive-up
presentaticn, cr to (-) if inverted display is
desired. (This control is effective for Channel
A only.)

Figure 2-6. Single Channel Operation
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1. Connect one signal to Channel A INPUT, ani
set Channel A controls as desired (procedure
shown in Figure 2-6.).

2. Connect second signal to Channel B INPUT and
set Channel B controls ag desired.

3. Select CHOP for display of both signals during
the same sweep, or ALT for display of signal
on alternate sweeps. {Chopped operation is
suitable for slower sweep rates; alternate opera-
tion for fast sweep rates.)

Note

Internal triggering iu the mode shown is on
both channels (alternately). the next two
clockwise positions of the FUNCTION cott-
trol use the Channel A signal only.

Figure 2-7. Dual Trace Operation
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Select A«B.

Connect one signal to Channel A INPUT,

Connect second signal 1o Channel B INPUT.

Set A POLARITY TO ().

Set SENSITIVITY switches as desired. with iden-
tical settings for best results.

Hote

Differential (B-A) operation is oblained by
gsetting A POLARITY v (=) in Step 4.

Nt # Rl
i b u
LY
1 ; -t ﬂ
by Ty |
‘ : . # | 1
: # |
sid Fl
. - |
e S |
I @ i ;
I vee e j
R D O -
- - - ¥

2-10

Figure 2-8. Algebraic Addition
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Set FUNCTION of vertical (lower) Model 14024
plug-in to CHOP.

Set FUNCTION vl horizontal (upper) Model 1402A
plug-tn to ALT.

Counnect Y (verticas) signals to Channel AINPUT
and Channel B INPUT of vertical (fower) plug-1n.

Conuect X (horizontal) stgnals to Channel A
INPUT and Channet B INPUT of horizontai
(upper) plug-u.

Adjust vertical sensitivities for desired Y-
deflection.

Adjust hortzontal sensitivities for desired X-
deflection.

If necessary, switch vertical (lower) FUNC-
TION control out of and into CHOP wotil de-
siwred comparison of X and Y signals is ob-
tained (Channels & with A and B with B. or
A with B and B with A). Use POSITION
controls to identify which channels are being
compared.

The A POLARITY switehes can be used to
reverse Channel A signals in both plug-ns.

Note
Two signals applied to a Model 14024 (set
to CHOP) may also be compuared with one
signal applied to a single-channel plug-in
in the other _ompartment.

Figure 2-9. Dual X-Y Operation For Two Independent Displays
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Figure 2-10. Model 1402A Block Diagram
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SECTION 1V

CIRCUIT DESCRIPTION

2-10. OVERALL DESCRIPTION.

; The & Model 1402% Duat Trace Amplifier eon-
tans tive baste circuits: two independent differential
amplifiers (Channels A and B), an output amplifier. 4
switching crreuit, and a trigger amplifier. The re-
lationship of these circuits s shown in the block
aragram, FPig.2=10. The nput signal for esch chan-
nel ts DC-coupled or AC-coupled through an input
attenuator to the amplifiers, or may be diseonnected
(OFF). No input attenuation 1S used on the three most
sensitive ranges. With the exception that x polartty-
reversing switch 1s provided for Channel A only . the
two snput amplifier channels are essenttally identical.
The switching circult turns on either or both channels
for oue of the five mwdes of presentation selectable
by the FUNCTION controb (A, ALT, CHOP, A-B, ar
By, Signal from either or both Channel A snd Chan~
nel B s applied to the differential output amplifier,
which drives the deflection plates of the oscilloscope
eathode-ray tube. A part of the FUNCTION awiteh is
used to select ewther Channel A signaloy the combined
signal from the output amplifier for application to the
trigger amplifier. The differential signal from the

trigger amp.ifier 1s connected through the oscilio=

scope to a tume base plug-inunit for sweey triggering.
] The single sensitivity calibration eontrol, SENS CAL,

1s located in the output amplifier; the two input chan-
neis do not require separate front-panel gain adjust-
ments, since these ecireuits are very insensitive to
aging and temperature effects.

2-11. CIRCUIT DETAILS.

Refer to Fig. FO-4 thru F0-8 for
the following circuit descriptions. Channel B opera-
tion ts similar to Channel A, except as noted in the
Channel A description.

2-12. CHANNEL A.

The sigual is AC- or DC-coupled through S101A
and S101B to the input attenuator. On the two most
sensitive settings uf the attenuator, two switch wafers
are u-ed to bypass the attenuator sections, and the
chang~ of sensitivity is accomplished inthe amplifier.
The next {.02) position also uses no tnput attenuation.
The remaining less sensitive ranges switch in one or
two of the four attenuator networks. which provide
attenuation ratios of 2.5:1 (R111 R112), 5:1 (R113
R114), 10:1 (R101 R102), 100:1 (R103 R104). Variable
capacitors in these networks are adjusted to maintain
these ratios for high frequencies by capacitive division.

Input overload protection is provided by R120,
V102, and CR101. DC BAL control R140 adjusts the
DC level in the lower half of the amplifier. so that
with no input signal the emitters of Q103 and Q104
will be at the same voltage. Thus when amplifier gain
ts changed (by operating SENSITIVITY control), the
position of the trace will not shift. The VERNIER

control RI49, when rotated counterclockwise. rednees
signal amplitude by shunting swwnal sround the bases
of Q103 and Q104. RI130C calibrates amplifier gain
for all ranges of SENSITIVITY ezeept 01 amd (45,
which are calibrated (after RIS0C s correctly set)
by RI50A and RIS0B respectively. The outpst of
differential amplifier Q103 Ql04 cun be PEVETSEn L
Channel A by 5103, POSITION comizol RIT0S B
varies the DC level at the output of the Chupnel 3
crreuit for posttivmng of the display on the CRT.
signal is coupled through switching dmdes CRE10 and
CR113 (when these diodes are switched or) W U
output ampitfier.

2-13. SWITCHING CIRCUIT.

The switching circutt consists of & blocknng
oscillator, a blanking pulse amplifier. and @ mult-
vibrator. The switching cireust applies euther cut-
off bias or conducting bias to the switching dudes 3t
the vutput of each amplifier channel (CRILO shrowel
CR113, and CRZLO through CRZ1Y) and thus deter-
mines which channel (s on at agiventime, Fig. 2-11
15 o sumplifted dingram of the switchang cireuwst,

@&. BLOCKING OSCILLATOR. Depending on the
position of FUNCTION switch S30). Blocking Oseil-
lator Q301 can be astable. monostable. or disabled.
When the emitter of Q301 is returned through R3IOT
to the -100 volt supply (CHOP function), the circuit
is permitted to oscillate with a free-runuing fre-
guency of about 200 kiloecycles. The POSILVE~ZOINZ
voltage at the collector is coupled through C321 to
switch the multivibrator: since the mmultivibrator
must switeh twice for a full eyele. multivibrator fre-
quency is 100 ke. When the emitter of Q301 is re-
turned to ground (ALT function), the circunt is uased
off in a monostable condition and will produce a pulse
each time the negative-going gate signal is received
through €301 and CR30I. Thus in the ALTernate
mode, the multivibrator switches once for each sweep
of the time base. Opening the emitter lead in the A,
A-B. and B positions disables the ecireuit for these
functions.

b. BLANKING PULSE AMPLIFIER. The posi-
tive-going portion of the pulse from: the blocking oscil-
lator has no effect on Q3I0Z. the negative backswung.
however. turns this transistor on. producing & positive
pulse which blanks the CRT beam. Transiems coused
by switching in the CHOPped mode thus do not appear
on the CRT screen. The time period between the
start of the blocking oscillator pulse andthe negative-
going backswing is about 200 nanoseconds. which
corresponds to the signal delay introduced in theoutput
amplifier. Thus blanking starts  the same time as
any transient which may appear. CR303 is reverse-
biased in CHOP mode. but in all other positions is
forward-biased to ground undestrable blanking tran-
sients.

