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Model 166D, MX-2962/USM-l05A Introduction 
I 
i 

INTRODUCTION 

i /  

NAVSHIPS 94309 contains operating and servicing instruc- 
tions for the MX-2962/USM-l05A Time Delay Generator 
manufactured by the Hewlett-Packard Company in Palo Alto, 
California on Contract NObsr 85537, dated 23 June 1961. The 
MX-2962/USM-l05A is an auxiliary unit for plug-in installa- 
tion in the froat-panel receptacle of the oscilloscopes listed 
below. The purpose of the MX-2962/USM-l05A is to delay 
the s ta r t  of the oscilloscope sweep a selected time interval 
after application of a triggering signal. No circuit adjust- 
ments a r e  required and no loss in specified calibration 
accuracy occurs to the MX-2962/USM-l05A when it is used 
interchangeably in any of these oscilloscopes: 

AN/USM-lOSA supplied on Contracts NObsr 
75278 and NObsr 81535; see 
NAVSHIPS 93658. 

AN/USM- 139 
AN/USM-140 
AN/USM-141 

NAVSHIPS 94309 consists of the commercia1 instruction 
manual for the Hewlett-Packard Model 166D Delay Geilerator 
with a new cover, title page and parts list which apply to 
the MX-2962/USM-l05A (which is the military version of the 
Model 166D). The MX-2962/USM-l05A and 166Dare alike in 
performance specifications and electrical circuits, but a r e  
different in that additional Military approved parts a r e  used 
in the MX-2962/USM-l05A. 

01227-1 



Section I i Figure 1-1 
Model 166D, MX-2962/USM-l05A 

Figure 1-1. Model 166D Delay Generator 
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Model 166D, MX-2962/USM-l05A 

S E C T I O N  I 
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Section I 
Paragraphs 1-1 to 1-3 
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1 

1-1. FUNCTIONAL DESCRIPTION. 

The Model 166D Delay Generator is a plug-in unit 
which provides the ($3 Models 160B and 170A Oscillo- 
scopes with delayed sweep capability. Two modes of 
delay are provided, one in which the oscilloscope 
sweep s tar ts  a t  the end of the delay period, and one 
in which the oscilloscope sweep is armed at the end 
of the delay period but does not start  until triggered 
independently. 

The Model 166D itself generates a linear sweep(the 
delaying sweep). The delaying sweep can be used to 
measure delay, indicate the starting point of the de- 
layed sweep of the oscilloscope, and provide mixed 
sweeps in which the delaying sweep drives the t race 
for  approximately the delay period and the oscillo- 
scope sweep drives the t race for  the duration of 
the display. 

The Model 166D is designed with specification 
MIL-E-16400C a s  a guide. The instrument meets the 
environmental specifications of oscilloscope models 
1608 and 170A when installed in an oscilloscope. 

Model H02 166D Delay Generator is identical to 
Model 166D in specifications, operation, and applica- 
tion. However. the Model H02 166D uses electron 

tube and semiconductor types which are MIL approved. 
Where these types differ from the commercial types 
used in the Model 166D, both types are listed and 
identified with the correct model in the table of re- 
placeable parts. All  other references to the Model 
166D apply equally well to the Model H02 166D. Tables 
1-1 through 1-4 list reference data for the Model 166D. 

1-2. ELECTRON TUBE TYPES 6 9 2 2 / 6 D J 8 .  

Electron tube types 6922 and 6DJ8 a r e  equivalent, 
and either type can be used where called for  i n  the 
instrument. However, the two types draw different 
heater current. Since the heater circuit is balanced 
to  ground, use only one tvpe or the other. 

1-3. CHANGES. 

The Model 166D carries a five-digit serial number 
with a three-digit prefix: 000-00000. The three digit 
prefix appears on the title page of this manual to 
indicate to which instruments this manual applies 
directly. A supplement or change sheet may be in- 
cluded with this manual to indicate the manual changes 
required to  make the manual apply directly to instru- 
ments which car ry  a different serial prefix. 

Table 1-1. Specifications * 
Delay Time: Triggering: 

Delaying Sweep: 

1 psec to  10 seconds Internal. power line or vertical input signal. 
External, 

18 calibrated ranges from 2 psec/cm to 1 second/ 

(2 mm or more vertical deflection. 
1/2 volt peak-to-peak or more.) 

Triggering Point: 
Positive or negative going voltage. Trigger level 
of externalsync signaladjustable-30to+30volts. 

cm in 1. 2, 5, and  10 sequence. 

Delayed Length: 
0 to  10 c m  
When delaying sweep functions in place of main 
sweep, setting in cm controls mcurrence of main 
sweep. When delayed main sweepis used, setting 
acts a s  multiplier on Delaying Sweep setting to 
determine total delay time. 

Sweep Selector: 
(a) Main Sweep 
(b) Delaying Sweep. Brightened segment of t race 

indicates time relationship between delaying 
sweep display and main sweep display. 

Accuracy: (c) Main Sweep Delayed 
(d) Mixed Sweep f 1% 2 psec to  0.1 second ranges; *3% 0.2, 0.5, 

1 second ranges 
*0.2% linearity, all but 2, 5, and lOpsec ranges; 
* O S %  linearity, 2, 5, 10 psec ranges. 
Jitter: Less  than 0.01 psec or *0.005% of total Power: 
delay. 

Delayed Trigger Output: 
Approximately 20 volts positive 

Supplied by 160B or 170A 
Delay Functions: Weight: 

(a) Trigger main sweep. (b) Arm main sweep. Net 4-1/2 lbs, shipping 7 lbs 

* with @ Models 160B or 170A Oscilloscopes 

)1227-1 1- 1 



1 Section I 
Tables 1-2, 1-3, 1-4 

Quantity Nomenclature 
Per  

Equipment Name Designation 

1 Delay Generator 166D or H02 166D 

Model 166D, MX-2962/USM-l05A 

Overall Dimensions 
Height Width Depth Volume Weight 
(in.) (in.) (in.) (cu. in.) (Ibs) 

4-5/8 6 12-5/8 350 4-1/2 

I Table 1-2. Equipment Supplied 

1 Operating and 
Servicing Manual 

Nomenclature 
B O X  

Number Name Designation 

1 Delay Generator 166D or H02 166D 

Table 1-3. Shipping Data 

Overall Dimensions 
Height Width Depth Volume Weight 
(in.) (in.) (in.) (tu. in.) (lbs) 

10-5/8 9 18-1/4 1.0 7 

I 
Table 1-4. Electron Tube, Transistor and Diode Complement 

Model H02 166D 

Sweep 
Genera tor  

Delayed 
Trigger 

Generator 

Total 

Tran- Electron Tubes sif 

m ~ f i t 3 ~ g  m 
\D \o g - h g  5 

7 1 3 3 14 

2 2 1  

9 1 3  3 1 6  1 

I Diodes 

~~ 

2 2 5  

1 4 2 7  

Model 166D I 
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Model 166D, MX-2962/USM-lOSA 
I 

Sections I1 and 111 
Paragraphs 2-1 to 3-2 

I 

1 -  

I t 

I 
I 

SECTION I I  
I N S T A L L A T I O N  

2-1. U N P A C K I N G  A N D  INSPECTION. 

Unpack and inspect the Model 166D as soon a s  pos- 
sible after receipt. Save the packing materials until 
the inspection is complete, for these materials may be 
needed for reshipment in the event of shipping damage. 

Inspect the Model 166D for signs of physical damage 
such as an abraded panel, broken knobs, etc. If pos- 
sible, install the Model 166D in either an @ Model 
160B or 170A Oscilloscope and check the unit electri- 
cally. Refer toparagraph 6-3. If there is any damage, 
file a claim with the carrier.  Refer to the warranty 
page a t  the r ea r  of this manual. 

2-2. I N S T A L L A T I O N  

The Model 166D is a plug-in unit for @ Models 
160B and 170A Oscilloscopes. To i,nstall the Model 
166D, slide it into the front-panel openingof the oscil- 
loscope directly below the crt. Lock the unit in place 
to insure good electrical and mechanical connection. 
All necessary operating power for the Model 166D is 
supplied by the oscilloscope. To check the Model 
166D performance, refer to paragraph 6-3. 

Note 
To realize the specified accuracy of the 
Model 166D. operate it in an oscilloscope 
in which the +110 volt and -100 volt power 
supply voltages a r e  within 0.4% of their 
nominal values. 

2-3. REPACKAGlf 

SECTION 111 

G FOR SHIPMENT. 

The following is a general guide for repackaging an 
instrument for shipment. If you have any questions, 
contact your authorized Hewlett-Packard sales office. 

(1) If possible, use the original container designed 
for the instrument, 

(2) Wrap the instrument in heavy paper or plastic 
before placing it in the shipping container. 

(3) Use plenty of packing material around all sides 
of the instrument and protect panel faces with card- 
board strips. 

(4) U s e  a Heavy cardboard carton or wooden box 
to house the instrument and use heavy tape or metal 
bands to seal the container. 

(5) Mark the packing box with “Fragile”, “Delicate 
Instrument”, ‘etc. as appropriate. 

Note 

If the instrument is to be shipped toHewlett- 
Packard for service or repair, attach to the 
instrument a tag identifying the owner and 
indicating the service or repair tb be accom- 
plished. In any correspondence. identify the 
instrument by model number, serial number, 
and serial  number prefix. 

! 

: ’  

I 
I 
I 
I 

OPERATOR’S SECTION 

3-1. F U N C T I O N A L  OPERATION.  

The Model 166D is a plug-in unit for use with @ 
160B and 170A Oscilloscopes. The unit gknerates a 
linear delaying sweep which permits delay of the main 
sweep of the oscilloscope for a selected time interval 
after an input trigger. At the end of the delay period, 
the Model 166D produces a trigger pulse which either 
triggers o r  a rms  the main sweep, depending upon 
the delay function selected. The trigger is also avail- 
able a t  the front panel for external use. The sweep 
or combination of sweeps to appear on the crt is 
determined by one of four sweep selections: 1) MAIN 
SWEEP, in which the main sweep operates normally 
and drives the trace across the crt with no delay: 
2) DELAYING SWEEP, in which the delaying sweep 
drives the trace across the crt and the delayed main 
sweep appears a s  an intensified segment of thedelaying 

01227-1 

sweep: 3) MAIN SWEEP DELAYED, in which the de- 
layed main sweep drives the trace across the crt; 
and 4) MIXED SWEEP, in which the delaying sweep 
drives the trace across the crt for approximately the 
delay period, and the main sweep completes the trace. 

3-2. P R E P A R A T I O N  FOR USE. 

The Model 166D can be operated in any M d e l  160B 
o r  170A Oscilloscope. However, for rated accuracy, 
the + 110 volt and -100 volt power supply voltages in 
the oscilloscope must be within 0.4% of their nominal 
values. Check and if necessary adjust these voltages. 

To permit best use of mixed-sweep operation, the 
trace produced by the main sweep must be a given 
a8nount longer than the trace produced by the delaying 
sweep. Check the relative sweep lengths a s  follows: 

2- 1 
3- 1 



Section 111 
Paragraphs 3-3 to 3-4 

(1) On Model 166D, set  SWEEP SELECTOR to 
MIXED SWEEP, DELAY LENGTH to about 5 CM, 
DELAY FUNCTION to TRIGGER MAIN SWEEP, and 
SWEEP MODE to FREE RUN. 

Model 166D, MX-2962/USM-l05A 

(2) On oscilloscope, s e t  SWEEP MODE to PRESET. 

(3) Set DELAYING SWEEP on Model 166D to 20, 
10, 5, 2, and 1 MlLLISECOND and set  SWEEP TIME 
on oscilloscope so main sweep is in each case 100 
times faster than delaying sweep. 

(4) Observe t race on c r t  for  each combination of 
sweeps. Left half of t race should be brighter than 
right half. An increase of t race intensity at.right end 
of the t race indicates incorrect relative sweep lengths. 
Refer ,to section IV of this manual and to oscilloscope 
manual for  sweep length adjustments. 

3 -3. OPERATING P R 0 C EDU R ES 

a. FRONT-PANEL CONTROLS. - Front-panel con- 
trols and their functions are shown in figure'3-1. 
The paragraphs below expand upon the control and 
connector functions indicated in the figure. 

b. SWEEP START CONTROL. - Four front-panel 
controls affect the s tar t  of the delaying sweep. They 
include the TRIGGER SOURCE switch, TRIGGER 
LEVEL control, TRIGGER SLOPE switch, andSWEEP 
MODE control. 

The TRIGGER SOURCE switch selects the source 
of the sweep trigger: the power line (LINE), the 
signal applied to  the vertical amplifier of the oscillo- 
scope (INT), or an external signal applied to  the 
TRlGGER SOURCE I N P U T  connector (EXT AC or 
EXT DC). 

The TRIGGER LEVEL control selects the voltage 
level on the trigger signal a t  which the sweep starts.  
The control provides continuous adjustment of the 
tr igger level from about -30 volts to  about +30 volts 
on external signals and over a range equivalent to 
about six centimeters of ver t iwl  deflection on inter- 
nal trigger signals. 

