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HP References in this Manual 
 
This manual may contain references to HP or Hewlett-Packard.  Please note that Hewlett-
Packard's former test and measurement, semiconductor products and chemical analysis 
businesses are now part of Agilent Technologies.  We have made no changes to this 
manual copy.  The HP XXXX referred to in this document is now the Agilent XXXX.  
For example, model number HP8648A is now model number Agilent 8648A. 
 

About this Manual 
 
We’ve added this manual to the Agilent website in an effort to help you support your 
product.  This manual provides the best information we could find.  It may be incomplete 
or contain dated information, and the scan quality may not be ideal.  If we find a better 
copy in the future, we will add it to the Agilent website. 
 
 

Support for Your Product 
 
Agilent no longer sells or supports this product.  You will find any other available 
product information on the Agilent Test & Measurement website: 

www.tm.agilent.com 
 
Search for the model number of this product, and the resulting product page will guide 
you to any available information.  Our service centers may be able to perform calibration 
if no repair parts are needed, but no other support from Agilent is available.   
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Model 3551A Section I 

Table 1-2. General Information. 

R E C E I V E R :  
Level Measurements: 

Frequency range: 4 0  Hz t o  60 kHz 
Dynamic range: + 15 d B m  t o  - 70 d B m  
Resolution: 0.1 dB 
Sample rate: 101second ( N O R M A L ) ,  Zlsecond (DAMPED) 
Detector type.  average responding. 

Noise Measurements: 
Dynamic range 

Mass~ge circuit  noise: 0 dBrn t o  -i 85 dBrn. 
Noise-with-tone: 10 dBrn t o  + 85  dBrn (600 a, 590 a ) .  
Noise-toground: + 4 0  dBrn to + 125 dBrn. 

Resolution: 1 dB 
Sample rate: 21second 
Detector type:  Quasi RMS 
Weighting filters: C message, 3 kHz Flat, 15 kHz  Flat, 

Program. 

Frequency Measurements: 
Frequency range: 4 0  Hz t o  6 0  kHz 
Dynamic range: + 15 dBm t o  - 70 dBm. 
Resolution: 1 Hz (40 Hz t o  10 kHz).  

10 Hz (10 kHz to 60 kHz).  
Sample rate: 1 O/second ( N O R M A L ) ,  2lsecond (DAMPED) 

TRANSMITTER : 
Frequency range: 4 0  Hz t o  60 kHz  

Ranges: 4 0  H z  t o  600 Hz 
200 Hz t o  6 kHz. 
2 kHz  t o  60 kHz 
1004 Hz fixed. 

Resolution: 1 Hz (40 H z  t o  10 kHz).  
1 0  Hz (10  kHz  t o  6 0  kHz).  

Sample rate: 1 O/second 
Level range: + 1 0  d B m  t o  - 60 d B m  (40 Hz t o  6 0  kHz) 

+ 6 dBm t o  - 6 0  dBm (Hold Tone). 
Resolution: 0.1 dB. 
Sample rate: lO/second. 

- -  

GENERAL 
Moni tor :  bui l t- in speaker, monitors received or transmitted 

signal. 
Balanced impedances: 135 l2.. 600 f2,900 a. 
Maximum input loutput  voltage: 300 V d c  metallic or 200 \ 

peak longitudinal. 
Battery supply: 4 - 6 hours continuous operation on  internal re- 

chargeable batteries at 2 5 ' ~ .  Battery drain is automatically 
turned o f f  when discharged below proper operating level. 
Complete recharge i n  12 hours. 

AC line: 100 V, 120 V, 200 V, 240 V + 10%; 
48 Hz t o  6 6  Hz; 15 VA. 

Temperature range: 
Operating: O O C  t o  5 5 O ~  (3Z°F t o  1 3 0 ~ ~ ) .  
Storage: - 20°C t o  65Oc  OF t o  1 4 9 ' ~ ) .  

Relative humid i t y :  0 t o  95% (< IOOOF, < 4 0 ' ~ ) .  
Weight: 

Net :  6.6 kg (13  Ib) .  
Shipping: 7.3 kg (16 Ib). 

Outline Drawing: 

(6.25 in )  
159 m m  

NOTE: Dimensions in  millimeters and (inches). 

Rev. A 1-3 
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SECTION II 

INSTALLATION 

2-1. INTRODUCTION. 

1-3. This section contains information and instructions 
necessary for installation and interfacing the Test Set. 
Included arc initial inspection procedures, power and 
grounding requirements, environmental information, instal- 
lation instructions, interfacing and instructions for repack- 
aging for shipment. 

2-3. INITIAL INSPECTION. 

2-4. This instrunlent was carefully inspected both mechani- 
cally and electrically before shipment. I t  should be free of 
mars or scratcl~es and operating correctly upon receipt. To 
conl'irm this, the instrunicnt sI10uld be inspected for 
physical darnage in transit. If damage has occurred, file a 
claim with the carrier. Test the electrical performance of 
t11c instrun~ent using the Perforniance Test Procedures 
ou t l~ned  in Section V. If there is damage or deticiency see 
tlw warranty o n  thc reverse side of tlie title page in this 
~nanual.  

2-5. POWER REQUIREMENTS. 

2-6. The Test Set can be operated from the internal battery 
pack or from an external ac power source. Paragraph 2-7 
explains the internal battery characteristics. Paragraph 2-13 
explains the external ac power source characteristics. 

NOTE 

Thc Test Set cannot bc o p c m t ~ d  111 the batten' 
t~iodc whilr a11 c~~tert lul  ac power source is 
connected to the insmrrnenr. 

2-7. Battery. 

2-8. The internal battery pack consists of three recharge- 
able battery packs (+ 5 V. + 12 V and - 12 V )  which 
provides four to  six hours of continuous use without 
needing to be recharged. To recharge the battery. plug the 
Test Set into an external ac power source and press the 
POWER pushbutton labeled OFF or - AC. Recharging time 
for the battcries is approximately 13  hours. 

2-9. The battery packs may be charged at temperatures 
between 5°C and 40°C (4 1" F to 104°F). but will accept a 
greater charge if the temperature is between 5°C and 25°C. 
Figurc 3-1 shows t l ~ c  decrease in charge acceptance at 
temperatures up t o  40°C. Charging at temperatures outside 
the specified range may cause the batteries to vent, with a 
resulting decrease in capacity. 

) 4 r ) (  A P 3033 CHARGE TIME I HOURS) 

Figure 2-1. Battery Charge Acceptance vs. Temperature. 

2-10. When possible the batteries should be stored in the 
discliarged state. If the batteries are stored in the charged 
state they should be recharged for a period of 14 to 15 
hours every 3 months. If this is not done, significant loss of 
battery capacity will occur. To minimize self-discharge 
during storage the batteries should be stored at  a tempera- 
ture of 20" C or lower. Although a nickel-cadmium battery 
will eventually lose all of its charge through self discharge i t  
can be returned t o  service with a normal recharge. 

Pc~rtnanent batter?/ darnage rnay result if' the 
batteries are stored at high temperatures j'br a 
prolotzged period. 

3-1 1.  The cycle-life of  the batteries is based, by the 
manufacturer, on an end point of 80% of the rated 335 
milliampere-hour capacity. This is with a ten hour charge 
and discharge current of 22.5 milliamperes with discharge 
carried to the normal ten-hour end voltage (1.10 Volts/ 
battery) of every cycle. Under these conditions a cycle-lifi. 
in excess of I 0 0  cycles can be expected. 

2-1 2. The internal power supply tias a sensing circuit which 
monitors the three battery voltages. If battery voltage falls 
below minimum operating level (approximately + 4  V dc 
for tlie + 5 V dc battery and 5 10 V dc for the respective 
+ 13 V dc batteries), the voltage is auto~natically switchcd 
off to all circuitry except the sensing circuit. See Paragraph 
1-5 for recharging procedures. Section V contains informa- 
t ion concerning replacemen t of the batteries. 
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Receptacle for Primary Power Cord. 

Shown for 100 VAC power line. 

Operating voltage is shown in module window. 

SELECTION OF OPERATING VOLTAGE 

1. Open cover door and rotate fuse-pull to left, 

2. Select operating voltage b y  orienting PC board 
t o  position desired voltage on top-left side. 
Push board f irmly into module slot. 