2-13
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MULTIVIBRATOR. Transistors @303 2ndQ304
ire cuonnected 1m 2 pastakble mngltimibrator circuit. De-
pending on the positicn of the FUNCTION switch the
muluvibrator mav be switched by positive iriggers
from Blocking Oseallawor Q30) (ALT or CHOP), locked
in exther of its two stalile states (A or B), or disabled

(4-Bj. Flg. 2«11 iimstrates signal conditions for
AlTernate operation at 3 time when Q303 has bees

switched on (ovtput mwore neganve) andQ304 has beeu
cut off (oulpyt! more oositive). With these output
voltzges, CRILL and CRIIZ are forward-nased,
which shorts Channe! A signal. The current of Chan-
el A output transistors @103 and Q104 flows through
@303 of the muluwvibrator. Diodes CR110 and CR113
ire reverse-biased, wineh diseommects Chaane]l A
ougtput from the ouiput amphfier. Channe) A1s there-
fore ~off’”.  [p Channel B. diodes CR211 and CR212
are ased off amd CR210 and CR2.3 are foward-
ased, which permis signal from Channel B output
transist. rs Q203 and Q204 w be coupled o the output

amplifier. Chan-..] B is therefore ‘on®. When the
next sweep SIArts, a posifive wigger from QIV1 re-
verses the states of @303 (off) and Q304 {on). This
reverae-bmses the four diocdes which wereon(CR11I,
CRiI1Z. CR210, and CR213), and forward-bizses those
which were off (CR110, CR113, CR211, and CR217%;.
Thus Channel A is switched on and Channel B is
switched off. and for each following successivel
sweep, the two channels will be switched alternately
on and off. in CHO.' mode, the channels are switched
at a 100-ke rate, as determuned by the free-running
rate of the blocking oscillator. In the A position of
the FUNCTION switch, ~12.6 volts is applied through
R332 to CR211 and CR212, which forward-biases these
diodes and reverse-biases CR210 and CR213. The
multivibrator 15 disabled by R334 which limits current
available to Q303 and Q304, and the output of Q303 1s
near ground (less negative than when conducting).
Diodes CR11! and CRI112 are therefore reverse-
viased, and Channel A signal is coupled throughCR110

e v
WL L LTS
AMPLIFIER YO CRY
,r~ 0302 CATHODE
e
1ON) L
‘ Wy MV N
& G303
$R333 Z | crint crRIZ TR
.
¢— <@ CHANNEL A SIGNAL-P —
{Bjo ¥ CRI10 CRN3 %
-12,6V
[as8)o Iy
L _j‘ RI73 R174
ALTERNATE BLOCKING I —wW ) vV
SYNC FROM-8| OSCILLATOR '
TIME BASE Q301 fact/)
CHOP] ~-12,6V=9 _1
@
Z | cr2i10 CR213
b @—~CHANNEL B SIGNAL-& —
$r32 ¥ cran CrR2i2 §
qP
[]
2 cHOP /72 MVE B
8
4
AvB] = R307 030
v v
s (CUT OFF) _f A o v,
+100V 10
OuTPUT
AMPLIFIER
18028 —C =2

Figure 2-11. Switching Circuit Simplified




and CREEY to the output amphifter. [nthe B position
of the FUNCTION switen, the reversesifustion bolds
' true, with -i2.6 volts beimg applied through R333. fn
the 4B mode the multivibrator s also held inoper-

ative by R334, and -12.6 volts ts applied tw the function

of R1T3 and RI74, which forward-binses CRELO
CR113, CR210, and CR213 while reverse-biusing
CRItL, CRILZ, CRZ21L, and CR212. The sjgnals of

’E’a@%h channels are thus added and applied to the cutput
amplifier.

2-14. OUTPUT AMPLIFIER.

Signals from Channef A or Channel B (or both
in A-Bmode) are amplified by common base umplif iers
Q401 Q402 and are applied to delay lines DL30T and
DL402. The purpose of the delay introduced by these

lines is to permit starting of the sweep trace inadvance

of the display of a vertical signal. Thus if afast-rise
vertical signal is also used to trigger the sweep, the
entire pulse rise will be displayed onthe CRT sereen.
Trigger pickoff is ahead of the delay lines, at the
junctions of R401 R402 and R405 R406. Pusition
Adjustment R406 sets DC levels to be the same in
both halves of the output amplifier. Adiustiment is
made by centering the trace with no DC differential

wput to Q401 Q402. SENS CAL control R423 adjusts
signal degeneration between the bases of Q405 and

@406, and is set for calibrated sensitivity of the Model
1402A. High-frequency adjustinents €433, C441, and
461 adjust high-frequency gain ip the third, fourth,
and sixth stages respectively.  Each of the three
adjustments provides frequency compensation of «
different time constant, and the adjustment havimy the
longest time constant, C461, shouldbe adjustediirst.

Diodes CR451. CR452, CR461. and CR462 are normalkly

reverse-biased, and provide voltage overloadprotee -

tion for V401A B, V402, and V403 by clumping the
cathodes of these tubes to =17, 6 volts., Qutput Plute
Voltage adiustment R460 adjusts the voltage applied
to the deflection plates for optimam focus operation
of the CRT. The BEAM FINDER switch, located on
the oscilloscope front panci, reduces curvent avatlable
to output tubes V462 and V403 bv allowing R474 to be
inserted in sertes with the cathode supply. With stage
current thas reduced, the difference inCRT deflection
plate voltages will be small enoughto loeate the trace
on screen, recardless of sienal amplitude or  the

setting of POSITION controls,

2-15. TRIGGER AMPLIFIER.

Differential sigaal from Channet A 1s applied
to Q5301 and Q502, and differential signal from the
output amplifier (whick may be either Channel A or
Channel B swgnal, or both) s applied to Q993 and

. Q504. A part of FUNCTION switch 3301 selects

T™M 11-6625-2482-14

cither ong of e se trigge r suwrees
forr the twer dunl traee fune tios
CH. A, or the ¢omd b s bomel o i 1
pusitions) and the signul is AC-cw g €500
andC512 v ditferential sroplif ber W08, Slagluly

less sensitive trigeer e mote ol om TRICG IBY
CH. A ALT when using the 5 and 20 millivoll sotiings
of the SENSITIVITY control. Syme Bl cdfustmem
R514 balanees the differemtial stomel woplied to ths

sime base. The output of the second diffcremspn! am-
plifier, Q507 Q508 is applicd throuwsh emirter folbog -
ers 509 and Q510 tu the time base plog-in. Diode

CR5341 is reverse-biased im al e TRONn Pos bilioms
cept CHOP, effectively discur 540 omal €

I A u;‘ﬁﬁ!?
Rl DY

i e

[
342

in CHGP position CR541 s forward-smsed,  whiel
places C541 and C542 qeross the oweput of 50T wnd
508, This reduces the bundwidth of the «toge wmal
prevents switebimg trims froms beomy wpplied tw
the time base triggering crewtt. Extended bands sdain
is not required in the CHOP mode since this tspe of
display is suitable only for vertical sipnals considar-
ably below the 100-ke chopping rate  The calibrator
voltage divider, shown on the trigyer gl e g bine -
mtic, divides the l-volt [ine-freque calalbrator
voltage to calibrated voltages of 120 mpllivolis, @0
milbivolts, and 30 millivolts. These voltaves  are
available at terminal posts on the ¢ -l Ber
board for use in checking sensstivity calibrption (soe
para. 2-19.g.for recommensde dproeedmr e m mk
sensitivity adjustment).