The TRIGGER SLOPE switch determines whether 
the delaying sweep s tar ts  on the positive-slope or 
negative-slope portion of the trigger signal. 

The SWEEP MODE control determines whether the 
d-laying sweep requires a trigger or free runs. The 
control i s  continuously adjustable with a switched 
position a t  its counterclockwise extreme. The switched 
position, PRESET, is the best overall setting for the 
control when the trigger signal is below about 10 mc. 
This position i s  internally set  for  optimum trigger 
operation. For  trigger signals above about 10 mc, 
free-running operation may be better. In this case 
the trigger signal synchronizes the delaying sweep 
with the signal being viewed. For  very high frequency 
trigger signals, a fine adjustment of theSWEEP MODE 
and/or TRlGGER LEVEL controls may be necessary 
to stabilize the presentation on the crt. 

c. DELAY CONTROL. - The DELAY FUNCTION, 
DELAYING SWEEP, DELAY LENGTH, and SWEEP 
SELECTOR controls all affect the delay or the way 
the delay appears on the crt. 

The DELAY FUNCTION switch determines whether 
the Model 166D triggers or arms the main sweep a t  
the end of the delay period. With the DELAY FUNC- 
TION set to  TRIGGER MAIN SWEEP, the Model 166D 
star ts  the main sweep immediately after the delay 
period. After completing i t s  cycle, the main sweep is 
ready for  another starting trigger from theModel166D. 

With the DELAY FUNCTION set to ARM MAIN 
SWEEP, the Model 166D arms but does not s tar t  the 
main sweep a t  the end of the delay period. The main 
sweep then requires a trigger as selected by the 
TRIGGER SOURCE switch of the oscilloscope. After 
one cycle, the main sweep remains disabled until re- 
armed by the Model 166D. 

The DELAYING SWEEP switch'determines the sweep 
time of the delaying sweep whether ornot  the delaying 
sweep appears on the crt. This  sweep is the reference 
fo r  delay measurements. 

The DELAY LENGTH control determines delay 
length measured in centimeters along the delaying 
sweep. Thus the delay period is the product of DELAY 
LENGTH and DELAYING SWEEP settings. 

The SWEEP SELECTOR determines the horizontal 
presentation on the crt. There a r e  four options: 

(1) MAIN SWEEP. - The oscilloscope operates 
normally: the main sweep drives the trace across 
the crt; and there is no delay. 

(2) DELAYING SWEEP. - The delaying sweep 
drives the t race across the crt .  The main sweep is 
triggered (or  armed) a t  the end of the delay period, 
and the time interval of the main sweep is indicated 
by a brightened segment on the crt display. 

(3) MAIN SWEEP DELAYED. - The main sweep 
drives the trace across the crt after thedelay period. 
The display on the c r t  is the expansion of the brightened 
part of the delaying sweep display. 

(4) M!XED SWEEP. - The delaying sweep drives 
the t r x e  for  the delay period, after which the main 
sweep starts.  The trace i s  then driven by the sweep 
which is farther along in i t s  cycle. To drive the t race 
during any part of the display, then, the main sweep 
must be fast enough to  pass the delayingsweep before 
the delaying sweep drives the trace off the right-hand 
side of the c r t  screen. (There is a display on the crt 
even though the main sweep is slower than the de- 
laying sweep, but it is not usable.) Since there is some 
delay beyond that indicated by the DELAY LENGTH 
control, total delay shoald be read from the crt. 

3-4. GENERAL O P E R A T I N G  NOTES. 

a. DELAYED TRIGGER OUTPUT. - The delayed 
trigger available a t  the front-panel DEL. TRIG. 
OUTPUT connector coincides with the trigger signal 

. 

. 
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Model 166D. MX-2962/USM-l05A 

applied internally to the main sweep generator of the 
oscilloscope. The delay indicated by the DELAY 
LENGTH control and DELAYING SWEEP switch is 
the time interval between the s tar t  of the delaying 
sweep and the delayed trigger regardless of whether 
the main sweep is triggered or armed. Thus the 
delayed trigger can be used as an accurately delayed 
trigger for external circuits, as a timing pulse, etc. 
regardless of the delay function selected. 

b. DELAY FUNCTION. - The DELAY FUNCTION 
determines whether the main sweep is triggered or 
armed a t  the end of the delay period. The TRIGGER 
MAIN SWEEP function is intended for  actual delay 
measurements. Since the main sweep s tar ts  a t  the 
end of the delay period, the DELAY LENGTH dial 
indicates the delay between the s tar t  of the delaying 
sweep and plain sweep. Additional delay can be 
measured along the delayed main sweep, and high 
resolution is possible when main-sweep speed is high 
compared to delaying-sweep speed. However, the 
oscilloscope delays the vertical signal before applying 
it to the c r t  (refer to  the oscilloscope manual); this 
delay should be accounted for when using the fastest 
delaying and main sweeps. 

The ARM MAIN SWEEP function effectively elimi- 
nates jitter between the trigger for the delaying sweep 
a i d  the trigger for  the main sweep because the main 
sweep is armed only, not started, at the end of the 
delay period. An additional trigger starts the main 
sweep, and this trigger need not be synchronized with 
the delaying sweep. For example, if there is pulse- 
to-pulse jitter in a train of pulses, i t  is possible to 
trigger the delaying sweep with one pulse and trigger 
the main sweep with the first  pulse to occur after the 
delay period. The signal immediately following the 
main-sweep trigger pulse can then be observed jitter- 
f ree  even though i t  is not synchronizd with the de- 
laying-sweep trigger. In the ARM MAIN SWEEP 

Section 111 
Paragraph 3-5 

function, the DELAY LENGTH dial indicates mini- 
mum possible delay. Actual delay must be read from 
the crt. 

c. SWEEP SELECTION. - There are three combi- 
nations of delaying and delayed main sweeps. DE- 
LAYING SWEEP permits selection of delay and main 
sweep time prior to selection of thedelayed presenta- 
tion, for the time relationship of the delayed main 
sweep to the delaying sweep is indicated by a brightened 
segment on the c r t  display. The brightened segment 
then can be positioned with the DELAY control and 
lengthened or shortened with the oscilloscope SWEEP 
TIME switch to cover just that part of the display to 
be examined in detail. 

MAIN SWEEP DELAYED provides the delayed pre- 
sentation. The display is the brightened segment of 
the delaying sweep expanded to  the full ten centimeters 
of the c r t  horizontal axis. 

MIXED SWEEP permits both slow and fast sweeps 
to  appear along the same trace. The delaying sweep 
is the slow sweep and s t a r t s  a t  the left side of the 
crt. The main sweep is the fast sweep and takes 
over from the delaying sweep a t  a point determined 
by the DELAY LENGTH setting and difference in 
sweep speeds. Thus, fo r  example, a train of pulses 
can be observed on the left side of the crt on the slow 
part  of the trace while a single pulsecan be examined 
in detail on .the right side of the c r t  on the fast part  
of the trace. 

3-5. S U M M A R Y  OF OPERATING PROCEDURE. 
Figures 3-2 through 3-5 give operating instructions 

for  the Model 166D. These instructions supplement 
the operating instructions given in the oscilloscope 
manuals. Instructions are given step by step, and 
each step is numbered. Controls to  which a step 
refers  a r e  keyed by the same number as the step. 

SELECT DELAY LENGTH 
IN CENTIMETERS OF 
DELAYING SWEEP SELECT DELAYING SWEEP 

TIME 

SELECT TRIGGERED OR 
ARMED MAIN SWEEP 

OBTAIN DELAYED TRIOGER 
FOR EXTERNAL USE 

SECURE UNIT IN PLACE 
ADJUST LEVEL OF TRIG- 
GER POINT ON TRIGGER 

SELECT HORIZONTAL SIGNAL 
PRESENTATION ON CRT 

SELECT SLOPE OF TRIG- 
GER SIGNAL AT TRIGGER 

CONNECT EXTERNAL POINT 
TRIGGER SIGNAL 

SELECT TRIGGERED OR 
FREE-RUNNING SWEEP 

SELECT TRIGGER SOURCE 

Figure 3-1. Front Panel Controls and Comectors 
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I 

1. Set SWEEP SELECTOR to DELAYING SWEEP. 

2. Set TRIGGER SOURCE a s  desired. If external 
triggering is used, connect trigger signal to 
INPUT. 

3. Set TRIGGER SLOPE for triggering on positive 
o r  negative slope of trigger signal a s  desired. 

4. Se t  SWEEP MODE to PRESET. 
5. Set TRIGGER LEVEL to 0. 

6. Set DELAYING SWEEP to desired sweep time. 

7. Reset TRIGGER LEVEL to s tar t  trace at  de- 
sired signal level. It may be necessary to 
switch SWEEP MODE from PRESET and se- 
lect a better setting for the particular signal 
being viewed. 

The  position and length of the intensified segment 
of the trace depends upon DELAY LENGTH and os- 
cilloscope SWEEP TIME settings. 

Figure 3-2. Delaying Sweep 

. I  
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Figure 3-3 
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1. Set DELAY FUNCTION to TRIGGER MAIN 
SWEEP. 

2. Set SWEEP SELECTOR to DELAYING SWEEP. 

3. Set SWEEP MODE on oscilloscope to PRESET. 

4. Trigger delaying sweep a s  desired. See De- 
laying Sweep. 

5. Set DELAYING SWEEP to desired sweep time. 
Delayed main sweep appears a s  intensified 
segment 0.7 delaying sweep. 

6. Sec DELAY LENGTH for desired delay. 
7. Set SWEEP TIME so intensified segment in- 

cludes that part of signal you want to see on 
delayed main sweep. 

8. Set SWEEP SELECTOR to MAIN SWEEP 
DELAYED. 

Figure 3-3. Main Sweep - Delayed and Triggered 
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Figure 3-4 

1. Set DELAY FUNCTION to ARM MAIN SWEEP. 

2. Set SWEEP SELECTOR to DELAYING SWEEP. 

3. Trigger delaying sweep as desired. See De- 
laying Sweep. 

4. Set DELAYING SWEEP to desired sweep time. 

5. Main-sweep-armed indicator lights at end of 
.delay period indicating main sweep can sweep. 
A f t e r  sweep, indicator goes out, and main sweep 
is disabled until rearmed by delaying sweep. 