3. Rotate fuse-pull pack into normal position. 

4. Check to  ensure you are using the proper size 
fuse. A 0.25 amp slo-blo fuse is required for 
1001120 VAC line operation, a 0.125amp 
slo-blo fuse should be used for 2201240 VAC 
operation. 

5. Re-insert the fuse in the fuseholder. 

Figure 2-2. Voltage Selection. 

2-13. AC Power. 

2-14. The Test Set can be operated from any power source 
supplying 100 V ac, 120 V ac, 220 V ac or 240 V ac (- 10% 
+ 5%), 48 Hz to 66 Hz. Power dissipation is 15 VA 
maximum. The Test Set is set for 120 V operation at the 
factory, If it is necessary to change the primary voltage 
setting, refer to Figure 2-2. 

If the instrument is not set for the proper 
prima~y voltage and not properly fused, it may 
be seriously damaged. 

2-15. Power Cords and Receptacles. 

2-16. Figure 2-3 illustrates the standard configurations 
used for ac power cords. The -hp- part number directly 
above each drawing is the part number for an instrument 
power cord with a connector of that configuration. If the 
appropriate power cord is not received with your instru- 
ment, notify the nearest -hp- Sales and Service Office and a 
replacement cord will be provided. 

2-1 7. Grounding Requirements 

2-1 8. To protect operating personnel, the National Elec- 

2-2 Rev. A 

trical Manufacturer's Association (NEMA) recommends 
that the instrument panel and cabinet be grounded. The 
Test Set is equipped with a three conductor power cable 
which, when plugged into an appropriate receptacle, 
grounds the instrument. The offset pin on the power plug is 
the ground connection. 

For operator protection connect the front 
panel ground terminal to earth ground when 
operating in the battery mode. 

I *UL LISTED FOR USE IN THE UNITED STATES OF AMERICA ( 
I 1 

Figure 2-3. Power Cords. 
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SECTION Ill 

OPERATING INSTRUCTIONS 

3-1. INTRODUCTION. 

3-2. This section contains infomution and instructions 
necessary Sor proper operation of the Transmission Test 
Set. Included is a brief dcscription of instrument capabili- 
ties, power and warm-up information, a functional descrip- 
tion of  all controls, indicators and connectors, and opcra- 
ting procedures. 

3-3. INSTRUMENT CAPABILITIES. 

34 .  The Tcst Set is designed to measure frequency and 
level of  tone or noise on telecommunication circuits, while 
sin~ultaneously providing calibrated test signals. It is ideally 
suited for rneasurcments on  voice program and data 
circuits. T l ~ c  input is capable o f  accepting both two-wire 
and four-wire balanced lines. Frequency or level measure- 
ments of received signalscan bc made in either a bridged or 
terminatcd inode. Terminated impedances can be selected 

,at 135 ohm, 600 ohm or 000 ohm. The sourcc impedance 
of the calibratcd test signals is always equal to the sclected 
terminating impedance. 

3-5. Additional features of' the Test Sct include: digital 
LED display of  level and frequency of received signals or 
the calibrated tcst signal; automatic resolution, time con- 
stants and sample rate for tonc and noisc level measurc- 
ments and frequency measurements; dial and hold facilities; 
a choice of four weighting filters (C message, 3 kHz flat, 
15 kHz flat or program); and ac power operation or 
rechargeablc battery pack. 

3-6. POWER AND WARM-UP. 

3-7. The Test Set can be operated from an internal battery 
pack, or from an external ac power source. The internal 
battery pack will provide four t o  six hours of continuous 
use without nccding t o  be rechargcd. Thc internal power 
supply contains a sensing clrcuit, which monitors the 
battery voltage. If the voltage drops too low for proper 
operation, the voltage is automatically switched off to  all 
circuitry cxcept the sensing circuit. To recharge the 
batteries, simply plug an external ac power source into the 
Test Set. 

NOTE 

Do not operate the Test Set in the BATTERY 
mode while it is connected to an external ac 
source. The instrument will not operate under 
these conditions. Refer to Section V fo r  battery 
replacement. The Test Set can be operated 
from a 100 V, 120 V, 220 V or a 240 V 
external ac power source. Ensure that the ac 

power module is set for the ac voltage used, and 
the proper fuse is used. For instructions on 
setting the power module and selecting the 
fuse, see Section I!, Paragraph 2-5 

3-8. The Test Set should be allowed to warm up for a 
minimum o f  five minutes before use. This allows the 
instrument t o  stabilize. 

3-9. FRONT PANEL CONTROLS. 

3-10. In the following description the front panel controls, 
indicators and connectors have been divided into functional 
groups. The functional groups arc: power, dial and hold, 
input/output function sclect, receive, send, and display and 
monitor. For  stepby-step operation, refer to   graph 
3-47. 

3-1 1. Power. 

3-12. Input power t o  the Test Set is controlled by three 
pushbutton switches (OFF, AC and BATTERY). 

I WARNING ) 

For operator protection connect the fivnt 
panel ground terminal to earth ground when 
operating in the battery mode. 

Rev. A 3-1 
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To turn on the Test Set, press the AC pushbutton if 
cxtcrnal ac power is connected, or the BATTERY push- 
button if no cxtcrnal ac power is available. 

NOTE 

Do no/ try op~ru1ing t h ~  Test Set in the 
HATTER Y mode while it is plugged into an 
extcrnul uc source. The instrulncnt will riot 
operate under thcsc. c.onditions. For irljbrmu- 
tion concerning warm-up conditions, refer to 
Paragraph -3-6. For injbmzation concerning 
external power and fuse speciji'cations and 
selection, refer to Paragraph 2-5, Section /I. 

3-13. Dial and Hold. 

3-14. The dial and hold operation is controlled by three 
pushbutton switches (OFF, ON and DIAL). This operation 
allows the operator to connect a lineman's handset to the 
DIAL tcrminals, dial a ljnc and connect a hold circuit across 
t l~e  dialed line. When the DIAL pushbutton is pressed, the 
two terminals labeled DIAL, are connected in parallel with 
the input/output terminals TIP and RING (labeled in black) 
and the 310 input/output jack (labeled in black). After the 
line has been seized, the ON pushbutton will connect an 
internal holding circuit in parallel with the same input/ 
output terminals. To release the line, the pushbuttonlabeled 
OFF is pressed. 

NOTE 

If a dry line is conrxcted to the black input/ 
output tenninals, the HOLD OFF pushbutton 
must be pressed. 

3-15. Input/Output Function Select. 

3-16. The input/output function select section contains the 
input/output terminals, the input/output function select 
switch, and the impedance switch. 

3-17. The Test Set has two sets of input/output terminals. 
Each set consists of a Western Electric 310 jack connected 
in parallel with two binding posts. The binding posts, 
labeled TIP and RING, will each accept a standard sized 
banana plug. The two binding posts for each set are spaced 
so they will also accept a standard sized dual banana plug 
(see Section 11, Paragraph 2-24, for interfacing information). 

3-18. Either set of the input/output terminals can be used 
to receive or send. When one set is connected for receiving, 
the other set is simultaneously connected for sending. The 
selection of terminals is determined by the position of the 
input/output function select switch. 

3-19. The input/output function select switch has four 
positions for each set of terminals-two send (SEND) 
positions, and two receive (REC BRDG, REC TERM) 
positions. The send positions connect the corresponding 
terminal set to the Test Set Send Oscillator. The operator is 
then provided with a calibrated test signal at  this terminal 
set (see Paragraph 3-35 and Table 3-6). The receive position 
connects the corresponding terminal set to the Test Set 
receive circuits. The operator can connect a transmission 
line to this terminal set for making desired frequency and 
level measurements (see Paragraph 3-21 and Table 3-3). 