2-16. DUAL X-Y SWITCHING.

When two Model 14024 amplificrs wre wsed for
dual X-Y measarements, the vertical plug-tn (lower
compartment of the KModel 1408) is used in CHOP
MODE. The frequency of the blocking oseilbator sm
this plug-in (about 200 ke) determines the switehing
rate of both units, and provides chopped bisnking to
the CRT in the oscilloscope. The blocking oscollvtor
waveform is applied through the oscilloseope 1o the
base of the blocking oseillator n the horizontad pleg-
in.  The horizontal plug-in (epper compartment of
the Mode! 140A) is used in ALT wmode, and sinee the
blocking oscitlator is in the monostuble condition,
is triggered by the 200-ke switching wavelorm o=
cetved from the vertical plug-in, and thas switches
at the same rate,  Beeause the maltivibratoss i ol
twa Model 1402A°%s will not always be un the same
state when the first chopping pulse s recerved, e
selection of channels for XY comparison is ados
(net selectable from the front panel). Howeger, by
operating the FUNCTION switeh of the vertieal ploy-
in out of and into CHOP u few times, the desired
X and Y channels can be caused to switel on together,
thus permitting comparison of Chanwel 5 with A nd
B with B, or A with B and B with A.

2-15
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Table 2-2. Equipment Required For Test and Adjustments
Instrument Required Ref

Type Model Characteristics Required for Para

1. Signal Texironix Freguency 50 ke to 20 Me; Common-Mode Rejection Check; Q-'sg,
Generator Type 190 output v - 2% -

Bandwidth Cneck 2-18.6

2. Voltmeter fip T3BAR AC cutput 50 mv to 100 v p-p; Sensitivity Check 2-18.4.
Calibrator accuracy :0.5%

3. Pulse Teltronix Qutput 250 mv; rise time less Rise Time Check; 2w
Generator Type 107 than 5 ns; freguency 400 ke

High Frequency Adjustment 2=l

4. Square W24 Freguency 10 ke; cutput 0.2 v Attenvator Compensaticn 210,11,
Wave Adjustment
Generator

5. DC Volt- i 4124 Full-scale range 1v, 100 v; DC Leve! Adjustment; 2=1G.7,

meter accuracy 1Y%; floating
commaon lead Trigger Amplifier Balance 2-1G,
Adjustment

6. Audio fip 200CD Cutput 3v p-p; freguency Sensitivity Adjustment 2=109.g.
Oscillator 400 cps

7. L=C Tektronix To indicate 43 pf Input Capacity Adjustment 2-19.h,
Meter Type 130

2-16
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SECTION V

MAINTENANCE

2-17. INTRODUCTION.

This section covers maintenance, troubleshoot-
g, and adjustment of the Model 1402A Dual Trace
Amplifier. The perfo~mance check Paragraph
2418}  may ve used at NCONNNG INSPECLION GF
atter adjustments have been made lo verify that the m-
strument meets its specifications (Table 2-1).

2-18. PERFORMANCE CHECK.

The performance check 1s utended o determmne
whether or not the [SIIUmMent 1S operating within s
specifications. If adjustment is required, vefer fo
Para. 2-19. To check calibrator accuracy and
other specifications for the oscilloscope, refer o the
oscitloscope manual.

a. TEST EQUIPMENT,

Test equipment recommended f{or the perform-
ance check s listed in TAble2«2, items | through 3.
Similar instruments having the listed characteristics
may be substituted.

b. PROCEDURE.

Install the Model 1402A in the desired plug-in
compartment of an 7 Model 140-series oscilloscope,
depending on whether the plug-in is intended for use
as a horizontal or averticalamplifier. In the follow-
ing performance check procedure it is assumed that
the lower (vertical) compartment of the Model 140A
is being used to test the Model 1402A.

c. COMMON-MODE REJECTION.

(1) Set: FUNCTION . .. ...+« ..... ALT
APOLARITY . . ... .. .. ... (-}
VERNIER (both} . « « « v« v v . CAL

Channel A and B SENSITIVIVY .. 0.2

(2) Apply a 500 kilocycle signal from the Signal
Generator (see Table 5-1) to both Channel A and
Channel B INPUT connectors.

(3 ) Adjust Signal Generator output for 10-cm Jisplay
on both traces.

(L4) Set: FUNCTION .« « « v v v v v v v v A+B
Channel A and B SENSITIVITY - . . 0.02

(5) Display height should not be greaier than 1
centimeter.

(6) set Channel A and B SENSITIVITY to .0l.

(7) Display height should not be greater than 2
centimeters.

(8) set: FUNCTION . .. ... ....... ALT
Channel A and B SENSITIVITY . . . 0.1

(9) Adjust Signal Generator output for 10-cm dis-
play on both traces.

(10) set: FUNCTION . .. . ......... A'B
Channel A and B SENSITIVITY . . . 0.005

(11}) Dusplay hetght should not be gremter tham 2
centimeters.

d. SENSITIVITY.

(1) Set: FUNCTION . . .. .. ....... A
SENSITIVITY (A) . . . . .. . ... 0.02
VERNIER (A} . . . .. ....... CAL

(2) Connect Voltmeter Calibrator outpat to Channel
A INPUT.

(33 Check all SENSITIVITY ranges by settung YVolo-
meter Calibrator and SENSITIVITY controls as shown
in Table 2-3. Verticaldeflection in each case showld
be 10cm 0.3 cm.

(4) Repeat Steps {1)thru(3) for Chamnel B.
Table 2-3. Sensitivity Check

SENSITIVITY Calibrator Output
10 v/CcM 100  VOLTS
5 50
2 20
1 10
.5 5
.2 2
.1 , 1
.05 5 .5
.02 | .2
.01 .1
.005 .05
e. BANDWIDTH.
(L) Set: FUNCTION . . . v o v v v v v A
SENSITIVITY (A). - - « . . . . . . 0.005
VERNIER (A} . . - « o o o v oo . . CAL

(2) Apply a 1 Me signal from Signal Generator to
Channel A INPUT. Use a 50-obhm load across owtput
of Signal Geuerator.

(3) Adjust Signal Generator amplitude for & cm
deflection.

(%) Cnange freq. to 20 Me(in Model L43A

change freq. to 15 Me). Vertical deflec-

tion should be 4.2 cm or greater.

(5) Repeat Steps (L)thru(h) tor Channel B.

Note
When a Model 1402A is tnstalled for the first
time ina Model 140A Oscilloscope with & sev-
1al prefix of 407-, 413-, 425-, or 437-, pro-
ceed as follows to obtawm full bandwidth and
rise time.
(&) Remove vartabie eapacitor Ct from the
Model 140A.
(b) Readjust C461 in Model 1402ZA for apti-
mum flat top on pulse.
2-17
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. RISETIME.

(1) Connect Puise Gezerator to Chanmei A INPUT.
Attacha 50-chm loadacross oviput of Pulse Generatar.

