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CERTIFICATION 

Hewlett-Packard Company certifies that this instrument met its published 
specifications at the time of shipment from the factory. Hewlett-Packard 
Company further certifies that its calibration measurements are traceable 
to the United States National Bureau of Standards, to the extent allowed 
by the Bureau's calibration facility, and to the calibration facilities of other 
International Standards Organization members. 

I 

WARRANTY AND ASSISTANCE 

This Hewlett-Packnrd product is warranted against defects in materials 
and workmanship for a period of one year from the date of shipment. 
The cathode-ray tube (CRT) in the instrument and any replacement 
CRT purchased from HP are also warranted against electrical failure 
for a period of one year from the date of shipment from Colorado Springs. 
BROKEN TUBES AND TUBES WITH PHOSPHOR OR MESH BURNS, 
HOWEVER, ARE NOT INCLUDED UNDER THIS WARRANTY. 
Hewlett-Packard will, at its option, repair or replace products which prove 
to be defective during the warranty period provided they are returned 
to Hewlett-Packard, and provided the preventive maintenance procedures 
in this manual are folIowed. Repairs necessitated by misuse of the product 
are not covered by this warranty. NO OTHER WARRANTIES ARE EX- 
PRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE 
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. HEWLEIT-PACKARD IS NOT 
LIABLE FOR CONSEQUENTIAL DAMAGES. 

Service contracts or customer assistance agreements are available for 
Hewlett-Packard products. 

For any assistance, contact your nearest Hewlett-Packard Sales and 
Service Office. Addresses are provided at  the back of this manual. 
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Mode1 181T/TR General Information 

\ SECTION A 

GENERAL INFORMATION 

1-1. INTRODUCTION 

1-2. This manual provides operating and service in- 
formation for Hewlett-Packard Models 181T and TR 
oscilloscope mainframes. The manual is divided into 
eight sections, each covering a specific topic or 
aspect of the instrument. All schematics are Iocated in 
Section VIII. 

NOTE 

This manual does not apply to the plug- 
ins. The appropriate plug-in Operating 
and Service Manual should be referred to. 

1-3. This section contains a description of Model 
181T/181TR. Instrument specifications are listed in 
table 1-1. Table 1-2 lists abbreviations used throughout 
this manual, except in Section VI. The parts Iist in 
Section VL is a computer printout and uses computer- 

I 
supplied abbreviations. 

1-4. DESCRIPTION, 

1-5. Models 181T and TR are general purpose, var- 
iable persistence storage oscilloscope mainframes with 
plug-in capability. The instruments, as shipped from 
the factory, are intended for bench use. The Model 
181TR can be rack mounted as described in Section IT. 

i-6. The stmage feature can be used to store single- 
shot occurrences for later viewing or photographing. 
Comparison of waveforms can be accomplished by 
storing several separate occurrences and later viewing 
them simultaneously. 

Since these outputs are dependent upon the plug-ins 
utilized, the appropriate plug-in Operating and Ser- 
vice Manual should be referred to for identification 
of the output signals available. 

NOTE 

These outputs should not be used when 
a standard 1800-series plug-in is in- 
stalled in the oscilloscope. 

1-10. A 10 V, I-kHz square-wave signal is available 
a t  the front panel for calibration purposes. 

1-11. The cathode ray tube has  a n  internal graticnle 
and P31 aluminized phosphor. Variable persistence 
and storage are provided by internal eIements. 

1-12. WARRANTY. 

1-13. This instrument is certified and war- 
ranted a s  described inside the front cover 
of this manual. The CRT is covered by a wep- 
amte warranty. The CRT warranty and war- 
ranty claim form are located at the rear of this 
manual. Should the CRT fail within the time specified 
on the warranty, process the warranty claim through 
your nearest Hewlett-Packard Sales/Service Office. 

The warranty may be void for instru- 
ments having a multilated serial tag. 

1-14. ACCESSORtES FURNISHED. 

1-7. The horizontal amplifier has a direct-coupled 1-15. The standard Model 181T/TR oscilloscope is 

bandwidth of dc to 5 MHz. The ac-coupled band- supplied with a mesh contrast filter, blue plastic light 
width is 5 H~ to 5 M H ~  with a dynamic range of filter, and a detachablepower cord. Also included with 

*20 volts. The amplifier has fronhpanel selec- the ModeI 181TR is a rack-mounting kit. 
able deflection factor ranges of I V/div (XI), 0.2 V/div 
(X5) and 0.1 V/div (X10). A vernier control pro- 1-16. ACCESSORIES AVAILABLE, 
vides continuous adiustment between ranges, A frontr 
panel BNC connecfbr permits the use of de- 1-1 7, A series of mobile test stands are available for 
flection signals. The external input impedance is 1 the Models 181T and 181TR. The Model 1002B Tesb megohm shunted by approximately 30 pF. mobile is intended for use with the cabinet Model 

1-8. A rear-panel BNC connector (Z-Axis Input) is 181T. The Model 11 17B Testmobile is intended for use 

provided for external control of CRT blanking. A with rack-model instruments such as  the Model 181TR. 
naI of approximately +2 V, 50-ns pulse width (s 10 

( MHz) will blank a trace of normal intensity. 1-18. A front-panel protection cover, Model 10166A, 
is available for the cabinet Model 181T. A similar 

v 

1-9. Four rear-panel BNC connectors provide secor- cover, HP Part No. 5060-0437, is available for the 
der outputs for use with spectrum analyzer plug-ins. rack Model 181TR. 
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1-19. Cameras, probes, viewing hoods, terminations 
and other accessory items are available for special- 
ized requirements. Information concerning accessories 
may be obtained from Hewlett-Packard Sales/Service 
Offices listed in the rear of  this manual. 

1-20. INSTRUMENT AND MANUAL IDENTIFI- 
CATION. 

1-21. This manual applies directly to Model 181T/TR 
instruments with serial prefix number a s  listed on the 
manual title page. The serial prefix number is the first 
group of digits in the instrument serial number 
(figure 1-11. The instrument serial-number tag is lo- 
cated on the rear panel. 

1-22. Check the serial prefix number of the instru- 
ment. If the serial prefix number is different from that 
listed on the title page of this manual, refer to Section 
VII for instructions to adapt this manuaI for proper 
instrument coverage. 

1-23. INQUIRIES. 
1-24. Refer any questions regarding the manual, the 
Manual Changes sheet, or the instrument to the near- e) est Hewlett-Packard Sales/Service Office. Always 
identify the instrument by model number, complete 
name, and complete serial number i n  all correspon- 
dence. Refer to the inside rear cover of this manual 
for a world-wide listing of Hewlett-Packard Sales/ 
Service Offices. 

SERIAL PREFIX NUMBER SERIAL SUFFIX NUMBER 

\ 
COMPLETE SERIAL NUMBER 

Figure 1-1. Instrument Serial Number 

Table I - I .  Specifications 

EXTERNAL INPUT 
Bandwidth: dc-coupled, dc to 5 MHz; ac coupled, mode, trace may be stored a t  normal intensity 

5 Hz to 5 MHz. for >15 seconds. 

Deflection Factor: 1 V/div, *5% on XI; 0.2 V/div, INTENSITY MODULATION: approximately +2 V, 
*5% on X5; 0.1 V/div, *5% on X10. Vernier 250 ns  pulse width (*I0 MHz sine wave), will 

provides continuous adjustment between blank trace of normal intensity. Input resistance 

ranges. Dynamic Range +20 V. ~ 5 1 0 0  ohms, 

Input RC: 1 megohm shunted by approximately BEAM FINDER: pressing FIND BEAM control 
when operating in any mode except STORE or 

Sweep Magnlfer: X5, X10; accuracy *5%. VIEW brings trace on CRT screen regardless 
of setting of horizontaI or vertical controls. 

OUTPUTS 
TYPE: approximately 1-kHz square wave, <3 ps Four rear-pane1 BNC jacks provide recorder out- 

puts for use with spectrum analyzer. Maximum 
VOLTAGE: 10 V p-p into a1 megohm accuracy *I%. current available is +3 mA. Will drive impedances 

a1000 ohms without distortion. 
ATHODE-RAY f FJBE AND CONTROLS GENERAL 
f YPE: post-acceIerator storage tube, 8.5 kV acceler- 

acting potential, aluminized P31 phosphor. ENVIRONMENT 

GRAf lCULE: 8 x 10 div internal graticule, 1 div = Temperature: O°C to +5S0C. 

0.95 cm. Subdivisions of 0.2 div on major axes. Hurnldity: to 95% relative humidity to 40°C. 

Front panel adjustment aIigns trace with grati- Altitude: to 4.6 km (15 000 ft). 
Vibration: vibrated in three planes for 15 min. 

WRITING SPEED: Write mode e20 div/ms. each with 0.254 mm (0.010 in.) excursion, 10 

Max write mode >1 div/ps. to 55 Hz. 

ERASE: Pushbutton erasure takes approximately POWER: 115 Vac or 230 Vac, *lo%, 48-440 Hz, 
<225 VA max with plug-ins, convection cooled. 

BRIGHTNESS: >I00 fL. WEIGHT: (without plug-ins) Mode! 181T: net, 
PERSISTENCE: continuously variable from c0.2 s 10.9 kg (24 lb); shipping, 18.1 kg (40 ib), Model 

to more than one minute, or normal P31 per- 181TR (rack): net, 11.8 kg (26 lb); shipping, 
sisknce of approximately 40 ps. 18.1 kg (40 lb). 

STORAGE TIME: from WRITE mode to STORE, ACCESSORIES FURNISHED: blue plastic Iight 
trace may be stored at reduced intensity for filter, mesh contrast filter, detachable power 
>I  hour. To VIEW mode, traces may be viewed cord, and rack mounting hardware (Model 
at norma1 intensity for >I minute. For MAX 181TR only). 
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Table 1-1. Specifications (Cont'd) General Information 

NOTES. 543 (21-318) 

DIMENSIONS I N  MILLIMETERS AND (INCHES) 
ElA RACK HE1GHT ( INCLUDING FILLER STRIP) 
FOR CABINET HEIGHT ( INCLUDING FEET) ADD 
8 (51161 TO E I A  RACK HEIGHT 

I I 

(1-31164) 
425 
4 26-3/41 

TOP I 1  
I 

1-4- 483 1191 -$-! 

REAR SIDE 

TOP 

15.75 (5J8) 
38.1 (1-1123 

14.3 (91161 REAR S11 DE 
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Table 1-2. Reference Designators and A bbreviatiom 

Model 181T/TR 

A ASSEMBLY E M1SC. ELECT RlCAL PART P PLUG U INTEGRATED CIRCUIT 
AT ATTENWATQR F FUSE PS POWER SUPPLY (UNREPAI RABLE) 

RESISTIVE TERMINATION FL FILTER Q TRANSISTOR V VACUUM TUBE, NEON 
B MOTOR, FAN H HARDWARE 

R RESISTOR BULB. PHOTOCELL, E f  C. BT BATTERY J JACK 
RT THERMISTOR 

VR VOLTAGE REGULATOR 
C CAPACITOR iK RELAY 
CP COUPLING L INDUCTOR $ SWITCH W CABLE 
CR DIODE hS SPEAKER T TRANSFORMER X SOCKET 
DL DELAY LINE M METER TB TERMINALBOARD Y CRYSTAL 
DS DEVICE SIGNALING (LAMP) MP MECHANICAL PART TP TEST POINT NETWORK 

ABBREVIATIONS 

A AMPEREIS) F FARAD(S) n MANO (IO.~! rfi RADlO FREQUENCY 
At AMPERE TURN(SI FET FIECD.EFFECT M NORMALLY CLOSED INTERFERENCE 
ampr AMPLIFI ERE1 TRANStSTOR4S) M1. NORMALLY OPEN rms ROOT MEAN SQUARE 
assy ASSEMBLY G GlGA ( log) npn NEGATIVE.POSITIVE- w REVERSE WORKING 
ampltd AMPLITUDE gnd GROUNDlEDl NEGATIVE VOLTAGE 

ns NANOSECOND SCR SILICO~~ CONTROLLED 
W BOARD{Sl 

p P I C D ( ~ O . ~ ~ )  
RECTlFlER 

bp BANDPASS H HENRY( lE3 S SECONDIS) 
h HOUR(S) PC PRINT ED IEfCHED) 
HP HEWCETT-PACKARO CI RCUIT(SI 
H Z  HERTZ pk PEAK m w  COUMTERCLOCKWISE trmr TRIMMER pnp POSITIVE-NEGATIVE. 

coax. COAXIAL 
if. INTERMEDIATE FRELI. POSITIVE coef COEFF?CIENT (1 MICRO (10-6) 

corn COMMON inti INTERNAL p/o PARTOF I.ls MlCROSECOND 

CUT CATHODE.RAY TUBE 
p p  PEAK-TO-PEAK 

cw CLOCKWISE k ~ 1 ~ 0 ( 1 0 3 )  
prgm PROGRAM v VOLTS 

kg KrLQGRAM lpnr PEAK INVERSE war VARIABLE 
Ipf LOW-PASS F I LTE R IS! VOLTAG EIS) 

ps PICOSECOND w/ WfTH 
dB DECIBEL rn M ~ L L I  (70-3) pwv PEAK WORKING w/o WITHOUT 

M MEGA ( l o6 )  VOLTAGE wiv WORKING INVERSE 
eXt EXTERNAL ms MILLISECOND d RADIO FREQUENCY VOLTAGE 
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I SECTION II 

INSTALLATION 

2-1. INTRODUCTION. 

2-2. This section contains instruction for performing 
an initial inspection of the Model 181'TA'R. Installation 
procedures and precautions are presented in step-by 
step order. The procedures for making claim for 
warranty repairs and for repacking the instrument for 
shipment are also described in this section. 

8120-1 689 8120 1351 8120-1395 

WARNING a Figure 2-1. Power Receptacles 

Read the Safety Summary at the front of 
this manual before installing or operating can deliver approximately 225 volt-amperes. The 
the instrument. instrument is normally shipped from the factory set 

2-3. INITIAL INSPECTION. 

2-4. The instrument was inspected mechanically and 
electrical1y before shipment. Upon receipt, inspect i t  
for damage that may have occurred in transit. Check 
for broken knobs, bent or broken connectors, and 
dents or scratches. If damage is found, refer to the 9 claims paragraph in this section. Retain the packing 
material for possible future use. 

2-5. Check the electrical performance of the instru- 
ment immediately after receipt. Refer to Section V 
for the performance check procedure. The performance 
check will determine whether or not the instrument 
is operating within the specifications listed in table 
1-1. Initial performance and accuracy of the instru- 
ment are certified as stated in the front of this manual. 
If the instrument does not operate as specified, refer 
to the claims paragraph in this section. 

2-6. PREPARATION FOR USE. 

2-7. POWER REQUIREMENTS. The power cord re 
qnired depends on, (1) the ac input voltage, and (2) 
the country in which the instrument is to be used. 
Figure 2-2 illustrates the standard power receptacle 
(wall outlet) configurations that  are used throughout 
the United States and in other countries. The RP  art 
number shown directly above each xeceptatle dra& 
is the part number for a power cord equipped with 
the appropriate mating plug for that  receptacle. If 
the appropriate power cord is not included with the 
instrument, notify the nearest HP SaPes/Service Office 

, %  
and a repIacement cord will be provided. 

I 

2-8. The instrument can ogerak on either 115 Vac 
or 230 Vac *lo%, single phase, 48 Hz to 440 Hz that  

to operate at 115 ~ a i .  TO- bperate from a 2 3 0 - ~ a c  
source, proceed as  foIlows: 

a. Remove power cord (if connected). 

b. Set awitch on rear panel to 230 V position. 

NOTE 

I t  is not necessary to repIace the 115 volt 
fuse. Positioning the 115/230 switch 
selects the proper fuse. 

c. Install power cord. 

2-9. THREE-CONDUCTOR AC POWER CABLE. For 
the protection of operating personnel, Hewlett- 
Packard Company recommends that the instrument 
pane1 and cabinet be grounded. This instrument is 
equipped with a threeconductor ac power cable that, 
when connected to an appropriate receptacle, grounds 
the instrument through the offset pin. The power jack 
and mating pIug of the power cord meet International 
Electro-technical Commission (IEC) safety standards. 
To preserve this protection feature when operating 
from a twocontact outlet. use a three-conductor to 
two-conductor adapter, and connect the adapter wire 
to ground at the power outlet. 

2-fQ. RACK MOUMTING. A kit for converting the 
Model 182TR to a rack mount is supplied with each 
instrument. Instructions for making the conversion 
are given below. Refer to figure 2-2 for garb identifi- 
cation. 

a. Detach tilt stand by pressing i t  away from 
front feet. Remove all pIastic feet by pressing metal 
button and sliding feet free. 
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RACK 
Mot INTINT; <-.." .- 
FLANGE 

TRIM STRIP 
(ADHESIVE - 
BACK) 

FOOT 
R E  LEASE 
BUTTON 

7 

Figure $2. Bench/Rack-Mount Conversion 

b. Remove aluminum trim strip from each side tag showing owner (with address), instrument serial 
of instrument with a thin blade tool. number, and a description of the service required. 

2-15. Use the original shipping carton and packing 
c. Attach rack mounting flange in space from material, if available. If not available, the AP Sales/ 

which trim strip was removed (use screws provided Service Office will provide information and recom- 
with kit). Large notch of flange should be positioned a t  mendations on material to be used. Materials for 
bottom of instrument. shipping an instrument normally include the following: 

2-1 1. CLAIMS. 
a. A double-walled carton. Refer to table 2-1. 
b. Heavy paper or sheets of cardboard to protect - -  - 

all instrument surfaces; use a nonabrasive material 
2-12. The warranty statement appIicable to this such as  Kimpak around all projecting parts. 
instrument is printed at the front of this manual. The 
CRT warranty and claims form is located a t  the rear Table 2-1. Shipping Carton Test Strength 
of this manual. If damage is found or if performance 
is not as specified, notify the carrier and the HP 
Sales/Service Office immediately. Refer to the back 
of this manual for addresses. The HP Sales/Service 
Office wilI arrange for repair or replacement without 
waiting for settlement of a claim with the carrier. 

2-f 3. REPACKING FOR SHIPMENT. 
c. At least 4 inches of tightly packed, industry- 

2-14. If the instrument ia  to be shipped to an HP approved, shock-absorbing material such as extra- 
Sales/Service Office for service or repair, attach a firm polurethane foam. 

Gross Weight (Jb) 

up to 10 
up to 30 
30 to 120 

120 to 140 
140 to 160 

Carton Test Strength (Ib) 

200 
275 
350 
500 
600 
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1 SECTION III 

OPERATION 

3-1. INTRODUCTlOhl. 3-9. WRITE. Pressing the WRITE pushbutton estab- 
lishes the CRT in a condition for variable persistence 

3-2. This section provides genera] operating instruc- display of a signal which can Iater be shred. Use 
tiona and applications information for Model 181TJTR. the minimum INTENSITY and maximum PERSIS- 
Front- and rear-panel controls and connectors are iden- TENCE required to obtain the desired display. 
tified and briefly described in figure 3-1. 

3-3. CONTROLS AND CONNECTORS. 3-10. MAX W. Operation in the max write mode 
(MAX W.) nrovides a more rapid build-UD and dis- , . 
pIay of fast single-shot signals. Because the back- 

3-4.  he following ~ a r a a r a ~ h s  provide detailed des- ground illumination also increases more rapidly, the 
cription of controls and connectors. CRT contrast level and storage time are reduced. 

3-5. FOCUS AND ASTIGMATISM. These controls pro- 
vide sharp and uniform display over the entire CRT 3-17. ERASE. Pressing the ERASE pushbutton will 
viewing area. To adjust, press WRITE pushbutton and remove stored signals from the CRT when either the 
(with a low-intensity spot on the CRT screen) adjust WRITE or MAX W. pushbutton is pressed. ERASE 
FOCUS and ASTIG controls for a small, round, sharply should always be pressed after switching to WRITE 
focused spot. or MAX W. to condition the CRT. 

NOTE 
3-1 2. PERSISTENCE AND INTENSITY. These controls 

It may be necessary to adjust for best average - determine the viewing time of a signal being displayed. 

I in center area of CRT. The INTENSITY control sets brightness of the trace 
a s  it is written. The PERSTSTENCE control is used to 

3-6. STORE. To store the CRT display, press the establish the desired duration nf signal viewing with- 
STORE pushbutton. The signal will be stored at re- out rewflting. It accomplishes this by varying the rate 
duced intensity, resulting in a storage time of greater which the displayed signal decays. 
than one hour. The INTENSITY, PERSISTENCE, 
FOCUS. ERASE. and HORIZONTAL POSITION con- 
trols do' not affect the presentation in the STORE 
mode. 

5-7. VIEW. To observe a previously stored display, 
press the VIEW pushbutton. The stored display 
will be intensified to a brightness level established 
by the intensity and persistence values: selected during 
the write process. The INTENSITY, PERSISTENCE, 
FOCUS, ERASE, and POSITION controls do not affect 
the display. 

3-8. NORM. This operating mode disables the variable 
persistence and storage features of the instrument. 
It will now function as a conventional, general purpose, 
oscilloscope. The PERSISTENCE control does not 
function in this mode. 

Always adjust INTENSITY in WRITE 
mode with minimum PERSISTENCE for 
no blooming, then switch to NORM. 
Do not increase intensity beyond this 
leveI while in NORM. 

Excessive intensity for long duration 
will damage the CRT storage mesh. 
The INTENSITY setting for any sweep 
speed should be a t  minimum usable 
intensity. 

3-13. TRACE ALIGN. The TRACE ALIGN adjust- 
ment compensates for external magnetic fields which 
may affect the alignment of the horizontal trace with 
the graticule. The alignment should be checked and 
adjusted if necessary, when the instrument is moved 
to a new location. 

3-14. FIND BEAM. Off-screen positioning nf the CRT 
beam may occur due to improper cnntml settings or a 
very high dc input signal. The beam may be brought 
back on screen by pressing the FIND BEAM push- 
button. While pressing FIND BEAM adjust the hori- 
zontal and vertical position controls to center the 
display (refer to the plug-in manuals). Adjust the 
INTENSITY control to obtain a visible trace. 
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11. FIND BEAM. Returns display to CRT. 

Models 181T and 181TR differ only in 12. INTENSITY. Controls brightness of display. 
power module location. All controls 
are identical. 13. POSITION. Coarse adjustment of display's 

horizontal position. 
I. FOCUS. Controls sharpness of writing beam. 

2. STORE. Retains displayed signal a t  reduced 
14. FINE. Fine adjustment of display's horizontal 

position. intensity for long time storage. 
15. MAGNIFIER. Magnifies horizontal display. 

3. VIEW. Intensifies stored display to brightness 
level for viewing. 

16. PHASE/BANDWIDTH. Selects between nor- 

4. NORM. Selects operation a s  standard oscil- ma1 operation (BANDWIDTH) and X-Y oper- 
ation (PHASE). Located inside on board. 

5, WRITE. operates CW at writing rate 17. DISPLAY. Selects source of horizontal input 

with variable persistence. signal. 

6. MAX. Operates CRT at maximum writing rate 18. AC/DC. Selects AC or DC coupling of an 
with variable persistence. external horizontal input signal. 

7. ERASE. Removes stored or written displays. 19. EXT INPUT. BNC connector for coupling an 
external horizontal input sf gnal to oscilloscope. 

8. PERSISTENCE. ContmIs endurance time of 
displayed signal. 20. POWER. Pushbutton switch (with indicator 

9. ASTTG. Adjust mundness of writing beam. 
light) for turning oscillnscope on and off. 

Provides a 1-kHz square wave sig- 

Figure 3-1. Front and Rear Panel Controls and Connectors 
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I 

Operation 

REAR PANEL F. Z-AXIS INPUT. BNC for connect in^ external 
intensification or blanking signal. 

A. AC INPUT. 3wire ac  power Iine input jack. G. FUSE. AC line fuse for 280 Vac operation. 

R. AUX A. BNC for connecting recorder output. H. FUSE. AC line fuse for 115 Vac operation. 

C. AUX R. RNC for connecting recorder output. I. LINE SWITCH. Input pnwer switch for selec- 
tion of 115 Vac or 230 Vac operation. 