3-20. The Test Set input/output impedance is determined 
by the position of the input/output function select switch, 
and the IMP (impedance) switch. In the REC TERM 
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position and the SEND position of  the input/output 
function select switch, the impedance of the corresponding 
terminal sets can be selected by the IMP switch. Three 
impedance selections are available 135 ohm, 600 ohm and 
900 ohm. The impedance terminations are protected by a 
dc blocking capacitor. Accidental application of battery 
voltage, or ringing voltage to  the input will not damage the 
instrumen t. 

listener would hear during a speech burst. In the WITH 
TONE position of the RECEIVE NOISE/TONE switch, a 
sharp notch filter is switched into the Test Set input 
circuitry. The notch filter is designed to filter out a 
1004 Hz signal applied at the transmitting station. Once the 
tone has been filtered out at the receive end, the noise can 
be applied to  a weighting filter (usually C message), then 
measured. The dynamic measurement range in the noise 
with tone mode is 10 dBrn to 85 dBrn. 

3-21. Receive. 

3-22. The receive function of  the Test Set is controlled by 
the RECEIVE NOISE/TONE switch, NOISE WEIGHTING 
switch, and DISPLAY MONITOR RECEIVE control. The 
Test Set is capable of measuring noise with tone, message 
circuit noise, noise to ground, and tone in the range of 
4 0  Hz to 60 kHz. For noise measurements, there are four 
weighting filters available-C message, 3 kHz Flat, 15 kHz 
Flat and Program. All measurements can be made for level 
or frequency. The results of these measurements arc 
displayed in digital form, and can be monitored by a 
speaker. 

3-23. Receive Noise/Tone. The RECEIVE NOISE/TONE 
switcli selects the receive mode of operation. There are 
three noise measuring modes available (noise with tone, 
message circuit noise, and noise to  ground) and two tone 
modes (40 flz - 60 kliz), NOKMAL and DAMPED. 

3-24. Noise with Tone Mode. Noise measurements with 
tone may be used t o  give a measure of the noise 
encountered by a continuous data signal, or the noise a 

3-25. Message Circuit Noise Mode. I n  the MESSAGE 
CIRCUIT position o f  the RECEIVE NOISE/TONE switcll, 
background noise can be ~neasured with both input lines 
isolated from earth ground. The input lines can be either 
bridged or terminated. Terminating impedances are 135 
ohms. 6 0 0  ohms, or 900  ohms. Any of the four weighting 
filters can be used. Dyna~nic range for the message circuit 
noise mode is 0 dBrn to 85 dBrn. 

3-26. N oise-to-Ground Mode. In the TO GROUND posi- 
tion of the RECEIVE NOISE/TONE switch, the noise level 
between two balanced lines and ground can be measured. 
The signal is applied to ground through a 4 0  dB pad in the 
Test Set. The loss due to  the 4 0  dB pad is automatically 
adjusted for in the Test Set display circuits. It is necessary 
to establish a good earth or system ground and connect it 
to  the Test Set  front panel ground binding post for this 
measure~nent. The dynamic range of the noise-twground 
mode is 4 0  dBrn t o  125 dBrn. 

3-27. Message circuit noise indications and noise-tuground 
indications of a balanced line can be used to compute the 
balance of a line. The degree of balance, where the greater 
part of background noise is due to  noise-tuground, is given 
by the equation, Balance (in dB) = Message circuit noise 
minus noise-to-ground. For example, if the message circuit 
noise level is 26 dBrn and the noise-to-ground level of tlle 
same circuit is 90 dBrn, the balance is 26 - 9 0  = 64 dB. 

3-28. Tone Mode. In the NOKMAL position of tlhe RE- 
CEIVE NOISE/TONE switch, tone level and frequency 
measurements can be made in the frequency range of 4 0  Hz 
to 60 kHz and a dynamic range of - 70 dBm t o  + 15 d B n ~  
These measurements can be used for determining loss and 
attenuation distortion on message trunks and data service. 
Level measurements can also be used in conjunction with 
noise measurements to  determine the signal-to-noise ratio 
on a circuit. In the tone mode the noise weighting filters are 
bypassed. In the DAMPED postion, the sample period is ex- 
tended to increase readability of the display when noise is 
present. 

3-29. Noise Weighting. The RECEIVE NOISE WEIGHT- 
ING switch selects one of four weighting filters for noise 
measurements. The weighting filters are: C message, 3 kHz 
Flat, 15 kHz Flat, and Program. 

3-30. C Message. The C message filter has a frequency re- 
sponse which siniulates the effects of noise on the humall 
ear. This weighting is also used to evaluate the effects of 
noise on voice-grade data circuits. The frequency response 
of this filter is shown in Figure 3-1. 

Rev. A 3-3 
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FREQUENCY 

Figure 3-1. C-MSG and 15 kHz F L A T  Weighting Curves. 

FREQUENCY 

IOOHz l KHz IOKHz IOC 

. . . . . . - . 

Figure 3-2. 3 kHz FLAT  and Program Weighting Curves. 



Model 3551A Section 111 

3-31. 3 kHz Flat. The 3 kHz Flat weighting filter is used 
on voice frequency circuits when investigating low- 
frequency noise, such as power induction. The frequency 
response of this filter is shown in Figure 3-2. 

3-32. 15 kHz Flat. The 15 kHz Flat filter is used for 
unweighted measurements of noise on radio and television 
studio-transmitter and studio-remote audio links. The [re- 
quency response of this filter is shown in Figure 3-1. 

3-33. Program. The Program filter is used for weighted 
measurements of noise on radio and television studio- 
transmitter and studio-remote audio links. The frequency 
response of this filter is shown in Figure 3-2. 

3-34. Display Monitor Receive. The DISPLAY MONITOR 
RECEIVE pushbuttons select the display function desired 
for the received signal. Two functions, level or frequency, 
are available. Both level and frequency are fully auto- 
ranging. For a complete description of the display and 
monitoring operation, refer to Paragraph 3 4 0 .  

3-35. Send. 

3-36. The send function of the Test Set provides the 
operator with a calibrated test signal at the output jack. 
The test signal can be variable in frequency from 40 Hz to 
60 kHz, or a steady tone of 1004 Hz. The amplitude of the 
test signal is variable from - 6 0  dBm to + 10 dBm. Both 
frequency and amplitude can be monitored. 

3-37. Frequency. The send frequency is controlled by the 
SEND FREQUENCY RANGE Hz switch and the frequency 
vernier control. There are three overlapping range positions, 
and one steady tone position. The range positions are 40  Hz 
to 600 Hz, 200 Hz to 6 kHz, and 2 kHz to 60  kHz. The 
hold tone position provides a 1004 117 tone. A front panel 
screwdriver adjustnient allows operator calibration of the 
tone. Thc frequency vernier is a dual (coarse and fine) frc- 
quency control. 

3-38. Level. The send level is controlled by the SEND 
LEVEL RANGE dBm switch and the level vernier. There 
are seven range positions on the range switch: - 60  to - 50, 
- 5 0  to - 4 0 ,  - 4 0  t o - 3 0 , - 3 0  t o - 2 0 , - 2 0  t o -  10 , -  10 t o o ,  
0 to + 10. The range of the level vernier is greater than 
10 dBm. 

3-39. Display Monitor Send. The DISPLAY MONITOR 
SEND pushbuttons select the display function desired for 
the send signal. Two functions, level or frequency, are 
available. Both level and frequency are fully autoranging. 
For a complete description of the display and monitoring 
operation, refer to Paragraph 3 4 0 .  

3 4 1 .  The display monitor function of the Test Set is 
controlled by the DISPLAY MONITOR RECEIVEISEND 
pushbuttons and MONITOR VOLUME vernier. It features a 
digital LED display for visual indications of frequency and 
level measurements, and a speaker for audio aid in 
identifying transmission line noise. 

342. Display. The display provides digitally controlled 
LED readout of both the send frequency and level, and the 
receive frequency and level. Send and receive frequency 
indications are displayed in four digits expressed in kHz 
units. Send level measurements and receive tone level 
measurements are displayed in three digits expressed in 
dBm. Receive noise level measurements are displayed in 
two digits expressed in dBrn. 
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343. For frequency measurc~ncnts below IOkHz, the 
resolution is 1 Hz. For frequency measurements above 
10 kHz, the resolution is 10 Hz. Tone level measurements 
are displayed with a 0.1 dB resolution. Noise level measure- 
ments are displayed with a I .O dB resolution. 

3-44. Sample rate for frequency measurenients and tone 
level measurements is IO/sec in NORMAL position and 
2/sec in DAMPED. The sample rate for noise measurements 
is 2/sec. 