(2) ser- PUMCTION . . . .. ... ... .. A
SENSITIVITY(A) . .. .. ... b.02
VEBRNIER . . . . ¢ c o o v aaaa CAL
SWEEP TIME. . . . . . . 0.5 USECYCM
Sweep MAGNIFIER . . . . .. ... X10

(3) obein 2 §-cm step. mwimm‘ﬂ%m%”
points en pulse should be less than 18 nano y

Naote

When a Model 14024 is installed for the first
time ina Mode!l 1404 Oscilloscope with a ser-
ial prefix of 407~, 413-, 425-, or 437-, pro-
eeedmm&ﬂﬁwsm obiain full mm%mm
rise time.
(a) Remove varizble capacitor €1 from the
Model 1404

(b) Readjust C461 in Model 14024 for opti-
mum flat top on pulse.

2-19. ADJUSTMENTS.

Subpare. c.thru 3§ give the adjustment
procedure for the Model 1402A. Y difficulty is en-
countered in making any adjustment, refer to Para-
graph 2«20 for troubleshooting procedures.

&. EQUIPMENT NEEDED FOR ADJUSTMENTS
Test equipment recommended for the adjustment pm-
cedure is listed in Table 2«2, items 3 throush 7.
fimilar instruments having the listed characteristies
aay be substituted.

D. LOCATION OF ADJUSTMENTS. Figure 2=12
shows the location of all internal adjustments in the
Model 1402A.

C. PRELIMINARY PROCEDURE.

Install the Model 1402A in the lower compart-
ment of the oscilloscope. I a Model 140A Oscillo-
scope is used, install another plug-in, preferably a
time base such as the Model 1420A or Model 1421A,

in the upper compartment. Turn on the instrument
and allow several minutes for warmup.

A COMP
c21%

t Comp
czi4

2 INPUT CAP
cz2o4

2 COmp
c205

-5 COMP
C211

.2 COMP
c202

2 uMPUV CaAP

INPUT CapP
c231

cmmu /

|
|
(

05 COmMP
cz212

2 INPUT CAP
c1o4a

J COMP
cHs

2 COmpP
105

I CoMP
Ciia

.2 COMP
cioz

.2 INPUT CAP
cion

S COMP
C{

05 Come
cii2

CHANNEL

INPUT CAP

Ci3i

ICHANNEL 87 005 Gain ¢4

{CHANNEL A)

INTERNAL
CALIBRATOR

02 GAIN I

®250C
D1 GAIN 1200V
R2504

SYNC

OC LEVEL
ADJ
R460

R2508

.005 GAIN
RI508
01 GAIN
RISOA
02 GAIN
RI50C

2ND HF
ADJ
ca4l

IST HF
ADJ
ca6l

3RD HF
ADJ
c4a33

1402 A~ A =16

Figure 2-12. Location

of Adjustments
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SENSITEVITY 13 switched b

d. DC BALANCE ADIUSTMENT
Adpust DC BAL w elomir ste trace shft when
0 L 005 VCM and
Pertorm fur buth channels.

e. POSITION ADIUSTMENT.
(1) Set: FUNCTION -
POSITION contruls
(2‘5 Center both Lraces about center of screen Witk
Position Ad, R309,

. CHOP
12 O’clock

?. DCLEVEL ADJUSTMENT

{’,‘_} Short the plates of V402 and V403 tugetner and
measure the voltave between this short and the 230
volt supply. This may be done by clipping one volt-
meter lead to pins 12 ard 24 (together) of P, the 24-
pin connector i the Moaet 140A, and the other vole-
meter lead to the ~230 volt supply.

(3} set the voltage o 79 volts with DC Level Aay
R460.

Z. SENSITIVITY ADJUSTMENT.

(1) Set: SENS.TIWITY .. . . . . . .. 0,02 V'CM
VERNIER . . e e e e e e e CAL
ISPUT Channelt Ay, . . . o o o . . . ON
INPUT (Channel By . . . . . . . . .. OFF

(2} Connect 0.1v p-p swenal from Voltmeter Cahi-
brator to Channel A INPUT.

{3) Turn SENS CAL completely clockwise.
( Y set.c2cam adjustment for about 6 cmdetle tion.
(5) Adust SENS CAL for exactly 5 cm deflect. .

(6) Change signal tnput to 0.2v p-p and readjust
SENS CAL for 10 cm deflection. Change syinal input
to 0.1y p-p.

(T) Set SENSITIVITY to . 01 V CM.

(8) Set .01 Gain adjustment tor 10 cm deflection.
(9) Change swznal inpue to U, 03¢ p-p.
(10) Set SENSITIVITY to . 005 V CM.
(ll) Set . 005 Guun adjustment for 10 em deflection.

(12) Set: FUNCTION . . . . .. . ... . .. A-B
A POLARITY . . . . . . o oo o . (=)
ALB SENSITIVITY - . . . .. 02 V/CM
INPUT (Channel BY . . . . . . . .. ON

(13} Apply 3v p-p 400 ¢ps sine wave to both Channel
A& B nputs.

(lh) Adjust Chaunel B . 02 Gain adjustment for mini-
mum deflection.

(13) Change sie wave amphtuade to 2v p-p.
(16) Set SENSITIVITY to .01 V CM.

(17) Set Channel B . 01 Ganadjustment for ninimuam
deflection,

(18) Change sine wive amphitude to v p-p.
(19) Set SENSITIVITY to . 005 V CM.

TM 11-6625-2482-14

(20) $et Chaunel B . 005 Gawn adjustment for msi-
mu detlection,

e INPUT CAPACITY AND ATTENUATOR
COMPENSATION ADJUSTMENT.

Note

Adjustments are given for Channel A with
corresponding Channel B adpustuments mm
parentheses, eg. C131 (231 Perform
adustments for Channel A, then repea” for
Channel B when instructed.

(1) Set SENSITIVITY tu .02 V/CM.

(2) Connect L-C Meter w Channel A INPUT and

adjust C13t (231} for 43 pf. Repeat for Chamnel B.

(3‘” Apply 10 ke square wave to Channel A INPUT
Obtain a pattern 10 em high, and make the adjust-
ments indicated in Table 3.k, Repeat for Channel B.

(%) Conneet L-C Meter to Channel A [NPUT and
adpust C101 (C201) with SENSITIVITY at .2, and
C104 (C204) with SENSITIVITY at X for 43 pf.

Table 2-4. Attenuator Adjustment

SENSITIVITY (V/CM) Capacitor
.05 C112 (212)
.1 C115 215)
.2 C102 (202)
.5 CIit (211)
1 Cri4 214)
2 C105 (205)

1. HIGH FREQUENCY ADJUSTMENTS.

(1) set. SENSITIVITY (A). . . . . .. ¢.02 v,/CM
VERNIER(A). . .. ........ CAL
FUNCTION . . .. ..... ... A

(2) Connect 400 ke Pulse Generatorsignal to Chan-
nel A INPUT through 50-chm termination.

(3) Obtain a 6 cm deflection and adjust C461, C441,
and C433 for optimum fiat top ou pulse.

Note

When a Model 1402A is installed for the first
time in a Model 140A Oscilloscope with aser-
1al prefix of 407-, 413-, 425-, or 437-, pro-
ceed as follows to obtain full bandwidth and
rise time.

(a) Remove variable capacitor Cl fromthe
Model 140A.

(b) Readjust C461 1n Model 1402A for opti-
mum flat top on pulse.