6. Trigger main sweep as desired. Delayed main 
sweep appears as intensified segment on de- 
laying sweep. 

7. Set DELAY LENGTH for desired delay. 

8. Set SWEEP TIME so intensified segment in- 
cludes that part of signal you want to see on 
delayed main sweep. 

9. Set SWEEP SELECTOR to MAIN SWEEP 
DELAYED. 

~~~ ~ 

Figure 3-4. Main Sweep - Delayed and Armed 
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1. Set SWEEP SELECTOR to MIXED SWEEP. 5. Set DELAYING SWEEP to desired sweep time. 
2. Set DELAY FUNCTION to TRIGGER MAIN 

SWEEP. 6. Set SWEEP TIME to desired sweep time (faster 
than delaying sweep). 3. Set SWEEP MODE on oscilloscope to PRESET. 

4. Trigger delaying sweep a s  desired. See De- 
laying Sweep. is not calibrated.) 

7. Set DELAY LENGTH todesireddelay. (Delay 

Figure 3-5. Mixed Sweep 
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Figure 3-6 
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1. Set 166D SWEEP MODE toTRIGGER (just out 
of preset). 

2. Set 166D DELAY .FUNCTION to ARM MAIN 
SWEEP. 

3. Set 166D SWEEP SELECTOR toMALN SWEEP 
DELAY ED. 

4. Set 160B/170A TRIGGER SOURCE according 
to trigger signal used. 

5. Set 160B/170A TRIGGER SLOPE and TRIG- 
GER LEVEL a s  desired. 

6. To arm sweep, switch 160B/170A SWEEP 
MODE to TRIGGER and back to PRESET. 

7. ARM MAIN SWEEP indicator on 166D should 
light. 

8. Repeat step 6 to re-arm sweep after each 
trigger. 

Figure 3-6. Single Sweep 
3-0 01227-1 
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S E C T I O N  I V  
P R I N C I P L E S  OF 

4 -1. 0 VER ALL FUN CTI 0 N A 1 DES CR I PTlO N 

The Model 166D provides the @I Model 160B and 
170A Oscilloscopes with delayed sweep operation. 
The unit inserts a known amount of delay, which cari 
be selected at the front panel, between a reference 
trigger and the start  of the main sweep generated by 
the oscilloscope. The Model 166D itself consists of 
a sweep generator and a delayed-trigger generator 
a s  shown in figure 4-1. The sweep generator gen- 
erates a linear voltage ramp, the delaying sweep, 
which i s  applied to the delayed-trigger generator. 
The delayed-trigger generator generates a trigger 
a t  the end of the delay period selected at the front, 
panel and delivers the trigger to the main sweep gen- 
erator  of the oscilloscope, which then provides the 
delayed sweep. 

4-2. SWEEP GENERATOR. 

A block diagram of the delaying sweep generator is 
shown in figure 4-2. In addition to the actual sweep 
generating circuits (V5, 7, 9, 10, and 13) the sweep 
generator contains amplifying and shaping circuits 
( V I  and 4) and gating circuits(V8). The amplifying 
and shaping circuits provide adequate triggering of 
the sweep circuits, and the gating circuits provide 
unblanking to the crt. 

O P E R A T I O N  

a. AMPLIFIER AND TRIGGER GENERATOR. - 
The input or. reference trigger is applied to one grid 
of amplifier V1, a differential amplifier, and a dc 
signal from the TRIGGER LEVEL control is applied 
to the other grid. The output of the amplifier is a 
single-ended' signal which is proportional to the instan- 
taneous difference between the trigger and dc signals. 
A s  shown in the figure, the TRIGGER SLOPE switch 
reverses the trigger and dc signals when switched 
from one polarity position to the other. The switch 
thereby determines the phase between the trigger 
signal and the output of the amplifier. With the switch 
set to +. theoutput ofamplifiCrV1 is 1800 out of phase 
with the trigger signal; with the switch set to -, the 
output of the amplifier is in  phase with the trigger 
signal. 

The output of amplifier V1 must be negative-going 
an& must cross  the +llO-volt level to start  a sweep. 
Since the output of the amplifier is proportional to the 
difference between the trigger signal and the dc value 
selected by the  TRIGGER LEVEL control, t he  point 
on the trigger signal at which the amplifier output is 
+110 volts depends upon the setting of the control. 
Thus the TRIGGER LEVEL control permits selection 
of the voltage level which the trigger signal must cross  
to start  a sweep. 

TRIGGER SIGNAL 

0 ITRIGGER SOURCE 1 
/ 

DELAYED 
TRIGGER 

G E N  ERATOR GENERATOR 

\ \  
. \ \ b I SWEEP MODE 1 

\ \  

', b I DELAYING SWEEP 1 
0 I SWEEP SELECTOR 1 \ 

Figure 4-1. Overall Block Diagram 
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Figure 4-2 

UNBLANKING 

OSClLLOSCOPE 

UNBLANKING GATE 
TO OSCILLOSCOPE 

, SWEEP 
RESISTOR fl*:i:: 

INTERNAL 

SIGNAL 

osc. 

p SWEEP . CAPACITOR 

6.3VAC FROM 
OSClLLOSCOPE 

SWEEP 
OUTPUT 
CATHODE 

FOLLOWER 

DELAYING 
SWEEP TO CATHODE FOLLOWER 

FOLLOWER V I  OB 

_ _ _ _ _ _ _  J *50v -5OV t DE LAY ED 
TRIGGER 
GENERATOR 

. - ~  . ' CAPACITOR & FROM 
\ OSCILLOSCOPE 

4 ' 'q-I '\ 
- 6 0 V  \ 

\ 
AMPL. ' IN OSC. 

7,- 

0 

0 

Figure 4-2. Delaying Sweep Generator 
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The signal from amplifier V1  is applied to trigger 
generator V4, a schmitt trigger with narrow hysteresis 
limits. (See paragraph 4-4 for a discussion of schmitt 
triggers.) Provided the signal crosses both hysteresis 
limits, the trigger generator switches back and forth 
between its two stable states, generating positive- 
going and negative-going voltage steps at  i ts  output. 
These steps a r e  differentiated to form short pulses 
and applied a s  triggers to gate generator V5/V7A. 
Only the negative triggers are used, and CRl reduces 
the amplitude of the positive triggers. 

b. SWEEP GENERATOR. - Gate generator VS/V7A 
is a schmitt trigger with wid? hysteresis limits. 
Between sweeps, the A section of bias control cathode 
follower V13 holds the bia.3 at  the input of the gate 
generator close to the lower hysteresis limit. A 
positive trigger from trigger generator V4 has no 
effect, but a negative trigger drives the input to the 
gate generator below the lower hysteresis limit and 
causes the gate generator to switch. 

When it switches, gate generatorVS/V7A provides a 
positfve and negative gate. The positive gate is applied 
to the high voltage power supply in the oscilloscope 
to unblank the crt beam. The negative gate is applied 
to diode CR3 to start  the sweep. Pr ior  to the gate, 
CR3 had been- forward biased. and had been holding 
the input to integrator V9 at  about -2 volts. The 
negative gate reverse biases the diode and frees the 
integrator input. 

Once freed, the input to the integrator starts going 
more negative, for it is connected to -100 volts 
through the sweep resistor. Integrator V9 amplifies 
and inverts its input and produces a large, positive- 
going output which is applied back to the input through 
sweep output cathode follower VlOA and the sweep 
capacitor. A s  a result, the input to the integrator 
changes by about 0.5 vol: during sweep time. The 
voltage across the sweep resistor therefore changes 
about 0.5% during sweep time, and the current through 
the resistor changes by the same percent. Since the 
cutrent through the sweep resistor is the charging 
current for the sweep capacitor, the voltage across 
the sweep capacitor changes quite linearly with time, 
and the sweep signal is a nearly linear voltage ramp. 
T h e  DELAYING SWEEP switch changes the value of 
the sweep resistor o r  capacitor to change sweep time. 
The sweep output is’ applied to the delayed-trigger 
generator and to the SWEEP SELECTOR switch. 

An attenuated sweep signal is applied to the input 
of gate generator V5/V7A through cathode follower 
VlOB and the B section of bias control cathode follower 
V13. This  signal drives the input of the gate gener- 
ator to the upper hysteresis limit and causes the 
gate generator to switch back to its pre-sweep state. 
The  gate generator then ends the gates, removing 
its unblanking signal from the crt and forward biasing 
CR3. T h e  diode then returns the input to integrator 
V9 to its pre-sweep level, resetting the sweep. 

During sweep time, cathode follower VlOB charges 
a hold-off capacitor. After the sweep ends, this 
capacitor lets the input to gate generator V5/V7A 
down slowly enough to prevent that circuit from being 

01227-1 

triggered again until the remaining sweep circuits 
have recovered. The DELAYING SWEEP TIME switch 
changes the size of the hold-off capacitor with sweep 
time. 

Clamp V7B insures that each sweep s tar ts  from the 
same voltage level, about -50 volts. 

The SWEEP MODE control determines the pre- 
sweep bias at  the input to gate generator V5/V7A by 
setting the bias on the A section of bias control cathode 
follower V13. With the control set  to PRESET o r  
i n  the TRIGGER portion of its adjustable range, the 
gate generator bias cannot drop below its lower 
hysteresis limit unless trigger generator V4 provides 
a trigger. However, with the. SWEEP MODE control 
set  in  the FREE RUN part of i ts  range, the gate gen- 
erator bias can drop below its lower hysteresis limit. 
Thus a s  the hold-off capacitor discharges, it lets the 
gate generator bias fall to the lower hysteresis limit, 
and another sweep s tar ts  automatically. 

c. SWEEP SELECTION. - The SWEEPSELECTOR 
switch determines the way the delaying and main 
sweeps appear on the crt. With the switch set  to 
MAIN SWEEP, the delaying sweep generator is dis- 
abled by the fixed bias applied to gate generator 
V5/V7A, the main sweep from the oscilloscope is 
routed back to the horizontal amplifier of the oscillo- 
scope, and the main unblanking gate from the oscillo- 
scope is applied back to the oscilloscope through gate 
out cathode follower V8B. 

With the SWEEP SELECTOR set to DELAYING 
SWEEP, the delaying sweep generator operates nor- 
mally, the delaying sweep is applied to the horizontal 
implifier in  the oscilloscope, and the main sweep is 
disconnected. The unblanking gates from the delaying 
sweep generator and the main sweep generator in the 
oscilloscope a r e  mixed in the common cathode circuits 
of V8. The delaying sweep unblanking gateis reduced 
i n  amplitude by R110, and a s  a result, the main un- 
blanking gate appears a s  a pedestal on top of the de- 
laying sweep unblanking gate. The  pedestal brightens 
the trace on the c r t  during the time of the ddayed 
main sweep. 

With the SWEEP SELECTOR set to MAIN SWEEP 
DELAYED, the delaying sweep generator operates 
normally, but the delayed main sweep is  applied to 
the horizontal amplifier in the oscilloscope. The 
main unblanking gate is applied to the oscilloscope, 
and the delaying sweep unblanking gate is disconnected. 

With the SWEEP SELECTOR set to MIXEDSWEEP, 