345.  Ranging in both level and frequency measurements is 
fully automatic. If an out-of-range condition in input level 
occurs, it is indicated by blanking of the display digits and a 
flashing plus or minus sign. The flashng plus sign indicates 
the instrument input signal is too large. The flashing minus 
sign indicates the instrument input signal is too small. Table 
3-1 lists the minimum and maximum input levels and their 
respective operating modes. Both frequency and level 
ranging occurs in either frequency measurements or level 
measurements. Consequently, blanking of  frequency digits 
will occur if the level of the input signal is out-of-range. 

Table 3-1. Input Levels. 

Operating Mode 

Receive noise w i t h  tone 

Receive message circuit  noise 

Receive noise t o  ground 

Receive tone, send level and al l  
frequency measurements 

Level Level 

3-46. Monitor. The audio monitor provides the operator 
audio indications of  input signals. A monitor volume 
control is available for regulation o f  the audio signal. Care 

Step 

Table 3-2. Dial and Hold Operation. 

Procedures 

Turn  the Test Set POWER on. 

Press the H O L D  O F F  pushbutton. 

Connect a linemans handset (butt- in) t o  the 
D I A L  terminals. 

Set the FUNCTION switch t o  REC BRDG or 
REC T E R M  for the black labeled terminals. 

Set the IMP switch t o  the desired impedance. 

Connect the line t o  the 3 1 0  jack or TIP R I N G  
terminals labeled in  black. 

Press the H O L D  D I A L  pushbutton and dial 
w i t h  the handset (butt- in). 

Press the H O L D  O N  pushbutton t o  maintain 
connection dur inq test. 

should be taken not to use the audio facility at  maximum 
volume for extended lengths of time while operating in the 
battery mode. This causes a large drain on the battery. 

3-47. OPERATION. 

348. Tables 3-2 through 3-7 list the stepby-step proccd- 
ures for dial and hold operation, making level and noise 
measurements, operating the Test Set send unit, and 
making balance and transmission loss measurements. For a 
detailed description of each of the controls used in these 
procedures, refer to  Paragraph 3-0. For power and warm-up 
information, refer to Paragraph 3-6. 

Table 3-3. Receive Tone Level and Frequency Measurements. 

Step 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Procedures 

Turn  the Test Set POWER on. 

Set the FUNCTION switch t o  REC BRDG o f  REC 
T E R M  for  desired input  terminals. 

Set the IMP switch fo r  the desired input  impedance. 

Set the RECEIVE NOISEITONE switch t o  the 
N O R M A L  position. 

I f  the display is t o o  noisy t o  read, set the RECEIVE 
NOISE/TONE switch t o  DAMPED. 

Select the DISPLAY - MONITOR RECEIVE mode 
( L E V E L  o r  FREQ) desired. 

Connect the line t o  be measured t o  the input  
terminals chosen i n  Step 2. 

Table 3-4. Message Circuit Noise and 
Noise with Tone Measurements. 

step I Procedures I 
Turn  the Test Set POWER on. 

Set the FUNCTION switch t o  REC BRDG or 
REC T E R M  for  desired input  terminals. 

Set the IMP switch for  the desired input  
impedance. 

Select the RECEIVE NOISE/TONE mode de- 
sired (MESSAGE CIRCUIT  o r  WITH TONE). 

Select the desired weighting filter. 

Press the DISPLAY-MONITOR RECEIVE 
L E V E L  pushbutton. 

Connect the line t o  be measured t o  the input  
terminals chosen in Step 2. 



resistor produces 40 dB of attenuation. To correct for this 
loss, the controller supplies the display with a 4 0  dB 
correction factor (see Paragraph 4-75). 

4-35, In the MESSAGE CIRCUIT and the NORMAL and 
DAMPED positions of the RECEIVE NOISE/TONE switch 
the receive signal bypasses the notch filter and load resistor. 
Tliis signal is applied directly to the DISPLAY and MON- 
ITOR switching  letw works. 

Table 4-1. FET Switch Status for lnput to Receive 
Circuit and Automatic Ranging. 

I I FET Switch Status I 

Receive Level or 
Receive Freq 
Pressed 

Send Level o r  
Send Freq Closed 

Closed 

Open 

Display Switch 
Positions Q300 

p e n  1 o p e n  1 closecil 

Closed Closed Open 

0 3 0 2  Q301 

436. Automatic Ranging Circuit. 

4-37. Tone Measurements. The automatic rneasuring cir- 
cuit compresses the 8 5  dBrn dynalnic range of  the input 
signal (t 15 dBm to - 70 dBm) to a 15 dB dynamic range 
required by the logger in the ~neasuring circuit. This 15 dB 
range is a changing dc level, proportional to approximately 
t 5 dB111 to - 10 d h n .  There is approximately 46  dB of 
amplification between the ranging circuit and the logger, 
therefore, the signal from the ranging circuit must be 
nuaintained between - 41 dBm and - 56 dBm. 

NOTE 

Table 4-2. lnput Signal Level vs. Range and Logger 
lnput Level. 

0 3 0 4  

lnpu t  Signal Level 

Q308 

+ 8 5  d a r n  
+ 8 0  d a r n  
+ 7 5  dBrn 
+ 7 0  dBrn  
+ 65  dBrn 
+ 6 0  dBrn  
+ 55  dBrn  
+ 5 0  d a r n  
+ 4 5  d a r n  
+ 4 0  dBrn 
+ 35  dBrn 
+ 3 0  d a r n  
+ 25  d a r n  
+ 2 0  d a r n  
+ 15 dBrn 
+ 1 0  dBrn 
+ 5 d B r n  

0 dBrn  

Range 

RO 

R 1 

R 2 

R 3  

R 4 

R 5 

R 6  

R 7 

Signal Level t o  Logger 

t 5 t 0 - 1 0  

+ 5 t o - 1 0  

+ 5 t 0 - 1 0  

+ 5 t o - 1 0  

t 5 t o - 1 0  

+ 5 t o - 1 0  

+ 5 t o - 1 0  

+ 5 t 0 - 1 0  

4-38. The signal to  the ranging circuit is applied to both a 
resistive divider network and a I 0  dB amplifier. The output 
of the 10 dB amplifier is applied to  a second resistive 
divider network. Each resistive divider network has four 
outputs for a total of  eight ranges (0  t o  7)  (Table 4-2). The 
input signal is attenuated or amplified and attenuated to 
provide a signal level between - 45 dBm and - 6 0  d h .  
Table 4-3 lists each range and its attenuation, amplification 
and range code. 

4-39. The signals from the resistive divider networks arc 
applied to a range select block. The range select block 
selects the desired signal from the resistive dividers and 
applies this signal to a 4 dB amplifier. The 4 dB amplifier 
increases the - 4 5  dBm to - 6 0  dBln signal from the resistive 
dividers to  the required - 4 1 dBrn to - 56  dBm. The selec- 
tion is determined by a 4-2-1 binary signal from the 
controller (Table 4-3). 

Table 4-3. Range Codes, Attenuation and Gain. 

4-40. The binary code from the controller i a  determined by 
the signal to  the logger. If this signal is not between 
+ 5 c1B1ii and  - 10 dBrn, the controller will not receive the 
proper signal from the nieasurement circuit and will change 
the binary code. This will cause the range select block to 
cither range up or down. The process repeats ilntil thc 
proper signal 1s received by the corltr-oller. For a tletailcd 
disussion on the riieasureriient circuits refer to  Paragraph 
4-50. 

1:xaniple I : 
I .  I np i~ t  signal level . . . . . . . . . . . . . -  7 dBm 
3. lrutial I arige position * . . . . . . . . . . . . . .  .O 
3. Attenuation (Table 4-3) . . . . . . . . .  60 dl< 
4. Output of  select blocks . . . . . . . -  67 dB111 
5. Output o f 4  dB amplifier . . . . . . -  (1-3 dBni 
6. Input to  logger . . . . . . . . . . . . . . -  17 dBni 
7. Controller ranges down to range 1 .  
8. Attenuat~on (Table 4-3)  . . . . . . . . .  50 tllj  
9. Output of select block . . . . . . . . -  57 dB111 
10. Output of 4 dB amplifier . . . . . . -  53 d13m 
I I .  Input to  logger . . . . . . . . . . . . . . -  7 dBrn 

Range 

0 
1 
2 
3 
4 
5 
6 
7 

*The Test Set will always be in  the 
0 range pos~tion at  instrument turn-on. 