D. AUX C. BNC for connecting recorder output. 
J. GROUNDING CONNECTOR. Bway con- 

E. AUX D. BNC for connecting. recorder output. nector jack for instrument grounding. 

Figure 3-1. Front and Rpar Panel Controls and Connectors (Cont'd) 

3-15. DISPLAY. This control selects the input signal 
to the horizontal amplifier. With the DISPIAP 
control set to  EXT CAL, the external horizontal input 
signal is coupled directly to the horizontal amplifier. 
As the DISPLAY control is rotated ccw, the external 
signal is increasingly attenuated to a t  least 10 V(div 
in X1. When the DISPLAY control is fully ccw (INTI, 
the external input signal is disconnected and the inter- 
nal sweep is coupled directly to the horizontal arnpIi- 
fier. 

3-16. MAGHIFIER. The MAGNIFIER provides select- 
ted gain levels in the horizontal amplifier of XI, X5, 
or X10. In the X5 or X10 positions, horizontal gain 
is increased to provide a magnified display of five 
or ten times, respectively. The MAGNIFIER is usable ) in hoth internal end external sweep modes. 

3-17. CALIBRATOR. A square-wave signal of approxi- 
mately 10 V, 1 kHz can be used for vertical sensitiv- 
ity calibration and for probe compensation adjustment. 
The CALIBRATOR output amplitude is accurate with- 
in *I%. Rise time of the square-wave output is less 
than 3 ps. 

3-18. AUX OUTPUTS. Four rear-panel BNC connec- 
tors provide recorder output for use with spectrum 
analyzer plug-ins. Refer to the pIug-in operating and 
service manual for information about the use of these 
outputs. 

MOTE 

These outputs should not be used when a 
standard 1800-series plug-in is installed 
in the osciIIoscope, or calibrated perform- 
ance of the plug-in will be degraded due 
to loading. 

3-19. Z-AXIS INPUT. An external signal can be util- 
ized for control of CRT intensity. A rear-panel BNC 
connector permits a direct connection to the CRT 
intensity gate amplifier. A signal of approximately 

) +2 V, 50-ns pulse width (6 10 MHz) will blank a trace 
of normal intensity. Input of a negative signal can be 
used for beam intensification. 

3-20. AC LINE INPUT. A three-conductor ac input jack 
is provided for power input, Also located on the rear 
panel is the 115 V - 230 V slide switch and required 
fuses for either I 15 Vac or 230 Vac operation. 

3-25. OPERATING INFORMATION, 

3-22. The following paragraphs provide additional in- 
formation concerning the use of Model 181T/TR 
functions. 

3-23. For normal persistence operation, press WRITE 
pushbutton and turn PERSISTENCE control fully ccw. 
Slowly rotate INTENSITY cw to a point where no trace 
blooming occurs. Press NORM pushhutton; do not in- 
crease INTENSITY while in NORM mode. If sweep 
speed is changed, always check for proper intensity 
using the above procedure. 

When not actively using the oscillo- 
scope, switch to STORE or VIEW mode. 
This turns off the write gun and elim- 
inates the possibility of burning the 
storage mesh. When in WRITE, NORM, 
or MAX W. mode, any visible trace may 
cause permanent damage to the CRTif the 
display is left for prolonged periods nf 
time. To prevent such damage, period- 
ically erase the display, or switch to 
STORE mode if image retentinn is 
desired. 

3-24. For variable persistence operation, press 
WRITE pushbutton. Use minimum INTENSITY 
and maximum PERSISTENCE compatible with dis- 
play. 

3-25. Use MAX W. mode only for fast sweep time, 
single shot display, or to improve uniformity of trace 
intensity. The MAX W. mode causes more rapid posi- 
tive fading (figure 3-2A) on CRT and persistence or 
s t o r a ~ e  time of display is reduced. 
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Figure 3-2. Fa.de PositiveandBackground Illumination 

3-26. To store a display, press WRITE pushbutton, 
adjust INTENSITY and PERSISTENCE for desired 
display, and then press STORE pushbutton. 

3-27. To store more than one display, press WRITE 
pushbutton, set PERSISTENCE fully ccw and 
INTENSITY as  required; allow first display to be 
stored on CRT. Set INTENSITY fully ccw and con- 

nect second signal to be stored. Reset vertical POS- 
ITION if second display is not to be superimposed on 
first. Slowly rotate INTENSITY cw until second dis- 
play appears and then press STORE pushbutton. &j 
3-28. A display that is stored when power is turned 
off will remain stored for several days. To redisplay 
stored waveform, press STORE pushbutton and turn 
POSITION cnntrols fully ccw before turning power 
on. Apply power and allow 5 minutes warm-up. Press 
VIEW pushbutton to observe waveform. 

3-29. To erase all persistent or stored displays, set 
mode to WRITE or MAX W. Press ERASE push- 
button. 

3-30. If only a portion of a sIow sweep dispIay is de- 
sired, press STORE pushbutton when trace has been 
written to desired point: write gun is blanked and 
written portion is stored. 

3-31. To write or store single-shot phenomenon, a 
trial setting of INTENSITY is the best approach. Am- 
plitude of phenomena and sweep-time required to 
display them will affect persistence. For example, with 
maximum PERSISTENCE and some setting of 
INTENSITY, a single-shot s trai~ht- l ine may bloom 
(figure 3-2A). A single-shot signal with amplitude var- 
iations may not cause blooming. To determine best 
INTENSITY setting, connect a signal that  approxi- 
mates sweep time and amplitude of single-shot signal 
to be written. Set PERSISTENCE fully cw and t r i g ~ e r  
a single sweep of test signal. Set INTENSITY as  high 
as possible without causing blooming. Repeat this pro- 
cedure, varying INTENSITY, until proper display is oh- 

C 
tained. This should ~ v e  maximum persistence to 
single-shot display. After signal has been written, 
press STORE pushhutton to retain display. 

3-32. Single-shot signals that require a sweep time 
faster than 20 microseconds per division can be written 
with more brightness by switching to the MAX W. 
mode. The screen will be unevenly illuminated after 
erasing when in MAX W. (figure 3-2R). INTENSITY 
however, can be set high enough to make display 
visible through illumination. A display written in 
MAX W. will be obscured more rapidly by positive 
fading than a signal written in WRITE. 
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I SECTION IV 

PRINCIPLES OF OPERATION 

4-1. INTRODUCTION. 

4-2. This section provides circuit theory analysis of 
the Model 181T/TR oscilloscope. An overall block 
diagram description keyed to figure 4-1 is presented 
first, followed by a detailed description of the indi- 
vidual circuits. Because variable persistence and stor- 
age techniques may be somewhat unfamiliar to the 
reader, basic theory of operation will be explained 
following the block diagram description. 

4-3. GENERAL. 

4-4. The Model 181T/TR oscilloscope mainframe 
consists of a low-voltage power supply, a high-voltage 
power supply, a CRT, a gate amplifier, and a horizontal 
ampIifier similar to a standard o~cilloscope. In addi- 
tion, there is a pulse circuit to initiate the variable per- 
sistence and storage  function^. The mainframe also 
contains a calibrator to compensate probes and check 
sensitivity should standard vertical and horizontal 
plug-ins be instaIled. There are four rear-panel outputs 
from the frequency domain plug-ins that can be used 
to d ~ v e  an  external recorder. These outputs should not 
be used if standard plug-ins are installed. 

4-5. The instrument may be operated as a variabIe 
persistence and storage oscilloscope, or as a conven- 
tional oscilloscope when operated in NORM mode, 
However, the write gun beam must still pass through 
the storage mesh in NORM, thus the presentation will 
be dimmer than for a conventional oscilloscope. Any 
attempts ta make the trace as bright a s  a conventional 
oscilloscope may damage the storage surface of the 
CRT. 

4-9. The CRT contains a standard write gun assembly 
to initiate and form a beam, and deflection plates to 
control the beam. In addition, there are two flood guns 
and two added meshes for the variable persistence 
and storage functions. To help form the flood electrons 
used in the variable persistence and storage mode, a 
collimation voltage is tied to the aquadag coating. in 
the CRT funnel. The post-accelerator voltage is tied to 
a silver ring around the inner face of the CRT. 

4-10. The unblanking gate amplifier unblanks the 
normally off CRT. Internal inputs to the gate ampli- 
fier include; an  unblanking gate from the frequency 
domain or time base plug-in, or chopped blanking from 
a frequency domain or vertical plug-in. These inputs 
are summed with a current level from the front-panel 
INTENSITY control to adjust the beam Ievel. If EXT 
(external) display is selected, -100V is disconnected 
from the plug-in, so no unhhnking gate can be initiab 
ed and applied to the amplifier input to give a level 
similar to an unblanking gate. This is summed with 
the intensity level to control the beam. Chopped 
blanking, as weH as Z-axis, may also be applied in the 
external display mode. Input to the gate amplifier from 
the storage pulse circuit is normally off, except when 
STORE, VIEW, or ERASE is selected. When on, this 
input inhibits any other inputs from unblan king the 
beam. 

4-11. There are two outputs from the gate amplifier. 
One is a positive pulse that controls the CRT grid. 
The other is a negative spike generated on the trailing 
edge of the gate and is used by the plug-in as a n  ALT 
signal for switching between vertical input channels. 

4-6. Three basic signals are necessary to obtain a 4-12, If INT is selected by the HORIZONTAL DIS- 
usable CRT display, horizontal deflection, vertical PLAY switch, the sweep is coupled from the frequency 
deflection, and intensity iar unblankind. The circuitry domain or time base plug-in to the horizontal amplifier 
for horizontal and intensity signals will be explained input, This sweep is summed with a current from the 
in the follouing paragraphs, referenced '0 figure 4-1. POSITION control, amplified, and changed to a di' 
The vertical deflection signaI is coupIed directly to the ferential signal to provide horizontal deflection. When 
CRT plates from the frequency domain or vertical EXT is selected ho~zonta l  drive is supplied by an 
plug-in. These plug-ins are covered by separate input thm the horizontal impedance con- 
manuals. verter. 

4-7. The low-voltage power supply produces seven dc 
voltages. Three of these are used only in the main- 
frame and four are used both in the mainframe and 
the plug-ins. 

4-8. The high-voltage power supply produces 
) operating potentials for the CRT grid and cathode. In 

addition, there is a multiplier assembly that  increases 
the voltage to =7 kV for the CRT post accelerator. 

4-13. Pushbuttons on the front panel allow selection 
of the various functions available. The switches con- 
trol circuitry on the pulse board, which in turn controls 
elements within the CRT to e v e  the variable persist- 
ence, storage, or conventional modes of operation. 
Pulses from the calibration circuit are transferred to 
the pulse circuit to be shaped for use by the CRT 
elements in the variable persistence and storage modes. 
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4-14. VARIABLE PERSISTENCE AND 

1 STORAGE. 

4-15. STORAGE PRINCIPLES. The Model 181T/TR 
storage CRT consjsts of a conventional electron gun 
with deflection plates (write gun), an aluminized 
phosphor viewing screen, two flood guns, flood-beam 
collimator, collector mesh, and a storage mesh as 
shown in figure 4-2. 

POST 
ACCELERATOR 

FLOOD GUNS STORAGE 

1 f 

W R I T E  GUN 

PHOSPHOR 
V I E W I N G  
SCREEN 

c2~::0*f /LA,, 
COLLECTOR SURFACE . . .  . 

MESH 1 BTT/TR-007 

Figure 4-2. Simplified Sforage Construction 

4-16. The wire gun functions as a conventional 

) electrostatic deflection gun, delivering high velocity 
electrons to selected points on the phosphor viewing 
screen. The elements that provide storage and variable 
persistence are located between the write gun and the 
phosphor. 

4-17, The ff ood guns are physically located just oub 
side the horizontal deflection plates. A cloud of 
electron is emitted by each flood-gun cathode. These 
electron clouds are combined, shaped, and acceIerated 
by two control grids. Under certain conditions the 
two electron clouds will appear as light areas on the 
viewing screen when the instrument is first turned on. 
The combined electron cloud is further shaped 
and accelerated by the collimator (a coating on the 
inside of the funnel section of the glass). The positive 
voltage on the collimator is adjusted so that the flood- 
gun electron cloud just fills the CRT viewing screen. 
The cloud is further accelerated toward the storage 
mesh and viewing screen by the collector mesh, the 
flood electrons are further controIled by potentials on 
the storage mesh and surface. 

4-18. The storage mesh is located between the col- 
lector mesh and the phosphor. The back side of this 
mesh is coated with a Iayer of non-conductive 
material. The storage of information takes place on the 
surface of this non-conductive materia1 (storage 
surface). 

4-19. The basis for storage of information on the non- 
conductive material is the secondary emission ratio 

curve shown in f i ~ u r e  4-3. This curve shows the ratio 
of the number of electrons leaving the surface to the 
energy of the electrons striking the surface. At an 
energy of about 40 electm-on/volts (eV) the number of 
electrons Ieaving the surface is equal to the number 
arriving. The point where the secondary emission 
ratio is equal to unity is called "first crossover". If the 
surface is bombarded with electrons having less than 
40 eV of energy, the surface potential decreases 
hecause therg are fewer electrons leaving than ar- 
riving. 

I I I 

01 t40 
I 

+I56 + I 4 4 0  

STORAGE MESH POTENTIAL IN VOLTS 

F i g u r ~  4-3. Secondary Em issM n Ba tio 

4-20. When the ERASE pushbutton is pressed, the 
storage mesh is charged to the same potential a s  the 
collector mesh (+I56 V). The storaae surface is also . . 
charged to approximately this same potential by 
capacitive coupling. Since the surface is then being 
bombarded by electrons with energy levels much 
higher than first crossover energy, the entire storage 
potential becomes equal to +I56 volts. The surface 
potential cannot increase hevond +I56 volh because 
the colrector mesh would then repel the electrons back 
to the storage surface, tending to decrease the sur- 
face potential. 

4-21. When the EFtASE pushbutton is released 
(figure 4-4), the storage mesh is now charged to 
-+4 volts and the storage surface follows to the same 
potential by capacitive coupling. The surface potential 
then decays to zero volt by action of the flood-gun 
electrons (surface below first crossover, brought to 
fl ood-gun cathode potential). After 100 ms, the storage 
mesh is raised to -+4 volts and held there for 200 ms. 
The storage surface follows to +10 volts by capacitive 
coupling, but immediately starts decaying toward zero 
volt by capturing flood-gun electrons. At the end of 
the 200 ms, the storage mesh is brought back to 
-+4 volts. The storage surface is consequently reduced 
from zero volt to -10 volts by capacitive coupling. 
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Figure 4-4. Storagc Mesh and Surface Potentials During Erasure 

MSEC-4 

4-22. Since the write gun electrons reach the storage 
surface with energy levels much higher than first 
crossover energy, they charge the surface in a positive 
direction wherever they strike. This charge pattern on 
the storage surface remains for a considerable length 
of time since the storage material is a very good in- 
sulator. 

\ 

4-23. Those areas of the storage surface that are 
charged to near zero volt allow the field created by 
the high positive potential on the post accelerator to 
capture flood gun electrons, accelerating them to 
strike the phosphor viewing screen, causing the 
phosphor to emit light. Thus, the pattern of charge on 
the storage surface is made visible. 

STORAGE MESH 
POTENTI4L 

+ :::] IOV 

0 

- 5v 
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-. 
I '. 

'---A -.---- 
I 
I 
I 
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POTENTIAL 
I 
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4-24. The secondary electrons emitted by the storage 
surface where the write gun electrons strike must 
charge the surface from its erased potential to about 
-5 volts before flood electrons can be captured by the 
post accelerator. The writing speed of the CRT can be 
enhanced by erasing the surface to just below cutoff 
level. This is the MAX W. mode. Operating in this 
mode reduces storage time and contrast ratio. The cut- 
off potentials of various areas of the storage surface 
may not be exactly the same. Thus, the background 
illumination may not he uniform when the storage sur- 
face is erased in the MAX W. mode. 

4-25. VARIABLE PERSISTENCE. Figure 4-5 repre- 
sents the method of obtaining variable persistence. The 
unwritten storage surface after erasure is at approxi- 

STORAGE MESH 
POTENTIAL 

Figure 4-5. Variable Persistence Accomplishment Through Pulsed Erasure 



n3;itcl.v -10 volts. Thusc, areas u f  thc  storage surface 
that  arc struck by clcctrt~ns from the write gun become 
chnrgrd tn near zfro volt. A tl0-volt p u k e  applied to 

) t h ~  stor;~gcl rnclsh c b a r g ~ s  the unwritten areas of the 
stor:lgtb s ~ ~ r f r ~ c c  to ap~rt jx imately  zero volt and the 
writ tm ;ireas to + I  I) volts. WhiIe a t  this potential, the 
writtcn nrcns of'thc storage surface attract  and capture 
flood gun rblrctrtjns, this tends to lower the potential 
o f  thrsc ;irp;ls. When the stnrage mesh rpturns to  i t s  
normal lrvrl, the s t o r a ~ ~  surfilcr drops 10 volts. The 
~rnwrittthn :Irr;ls of the storagcb surfauc rcturn to -1 0 
volts a n d  t,he writtpn areas rpturn to ;I slightly ncgRtiW 
pottlnt~al, somewhat lower (mow npgi~tivc) than  their 
i niti:11 v;tlutb. This clrcrthastl in potential seduces the 
i~cctylc~;~tion potiantial, prrvcnting thc capture nf flood 
r>Ic~cirons which s l ~ c h t l v  reduces the t r a c ~  b r igh tn~ss .  

4 - 2 5 .  WElt>11 this ~ ~ r o u c d ~ r r e  is rcpctitcd many times, 
thr, storrrl t r n c ~  will evt.ntuaIly bc cras'd. The time 
r t q u ~ r t d  to  accomplish this urnsurr is controlled by 
varying l hc  pulsc width ni the pulses applied to the  
H ~ C ) ~ ; ~ E P  mesh. 

4-27. I ) u r ~ n g  th r  time the s t n r n p  mesh is pulsed pos- 
itivc., flood cblrctrons arc allowrri through to the phos- 
~ ~ h o s  vit1win.g scrt.cn. '['his orc;itcs ;i l ight  backgrnund 
glow that  is v i s i l ~ l ~  when the (:RT is usrd in the 
v:u-i;~lllv pc*rsisttbnrth nlodr>. 

4-28. NORMAL. When the storage m ~ s h  pot,entIaT is 
rrltlurriI 10 -50 volts it acts as n control grid to flood- 
cun rblrctrons a n d  prrav?nts them from reach in^ the 
phr~sphor. Tlowrvr~r, it has little affect on write gun 
~lr>r.trtrns, ;lIlow~ng some off h ~ m  tn rparh the phosphor 
v i r w i n g  sc.rc.tln. Some of tht. write g u n  clcrtrons strikp 
thrb storilgc~ surktcc, charging it positively toward 
ztbrt> volt whurtvcr thcv strikc. Thc~ (:KT aDaenrs to - .  
ac.t its ;L ronvpntionni CRT without variable per- 
s i s t r n r ~  0 1 .  s tor ;~gr .  IIowever, when t h ~  storage mesh 
is rh;&rgr.ri t o  -+4 volts, thc  nrcns of the s t o r a p  
surui~cc that  h;ivv hc~un struck by writc gun clcctrons 
tillow flood clrrtrons to hv c;~pturtd  by tht* post 
: t r r r l~r :~tor  fielrl. This  displays the pattern t h a t  was  
written on tho phosphor when the  storage mesh was 
:it ->I) volts. 

4-29, To view a stored tracr fcjr one minute or more, 
the str~rnjir rncsh i s  hcld at -+4 volts. This  is  accom- 
plishcrl l)y stbtluuing tllc width of the variable pcr- 
sistanct) c!r:lstL pulstbs to zero (corr~sponding to 
m;lximum prrsistpnre), or 1,y disronnectinfi the pulses 
from the s t o m p  mesh. The write g u n  may he turned 
off if tFrhsirrcI, to prtlvent additional writing on the 
st oragth suri 'i~r~,. 

4-30, 'I'hc vjcwing time is limitr,d by fade positive o f  
thrb . ; tor ;~~r* sr~rfituth (cnt~rtb scrot!n illumin;~ttxd). This 
is v:tust>rl 11y positivtb ions reaching the storage surface 
and rh:rrging it positivelv. The positive ions a re  gen- 
t'ratt~d hy flood-gun ~Iectrons  striking residual gas 
m o l r r u l ~ s  i n  the CRT. To ohtain a n  extended storage 
tirnc, thc  flood g u n s  should be turned off. This is  done 

) i n  the STOKE mode; however, the flood guns  a re  
turned on orrasionnlly to permit viewing of the stored 
trace at n reduced intensity. 

4-31. DETAILED DESCRIPTION. 

4-32. The following paragraphs provide a more 
detailed description of the circuits of the Model 181 T/TR 
oscilloscope. Refer to the schematics in Section VTII 
while reading the  theory of operation. 

4-33. LVPS. (See figure 8-21.) The 1,ow Vnltngc Powm 
Supply produces seven dc voltages and four ac  volt- 
ngcs for usp in both the mainframe and the  plug-ins. 
TIlcso include: +I56 volts fnr use in variable persist- 
cncu and s to r :~ re  circuits. +100 voIts used both in the 
mainframe ancl the plug-ins, +:<I) vnlts used by the 
high-voltage oscillator and p11ot light, + I 5  volts, 
-12.6 volts and -100 volts a re  used in both the main- 
frame and the plug-ins. Two 1l:S-voIt lines transfer 
primary powcr to the plug-ins for use as necessary, 
-20 V p-p from one secondary is transferred to the 
time hnse plufi-in for line sync, and 6.3 Vac  for the 
CFZT write gun filament. 

4-:id. Ac input pnwpr i s  transferred via ,J I ,  F1 and 
switch S> (I'OWl?R) to the primary windings of TI. 
Thcsc  windings a re  connected hy switch 36 (VOLTS 
AC:). For 115-Vae operation, the windings are in 
par:~llrl a n d  for 230-Vac operation, the windings a re  
in series. When switched to 2:lO Vac, F2 i s  inserted 
for primnry protectinn. RTJ filtering i s  provided by 
ferritc beads L4 and 1,s and capacitors C7 and C8. 
1,inos parallel with onch primary winding transfers 
1 V;lc to the I'lug-ins. Sccondtiry windings pm- 
vidc: 6.3 Vat to the  (:KT filament and  various nut-  
puts to hridgu rut.tifiurs fijr rcrtified dc outputs. A 
tap off the winding for t h ~  + 1.5 V supply got's to this 
time l ~ n s e  plug-ins for line synr.  

1-;3:5. Pour full-wave rrctificd outputs  arc5 applied to 
rrgulating circuits for thth -100 V-, --I2.ti V-, + IT ,  V-and 
+I00 Y-supplies. Approximately +:<0 V is tapped off 
thch + I >  V supply (huforc regulation) for usc in the 
high-voltage oscillator and for lamp IlS1. A fifth full- 
wave rectified output is  stacked on top of the  + I  00 V 
output and rPgul~itc.d by break down diodcs to pro- 
vidp +I05 V (current source for the +I00 V differential 
amplifier) and + I  :?Ti V for the v a r i a h l ~  persistence a n d  
stonigp functions. T h r s e  outputs will onIy he +TOT, V 
and +l.56 V if the +I00 V supply is correct. The  
-100 V-, 12.6 V-, +I.; V-, +100 V- supplies ;Ire fused by 
F:l, E'4, E'5, Fli a n d  A7R:$/RT, to protect T1 from burnout 
due to overloads. 

4-:36. The -100 V is used as a reference v n l t a j i ~  for 
t h r  -1 2.t: V-, +I.? V- ;3nd + I00  V-supplies a s  well as 
hcing usctl l)y other mainframe a n d  plug-in circuits. 
I t  will bc cFiscusscd first. 

4-37. T h c  output of I , r idg~ recti fipr A;CIR17-A7CR20, 
is prefiltured by A7Ktj and C4, and npplicd ncmss 
divicl~r network AXR3ch'R3ti/R37 and t h t b  load to 
ground. Variations in this output (ripplth a n d  drift) 
are sensed at the base of AHQIZ, one half of a 
diffvrential amplifier. These variations a re  compared 





hut is s t : ~ c k ~ d  nn top of thc  gate amplifier output. 
7'hc dc component of  the gate amplifier output sets 
tho grid more or less n e ~ a t i v e  in respect to the cathode 
and rontrols the heam intensity. The  ac component 
(unbl;~nking gate) is ctluplcd to  the grid thru capacitors 
A 1 C21 /CY2/C23. 