Y. TRIGGER AMPLIFIER BALANCE.

\1) Measure the DC voltage between the output leads
ot the trigger amplifier. This may be done at the
ends of R551 and R552 which are connected to the
black and white coax leads.

(2) Set this voltage to zero with Sync Bal adjust-
ment R514. Should be 0 :.5 volt.

2-19
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Table 2-5. Troubleshooting for Unbalance

OUTPUT AMPLIFIER

Common Fault
Step Short Together Effect {or Procedure)
¥ Pins 3 and 8 of V401 Trace centers Proceed io next step
Trace does not center V402, or VU8, or CR46! or CR482
2 Pins 2 and 7 of V401 Trace centers Proceed to next step
Trace does not cente: V401 or CR451 or CR452

3 Junction of R431 and Q405 Trace centers Proceed (0 next step

Collector to Junction of R436

and Q406 Collector Trace does not center Q4307 or Q408
4 Juncticn of R421 and R422 Trace centers Proceed to next step

to

Junction of R425 and R424 Trace does not center Q405 or Q406

3 Junction of R411 and 1405 Trace centers Proceed to next step
o
Junction of R415 and 1406 Trace does not center Q403 or Q404
INPUT AMPLISIERS
6 dase of QLOJ Trace Centers Proceed to next step
(153
Base of Q104 Ii the trace does not center on one channel, check the other
channel before making a component replacement. If only one
(Center both POSITION channel checks normal, the “Common Fault” is then one of
controls) the transistors {Q103/Q104 or Q203/Q204) in the channel

where the trace does not center. If the trace fails to center
wi woih channels the trouble may be one of the following:
{1) either (or both) matched transistor pair (Q103, Q104 or
Q2037QZ04), or (2) incorrect switching circuit levels (see
Table2-TYor (3) the common-base stage, Q401/Q402, in
the cutpul amplifier,

7 Base of Q101 Trace centers Proceed to next step
Base Z? Q102 Trace does not center Q101 or Q102
8 Junction of R132 and V102 Trace centers R140
Pin 7 of Vl:ﬁ Trace does not center V101, or CR1061, or CR102

NOTE: Steps 6 through § may be used for Chann€ B: reference designations are 200-series

B CALIBRATOR signa are provided for troubleshooting

2-20. TROUBLESHOOTING. To locate the trouble, trace the calibrator signal from
The following paragraghs outline procedures the input through each successive stage, using the
e SO c test po ints and waveforms (1 through 11),

for loc.\tm% and clearing problems mtheMudelMOZA. until the faulty stage is located

Be sure that he Wubie cannot be cleared by making g, ching from Channdl A to Channel B will aid in

an ajustment. dete;mining whether the trouble is in theoutput ampli-
ficr Or one of the input amplifiers.

a. LOW AMPLIFIER GAIN. Whenever o'veral b. UNBALANCE. Unbalance in a differential

gain is too, low to be adjustedproperly with the SENS amplifier is generally caused by malfunction of a com-

CAL control, waveforms for the % Model 140A 10V ponent(s) on one side of stage of the amplifier ang

:2-20




Table 2-6. Switching
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Troubleshooting

SWITCHING CONDITIONS L FROUBLESHOGT NG PROCEDURE
T T
Does Not |
Operates Operate | Check Condition
T
Choyp, Alt A, B, or D Vol :u.g’ s at Test Points Veltages in error
| A B 26 apct 21 (see Table 270 CORNE Lo
! - julnts.
AB A B ALT and a. Waveforms at Test Point | No signal Replace QI0L
! . Chop , L9 (transistor case and +
; i cullector are tied | Stgnal present . Proceed to b
! i ! togethier :
| Ty IR o : T
i b, Waveforms at test point i, No stgnal i
! i 20 0r 21 i
; I i
| * [ €3y Seill no sigmal ) (4 Trace signal throwgh
; ! multivibrator oie .
{ i , n
AB, A B ALT . Waveforms ar Test Pownt . No Signal Check Tuoe Bas
and Chop P23 anct JI Pl ronnections.
| i
| i i PR,
§ fL Signal present Replace CR3IOY
; No blanking | Waveform at Test Point | Signal present ke { &.%m sw el
! I CHOP E224Pin 15 of JU i 140A i M(Du%
i POY TN | |
| j ; e C R b
‘ | ,i' COMME
' i ! !
H 1 \ i
| | : ‘
I
I No Signal
! o e fooel,
! :
. No Signal e, Replace Q302
f.  Still no swgnal ¢+ g.
Mwwwh CErCUit,
can by asolated to either mput amplifter ov to the Wt etormes at Test Points (&
wtput amphifter by setting the FUNCTION control and 19 are also provided for tvoublesdeoo S ey
st o one channel and thew to the other, I balance Clutnned Nostenol s used Bor trrgsoring,
s possible o oope channel and not the other the
anbalance s notan the output amplifier wnd unneces-
s e e e ¢ 2-21. ADJUSTMENTS FOLLOWING
saby steps can be elinnated.
COMPONENT REPLACEMENT.
Co. ) YRE R TR M JER S nNooc ¢ i
i IMPROPER  SWITCHING OPERALION “Luble Table 2=8 liots adjustments to be puade witer
Dmry 15 provided for step-by-step twm!)hw‘mmtm;. o b rcdes

Troubleshouting listed Tuble 2
de  INSUFFICIENT TRIGGER AMPLITUDE.
fictent amplitude of the trigger signal can be
either by low wam an the tnput amplifier
tragger ampltfter Input wnplifiey g
by procedures i gubpara. Q. Low gan i the
tragrer amphifier van be toeated by traciy o Modne!
140A 10V CALIBRATOR siwgnad connected to etther
input. through each stage of amplification using test
point wavetorus (12 - 17),

vollages are i 2T,

Iusul-
caused
o the
ratnean be checked

replacement of tubes. transestors

2-22. SERVICING ETCHED CIRCUIT BOARDS.

Etched civeutt boavds used t the Model 102N
have components on ane sicte of the L*,k ravd with o plated
conductive Laver of metal through comporent holes.
Bomervice Note M-T0D s contains wseful tnformae-
tion on etehed crrewt vepatr. The mmportant steps
ana considerations are

1

less than 800 F
2-21
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wdbing temper
1 8 el duz
diameter, hugh fwun
15 wged. clean the area thor

. angd 3 small
i a rusin solder
after soldering.

b, Components may De removed by placing the
soldering tron on the component lexd on either side
of the brard. and pulliog up on the lead If heat 18

poaest side of the board, greater
P damase W the component

pcf‘ﬁd‘.ﬁ 1f heat damage may
oeewr, Jrip of pliers o provice
& heat sulk betw g inon and componen?
[
clip the |

the leads from the Duard.
a. Large
tube sockels may be
ron from lead oy |
o [ift the part free
af & damsged pary)

wents such as potentiometers and
moved by rotating the soldering
lead 20d 2pplyving Steady pressure
(the zlternativeists .{*Eagj the leads

& Sunce the
bBiard 15 4 me © ’wu@ auh 5
Use care tw avasd overhea ThYg el lafting the commcior

Lol

2-22

oiher met*ad for rF

irom e Doard % cunductor may he cement
1n place with & GRICH -JIrving acelalv Dase cemen
sparingly) having good nsalaling properaes.
Aty 1s fw soldér s seclios
good condu 1on wiry ilong the damaged ares.
Clear the solder from the circu.l boasd
before nserhing a uew component leac. Heamt
soider in tone hole, remove the iron, and qu':
ansert a pointed pom-metaliic object, such as
toothprck.