- 7 dl3111 is within the dynmlic 
range of the ~ncasuring c i~cu i t  
(+ 5 dl3111 to - 10 tlBni). 

Range Bits 

Attenuation 
(dB) 

6 0  
5 0  
4 0  
3 0  
30 
20  
1 0  
0 

A R N G 2  

0 
0 
0 
0 
1 
1 
1 
1 

Gain 
(dB) 

10 
10 
10 
10 

A R N G l  

0 
0 
1 
1 
0 
0 
1 
1 

ARNGO 

0 
1 
0 
1 
0 
1 
0 
1 



Example 2: 

Model 3551.4 

4-44. Noise Weighting Filters. 

. . . . . . . . . . . . .  1 .  Input signal level 32  dBm 
2. Initial range position . . . . . . . . . . . . . . .  5 
3. Attenuation (Table 4-3) . . . . . . . . .  20 dB 

. . . . . . . . . . . . . .  Gain (Table 4 - 3 ) .  10 dl3 
. . . . . . . . .  4. Output of select block 4 2  dBm 

. . . . . . .  5. Output of 4 dB amplifier 3 8  dBm 
. . . . . . . . . . . . . .  6. Input to logger + 8 dBm 

7. Controller ranges up to range 4. 
. . . . . . . . .  8. Attenuation (Table 4-3) 30 dB 

. . . . . . . . . . . . . . .  Gain (Table 4-3) 10 dB 
9. Output of select block . . . . . . . . -  52 dBm 

. . . . . . .  10. Output of 4 dl3 amplifier 4 8  dBm 
. . . . . . . . . . . . . . .  1 I .  Input to  logger 2 dBrn 

t<xarnple 3 :  
I .  Input signal level . . . . . . . . . . . . . -  7 dBm 
7 .  Initial range position . . . . . . . . . . . . . . .  2 
3. Attenuation (Table 4 -3)  . . . . . . . . .  40 dB 
4. Output of select block . . . . . . . . -  47  dBm 
5. Output of 4 dB amplifier . . . . . . -  4 3  dBm 
6. Input to  logger . . . . . . . . . . . . . .  + 3 dBm 

4 4 1 .  As indicated by Examples 1 and 3,  there is an overlap 
between ranges. A - 7 dBm signal can be measured with the 
ranging circuit in either range 1 or range 2. The total 
overlap between any two consecutive ranges is 5 dB. For 
example, the signal of Examples I and 3 could be - 5 dBm 
to - 10 dBn1 and either range 1 or range 2 would provide 
the proper level to  the logger (Table 4-2). 

4-42. If the input signal is above + 1 5  dBrn, the ranging 
circuit will range t o  the top range (range 0)  and an 
overrange condition will be displayed (flashing plus sign and 
blanked digits). If the input signal is below - 70 dBm, the 
ranging circuit will range to the bottom range (range 7)  and 
an underrange condition will be displayed (flashing minus 
sign, and blanked digits). 

4-43. Noise Measurements. Noise ~neasurements are ranged 
identically to the tone measurements. However, the 0 to 
85 dBrn dynamic range is referenced to - 90 dBm so the 
dBm dynamic range is - 90 dB111 to - 5 dBm. This range is 
20 dB lower than tone measurements, therefore, the signal 
must be amplified 20 dB more between the ranging circuit 
and the logger. There is 15 dB gain in the noise weighting 
filters and 5 dB gain in the detector in the measuring 
circuits. The total amplification between the ranging circuit 
and the logger is 6 6  dB for noise ~neasurements. 

Example 4 :  

. . . . . . . . . . . . . .  I .  Input signal level 8 dBrn 
In dBm, referenced to - 9 0  dBm . - 8 2  dBm 

. . . . . . . . . . . . . . . . . . . .  2. Rmge position 7 
3. Attenuation (Table 4-3) . . . . . . . . .  0 dBm 

Gain (Table 4-3) . . . . . . . . . . . . . .  10 dBm 
4. Output of select block . . . . . . . . -  72 dBm 
5. Output of 4 dB amplifier . . . . . . -  6 8  dBm 
6. Input t o  logger . . . . . . . . . . . . . . -  2 dBm 

4-45. There are four noise weighting filters provided with 
the Test Set (C-Message, 3 kHz Flat, 15 kHz Flat and 
Program). The filter used is selected by the front panel 
NOISE WEIGHTING switch. The noise weighting circuitry 
consists of five active filters and the switching sequence 
which determines the number of active filters used for each 
weighting. All active filters are bypassed when the RE- 
CEIVE NOlSE/TONE switch is in the RECEIVE TONE 
position or when one of the DISPLAY and MONITOR 
SEND pushbuttons is pressed. 

4-46. Each active filter is a two-pole filter which utilizes 
both positive and negative feedback. The positive feedback 
is used t o  regulate the frequency response. The negative 
feedback is used t o  control the gain. 

4-47. Input Amplifier and Audio Amplifier. 

4-48. The input amplifier is an operational amplifier which 
provides approximately 4 0  dB of amplification in the 
135 ohm position of the front panel IMP switch. Since all 
level indications are in dBm the gain of the amplifier is 
decreased slightly in the 600  ohm position and again in the 
900 ohm position. This is accomplished by increasing the 
negative feedback by switching in larger resistance t o  
ground in the amplifiers feedback line with the front panel 
IMP switch. 

4-49. The output of the input amplifier is applied t o  both 
the measuring circuit and the audio amplifier. The audio 
amplifier consists of an operational amplifier and a compli- 
mentary driver stage for driving an 8 ohm speaker. A front 
panel MONITOR VOLUME control regulates the amplifier 
gain. 

450. Measuring Circuits. 

4-5 1. There are two classes of measurements performed by 
the measuring circuits (frequency and level). The measuring 
circuits transpose the frequency or level information of the 
input signal to  digital signals which are applied to  the 
controller and display circuits. A mnemonic dictionary is 
included in Section VII (Tables 7-1, 7-2, and 7-3) for 
explanation of the mnemonics used in the following 
description. 

4-52. Frequency Measurements. For frequency measure- 
ments, the input signal is bufferred in the averaging 
detector and applied t o  a sine-wave-to-square-wave con- 
verter. The square wave output of the converter is applied 
to  a comparator in the phase-lock loop. 

4-53. The phase-lock loop consists of a voltage controlled 
oscillator (VCO), two dividing networks and a comparator 
(see Figure 4-3). The VCO output signal (MFREQ) is 
applied to  the display circuitry for frequency display 
information (see Paragraph 4-61) and t o  the dividing 
networks. If the input frequency is greater than 10 kHz, the 



+ 10 circuit is bypassed and only the + 2 circuit is used. If 
the input signal is less than 10 kHz, both the + 10 and the 
+ 2 circuits are used. The selection of these circuits is 
determined by the HlOKII and the HIOOK control signals 
from the controller. The controller bases the decision on 
the output frequency of the VCO (see Paragraph 4-64). 

' IN+ COMWRATOR 
FROM 
SINE WAVE 
TD SQUARE 
WAVE 
CONVERTER 

HlOKH AND HIOOK 
FROM CONTROLLER 

MFREQ 
TO DISPLAY I 

Figure 4-3. Phase-Lock Loop. 

4-54. The output of the divide circuits is applied to  the 
comparator in the phase-lock loop where it is compared 
w ~ t h  the signal from the sine- wave-to-square- wave con- 
verter. Any phase difference between these two signals will 
be developed as a dc error voltage and applied to  the VCO 
to correct its frequency. The frequency of the VCO will 
therefore be equal to  the input frequency multiplied by the 
+ number 2 or 20. 

4-55. Level Measurements. There are two kinds of level 
measurements made (noise level and tone level). The noise 
level measurements use a quasi-rms detection process with a 
two/second reading rate. The tone level measurements use 
an average detection process with a reading rate of 
10/second in the NORMAL position, and 2lsecond in 
DAMPED. Average detection level measurements are also 
performed for frequency measurements. This ensures the 
level of the signal i n p ~ ~ t  is large enough for proper instru- 
ment operation. Because there is no display of the level 
information in frequency measurements, the level measure- 
ment is performed very fast. 