4-48, Nrgntivc h:ilf upcltls ;Ire also rectified by 
A.TCH2, f ~ l t r r ~ d  hy A:5C:</ C4 and A lKT,2/C24/C25/ 
(X i ,  ;tnd :ippliud to the CRT cathrlde. A samplr of 
this output is f ' c d  back tn the regulating circuit of 
A I ()X,'C)!1 lQ10 thru fibc>dh;ick resistor AIR50 to control 
thcb r:tthodr supply, sirnililr to a standard dc feedback 
sti1)pl.v. Any v:~ri;ltions in lhc supply output a re  f ~ d  
1):lc.k through AllJX/CQ9,'QIl) tn the hasc of Q5 as a 
c h i ~ l > ~ i n g  hi,ls Ic~vcl. Supurimposrd on this hias level 
;Irr5 thv ost.ill:~tions inducvd in tho bast serondarp. 
'!'his f urns on  14.5 fi)r :I shortrr  nr longer lime as nccea- 
s a ~ y  to ; ~ i t ~ r  thc f i ~ l d  cncrgy and keep the supply 
output ronst:tnt. [Iigh Voltngu Adj AIR38  sets the 
~iliclr;~ting point of the circuit and the supply outputs. 
ArlCICl and C I Z I  protect Q5 from excessive back bias 
on tho negative swings of oscillation. Intensity limit 
A5R2 sets the desired dif'furcnce v o l t n ~ e  between grid 
and r:~thodc tch cornpuns;itt> for different cutoff levels 
in ~ n c h  CIS'I'. A l V l i V 2  limit the maximum difference 
h(1twccn grid and c i l t h o d ~  to i l  S:I~C' Iirnit for the (:RT 
rbl(bmrnts should onu s~rpplv fail. AIC20 and AIRSH 
kccp tho supplg from osci l la l ing  (riouhlt~ nloding). 

4 -  "I'hv full o~l tput  o f  thc  ciithodc winding is applied 
to triplvr ;~sscbmhly A+). Prisitivc h ~ t l f ' c p c l ~ s  a re  r ~ c t l -  
fiotl, triplrbrl. :and I'i1tcrt.d to provide +'i kV for the CRT 

) post ;icrrlcbr;~tr,r. T ~ P  four r;lp;irilors, three dindps. and 
two rrsinlors t h a t  romprise the H V  tripler :Ire potted 
in :In insulating mntrrfaI and nro not separately 
rvpi;~ctb:~l)l~. 

q-50. A dividrbr ncbtwork frrlm thtl r ;~thndc supply to 
ground (c.ornywisctl of AI1<;5:1/K5?, with VCICIIS 
potclnlir>mutc>r KT) prtlvides the nccussary high volt- 
: I ~ P  rr~r lhth Clirl' focusing rlnodc. Hfi, l ~ ~ t w e c n  the 
C:firl' cat hod^ i ~ n d  i'il;lmrnt, incrcascs the filament to 
thtb c.;tthodt> pottwti:~I to forestall arcing hetween 
t h r s ~  clcmttnts. A1 VK,V1253 produce the proper 
potential for the ; ~ r c ~ l e r a t i n g  anode while K7, from 
+ I  01) V tn jirt)und, provides a variable potential for the 
astijirnatisrn ianodc. AlR.71i, from +I00 V to ground, 
prt>vidths ;ldjustmcnt for the pattern anode. l)uaE flood 
gun fil:imcnts :lrr tic~I f i r m  -12.6 V to around anrl the 
rc~n:lfning ~lcbrnrnts a r r  ci~ntrolIthc-I 1)v outputs from the 
pulscl vircuitrv. 

4-.-)I. Sincrb thrb UTW is rtbrti~ngular it will not rotaik 
for t r : ~ r r  ;~If~nrnr .nt ,  thus ctlils arc placed around thtl 
CR'I' nr rk  insidr fhra C117' mu-mctill shicld to affcct 
hcam ;~Iignmr~nt>. 13v i~djusting the  voltagc applied 
through t h ~ s t -  roils, a field is altered to align the  traces 
with thc grntiuulu markings. Thr X ; ~ l i g n m ~ n t  adjust- 
m r n t  is llrr~ught to the front panel and rnllpd TRACE 
AI,TGN. 'I'hr Y ;~l ignmcnt  is  a n  intrrnal adjustment. 
'I'racc ali~nmthnt r a n  he a f f ~ c t r d  by rn;jgnetie fields in 

) thi. ;jrr;l whrw the oscilloscol~r is  operated, as wpll as 
Fly the r ;~r lh 's  tcrsc~stsail magnutic field a n d  may  need 
readjustment as the instrument is reIocated. 

4-32. The cathode suppI,v (with fcedbark r~gu la t inn)  
can suppIy about 1 mA of current, normal operation 
draws lpss than 1 0 0  FA. The grid and post ac r~ lp rn to r  
supplies (with no ruguIatirin) r a n  supply about 1 MA 
E~eforr tho supply nutput hegins to dctrrioratc>. 
Although grid r u r r ~ n t  nnrmillly is  less than  1 PA at 
full htum i n t ~ n s i t v  gr~d-cnthodc Irakagr will cause 
caxccssiv~ grid currcnt, thus lowcring the grid voltage 
toward the cathode polrntial a n d  turn the beam on 
f ~ ~ l l  with no rontrol. 

4-53. GATE AMPLIFIER AND CALIBRATOR. (See figure 
8-6) Input tr;insistor A1 I41 is  a cammun-base stage, 
that ctintrols :~mplifier gain,  which is d c p c n d ~ n t  a n  the 
rurrrnt taken from the emitter-bast junction. The  
cmittrr-bnsc junction is a low irnpcdancth point t h a t  
is  U S P ~  :IS 1.1 currcnt s u m r n i n ~  point. Several inputs 
may b~ summed n l  once to p r o v i d ~  the dcsired UKT 
unblitnkinx. Nnrmallv, thc input is  a n  unblanking gate  
from tho f r c y u e ~ ~ c p  domain or timv base plug-in. The  
unblanking gate  is  summed with the currpnt t h r o u ~ h  
t h r  INTENSITY cnntml. This c s tnh l i sh~s  t h ~  desired 
amount of CRT unblanking (beam intensity). If thc 
plug-in is in chopped operation a t  this time, chopped 
blank in^: is also included. Z-axis modulation can  also 
he nppl~cd ns furthcr he;lm control. 

4-54. If EXT displ;-ly i s  sclcctud, -100 V is removed 
from tht> plug-in hy switch S1 (so t h r  pIug-in will not 
form a n  unhlnnking gntc) a n d  applier? through A1 K6/  
K7 to thrh summing point to simulate thc lcvcl of a n  
~ r n h l a n k i n ~ :  jialc. 'l'his 1cvt.l is  summrd with currrnt 
tl~rtjugh thc INTKNSITY control t n  cstitblish the 
dosirtd CRT intensity. Chuppthcl hl:rnking and %-axis 
rill1 also IIP induced a t  this point. 

4-5,;. 1)iode A1CK15 is norm;llly off. When it is  
clrsircd to inlrihft t h ~  GKT beam (during VIEW, 
SrI'(.)KE, :ind ERASE modcs) A1C:RI.j is turned on  bv 
AfC$1 T) and current is  injcctvd into tIlr summing point. 
I t s s  ourrrnt is  taken from thc emitter-hasp junction of 
A1 Gal nnrl th r  beam i s  inhibited (bl;~nkpd). 

4-56, A1C:Rl limits the amount of positive voltage 
thiit can hrb applied to  Al  Q I ,  while A1 CK2/CR3/CK4 
limit t h ~  possihle saturation of thc circuit. After 
ttmpIification hy A1 Ql the signnI is  i ~ p p I i ~ d  to AlQ:I/ 
($4 via cmitter-follower AIQ2.  Sinuc AlQ:3 i s  :I PNP 
ancl A1 Q4 is ;tn Nl'N, thc  signaI from AlQ2 turns one 
transistor on a n d  turns t h ~  other off. This  insures the 
quick turn on and turn off, that  is necessary for fast  
swocLp sperds with standard time basc plug-ins. 
F'cvxlback from AlQ:I/'Q4 collcctr~rs t r ~  t h ~  base of 
AlQ2, aids this fast  turn on - turn off, s t ab i l i z in~  circuit 

4-57. Should the high-negative vuItngc of t h ~  
T-IVPS ilrr to 1jrounr1 it will a p p w r  a t  the cathode of 
A1 CHI 0 ;IS ;I pusilivc excursion. AIC:RlO will turn off 
ilnd prutuut AlQ3/C24. Should a n y  of this energy pass 
through AICKIO it will be t~bsorbed h y  R57 or hy- 
passed through AlCRH to prvtcct AlQ3. Any large 
negative excursions will be cl:mpcd to ground hy 
AlCRT. 



Il-.iX. h 1 and A1 F(2:3, from Q:< a n d  91 rollectors 
to grot~iitj, rliffrhrrnti:~lrs both transitions of the un- 
I ) l , i n k i r ~ ~  gatr.  A crlnriurts only on thra negative 
cilf'fvrt~nti;ltion :~nrl this spik.c> is p;lssrd through 
A1(:111 I ;ind AI 3127 to the f~rt~uthnry domain or vertical 
plr~g-ln :IS :In Al,'I' trig#t>r signtd. 'l'hr a m p l i t u d ~  of this 
trigccr sign;ll dcgcnds on the :implitude of the un- 
h1:inkin~ K:I~P, and some? plug-ins may  not alternate 
: ~ t  vr,ry low intpnsity. 

.1-.-)0. Thr  cnlihrntor consists nf a free-running 
mu l t ivi lx:itor A 11$6/Q7 and mssocirlted components. 
V:~ l l~ t~s  h;tvtb hrrhn chostln for n l'rt~quencv of approxi- 
m;~tc>ly 1 kHz. When c i t h ~ r  transistor is on, it is 
rhssonti:iIly ;i s:rtur,-it~d switch, with little voltage 
tfrtjp. I:rt,m t h ~  roflrotr~r of A1 Q7 t m  ground thcrr is a 
divirlrr ntvtwork consisting of A1K:I.>/R:Vi that  have 
0. ]":I lolvr:~nc.r~ riitings. If thcb - I ( I 0  V s t~pply is set up 
~~rr~pthrlv thrb c.;tlii~ratnr output will be accurate within 
thta 1 ";I tolf,r;lnc.c spcrifitd. An  output is  takcn from the 
ro l l~r to r  of AlGJfi and applied to the s t o r a g ~  pulse . . 

cirruit for (!stb in initiating the v:iri:ihle persistcnu~ and 
sf,r,r;lgt' pulsrs. As a storagt) tuhe ages, il point in t i r n ~  
c:ln hc, rtb;~cIlrr! whcrtl thtl mech;~nical resonance nf  the 
storag(> ~ n r s h  matches the c;~Iibr;ltar frt~quency. At 
this tirnrl thv (:TIT mil:< prorlucc a n  audible noto 
n sing in^). 'I'llis rrsonancr: can he s t o p p ~ d  by changing 
111~ ral ~ h r t ~ t o r  fr~quthncy us in^ AlK59. 

4-60. 'rhr c;ilihrator outplit is a fast-rise squarr wave. 
It is prim:irily n solrrce for matching prohe compensa- 
tion f u  t h ~  inp t~ t  ctjrn1)cnsation nf the vertical nmpli- 
fwr. i t  may also bt> u s t ~ i  as a check of v~rt>ical or hori- 
zontal stlnsitivity, I ~ u t  should not hc considered nc- 
c.ur:lt~ r.1ioug11 to ho n cnlilru tion sourcc. Frequency 
is  nc)t controlled ;loourately enough to usc i t  for a 
t i r n i n ~  rhcck. 

4-61. HORIZONTAL AMPLIFIER. (See figure 8-10.) 
'I'hr horizont;ll amplifier will accept a sweep input 
horn pither an internal ur uxtrrnal snurcc. The  inputs 
ilr(> amplifit>d nnrl convcrtt!d to diffcrcnti;~l signals for 
CK'I' r l tf l~rtfon. Gain is adjustahre to match the 
v ;~ ry ing  rl~flection xcnsitivities of different CRT's. 

4-62, In INT (internal) a Iinuar ramp comes from 
thithcr ;I freqacncv domain or timc hase plug-in to the 
rmitter-b;~sr junction of common hasc amplifier 
A:iCJ:l. Thr. sign31 is summed with current from 
3'(3STTTON potpntiometers R2 and R3, amplified, and  
applird to emitter fol low~r A394. Output from A3Q4 
is appIitld to the hnse of A:IC26 (one-half of a dif- 
frwntial drivcr). The bnse of A3Q7 (the other half 
of thc driver) i s  heId a t  n fixed level by emitter fol- 
Iowrbr A:1C)!S through the common emitters of A3Qti 
and A/\:iG47 When h3Qti is turned on, A3Q7 is turned 
uff, 2nd  when A2Q6 is turned off, A3Q7 is turned on. 
'I'hus, the ctdl~ctnr signals of A3Q6 and h3Q7 produce 
n difT~r~ntin1 signal. Gain is sc lcc t~d  by MAGNIFIER 
swrtrh X4. Adjlrstm~nts A,7R:{O/It32/R34 are used to 
maintain gain accuracy with different CRT scnsitiv- 
i t,i cls. 

3-8:!. Thr  outputs of A:3Qti/Q7 are  :~pplicd to emitter- 
foIlowcrs rZ:!d$X/I$I 1 through rliodtbs h:<CK2/CR4/ 
CKT/C:RX. 'I'hosr diotlcs limit t h ~  m:~ximum nutput 
(>>;cursion to the CKT plates r e g a r d i ~ s s  of thc input 
nmpIitudv. A:JCR:I/CRti act ns clamps to shunt  a n y  
possiblc nrg:ltivc swings from A3QUQ'i to grr~und. 
A:K:R7/CRH are biased on through the PTND REAM 
switch. When FIND REAM is pressed the diodes bias 
o f f  a n d  gain is essentially cut in half to h r i n ~  any 
pres~ntiltinn on screen. 

4-64. ?'he signals from emitter-fuIlowers A3Q8/Ql l 
arc applied to the hase circuits nf A:3Q9/Q10 and 
ASQ12/d>l:l. '['his arrangement is t h p  same a s  t h ~  gate 
amplifier output. The s i ~ n a l  tha t  turns A:lQ9/Q12 on, 
turns A;lC)lO/QI 3 off, and vicc vcrsa. This  cnsurps 
pro1jc.r turn on and turn off a t  very fast swepp speeds. 
T.'c,tvlhnck paths from t h r  collectors to the bases main- 
kiin bandwidth nnd linearity. Adjustmcnk in thc 
fr tdbnok paths match amplifier l i n ~ a r i t y  to CRT 
lin~iiri ly.  

I j  When EX?' is selected, a n  external signal can be 
applird to dcflcct the CR?' bcam. An  impcd;znre con- 
vclrtcr is rmplnycd tu maintain a high imprdanue to 
thr ~ x t e r n a l  circuit and  convert to  the low impedance 
nr5cossnry to drivc A:$Q:l. The stage h a s  nu gain and 
t h ~  vcrniur ran ailjust t h r  output to give the desircd 
drilcution. When in KXT CAL, gain is I volt/div (Xl ) ,  
0.2 volt/div (XT,), and 0.1 volt/div ( X I O ) .  A3Rl JR2/ 
1152 maintain a constant J rncgohm input impedance 
whilc providing X.1 input attenuation to achieve 
520 V of dynamic range. A3Cl adjusts input comppn- 
snlion for p r ~ c i s e  attenuation a t  high frequencies. 

L* 
4-6fi. Thc EXT input may nlso be used in conjunction 
with a vcstic:rI channel to make X-Y rnc:~surernents. 
Sincr most vurticals for this s y s t ~ m  umpIoy d ~ l a y  
lint~s, n rnpnns is prtwirled lo lag the horizonta1 input 
for p h a s ~  mp;lsurcrncnts. When Ph: ls~/RnndwidtI~ 
switch, AZSI, is placed in Phase position capacitors 
A:tCZ/C3 a r r  inserted into the signal path to ground. 
'I'his dpl;lys tllr input signaI. A X 2  can he used tn 
adjust this dcl~iy to  ~ q u n f  the &lay of a 160-ns delay 
line ( u p  tn 1 On kHz). Switch AXSl must hc returned to 
thc Hnndwidth position for s i ~ n a I s  above 100 k117. 

4-67. PULSE CIRCUIT. (See figure 8-14.) To achieve 
v;~rishlc p r r s i s t~ncr  and stor;tge the pulse circuit is 
used to ZIP PI^ various voltage levels and/or  pulscs to 
ctbrtnin clcrnt~nts in the CK1'. Mode selection is made 
by switch assembly Alp, which controls circuitry or1 
board nssrmhly A6. 

4-68. The calibrator provides a I-kHz signaI t h a t  is 
applied to thc base of AtiQ3. The resultant square wave 
a t  thc  col l~r tor  nf ($3 i s  passed through AfiCK'2 and 
differentiated by AGC2 and  AfiR13. The amplitude of  
the palstvi a t  thc anode of A6CK3 is estahlishpd by the 
ratio nf AEiR12 and thc PERSISTENCE control R9, and  
by t h ~  charging time constant of A6C2/Rl3. Thc 
rcsuItant variable-amplitude signal passed through 
A6CR:I is sensed as a variation in width a t  the base 
of 12664, which determines conduction time. The 

C. 
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4-79. Monost:iblc multivibrat,or A 1 OQ 1 /Q2 i s  biased 
so AlOQ2 is normally on With AIOQ2 on, RlOQWQ4 
arth helcl off". When ERASF: is a r t~va ted ,  grnund is 
pli~ccd rtt the junction of AIOR4/R5. This turns AlOQl 
on a n d  A10Q2 off. When AlOQ2 is turned off, AlOQ3 
IS turned on. This turns A10Q4 on. With A10Q4 on, 

V is applied to the storage m ~ s h  through AtiR3. 
After approximately 100 ms, AIOQ2 turns on and 
+I56 V is removvd from the mesh. 

4-80. While +l56 V is on the storage mesh, A6CR6 
is hack biased hlocking the variable persistence 
pulses. A positive potential turns  A6Q13 on which 
tu rns  off AtiQl2. This al lows A6C6 to charge and 
A6Q14 turns on. With A6Q14 on, A6Ql5 i s  off and 
the CRT beam is inhibited. At the end of the approxi- 
mately 100-rns  tin^^ constant from the monostable 
muItivihrrltor. +I56 V is rcmovcd from the mesh and 
AfiCKfi and t,he level set by AtiR18 (or A6R18/R17) 
is appl~cd to the mesh. AfiQl:i is turned off and A6C6 
hegins to discharge, which turns AfiQ11 on. AfiQll 
holds A6Ql.I nn to continue inhibiting the CRT beam 
and A6C5 begins to charge. With ARiQll/QH turned 
on. AtiQ9 is turned off. This turns A6QIO on very hard 
and approximately +I20 V is applied to the collimator 
to assist in uniform erasure. 

4-81. The discharge time of AGCG is approximnt~ly 
100 ms, at which time AliQll  turns off and A6C5 
h e k ~ n s  to discharge. This turns A6Q7 on, holding I 

AfiQ1.I on. This inhibits the beam, and turns AfiQ6 
on, which turns A6Q4 off. With A6Q4 off, pulse are 
hlocked and the level of the storage mesh increases 
to levels determined by A6R18. T h e  d i s c h a r ~ e  time of 
A6C5 IS approximately 200 ms, after which time A6Q7 
turns on, A6QG turns off, and A6Q4 turn on. This 
brings the mesh hack to ahnut +4 V and variable 
p~rsistence pulses are  again applied. A(iQ14 is turned 
off, AtiQl5 turns on and hack biases AICRlS, and 
AIC6 discharges illrough AlRlO to insure the beam 
is inhibited until the cyclc is ready to s tar t  again.  

4-82. STORAGE PROTECTION. The mode s~Iec tor  
swi tches  can be inadvertently manipulated sn that 
multiple functions or no  function may be selected. 
Should more than one switch be pushed i n ,  or all 
switches out, ground is removed from the junction 
of AtiR2t2/R23JK40. This applies a positive potential 
on A6Ql.2 hase, turning i t  on, and  inhibiting the CRT 
beam. I t  also turns A6Q4 on, to cIamp the storage 
mrsh to approximately t.1 V, and back biases A6CR3 
lo  block the variable persistence pulses. 



M O ~ P I  1 HI T/'l'ft Performance C h ~ c k  

b SECT ION V 

PERFORMANCE CHECK AND ADJUSTMENTS 

5-1. INTRODUCTION. anuo checks. This record lists all of the tested specifi- 
cations and their acceptable limits. The record can he 
removed from the manual and retained a s  a permanent 

5-2. This section rnntains step-by-step procedures record of the incoming inspection or routine mainte- 
for checking instrument performance and  making all nance performed on the instrument. intcrnnl :tdiustments. Performance checks should be 
m n d t  in numerical sequence for best results. 

T,-:<. Thc Mode! 181T and IRITR are  intended for use 
wf th n n urnbcr of different plug-ins. These plug-ins are 
c1;issified as r ~ a l  time, sampling and  TDR, and 
frequency domain. Certain features of the mainframe 
apply only to real time plug-ins. The performance 
rhrcks and adjustment procedurcs note when these 
differ~nccs occur a n d  indicate which group of plug-ins 
Ifstrd l>clow arc c o v e r ~ d  by the procedurcs. 

Group A Group R 
Kual  'rimc Plug-ins Sarnplinw and TDR, 

M<)dcl Numbers Frequency Domain Plug-ins 
MndeI N urn hers 

5-4. EQUIPMENT REQUIRED. 

3-5. ' k t  equipment required is listed in table 5-1. 
'I'rst couivm~nt  eauivnlcnt to tha t  recommended may  

5-10. ADJUSTMENTS. 

5-11, The adjustment procedures are  arranged in a 
recommended sequence. While most adjustments may 
he made independently, it is recommended that  adjust- 
rncnts he made sequentially as a number of adjust- 
ments are directly related to preceding or following 
adjustments. 

5-12. PERFORMANCE CHECK PROCE- 
DURES. 

5-13. PRELIMINARY SETUP. Perform preliminary 
setup as fol10ws: 

a. Install plug-in units into mainframe. 

h. Set INTENSITY cnntrnl fully cew. 

c. Set X'ERSISTENCE cont,rol fulIy ccw. 

d. Press WRITE pushbutton. 

e. Apply power to instrument. Entire screen 
should be evenly illuminated after approximately three 
minutes. 

f. Allow 15 minutes warm-up time. 
. . 

hc substituted provided i t  meets the rcqufrpd charac- 
tcristics listed in table 5-!. For best results use recently 
cnlihrnt~d test equipment. 

To operate Models lSiT and 181TR in 

5-6. PERFORMANCE CHECKS. 

NORM mode, the fnllowing precautions 
should be taken. Set PERSISTENCE 
fully ccw and press WRITE pushbutton. 
Rot.ate INTENSITY control cw until 

5-7. ?'he performance checks given in this sertion required intensity is obtained without 
a r r  suitable for incoming inspections, preventative blooming. Press NORM pushbutton. n o  
maintenance, and troubleshooting. The checks are  not increasc intensity while in NORM as 
designed to verify the published instrument specifics- CR'T mesh may he damaged. 
tinns. 

5-14. CALIBRATOR. The calibrator function is normal- 
ly used with group A plug-ins only. This check can be 

5-8. PERFORMANCE CHECK RECORD. eliminated when using group B plug-ins. 