the delaying sweep is applied to the horizontal ampli- 
fier in  the oscilloscope, and the delayed main sweep 
is applied to the anode of diode CR5. T h e  cathode of 
CR5 is connected to the delaying sweep output. There- 
fore the delaying sweep signal is  applied to the oscil- 
loscope a s  long a s  the delaying sweep is more positive 
than the delayed main sweep. When the main swe’ep 
becomes the more positive signal, CR5 becomes for- 
ward biased, and the main sweep is applied both to 
the  oscilloscope and to gate generator V5/V7A. Thus  
the main sweep completes the trace on the c r t  and 
terminates the delaying sweep a s  well. 
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Paragraph 4-3 

4-3. DELAYED TRIGGER GENERATOR. 

a. DELAYED TRIGGER. - Thedelayed-trigger gen- 
erator is shown in figure 4-3. The signal applied 
to cathode follower V14A is the algebraic sum of the 
delaying sweep signal and a dc voltage selected by 
the DELAY LENGTH control. The delay period is 
the time required for the delaying sweep to make the 
sum equal to about zero volts. A s  long a s  the sum 
is negative, the cathode of V14A is negative. Diode 
CR6 is therefore forward biased and holds the junction 
of CR6 and CR7 negative. Diode CR7 and transistor 
Q1 are then cut off. A s  the sweep progresses, the 
algebraic sum of the sweep and delay voltage ap- 
proaches zero volts, the cathode of V14A goes positive, 
and the junction of CR6 and CR7 also goes positive. 
Diode CR7 then becomes forward biased, and current 
flows into the emitter of Q1. A s  the delaying sweep 
continues, CR6 becomes reverse biased and discon- 
nects CR7 from the output of cathode follower V14A. 

A s  Q1 starts to conduct, it  produces a positive- 
going signal a t  i ts  collector. The positive-going 
signal is applied to delayed trigger generator V15. 
a schmitt trigger, which then switches states and 
produces a positive voltage step a t  its output. The 
step is differentiated into a short pulse and applied 
to phase inverter V14B. The phase inverter provides 
both positive and negative pulses. The positive pulse 
is applied to the DELAY FUNCTION switch and to 
the front-panel DEL. TRIG. OUTPUT connector. 
The negative pulse is applied only to the DELAY 
FUNCTION switch. 

b. DELAY FUNCTION. - The DELAY FUNCTION 
switch selects either the positive o r  negative pulse 
from phase inverter V14B and applies the pulse to 
bias control cathode follower V113A in the sweep 

Model 166D, MX-2962/USM-l05A 

E+ E +  

c I 

OUTPUT .m 
Figure 4-4. Simplified Schmitt Trigger and Waveform 

generator of the oscilloscope. In addition, the DELAY 
FUNCTION determines the type of operation of the 
main sweep generator. With the DELAY FUNCTION 
se t  to TRIGGER MAIN SWEEP, the main sweep gen- 
erator operates normally, and the negative pulse from 
phase inverter V14B starts the main sweep. 

DELAY FUNCTION 

4 

DELAY 

OSCILLOSCOPE 

DELAYED PHASE 
4w RIGGER TO FOLLOWER 

V14A 
R 6 9  

2M 

DELAYING + 
SWEEP 

(POSITION OF RAMP 
DEPENDS UPON DELAY LENGTH) 

Ro < 
DEL. TRIG. OUTPUT 

Figure 4-3. Delay Trigger Generator 
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When set to ARM MAIN SWEEP, theDELAY FUNC- 
TION switch converts V113 in the oscilloscope sweep 
generator to a schmitt trigger, thereby setting the 
main sweep generator for single-sweep operation. 
The positive pulse from phase inverter V14B sets 
the schmitt trigger circuit of V113 to a rm the main 
sweep generator, which then produces a sweep when 
triggered through the triggering circuits of the oscil- 
loscope itself. 

4-4. SCHMITT TRIGGER. 

The schmitt trigger circuit is a form of bi-stable 
multivibrator used where fast-rising signals a r e  
required. Figure 4-4 shows a simplified schmitt 
circuit and input and output waveforms. If initially 
the input voltage is such that V1 is cut  off, V2 con- 

Section IV 
Paragraph 4-4 

ducts. A s  the input voltage becomes more positive, 
it will eventually reach a predetermined level (a) a t  
which the circuit changes state; V1 conducts and V2 
is cut off. If the input voltage then goes negative, the 
common cathode potential decreases and V2 grid goes 
positive. When the input reaches a second predeter- 
mined level (b), V2 conducts and the circuit switches 
back to its initial state. The output of the circuit 
is a voltage step, either posifive or negative depending 
upon the slope of the input. In the case of trigger 
generator V4, a differentiating network differentiates 
the voltage steps into short: pulses. 

The input voltage levels a t  which a schrnitt trigger 
switches a r e  the hysteresis limits. Note that the 
circuit does not switch unless the input crosses 
both limits. 
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SWEEP DELAYED - TRIGGER 
GENERATOR GENERATOR 

- 

I I 
I 

Required Characteristics 

I ,  
i 

Recommended 
Instrument Use  

S E C T I O N  V 

T R O U B L E S H O O T I N G  

Voltage Range: 1 volt to 400 volts 

Accuracy: 3% 

Input Resistance: 100 megohms 

Resistance Range: 10 ohms to 
10 megohms 

5 -1. IN T R 0 D U  CT IO N . 
The procedure for troubleshooting the Model 166D 

is divided into two categories: (1) overall or system 
troubleshooting and (2) sectional troubleshooting. 
For  the purpose of system troubleshooting, the Model 
166D is considered to be a system; the oscilloscope 
is not included. The Model 166D is divided into the 
three sections shown in figure 5-1. System trouble- 
shooting procedurb  isolate troubles to one of the 
sections, and sectional troubleshooting procedures 
isolate troubles within the sections. 

5-2. TEST EQUIPMENT, 

The voltmeter-ohmmeter indicated in table 5-1 is 
the only external test equipment required for trouble- 
shooting the Model 166D. The oscilloscope in which 
the Model 166D is installed can be used to obtain 
w-veforms where called for. 

5-3. SYSTEM TROUBLESHOOTING.  

Before starting the system troubleshooting, visually 
check the Model 166D for such items a s  loose or broken 
parts, cold solder joints, etc. Following the visual 
inspection, proceed to the system troubleshooting 
procedure given in table 5-2. When a faulty section 
is located, check the section for obvious troubles. 
In many cases instrument failure is due toa defective 
electron tube. The instrument can then be returned 
to service by replacing the tube and checking the 
calibration of the particular circuit repaired. Table 

Voltage and resistance mea- ME-25A/U 
surements or . 

@ 410B 
o r  

@ 4.12A 

lnst&ment Type 

I ,  
i 

DC Voltmeter/ 
Ohmmeter 

RO 

Figure 5-1. Functional Block Diagram 

6-6 lists the adjustment required following replace- 
ment of tubes, transistors, and diodes. If the trouble 
in the faulty section is not obvious, proceed to the 
appropriate sectional troubleshooting table. 

5-4. SECTIONAL TROUBLESHOOTING.  ' 

Tables 5-3, 5-4, and 5-5 provide procedures for 
sectional troubleshooting. The test points called out 
in the tables a r e  located in figure 5-2 and are shown 
on the schematic diagrams, figures 6-2 and 6-3. 
Voltage and resistance diagrams a r e  given in figures 
5-6 and 5-7. 

5-5. L O C A T I O N  OF PARTS. 

Figures 5-3, 5-4, and 5-5 show locations of assem- 
blies and components not called out in the instrument 
itself. These assemblies and components a r e  called 
out by reference designation and cross-referenced 
in table 7-1. 

Table 5-1. Test Equipment for Troubleshooting 
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Table 5-2 and Figure 5-2 

Table 5-2. System Troubleshooting 

Model 166D, MX-2962/USM-l05A 

- 
Step 

1 

- 
2 

- 
3 

- 

Preliminary Action 

Set SWEEP SELECTOR to MAIN 
SWEEP and check oscilloscope 
for proper operation. Refer to 
oscilloscope manual. 

Set SWEEP SELECTOR to DE- 
LAYING SWEEP, DELAY 
LENGTH to about 4 CM, DE- 
LAY FUNCTION to TRIGGER 
MAIN SWEEP, DELAYING 
SWEEP to .5 MILLISECONDS/ 
CM, and SWEEP MODE to 
FREE RUN. 

On oscillosc6pe set SWEEP 
MODE to PRESET and 
SWEEP TIME t o .  1 MILLI- 
SECONDS/ CM. 

Set SWEEP MODE to PRESET. 
On oscilloscope set CALI- 

BRATOR to .5, and connect 
VOLTS terminal of calibrator 
to trigger INPUT of Model 166D. 

Nor ma 1 Indication I Next Step I 
Oscilloscope operates normally If necessary, troubleshoot 

oscilloscope. Refer to 
oscilloscope manual. 

If oscilloscope operates 
normally, proceed to 
step 2. 

Delaying sweep appears on crt 
with 2-cm brightened segment 
approximately centered on 
trace. 

If indication is normal, 
proceed to step 3. 

If neither delaying sweep nor 
brightened segment appears, 
check delaying sweep gen- 
erator. Refer to table 5-4. 

If brightened segment does 
not appear, check delay 
trigger generator. Refer 
to table 5-5. 

Delaying sweep appears on crt 
with 2-cm brightened segment 
approximately centered on 
trace. 

If indication is normal, al l  
circuits are functioning. 
Check instrument perform- 
ance as instructed in 
section VI. 
If no sweep appears, refer 

to table 5-3. 

Figure 5-2. Location of Test  Points 
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Observe waveform at test 
point A1 

Table 5-3. Delaying Sweep Trigger Circuits Troubleshooting 

Square wave about 2.5 volts 
peak-to-peak. 

1 .I 

I 

Normal Indication 

I 

I 
I 

Next Step 

! 
! ., 

i '  

I 

- 
Step 

1 

Test 
Point e- 

@ 

Preliminary Action 

Set TRIGGER SOURCE to EXT 
AC, TRIGGER LEVEL to 0, 
and SWEEP SELECTOR to 
MAIN SWEEP. 

On oscilloscope, set CALI- 
BRATOR to .  5, SWEEP TIME 
to .5 MILLISECONDS/CM, 
TRIGGER SOURCE to INT, 
SWEEP MODE to PRESET. 

Connect VOLTS terminal of 
CALIBRATOR to INPUT of 
Model 166D. 

Observe waveform at test point 
A on oscilloscope. Use  probe 
and set vertical sensitivity for 
adequate deflection on crt. 
Some adjustment of TRIGGER 
LEVEL controls may be 
necessary. 

I 
Observe waveform at test 
point B2 

Normal Indication 

A s  indicated on schematic 
diagram, figure 6- 2 

Positive and negative pulses 
about 2 volts and 5 volts 
peak respectively. 

Table 5-4. Delavina Sweer, Generator Troubleshooting 

Test I Preliminary Action Point 

Set DELAYING SWEEP to 
1 SECOND/CM and SWEEP 
MODE to FREE RUN. 

Section V 
Tables 5-3 and 5-4 

Next Step 

If indication is normal, 

If no signal is present, 
proceed to step 2. 

proceed to step 3. 

If indication i s  normal, 
delaying sweep trigger 
circuits a r e  operating 
properly. 

If pulses a re  low in 
amplitude, check C l l ,  
CRl, R25, L3. 

If pulses have nearly 
equal amplitude, 
check CRl. 

If indication is normal, 
check V4 circuit. 

If signal is low in ampli- 