hole

Smape the new component leads and elip to
proper length. Insert the leads in the Loles and apply
heat nid solder. pr.ferablv on the conductor ﬁlm

Table 2-7. Switching Circuit troubleshooting Voltages

FUNCTION f DC Voltage at DC Voltages at

Test Point 20 Test Point 21
A -2.5 -4.1
ALT -3.1 -3.1
ALT -3.1 -3 1
CHOP 3.1 -3.1
A+B -1.1 -1.1
B ~4.1 -2.5
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Table 2-8. Adjustments Following Component Replacement

‘ Component Wfé@“ﬂ; Adjustment Ref Para.
INPUT AMPLIFIERS
102, 202, Grid Overlvad Neon Lamp None
' ‘ racits 2-1G. .
o8, 3@ Cathede Follower Inpuet Capacity ==Ll
viat, 201 .005, .01, .02 Gain P2=lG.g.
BC BAL 2-19.d.
Q101, i@ﬁ, %0t, 2@‘2 ' Emitter Follower .005, .01, .02 Gain 2»19.2.
bC BAL 2«19.d.
Q103, 104, 203, 204 Differential Ampiifier .065, .01, .02 Gain 2=19.2.
(replace in pairs) DC BAL 2=]F.d.
CR11, 112, 211, 212 Gating Diode None
CR110, 113, 210, 213 leslation Diode None
OUTPUT AMPLIFIER
. 2=19.4.
Q401, 402 Amplifier BC BAL ‘
SENS CAL 2=1Guge
Poaition Adj. 2=l1G.€.
Q403, 404 Emitter Follower DC BAL 2=19.d.
SENS CAL 2-19.2.
Q405, 406 1st Differential Armplifier DC BAL Z=lG.d.
SENS CAL 2-19.g.
1st, 2nd, Ird BF Adj. 2-19. 1.
Q407, 408 20d Differential Amplifier DC BAL 2-19.d.
SENS CAL 2=19.2.
1st, 2nd, drd HF Adj. Pulf. 1.
V401 Cathode Follower DC BAL 2«19.d.
SENS CAL . 2=19.g.
tat, zﬂd, 3rd BF Adj. » 2.19‘1"
V402, 403 Output Differential Amplifier DC BAL 2-19.d.
SENS CAL 2alGega
1st, 2nd, 3rd HE Adj. 2«19.1.
CR451, 452, 461, 462 Transient Protection Diode None
TRIGGER AMPLIFIER
Q501, %02, 503, 504 Emitter Follower None
Q505, 506, 507, 508 Differential Amplifier Syne Bat 2«19, Jo
Q50%, 510 Emitter Follower Syne Bal 2-19. 3.
CR341 Chop Operation H. F. Tcansient Diode None
SWITCHING CIRCUIT
CR301, 302, 304, 305 Clipper Diode None
CRA303 Blocking Diode None
Q301 Blocking Oscillator None
Q302 Blanking Pulse Amplifier None
Q302, 304 Multivibrator None
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Figure 2-13. Component Locations on Input Amplifier Board A9
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RIO3 Rina
cioe RI2U
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RIO4
R102 RI20
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RIOI RIIZ

Ci02 Ciot cit2 Ciin Ritt CH3
—BOTTOM VIEW ~—-
1402 A== BB

RIOE RICS

Ciig

—TOP VIEW—

CiCS CIO4 Cins  Chna Ri3 Cué

Figure 2-14. Component Locations on Channel A Sensitivity Switch
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R204
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R201
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R205
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—T0P VIEW—

C205% C204 C215 C214 R213 C216

€202 C20t c212 C2ii R2i1 C213

—BOTTOM VIEW —

R214

R22!¢

R249

R220

€220

R212

18024 =—=A=10
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Figure 2-15.

Component Locati

ons on Channel B Sensitivity Switch




Table 2-9. Schematic Diagram Notes

TM 11-6625-2482-14

r

.
-

r=—-1
| —

cw

Unless otherwise indicated:
capacitance in picofarads
inductance in microhenrcies
registance in ohms

[

L H]

Etched circuit board

Front panel marking

Rear panel marking

Front panel control

Screwdriver Adjustment

Clockwise end of vari-

able resistor

Primary signal path

Feedback path

\Y
v

O

#

Refer to MIL-STD-15-1 for schematic symbols not listed in this table.

Waveform test poimt
(with mumber)

Common point

{with letter)

Avalanche (zener) diode

Tunne! diode

Step recavery diode

Numbers in parentheses indicate wire color using
resistor color code, e.g. WHT-RED-GRN is (9-2-5).

0 - Black

1 - Brown

2 - Red

3 - Orange

4 - Yellow
P/0O

#

N.C.

5
6
7
8
g

[}

-~ Green
- Blue
- Vielet
- Gray
- White

Part of

Optimum value selected
at factory, average
value shown; part may
have been omitted

No connection
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Table 2-10. Conditions for Waveform Measurement
in Channel A, Channel B, Output, and
Trigger Amplifiers
(Test Points 1 through 18)

Model 14024 settings:

FUNCTION . .. .. ... . ... et .. A
SENSITIVITY ... ... .. ... . iennn. 0.02 v/CM
COUPLING . .. ... ... . .. iiiiiiinnnnn. DC
e ON
VERNIER . ... ... it ittt iannnnn. CAL

Comnnect 20 mv calibrator signal (see Figure 5-1 to Channel
A INPUT.

Test Oscilloscope settings:

TRIGGERSOURCZ ................... + EXT
LEVEL ... . . i e AUTO
SWEEPTIME ................... 2 MSEC/CM

trigger input of Test Oscilloscope.

Test points a2re indicated for upper half of differential stages
only. Sguare wave signal in the iower half is the same but
inverted.

™ T

\/ = | | | 120wy
;\;\%; i "

p—

= ™ v
4 / ® | l 1 "He wmy
VAR [~
= ¥
i 3/ . ‘L r 112 v
ed 4

- ~ Ea

4/ - i L75 my
*; I R 'S

4028 -8~

Figure 2-16. Waveforms at Test Points in Channel A
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1852 a2

Figure 2-17. Waveforms at Test Points in Channel B
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A
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DES LoC
c3o A3
€303 Aas
C204 83
(o233} B2
€312 Al
<313 A2
csa Ad
cs2 C4
c3g3 Cq
CR301 3
CR302 c2
CR3S A?
CR30s C3
CR3G5 cs
Q301 82
R302 c2
R303 AS
R304 c2
R30S A3
R311 B2
R312 Al
R313 A2
R34 Al
[3gy Al
R322 C3
R3z3 C5
R325 Cq
R326 C4
R327 Bé
R3ze C4
R929 c5
R3IS0 B4
R33Y B4
R332 Ad
R333 A4
R334 A3
T30! Ci

1402A-A-25

Figure 2-18. Component Locations Switching Circuit Board A2

o=
W- j\i fj_v CHoP) W‘W—H | I ,_}v ALT
-
i2v M T m
= it ALT = 8S5v -
—_—4 X7 i
T
-
2/ a 3v - '—TJL av ALT
A% L v- 1)
16024 -4 =188
Figure Waveforms a Test Points in  Switching Circuit
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Figure 2-20. Waveforms at Test Points in Output Amplifier
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A

DESIG Loc

C431 B4
C432 B3
C433 g3
C441 B4
C442 p4g
C460 gs
C461 c4
C462 ¢4

C463 C4
C471 ¢4
C472 ¢3

C473 ps

C481 A3

C482 ¢3
C483 (2
C484 ¢y
C486 @2
CR451 4
CR452 ¢4
CR461 D4

B C

D
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Figure 2-21.