4-56. With both level measurements, the input signal is 
applied t o  an averaging detector and a peak detector. The 
output from the average detector is applied t o  a summer. 
The output from the peak detector is applied to  a FET 
switch control. If the measurement t o  be made is a noise 
level measurement, the FET switch control signal (LNOIS) 
from the controller will be low. This will open the FET 
switch allowing the output of the peak detector to  be 
applied t o  the summer. This increases the signal level to  the 
logger approximately 5 dB. If the measurement to  be made 
is a tone level measurement, LNOIS will be high and the 
peak detector output will be grounded. 

4-57. In noise level measurements, the two signals applied 
to  the summer from the peak detector and the averaging 

detector are summed to provide the quasi-rrns signal. This 
signal is then amplified, filtered and applied to  a compara- 
tor in the logger circuit. In tone measurements, the signal 
applied to  the surnmer froni the averaging detector is 
amplified, filtered and applied to the comparator in the 
logger circuit. 

4-58. The logger circuit consists of a comparator, a 
reference voltage circuit and an integrating capacitor (see 
Figure 4-4). At the beginning of the measurement sequence 
(To,  T , )  the controller will set the HCAPD control signal 
high, closing the FET switch. This will allow the integrating 
capacitor to charge to the reference voltage. The controller 
then sets HCAPD low, opening the FET switch (TI  , T,). 
The integrating capacitor discharges and the discharge 
voltage is applied t o  the comparator. The comparator 
compares the capacitive discharge signal with the signal 
from the summer. When these two signals are equal in level, 
the comparator will output a pulse (LXOVR) to the 
controller (Ts , T8 ). 

4-59. The controller measures the period between setting 
HCAPD low and receiving the LXOVR pulse. If LXOVR 
occurs during the first 5 ms after HCAPD goes low (TI  -T, , 
T6-T,),  the controller will interpret this as an overload 
condition and range the automatic rangmg circuit up (see 
Paragraph 4-36). If LXOVR occurs between 5 nis and 
2 0 m s  after HCAPD goes low, (T,-T,, T 7 - T , , ) ,  the 
controller interprets this as a valid signal and uses the exact 
time difference as the level information for the dlsplay (see 
Paragraph 4-70). If LXOVK occurs after 20 ms from 
HCAPD going low, the controller interprets this as an 
underload condition and ranges the automatic ranging 
circuit down. 

4-60. As soon as LXOVR occurs, the controller will set 
HCAPD high and the measurement cycle will repeat. As 
noted on Figure 4-4, there is a 15 ms time interval in which 
the controller will accept LXOVR for level information to 
be displayed (T, -T, , T,-T, ,). This 15 ms time interval 
represents the 15 dB dynamic range of the measuring 
circuit as noted in Paragraph 4-37. Refer to  Paragraph 4-70 
for level display description. 

4-61. Display. 

4-62. The display circuit consists of a data accumulator, a 
display ROM, a seven segment decoder and the LED 
display. The display circuit converts the information froni 
the analog circuits or the controller into a digital readout. 
There are three display modes which correspond to the 
different measurement modes (frequency, tone level and 
noise level). For frequency measurements, the display 
readout is in kHz with four digits. Frequency resolution in 
the 10 kHz range is 1 Hz and in the 100 kHz range is 10 Hz. 
For tone level measurements, the display readout is in dBm 
with three digits and a resolution of 0.1 dB. For noise level 
measurements, the display readout is in dBrn with two 
digits and a resolution of 1 dBrn. 
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-- 

COMPARATOR 

FROM SUMMER 

LXOVR PULSE 
TO CONTROLLER 

F E T  SWITCH 

R E F  VCC 

H C A P D  
FROM CONTROLLER 

Figure 4-4. Logger. 

4-63. The input signals for the display circuit are applied to 
the data accumulator. The data accumulator consists of a 
counter, data latches, a multiplexer, digit select decoder 
and output buffers (see Figure 4-5). At the beginning of the 
measurement, the controller will set the reset signal 
(IiCTRT) high to initiali~e the counter and the digit select 
decoder. 

BUFFER DIGIT ACTIVATION 

MULTIPLEXER 

TRANSFER 
(HTXFR)  LATCHES 

t t t t  
RESET A * COUNTER 

COUNT 
(HCTRTI *EXTEND 

loOKHz  HClOO 

MFREO- HCFRQ 

Figure 4-5. Data Accumulator. 

4-64. Frequency Measurements. If the measurement to  be 
made is a frequency measurement, the controller will set 
HCFRQ high and MFREQ (from the VCO in the measuring 
circuits, see Paragraph 4-50) will be input t o  the counter. 
The counter consists of four divide by 10 circuits. The 
output of each circuit is a BCD number representing one 
digit of the Test Set input frequency. 

4-65. As noted in Paragraph 4-54, the MFREQ signal is 
equal in frequency t o  the Test Set input frequency 
multiplied by the divide number used. If, for example, the 
input frequency t o  the Test Set is 1000 Hz, the MFREQ 
frequency will be 20,000 Hz. This signal will be input to  
the counter for 5 0  ms. A 20,000 Hz signal input for 50 rns 
is equal t o  1000 counts loaded into the counter. At the end 
of the 50 ms time period, the controller will set the transfer 
signal (HTXFR) high, storing the counter outputs in the 
latches. 

4-66. The 1 0  kHz scan signal will gate each BCD signal 
from the latches, beginning with the most significant digit 
first, through the multiplexer t o  the output.  At the same 
time that the 1 0  kHz scan gates the digits through the 
multiplexer, the gating signal is output t o  the display as a 
digit activation pulse. 

4-67. The BCD output of  the multiplexer is applied to  the 
display ROM (Figure 7-12) where the polarity of  the BCD 



Model 355 1 A Section V 

SECTION V 

MAINTENANCE 

5-1. I N T R O D U C T I O N .  

5-2. This section contains information and instructions 
necessary for maintenance of the Test Set. Included are a 
list of test equipment required, in-cabinet performance 
tests, adjustment procedures and disassembly information. 

5-3. R E C O M M E N D E D  TEST EQUIPMENT.  

5-4. The equipment required for the maintenance of the 
Test Set is listed in Table 5-1. If the recommended model is 
not available, use a substitute that meets the required 
specifications given in the table. . 

pedances. Figure 5-1 shows the network config- 
urations ftjr each impedance. 

5-5. T E S T  RECORD.  

5-6. A Performance Test Record is provided a t  the end of 
this section for the purpose of recording the Performance 
Tests. This form lists all the Performance Tests and their 
acceptable limits. The form can be removed from the 
manual and retained as a permanent record. It may be 
reproduced without written permission from Hewlett- 
Packard. 

NOTE NOTE 

Impedances matching networks are required to 
match the 50 ohm output o f  the 3320B Syn- 
thesizer used to  supply the signals for these 
perfbrmance tests and the Test Set input im- 

To ensure proper stabilization of all circuitry, 
allow a 30 minute warm-up period for the Test 
Set before beginning any performance tests or 
adjustment procedures. 

PERFORMANCE TESTS 

5-7. PERFORMANCE TESTS. 

5-8. The following performance tests compare the Test Set 
operation with the specifications listed in Table 1-1. These 
tests may be used for incoming inspection, periodic 
maintenance or t o  determine operation after repair. If the 
instrument fails to  meet any of its specifications, perform 
the adjustment procedures outlined in Paragraph 5-34. 
During the Performance Tests, periodically vary the line 
voltage + 10% with a power line transformer to  determine 
operation at various ac line voltages. 

59. Receiver Level Accuracy. 

5-10. This performance test determines if the Test Set 
meets the Receiver Level Measurement accuracy specifica- 
tions listed in Table 1 -1 .  These specifications are listed 
again in Table 5-2. The procedure for this performance test 
uses an oscillator to supply the signals over the frequency 
range and amplitude range specified. Where the accuracy 
specification is -+ 0.1 dB, the oscillator signal is monitored 
with an ac voltmeter to  ensure proper Test Set input level. 
The Test Set display indications are monitored to deter- 
mine the Test Set accuracy. 