tude, check V1 circuit. 

Voltage should cycle a s  shown 
on schematic diagram, 
figure 6-2, every 10 seconds 

If indication is normal, 
sweep generator is  
operating. Check V8 if 
delaying sweep still 
does not appear on crt. 

If voltage remains nega- 
tive, proceed to step 2. 

If voltage remains posi- 
tive, proceed to step 3. 
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Table 5-5 and Figure 5-3 

Preliminary Action est 

Model 166D. MX-2962/USM-l05A 

Normal Indication Next Step I 

Step 

2 
- 

1 

3 

- 

A s  indicated on schematic 
diagram. 

- 
Test 
Point - 
@ 
@ 

a 
@ 

thru 

thru 

- 

Check first circuit 
giving incorrect 
waveform. 

Table 5-4. Delaying Sweep Generator Troubleshooting (Cont’ d) 

Preliminary Action 

Measure voltages at test 
points B1 through B9. 

Set SWEEP MODE to 
12 o’clock. 

Measure voltage at test 
points Bg and Bg. then 
B1 through B7. 

Table 5-5. 

Normal Indication 

Voltages at B3 and B4 should beat more 
positive value shown on schematic dia- 
gram. Voltage at B5 should be at more 
negative value. Other voltages should be 
progressing toward end-of-sweep value. 
Since sweep i s  inoperative, these voltages 
may have progressed beyond end-of- 
sweep values. 

Voltages a t  B3 and B4 should be at more 
negative value shown on schematic dia- 
gram. Voltage a t  B5 should be at more 
positive value. Voltages at B6 and B7 
should be at presweep levels. Since volt- 
age a t  B i s  at most positive extreme, 
voltages at and B9 should also be at 
positive extreme. 

d a y  Trigger Generator Troubleshooting 

Next Step I 
Check first circuit I 

incorrect indication. 

SWEEP, DELAY LENGTH to about 
4 CM, DELAYING SWEEP to 50 
MICROSECONDS/CM, and SWEEP 
MODE to FREE RUN. 

Observe waveform at test point C. 
U s e  probe and set vertical sensi- 
tivityafor adequate deflection on crt. 

C1 through C4. 
Observe waveforms at test points 

Positive pulse about 15 volts 
peak a s  shown on schematic 
diagram. Pulse position 
shifts with DELAY LENGTH 
setting. 

If indication is normal, 
delay trigger gener- 
ator is operating 
properly. 

proceed to step 2. 
If pulse does not appear, 

R 4  l i C3 C32 I C31 I 
Figure 5-3. Location of Parts, Right Side View 
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Model 166D, MX-2962/USM-I05A Section V 
Figures 5-4 and 5-5 

Figure 5-4. Location of Parts, Top View 

/ * '  

A 2  

J 2  C37 C 2  R 6 0  R 5 9  S3 

Figure 5-5. Location of Parts, Bottom View 
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Section V 
Figure 5-6 

Model 166D, MX-2962/USM-l05A 
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1.5V 
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-5OV + 4 5 V  t 4 0 V  -5OV -2OV 
I5 K 
-1.7V - 7 V  + 9 5 v  
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26 K 
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/ h ,  
/- 
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.I 
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V 8  // 

+ I S V  +l lOV +l lOV 

- I I V  tsov - ISV + 51v 
19 K. 
* l l O V  t 6 . 3 V  
2 5  K 

h h 

5-6 

NOTES ' 
VOLTAGES MEASURED WITH CONTROLS SET AS FOLLOWS: 

SWEEP SELECTOR DELAYING SWEEP 
I SEC/ CM DELAY LENGTH 

MAIN SWEEP (160B OR l7OA) .5 SEC/ CM 
PRESET SWEEP MODE 

TRIGGER SLOPE - 
TRIGGER LEVEL ccw 

TRIGGER SWEEP BY ROTATING TRIGGER LEVEL TO + ,  
THEN FULL CCW. 

RESISTANCE MEASURED WITH 166D REMOVED FROM 
OSCILLOSCOPE. 

THE TWO VOLTAGE FIGURES GIVEN FOR V 4  REPRESENT 
TYPICAL VOLTAGE LEVELS IN  EITHER STATE OF THE 
SCHMITT TRIGGER CIRCUIT. 

THE TWO VOLTAGE FIGURES GIVEN FOR OTHER TUBES 
REPRESENT TYPICAL SWEEP LIMITS. 

Figure 5-6. Sweep Generator, Voltage and Resistance Measurements 

, 
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Model 166D, MX-2962/USM-l05A Section V 
Figure 5-7 
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NOTES 
)c -25V  TO -6OV DEPENDENT ON POSITION OF SWEEP 

MODE 

+*-3V TO -5OV .DEPENDENT ON DELAY LENGTH 

Figure 5-7. Delayed Trigger Generator, Voltage and Resistance Measurements 
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Sxtion VI 
Table 6-1 

Precision 
Dc Voltmeter 

Wide Range 
Oscillator 

DC Voltmeter 

Time Mark 
Generator 

Model 166D, MX-2962/UsM-l05A 

Voltage range: 100 to 110 volts 

Accuracy: . 2% @ 405A/B/C 

Adjust low voltage power 
supply in oscilloscope 

Frequency range: 1 kc to 600 kc Signal source for sweep AN/USM-30 
length adjustments or  

Output: 10 volts into 600 ohms @I 200CD 

Voltage range: 1 to 100 volts Measure voltage for ME-25A/U 
SWEEP MODE PRESET o r  

o r  
Accuracy: 3% adjustment @I 410B 

Input impedance: a t  least 10 megohms ($3 412A 

Markers interval: 1 microsecond to Check delay time accuracy Tektronix 180A 
5 seconds and linearity 

Accuracy: 0.05% 

Table 6-1. Test Equipment Required for Service and Repair 

Instrument 
Type 

Required Characteristics Use I 'Model 

6-0 01227-1 



Model 166D. MX-2962/USM-l05A 

Read 
Indication On Step Preliminary Action 

1 Connect VOLTS terminal of calibrator to vertical INPUT Oscilloscope 
and to Model 166D trigger INPUT. 

2 Switch TRIGGER SOURCE to EXT and CALIBRATOR Oscilloscope 
to .5. 

section VI 
Paragraphs 6-1 to 6-3 

Performance Standard 

Sweep triggered without 
jitter. 

Sweep triggered without 
jitter. 

S E C T I O N  V I  

SERVICE A N D  REPAIR 
6 A  PREVENTIVE M A I N T E N A N C E  

6-1. I N T R O D U C T I O N .  of the Model 166D withaut loss of accuracy, periodi- 
cally check the +110 volt and -100 volt power supply 
voltages in the 160B and 170A Oscilloscopes in which 
the Model 166D is to be used, and maintain the output 
of these supplies within 0.4% of their nominal values. 

No preventive maintenance is requiredfortheMode1 
166D Delay Generator except an occasional visual in- 
spection. However, to preserve the interchangeability 

66 PERFORMANCE STANDARDS 

6-2. TEST EQUIPMENT.  Note 

Test equipment required for the performance check 
a i d  adjustmentoftheModel166Dislistedin 'table 6-1. 
Equipment of equivalent characteristics may be sub- 
stituted for those listed. 

6-3. PERFORMANCE CHECKS. 

Performance checks for the Mcdel 166D. plugged 
into an @ Model 160B or Model 170A Oscilloscope, 
are given in tables 6-2, 6-3, and 6-4. 

The delay time accuracy of the Model 
166D depends on the +110 and -100 volt- 
ages supplied by the oscilloscope. These 
voltages should be adjusted to within 
0.4% of their normal values before per- 
formance checks or adjustments a r e  
made. Refer to the oscilloscope Oper- 
ating and Servicing Manual for adjust- 
ment procedure. 

Table 6-2. Trigger Sensitivity 

@I608 OR q I ? O A  
osclLLosc PE 

I I I 

OSClLLOSCOPE : 
VERTICAL SENSITIVITY TO I volT/CM 
VERNIER TO CALIBRATED 
SWEEP TIME TO 1 MILLISECOND/CM 
CALIBRATOR TO .2 

MODEL 166D: 
TRIGGER LEVEL TO 0 
TRIGGER SLOPE TO 4- 
SWEEP MODE TO PRESET 

10 TRIGGER SOURCE TO I N 1  

01227-1 6- 1 



Section VI 
Table 6-3 

Read 
Indication On 

DELAY 
LENGTH 
DIAL 

Table 6-3. Delaying Sweep Accuracy 

Performance Standard 

Difference between 
DELAYLENGTH 
readings must be 
9 cm +10 minor 

Model 166D, MX-2962/USM-i05A 

TEKTRONIX 180A 
TIME -MARK 
GENERATOR 

@160B OR 8 1 7 O A  
osclLLosc PE 

000000000 

000000000 
000000000 oo:h 

~ ~~~~~ 

MODEL 1660: 

SWEEP SELECTOR TO DELAYING 
SWEEP 

SWEEP MODE TO PRESET 
TRIGGER SLOPE TO + 
TRIGGER SOURCE TO E X 1  A0 
DELAY FUNCTION TO TRIGGER 

DELAY LENGTH T0:lO 
MAIN SWEEP 

OSClLLOSCOPE : 
SWEEP MODE TO PRESET 
TRIGGER SLOPE TO + 
TRIGGER SOURCE TO I N 1  
SWEEP TIME TO . I  

MICROSECONDWCM 

Preliminary Action 

Connect Time Mark Generator (1 microsecond markers) 
to Oscilloscope vert INPUT. Set Model 166D DELAYING 
SWEEP TIME to 2 microseconds and adjust trigger level 
controls for stable sweep. Adjust DELAY LENGTH to 
put brightened part of trace under third marker (approx- 
imately 1 cm). Set Sweep selector to MAIN SWEEP DE- 
LAYED and adjust DELAY LENGTH to put leading edge 
of marker at  start  of trace. Record DELAY LENGTH. 

Adjust DELAY LENGTH to put leading edge of 21st mark- 
er at  s ta r t  of trace (approximately 10 cm). Record 
DELAY LENGTH. 

Repeat for all ranges of DELAYING SWEEP TIME as  
listed in the following table. 

divisions 

Delaying Sweep 
Time/CM 

2 usec 
5 usec 

10 usec 
20 usec 
50 usec  . 1 msec 
. 2  msec 
. 5  msec 
1 msec 
2 msec 
5 msec 

10 msec 
20 msec 
50 msec 
. l  Sec 
.2  sec 
.5  sec 
1 S e c  

160B/ 170A 
Sweep Time 

.2  usec 

.5  usec 
1 usec 
2 usec 
5 usec 
10 usec 
20 usec 
50 usec 
. l  msec 
. 2  msec 
.5 msec 

1 msec 
2 msec 
5 msec 

10 msec 
20 msec 
50 msec 
. I  sec 

Time Mark 
Generator 

1 usec  
5 usec 

10 usec 
10 usec 
50 usec  

100 usec 
100 usec 
500 usec 

1 msec 
1 msec 
5 msec 

10 msec 
10 msec 
50 msec 

100 msec 
100 msec 
500 msec 

1 Sec 

‘Check 
Markers  

3 21 
2 11 
2 41 
3 21 
2 11 
2 11 
3 21 
2 11 
2 11 
3 21 
2 11 
2 11 
3 21 
2 11 
2 11 
3 21 
2 11 
2 11 

Performance 
Standards 9 CM + 
Minor Divisions 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
30 
30 
30 
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Model 166D, MX-2962/USM-l05A Section VI 
Table 6-4 

I 
I 
I 

I 
I 
I 

I 

I 

I 7  

I 

I 

I 

Table 6-4. Delaying Sweep Linearity 

TEKTRON I X I 8 0 A  
TIME -MARK 
GENERATOR 

000000000 

000000000 

@I609 OR q I 7 0 A  
osclLLosc PE 

0 

MODEL 1660: 
SWEEP SELECTOR TO 
DELAYING SWEEP 
DELAY FUNCTION TO 
TRIGGER MAIN SWEEP 
DELAYING SWEEP 

TRIGGER SOURCE TO INT. 
TIME I M~LLISECOND 

SWEEP TIME TO IO 
MICROSECONDS/CM 

TRIGGER SOURCE TO I N 1  

"O TRIGGER SLOPE TO+ 
SWEEP MODE TO PRESET 

Preliminary Action 

Zonnect TimeMark Generator ( 1 millisecond markers) 
to Oscilloscope vert INPUT. Adjust TRIGGER LEVEL 
controls for stable sweep. Align markers withgraticule. 
Adjust DELAY LENGTH to put brightened part of trace 
under secondmarker. Set SWEEP SELECTOR toMAIN 
SWEEP DELAYED and adjust DELAY LENGTH to 
put leading edge of marker a t  s tar t  of trace. Record 
DELAY LENGTH. 

Repeat for remaining markers (third through eleventh) 

Plot deviation from integral number on DELAY LENGTH 
dial versus marker a s  shown below. Draw a straight 
l ine  through the points with minimum deviation of 
points from the line. 

Repeat steps 1, 2, and 3 with DELAYING SWEEP TIME 
at 5 microseconds, Oscilloscope SWEEP TIME at  .1 
microsecond/cm, and 5 microsecond markers. 

Example: 

Marker 
Number 

2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  

DELAY 
LENGTH 

0.98 
1.985 
2.99 
3.995 
5.00 
6.005 
7.01 
8.01 
9.00 
9.99 

Deviation 
Minor 