Component Locations on

REF T erip

XV403 cé

Output Amplifier Board A10 and Deck
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R3L4
R51S

R323

R335
RS54

R3GL
R&TL
RS2
RS73
R374

327200REEBREREEOEREPER0PREEREREEARERREE R S

4 02A-A-24

Figure 2-22. Component Locations on Trigger Amplifier Board A3

alpks
¥ L LA
AREE?
w1 L&

AREES
T

12028 - 4 ~ 14

Figure 2-23. Waveforms at Test Points In Trigger Amplifier
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P
(MATES WiTh JACK N OSC/LLOSCOPE)
192} ()
+iQOV > i3 {———LM
XN . ya {913
7 < 4 L
- e
> 3 15 bq—-—
X-¥ SUNC QUTRUT -——-——-59‘4'53——) 4 16 & 9280
(94-6) . jeo
BEAM » INDER —t> 5 ir &
(7)
-100V > & 8 &
S 7 g {9-3-5)
(5-7-8) Q.7
vid,, V201 HEATER GROUND —> 8 20 & '
121 L
+250V o———t—3 3 21 &
NC—1—> 10 22 &—— NC
. - 19) (0)
TRIGGER SIGNAL TO —» —> 23 &— -
TIME BASE PLUG-IN
<
CRT DEFLECTION SIGNAL —-M—% 12 24 (—-‘—Et{s—’— -

6.3vag

70 Va0 -va03
“EATERS

<— CHOPPED BLANKING

YO CRY CATHODE

DA TRACE SYNC FROM
OuAaL RACE SYN{ FROM

SWEEP PLUG-IN

CHASSIS GROUND

Iv CAL {LINE FREQ]

-12.6v

TRIGGER SIGNAL TO
TIME BASE PLUG-IN

CRT DEFLECTION SiGNAL

Figure 2-24.
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Interconnection Plug Shematic Diagram
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APPENDIX A
REFERENCES

The following publications contain information applicable to the operation and maintenance of the
Hewlett-Packard Model 141A Oscilloscope:

DA Pam 310-4

DA Pam 310-7
TB 746-10

TB SIG 355-1

TB SIG 355-2

TB SIG 355-3

™™ 38-750

™™ 11-6625-2390-15

TM 750-244-2

Index of Technical Manuas, Technical Bulletins, Supply Manuals (types 7,
8, and 9), Supply Bulletins, and Lubrication Orders

U. S. Army Equipment Index of Modification Work Orders

Field Instructions for Painting and Preserving Electronics Command
Equipment Including Camouflage Pattern Painting of Electrical Equip-
ment Shelters.

Depot Inspection Standard for Repaired Signal Equipment

Depot Inspection Standard for Refinishing Repaired Signal Equipment

Depot Inspection Standard for Moisture and Fungus Resistant Treatment

Army Equipment Record Procedures

Operator, Organizational, DS, GS, and Depot Maintenance Manual:
Oscilloscope AN/USM-309(V)1, Oscilloscope OS-193P/U (Hewlett-Packard
Model 140A), Amplifier AM-6169/USM-309(V) (Hewlett-Packard Model
H06-1405A), and Generator, Sweep TD-5037/USM-509 (Hewlett-Packard
Model 1421A)

Procedures for Destruction of Electronics Materiel to Prevent Enemy Use.

A-V(A-2 blank)
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APPENDIX B
MAINTENANCE ALLOCATION

Section |I.

B-1. General.

This appendix provides a summary of the mainte-
nance operations for AN/USM-320(V)1. It au-
thorizes categories of maintenance for specific
maintenance functions on repairable items and
components and the tools and equipment required
to perform each function. This appendix may be
used as an aid in planning maintenance opera-
tions.

B-2. Maintenance Function.

Maintenance functions will be limited to and
defined as follows:

a Inspect. To determine the serviceability of an
item by comparing its physical, mechanical, and/or
electrical characteristics with established stand-
ards through examination.

b. Test. To verify serviceability and to detect
incipient failure by measuring the mechanical or
electrical characteristics of an item and comparing
those characteristics with prescribed standards.

c. Service. Operations required periodically to
keep an item in proper operating condition, i.e., to
clean (decontaminate), to preserve, to drain, to
paint, or to replenish fuel, lubricants, hydraulic
fluids, or compressed ar supplies.

d. Adjust. To maintain, within prescribed limits,
by bringing into proper or exact position, or by
setting the operating characteristics to the
specified parameters.

e. Align. To adjust specified variable elements of
an item to bring about optimum or desired
performance.

f. Calibrate. To determine and cause corrections
to be made or to be adjusted on instruments or test
measuring and diagnostic equipments used in
precision measurement. Consists of comparisons of
two instruments, one of which is a certified
standard of known accuracy, to detect and adjust
any discrepancy in the accuracy of the instrument
being compared.

g. Ingall. The act of emplacing, seating, or fixing
into position an item, part, module (component or
assembly) in a manner to allow the proper
functioning of the equipment or system.

h. Replace. The act of substituting a serviceable
like type part, subassembly, or module (component
or assembly) for an unserviceable counterpart.

INTRODUCTION

i. Repair. The application of maintenance serv-
ices (inspect, test, service, adjust, align, caibrate,
replace) or other maintenance actions (welding,
grinding, riveting, straightening, facing, re-
machining, or resurfacing) to restore serv-
iceability to an item by correcting specific damage,
fault, malfunction, or failure in a part, subassem-
bly, module (component or assembly), end item, or
system.

j. Overhaul. That maintenance effort (service/
action) necessary to restore an item to a completely
serviceable/operational condition as prescribed by
maintenance standards (i.e., DMWR) in appropri-
ate technical publications. Overhaul is normally
the highest degree of maintenance performed by
the Army. Overhaul does not normally return an
item to like new condition.

k. Rebuild. Consists of those services/actions
necessary for the restoration of unserviceable
equipment to a like new condition in accordance
with original manufacturing standards. Rebuild is
the highest degree of materiel maintenance
applied to Army equipment. The rebuild operation
includes the act of returning to zero those age
measurements (hours, miles, etc.) considered in
classifying Army equipments/components.

B-3. Column Entries.

a. Column 1, Group Number. Column 1 lists
group numbers, the purpose of which is to identify
components, assemblies, subassemblies, and mod-
ules with the next higher assembly.

b. Column 2, Component/Assembly. Column 2
contains the noun names of components, as-
semblies, subassemblies, and modules for which
maintenance is authorized.

c. Column 3, Maintenance Functions. Column 3
lists the functions to be performed on the item
listed in column 2. When items are listed without
maintenance functions, it is solely for purpose of
having the group numbers in the MAC and RPSTL
coincide.

d. Column 4, Maintenance Category. Column 4
specifies, by the listing of a “worktime” figure in
the appropriate subcolumn(s), the lowest level of
maintenance authorized to perform the function
listed in column 3. This figure represents the active
time required to perform that maintenance func-

B-1
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tion at the indicated category of maintenance. If
the number or complexity of the tasks within the
listed maintenance function vary at different
maintenance categories, appropriate “worktime”
figures will be shown for each category. The
number of task-hours specified by the “worktime”
figure represents the average time required to
restore an item (assembly, subassembly, compo-
nent, module, end item or system) to a serviceable
condition under typical field operating conditions.
This time includes preparation time, troubleshoot-
ing time, and quality assurance/quality control
time in addition to the time required to perform the
specific tasks identified for the maintenance
functions authorized in the maintenance alloca-
tion chart. Subcolumns of column 4 are as follows:

C - Operator/Crew

O - Organizational

F - Direct Support

li - General Support

D - Depot

e. Column 5, Tools and Equipment. Column 5
specifies by code, those common tool sets (not
individual tools) and specia toals, test, and support
equipment required to perform the designated
function.

f. Column 6, Remarks. Column 6 contains an
alphabetic code which leads to the remark in
section 1V, Remarks, which is pertinent to the item
opposite the particular code.