E A performance Check Record is provided at the end of Specification: the calibrator output is a 10 V, 1-kHz 
this section for recording the results of the perfom- square-wave with a rise time of less than 3 ps. The 



Performance Check 
Table 5-1. Recommended Test Equipment 

Model 181T/TR 

1, 2, 10 V p-p +0.2% Calibrator Check 
Magnifier Check 

Sensitivity 1 V/div Calibrator Check 
Sweep Speed 1 p s  Gate Amp1 Response 
Rise Time 3 ILS 

Sweep Output 

Divider Probe HP Model 10004D Ratio 10:l *3% Gate Amp1 Response 

50 kHz - 5 MHz at Bandwidth Check 
Trace Alignment Adj 
Pulse Circuit Adj 

HP Model 3465A *I00 Vdc *0.5% 
2.5 mA *2% 

Divider Probe Ratio 1000:l 
3000 Vdc, +Q.lW 

200-kHz 1 V, p-p 
Rise Time 30 ws 

HP Model 226A 1-ms markers Horiz Amplifier 



r ;~ l ihra tor  is chucktd 11v comp:lring i t  with a signal nf 
known :irnplitudp. 

f I)cfloctiol~ should be 1 0  div t0.3 div. 

g .  Scl MAGNlFlI<T< control to X I  0. 
5-1.5. Prrform cnlihratinn chcck n s  follows: 

a. Sot Modcl 1F(lT/TR controls  as follows: 

CIW Mode . . . . . . . . . . . . . . . . . . . . . . . .  WRJTE 
MAGNIFTEK . . . . . . . . . . . . . . . . . . . . . . .  XS 

. . . . . .  TIOHr%OhT'I'AI, JIISI'LAY. EXT CAL 
HOKI%C>NTAI, EXT INPUT coupling . . AC 

h. Apply I O V p-1) s ~ g n n l  fsc~n-~ voltmctcr cal ibrator  
lo HOIII%Oh'?'Al. 14: ' :Xl '  I N P U T  conncbctor. 

c. Adjust IN7'II:NSTTY. I'OSITION, ilnd FOCUS 
r o n t r o l s  to ohtttfn Iloric>nt:11 trace. 

t i .  Acljust IIOI<I%ONTAI, I)IST'P,AY a n d  I'OSE- 
'I'ION rontrofs for 10-d~vision display. 

rl. I)iscr~nncbct vt,ltn~tltt>r c.:lfibmtor and  c r l n n ~ r t  
I'AI,TKKArI'0IZ output  to I-IORT%CJS?'AI, J<X?' TNI'UrF 
ct>n~lc~utr,r, :idjusting TNTENSI'I'Y for slnglt dot  a t  tbnch 
sid(1 o f  rIisp1:ly. 

f .  S D ; I C ~  hotwucn dots shol11ci IIP I 0  d iv  *O.  1 div. 

fi. Sot INTKNSITY rontml  fullv ccw. 

h. Monitor Motlrl IHI'I'/'I'K Chl,II<KATOK out- 
put with tvs t  r,s(:illosrr,p~. 

i. liisrl t l m r  of valibriitor wtivcfr~rm should br 
<.'i ps. 

5-16. MAGNIFIER. '['his c.hr>rk is :~pl>licnblr~ whcn 
using r>~thtlr g roup  A o r  ~ I Y F ~ I ~ )  R plug-ins, liciwckvcr 
c.;ilil)~:lt~on is r t~ l i~ l ivc ly  unimport :~nt  w11r.n us inc  group 
K pluc-ins. 

Spc>rific.ation- sivr1~1i m i~gnifitbr i ~ ~ c r r b a s ~ s  g:lin hv  
I'rirtors of X I ,  Xn. ;knd X I  0. 'I'ht, m;ignifitlr 1s r h r c k ~ d  
hy ; l l ,p ly in~ k ~ l o w n  sifina1 L I I I ~  vrbrifying tha t  the  
m u l t i p l ~  or thrl S W I ~ L I I  statting 1s dihpI:iyt~(l r~n  CRT 
scrcl('tl. 

.>-I 7. I>c.rf'nrrn ningnj tier chcck 21s IbIlows: 

:I. S r t  MAI:KIFTf<R control to X I  2nd HORI- 
XON'YAI, ISISJ'IAY control to ISXT CAI.. 

13 Apglv T 0 Y 11-p signi11 from v t , l t ~ n ~ t c r  r a l i hmtn r  
fo  f4OK1%ONrI'AI, KS'I' INI'TJ'r connr.rtor, a n d  adjust 
IN'I'ENSI'I'I' for v1sii)lv display. 

1 .  Apply I V ~ , - p  sign:ll from vol t tnpt~r  ra l ihra tnr  
to HOKI%ONTAI, EX?' INI'IJ'I' uonncctor. 

i. IMIcction shr)ultl bu 1 0  d iv  ?O.,i tliv. 

5-18. BANDWIDTH. T h i s  check is npplira1,lp when 
using group A plug-ins in h igh  f r ~ i l u r n r y  X-Y :tppli- 
r:itirlns. H;lnclwidth is rclativoly u~li inport t lnt  whcn 
using group 33 plug-ins. 

Sprrifir.;itinn: dc c n u p l ~ d ,  dc to 5 MIJx; : ~ c  coupled 
.? f I L  to .1 M l l z .  To check handwidth ,  ;I trst nscilIatclr 
is usrd to apply *5O-kHz, I I)-div disp1;ly. Thc frcqucncy 
is tllcn inrro:~std to  > MHz. l'hc s ignal  ;lmplitudc 
shoul(l  :ilw:lys ht> 7.1 d f ~  o r  crtxntur. 

.)- 1 9. Perform I,:lndwid th  r l l~rk  2 s  follows: 

.I. Apply TI 50-kHz s ignal  from test  oscillator tn 
HOTtIZONTAT, EXT TNPTJT c o n ~ ~ e r t o r .  

1,. Sot MAGNTI:II<R control to X I  a n d  adjus t  
IK?'T':NSITY for visihlr disp1:l.v. 

c. Adjust tcst r1scil1;ltor nmpli tudr a n d  Mndel 
1817' 'TII 1~0SlTION contrrr1.s for ;I 1 0 - d i ~  (lisplay. 

r l  Notp indic:ltion on test oscillator output  mctcr. 

f. 1rlcrt~:ist~ tcst  osc.ill:~tor o u l p ~ l t  to t h a t  n r~ t cd  in 
slcr> d 

g. 1)isplriy cluflurtion should b~ >7.1 div. 

I .  If dtbflcution i s  l t ~  t h r ~ n  7.1 d iv  vrrify P11;lsc 
Handwidth switrh,  A3S1 i s  i n  I3andwidtE1 position. 

5-20. FIND BEAM. This check is applicable when 
using cither group 11 clr I3 plug-ins. 

Spocif1c:ltion: disp1;ly r r turns  to viewing arcs of CRT 
whpn FIN11 BEAM is presst>d. 'Yu chcck, t h e  d isp lay  is 
pos~tinncd off' scrccn anti whvn E'INI) 13EhM push- 
1)utton is p r ~ s s c t l  disp1:l.v rrturns to surcen. 

.5-21. Pt5rri)rrn I~carn  findri. rht>rk a s  follows. 

: I .  Adjust  INTENSITY a n d  POSITION controls to 
ohttlin visible display. 

r .  I)cflr>r.tion should lw  10 div +O.> div. 
1). S(:t I'OSITTON controls  fully ccw. 

c. P r r s s  FTNT) l<T<AM pushhutton.  
tx. Apply 2 V p-1, stgnal from vnltmctcr rali- 

I>rntrlr t o  f-lOFtF%ON?'AI. RX'I' INJ'UT connuctor. d. Ream should iipppilr 011 srr(?t?n 
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visiblu. I t  mny bc necessary to readjust FOCUS and 
rctrigjirr swccp to obtain sharpest trace. 

I 

110 not set sweep mode switch to auto or 
normal w h i l ~  INTENSITY is fully cw. 
Adjust FOCLJS rontrol slightly and press 
I*:FtASE pushhutton. Repeat a s  necessary. 

p. Press WRITE pushhutton. Rutate INTENSITY 
:~nrl PEIIS1STKNC:E controls fully ccw. 

5-24. ADJUSTMENTS. 

WARMING a 
Road the Safety Summary a t  the front of 
this manual hefore performing adjustment 
procedures. 

group n plug-ins. 'right vn1ta.g~ tolcrancc is only 
ncccassary to single swcep applirations of gri.)up A 
plug-ins. Perform HVPS adjustment as follows: 

Contact with high vnltagr power supply 
voltage can result i n  injury or death. 

a. Monitor -100 V a t  A8TP4 with dc voltmeter 
using 1 000: 1 divider prohe. 

h. Ohservc vo1tafi.c read in^ and notc result. 

5-25, The rpquirud test equipment is listed in table 5-1. u. Multiplv t1.440 by result obtained in stcp b. 
Tpst pquipmcnt with similar characteristics may be 
sul>stitut~d if necessary. Figure 5-6 shows the location d. Mnnitor voltage a t  AlTPl with dc voltmeter 
of a d j u s t m ~ n t s  in both Models 1817' and IXITR. using 1000: 1 divider prohe. 

5-26. COYER REMOVAL. The covers .of the Model e. Adjust hlI238 to obtain same voltage reading 
181'rK can he r ~ m o v c d  by removing the appropriate as calculated in stcp c. 
scrrws and lift in^ thp cover free. To remove the covers 
from the Model IXIT, proceed a s  follows: Lower tilt 5-30. ASTIGMATISM. This adjustment is applicable 
stant! and place instrument on rear panel. Remove when using cither group A or group R plug-ins. When 
screws nn each cover along the side of the instrument using group R plug-ins adjust vertical controls so spot 
(whtlrc the panels m ~ e t } ;  lift the cover along the side contains no appreciable noise. Perform astigmatism 
of tilt1 instrument and rotate toward top o r  bottom. adjustment as follows: 

5-27. PRELIMINARY ADJUSTMENT SETUP. Install 
plug-ins in Model 181TJTK. mainframe. Set INTEN- 
SITY n n d  PICRSTSTENCE controls fully ccw. Press 
WRITE pushhutton. Apply power and allow to warm- 
up for 15 minutes. Verify tha t  PhnsdBandwidth 
switch is in Bandwidth position. 

5-28. LOW VOLTAGE POWER SUPPLY (LVPS). This 
adjustment is applicable when using either group A 
or group R plug-ins. Perform LVPS adjustments as 
follozvs: 

a. IJsing digital voltmeter measure voltages a t  
test points l i s t~r l  in tahle 5-2. 

a. Sct HORFZONTAL DISPLAY control to EXT 
CAL and vcrtical plug-in display to A. 

b. Slowly rotate INTENSITY control cw until spot 
appcars. Set POSITION controI as necessary. 

c. Adjust FOCUS and ASTIGMATISM for small 
round spot. 

5-31. INTENSITY LIMIT. This zdjustment is applicable 
usinfi- either group A or group R plug-ins. The intensity 
limit normally needs adjustment a t  time of CRT re- 
placement only. Adjustment is onIy important to singIe 
sweep application with group A plug-ins. 

NOTE 5-32. Group A plug-ins. Perform intensity limit adjust- 
mrnt  a s  follows: 

Tolerance listed in tahle 5-2 are not crit- 
ical to actual instrument operation, hut a. Obtain a baseline display. 
should be adhered to if plug-in inter- 
chnngeahility among mainframes is de- b. Set baseline to first vertical graticuIe line using 

1 sired. POSITION control. 

5-29. HIGH VOLTAGE POWER SUPPLY (HVPS). This c. Set HORIZONTAL UISPIAY control to IN? 
adjustment i s  applicable when us in^ either group A or and PERSISTENCE control fully cw. 

gecko
Highlight

MW0XEN
Warning
Warning: 
Should read: Multiply +14.40 by result obtained in step b.
[Resulting voltage should be 1440V (not 144.0)]
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d. Press MAX W. pushhutton. 

P. Set sweep mode control on p1u~- in  to  single 
sweep. 

f. Press ERASE pushhutton. 

g. Sluwly rotate INTENSITY control until spot 
appei-lrs on  until TNTENSlTY control i s  fully cw. If spot 
npppnrs priur lo full cw rotation of INTENSITY control, 
adjust intensity limit, A5It2 (undcr hv cover), slightly 
CFW. 

h. Press ERASE pushbutton. Continue rotating 
INTENSITY control cw and adjust in^ intensity limit, 
A5R2, until spot is just cxtinfi-uishcd with INTENSITY 
control fully cw. Press ERASE pushbutton each time 
ASK2 is adjusted. Spot should not appear with INTEN- 
SITY control fully CW. 

5-33. Group B Plug-ins. Perform intensity limit adjust- 
ment as fdlnws: 

a. Srt HCTRIXONTAL 1)ISPLAY to EXT 

11. Set INTENSITY CONTKOl, tn 12 o'clock 
posit ion. 

c .  Adjust intensity limit, A5R2. until spot  is  just 
cstinguishcd. 

5-34. TRACE ALIGNMENT. This adjustment is  ap- 
plicable when using cithcr group A or Emup R plug- 
ins. When using group R plug-ins, the front panel 
TRACE ALIGN can be set using a n y  free-running 
tracc ur an  input into the external horizontal input. 
Y align can be sct with nnv vertical information 
inserted with horizontal in EXT a n d  no external input 
applied. Perform trace alignment adjustment as follows: 

a. Set MAGNIFIER to  X1. 

b. Spt horizuntal plug-in sweep mode control to 
; ~ u t o  and sweep timc/div control to 0.1 ps/div.  

c. Rotate INTENSITY control slowly cw until 
display appears. Center tmce horizontally, a n d  position 
disp1:ry cln utmter graticule line us in^ vertical position 
controI. 

d. Adjust TRACE ALIGN, R8 (front panel), so 
that display is parallel with centcr graticule Tine. 

P. Set HORIZONTAL DISPLAY control to EXT 
CAL and applv 1-kHz signal from test oscillator to 
channel A input. 

f. Set vertical plug-in controls as follows: 

Channel A PoIarity . . . . . . . . . . . . . . . . . . .  +UP 
. . . . . . . . . . . . . . . . . . .  Channel A VoIts/Div 1 

Channel A Vernier. .  . . . . . . . . . . . . . . . . . .  CAI, 
Channel A Coupling . . . . . . . . . . . . . . . . . . .  AC 

g. Adjust INTENSITY, POSTTTON, and test 
crscillatnr amplitude for an P-div cIisplav on vertiral 
line. Adjust Y Align, A3Rr5:3, so that  display i!: p a r a l l ~ l  ' \ L  

with jiraticulc eentur line. & 4 

h,  Adjust Pattern Adj, A1 R56, for s t r ~ ~ i y h t c s t  line 
whcn positioned t w  left ant1 right sides of' graticulr. 

i. Set INTENSITY ct)ntrol f11Ilqr crw, and dis- 
connect test oscillator from vertical input. 

5-35. GATE AMPLIFIER RESPONSE. This  adjustment 
is  applicnl>Ir only when using group A p l u ~ i n s  at fast  
swrcp spccds. J'erform g n t ~  amplifier response ad-  
justment ;IS folIows: 

a. Set Model IXITJTR con tmls a s  follows: 

CR?' Modc . . . . . . . . . . . . . . . . . . . . .  WRITE 
PERSTSTENCE.. . . . . . . . . .  fullv ccw 
FICSRIZONTAI, T)TSPl,AY.. . . . . . . . .  INT 

, Sct vcrtical plug-in ch:lnnpl A positinn control 
fully crw. 

r .  Set horizontal p l u ~ - i n  controls ;IS follows: 

Tirn~,'Tliv (main) .  . . . . . . . . . . . . . . . .  0.1 ps 
Vernirr {rn:lin) . . . . . . . . . . . . . . . . . . . . .  CAI, 

. . . . . . . . . . . .  Swcup Modc, (main)  ALrTO 
. . . . . . . .  Swcrp I)ispli~,v (if a p  Iic;il>lr,) NIAIN 

. . . .  Iklayrd ' I '~rnp/I ) iu  t i r n p p l ~ c ; ~ h l ~ )  OFF *, 
d. Set test osciIlos(:opc contruls ns follows: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Volts/r)iv 1 
. . . . . . . . . . . . . . . . . . . . . . . .  Tnput Coupling T)C: 

, 1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I irnc/I)iv 0. l p  
. . . . . . . . . . . . . . . . . . . . . . . .  Trigger Source TNT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ST,OPE + 

e. Ubserve sign,?] a t  collectnr of AlQ:l  using 10:l 
divider prnhc, 

f. rot at^ INTENSITY control cw unti l  hnttnm 
o f  wi~vcforrn on tes t  osr i l losrop~ rises 0.2 tIiv. 

g. Adjust AlC8 a n d  AlCY for best r isr  timrl and 
flattest rrsponsr. 

h. Rotate INTENSITY cuntml fullv crw 

5-36. DC BALANCE. This adjustment i s  applicnhlr 
when using either group A or group I3 plug-ins and 
may be performed with no  plug-ins installed if de- 
sired. 13~rform d c  halance adjustment as follows: 

a. Set HOKIZONTAI, nISPI,AY control to  EXT 
CAL. 

bw, 
b. Center vertical plug-in channel A position 

4 
control. 
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c. Rotate INTENSITY control slowly cw until 
spot just appears. 

1 d. Set MAGNIFIER control to X I 0  and center 
spot using HORIZONTAL POSITION control. 

e. Set MAGNIFIER control to XI and recenter 
spot by adjusting Int Dc Bal, A3R37. 

f. Repeat steps d and e until spot does not shift 
when MAGNIFIER control is switched from X10 to XI. 

5-37. VERNIER BALANCE. This adjustment is ap- 
plicable when using either group A or group B pIug-ins 
and may be performed with no plug-ins instalIed if 
desired. Perform vernier balance adjustment as 
follows: 

a. Set MAGNIFIER control to XIO. 

b. Rotate HORIZONTAL DISPLAY control ccw 
until it is just out of INT. 

c. Center spot using HORIZONTAL POSITION 
control. 

d .  Rotate HORIZONTAL DISPLAY control to 
EXT CAL and adjust Ext Dc Bal, A3R7, to recenter 
spot. 

e. Re eat ste s b thru d until spot,does not shift 
when HO&ZON&L DISPLAY control 1s rotated from 
just out of XNT to EXT CAL. 

) 5-38. HORlZONTAL GAIN. This adjustment is ap- 
plicable when using either group A or group B plug-ins 
but critical only to interchangeability of time bases of 
group A. When using group B plug-ins gain is not 
critical and adjustment may be accomplished by 
inserting any know peak to peak voltage into EXT 
HORIZONTAL INPUT. Perform horizontal gain a s  
follows: 

a. Set controls as follows: 

DISPLAY. ...................... EXT CAL 
MAGNIFIER ........................... XI 
PERSISTENCE.. ................ fully ccw 
Operating Mode.. ..................... STD 

b. Check +lOO V supply for +I00 V i0.l V. 

c. Adjust HORIZONTAL POSITION to center 
spot exactly on left-hand verticaI graticule line. 

d. Connect 40-kilohm, 0.1%, 1/2 W resistor 
between +I00 V supply and emitter of A3Q3. Keep 
connection lead lengths short as possible to avoid 
stray pickup or oscillations. Do not leave resistor 
connected throughout adjustment as thermal rise will 
shift current reference. 

WARNING a 
+lo0 V is present a t  open lead of resistor. 

e. While alternately connecting and disconnecting 
resistor to emitter of A3Q3, adjust X1 Gain Adj, 
A3R34, for exactly 10-major divisions of separation 
between spot positions. 

f. Set DISPLAY to INT. 

g. Set time base for 1 rns/div sweep speed. 

h. Apply 1-ms markers from time-mark generator 
to input of vertical plug-in. 

i. Adjust time base 1-rns calibration adjustment 
to obtain precisely one marker per division. 

j. Set MAGNIFIER to X5. 

k. Adjust X5 Gain Adj, A3R32, to obtain exactly 
1 marker every 5 divisions. 

1. Set MAGNIFIER to XlO. 

m, Adjust XI0 Gain Adj, A3R30, to obtain exactly 
1 marker every 10 divisions. 

n. Disconnect time-mark generator. 

o. Disconnect 40-kilohm resistor from +lOO V 
supply. 

539. PHASE ADS. This adjustment is applicable only 
when using group A plugins for X-Y application. 
Perform phase adjustment a s  fo1lows: 

a. Set controls as follows: 

. . . . . . . . .  Phase/Bandwidth Switch PHASE 
........... HORIZONTAL MAGNIFIER X1 

. . . . . .  HORIZONTAL DISPLAY. EXT CAL 
. . . . . . . . . . . . . . . . . . .  Channel A Coupling DC 

b. Connect 10-kHz sine-wave output of test 
oscillator to HORIZONTAL EXT INPUT and to 
vertical plug-in channel A input (figure 5-2). 

NOTE 

Adjust phase in channel normaIly used. 

c. Adjust test oscillator output to obtain an 8-div 
dispIay. 

d. Adjust attenuator Input Comp, A3C1, for 
display of single diagonal Iine (no phase shift). 

e. Set test oscil1ator for output of 100-kHz. 

f. Adjust Phase, A3C2, for display of single 
diagonal Iine (no phase shifk). 

g. Disconnect test oscillator. 

h. Return Phase/Bandwidth switch to Band- 
width position. 



Model IEEIT/TR Adjustments 

MODEL 18tT1TR 

HORlZ 
E X T  
I N P U T  

OSCILLATOR 
VERTICAL 

C H A M  A 
1 Fl PUT OUT PUT 

I 50n T E E  

* C A B L E S  SHOULD BE EQUAL 
I N  LENGTH AND TYPE* 18lTFR-017 

Figure 5-2. Phase Rdj. Test Setup 

5-40. TRANSIENT RESPONSE. This adpatment is 
applicable when using group A plug-ins and only after 
major repairs or complete board replacement has been 
made. Omit this adjustment procedure for normal 
calibration and perform the Horizontal Linearity 
adjustment. Perform transient response adjustment 
as follows: 

a. Use test setup (figure 5-3). 

MONITOR 
M O D E L  f8lTJTR 

M A I N  S P F E P  

H OR 
R F A 9  P C ~ F L  E X T  

l N P l  

VERTICAL 

C d A N  A 
INPUT INPUT 

S Q U A R E  W A V E  

GENERbTOR 

Dvl P U T  5 0 ~ 7  

# 

50fl T E E  
1BlTTTFT-011 

Figure 5-3. Transient Response Adj. Test Setup 

b. Set DISPLAY to EXT CAL. 

c. Connect main sweep output from monitor 
oscilloscope to vertical input of Model 181TA'R. 

d. Adjust vertical plug-in VoIts/Div and vernier 
controls to obtain 8-div display. 

e. Connect 1 V p-p square wave a t  200-kHz 
repetition rate from square-wave generator to HORI- 
ZONTAL EXT INPUT and to monitor oscilloscope 
vertical input (figure 5-3). I#' 

k 

f. Set monitor oscilloscope to operate at sweep 
of 1 ps/div and synchronize monitor oscilloscope with 
200-kHz signal. 

g. Using POSITION controls and varying fre- 
quency of square-wave generator, position lower 
right-hand corner of sideways square wave so that it 
is on screen. 

NOTE 

A spot at the lower right edge of the dis- 
play may tend to bloom. If so, position the 
entire display so that the spot is off screen. 

h. With viewing mode switch in NORM and 
intensity level set low, observe display waveform. At 
this stage of adjustment waveform will typically 
exhibit 5[% (approximately 1/2 div) overshoot. If over- 
shoot is greater, adjust HI? Adj No. I, A3C6, HF 
Adj No. 2, A3C9, and HF hd j  No. 3, A3C19, to obtain 
flat-top response with approximateIy 5% overshoot on 
lower righbhand corner of displayed pulse. 

NOTE 

Capacitors for HF Adj No. I, A3C6, and 
H F  Adj No. 3, A3C19, should be adjusted 
so their slugs are equally extended. 

5-41. HORIZONTAL LINEARITY. This adjustment is 
applicable only when using group A plug-ins a t  fast 
sweep speeds. Before proceeding with this adjustment, 
check linearity and if magnified sweep timing is within 
specifications do not perform this adjustment. Perform 
horizontal linearity adjustment as follows: 

NOTE 

Ensure that time base has been properly 
calibrated before proceeding with this 
adjustment. 

a. Set HORIZONTAL DISPLAY to INT. 

b. Set HORIZONTAL MAGNIFIER to XIO. 

c. Connect 4 V p-p, 5C-MHz sine-wave output 
from time-mark generator to vertical input. 

d. Select fastest sweep speed (0.05 or 0.1 psJdiv) 
and obtain display. 

e. Adjust HF Adj No. 1, A3C6, HF Adj No. 
2, A3C9, and HF Adj No. 3, A3C19, for best overall 
linearity of center 80 divisions of available display. 
Use HOWZONTAL POSITION controI to pennit 
viewing right, center, and left portions of dispIay. HF 





Adjustments Made1 181 T/T12 

i. Figure 5-5D shows display stored with non- g. Adjust test oscillator output and channel A 
uniform brightness across screen, with some areas V/div control for &div verticaI display. 
fading faster than others. Adjust Write Adjust, A6R18, , ' 1 '  

ccw in small increments until uniform storing is h. Set time base plug-in sweep mode control to 1 ( ~ 1  , 
obtained (figure 5-5E). single. 

j. Press ERASE pushhutton and retrigger sweep i. Set trigger level (main) fully CCW. 

each time A6R18 is changed. At least 80% of display 
should be visible after 1 minute. 

j. Rotate INTENSITY and PERSISTENCE con- 

k. Press ERASE pushbut.tton. Background should trols fully cw. 

be completely dark except for possibly few small 
spots ( f i ~ n r e  5-1). If some background illumination is k. Press ERASE pushbutton. 
present, adjust AtiR18 slightly cw and press ERASE 
pushbutton. Repeat a s  necessary until background is 1. Press RESET pushbatton to arm single sweep. 
dark. Rotate trigger level until single sweep is triggered. 