Table 5-2. Receiver Level Measurement Accuracy. 

FREQUENCY 1 
I kHz 

10 kHz 
I 20 kHz 60 

135 C? Impedance not specified below 500 Hz and - 65 dBm ( 

a. Connect the equipment as shown in Figure 5-2. 

b. Set the Test Set front panel controls as follows 

HOLD . . . . . . . . . . . . . . . . . . . . . . . . . . . . O F F  
FUNCTION 

(Black Lnput/Output Terminals) . REC TERM 
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Sectioll V PERFORMANCE TESTS Model 3551A 

BALANCE BOX CONNECTOR 

i 3551A- 8-3996 

135 OHM: 
R 1 = 1 7.4 a, 1 % 06984364 
R2 = 68 s2. 1 % 0757-0397 

600 OHM: 
R1 = 250 n, I % 0698-3241 
R2 = 300 SZ, I % 0757-1 108 

900 OHM: 
RI = 400 n, I % 0698.7321 
R2 = 450 n, I % 0698-7089 

Figure 5-1. Impedance Box. 

RECEIVE 
NOISE/TONE. . . . . . . . . .  TONE NORMAL 

DISPLAY & MONITOR . . .  RECEIVE LEVEL 
IMP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  135 
POWER. . . . . . . . . . . . . . . . . . . . . . . . . .  - AC 

c. Adjust the 332OB for an output frequency of 500 Hz 
and an output signal level, nionitored on the ac voltmeter, 
of 1.84 V ac. 

d. The Test Set display should indicate + 14.0 dBm 
+ 0.1 dB. 

e. Repeat Steps c and d for the frequency settings listed 
in Table 5-3 under 135 impedance. The Test Set display 

FREQUENCY SYNTHESIZER 
hp 3 3 2 0 8  

CONNECT 
TO 

SYVTHESIZER 
A~OUND 

Table 5-3. Receiver Level Accuracy Test Frequencies. 

indications and tolerances are listed in Table 5-4 in the 
column Input Level Settings, 1.84 V ac. 

- 

5 

u. 

f. Repeat Steps c,  d and e for the input level settings 
(under 135) and Test Set display indications listed in Table 
5-4. For settings below a - 23 dBm, disconnect the ac 
voltmeter and set the 3320B output level to the dBm set- 
tings listed under oscillator settings in Table 5-4. 

g. Repeat Steps c, d ,  e and f for the 600 and 900 
positions of the Test Set front panel IMP control. Use the 
600 ohm and 900 ohm impedance box in series with the 
3320B output. 

l mpedance 

51 1. Transmitter Level Accuracy. 

1 35 

500 Hz 
1 kHz 

10kHz 
20 kHz 
40 kHz 
60 kHz 

5-12. This performance test determines if the Test Set 
meets the Transmitter Level Accuracy specifications listed 
in Table 1-1. The specifications are listed again in Table 5-5. 
During normal operation to set the Test Set output signal 
level, the send oscillator output is internally applied to the 
receive circuits and indicated by the Test Set display. The 
send oscillator level controls are adjusted until the display 

TRANSMISSION TEST SET 
h~ 3551A 

600 

100 Hz 
1 kHz 

10 kHz 
20 kHz 
40 kHz 
60 kHz 

13511 
IMPEDANCE 

BOX 7" 5 - 1 )  

3551A-8-3912 

r--1 

900 

100 Hz 
I kHz 

10 kHz 
20 kHz 
40 kHz 
60 kHz 

AC VOLTMETER 
hp 3 4 9 0 A  

Figure 5-2. Receive Level Accuracy Test Setup. 
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Table 5-4. Receiver Level Accuracy Test Specifications. 

Input Level Settings 
(AC Voltmeter, V ac) 

135 1 600 1 900 
- 

1.84 3.88 4.75 
1.46 3.08 3.78 
1.16 2.45 3.00 
0.922 1 .95 2.38 
0.733 1.55 1.89 
0.582 1.23 1.50 
0.462 0.975 1 .I9 
0.367 0.775 0.949 
0.260 0.548 0.672 
0.0823 0.1 73 0.212 
0.0260 0.0548 0.0672 

(synthesizer settings dBrn) 
- 28.7 - 22.2 - 20.4 
- 38.7 - 32.2 - 30.4 
- 48.7 - 42.2 - 40.4 

indicates the desired output level. For this reason, the level 
accuracy of the Test Set output is determined by the 
accuracy of the receive circuits. These circuits were tested 
in the previous performance test. It is only necessary, in 
this procedure, to test the frequency response of the Test 
Set output transformer and the overall range of the send 
oscillator level controls. The procedure uses a 3490A ac 
voltmeter to monitor the Test Set output signal at 
t 10 dBm over the specified tkequerlcy range. The range of 
the output level controls is then checked using the Test Set 
display. 

a. Connect an ac voltmeter to the blue inputloutput 
terminals. Connect a 135 ohm resistor across these termi- 
nals. 

b. Set the Test Set front panel controls as follows: 

HOLD . . . . . . . . . . . . . . . . . . . . . . . . . . . .  OFF 
FUNCTION 

(Blue InputIOutput Terminals) . . . . . .  .SEND 
IMP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  135 

. . . .  SEND FREQUENCY RANGE Hz. .40 1K 
. . . . .  SEND LEVEL RANGE dBm. 0 to + 10 

DISPLAY & MONITOR ....... SEND FREQ 
POWER. . . . . . . . . . . . . . . . . . . . . . . . . .  -- AC 

Table 5-5. Transmitter Level Measurement Accuracies. 

FREQUENCY 

40 Hz 100Hz 1 kHz 4 kHz 60 kl  

Section V 

Test Set Display 

c. Adjust the Test Set FREQUENCY vernier control for 
a Test Set display indication of 0.500 kHz. 

d. Set the Test Set front panel DISPLAY& MONITOR 
control to SEND LEVEL. 

For Frequencies of 
100 Hz to 20 kHz 

+ 0.5 
dB 

+ 1 
dB 

+ lo* 
E 
m 
u - 
1 
W 
> 
UJ -30.. 
1 

I- 

2 
3 
0 

- 60- 

e. Adjust the Test Set front panel SEND LEVEL vernier 
for a Test Set display o f t  10.0 dBm. 

For Frequencies of 
40 kHz and 60 kHz 

500 Hz 
135 i2 Imoedance not soecified below 500 H z  

f. The 3490A indication should be 1.16 V nns + 0.03 V 
rrns. 

+ 0.5 
dB 

+ 1 
dB 

g. Repeat Steps c, d,  e and f for the frequency settings 
listed in Table 5-3 under 135 impedance. For frequencies 
above 4 kHz, the 3490A tolerance should be 5 0.07 V rms. 

+ 0.2 dB 

+ 0.3 dB 

h. Adjust the Test Set front panel SEND LEVEL 
vernier fully CW. The Test Set display indication should be 
greater than + 10.0 dBm. 

i. Set the Test Set front panel SEND LEVEL RANGE 
dBm control to the - 10 to 0 position. The Test Set display 
indication should be greater than 0.0 dBm. 

j. Repeat Step i for each of the remaining positions of 
the Test Set front panel SEND LEVEL RANGE dBm 
control. At each setting the Test Set display indication 
should be greater than the top indication of the range 
control position. 

k. Set the Test Set front panel SEND LEVEL vernier 
fully CCW and the SEND LEVEL RANGE dBm control to 
the - 60 to - 50 position. The Test Set display indication 
should be less than - 60.0 dBm. 

1. Set the Test Set front panel SEND LEVEL RANGE 
dBm control to the - 50 to - 4 0  position. The Test Set 
display indication should be less than - 50.0 dBm. 

m. Repeat Step 1 for each of the remaining positions of 
the Test Set front panel SEND LEVEL RANGE dBm 
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FREQUENCY SYNTHESIZER 
hp 33208 

TRANSMISSION TEST SET 
hp 3551A 

600A 
IMPEDANCE 

BOX 
(SEE FIGURE 5-11 

Figure 5-3. Frequency Accuracy Test Setup. 

control. At each setting the Test Set display indication 
should be less than the bottom indication of the range 
control position. 