B-2 Change 1

B-4. Tool and Test Equipment Require-
ments (Sec I111).

a Tool or Test Equipment Reference Code. The
numbers in this column coincide with the numbers
used in the tools and equipment column of the
MAC. The numbers indicate the applicable tool or
test equipment for the maintenance functions.

b. Maintenance Category. The codes in this
column indicate the maintenance category allo-
cated the tool or test equipment.

c. Nomenclature. This column lists the noun
name and nomenclature of the tools and test
equipment required to perform the maintenance
functions.

d. Nationd/NATO Stock Number. This column
lists the National/NATO stock number of the
specific tool or test equipment.

e. Tool Number. This column lists the manufac-
turer’'s part number of the tool followed by the
Federal Supply Code for manufacturers (5-digit) in
parentheses.

B-5. Remarks (Sec 1V).

a Reference Code. This code refers to the
appropriate item in section Il, column 6.

b. Remarks. This column provides the required
explanatory information necessary to clarify items
appearing in section | |I.
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SECTION Il MAINTENANCE ALLOCATION CHART
FOR

OSCILLOSCOPE = AN/USM-320(V)1

.—
(4)
& 2 @ MAINTENANCE CATEGORY (5) &)
GROUP COMPONENT/ASSEMBLY MAINTENANCE TOOLS | REMARKS
NUMBER ) FUNCTION AND
¢ ° F H o EQPT.
Text OSCILLOSCOPE AN/USM-320{V)1 A
Text OSCILLOSCOPE 05-207(P)/V (HP 141A) Inspect 0.1
Test 1.0 1thru7
Service 0.1
Adjust 0.8 1thru?
Calibrate 1.0 1thru?
Repeir 2.5 lthru8
Repair 0.5 8
T DUAL TRACE AMPLIFIER PL-1244/U (HP 1402A) Inspect 0.1
Test 1.0 1,2,6
thrul2
Service 0.1
Adjust 0.7 1,2,6
thrul2
Repair 2.0 1,2,6
thrul2
Repair 0.5 8
Text SWEEP GENERATOR PL-1245/U (HP 14211a) Replace 0.2 B
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SECTION IIl TOOL AND TEST EQUIPMENT REQUIREMENTS

FOR
OSCILLOSCOPE ~ AN/USM-320(V)1

TauemEnT | MAINTENANCE NOMENGLATURE
REF CODE
1 H VOLTMETER CALIBRATOR HP 738BR
2 " DC VOLTMETER HP 412A or ME-266/USM-183 |
3 H DC VTVM HP 410C or ME-303/U
4 H VOLTAGE DIVIDER HP 110454
5 H VOLTAGE DIVIDER HP 11044A or MX-2571/U
6 H STGNAL GENERATOR HP 200CD or SG-239/FQQ !
7 H TRANSISTOR TEST SET, SIERRA 219C or TS-1836A/U
8 0,4 TOOL KIT, ELECTRONIC EQUIPMENT TK-105/G
9 H SIGNAL GENERATOR TEK 190B
10 H PULSE GENERATOR TEK 107
1 H SQUARE WAVE GENERATOR HP 211A or SG-299( )/U
12 H LC METER TEK 130
|

¥The National Stock Numbers that are missing from this list have
been requested and will be added by a change tc the list upon

receipt.

NATIONAL/NAT
STOCK NUMBE

[, TOOL NUMBER

6625-00-821-2688

6625-00-902-7140

*

6625-00-511-5383

6625-00-806-5033

6625-00-893-2628

5180-00-610-8177

*

*

6625-00-624-3516

*

Toust o 6013
B-4

(Edition of 1 Oct 74 may be used until exhausted)

HISA-FM 2132-77
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SECTION IV. REMARKS

REFERENC

CODE REMARKS
A No maintenance functions on end item, all maintenance functions are performed on components.
B See TM 11-625-2790-15 for maintenance allocation.

B-5

*U.S. GOVERNMENT PRINTING OFFICE: 1976-765096/1004
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By Order of the Secretary of the Army:

CREIGHTON W. ABRAMS
, General, United States Army
L Official : Chief of Staff

VERNE L. BOWERS

Major General, United States Army

The Adjutant General

Digtribution :

Active Army:
CNGB (1 USACSA (2
USASA (2 TECOM (2
USAMB (10) JSA (ECOM) (2)
ACSC-E (2 USA Ascom Depot (3)
USACDCEC (5) USA Cp Carroll Depot (3)
USACDCCEA (1) Units org under fol TOE :
USACDCCEA Ft Huachuca (1) (1 copy each)
OS Mg Comd (2) 11-15
USASTRATCOM (5 11-45
USASTRATCOM-CONUS (3) 11-97
USASTRATCOM-EUR (3) 11-98
USASTRATCOM-PAC (3) 11-158
USASTRATCOM SIG GP-T (10) 11-302
USASTRATCOM SIG GP-Okinawa (3) 11-303
USASTRATCOM SIG GP-Jgpan (5) 11-347
USASTRATCOM Comm OP FAC, Korea (3) 11-357
USASTRATCOM SIG Bde, Korea (3 11-367
USASTRATCOM SIG GP-Taiwan (2 11-368
LOGCOMDS (5) 11-377
Eighth USA (5) 11-500 (AA-AC)
Sig FLDMS (PAC) (1) 29-118
SAAD (10 29-134
TOAD (10 29-136
LEAD (7) 29-137

NG: None.

USAR : Nore.

For explanation of abbreviations used, see AR 310-50.

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
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T™M 11-6625-2482-14

By Order of the Secretary of the Army:

BERNARD W. ROGERS
o General, United States Ariny
Officid: Chief of Staty

J. C. PENNINGTON
Brigadier General, United States Army
The Adjutant Genera

Distribution:

Active Army:
USAINSCOM (2) USA Cp Carroll Dep (2)
0OS Mg Comd (2) Units org under fol TOY:
USACC (5) (1 cy each unit)
HQ 7th Sig Comd (3) 11-15
USACC-EUR (3) 11-45
USACC-PAC (3) 1197
USACC Sig Gp. Okinawa (3) 1188
USACC-Japan (5 13-302
USACC Comm Op Fac, Korea (3) 11-303
USACC Sig Bde, Korea (3) 11-847
USACC S Gg. Tawan (2) 12-357
Eighth USA (3) 11367
LBAD (2) 11368
SAAD (10 11-377
TOAD (10 11.500(AA-AC)
USACSA (2 26-118
TECOM 28-134
Ft Monmouth (HISA) (33) 29-136
USA Ascom Dep (3 29-137

NG: None

USAR: None

For explanation of abbreviations used, see AR 310-50.
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