200-kHz sine-wave should be observed. I t  may be 
necessary to adjust FOCUS to obtain sharp trace. At 

5-44' (MAX)' write rate least 801R) of display should be visible after 10 seconds, (maxj adjustment as follows: 

a. Press MAX W. pushbutton and rotate 
PERSISTENCE and INTENSITY fully ccw. 

b. Press ERASE pushbutton. Display shouId 
resernbly figure M A .  Adjust Max Write Collimation 
Adjust, A6R29, cw until background illumination just 
fills CRT graticule area. Display should be like figure 
M A ,  within 1 /2 div of outer graticule line. 

c. Rotate PERSISTENCE fully cw. Press ERASE 
pushbutton. Adjust Max Write Rate Adjust, A6R17, 
ccw in small increments, pressing ERASE push- 
button after each change of A6R17. Obtain back- 
ground illumination with best compromise between 
minimum background light (may not be uniform). 
Mesh prttern may also be visible (figure 5-SF). 

d. Set time base controls as foIlows: 

Sweep Mode (main) . . . . . . . . . . . . . . . . . AUTO 
Time Div (main) . . . . . . . . . . . . . . . . . 20 us/div 

e. Connect 200-kHz sine-wave signal from test 
oscilIator to vertical INPUT. 

f. Rotate PERSISTENCE fully ccw and rotate 
INTENSITY control slowly cw until trace just appears. 

NOTE 

If display fades positive too fast, Adjust 
A6R17 slightly cw and repeat Writing 
Rate adjustment. If display is not stored 
over entire area adjust A6R17 slightly ccw 
and repeat. 

5-45. CALIBRATOR FREQUENCY. This adjustment 
is applicable when using- either group A or group I3 
plug-ins. 

5-46. This adjustment varies the calibrator frequency 
approximateIy ~ 2 5 %  and is set a t  the factory a s  close 1, , ~ i  ( 
to 1 kHz as practical. The calibrator circuit is the * I  

source of the storage pulses used in the CRT. As the 
CRT ages, in some cases a point of electroJmechanica1 
resonance is reached within the tube that results in an 
audible singing. This resonance and resulting noise 
do not cause any change in instrument operation or 
performance; however, if allowed to continue in- 
definitely mechanical damage to the CRT may result. 
If the instrument reaches this resonant point and 
begins to sing, adjust Calibrator Frequency Adj, 
AIR59, cw to increase the calibrator frequency until 
the noise stops. If the noise does not stop with the 
potentiometer set fully cw, decrease the frequency by 
adjust in^ the potentiometer ccw. 



F. 

Figure 5-5. Typical CRT Display 
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Adjustments 
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A 5  A 5 ~ 2  A tcs A 1c9 Ah59  Al 
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A3R7 A 8 ~ s a  A 8 ~ e 6  A 8 ~ 1 8  A ~ R I O  

Figure 5-6. 
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Model l&IT/TFl Replaceable Parts 

SECTION VI 

REPLACEABLEPARTS 

6-1. INTRODUCTION. a. In~trument model and serial number. 

6-2. This section contains information for ordering b. HP part number of itern(8). 
replacement parts. The abbreviations used in the 
parts list are described in table 6-1. Table 6-2 lists c. Quantity of patt(s) desired. 
the parts in alphanumeric order by reference des- 
ignation and includes the manufacturer and manu- d. Reference designation of part(s1. 
factuser's part number. Table 6-3 contains the list 
of manufacturers' codes. 6-5. To order a part not listed in the table, provide 

the following information: 

6-3. ORDERING INFORMATION. a. Ens-ment model and aerial number. 

6-4. To obtain replacement parts from Hewlett-Pack- b. Description of the part, including fundion 
ard, address order or inquiry to the nearest Hewlett- and location in the instrument. 
Packard Sales/Service Office and supply the follow- 
ing information: e. Quantity desired. 

Table 6-1. Abbreviations for Replaceable Parts List 

PACKARD NSR 
SLOW-BLOW 

BINDER HEAD SCR SI LICON CONTROLLED 
INTERMEDIATE FREQ. RECTIFIER 
1MPREGNATEQ OBD ORDER BY 
INCANDESCENT DESCRlPTlON 
INCLUDElS) OH OVALHEAD 
INSULATION(E0) OX OXIDE 

CER CERAMlC INTERNAL 
CMO CABlNET MOUNT ONLY 
COAX COAXIAL PC PRINTED (ETCHED) SP S1NGLE POLE 
COEF COEFFICIENT KG KILOGRAM CIRCUIT(S1 SpL SPECIAL 
COMP COMPOSITION PF PICOFARADS SINGLE THROW 
COMN CONNECTORfSI PHL PHILLIPS ST'D STANDARD 
CRT CATHODE-RAY TUBE LH LEFT HAND PIV PEAK INVERSE 

CLOCKWISE LINEAR TAPER VOLTAGE(S1 TANTALUM 
LOGARlTHlMlC TAPER PNP POSITIVE-NEGATIVE- TD TIME DELAY 
LOW-PASS F I LTER (5) POSITIVE TFL TEFLON 

P I 0  PARTOF TGL TOGGLE 
DOUBLE POLE PQRC PORCELAIN fHYR THY RlSTOR 
DOUBLE THROW W S  POSITIONIS) 

ELECT ELECTROLYTIC MET FILM METAL FlLM P-P PEAK-TO-PEAK TOL TOLERANCE 
ENCAP ENCAP$ULATED MET OX METAL OXIDE PRGM PROGRAM TRlM TRIMMER 
EXT EXTERNAL IkWR MANUFACTURER 'PS POLYSTYRENE 

MlNAT MINIATURE PWV PEAK WORKING 
MOMENTARY VOLTAGE 

FET FIELD-EFFECT MTG MOUNTING 
TRANSISTOR (S) RECT RECTIFIER(S) VAR VARIABLE 
FLAT HEAD RF RADIO FREQUENCY VDCW DC WORKING VOLTtSI 

RFI  RADIO FREQUENCY 
FXD FIXED NORMALLY CLOSED lNTERFERENCE 

RH ROUND HEAD 
NORMALLY OPEN 

GERMANIUM NEGATIVE POSlTlVE RIGHT HAND VOLTAGE 
ZERO 4TERO TEMPER- RMO RACK MOUNT ONLY W/o WITHOUT 

GRD GROUNDED ATURE COEFFICIENT) RMS ROOT MEAN SQUARE WW WI REWOUND 



Replaceable Parts 

Table 6-2. RepIaceable Parts 

Model 181T/'TR 

Srr. ~ n t ~ o d u r t l o n  to t h i c  scction f o r  order~nc inforination 

6-2 

W181-66512 ASSY CALIBRATOR. GATE AND HV CONTROL BOARD 00181-66512 
Ml180-66551 ASSY AUXILIARY OUTPUT BOARD 00180-66551 
MH81-66514 ASSY HORIZONTAL AMPLIFIER BOARD 0038t-66514 
W180-66532 ASSY HIGH VOLTAGE OSCILLATOR BOARD 00180-86532 
WlR1-66502 ASSY HIGH VOLTAGE RECTIFIER BOARD 00181-06502 

00181-68518 ASSY PULSE CIRCUIT BOARD 
00181-66503 ASSY LOW VOLTAGE REClFlER BOARD 
00181-tiGSO9 ASSY LOW VOLTAGE POWER SUPPLY BOARD 
00181-61 101 A S S Y  HIGH VOLTAGE TRIPLER {MODEL 181T ONLY1 00181-61 701 
00181-61 102 ASSY HIGH VOLTAGE TRIPCER (MODEL 181TR ONLY) 00181-61 102 

CZ 
C3 

C4 

00181-66517 
W180-61904 

01 80- 1805 
0180-1809 

01 80-1807 
01 70-0022 

01 60-3484 
01 60-3484 

1901-0040 
21 40-0245 
1200-0043 
W181-00601 
5020-0495 

0382-01 16 
1251-2039 
036%-0264 
1251 -2039 
21 10-0006 

21 10-0007 
21 10-0017 
21 10-0002 
21 10-0002 
21 10-OW7 

21 10-0012 
00180-03105 
00180-09101 
00180-44701 
00180-24702 

1400-OW1 
00180-24701 
14W-OW0 
2960-0038 
0570-0031 

0380-0724 
1205-OW3 
5040-0484 
5060-0167 
00180-41208 

1251-2357 
15 t0-OMS 
00180-27601 
1250-0083 
1250-0053 

1250-OW3 
1250-0083 
1250-0083 
1250-OUd3 
00180-71707 

0363-0008 

5060-0443 
00191-66004 
9170-0013 

9170-0213 
001 80-04 134 
001 AO-04 130 
001 RO-04 138 
OOIRO-04132 

5020-0478 
1017BA 
5040-0444 

5040-0463 
5070-0498 
051 0-0705 
1460-0706 
3050-044 1 

1 

C5 
C6 
C7 
C8 

CRl  
DSl 
E l  
EZ 
E 3  

€4 
€5 
f 6 
E7 
F1 

F2 
F3 
F4 
~5 
F6 

FJ 
H1 
H% 
H3 
H4 

H5 
HB 
H? 
H8 
H9 

H I0  
HI1 
H t2  
H I3  
H14 

J1 
A2 
13 
J4 
J5 

J6 
J7 
58 
J9 
J1D 

J11 
L1 
L2 
L3 
L4 

L5 
MP1 
MP2 
MP3 
M P ~  

MP5 
MPB 
MP7 
MP8 
hlP9 

MPlO 
M P l l  
MPlZ 
~ 1 ~ 1 3  
MP14 

1 
1 
1 

1 

2 
1 
152 

10 
28 

9 
1 

1 
3 
3 

1 

1 
1 
1 
1 

8 
4 
2 
2 
I 

2 
1 
1 
5 
t 

1 
1 
1 
6 

1 

2 

t 
1 
2 

1 
1 
1 
I 

1 
1 
1 
1 
1 

2 
2 
1 
8 
1 

ASSY. MODE SWITCH 
ASSY SWITCH DISPLAY 
C F X D  ELECT 43n UF +50-10% 2WVDCW 
C FXO ELECT 2t00 UF +75-10% AOVDCW 
C.FXD ELECT 3400 UF +75-10% 25VDCW 

C FXO ELECT 290 UF +50-to% 2DOVDCW 
C.FXD MY 0 1UF 20% EODVDCW 
b E L E f  ED 
C.FXD CER 1DW PF 20% 1 WOVDCW 
C.FXD CER 1OW PF 2088 1WOVDCW 

DIODE SILICON 3DMA 30WV 
LAMP INCANDESCENT 28V 0.04A 
IHSUMTOR TRANSISTOR MOUNTING 
SHICLD'CRT 
PIN SOUARE 

TERMINAL CRIMP. 18GA IVSED WITH E31 
CONNECTOR TEST POINT. CORD JACK 
TERM1NAL:CRIMP. 24 GA [USED WITH €31 
TERb>INAL.CRlMP (USED ON CRT NECK PINS1 
FUSF CARTRIDGE 2 DAMP [SLOW BLOW1 

FUSE CARTRIDGE 1 DAMP ISLDW BLOW1 
FUSE CARTRIDGE 0 5 AMP 
FUSE CARTRIDGE 2 AMP 
FUSE CARTRIDGE 2 AMP 
FUSE 0 30A 250V 

FUSE CARTRIDGE 0 5A 
CLIP.GROUND 
CLIP'GROUHD 
SPACER'TRADEMARK 
STANDOFF'GATE BOARD 

CLIP COMPONENT FOR 1 318" DIA 
STANDOFF TRANSFORMER 
WASHER RUBBER 5t8" OD 
NUT HEX SST 112 24 X 11 116 
SCREW NYLON 

SPACER:POST TYPE 
HEAT SINK SEMICONDUCTOR 
HANGER PROBE 
FOOT ASSYIRACK PARTI 
CLIP.HORIZONTAL (RACK PART1 

CONNEMOR.WWER 3 PIN MALE 
BINDING POST 
RECEPTACLE 32 CONTACT 
CONNECTOR.8NC 
CONNECTOR BNC 

C0NNECTOR:BNC 
CONNECTOR~ENC 
CONNECTOR BNC 
CONYECTOR.BNC 
CONYECTOR BANANA. FEMALE 

CONTACT.CONNECTOR, VERTICAL. PLUG IN 
DELETED 
COIL.TRACE ALIGNMENT 
COIL.ALIGPIMENT. Y AXIS 
C0IL:CORE TOROID, GREEN 

COIL CORE, TOUOID. GREEN 
COVER TOP RIGHT (CABINET PART) 
COVER.BOTTOM RIGHT (CABINET PART) 
CCIVER.TOP LEFT (CABINET PART) 
COVFR BOTTOM LEFT ICARINET PART) 

BEZEL 
FILTER CONTRAST 
SHIELD LIGHT. BLACK NYLON 
NOT USED 
NOT USED 

HANGER:PROBE (CABINET PART) 
HINGE PROBE HANGER [CABINET PART) 
PIN SPRING 
SPRING COMPRESSION (CABINET PART] 
WASHE R.SHOULDER 

56789 
56289 

58289 
09134 

72982 
72982 

07283 
7 1744 
71785 
28480 
28480 

91886 
28480 
91886 
07557 
75915 

75915 
75915 
75915 
75915 
28480 

28480 
28480 
2R480 
2R4RO 
2MnO 

37942 
28480 
WOO0 
75015 
WOO0 

00000 
05820 
28480 
7R480 
2R4RO 

87930 
28480 
02660 
07660 
02660 

02660 
07660 
02660 
OZGFO 
28480 

28480 

28480 
28480 
72656 

72656 
28480 
28480 
784nO 
7 n m  

28480 
28480 
28480 

28480 
28480 
m7R7 
onnrlo 
22.180 

W181-66517 
00180-61904 
370431 FZOOAC2Atb11C 
37021 ZGWOABZA-DOC 
32D342G025AB2A-DOC 

320291 F200AB2A-DOC 
TYPE 24 

2432 
2432 

FOG1088 
CM 387 
29301 1 
W181-00801 
50204495 

261 1225-6 
1.751 -2039 
XI 1225-14 
3367-1 -03 
31 3002 

313001 
312500 
312002 
312 nnz 
21 10-0067 

2110-0012 
W180-09105 
Lh3180-09104 
D3180-44701 
WlRO-74702 

TH25 
001 RO-24701 
OBD 
903-1 2 
OBD 

OBD 
NF224 
5040-0464 
5060-0767 
00180-41208 

1251-2357 
1510-0038 
264200-325 
31-271 -1020 
31-221-1070 

31-221-1020 
31-221-1020 
31-221-1070 
31-221-1020 
00180-21702 

0363 -Om 

5060-0443 
00191-66W 
CF-102-H 

CF-102-H 
00180-04134 
00180-04130 
00180-a4136 
on18o-a413z 

5020-0476 
10175A 
5040-Mad 

5040-0463 
5020-0499 
OED 
OED 
3050-0441 



Model 181T/TR 

/ ~ ~ : ~ ? ~ ~ ~ " , n  (HP Part Nurnbet 

MP15 &I 0-0952 
MP1B m180-67405 
MPI  J 0370-0348 
MP18 01 201-67401 
hIP19 M1181-67402 

MP35 
MP36 
MP37 
MP38 
MP39 

MP40 
MP41 
MP42 
UP43 
MP44 

IMP45 
MP46 
MP47 
MP48 
MP49 

MP50 
MP51 
MP52 
MP53 
WP54 

MP65 
MP56 
MP57 
MP58 
MP59 

MPBO 
MP61 
MP62 
MP63 
MP64 

MP65 
MP66 
MP67 
MPGR 
MPGP 

MP70 
MPJ1 
MPJ2 
MP73 
MP74 

MP75 
MP76 
MP77 
MP78 
MP79 

MPBO 
MP8 1 
MPBZ 
MP83 
MP84 

MP85 
MP86 
MP87 
MP88 
MP89 

MP90 
MP9l 
MP92 
MP93 
RIP94 

Replaceable Parts 

Table 6-2. Replaceable Parts (Cont'd) 

Description 
Mfr 

Q ~ Y  Code 

6 RING RETAINING 
1 KNOB.RND BLK (FIND BEAM] 
2 KNOB'RND BLK 
1 PUSHBUTTON [ERASE) 
1 PUSHBUTTON (MAX WRITE) 

1 PUSHBUTTON ASSY (WRITE! 
1 PUSHBUTTON (NORMI 
1 PUSHBUTTOM (VIEW1 
1 PUSHBUTTON ASSY ISTORE) 
5 BEZEL PUSHBUTTON KNOW BLK NYLON 

1NSULATOR:BWSHING. CALIBRATOR 
KNOR ASSY:POSITION 

LEVL 
KNO0 AS& BAR WITH BLACK ARROW 
P A N F I  FRONT 1181T ONLY)  

~ A N E L ~ F R O N T  SUB 
5HIELD:LINE FlLTER 
8RACKET:GROUNO LINE FlLTER 
8RAFKET:LINE FILTER [CAP) 

PANEL REAR tlNCLUOES J 1  AND MP32I 
FOOTREAR. [LONG! [CAMNET PART) 
BRACKETTRANSISTOR 
FOOT REAR [SHORT) [CABINET P A W  
RUBBER RFI  

FOOT B O n O M  (CABINET PART! 
STANO.TILT [CABINET PART) 
SPACER FRONT (CABINET PART! 
SPACER SIDE [CABINET PART] 
SPACER REAR (CABINET PART! 

HANDLE 
GUIDE:PLUG-IN LEFT 
GUIDE:PLUG.IN RIGHT 
BRACKETCONNECTOR PLUG-IN 
CHASSIS'DISPLAY ICABINET P A W  

CHASSIS POWER (CABINET PART] 
TRANSI5TOR.HEAT SINK LH 
TRANSIST0R:HEAT SINK RH 
BRACKET'PLASTIC. CRT 
BRACKET.TRAMSFORMER IFRQNTI 

8RACKET:TRANSFORMER IFRONTI 
GRRMMET'VINYL 0.250 tD 
C L ~ M F  STAINLESS STEEL 
SHIELD CRT 
SHIELD'CALIBRATOR 

SPRING INSERT {CABINET PART! 
INSERT KEEPER [CABINET PART) 
PANEL.REAR. POWER 
BRACKET.CAPACITOR 

BRACKET:TRANSFORMER (REAR) 
BRACKET,TRANSFORMER IREAR) 
SllPPnRT TRANSFORMER 

NUT.HORIZONTAL POSITION POT 
BRACKET.CRT CONTROL MOUNTING 
C0UPLET:SHAFT 
BRACKET.VERTICAL LEADS (CABINET PART) 
NOT USE0 

FRAME AS3Y:SIDC IRACK PART) 
BRACKET:COVE R IRACK PART! 

TRIM STRIP (RACK PART! 
SHIELD POST ACCELERATOR (RACK PART) 
KIT.5 H RACK MOUNT (RACK PART] 
SPACER,FROMT IRACK PARTI 
SPACER REAR IRACK PARTI 

CHASSIS ASSY DISPLAY (RACK PARTI 
CHASSIS ASSY POWER (RACK PART l 
STAND,TILT 1Rf i rV 
BRACKET VERl  

- , ,  ,., 
-1CAL LEADS [RACK PART1 

TRADEMARK [HPI 

Mfr Part Number ==3 



Replaceable Parts 

Table 6-2. Replaceable Parts (Cont'd) 

C L  

SOCKET CRT TUBE 
CONTACT CRT SOCKET 
tOVER:CRT SOCKET 
KITCONTRAST FILTER-BLUE 
TSTR SI NPN 

TSTR SI NPN 
TSTR'SI NPN 
TSTR.SI NPN 
TSTR'SI NPN 

R 5  
R6 

R7  
R8 
R9 
S1 
$2 

S3 
54 
$5 
Sti 
SJ 

T1 
V1 
W 1 

wa 

W3 
W4 
W5 
W6 
W I  

WB 
W9 
W10 
W11 
lV l2 

w13 
w14 
W15 
W16 
W17 

W18 
X F ?  
XF2 
XF3 
XF4 
XF5 

XQ1 
XQ2 
XQ3 
XQ4 
X05 

R.VAR COMP 2 X lOOK OHM 20% LIN 

2100-2563 
0683- 1045 

2 1 W 1 7 1 5  
21 LK-2086 
2100-Y6OB 

3101-0070 

3107-0977 
31130-1345 
3101-0965 
3101-1237 
3101-0977 

9143-1117 
5083 1952 
8170-1538 
8120-1545 
oo in i  s i w o  

00180 61617 

00180-81657 
00181 61606 

00180-81685 

00180-61807 
a0180-81682 

mirto-67sa3 
oo1ai 616.~4 

00180-81653 
00181-61617 

W180-81652 
1600-OM4 
1400-0084 
1400-01 23 
1400-01 23 
1400-0008 

1200-OW1 
1700-W1 
1200-0041 I 
1200-0041 
1200-0041 

1 
1 

1 
1 
1 

I 

2 
1 
T 
1 

1 
1 
1 
T 
t 

1 

T 
1 

1 

1 
1 

1 
1 

1 
1 

1 
2 

2 

1 

5 

N S R  PARTOFR2  
R VAR COMP 10K OHM 20% LIN 1!4W 
R VAR COMP 5 MEGOHM 202 LIN 112W 
R.FXD COMP lOOK OHMS 5% l!dW 

R VAR M M P  50K OHM 202 LIN 112W 
R VAR COMP 6K OHM 2086 LIN 112W 
R VAR COMP 10K OHM 70% LOG 1IdW 
DELETED 
SWITCH SLIDE 

SWITCH PUSHBUTTON DPDT 
SWITCH ROTARY 1 SECTION 3 POSITION 
SWITCH PUSHBUTTON SPOT (INCLUDES DSI) 
SWITCH SLIDE OPDT (1 151730V OPERATION) 
SWITCH PUSHBUTTON DPDT IERASEl 

TRANSFORMER.POWER 
CATHODE RAY TUBE.tP31 PHOSPHOR1 STANDARD 
CABLE ASSY POWCR CORD (181Tl 
CABLE ASSY POWKR CORD (181TRI 
CABLE ASSY T I  1 1 8 1 ~  ONLYI 

CABLE ASSV COAX DISPLAY SWITCH [RACK) 
NOT ASSIGNED 
CABLE ASSY HORIZONTAL MAGNIFIER 
CABLE HORIZONTAL CRT CONNECTION (RACK1 
NOT ASSIGNED 

CABLE CRT VERTICAL 
DELETED 
NOT ASSIGNED 
CABLE AUXI LARY OUTPUT 
CABLE ASSY T I  PRIMARY (INCLUDES L41 

CABLE ASSY LINE EINCLUDES ~ 5 1  
CABLE ASSY MAIN HARNESS [RACK) 
NOT ASSIGNED 
CABLE ASSY LOW VOLTAGE POWER SUPPLY 
CABLE ASSY LOW VOLTAGE TRANSFORMER 

CABLE COAX. DISPLAY 
FUSEHOLDER EXTRACTOR POST TYPE 
FUSEHOLDER EXTRACTOR POST TYPE 
FWSEHOLDER.3 POLE FOR 114" DIA 
FUSEHOLDE R.3 POLE FOR 114" DIA 
FUSEHOLDfR.BRONZE CLIP 