Divisions 

-2 
-1.5 
-1  
-.5 
0 
+ .5 
+1 
+ I  
0 
-1  

Performance Standard Read 
Indication On 

DELAY 
LENGTH 
dial 

DELAY 
LENGTH 
dial 

DELAY 
LENGTH 
dial 

DELAY 
LENGTH 
dial 

No point may deviate verti- 
cally from the line by more 
than two minor dial 
divisions. 

No point may deviate from 
the line by more than five 
divisions. 

M A R K E R  NUMBER no 

6-3 
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Section VI 
Paragraph 6-4 

Model 166D. MX-2962/USM-i05A 

6 C  REPAIR 

6-4. ADJUSTMENT PROCEDURES. 

a. INTRODUCTIOX. - The procedures below give 
instructions for the complete calibration of the Model 
166D. Table 6-1 lists the test equipment required for 
calibration. Table 6-6 lists the adjustments required 
following replacement of individual tubes, transistors, 
and diodes. 

Note 
The delay time accuracy of the Model 166D 
depends on the + 110 and - 100 voltages sup- 
plied by the oscilloscope. These voltages 
should be adjusted to their nominal values 
*0.4% before adjustments a r e  made. Refer 
to the oscilloscope Operating and Servicing 
Manual for adjustment procedure. 

b. PRESET. 
(1) Connect DC Voltmeter between pin 3 and V13A 

and ground, 

(2) Set Model 166D controls a s  follows: 

TRIGGER SLOPE. . . . . . . . . . . . . . . .  +. 
TRIGGER SOURCE. . . . . . . . . . . . . .  INT 
SWEEP MODE . . . . . . . . . . . . .  PRESET 
DELAYING SWEEP TIME. . SMILLISECONDS 
SWEEP SELECTOR. . . . .  DELAYING SWEEP 

(3) Rotate SWEEP MODE to FREE RUN, then back 
toward PRESET until sweep just stops. Observe read- 
ing on voltmeter for reference. 

(4) Set SWEEP MODE to PRESET and adjust Pre- 
set R60 (figure 6-1) to give reading 1.5 volts more 
positive than reference. 

Delaying Sweep 
Time/CM 

5 usec 
10 usec 
2 usec 

50 usec . 1 msec 
20 usec 
.5 msec 
1 msec 

. 2  msec 
5 msec 

10 msec 
3. msec 

. l  sec 
50 m'sec 
20 msec 
. 2  sec 
.5 sec 
.1 sec 

c. TRIGGER SYMMETRY 
(1) Connect oscillator output to oscilloscope verti- 

cal INPUT and set  vertical SENSITIVITY to 10 v/cm. 
(2) Set oscillator frequency for 1 kc and adjust out- 

(3) Set Model 166D controls a s  in paragraph b (2). 

(4) Connect junction of R7 and S2 to ground with 

(5) Adjust T R  Sym R16 (figure 6s1) to give trig- 

(6) * Remove clip lead and adjust TRIGGER LEVEL 

(7) Set TRIGGER SLOPE to -; sweep should remain 

put amplitude for 2 mm deflection. 

clip lead. 

gered sweep. 

for triggered sweep. 

triggered. 

d. SWEEP LENGTH. 
(1) Connect oscillator output to oscilloscope vertical 

INPUT; adjust frequency to 600 kc and amplitude for 
5 cm deflection. 

(2) Set Model 166D controls a s  in paragraph b (2). 
(4) Adjust TRIGGER LEVELto give shortest sweep 

possible. 
(5) Adjust Swp Lnth (figure 6-1) for sweep length 

of 10.2 cm. 

e. DELAYING SWEEP CALIBRATION. 

(1) Connect Time Mark Generator to oscilloscope 
and set controls as shown in table 6-3. 

(2) Table 6-5 lists adjustments and tolerances for 
each range of DELAYING SWEEP TIME. Align 1st 
marker with left side of graticule using HORIZONTAL 
POSITION control. Align l l th/2lst  marker with right 
side of graticule with adjustment listed in table 6-5. 

Table 6-5. Sweep Calibration 

Time Mark 
Generator 

5 usec 
10 usec 
1 usec 

50 usec 
..lo0 usec 

10 usec  
.500 usec 

1 msec 
.lo0 usec 

5 msec 
10 msec 
1 msec 

.lo0 msec 
50 msec 
10 msec 

. l o0  msec 

.SO0 msec 
1 sec 

Action 

adjust C36 
check 
check 
adjust R92 
check 
check 
adjust R91 
check 
check 
adjust R90 
check 
check 
adjust R89 
check 
check 
check 
check 
check 

- 
* Tolerance A 

1 marker/cm 
1 mm 
1 mm 
1 marker/cm 
1 mm 
1 mm 
1 marker/cm 
1 mm 
1 mm 
1 marker/cm 
1 mm 
1 mm 
1 marker/cm 
1 mm 
1 mm 
3 mm 
3 mm 
3 mm 

*These tolerances do not apply after setting DELAYING SWEEP TIME accuracy (step4 inparagraph6-4h). 
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Model 166D, MX-2962/USM-l05A 

R I6 R 6 7  R 6 3  
TR SYM 9CM DELAY ICM DELAY 

/ 

R-3 
S W P  
NTH 

R 6 0  
PRES 

c21 R 9 2  R 9 1  R 9 0  RE9 
HIGH FREO . I M S  1MS tOMS lSEC 

ADJUST c 

S W E E P  CALIBRATION 

-- -r 
C36 

r o o ~ s E c  
S W E E P  CALIBRATION 

Figure 6-1. Location of Adjustments 

f. FREQUENCY COMPENSATION. 
( 1) Set oscilloscope SWEEP TIME to 1 millisecond/ 

(2) Set Model 166D controls a s  follows: 
cm and SWEEP MODE to PRESET. 

DELAYING SWEEP TIME . . .  0.2 milliseconds/cm 
SWEEP MODE . . . . . . . . . . . . . .  .FREE RUN 
TRIGGER SOURCE . . . . . . . . . . . . . . .  EXT 
SWEEP SELECTOR . . . . .  .MAW SWEEP DELAY 
DELAY FUNCTION . . . .  .TRIGGER MAIN SWEEP 
DELAY LENGTH. . . . . . . . . .  Greater than 1 cm. 

(3) Observe sawtoothat cathode(pin 8) of V14A using 
a compensated @ AC-21A probe and the oscilloscope 
in which the Model 166D is  installed. Adjust C1 until 
bottom of sawtooth waveform is flat. 

Section VI 
Paragraph 6-5 

Complete step f before performing low frequency 
adjustment. 

(1) Set oscilloscope SWEEP TIME to 10 micro- 
seconds/cm and SWEEP MODE to PRESET. Set 
Model 166D controls a s  follows: 

g. LOW FREQUENCY ADJUSTMENT. 

SWEEP TIME. . . . . . . . .  1 millisecond/cm 
SWEEP MODE . . . . . . . . . . . . .  PRESET 
TRIGGER LEVEL. . . . . . . . . . . . . . . .  + 
TRIGGER SOURCE.. . . . . . . . . . . . .  INT 
SWEEP SELECTOR . .MAIN SWEEP DELAYED 
DELAY FUNCTION . .TRIGGER MAIN SWEEP 

(2) Set Time Mark Generator for  1 ms  markers and 
connect to oscilloscope vertical INPUT. Set DELAY 
LENGTH to 1 cm. Adjust 1 cm Delay R63 (figure 6-1) 
to set second marker at beginning of sweep. Switching 
to DELAYING SWEEP will show whichmarker is being 
displayed. 

(3) Set DELAY LENGTH to 10.00 cm. Adjust 9 cm 
Delay R67 (figure 6-1) to set l l t hmarke ra t  beginning 
of sweep. Adjustment of R63 and R67 interact. Re- 
peat a s  necessary, 

h. HIGH FREQUENCY ADJUSTMENT. 
Complete steps f and g before performing high 

(1) Reset controls on the Model 166D as  follows: 
SWEEP TIME . . . . . . .  50 microseconds/cm 
SWEEP MODE . . . . . . . . . . . . .  PRESET 
TRIGGER SOURCE . . . . . . . . . . . . . .  INT 
SWEEP SELECTOR. . MAIN SWEEP DELAYED 
(2) Connect Time Mark Generator (50 psec mark- 

e r s )  to oscilloscope V e r t  INPUT. Adjust DELAY 
LENGTH to set leading edge of second marker at be- 
ginning of trace (approx. l cm). Increase DELAY 
LENGTH reading by 9 cm. Adjust R92 to set leading 
edge of 11th marker at beginning of trace. 

(3) Repeat (2) with DELAYING SWEEP TIME at 5 
psec using 5 psec markers, Adjust C36(see figure 
6-1). 

(4) Check DELAYING SWEEP TIME accuracy (see 
table 6-3). Delaying sweep time calibration may have 
to be changed slightly to meet specifications. 

frequency adjustment. 

6-5. REMOVAL OF COMPONENTS AND 
SIIBASSEMRLIES. 

a. INTRODUCTION. The following paragraphs de- 
scribe the procedures for removal and replacement 
of those subassemblies and components which may 
require replacement o r  repair within the lifetime of 
the instrument and whose replacement is  sufficiently 
complicated to require instructions. Table 6-6 l ists  
adjustments required following tube, transistor and 
diode replacement. These adjustments may also be 
required following component replacement in associ- 
ated circuits. 

b. COMPONENT REPLACEMENT ON ETCHED 
CIRCUIT BOARDS. The etched circuit boards used 
in the instrument a r e  constructed with eyelets for 

6- 5 01227-1 



Section VI 
Paragraph 6-6 cont’d 

component mounting; nevertheless, remove and re- 
place components carefully. U s e  a small soldering 
iron, one with a maximum rating of 50watts. Follow- 
ing removal of a component, clean circuit boards 
and eyelets of old solder. Tin the leads of new com- 
ponents before inserting them into a board, and cut 
the leads short enough that they do not project below 
the circuit board and contact the chassis or other 
leads. Use a minimum of solder for the bond. 

Model 166D, MX-2962/USM-lOSA 

If a circuit board must be removed, first remove 
all electron tubes and tube clamps. When reinstalling 
the board, carefully align tube sockets and other 

protruding components with their respective chassis 
holes. Do not force the board into place by turning 
down on the mounting screws. 

C. REPLACEMENT OF TRANSISTORS AND DI- 
ODES. - To solder and unsolder transistors and 
semiconductor diodes, place a heat sink on the lead 
of the component between its  body and the point to 
which heat is applied. In addition, isolate the instru- 
ment from ground or ground the body of the solder- 
ing iron to prevent leakage voltage from damaging 
the component. 

Table 6-6. Required Adjustments Following Tube, Transistor, and Mode Replacement 

Tube or 
Transistor 

CR 1 
CR2 
CR3 
CR4 
CR5 
CR6 

CR7 

v1 
v 4  
v 5  
v7 
V8 
v 9  
v10 
V13 
V 14 
V15 

Q1 

Function 

Limiter 
Limiter 
Switch Diode 
Turn on Protection 
Sweep Mixing Diode 
Coupling Diode 

Coupling Diode 

Trigger Amplifier 
Trigger Generator 
Gate Generator 
Gate Generator/Clamp 
Cathode Follower 
Integrator 
Cathode Follower 
Bias Control Cathode Follower 
Cathode Follower/Phase Inverter 
Delay Trigger Generator 
Amplifier 

Adjustment 

None 
N,one 
Delaying Sweep Time Calibration 
Delaying Sweep Time Calibration 
None 
Low Frequency Adjustment 
High Frequency Adjustment 

Low Frequency Adjustment 
High Frequency Adjustment 

Trigger Symmetry 
None 
Preset 
Preset 
None 
Delaying Sweep Time Calibration 
None 
None 
Low Frequency Adjustment 
Delaying Sweep Time Calibration 
Low Frequency Adjustment 
High Frequency Adjustment 

6- 6 01227-1 





Section VI 
Figure 6-3 
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Figure 6-3. Delayed Trigger Generator 
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Section V I  
Figure 6-4 
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Section VI 
Figure 6-5 
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Model 166D. MX-2962/USM-l05A 

SECTION VI1 

PARTS LIST 

Section VI1 
Paragraphs 7-1 to 7-3 

7-1. I N T R O D U C T I O N .  f. Total quantity used in the instrument (TQ col). 

g. Recommended spare quantity for complete mnin- 
tenance during one year of isolated service (RS col). 

Reference designations a r e  assigned to identify 
maintenance parts Of the @ M@el 166D. They 

a r e  used for marking the instrument (adjacent to the 
part they identify) and a r e  included on the schematics, 
wiring diagrams, and the parts list, table 7-1. The 
letter prefix of a reference designation indicates the 
kind of part-resistor, capacitor. electron tube, etc. 
The number differentiates between parts in the same 
group. Sockets associated with electron tubes, fuses, 