SOCKETTRANSISTOR 
SOCKETTRANSISTOR 
SOCKETTRANSISTOR 
SOCKET TRANSISTOR 
SOCKET.TRANSISTOR 

28480 
01127 

28480 
28430 
78480 

79727 

82389 
28430 
87034 
R?RFIR 
82B9 

28480 
28480 
28480 
7R4RD 
2amo 

28480 
28480 
78180 
28480 

20480 

28480 
28480 

28480 
2.8480 

28480 
28480 

28480 
75915 
75915 
75015 
75915 
95915 

71785 
71785 
71 785 
71785 
71785 

21 00-2563 
CB 1045 

2100-1717 
2100-2086 
2100-2608 

G-126 

126-1 032 
3100-1345 
54-61681-27-387 
31101-1737 
12s-1037 

9100-1177 
5M3 1952 
8T20-1538 
00181 61670 
mla1-61fi17 

00180 61617 

43180-61657 
00t81 61606 

W181)-61685 

00180-61807 
(Xll8@-61682 

m180-61883 
00181 61634 

00180-61853 
00181-6181 7 

00180-81652 
342014 
342014 
35 7W3 
35 7003 
3510-11 

133-32-30-01 3 
133-32-10-01 3 
133-32-10-013 
133-37-10-01 3 
133-32-10-013 



Model 181TLFR ReplaceabIe Parts 

Table 6-2. Replaceable Parts (Cont'd) 

Svr. introclu<,tir)n to th is  s(.clion tor  ordcrinp i n f r > r ~ n n l ~ r r n  

6-5 

00181-66512 ASSY.CALIBRATOR, GATE & HV CONTROL 8 0  M181-66512 
C FXD MY 0 022 VF 10% 2OOVDCW 192P22392-PTS 
C FXD MY 0 022 WF losb 200VWCW 192P223B7-PTS 
C FXD MY 0 022 UF 10% 200VDCW 192P22392-PTS 
C FXD MYLAR 0 01UF 5% 2OOVDCW 

C FXD MY 0 022 UF 10% 2OOVDCW 192P22392-PTS 
C FXD ELECT 10 0 WF 10% 2WDCW 
C FXD CER 3 3-0.25 PF 5WVDCW 
C VAR TEFLON 0 25-1 50 PF GOOVOCW 

AlC12 
AlC13 
AlC14 

AlC15 
A l C l B  
AlC17 
AlC18 
A l C l 9  

AlC20 
A l C Z l  
A IL22  
AlC23 
AlC24 

AlC25 
AlC26 
A l C R l  
A lCR2 
AlCR3 

AICR4 
AlCR5 
AlCRB 
AlCR7 
AICRB 

AlCRQ 
I A lCR lO  

A l C R l l  
A lCR12 
AlCR13 

AtCR14 
AICR15 
ATLl  
A1 L2 
AT01 

A102 
A103 
A704 
AT05 
AT06 

A107 
A108 
A109 
A1010 
A1 R l  

A IR2  
A IR3  
A IR4  
A1 R5 
A IR6  

A IR7  
A IR8  
A1 R9 
AlRTO 
AlRT1 

AIR12 
AlRT3 
AIR14 
AIR15 
AIR16 

AIR17 
AIR18 
AIR19 
AIR20 
AIR21 

AIR22 
AIR23 
AIR24 
AIR25 
AIR26 

01 60-0303 
01 60-2 150 
01 60-2961 

01 60-2961 
01 80-0089 
01 80-0755 
01 80-0045 
01 60-3008 

01 60-0380 
01 60-3007 
0760-3008 
01 60-3007 
0160-3007 

01 60-3008 
0760-3M17 
1901-0040 
1901-DO40 
1901-GO40 

1901-WO 
1901-0179 
1901-0040 
1901-0029 
1901-0029 

1901-0487 
1901 -0040 
1901 -0096 
190.1-0m6 

1901-0098 
1901-0040 
9100-1553 
9140-0179 
1854-0019 

1854-0019 
1853-0038 
3 854-027 1 
1863-0036 
11354-0734 

1854-0234 
1854-0023 
1854-0077 
1954-0039 
0757-0407 

0757-0407 
0757-0401 
0757-0401 
0757-0401 
0757-0401 

0757-0458 
0767-0281 
0757-0274 
0757-028 1 
0757-0290 

0757-0462 
0757-0724 
0757-0727 
0757-0757 
0757-0468 

075'1-0757 
0757-0407 
0757-0780 
0757-0190 
0757-0416 

0757-0441 
0757-0426 
0761 -0083 
0797-0438 
0757-0283 

C VAR POLY O 7-3 0 PF 35nVDCW 535-W9-UR 

C FXD MlCA 2000 PF 2% 

1 
1 
2 

1 
3 
1 
5 

2 
6 

34 

1 

C FXD MY 0 022 UF 10% 2OOVDCW 
C FXD MYLAR 15 UF 10% ZWVDCW 
C f XD MICA 33 PF 5% 
C FXD MICA 5825 PF 2% 300VDCW 

C FXD MICA 5425 PF 2% 300VDCW 
C FXD ELECT 10 WF-10% tlOWb 1SOVDCW 
C FXO ELECT 2.2 Y F 20% 20VDCW 
t .FXD ELFCT 20 VF 25VDCW 
C:FXD CER 47W PF 20% 4K VDCW (LEFT FRONT LEAD) 

C FXD MY 0 22 UF 10% 20OVDCW 
C.FXD CER 47W PF 2096 4K VDCW (RIGHT FRONT LEAD) 
C FXD CER 47W PF 20% 4K VDCW (LEFT FRONT LEAD) 
C'FXD CER 47W PF 70% 4K VOCW (RIGHT FRONT LEAD1 
C.FXD CER 4700 PF 2014K  VDCW (RIGHT FRONT LEAD1 

C:FXD CER 4700 PF 2086 4K VOCW (LEFT FRONT LEAD! 
C'FXD CER 47W PF 20% 4K VDCW lRlGHT FRONT LEAD) 
DIODE SI LICON SOMA 3mv 
DlOOE SI LlCON 30MA 30WV 
DIODE SI LlCON 30MA 30WV 

DlOOE SILICON 3OMA 30WV 
DIODE 31 LICON T5WV 

192P22392-PTS 

2 

1 

4 

7 

5 

3 
1 
1 
2 

I 
25 
3 
7 

9 

1 
4 
1 

1 

1 
1 
1 
2 
2 

8 
3 
1 

2 
2 
1 
8 
10 

28480 
28480 
04052 

04W2 

07283 
28480 
28480 

28480 
07263 
01295 
01295 

07295 
07283 
28430 
28480 
28180 

28480 
28480 
28480 
80131 
80131 

80131 
28480 
2R480 
no131 
14674 

14874 
14674 
14674 
14674 
1.4674 

91637 
28480 
78480 
28480 
28480 

28480 
78480 
28480 
28480 
7R480 

28480 
14674 
14574 
28480 
14674 

14674 
78480 
28180 
14014 
28480 

DIODE SILICON 30MA 30WV 
DIOOE SlLlCON 600 PIV 
OlOOE SILICON 6nO PIV 

NOT ASSIGNED 
DIODE SILICON 1500 PIV 
DlODE SI LlCON 30MA 30WV 
DIODE SILICON lZOV 
DIODE SILICON 120V 

DIODE SILICON 120V 
OlODE Sl LlCON 30MA 30WV 
COlL1CHOKE 910 WH 596 
M IL ICHOKE 2 2 0 U H  1036 
T$TR,SI NPN 

TSTR.SI NPN 
TSTR:SI RNP 
TSTR.51 NPN 
TSTR'SI PNP 
TSTR.31 NPN 

TSTR.SI NPN 
TSTR SI NPN ISELECTED FROM 2N2484) 
TSTR.SI NPN ISELECTED FROM 2N37041 
TSTR.SI NPN 
R FXD MET FLM 2 W  OHM 196 118W 

R,FXD MET FLM 203 OHM 1% 118W 
R'FXD MET FLM 1DOOHM 1% 1/8W 
R FXD MET FLM 100OHM 1% 1/8W 
R FXO MET FLM 1 ~ 0 0 ~ l l l  1% 1181~ 
R FXD MET FLM 1 W  OHM 1% 118W 

R FXD MET FLM 51 1 K OHM 1% 1/8W 
R FXD MET FLM 2.74K OHM 1% 1f8W 
R FXD MET FLM 1.21K OHM 1% 1/8W 
R FXD MET FLM 2.74K OHM 1 4  1/8W 
R FXD MET FLM 8 19K OHM 1% 118W 

R FXD MET FLM 75K OHM 1% 118W 
R FXD FLM 392 OHM 1% 114W 
R FXD MET FLM 567 OHM 1% 1/4W 
R FXD FLM 15K OHM 1% 1/4W 
R FXD FLM I5OK OHM 1% l18W 

R FXD FLM 15K OHM 1% 1!4W 
R.FXD MET FLM 2MlOHM 1% 118W 
R:FXD MET FLM 1 K OHM 1% 1181V 
R.FXD MET FLM 20K OHM 1% 11ZW 
R FXD MET FLM 511 OHM 1% 1/BW 

R FXD MET FLM 8.25K 1% 118W 
R FXD FLM 1.3K OHM 1% 1/8W 
R FXD MET OX 68K OHM 5% TW 
R FXD MET FLM 5 11K 1% 1#W 
R FXD MET r ~ h l  2 OOK OHM 14 1 ! 8 ~  

01 60-03n3 
0160-2150 
RDf120F158251G3C 

RDMZOFI58251G3C 

FDGlORB 
1901 -On29 
1901-0029 

1901-4487 
FDGlORB 
UG-888 
UG-888 

UG-B88 
FOG1088 
9100-1693 
9140-01 79 
1851-OD1 9 

1854-M19 
1853-OW8 
1854-0271 
2N3908 
2Fb3440 

2N3440 
1854-DM3 
1854-0071 
ZN3053 
ORDER BY DESCRIPTION 

ORDER BY DESCRlPTlON 
OROER BY DESCRIPTION 
ORDf R 8 Y  DESCRIPTION 
ORDER BY DESCRIPTION 
ORDER BY DESCRIPTION 

MF-1/10-32 
0757-0281 
0757-0274 
0757-D7R1 
0757-0700 

0757-M62 
0757-0724 
0757-0777 
0757-0757 
0757-4469 

0757-0757 
ORDER BY DESCRIPTION 
ORDER BY DESCRIPTION 
0757-0190 
ORDER BY DESCRIPTION 

ORDER BY DESCRIPTION 
0757-0426 
0761 -0083 
ORDER BY OESCRlPTlON 
0757-0283 

58289 
56289 
56289 
77982 

28480 
72982 
72982 
72982 
72982 

72882 
72iR2 
07263 
07263 
07283 

07263 
28480 

300106G15ODF4 
1500225XD020A2-DYS 
300206-GO- 750B-6M 1 
3RRB-024-Y 5SO-472M 

01 W-0380 
38&5-024-YSS0-472M 
3888-024- Y5SO-472M 
3888-074 Y5SO-472M 
3888-024-Y550-472M 

388-024-Y5SO-472M 
3RR8-024-Y5SO-472M 
F DG lO8R 
F DG 1088 
FDG1088 

FOGlO&S 
1901-0179 



Replaceable Parts 

Table 6-2. Replaceable Parts (Cont'd) 

Description Mfr 
Code 

-- 

28480 
28480 
28480 
28480 
OF121 

28480 
28480 
28480 
28480 
28480 

01 121 
75042 
28480 
14674 
14674 

14674 
28480 
28480 
14674 
14674 

Mfr Part Number Reference IHP Part Number 
Designation 

R.FXQ MET FLM 2 WK OHM 1% 118W 
R FXD FLM 47 5 OHM 1% 118W 
R.FXD MET FLM 12 IK OHM 1% i t m  
R.FXD MET FLM 2K OHM 0 1% 118W 
R FXQ MCT r L M  17 O ~ K O I H M  o 1% 1 1 2 ~  

CB 27G 1 
CT150 
0727-0263 
ORDER BY DESCRIPTION 
ORDER BY DESCRIPTION 

ORDER BY DESCRIPTION 
06%-3553 
0757-0283 
ORDER BY DESCRIPTION 
ORDER BY DESCRIPTION 

R:FXD MET FLM 511 OHM 1% 112W 
R:FXD MET F LM lKbOHM 1% l/BW 
R'FXD MET FLM 1WK 1% l(8W 
R.FXD FCM 15 MEGOHM 1% 3W 
R,FXD COMP 1 MEGOHM 10% 1W 

R FXD COMP 4700 OHM 104b 1 l N  
R FXD FLM 8 25 MEGOHM 5% 1W 
R.FXD FLM 16.25MEGOHM 5% 1W 
R,FXO MET FLM $1 9KOHM 1% l/8W 
R.VAR 50K OHM 108; LIN 112W 

R:FXO COMP 100 OHM 10% 112W 
R:FXO MET FLM 853 OHM 1% 118W 
R.VAR FCM 2 0 ~  OHM 1 W LIN ll2W 
CONNECTOR SOCKET (TEST JACK1 
LAMP.GCOW l/ lOlY 

NE 2EI  
ORDER BY DESCRIPTION 
1907-0025 1902-0038 

00180-66551 

A1V2 
A l V R l  
AIVR2 
A lVR3  
A2 

LAMP GLOW l/TOW 
DIODE BREAKDOWN.7 32V T%4EK1 MW 
DIODE BREAKDOWN.100V 5% 44W MW 
DIODE BREAKDOWN 45 3V 5 1  800 MW 
AUXILIARY OUTPUT BOARD 

C:FXD CER 220 PF 1G% 1 WOVDCW 
fERMINAL.Pl1V 
R:FXD MET FLM 51 10 OHM 1% 1&W 
R FXD MET FLM 5110OHM 1% 118W 
R FXD MET FLM 51100HM 1% l18W 

AS5Y.HORIZONTAL AMPLIFIER BOAR0 
C VAR CER 2 S PF XQVDCW 
C.VAR CER 9 35 PF 
C FXD MICA 51 PF 3OOVDCW 
C'FXDMY O022UF 10%ZWVOCW 

C:FXD MY 0.022 UF 10% PWVDCW 
C:FXD ELECT 2.2 UF 10?6 2OVDCW 
C:FXD ELECT 2.2 UF 10% 2DVDCW 
C:FXD ELECT 0.15 UF 10% 35VDCW 
C . V R R  POLY 0.7 TO 3 0 PF 350VQCW 

192P22392-PTS 
192P47392-PTS 
301-OW-COHO-519C 
FDG 1088 
FWG 1U88 

C FXW MY 0022 UF 10% 2MIVDCW 
C FXD MY 0 OLF7 UF 10%.200VDCW 
C'FXD CER 5 t PF 
DIODE SI LlCON 30MA 30NV 
DlOD E SILICON 30MA 30WV 

FOG1088 
FOG 1088 
FOGlORR 
FOG1088 

DIODE 'SILICON 30MA 30WV 

DIODE Sl  LlCON =MA 30WV 
DIODE $1 LICON 30MA 30WV 
CDIL1CHOKE 22 0 UH 10% 

' COILICHOKE 22DUH 1 W  
I CORE.FERRITE BEAD 

FDG 1088 
FDGlDB8 
91 40-0 179 
9140-0179 
56-580-65AZ14A 

I 
Scat. ~ n t l o d u c t ~ ( , ~ >  to thls sccflon f o r  ol.drrinp, inlo~lnat l (>n 





Replaceable Parts 

Table 6-2. Replaceable Parts (Cont'd) 

Model 181T/TR 

Sc.t. introdurtinn tn t h ~ s  spction for ord~rinp, infor~n;jtirbn 

Reference 
Designation 

A5C3 
A5C4 
ASCFII 
A5CR2 
A5R1 

A5R2 
A5R3 
A5T1 
A6 
A6C1 

ABC2 
A6F3 
A6C4 
A6C5 
AGCF 

AfiC7 
A6C8 
A6CRl 
AFCR2 
AfiCR3 

ABCR4 
A6CR5 
A6CR6 
A6CR7 
AfiCRS 

A6CR9 
A6CR10 
ABCR1 1 
A6CR12 
~ 6 a 1  

A602 
~ 6 a 3  
A604 
A605 
A606 

A607 
A608 
A609 
A6010 
A6011 

ABQ t 2 
AGQtJ 
A6014 
AGO15 
A6t3lB 

A6017 
A6010 
A6019 
ADRl 
AGR2 

A6R3 
A6R4 
AGR5 
A6R6 
A6R7 

A6R8 
A6R9 
A6RIO 
A6RT1 
A6R12 

A6R13 
A6RT4 
AGR15 
A6R18 
A6R17 

A6R18 
A6R19 
A6RZO 
A ~ R Z I  
A6622 0687- 1841 2 R.FXD COMP 180K OHM lm 112W 01 121 EB 1841 

A6R23 0687-1m1 5 R'FXD COMP 10K OHM 1096 1/2W 01 121 El3 1031 
A6R2U @387-1Wl R.FX0 COMP 10K OHM 10% 1/2W 01 121 €0 1031 
AGR25 13687-1W1 5 R.FXD COMP TOOK OHM 108 117W 01121 E8 1041 
AOR26 0757-0.282 2 R FXD MET FLM 511KOHM 1% 118W 28480 0757-0482 
A6R27 WR7-1041 R:FXD COMP TOOK OHM 1 0 1  1/2W 01 121 EB 1041 

A6R2.3 W87-1041 WFXD COMP 10OK OHM 1% 112W 01121 €13 1041 
A6R29 21 00-2650 WVAR FLM 200K OHM 1096 LIN 1/2W 28480 2100-2650 
A6R30 D687-1041 R f X D  COMP lOOK OHM lfl% l/ZW 01171 EB lM l  
A6R31 0757-0770 2 R FXD FLM 56 7K OHM 1% 1/4W 28480 0757-0770 
A6R32 0757-0482 R FXD MET FLM 511 K OHM 1% 118W 28480 0757-0482 

HP Part Number 

01 60-3007 
01 60-3008 
1901-0341 
1901-0311 
M87-2231 

2 1 W 0 9 1 8  
0836-OW3 
00181-6M01 
00181-G8518 
0160-2216 

0160-0154 
0140-0176 
0160-2930 
0780-0374 
0180-0100 

01 60-2930 
01 60-2930 
1901-0040 
1901-0040 
1901-0040 

1901 -0040 
1901-0025 
1907-0026 
190 t -040  
1 B0 l -040  

1901-OW0 
1901-0026 
1901-0028 
1901 -0026 
1854-0071 

1854-WZ2 
1854-0071 
1854-0071 

1854-CQ71 

1854-0071 
1854-0071 
1854-0022 
1856-0022 
1854-007 1 

18U-007 1 
7854-007 1 
1854-0071 
1854-0071 
1854-0071 

1854-0071 
1854-0071 
1E54-0022 
W87-2241 
0687-4741 

DB87-4731 
0757-0767 
0757-W46 
0757-a469 
0757-0466 

0881-4741 
71 W-2650 
0687-8231 
0687-4731 
W87-5631 

M87-474 1 
0757-0479 
0757-0447 
0757-0469 
21 W 2 0 3  1 

21 W-2031 
0757-0135 
0757-0352 

Qry 

2 

1 

1 
1 
1 
1 
1 

1 
1 
3 

3 

1 
6 

4 

1 
7 

4 
1 
1 

2 
1 

1 

1 

t 

1 

Description 

C F X D  CER 47W PF (RIGHT FRONT LEAD1 
C FXD CE R 4700 PF ( L f  FT FRONT LEAD! 
DIODE SI 7000 PIV SOMA 
RI0DE.SI 7000 PIV 50MA 
R F X D  COMP 77K OHFA 109u 112W 

R VAR COMP 1 MEGOHM 20% LIN 1/5W 
R.FXD FLM 29MEGOHM 10% 1W 
TRANSFORMER.HIGW VOLTAGE ASSY 
A55Y PULSE CIRCUIT BOARD 
C FXD MICA 820 PF 5% 

C:FXD MICA MY 0 0022 UF 10% 2DoVDCW 
C'FXD MICA 1Ml PF 2% 
C FXO CER 0 01 UF +80-20% lOOVDCW 
C FXD ELECT 10OWF 109hZOVDCW 
C:FXD ELECT 4.7 VF 10% 35VDCW 

C.FXD CER 0.01 UF +80-20% lOOVDCW 
C F X O  CER 0 01 UF +80-70% TOOVDCW 
DIODE SILICON 30MA 3 W V  
DIODE'SI LICON 30MA 3DWV 
DIODE SICICON SOMA 30WV 

OIODE.51LrCON mMA 30WV 
DIODE.SILICOM 100MAllV 
DIODE SILICON 0 75A 2WPIV 
QIODE.SILICON X M A  30WV 
ChODE.SILICON 30MA 30WV 

DIODE SILICON XlMA 30WV 
DI0DE:SILICON 0 75A 700PIV 
DIODE SILICON 0 75A 200PIV 
DIODE.SILICON 0 75A 200PIV 
TSTR SI NPNISECECTED FROM 2N37041 

TSTR SI NPN 
TSTR SI NPNISELECTED FROM 2N37041 
TSTR $I NPNISELECTED FROM 2N37041 
NOT USED 
TSTR SI NPNiSELECTED FROM 2N37043 

TSTR $I NPNfSELECTED FROM 2M37041 
TSTR'SI NPNEELFCTED FROM 2N37041 
TSTR SI NPN 
TSTR:SI NPN 
TSTR.SI NPNEELECTED FROM 2N3fM1 

TSTR.SI NPNtSELECTED FROM 2N37041 
TSTR:SI NPNtSELECTED FROM 2N37041 
TSTR'SI NPM(SELECTE0 FROM 2N37WI 
TSTR.SI NPNtSELECTEO FROM 2N37041 
TSTR:SI NPN(5ELECTED FROM 7N37041 

TSTR.SI NPNlSECECTED FROM 2N37041 
TSTR.SI NPNlSELEGTED FROM 2N37041 
TSTR:Sl NPN 
R.FXD COMP ZZOK OHM 10% T/2W 
R'FXO COMP 470K OHM 1 0 1  112W 

WFXD COMP 47K OHM 10% 112W 
R'FXD CLM 43 2K OHM 1% 114W 
R FXD MET FLM 150K OHM 1% 118W 
IR.FXO FLU 150K OHM 1% 1/BW 
R,FXD MET FLM 110K OHM 1% 1tBW 

R:FXO COMP 470K OHM 10% 112W 
R VAR FLM 200K OHM 10% LIN 112W 
R.FXO COMP R7K OHM 10% l/?W 
R FXD COMP 47K OHM 10% 112W 
R FXD COMP 56K OHM 10% llZW 

R FXD COMP 470K OHM 10% 112W 
R:FXD MET FLM 39211 OHM t'% 118W 
R.FXD MET FLM lOOK 1". 1/8W 
R FXD MET FLM 150K OHM 1% l/8W 
R VAR 50K OHM 1W1 LIN 112W 

R VAR 50KOHM 10% LIN 1/2W 
R'FXD MET FLM 511K OHM 1% l12W 
R'FXD MET FLM 150KOHM 1% 1RW 
NOT u s E n  

Mfr 
Code 

72982 
72982 
28480 
28480 
01177 

28480 
28480 
284R0 
28.180 
28480 

56289 
28480 
91418 
6fi289 
56289 

91418 
91418 
07163 
07263 
07283 

m263 
07263 
04713 
07263 
07263 

07263 
04713 
04713 
04713 
28180 

07283 
28480 
28480 

28480 

28480 
28480 
07263 
07263 
2R4n0 

28480 
284RO 
28480 
28480 
28480 

20480 
28480 
012b3 
01121 
01 121 

01121 
28480 
28480 
28480 
28480 

01121 
28480 
01121 
01121 
01121 

01121 
28480 
14874 
28480 
28480 

28480 
28480 
28.280 

Mfr Part Number 

3888-024-Y5$0-472M 
3388-024-15513-472M 
1901-0341 
1001-0341 
E l t  2231 

2100-0918 
0336-11003 
W181-80801 
00181-GO518 
0160-2216 

192P22292-PTS 
0140-C176 
T A 

15OD106XBMOB2-76 1500475X903582-DYS 

T A 
T A 
FOG1088 
FOG1088 
FOG1088 

FDGIOSS 
FD 2 m 7  
SR1368-8 
F DG 1088 
F DG 1088 

FDGlOBB 
SR1358-8 
SR1350-8 
SR 1358-8 
1854-007 1 

$1 7843 
1854-0071 
1854-0071 

1854-0071 

1854-0071 
1854-0071 
S17843 
517843 
1850-Do71 

1854-W71 
1854-W71 
1854-0071 
1834-0071 
1854-0071 

I 1854-0071 
1854-0071 
S17843 
EB 2241 
EB 4741 

EB 4731 
0757-0767 
0757-0046 
0757-0469 
0757-0466 

EB 4741 
2100-2650 
EB 8231 
EB 4731 
EB 5631 

EB 4741 
0757-0479 
ORDER BY DESCRIPTION 
0757-0469 
21M-7031 

21DD-2031 
0757-0135 
0757-0352 



Model I81T/TR Replaceable Parts 

Table 6-2. Replaceable Parts (Cont'd) 

S P P  ~ n l r o d ~ l r t i n n  to  th~r c p c t ~ o n  tor  O Y ~ P T I I I E  i n f o r l n a r ~ o n  

6-9 

Reference 
Designation 

M R 3 3  
A6R34 
A6R35 
AtiR36 1 
A6R37 

A6R38 
ABR39 
A6 R40 
A6R41 
ARR42 

A6R43 
A6R44 
A6R45 

HP Part Number 

0757-0770 
0687-4741 
0687-4741 
13587-4741 
0757-0283 

0757-0283 
0687-1031 
W87-1031 
M87-1841 
21 00-2031 

0757-01 90 
0757-0283 
0757-0783 

Qty 

A6R48 
AGRU7 

A6R48 
A6R49 
A6R50 
A6R51 
A6R52 

A6R53 
A6R54 
A6R55 
A7 
A7C1 

A7CR1 
A7CR2 
A7CR3 
A7CRd 
A7CR5 

AJCR6 
A7CR7 
A7CR8 
A7CR9 
A7CR10 

A7CR11 
A7CR12 
A7CR13 
A7CR14 
A7CR15 

A7CRl5 
A7CR17 
AfCR18 
A4CR19 
A7CR20 

A7R1 
A7R2 
AJR3 
A7R4 
A7R5 

AJR6 
A7VR1 
A8 
A8C1 
A8C2 

A8C3 
A8C4 
A8C5 
A8CE 
A8C7 

ABCa 
ASC9 
A8CIO 
ABCRf 
A8CR2 

ABCR3 
A8CR4 
A8CRS 
A8CR6 
ARCR 7 

M C R 8  
A8CR9 
ABCRID 
A8CR1 l 
ABCR12 

A801 
A8Q2 
A803 
A804 
A805 

1 
1 

1 
1 

12 

8 

1 
3 
1 

1 

1 
1 
6 

2 

2 
2 

0757-043 7 
0757-0431 

0757-0465 
0757-0465 
0687-8731 
0087-1041 
0687-4731 

0757-0453 
0757-0774 
0687-1031 
M18T-66503 
01 80-009 t 

1901 -0028 
1907-0028 
1901 -0028 
1901-0028 
1901 -0028 

1901-W28 
1801-0028 
1901-0028 
1901-0415 
1901-W15 

1901-0415 
1901-0415 
1901-0415 
1907-0415 
1901 -04 15 

1901 -04 15 
1901 -0028 
1901-0028 
1901-0078 
1901-0078 

0760-m16 
0757-0060 
0511-1788 
0757-0465 
0811-1678 

0757-0465 
1902-0597 
OO181-66509 
01 60-0168 
0180-0100 

0180-1810 
0160-0168 
01 80-OKI7 
0160-0168 
0180-Om7 

0160-0168 
0180-0100 
0180-1810 
1901-0040 
1901-W40 

1901-W26 
1901-OM0 
1901-0040 
1901-W40 
1901 -0040 

1901-0040 
1901-0060 
1901-0028 
1901-0040 
1901-OW0 

1856-0090 
1854-0087 
1854-007 f 
1854-0039 
1854-0071 

Description 

WFXD FLM 56 .X  OHM 1% 114W 
R.FXDCOMP470K OHM 10% llZW 
R.FXD COMP 470K OHM 1096 1/2W 
R:FXO COMP 470K OHM 109b 1;2W 
R'FXD MET FLM 200K OHM 1% 1/8W 

R FXD MET FLM 2 . 0 0 ~  OHM 1% 1 / 8 ~  
R FXD COMP 1OK OHM 10% 1/2W 
R FXD COMP 10K OHM 10% 112W 
R FXD COMP 180K OHM 10% 1/2W 
R VAR50KOHM 1 W L I N  112W 

R FXD MET FLM 20K OHM 1% llm 
R FXD MET FLM 2 DOK OHM 1% 118W 
R'FXD MET FLM 2 W K  OHM 1% 1I$W 
R FXD MET FLM 2.43K OHM 1% 1iRW 
R.FXO MET FLM 2 43K OHM 1% li8bV 

R:FXD MET FLM TOOK 1% I/# 
WFXD MET FLM 100K 1% 118W 
R'FXD COMP 47K OHM 10% 1i2W 
R FXO COMP 1WK OHM l(1P. 1iZW 
R.FXD COMP 47K OHM 10% 1iZW 

R FXD MET FLM 30 1K OHM t %  118W 
R FXD FLM 82 5K OHM 1% 114W 
R FXD COMP 10KOHM 10% 112W 
ASSY'LOW VOLTAGE RECTIFIER BOARD 
C FXD ELECT 10UF +50-1G% 100VDCW 

DIODE SILICON 0.75A 4 W I V  
OlODE SILICON 0.75A 4WPIV 
DIODE SILICON 0.75A 4WPIV 
DlOOE SI LlCON 0.7SA 4MPlV 
DIODE SILICON 0 75A 4WPIV 

D10DE:SlLlWN 0 75A 4OOPlV 
DIODE SILICON 0.75A 400PIV 
DlODE SILICON 0 75A 400PIV 
DIOOE.SILICON 50 PIV 3A 
DIODE~SILICON 50 PIV 3A 

DIODE'SILICON 50 PIV 3A 
DIODE.SIL1CON 50 PIV 3A 
DIODE.SILICON 50 PIV 3A 
DI0DE:SILICON 50 PIV 3A 
DIODE Sl LlCON 50 PIV 3A 

OlODE SILICON 50 PIV 3A 
DIODE SILICON 0.75A 4WPIV 
DlOOE SILICON 0 75A 4WPIV 
DIODE SI LlCON 0 75A 4WPIV 
D1ODE.SI LlCON 0 75A dOOPlV 

WFXD MET OX 27MI OHM 2% 1W 
R'FXD MET FCM 24.3K OHM 1% 1/2W 
R,FXII WW 15 OHM 5% Zw 
R FXO MET FLM 1WK 1% 1/8W 
R FXD WW 10 OHM 5% 2W 

R.FXD MET FLM I W K  1% 1/BW 
DIODE BREAKDOWN.56 7V 5% 1W 
ASSY.LOW VOLTAGE POWER SUPPLY BOARD 
C FXD MY 0 1 UF 10% 2WVDCW 
C FXD ELECT47UF 10%35VDCW 

C . F X 0  ELECT 18 UF t5O-1(Pb 150VDCW 
C.FXD MY 0 1 UF 1G% 200VDCW 
C'FXO ELECT 47 WF 104: 35VDCW 
C'FXD MY 0 1 UF 10% 2ODVDCW 
C FXD FLECT 47 UF 10% 3 5 V W  

C.FXD MY 0 7 UF 1% 70OVDCW 
C:FXO ELECT 4 7 UF 1 0 1  35VDCW 
C FXD ELECT 18 UF t50-10% TSOVDCW 
DIODE SILICON 30MA 30WV 
DIOOE.SILICON 30MA 30WV 

bIODE.SILIC0N 0 75A 2OOPlV 
DIODE'SILICON 30MA 30WV 
DIODE'SILICON 30MA 3&Vv 
DIODE SILICON 30MA 30WV 
DIODE.SILICDN 30MA 30bVV 

DIODE SILICON 30MA 3DWV 
DIODE SILICON 30MA 3DWV 
DIODE SILICON 0 75A200PtV 
DIODE SILICON 30hlA 3mVV 
DIODE SILICON 30h1.4 30WV 

TSTR SI 'NPNISIMILAR Ta 2N30531 
TSTR $I NPN 
TSTR SI NPNiSELECTED FROM 2N37WI 
TSTR SI NPN 
TSTR SI NPNiSELECTED FROM 2N37041 

Mfr 
Code MfrPartNurnber 

28480 
7R4n0 

14674 
14674 
01121 
01121 
01121 

28480 
28480 
01121 
28480 
5G289 

04713 
04713 
a4713 
a4713 
W713 

W713 
04713 
04713 
28480 
7R480 

28480 
28480 
2.84RO 
7MRO 
28480 

28480 
04713 
W713 
047 13 
04713 

14674 
28480 
28480 
14674 
28480 

14674 
28480 
2.8480 
5fi?RB 
56289 

56289 
56288 
567R9 
50289 
56289 

56289 
56288 
56289 
07263 
07263 

04713 
07263 
07263 
07263 
07283 

07263 
07263 
04713 
07783 
0 7 x 3  

28480 
80131 
28480 
80131 
28480 

0757-0431 
0757-0431 

ORDER BY DESCRIPTION 
ORDER BY DESCRlPTlON 
E 8  4731 
E 8  1041 
ER 4731 

0757-0453 
0797-0774 
E B  1031 
W181-66503 
30D106FlOODC2-DSM 

SR 13W-8 
SR1358-9 
SR135R-9 
SR1358-9 
SR 1358-8 

SR 1358-9 
SR1358-9 
SR1358-9 
1901 0475 
1901-0615 

1901-a415 
1901-0415 
1901-W15 
1901-0415 
1901 -0415 

1901-0415 
SR1358-9 
SR1358-9 
SR1358-9 
SR1358-9 

C-37 OED 
0757-OW0 
0811-17RR 
ORDER RY DESCRIPTION 
Mt1-1678 

ORDER BY OESCRlPTlON 
1902-0597 
00181-66509 
162P10492-PTS 
150D475XD03502- DYS 

6000186F150DG4-DHE 
t92P 10497-PTS 
159D47GX9035S2- DYS 
192P10492-PTS 
159D478X9035S2-DYS 

192PlM92-PTS 
150D475X903502-DYS 
6WD186F15QDG4-OHE 
FDGlORR 
FDGIOUR 

SR1358-8 
FDGlOM IN4148 
FDG1088 
FDGlnnR 
F DG 1088 

FOG1088 
FDGlO88 
SR1358-8 
FOG1088 
FOG1088 

1854-OM0 
2N3417 
1854GW71 
2N3053 
1854 0071 

I 

28480 
01171 
01121 
01121 
28480 

28480 
01 121 
a1 171 
01 121 
28480 

28480 
28480 

0757-0770 
E8 4741 
EB 474 1 
El3 4741 
0757-0283 

0757-0283 
EE 1031 
EB 1031 
EB 1841 
2100 -2031 

0757-0790 
0757-M83 

28480 0757-0283 

gecko
Text Box
1N4148



Replaceable Parts Model 181T/TR 

Table 6-2. Replaceable Parts (Cont'd) 

Reference 
Designation 

ASRD 
ABRlO 
A 8 R l l  
A8R12 
ARR13 

A8TPZ 
A8TP3 
ABTP4 
ARV1 
ARVZ 

4P Part Number Description 

TSTR SI NPN 
TSTR SI NPNISELECTED FROM 2N37M1 
WFXD MET FLM IK OHM 1% i t a w  
R FXO MFT FLM 1 K OHM 1% l t8W 
R.FXD MET FLM 2DOClHM 1% t l8W 

R.FXO MET FLM 30.1K OHM 1 ti% 1/2W 
R,FXD hlET FLM 6 6ZK OHM 1% 118W 
R FXO MET FLM 5 11K 1% 1/8\nl 
R.FXD F t M  31 ?K nUM t? t l A Q ' l  
R.FX'D FLM 3 

R:FXD MET FLM 6.62K OHM 1% 1/8W 
R'VAR WW ZKOHM 58TYPE H 1W 
R,FXD MET FLM 68 1 K OHM 1% 1!2W 
R.FXD FLM 30 1 OHM 1% 1/BW 
R:FXD MET FLM 33 2K OHM 188 1/2W 

R FXDWWO36OHM5%2W 
R.FXb MET FLM 82.5K 1% 118W 
R,FXD FLM 437KOHM 1% 1/8\hl 
R'FXD MET FLM 3 65K OHM 1 1  1!8W 
fl VAR WLV 500 OHM 5% TYPE H 1W 

R:FXD MET FLM 24 3K  OHM 1% 1121hr 
R.FXD FLM 30 1 OHM 1% 1/8W 
R'FXD MET FLM 30 1K OHM 1 0% l!W 
R.FXD W 0.36 OHM 5% 2W 
R.FXD FLM 5 t K  2% 11811r 

R FXD MET FLM 332KOHM 1 8  118W 
R.FXD MET FLM 3.G5K OHM 1% 1/BW 
R.VAR WW 500 OHM 5% TYPE H 1W 
R.FXD MET FLM 243K  OHhl 1% 1!2W 
R'FXD MET f LM 1 K OHM 1% 1 / W  

R'FXD FLM 30 1 OHM 1% 1tRW 
R.FXD FLM 3920 OHM 1% l/RW 
R.VAR WlV 1KOHM 5%TYPF H 1W 
R.FXD MET FLM 21 S K  OHM IS 112W 
CONNECTOR,MCKET (TEST JACK) 

CONNECTOR.SOCKET (TEST JACK! 
CONNECTOR'SOCKET (T EST JACK) 
CONNECTOR'SOCKET (TEST JACK! 
ELECTRON TUBE VOLTAGE REF 83OV+/-1 OW 
ELECTRON TUBE VOLTAGE REF 83.DV+l-1 OV 

ASSY:HIGH VOLTAGE TRIPLFR W A R D  (RACK1 

N.S.R. PART OF A9 
N.S.R. PART OF AD 
N.S.R. PART OF A9 
N.S.R. PART OF A9 
N.S.R. PART OF A9 

N.S.R PART OF A9 
N.5.R PART OF A9  
N.S.R. PART OF A9 
N.S.R. PART OF A9 
ASSY:MODE SWITCH 

TSTR:SI NPN 
T5TR:SI NPN 
T5TR:SI NPM (SELECTED FROM 2N34401 

X T R : S I  PNP 

Mfr 
Code Mfr Part Number 

2N3417 
1854-0071 
ORDER BY UESCRlPTlON 
o n o m  BY DESCRIPTION 
OROER BY DESCRIPTION 

0757-0848 
ORDER BY DESCRIPTION 
OROER RY DESCRIPTION 
0757-0784 
0757-0388 

0757 -MO 
0757-0388 
0757-0848 
M11-1746 
ORDER BY DESCRIPTION 

0757-0477 
0757-0434 
71100-1772 
0757-Om0 
OROER RY DESCRIPTION 

0757-0399 
0757-0848 
ORDER B Y  DESCRIPTION 
0757-0764 
OROER B Y  DESCRIPTION 

SPS 6781 
CR 1071 

I I I 
S r r  ~nlrod~lrtirjn to this s(.rllon for o r d r r ~ n ~  inforinat~on 

gecko
Text Box
2N3704
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Model 181T/TR Replaceable Parts 

Table 6-2. Replaceable Parts (Cont'd) 

Table 6-3. List of Manufacturers' Codes 

Reference 
Designation 

AIOR5 
A10R6 
A10R7 
AlOR8 
A10R9 

AIORID 
A tORl l  
AlOSl 
A1 1 
A l lCB  

A l l L l  
A l l R l  
A1 l S l  
W11 

Scr introtlurtion to t h ~ c  wctlon for ord~r inc  ~nforlnation 

6-11/(6-12 blank) 

HP Part Number 

0684-5831 
0684-5631 
E&4-  1541 
MR4-7231 
WR4-2231 

0684-1 54 1 
0684-5631 
3101-1167 
00180-81904 
0160-0168 

9140-0179 

M t R  
kc. 

U U ~ U O  
~ d u 5 3  
01171  
01295 
U 1 5 3 l l  
0 2 1 1 4  
OL6CU 

0 4 7 1 3  
4 5 8 2 0  
07.205 
U S 7 L 7  
U 9 1 3 *  
OqJ53 
12811  
l 4 b 5 5  
l l l l ?  
2 1 2 6 4  
I n 4 a u  
50289 
5 9 7 3 ~  
66295 
1 1 4 0 0  
r ~ f r ~ u  
J I b l b  

Qty 

UANLYFACIUA t~ N A M E  

u.,.n. con nu^ 
S A ~ G A M O  E L E L I ~ I C  L U . P I C K E ~ S  OIV.  
A L L L N  dKAULEY CU. 
T t X A S  I h S T H U M k k T \  INC.  S t u I C U L O U C T G R  COMPONENTS 0 1 V .  
SM4LL PAPVS I h C .  
F t H K G X L U H F  CCRP. 
AMPHENOL CURP.  

MCTORULPl S t M  ICUNI IL IL ITH PPOC.IhC. 
UAKEF I E L C  F h G I N E F R  LNG INC.  
F A I ~ C H I L ~ I  C n M E k h  L I ~ S T .  CUKP. S~MICIINDUCTLK O ~ W .  
SLCAN CE. THC 
T F X L S  L A P A C I T U K  L O .  INC. 
C C. K C U M P r l h E N T T  INC.  
M t T t X  CUkP.  
C d k N t L L  UtJ'dLIER F L t L T .  O I V . F E l ) t P 4 L  P A C l t l C  E L E C T .  CO. 
L L t C I H U N l L  H C L U I N C  COKP.  
P U L E %  PROL. Lr. 
M t h l E l l - P A C K P K [ )  CU. C U k P O R h T t  HLI 
SPKAGUE E L E C T N I L  CL. 
Tenyns E ~ E T T S  CU. T ~ E  
~ l l  f l ~  ~ 6 1 : .  C O .  
H U 5 2 Y h h h  MFG. VIW. MC b k l h - t D 1 J U Y  LO. 
I.LLIRE U ~ I P N  INC. L ~ N T R A C A R  OIV. 
C t N H E B L l A L  P L A S T I L S  L r .  

Description 

3100-1344 
W18&61807 

h O t Y O  

Oh776 
09P37 
19144  
1 6 5 1 7  
6 0 0 1  b 

A ~ D R F ~ ~  

INY SUPPL T F R  nF I I .s.~.  
P I T K E N S r  S.C. 
H I l W A l l K E E .  M 1 5 .  
DALC*S, T E X .  
CDSTfi  HFSA,  C A L I F .  
S A U G E R T I F F ,  N . Y .  
B R P A D V  IEHI  TCL I 

P H O E N l X q  A R I I .  
M A K E F ~ E L D .  H*SF,  
M 0 I ) N T A l N  VIFWI C A L I F .  
SUN VBl C F Y .  C41 IF. 
HOU5TONl TEX. 
NFWTOM,  M A T T .  
F n I S O N .  N.J. 
NEHAWK, W.J. 
OAWIUCMFT. @-I. 
DtJYYFRS GROVF. I L L .  
YOOR WFARFST H D  O F F I C E  
N. &DAMS, M A S S .  
E L I Z A R F T W r  N.J. 
CFlCAGO,  I L L .  
5 ~ .  C ~ U T S ,  MP. 
H l l L l A l l N E f ~  WISC.  
MUNOELE!N+ I L L .  

7 1 7 4 4  
7 1 ~ 1 1 5  
7 2 1 3 6  
T l ( r 5 o  

1 

7 1 0  
r FPF 

2Ph71 
F13774 
1 5 2 * 1  
92h76  
1 2 4 7 7  
60153 

83008  
O l R Q O  
740411 
'11352 
71047 
0 2 1 5 8  
O U R 1 7  
07105 
O ? n h O  
60515 

0 1 7 4 7  
072n7 
hob73  
6 3 0 1 7  
5 7 7 0 1  
L O R 6 0  

31W-1344 
Mll80-61807 

Mfr 
Code 

N S R. PART OF A1 151 
SWITCH ROTARY. DISPLAY 
CABLE'AUXILIARY OUTPUT 

184Ub 
7 9 7 2 1  
80131  
u 2 J a r  
P l 5 0 b  
' 1 1 o o ~  
'15354 
9 5 r d 7  
4 6 ~ 9 1  
9 Y L U b  

C P I L I G U  H l N I b T U K t  LAMP kURKS 
CI \CH FFL.  CO. C I W  ~ k k  INC. 
t L L L l H 1 1  M C T I V E  M F b .  CO. I N C .  
L h L l h h P  G t N F R d L  CURP. t C F C 1 K I I N I C  U I Y .  

Mfr Part Number 

28480 
a 4 8 0  

1 
72Yk.2 
7 5 9 1 5  

CHICAGOr  I L L .  
PLK GPOVF V I L L A b F ,  I I C .  
Y f l L t M A N T I C ~  CllNN. 
K E A S R F Y ,  M.J. 

CB 5631 
CB 5631 
CB 1541 
CB 2231 
CB 7731 

CB 7541 
CB 5631 
3101-1 167 
W180-619M 
192P10492-PTS 

9140-0179 

R.FXD COMP M K  OHM 1lY% 114W 
R:FXD COMP 56K OHM 1076 114W 
R.FXD COMP 150K O H M  10% 114W 
R FXD COMP 22K O H M  10% 1/4W 
R FXD COMP 22K OHM 109 114W 

R FXD COMP 150K OHM 10% 1J4W 
W F X D  COMP 56K O H M  10% 1/4W 
SWITCH 
M S Y  SWITCH DISPLAY 
C.FXD MY 0  1 UF 10% 200VDCW 

COILICHOKE 22.0 UH 1Wk 

STACKPULE CAHl%L,N C I  . 
C+:YT  IM~YT~L-AIMI EL T L T T U ~ I C  5 CLIRP.  
t L t L l H L h I C  I h n b \ T h 3 t S  5\5(. I  I P T I I I . u  
S n l T C V t k A f T  I N C .  
dCuAT INl. 
P A L C C  wi,. cr-. I ~ L .  
V ~ I ~ U U E  nlu. C I I .  
~ t < t r ~ \ r ~  ~ r .  !tic. 
b k l . L r 1 T ~ I  L l l k P .  
b I L r b 4 N  L L L C I K U N I C S  CCVP.  

01121 
01121 
01121 
01121 
01121 

01121 
01127 
28480 
28480 
56289 

28480 

E H Y  k11GH h. I N L .  
t W l l  TLLHh1:LLiLlCAL PRCU. 1NC. 
C I T T t L F U S E  I L L .  

P I I ~ P A O F L P H I P I  PA. 
E R I F .  Ph. 
OES P L h I N E S .  I L L .  
ST,  H h k Y 5 r  P A .  
W A R Y  I Y ~ T F  P ,  ~ n .  
WA<r I lNGTr IY  O . C .  
CHlCAGO, ~ L L  I 

A T T L € R n R f l l  MhF<.  
CHICAG@, ILL. 
R n L L l H G  FEADflUS7 I L L .  
cH lcncn .  ILL. 
UAUhRONFCK, N . Y .  
F .  hULPRA.  N.Y. I 

15A57 
18-74 
2000h 
hOCtO 
0270'  
60650 
hOOOA 
6 0 6 4 1  
1 Q 5 4 4  
1 4 0 5 7  
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Model 181T/TR Changes and Options 

SECTION VII 

MANUAL CHANGES AND OPTIONS 

7-1. INTRODUCTION. 

7-2. This section contains information required tn 
backdate or update this manual for a specific in- 
strument. Description of standard options are also 
in this section. 

7-3. MANUAL CHANGES. 

7-4. This manual applies directly to the instrument 
having the same serial prefix shown on the manual 
title page. If the  serial prefix of the instrument is not 
the same a s  the one on the title page, find your serial 
prefix in table '7-1 and make thechanges to the manual 
that are l i s t ~ d  for that serial prefix. When making 
changes listed in table 7-1, make the change with the 
highest number first. Example: if backdating changes 
1, 2, and 3 arc required for your serial prefix, do 
change 3 first, then change 2, and finally 
change 1. If the serial prefix of the instrument is 
not listed either in the title page or in tabIe 7-2, 
refer to a n  enclosed MANUAL CHANGES sheet for 
updating information. Also, if  a MANUAL CHANGES 3 sheet is supplied, make all indicated ERRATA cor- 
rections. 

Table 7-1. Manual Changes 

7-5. STANDARD OPTIONS. 