and like items include the referenceodesignation of the 
associated part and a prefix X. 

7-2. M A I N T E N A N C E  PARTS LIST. Palo Alto, California 

7-3. ORDERING INFORMATION. 

To order a replacement part, address order or 
inquiry either your authorized Hewlett-Packard 
sales representative or 

CUSTOMER SERVICE 
Hewlett-Packard Company 
395 Page Mill Road 

Table 7-1 lists maintenance parts in alpha-nu- 
merical order of their reference designators. Detailed 
information on a part used more than once in the Hewlett-Packard S. A. 
instrument is listed opposite the first reference desig- 
nator applying to the part. Other reference designa- Geneva, Switzerland 
tors applying to the same part refer to the initial 
designator. Miscellaneous parts a r e  included a t  the 
end of the list. Detailed information includes the 
following: 

or, in' Western Europe, to 

Rue du Vieux Billard No. 1 

Specify the following information for each part: 

a. Model and complete serial  number of instrument. 
b. Hewlett-Pa-kard stock number. 
c. Circuit reference designator. 

a. Reference designator. 
b. Full description of the part. 
c. Locating function. d. Description. 

d. Maaufacturer of the part in a five-digit code; 
see list of manufacturers in appendix. 

e. Hewlett-Patkard stock number. 

To order a part not listed in table 7-1, give a 
complete description of the part and include its 
function and location. 

01227-1 7- 1 
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Appendix Model 166D, MX-2962/USM-l05A 

APPENDIX 
CODE LIST OF MANUFACTURERS (Sheet 1 of 2) 

The followhg code numbers are from the Federal Supply Code for Manufacturers Cataloging Handbooks H4-1 (Name to Code) 
and H4-2 (Code to  Name) and their latest supplements. The date of revision and the date of the supplements used appear at 
the bottom of each page. Alphabetical codes have been arbitrarily assigned to  suppliers not appearing in the H4 handbooks. 

CODE 
NO. 

0 0 3 3 4  
0 0 3 3 5  
0 0 3 7 3  

0 0 6 5 6  
0 0 7 7 9  
0 0 7 8 1  
0 0 8 5 3  

0 0 8 6 6  
0 0 8 9 1  
0 1 1 2 1  
0 1 2 5 5  
0 1 2 8 1  

0 1 2 9 5  

0 1 3 4 9  
0 1 5 6 1  
0 1 5 8 9  
0 1 9 3 0  
0 1 9 6 1  
0 2 1 1 4  

0 2 2 8 6  
0 2 6 6 0  

0 2 7 3 5  

0 2 7 7 1  

0 2 7 7 7  

0 3 5 0 8  

0 3 7 0 5  
0 3 7 9 7  
0 3 8 7 7  
0 3 8 8 8  
0 3 9 5 4  
0 4 0 0 9  

0 4 0 6 2  
0 4 2 2 2  
0 4 2 9 8  

0 4 4 0 4  

0 4 6 5 1  

0 4 7 1 3  

0 4 7 3 2  

0 4 7 7 3  
0 4 8 7 0  
0 5 0 0 6  

0 5 2 7 7  

0 5 3 4 7  
0 5 5 9 3  

0 5 6 2 4  
0 5 7 2 9  

0 5 7 8 3  

CODE 
ADDRESS 

CODE 
ADDRESS NO. MANUFACTURER ADDRESS NO. MANUFACTURER MANUFACTURER 

Humididl c o .  Colton, Calif. 
Westrer Corp. New York. N.Y. 
Gdrlock Pdckinq CO., 

Electronic Products Div. Cdmden. N.J. 
Aerovor Cow. New Bedford. Mass. 
Amp. Inc. H'drrilburq. Pa. 
Aircrdft Radio CorP. Boonton, N.J. 
SdnqdmO Electric COmPanV 

Ordi l l  Division (CdPdCitbn) Marion, 111. 
t o e  Enqineerinq co.  LOI Angel*s. Cdtif. 
Carl E. Holmes Corp. Los Anqeles, Calif. 
Allen Bradley co.  Milwaukee, Wis. 
Litton Industries, Inc. Beverly Hills, Calif. 
Pacific Semiconducton, Inc. 

Culver City, Calif. 
Teras Instruments Inc. 

Transistor Prod;& Div. Ddlldl. Terds 
The AllidnC* Mfq. Co. Alliance, Ohio 
Chdssl-Trak h r p .  Indianapolis, Ind. 
Pacific Relay. Inc. Van Nuys, Calif. 
Amerock Cow. Rockford, 111. 

Ferrorcube Corp. of Americd 
Pulse Enqineerinq CO. Sdntd Clard. cdl i f .  

SdUqOrti.1, N.Y. 
Pal0 Alto, cdl i f .  Cole Mfg. Co. 

Amphenol-Borq Electronics Corp. 
Chicdgo, 111. 

Rddio Corp. of America 

Somerville. N.J. 
Vocdline Co. of America, Inc. 

O l d  Saybrook, Conn. 

Hopkins Engineerinq Co. Sdn Fernando. Calif. 

G.E. Semiconductor droducts Dept. 
Syracuse, N.Y. 

Apex Mdchine & Tool Co. Dayton. Ohio 
Eldemd Corp. El Monte, Calif. 
Transitron Electronic Corp. Wakefield, Mass. 
Pyrofilm Resistor Co. Morristown. N.J. 
Air Mdrine Moton, Inc. Los Anqdes. Calif. 
Arrow. Hart dnd Heqeman Elect. Co. 

Hartford, Conn. 
Elmenco Products Co. New York. N.Y. 
Hi-Q Division of Aemvor Myrtle Beach. S.C. 
El i n  Ndtiondl WdtCh CO., 

llectronics Division Burbdnk. Calif. 
Dymec Division of 

Hewlett-Packard Co. Palo Alto, Cdlif. 
Svlvdnia Electric Prods., Inc. 

Electronic Tube Div. Mountain View. Cdlif. 
Motorold, Inc.. Semiconductor 

Prod. Div. Phoenir. Arizona 
Filtron Co. lnc 

Westem 'Dwiiion Culver City. Cdlif. 
Automatic Electric Co. Northlake, 111. 
P M Motor Co. Chicdqo, Ill. 
Twentieth Century Plastics. Inc. 

Semiconductor and Materid11 Div. 

LO1 Anqeles. Cdlif. 
Westinqhouse Electric Corp.. 

Semi-Conductor Dept. Younqwood. Pd. 
Ultronir. Inc. San Mateo. Cdlif. 
lllumitronic Enqineerinq Co. 

Sunnyvale. cdl i f .  
tdrber Colman Co. Rockford. 111. 
Metropolitan T.l.communicdtions CorP. 

Metro C ~ D .  Div. Brooklyn.' N.Y. 

0 7 1 3 7  

0 7 1 3 8  

0 7 2 6 1  
0 7 2 6 3  

0 7 9 1  0 
0 7 9 3 3  

0 7 9 8 0  
0 8 1 4 5  
0 8 3 5 8  

0 8 7 1 7  
0 8 7 1 8  

0 8 7 9 2  

0 9 0 2 6  
0 9 1 3 4  
0 9 2 5 0  
0 9 5 6 9  

1 0 2 1 4  

1 0 4 1 1  
1 0 6 4 6  
1 1 2 3 6  
1 1 2 3 7  

1 1 3 1 2  

1 1 7 1 1  

11 .717 
1 1 8 7 0  
1 2 6 9 7  
1 4 6 5 5  

1 5 9 0 9  
1 ( ( 8 8  

1 6 7 5 8  

1 8 8 7 3  
1 9 3 1 5  

1 9 5 0 0  

1 9 7 0 1  
2 0 1 8 3  
2 1 5 2 0  

2 1 3 3 5  
2 1 9 6 4  

2 4 4 4 6  
2 4 4 5 5  

2 4 6 5 5  
2 6 4 6 2  

2 6 9 9 2  
2 8 4 8 0  
3 3 1 7 3  

Transistor Electronics Corp. 
Minnedpolis, Minn. 

Westinqhouse Electric Corp. 
Electronic Tube Div. Elmird, N.Y. 

Avnet Cow. 10s Anqeles. Calif. 
Fairchild Semiconductor Corp. 

Mountdin View, Calif. 
Continentdl Device Corp. Hdwthorne. Calif. 
Rheem Semiconductor Corp. 

Mountain View. Calif. 
Boonton Radio Corp. loonton, N.J. 
US; Enqineerinq Co. LOI Angeles. Calif. 
Burqess Bdttery co.  

Nidgdrd Fdlls, Ontario, Canadd 
Slodn Company Burbdnk, Calif. 
Cannon Electric Co. 

Phoenir Div. Phoenix. Aria. 
CBS Electronics Semiconductor 

Operations, Div. of C.B.S. Inc. 
Lowell. Mdll.  

Bdbcock RddV. Inc. Colt. Mold. Cdlif. 
Teras CdpdCitOr CO. Houston, Texas 
Electro Assemblies. Inc. Chicdqo. Ill. 
Mallory Batter Co. of 

Canada, Ltd: Toronto, Ontdrio, Cdndda 
General Transistor Western Cow. 

Lor Anqeles, Calif. 
Ti-Tal, Inc. Berkeley, Cdlif. 
Cdrborundum Co. Nidqdrd Falls: N.Y. 
CTS of Borne. Inc. Bern., Ind. 
Chicago Telephone of Cdlifornid. Inc. 

Microwdve Electronics Gorp. 
SO. Pdlddend, Calif. 

PdlO Alto. Calif. 
Generdl Instrument Corporation 

ImDeridl Electronics. Inc. 
Semiconductor Division Newdrk:N.J. 

Buena Pdrk. Calif. 
Mdabs, Inc. Pal0 Alto, Calif. 
CldrOltat Mfq. CO. Dover. N.H. 
Cornell Dubilie; Elec. Corp. 

So. Pldinfield. N.J. 
Livingston. N.J. The Ddven Co. 

De Jur-Amsco Corporation 
Lonq Isldnd City 1, N.Y. 

Delco Radio Div. of G. M. Corp. 
Kokomo. Ind. 

E. I. DuPont and Co., Inc. Wilminqton, Dml. 
Eclipse Pioneer. Div. of 

h n d i x  Aviation Corp. Teterboro. N.J. 
Thomas A. Edison Industries, 

Div. of McGraw-Edison Co. 
West Orange, N.?. 

Electrd Mdnufdcturinq Co. Kansas City. Mo. 
Electronic Tube Corp. Philddelphid. Pa. 

No. Chicaqo. Ill. 
The Fdfnir Bedrinq Co. New Britdin, Conn. 
Fed. Telephone dnd Rddio Corp. 

Clifton, N.J. 
Generdl Electric Co. Schenectady, N.Y. 
G.E., Ldmp Division 

N d d  Pdrk, Cleveldnd, Ohio 
Generdl Rddio c o .  West Concord. Mdll .  
Grobet File Co. of America, Inc. 

Carlstddt. N.J. 
Hamilton Wdtch eo. Ldncastmr, Pd. 
Hewlett-Packdrd Co. Palo Alto, Calif. 
G.E. Receivinq Tube Dept. Owensboro. KV. 

Fansteel Metdllurqicdl COrP. 

4 7 9 0 4  
4 8 6 2 0  

4 ? 9 5 6  
5 4 2 9 4  
5 5 0 2 6  
5 5 9 3 3  
5 5 9 3 8  
5 6 1 3 7  
5 6 2 8 9  
5 9 4 4 6  
6 1 7 7 5  

6 2 1 1 9  
6 4 9 5 9  
6 5 0 9 2  

6 6 3 4 b  
7 0 2 7 6  
7 0 3 0 9  
7 0 4 8 5  

7 0 5 6 3  
7 0 9 0 3  
7 0 9 9 8  
7 1 0 0 2  
7 1 0 4 1  

7 1 2 1 8  
7 1 2 8 6  
7 1  3 1  3 

7 1 4 0 0  

7 1 4 5 0  
7 1 4 6 8  
7 1 4 7 1  
7 1 4 8 2  
7 1 5 2 8  

7 1 5 9 0  

7 1 7 0 0  
7 1 7 4 4  

7 1 7 5 3  

7 1 7 8 5  
7 1 9 8 4  
7 2 1 3 6  

7 2 3 5 4  
7 2 6 1 9  
7 2 6 5 6  
7 2 7 5 8  
7 2 7 6 5  
7 2 3 2 5  
7 2 9 2 8  

7 3 0 6 1  
7 3 1 3 8  

7 3 2 9 3  

7 3 4 4 5  

7 2 9 8 2  

7 3 5 0 6  

Poldroid Corp. Cdmbridqe, Marl. 
Precision Thermometer and 

Inst. co.  Philddelphie. Pd. 
Rdytheon Compdnv Lerington. Mdss. 

Chicaqo, 111. Simpson Electric Co. 
Sonotone Corp. Elmiford, N.Y. 
Sorenson h Co., Inc. So. Norwalk. Conn. 
Spduldinq Fibre Co., Inc. Tondwandd, N.Y. 
Sprague Electric Co. North Adams. Marl. 

St. Paul, Minn. Telex, Inc. 
Union Switch and Si ndl Div of 

Westinghouse Air (Qrak; Co: SwilsVdle, Pa. 
Universal Electric Co. Owosso, Mich. 
Westem Electric Co.. Inc. New York. N.Y. 
Weston Inst. Div. of Ddvstrom. InC. Newdrk, N.J. 

Wollensdk Opticdl Co. Rochester, N.Y. 
Allen Mfq. Co. Hartford. Conn. 
Allied Control Co., Inc. New York. N.Y. 
Atlantic Indid Rubber Works, Inc. Chicdqo, 111. 

Amperite Co., InC. Now York, N.Y. 
Chicdqo. 111. Belden Mfq. Co. 

Bird Electronic Corp. Cleveldnd, Ohio 
Birnbach Radio CO. New York, N.Y. 
Boston Gear Works Div. of 

Cleveland, Ohio Bud Rddio Inc. 
CdmlOC Fdltener Corp. Paramus, N.J. 
Allen D. Cardwell Electronic 

Prod. Corp. Plainville, Conn. 
Bussmann Fuse Div. of McGraw- 

Ediron Co. St. Louis, Mo. 
CTS Cow. Elkhart. Ind. 
Cannon Electric Co. LOI Angeles, Calif. 
Cinemd Enqineerinq co. Burbank, cdl i f .  

Chicdqo. 111. c. P. Clare L c o .  
Standard-Thomson Corp.. 

Clifford Mfg. Co. Div. Welthdm. Mdss. 
Centralab Div. of Globe Union Milwaukee, Inc. 

wis. 
The Cornish Wire Co. New York, N.Y. 
Chicdqo Minidture Ldmp Works 

Chicdqo. 111. 
A. 0. Smith Corp.. Crowley Div. 

West Ordnqe, N.J. 
Cinch Mfq. Corp. Chicaqo, 111. 

Midldnd. Mich. Dow Corning Corp. 
Electro Motive Mfq. Co.. lnc. 

Willimdntic. Conn. 
John E. Fast h Co. Chicaqo. 111. 
Dialight Corp. Brooklyn, N.Y. 
Generdl Ceramics Corp. Keasbey. N.J. 
Girard-Hopkins Oakland, Calif. 
Drake Mfg. CO. Chicago, 111. 
Hugh H. Eby Inc. Philddelphid, Pa. 

Chicaqo, 111. Gudsman Co. 
Erie Resistor Corp. Erie, Pa. 
Hansen Mfg. Co., Inc. Princeton, Ind. 
Helipot Div. of Beckman 

Instruments, Inc. Fullerton, Cdlif. 

Hughes Hughes Products Aircraft Division Co. Newpod of Bedch. Cdlif. 
Ampetex Electronic Co. Div. of 

Hicksville. N.Y. 
Brddler Semiconductor Corp. Hdmden. Conn. 

Shdllcross Mfg. co. Selmd, N.C. 

Murray CO. Of TMdI QUinCV, Mdll .  

North American Phillibs Co.. InC. 

ShVdrt Enq/neerinp CO. Sdntd Cruz, Cdlif. 3 5 4 3 4 Loctrohm InC. Chicagoa 7 3 5 5 9 Carlinq Electric, Inc. Hartford, Conn. 
0 6 0 8 4  The Bassick Co. 
0 6 5 5 5 B..de Electricdl Instrument Co. Inc. 3 9 5 4 3 Mechdnicdl Industries Prod. CO. 

Philddelphia. Pa. 
P;ndcook. N.H. Akron. Ohio 7 3 7 3 4 Federal Screw Products Co. Chicago, 111. 

Cincinnati, Ohio 
Keen*, N.H. 7 3 7 9 3 The General Industries Co. Elvrid, Ohio 

4 2 1 9 0 Muter Co. Chicdgo. 111. 7 3 9 0 5 J*nnings Radio Mfq. Co. Sdn Jose, Calif. 
4 3 9 9 0 c. A. Norqren c o .  Enqlewood. COlO. 7 4 4 5 5 J. H. Winns, dnd Sons Winchester. Mdll. 

Pdsddend. Calif. 4 4 6 5 5 Ohmite Mfq. co.  Skokie. IN. 7 4 8 6 1 Industrial Condenser Corp. Chicdqo. 111. 

Bridqeport. Conn. 3 7 9 4 2 P. R. Mallory L Co.. Inc. IndiandPolis. Ind. 7 3 6 8 2 George K. Garrett Co.. Inc. 

0 6 8 1 2 Torrinqton Mfq. Co., West Div. Van 

0 7 1 1 5 Corninq Gldsr Works 

P 7 1 2 6 Diqitran Co. 

Cdli,. 
4 0 9 2 0 Miniature Precision Bearings. Ins. 7 3 7 4 3 Fischer Special Mfq. Co. 

Bradford, pa. 
Electronic Components Dept. 

From: F.S.C. Handbook Supplements 
wO15-21 H4-1 Dated December 1961 
Revised: 7 kbrudry 1962. H4-2 Dated December 1961 
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79142 
79251 
79727 

79963 
80031 

80120 
8 0 1 3 0  
80131 

80207 

80248 
80294 
80411 

80486 
80583 
00640 
8 1 0 3 0  

81415 
81453 

81483 

81860 
82042 
82142 

82170 
82209 
82219 

82376 
82389 
82647 

APPENDIX 
CODE LIST OF MANUFACTURERS (Sheet 2 of 2) 

CODE 
NO. MANUFACTURER ADDRESS 

7 4 8 6 8 R.F. Products Division of Amphenol- 
Borg Electronics Corp. Danbury. Conn. 

7 49 7 0 E. F. Johnson Co. W~seca,  Minn. 
7 5 0 4 2 International Resistance Co. Philadelphia. Pa. 
7 5 I 7 3 Jones, Howard B., Division 

Chicago, Ill. 
Sandwich. Ill. 7 5 3 7 8 James Knights Co. 

7 5 3 8 2 Kulka Electric Corporation Mt. Vernon, N.Y. 
7 5 8 1 8 Lenx Elsctric Mfg. Co. Chicaqo. Ill. 
7 5 9 1 5 Littelfuse Inc. Des Plaines, Ill. 
7 6 0 0 5 Lord Mfg. Co. Erie, Pa. 
7 6 2 1 0 C. W. Mawedel S in Francisco, Calif. 
7 6 4 3 3 Micamold Electronic Mfg. Carp. 

Brooklyn, N.Y. 
7 64 8 7 James Millen Mfg. Co.. Inc. Malden. Mass. 
76493 J. W. Miller Co. 10s Angeles. Calif. 
7 6 5 3 0 Monadnock Mills San Leandro. Calif. 
7 6 5 4 5 Mueller Electric Co. Cleveland, Ohio 
7 6 8 5 4 Oak Manufacturing co. Chicago. 111. 
7 7 0 6 8 Bendix Pacific Division of 

Bendix Corp. No. Hollywood. Calif. 
7 7 1 2  1 Phaostron Instrument and 

Electronic Co. South Pasadpa. Calif. 
7 7 3 4 2 Potter and Brumfleld, Div. of American 

Machin. and Foundry Princeton, Ind. 
7 7 6 3 0 Radio Condenser Co. Camden. N.J. 
7 7 6 3 8 Radio Receptor Co., Inc. Brooklyn. N.Y. 
7 7 7 6 4 Resistance Products Co. Harrisburg, Pa. 
7 8 1 8 9 Shakeproof Division of Illinois 

Tool Works .Elgin. 111. 
7 8 2 8 3 Signal Indicator Carp. New York, N.Y. 
7 8 4 7 i miev Mtq. CO. San Francisco. Calif. 
7 8 4 8 8 Stackpolo Carbon Co. St. Maws. Pa. 
7 8 5 5 3 Tinnerman Products, Inc. Cteveland. Ohio 
7 8 7 9 0 Transformer Engineers Pasadena. Calif. 
7 8 9 4 7 Ucinite Co. Newtonville, Mass. 

Veeder Root, Inc. Hartford. Conn. 
Wenco Mfg. Co. Chicago, Ill. 
Continental-Wirt Electronics Corp. 

Philadelphia, Pa. 
Zierick Mfg. Corp. New Rochell-. N.Y. 
Mepco Division of 

Sessions Clock Ca. Morristorn, N.J. 
Schniher Alloy Products Elixabeth, N.J. 
Times Facsimile Corp. New York, N.Y. 
Electronic Industries Association 

Any brand tube meetinq EIA 
standards Washinqton. D.C. 

Unimax Switch Div of 
W. 1. Marrob Coip. Wallinqford. Conn. 

Oxford Electric Corp. Chicago, Ill. 
Bourns Ldboratorles. Inc. Riverside. Calif. 
Acro Div. of Robertshaw 

Fulton Controls Co. Columbus 16. Ohio 
Al l  Star Products Inc. Defiance, Ohio 
Hammerlund Co.. Inc. Now York. N.Y. 
Stevens, Arnold, Co.. Inc. Boston, Mass. 
International Instruments. Inc. 

New Haven. Conn. 
Wilkor Products, lnc. Cleveland. Ohio 
Raytheon Mfg. Co., Industrial 

Components Div.. Industr. 
Tube Operations Newton. Mass. 

International Rectifier Corp. 
El Segundo. Calif. 

Barry Controls, Inc. Watertown. Mass. 
Carter P a m  Co. Skokie. 111. 
Jeffen Electronics Division of 

Du Bois. Pa. 
Allen B. DuMont Labs.. Inc. Clifton, N.J. 

of Cinch Mfq. Corp. 

Speer Carbon h. 

82866 
82877 

Magulre Industries, Inc. Greenwich, Conn. 
SyIvania Electric Prod. Inc.. 

Electronic Tube Div. Emporium, Pa. 
Astron Co. East Newark, N.J. 
Switchcraft, Inc. Chicago, 111. 
Metals and Controls, Inc.. Div. of 

Texas Instruments, Inc.. 
Spencer Prods. Attieboro. Mass. 

Research Products Corm Madison, Wis. 
Rotron Manufacturing Co., Inc. 

Woodstock, N.Y. 

CODE 

Glendale, Calif. 8 2 8 9 3 Vector Electronic Co. 
8 3 0 5 3 Western Washer Mfr. Co. 10s Angela, Calif. 
8 3 0 5 8 Carr Fastener Co. Cambridge, Mass. 
8 3 0 8 6 New Hampshire Ball Bearing Inc. 

Paierborough, N.H. 
8 3 1 2 5 Pyramid Electric Co. Darlington, S.C. 
8 3 1 4 8 Electro Cords Co. Lor Anqelas. Calif. 
8 3 1 8  6 Victory Enqinearing Corp. Union, N.J. 
8 3 2 9 8 Bendix Corp., Red Bank Div. Red Bank. N.J. 
8 3 3 3 0 Smith, Herman H.. Inc. Brooklyn. N.Y. 
8 3 5 0 1 Gavitt Wire and Cable Co.. 

Div. of Amerace Corp. Brookfield, Mass. 
8 3 5 9 4 Burroughs Corp. 

Electronic Tude Div. Plainfield, N.J. 
8 3 7 7 7 Model Enq. and Mfq., Inc. 

Huntington. Ind. 
8 3 8 2 1 Loyd Scruggs Co. Festus, Mo. 
8 4 1 7 1 Arco Electronics. inc. New York. N.Y. 

NO. MANUFACTURER ADDRESS 

8 4 3 9 6 A. J. Glesener Co., Inc. 

8 4 4 1 1 Good Al l  Electric Mfg. Co. 
Sin Francisco, Calif: 

Ogallald. Neb. 
8 4 9 7 0 Sarkes Tanian, Inc. Bloominqton. Ind. 
8 5 4 5 4 Boonton Molding Company Boonton. N.J. 
8 5 4 7 4 R. M. Bracamonte L Co. 

Sen Francisco, Calif. 
8 5 6 6 0 Koiled Kords. Inc. New Haven, Conn. 
8 5 9 1 1 Seamless Rubber Co. Chicago. 111. 
8 6 1 9 7 Clifton Precision Products 

Clifton Heights, Pa. 
8 6 6 8 4 Radio Corp. of America, RCA 

Electron Tube Div. Harrison. N.J. 
8 7 2 1 6 Philco Corp. (Lansdale Division) 

Lansdale, Pa. 
8 7 4 7 3 Western Fibrous Glass Products Co. 

San Francisco, Calif. 
8 8 1 4 0 Cutler-Hammer, Inc. Lincoln. 111. 
8 8 2 2 0 Could-National Batteries. Inc. St. Paul, Minn. 
89473 

89636 

89665 
90179 

90970 
9 1 2 6 0  
91418 
9 1 5 0 6  
91 637 
91b62 
91737 
91827 
91921 

92196 

93332 

93369 
93410 
93983 

94144 

94145 

94148 

94154 
94197 

94310 

94682 

95236 
95238 
95263 
95264 
95265 
95275 

General Electric Distributing Corp. 
Schenectady, N.Y. 

Carhr  Parts Div. of Economy Baler Co. 
Chicago, 111. 

United Transformer Co. Chicago, Ill. 
U.S. Rubber Co.. Mechanical 

Goods Div. Passaic. N.J. 
Bearing Engineering Co. San Francisco, Calif. 
Connor Spring Mfg. Co. San Francisco, Calif. 
Radio Materials Co. Chicago, Ill. 
Augat Brothers.'lnc. Attleboro, Mars. 
Dale Electronics, Inc. Columbus, Nebr. 
Elco Corp. Philadelphia. Pa. 
Gremar Mfq. Co., Inc. Wakefield, Mass. 
K F Development Co. Redwood City, Calif. 
Minneapolis.HonepelI Regulator Co. 

Micro-Switch Division Freeiort, iii. 
Universal Metal Products Inc 

dasseit Puente. Calif. 
Sylvania Electric Prod. inc.. 

Semiconductor Div. Woburn, Mass. 
Robbins and Mvers. Inc. N h  York. N.Y. . .  
Stevens Mfg. Co.. Inc. Mdnsfield,'Ohio 
InSdiW-Vdn Norman Ind., Inc. 

Electronic Division Manchester. N.H. 
Ra theon Mfq. Co., Industrial Componints hi"., Receiving Tube Operation 

Quincy, Mass. 
Ra heon M f g  Co., Semiconductor Div.. 

&lifornia Street Plant Newton, Mass. 
Scientific Radio Products, Inc. 

Loveland, Colo. 
Tung-Sol Electric. Inc. Newark. N.J. 
Curtiss-Wright Corp.. 

Electronics Div. East Paterron. N.J. 
Tru Ohm Prod. Div. of Model 

Engineering and Mfg. Co. Chicago. Ill. 
Worcester Pressed Aluminum Corp. 

Worcester, Mass. 
Allims Products Corp. Miami, Fla. 
ContinentaL Connector Corp. Woodside, N.Y. 
Leecraft Mfq. Co.. Inc. New York, N.Y. 
Lerco Electronics. Inc. Burbank, Calif. 
National c o i l  CO. Sheridan. Wyo. 
Vitramon, Inc. Bridgeport, Conn. 

Appendix 

CODE 
NO. MANUFACTURER ADDRESS 

9 5 3 5 4 Method. Mfg. Co. Chicago, 111. 
9 5 9 8 7 Weckesser Co. Chicago, 111. 
9 6 0 6 7 Huggins Laboratorin Sunnyvale. Calif. 
9 6 0 9 5 Hi-Q Division of  Aerovor Olean. N.Y. 
9 6 2 5 6 Thordarson-Meissner Dir. of 

Maquire Industries, Inc. Mt. Carmel, 111. 
9 6 2 9 6 Solar Manufdcturinq Co. 10s Angeles. Calif. 
9 b 3 3 0 Carlton Screw Co. Chicago, 111. 
9 6 3 4 1 Microwave Associatas, Inc. Burlinqton. Mess. 
9 6 5 0 i Ercel Transformer Co. Oakland, Calif.' 
9 7 4 6 4 Industrial Retaining Ring Co. Irvington, N.J. 
9 7 5 3 9 Automatic and Precision 

Yonkers, N.Y. Mfq. Co. 
9 7 9 6 6 C I S  Electronlcs 

Danvers, MISS. Div. of C.B.i.. Inc. 
Jamaica, N.Y. 9 8 1 4 1 Axel Brothers Inc. 

9 8 2 2 0 Francis L. Maley Pasadena. Calif. 
9 8 2 7 8 Microdot, Inc. 
9 8 2 9 1 Sealectro Corp. Mamaroneck. N.Y. 
9 8 4 0 5 Cardd Corp. Redwood City, Calif. 
9 8 7 3 4 Palo Alto Engineering 

Co., Inc. Palo Alto, Calif. 
9 8 8 2 1 North Hills Electric Co. Mineola. N.Y. 
9 8 9 2 5 CIevite Transistor Prod. 

Div. of Clevite Corp. Wdltham. M a l .  
9 8 9 7 8 International Electronic 

Research Corp. Burbank. Calif. 
9 9 1 0 9 Columbia Technical Corp. New York. N.Y. 

Palo Alto, Calif. 9 9 3 1 3 Varian Associates 
9 9 S 1 5 Marshall Industries. Electron 

Products Division Pasadena. Calif. 
9 9 7 0 7 Control Switch Division, Controls Co. 

El Segundo. Calif. of America 
9 9 8 0 0 Delevan Electronics Corp. East Aurora. N.Y. 
9 9 8 4 8 Wilco Corporation Indianapolis. Ind. 
9 9 9 3 4 Renbrandt. Inc. Boston. Mdu. 
9 9 9 4 2 Hoffman Semiconductor Div. of 

Hoffman Electronics Corp. Evanston. 111. 
9 9 9 5 7 Technoloyy Instrument Corp. 

Newbury Park. calif. of Calif. 

SO. PdSad*nd. Calif. 

0 0 0 0 F M a k o  Tool and pie Lor Angeles. Calif. 
0 0 0 0 I Telefunken ( d o  American 

New York. N.Y. 
0 0 0 0 L Winchester Electronics. Inc. 

Santa Monica, Calif. 
0 0 0 0 M Western Coil  Div. of Automatic 

Ind.. Inc. Redwood City, Calif. 
0 0 0 0 N Nahm-8ros. Spring Co. San Leandro. Calif. 
0 0 0 0 P TI-Car Mfq. Co., Inc. Holliston. Mass. 
0 0 0 0 T Teras Instruments Inc 

Metals and Cobtrol; Dim Providence. Venailles. R.1. Ky. 
0 0 0 0 U Tower Mfg. Corp. 
0 0 0 0 W Webrter Electronics Co. Inc. New York. N.Y. 

0 0 0 0 X Spruce Pine Mica Co. Spruce Pine. N.C. 
0 0 0 0 Y Midland Mfg. Cb. inc. Kansas City. Kans. 
0 0 0 0 Z Willow Leather Products Corp. Newark, N.J. 
0 0 0 A A British Radio Electronics Ltd. 

Washington, D.C. 
0 0 0 8 B Precision' Instrument Components Van Co. Nuw, Calif. 

0 0 0 C C Computer Diode Corp. Lodi, N.J. 
0 0 0 E E A. Williams Manufacturing CO. San Jose. Callf. 

0 0 0 F F Carmichael Corrugated Specialties Rtchmond. Calif. 

0 0 0 G 6 Goshen Die Cutting Service Goshen. Ind. 
Torrance, Calif. o o o t i  n Rubbercraft Corp. 

0 0 0 I I Division Monterey Park, Calif. 
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