7-6. Standard options are modifications installed on 
HP instruments a t  the factory and are available on 

request. Contact the nearest Hewlett-Packard 
Sales/Service Office for information concerning stan- 
dard options. Standard Options for the IIIlT/TR are 
as follows: 

OPTlOM 003. The Mode! lRIT/TR, Option 003 is 
the same as the standard instrument except that 
the low voltage transformer primary winding has 
been rewired to operate from a source of 100 V or 
200 V input power. See figure below for proper 
transformer primary wiring for this option. 
Add: The following parts to table 6-2 when using 

Option 003: HP Part No. 7120-4106, LABEL: 
CAUTION, Mfr Code 28480, Mfr Part No. 7120- 
4 106; and HP Part No. 7120-4453, TAG: 100 VOLT, 
Mfr Code 28480, Mfr Part No. 7120-4452. 

Option 003 Wiring 
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MANUAL IDENTlFlCAf !ON 
Model Number: 181 T/TR 

Date Printed: May 1976 

Part Number: 00 1 8 1 -909 1 5 

'To 1 1 ~ 4 ~  t h i s  s ~ ~ p p l e m ~ n t :  

' I 'h~s suppl~ment ron tnins important information for correcting manual ermrs and for a d n p t i n ~  the rnr~nu:il 
1 ~ 1  inutrumtmts r o n t ~ ~ i n i n y  improvements made after the printing of the manual. 

M:lkr* :II E KIIKA'I'A cot-r~ctions. 

M:lktl ; ~ l l  ;~pyropri:ltr srrial namhrr relatrd changes indicated in the tables below. 

GI.I.I,I~ I ' r r h l i ~  15r NIIII\J+I.~ M;tkv M:>I~II.I~ ('Fi:rl~gt~.; S t ~ l i ~ l  F'ru.iiy nr 2Iti1nl>(>r M:iLo, 54:11>11:al ( ' I> .LTI~I -S 

A %K\V 1'rk:bl 

CHANGE 1 

Changc MP26 to 001 82.67401. 
Change MP29 to  001 80-67406, KNOB ASSY:'BAR WITH WHITE ARROW. 
Change MP30 (18tT nnly) to 00183-00219. 
Change MP30 I181'TR only) to 00181-00220. 

CHANGE 2 

The name of M d e f  181 T/TR instruments has been changed from OSCILLOSCOPE to DISPLAY. 

MP30 ( 1  81 T): Change HP Part No. and Mfr Part No. to 00781-00221. 
MP30 {I 81 TR): Change HP Part No. and Mfr Part No. to 00181-00222. 
MP35: Change SIP Part No, and Mfr Part No. to 00181-00223. 

NOTE 
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Table 81. Schematic Notes 

Refer toMIL-STD-15-Ih and MTCSTD-806 for schematic symbols not listed in this table. 

FIELD EFFECT TRANSISTOR 
(P-TYPE BASE) 

ETCHED Cl RFUlT BOARD 

FRONT-PANEL MARKING 

REAR-PANEL MARKING 
' FIELD-EFFECT TRANSISTOR 

(N-TYPE BASE) 

FRONT-PANEL CONTROL 
BREAKDOWN DIODE 
(VOLTAGE REGULATOR) 

SCREWDRIVER ADJUSTMENT 

TUNNEL DIODE 
ELECTRICAL TEST POINT 
TP (WITH NUMBER) 

WAVEFORM TEST POINT 
(WITH NUMBER) 

STEP-RECOVERY DIODE 

SINGLE-PIN CONNECTOR ON 
BOARD ClRCUlTS OR COMPONENTS 

DRAWN WITH DASHED LINES 
(PHANTOM) SHOW FUNCTION 
ONLY AND A R E  NOT INTENDED 
TO BE COMPLETE. THE Cl RCUlT 
OR COMPONENT IS SHOWN IN 
DETAIL ON ANOTHER SCHEROATIC. 

PIN OF A PLUG-IN BOARD 
I\n!ITH LETTER OR NUMBER) 

COAXIAL CABLE CONNECTED 
TO SNAP-ON SACK 

SlGNAL 
REFERENCE 

(925) WIRE COLORS ARE GIVEN 
BY NUMBERS IN PARENTHESES 
USING THE RESISTOR COLOR 
CODE 

COAXIAL CABLE CONNECTED 
I DIRECTLY TO BOARD [ (925) IS WHT-RED-G RN 1 

0 - B L A C K  5 - G R E E N  
1 - BROWN 6 - BLUE 
2 - R E D  7 - VIOLET 
3 - O R A N G E  8 - G R A Y  
4 - YELLOLfiI 9 - WHITE 

MAIN SIGNAL PATH 

PRIMARY FEEDBACK PATH 

SECONDARY FEEDBACK PATH 
* OPTIM'IUM VALUE SELECTED 

AT FACTORY, TYPICAL 
VALUE SHOWN, PART MAY 
HAVE BEEN OMITTED. 

P / o  PART OF 

NC NO CONNECTION 

CW CLOCKWISE END OF VARIABLE 
RESISTOR 

UNLESS OTHERWISE INDICATED. 
RESISTANCE IN OHMS 
CAPACITANCE IN PICOFARADS 
INDUCTANCE IN NvlCROHENRlES 
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SECT ION Vlll 

SCHEMATICS AND TROUBLESHOOT lNG 

8-2. This section contains schematics, repair and ra- 
placement information, component-identification 
illustrations, waveforms, test conditions and overall 
troubleshooting trees. Tables 8-2 through 8-6 provide a 
guide to locating possible problems. A disassemb1y 
procedure for removing the CRT is also contained in 
this section. 

8-3. SCHEMATICS. 

8-4. Schematics are printed on fold-out pages for easy 
reference to the text and figures in other sections. The 
schematics are drawn to show the electronic function 
of the circuits. Any one schematic may include a11 or 
part of several different physical assemblies. Non M I L  
standard symbols and conventions used in the sche- 
matics are defined in table 8-1. 

8-5. The schematics are numbered in sequence with 
a bold number in the Iower rightrhand corner of each 
page. These numbers are used to cross reference signal 

) connections between schematics. At each circuit 
breaking point a number in a circle is shown along 
with a number in bold type. The hold number indi- 
cates the associated schematic that contains the source 
or destination of the signal and the circled number 
indicates the signal. To find the source or destination 
of any signal on a given schematic, turn to the sche- 
matic referred to by the bold-type number and find the 
number of the signal in question. 

8-6. A reference designations table on each sche- 
matic lists a11 components shown on the schematic. 
Component reference designators which have been 
deleted from the schematic are listed below the table. 

8-7. All components within the bordered areas of the 
schematic are physically located on etched circuit 
boards. Components not physically located on an  etched 
circuit board are shown in the open areas of the sche- 
matic. 

8-8. Transistors and diodes packaged in metal cans 
having one lead in common with the can will have the 
connection shown on the schematic by a heavy dot. 

dated March 1, 1968. Minor variations from the 
standard, due to design and manufacturing practices, 
may be noted. 

8-11. Each electrical component is assigned a class 
letter and number. This letter-number combination is 
the basic reference designation. Components which 
are not part of an  assembly have only the basic 
reference designation. Components which are part 
of an  assembly have, in addition to the basic designa- 
tion, a prefix designation indicating the assembly 
of which the component is a part (resistor R23 on 
assembly A l  is called AlR23). 

8-12. Assemblies are numbered consecutively. If an  
assembly reference designation is assigned and later 
deIeted, that number is not reused. 

8-13. COMPONENT LOCATlONS. 

8-14. Locations of components on assemblies and 
subassemblies are illustrated in figures adjacent to the 
schematics. Since the schematics are drawn to show 
function, portions of a particular assembly may appear 
on several different schematics. The component. 
location figure is printed next to the schematic that  
shows most of the circuity on the assembly. Cornpo- 
nents located on the chassis are identified in figure 8-2. 
The location of all adjustments are shown in Section V. 
An exploded-view drawing that shows mechanical 
(and some electrical) parts is Iocated in Section VI. 

8-15. BOARD CONNECTIONS. Square-pin con- 
nectors are identified on circuit boards by the color 
code of the connecting wire. 

816. SEMICONDUCTOR REPLACEMENT. Figure 
8-1 is included to help identify the leads of the common 
shapes and sizes of semiconductor devices. When 
removing a semiconductor, use long-nosed pliers as a 
heat sink between the device and the soldering iron. 
When replacing a semiconductor, ensure sufficient 
lead length to dissipate the soldering heat by using the 
same length of exposed lead as was used for the 
original part. 

8-17. TROUBLESHOOTING. 

8-9. REFERENCE DESlGMATlONS. 

8-10. The unit system of reference designations used 

1 1 in this manual is in accordance with the provisions of 
USA Standard Y32.16-1968, Reference Designations 
for ElectricaI and Electronics Parts and Equipments, 

( WARNING )I 
Read the Safety Summary at the front 
of this manuaI before troubleshooting 
the instrument. 
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INTEGRATED CIRCUITS BLACK EPOXY (PLASTIC) TRANSISTORS 

& I  -POLAR TRANSISTORS 
16 PkN INTEGRATED CtRCUIT 

14 PIN INTEGRATED C1RCUIT 

F IELD EFFECT 
TRANSISTOR 

DIODES 

DIODE SYMBOL 

ANODE -CATHODE 

METAL CASE TRANSISTORS 

81-POLAR TRANSISTORS 

THESE ILLUSTRATlONS DO NOT IBY ANY MEANS RE- 
FLECT THE WIDE RANGE OF CONFIGURATIONS AVAIL- 
ABLE. BUT RATHER A GENERALlZED ARRANGEMENT 
ONLY, AND FOR INFORMATION REGARDING PARTIC- 
ULAR FUNCTIONS I T  IS SUGGESTED YOU C O N f  ACT YOUR 
FIELD SERVICE ENGINEER. 

Figure 8-1. Semiconductor Terminal Identification 

8-2 
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8-18. Two important prerequisites for successful 
troubleshooting are understanding how the instrument 

3 is designed to operate and correct use of front-panel 
controls. Suspected malfunctions may be caused by 
improper control settings or circuit connections. Before 
doing the test or troubIeshooting procedures, read 
Section 111 (Operation) for an  explanation of controls 
and general operating considerations, and Section IV 
(Principles of Operation) for a n  explanation of circuit 
theory. 

8-19. If trouble is suspected, visuaIly inspect the in- 
strument. h o k  for loose or burned components that  
might suggest a source of trouble. Check to see that  
all circuit board connections are making good contact 
and are not shorting to an adjacent circuit. If no 
obvious trouble is found, check the power supply volt- 
ages in the unit. Prior to any extensive troubleshooting, 
check the external power sources also. Tables 8-2,8-3, 
8-4, 8-5 and 8-6 Iist several of the most common mat 
functions and probable sources of trouble. 

8-20. Dc voltages are indicated on the schematics for 
active components (transistors, etc). Conditions for 
making the voltage measurements are given i n  table 
8-7. Waveform measurement points (Qwith a number 
enclosed) are placed on She schematics along main 
signal paths. The numbers inside the measurement 
point symbols are keyed to corresponding waveforms 
adjacent to each schematic. Conditions for making the 

3 
waveform measurements are given in table 8-7. 

8-21. REPAIR AND REPLACEMENT. 

8-22. The following paragraphs provide procedures 
for replacing components in the instrument and basic 
considerations when repairing etched circuit boards. 
Section VI provides a parts list to allow ordering of 
replacement parts. If satisfactory repair cannot be 
obtained, contact the nearest HP Sales/Service Office 
(addresses at rear of this manual). If shipment of 
the instrument to the SaFes/Service Office for repair 
is recommended, refer to Section II of this manual 
for repackaging and shipping information. 

8-23. HIGH VOLTAGE SUPPLY REPAIR. The fol- 
lowing procedures should be used when replacing the 
high voltage rectifier assembly (A5), and the high volb 
age tripler assembly (A9). 

To prevent CRT damage when trouble- 
shooting the high voltage supply, discon- 
nect the CRT socket and disconnect second 
anode connection (high voltage connector 
block). This will leave the capacitive load 
of the tripler on the high votlage trans- 
former and maintain the normal 40-kHz 
oscillation. 

a. Remove top left side cover of Mode1 181T or 
top cover and left side cover of Model 181TR. 

b. Remove two screws from HVPS cover and lift 
UP. 

c. Remove four screws holding rear panel of 
display chassis and Iet panel hang'. 

d. Unsolder five wires from small printed circuit 
board mounted to A5TI. 

e. Remove white, gray, red/blue, and red/white 
wires from printed circuit board A1 (HV Control 
Assembly). 

NOTE 

To remove A5 and A9 as a unit, omit steps 
f through h. 

f. Remove four screws from HV Rectifier Assem- 
bly (A5). 

g. Remove gray wire and yellow wire coming 
from HV Tripler Assembly (A9). 

h. A5 Assembly can now be removed by pulling 
out and toward front of instrument. 

i. Unsolder wires on high voltage connector block 
mounted on chassis. 

8-24 HEAT SINK REMOVAL. There are two types 
of heat sinks used in the instrument. The friction 
type heat sink is used on A l  and A3 assemblies. The 
transistors can be removed from the heat sink by 
carefully puIEing the transistors from heat sink with 
a pair of long-nosed pliers. A heat dissipater casting 
type of heat sink is used in the low voltage power 
supply. It is shown in the exploded view in Section VI. 
The transistors may be removed by removing h e  two 
screws that secure them to their sockets. 

8-25. CRT REMOVAL AND REPLACEMENT. 

To prevent personal injury, wear a face 
mask or goggles when handling the CRT. 
Wear protective gloves and handle the 
CRT carefully. 

a. Remove plug-ins from oscilloscope. 

b. Remove all four covers from Model 181T or the 
top and bottom covers from Model 181TR. 

c. On Model 181TR, remove shieId next to CRT 
post accelerator Iead (shield is between CRT and plug- 
in compartment). 
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d.  Remove flexible three conductor CRT lead 
from connector block. 

e. Remove connections from neck pins on CRT 
(use long-nosed pliers through access holes). 

f. Remove rear display panel. 

g. h o s e n  clamp at rear of CRT. 

h. Carefully remove CRT socket, 

i. Remove front-panel CRT light shield by 
squeezing a t  midpoint, top and bottom. 

j. Remove CRT bezel by removing four retaining 
screws. 

Do not place CRT face down after re- 
moving. This may cause damage to CRTby 
placing charged particles on storage mesh 
of tube. 

k. Place one hand on face of CRT and, with 
other hand, slide the CRT forward and out of 
instrument. Be careful not to catch neck pins on trace 
align coil. 

1. To install a CRT, reverse the above procedure. 
After CRT is installed, perform adjustment procedure 
in Section V. 

8-26. SERVICING CIRCUIT BOARDS. 

8-27. Etched circuit boards in this instrument have 
components mounted on one aide of the boards, con- 
ductive surfaces on both sides, and plated-through 
component mounting holes. Hewlett-Packard Service 
Note M-20E contains useful information on servicing 
etched circuit boards. Some important considerations 
are a s  follows: 

a. Use 37- to 47.5-watt chisel tip soldering iron 
with tip diameter of 1/16 to 1/8 inch., and small dia- 
meter resin core solder. 

b. Components may be removed by placing 
soldering iron on component leads on either side of  
board and pulling component straight away from 
board. 

c. If component is obviously damaged or faulty, 
cIip leads close to component and then unsoIder Ieads 
from board. C.1 

d. Large components, such as potentiometers, 
may be removed by rotating soldering iron from lead 
to lead and applying steady pressure to lift part free. 
The alternative is to clip leads of damaged part and 
remove them individually. 

e. Excessive heat or force wiIl destory laminate 
bond between metal plated surface (conductor) and 
board. If this problem should occur, lifted conductor 
may be cemented down with small amount of quick- 
drying acetate base cement having good insulating 
properties. Another method of repair is to solder a 
section of goad conducting wire along damaged area. 

f. Before repIacing a component, heat remaining 
solder in component hole and remove with desoldering 
tool. Sharp pointed metallic tools are not recom- 
mended since they may loosen eyelets in boards or 
remove plating from inside of holes on plated-through 
etched circuit boards. 

g. Tin and shape replacement component leads 
to fit existing holes. 

h. Install replacement component in same posi- 
tion a s  original. Heat damage may be minimized by 
gripping lead with long-ose pliers between soldering 
iron and component. ( 1  ( 

8-28. f ROUBLESHOOT ING TREES. 

8-29. Tables 8-2 through 8-6 provide a g-uide to 
locating possible problems. 

a. Set Model 18ITJTR controls as follows: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Power ON 
. . . . . . . . . . . .  INTENSITY 12 o'clock position 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Mode WRITE 
. . . . . . . . . . . . . . . . . .  PKKSISTENCE.. full ccw 

. . . . . . . . . . . . . . . . . . . . .  FOCUS.. as necessary 
. . . . . . . . . . . . . . . . . . .  FIND BEAM as directed 

. . . . . . . . . . . . . . . . .  Horizontal DISPLAY EXT 
Hwiznntal MAGNIFIER . . . . . . . . . . . . . . . .  XI 

. . . . . . . . . . . .  Horizontal POSITION centered 
. . . . . . . . . . . . . . .  Vertical POSITION centered 

. . . . . . . . . . . . . . . . . . . .  Vertical. INPUT.. none 

b. Allow instrument to warm up and then proceed 
to table 8-2. 
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I N T E N S I T Y  
A N D / O R  F O C U S  
C O N T R O L A B L E  FOCUS CONTROL 



Service Table 8-3. Troubleshooting Tree Model I81T/TR 

NO BEAM 
(INCREASE 

CHECK 

OUTPUTS 

OUTPUT rT OUTPUTS -TI 
CHECK 

OUTPUTS 

OUTPUT FI OUTPUTS 

REPAIR rl, CHECK 
UNBLANK 
AMPL. 

OUTPUT 

REPAIR 0 

OUT PUT 

SUSPECT 



Model 181T/TR Table 8-4. Troubleshooting Tree Service 

WlFlND BEAM 
1 .  UP OR DOWN 
2. RIGHT OR LEFT 

UP OR DOWN RIGHT OR L 

PROCEED TO 
HORIZONTAL 

PROCEED TO 
VERTICAL 

Table 8-5. Troubleshooting Tree 

BEAM WITH 

POSlTlONlNG OSlTlON OR 
ENS. NG - EITHER OK - BOTH 

CHECK LVPS PPROPRIATE 



Service Table 8-6. Troubleshooting Tree 
Model 181T/TR 

BEAM WITH NO 
INTENSITY 
CONTROL 

REPLACE CRT 
LEAKAGE IG-K SHORT) 
(FILTER CAPS, ETC.) 
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TRACE 
H V FEND ALS GN 

CONM ERASE BEAM ASTlG R 8  
EI.Q5 A 5  As A 1 BLOCK S 7  S 3  R 7  (BEHIND) 

INTENSITY 
1 R 4  

PERSISTENCE 
I 

/ 
R9 

F 7 \ I 

rn 

br < * 

- " .  , - \AIO 
L-7 >\ 

I 

I 

/ 
- 

El ,Q4 
I I 

I \ FOCUS 
1 R5 
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.- 
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/ 

C2 C3 LVPS C 4  
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Figure 82. 
Chassis Mounted Component Identification 

8-9 
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Figure 8-3. Component Identification, Assembly A1 

- - 

A B C D E F G H I J K L M ------ --- - 

r - (2 COAX) 

GRID 
LOC 

0 - 2  

REF 
DESlG 

R51 

GRID 
LOC 

G-4 
R52 13-3 
R53 C-2 
R54 C-4 
R55 G-3 
R56 G 4  
R57 G-2 
R58 G-3 
R59 J-2 
TP1 0 - 3  
V 1  D-2 
V 2  0 - 2  

GRID 
LOC 

J-5 
R24 F-2 
R25 J-3 
R26 J-2 
R27 J-3 
R28 1-2 
R29 H-2 
R30 1-2 
R31 H-2 
R32 H-2  
R33 H-2 
R34 H-2 

REF 
DESlG 

CR5 

REF 
DESlG 

C 1 
C2 J-3 
C3 H-5 
C4 J-4 
C5 J-5 
C6 J-3 
C7 H-2 
C8 H-3  
C9 1-3 
C10 1-3 
C11 H-4 
C12 H 4  

R35 J-2 R49 F-4 V R l  F-4 
R36 J-2 I R50 D-4 I VR2 F-3 

V R 3  G-4 

REF 
DESlG 

R23 
R38 E-5 
R39 E-5 
R40 E-4 
R41 E-4 
R42 E-4 
R43 F-4 
R44 E-4 
R45 F-5 
R46 F-4 
R47 F-3  
R48 F-5 

REF 
DESIG 

R9 

GRID 
LOC 

1-5 
C17 H-2 
C18 F-5 
C19 E-3 
C20 F-3  
C21 E-2 
C22 E-2 
C23 E-2 
C24 E-4 
C25 E-3 
C26 E-3 
CR1 J-5 

181T/TR-025 

Q 1  J-5 R6 H-4 
Q 2  1-4 R7 :: I ::: 1-3 
0 3  H-3 I R8 J.5 

R10 J-4 
R11 1-4 
R12 1-4 
R13 1-4 
R14 1-3 
R15 H-3 
R16 H-2 
R17 H-3 
R18 1-4 
R19 H-4 
R20 1-4 

CR6 H-4  
CR7 H-3 
CR8 H 4  
CRlO F-2  
C R l l  J-3 
CR12. H-2 
CR13 1-2 
CR14 H-2 
CR15 J 4  
L 1  H-5 
L 2  G-2 

C13 1-2 
C14 1-2 
C15 H-2 

GRID 
LOC - 
H-5 

GRID 
LOC 

J-2 
Q5 J-3 
0 6  H-2  
Q7 1-2 
0 8  € 4  
Q9 F-4  
Q10 F-4 
R1 J-4 
R2 J-4 
R3 H-5 
R4 J-3 

H-5 R5 

REF 
DESlG 

0 4  

CR2 1-5 
CR3 1-5 
CR4 1-5 

REF 
DESlG 

R37 

GRID 
LOC 

H - 3  

R E F  
DESIG 

C16 

. G R I D  
LOC 

G-2 
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( 4  1 ( 2 3  ( 4 )  (9) 
COAX COAX coax A Z  COAX 

( 6 1  
COAX 

I B l T r n - O P E  

Figure 8-4. Component Identification, Assembly A2 



Model 181T/TR 
Table 8-7. Waveform and DC Voltage Measurement Conditions 

The test po in twaveforms ,  a s  given inf iguses  preced- 
ing t h e  s c h e m a t i c  d i ag rams ,  were taken under the Any exceptions to these conditions are noted adjacent 

following conditions: tothe applicable waveform photo. 

MODEL 181T/TR OSCILLOSCOPE 

Mode ................................ WRITE DC VOLTAGES 
PERSISTENCE. .................... MINIMUM 
DISPLAY.. . . . , . . . . . . . . .  ................. INT 
INTENSITY. ....................... MINTMUM The DC voltage readings, as given on the schematic 
HORIZONTAL diagrams, were taken under  the condit ions listed be- 

TimeJDiv. ........................ 2OP sec low. 

Polarity. ............................ +UP Mode... .............................. WRITE 
Display .............................. ALT PERSISTENCE. .................... MINIMUM 

TRIGGERING HORIZONTAL POSITION.. ......... CENTERED 
Trigger Mode ....................... AUTO DISPLAY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  INT 
Trigger .............................. INT INTENSITY. ....................... .MINIMUM 
Slope .................................. + MAGNIFIER. . . . . . . . . . . . . . . . .  ............. X1 

........................... MODEL 180A/AR (MONITOR OSCILLOSCOPE) Line Voltage. 115V 

DISPLAY. .............................. TNT 
MAGNIFIER XI NO PLU G- INS .............................. 
HORIZONTAL Exceptions (if any) are toted in the waveform figure 

............................ Trigger ing  INT preceding the individual schematic. 
Slope ................................... + 

All  voltages measured with reference to chassis 
ground, 

............................. + 
channe normal  if within .......................... 

See Table 8-7 for Measurement Conditions 
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Figure 8-5. Gate Amplifier Circuit Waueform 
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Figme 8- 7. Componen.t Iden.tification, Assembly A1 I 
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Figure 8-8. Component Identification, Assembly A3 
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See Table 8-7 for Measurement Conditions 
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Figure 8-9. Horizontal Amplifier Circuit Waveforms 
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Figure 8-12. Component Identification, Assembly A10 

See Table 8 7  for Measurement Conditions 
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Figure 8-13. Pulse Circuit Waveforms 
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See Table 8 7  for Measurement Conditions 

Figure 8- 17. HV Oscillator Circuit Waveform 
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Figure 8-19. Component Identification, Assembly A7 
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Figure 8-20. Component Identification, Assembly A8 
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