5-1 3. Receiver Frequency Accuracy. 

5-14. This performance test determines if the Test Set 
meets the Receiver Frequency Measurement Accuracy 
Specification listed in Table 1-1. The specification is f 1 
cou~i i .  The plwedure uses a 333013 Oscillator to supply the 
signals over the frequency range o f  the Test Set. 

a. Connect the equipment as shown in Figure 5-3. 

b. Set the Test Set front panel controls as follows: 

I lOLD . . . . . . . . . . . . . . . . . . . . . . . . . . . .  O F F  
FUNCTION 

(Black 1nput/Output Terminals) . REC TERM 
IMP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  600  
RECEIVE 

. . . . . . . . .  NOISE/TONE. TONE NORMAL 
DISPLAY & MONITOR . . . .  RECEIVE FREQ 
POWER . . . . . . . . . . . . . . . . . . . . . . . . . .  - AC 

d. Thc Test Set display should indicate 0.040 kHz 
+ 0.001 kHz. 

e. Repeat Steps c and d fcr the frequency settings and 
tolerances listed In Table 5-6. 

Table 5-6. Receiver Frequency Accuracy Test Frequencies 
and Specifications. 

Synthesizer Test Set 
Frequency Display 

100 H z  0.100 + 0.001 
1 .ooo A 0.001 

10 k H z  10.00 + 00.01 
20 k H z  20.00 + 00.01 
60 k H z  60.00 A 00.01 

5-1 5. Transmitter Frequency Accuracy. 

5-1 6. This performance test determines if the Test Set meets 
the transmitter Frequency Accuracy specification listed in 
Table 1-1. The specification is + 1 count. Under normal 
operation, t o  set the Test Set output frequency, the send 
oscillator output  is internally applied t o  the receive circuits 
and indicated by the Test Set display. The send oscillator 
frequency controls are adjusted until the display indicates 
the desired frequency. For this reason the frequency 
accuracy of the Test Set output is determined by  the 
receive circuits. These circuits were tested in the previous 
performance test. It is only necessary, in this test, t o  check 
the overall range of the send oscillator frequency controls. 
The procedure uses the Test Set display to  monitor the 
frequency a t  the top and bottom of each range. 

a. Set the Test Set front panel controls as follows: 

SEND FREQUENCY RANGE H L .  . . .  4 0  - 1 K 
SEND LbVEL RANGE dBnl. . . . . .  0 to + 10 
DISPLAY & MONITOK . . . . . .  .SEND FREQ 
POWER . . . . . . . . . . . . . . . . . . . . . . . .  AC 

b. Adjust the Test Set SEND FREQUENCY vernier 
fully CCW. The Test Set display indication should be less 
than 0.040 kHz. 

c. Adjust the Test Set SEND FREQUENCY vernier 
fully CW. The Test Set display indication should be greater 
than 0.600 kHz. 

d. Set the Test Set SEND FREQUENCY RANGE Hz 
control t o  the 200 - 6 K position. The Test Set display 
indication should be greater than 6.000 kHz. 

e. Adjust the Test Set SEND FREQUENCY vernier 
fully CCW. The Test Set display indication should be less 
than 0.200 kHz. 

f. Set the Test Set SEND FREQUENCY RANGE Hz 
control t o  the 2 K - 6 0  K position. The Test Set display 
indication should be less than 2.000 kHz. 
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g. Adjust the Test Set SEND FREQUENCY vernier 
fully CW. The Test Set display indication should be greater 
than 60.00 kHz. 

5-17. Noise Weighting Filters Response. 

5-18. This performance test determines if the Test Set 
meets the Weighting Filters Response specifications listed in 
Table 1-1. The specifications conform to the Bell System 
Technical Reference PUB 4 1009. This performance test 
uses the 33208  Synthesizer to provide the signal and the 
Test Set display is used to monitor the filter accuracies. 

NOTE 
This per/i,rmunce test uses two groups o f  
tables. Group 1, consisting o f  Tables 5-8, 5-1 0, 
and 5-12, will be used with Test Sets which 
contain A or B revisions of the A l  board. Part 
No. 03551-66501. Croup 2, consisting of  
Tables 5-7, 5-9, and 5-11, will be used with C 
revisions or higher boards. 

a. Connect tlie 3320B tlirougli the 600 ohm impedance 
box  to the Test Set black input/output terminals. 

b. Set the Test Set front panel controls as follows: 

HOLD ........................... . O F F  
FUNCTION 

(Black Inputloutput  Terminals) . REC TERM 
IMP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  600  
RECEIVE 

NOISE/TONE. . . . . . . . . .  TONE NORMAL 
NOISE WEIGHTING . . . . . . . . .  C MESSAGE 
DISPLAY & MONITOR . . .  RECEIVE LEVEL 
POWER. . . . . . . . . . . . . . . . . . . . . . . . . .  - AC 

c. Connect a ground lead from the Input slde of  the Im- 
pedance box t o  the Test Set chasm ground. 

d .  Adjust the 3320B to a frequency of 1 kHz at an artip- 
l ~ t u d e  of - 7.0 dBm. Verify a Test Set dlsplay of 8 3  dBrn. 

NOTE 

[ f '  the Test Set display is rrot 8.3 dBm, adjust 
the synthesizer output level until the display is 
correct. This reference input must be maintain- 
ed during the entire test (Table 5-7). If your 
irlstrume~zt requires the use o f  TabIe 5-8, the 
synthesizer output deviation from - 7 dB must 
be maintained throughout the test. 

e. Adjust the 3320B t o  a frequency and amplitude 
level settings shown in Table 5-7. After each synthesizer ad- 
justment compare the Test Set Display to the readings 
shown in the Indication and Tolerances column. 

NOTE 

7'est Scts cwntoirzirzy the A or B revisiot~ oj'the 
A 1  board will rrot be able to display the third 
digit. These Test Sefs should perfhrm the C 
Messu~e pe~forrrlance tests usirlg Table 5-8. 

f.  Set tlie Test Set front panel NOISE WEIGHTING 
control to tlie 3 ~ H L  Flat position. 

Synthesizer 
Level 

(dBrn) 

Synthesizer 
Frequency 

(Hz) 

Table 5-7. Noise Weighting Filter, C Message. 
(For Expanded Display 

lndication and 
Tolerances (dBrn) 

C Message 

27.3 + 2 dB 
40.5 + 2 dB 
57 + 2 d B  
66.5 + 2 dB 
71.6 * 1 dB 
75.5 * 1 dB 
78.3 + 1 dB 
80.3 * 1 dB 
81.5 2 1 dB 
82.4 t 1 dB 
83 dB REF 
82.8 + 1 dB 
82.5 + 1 dB 
82 + l d B  
81.7 + 1 dB 
81.7 1 dB 
81 .6 *  1 dB 
81.1 + 1 dB 
80.5 + 1 dB 
77.8 + 2 dB 
75.4 * 2 dB 
68.5 * 3 dB 
61.5 t 3 d B  
54.5 + 3 d B  
< 41 dB 
< 23 dB 

Table 5-8. Noise Weighting Filter, C-Message. 

iynthesizer 
Level 

(dBrTl) 

Synthesizer 
Frequency 

(Hz) 

Test Set Display 
Indication and Tolerances 

(dBrn) 
C-Message 

27 + 2 d B  
40 t 2 d B  
57 5 2 d B  
66 + 2 d B  
71 + l d B  
75 * 1 dB 
78 + 1 dB 
80 + 1 dB 
81 * 1 d B  
82 5 1 dB 

83 REF 
82 * l d B  
82 * l d B  
82 * 1 d B  
81 * 1 dB 
81 i 1 dB 
81 * 1 dB 
81 + 1 dB 
80 * 1 dB 
77 + 2 d B  
75 * 2 d B  
68 + 3 d B  
61 + 3 d B  
54 + 3 d B  

< 41 
< 23 
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g. Acl,just the 3320B to a frequency of I k i l z  at an amp- j. Adjust the 33208 for a frequency of  1 kHz at an 
Iltucle of - 8.0 dlhn. Verify a Test Set display of 81 dBrn. amplitude of - 8.0 dBm. Verify a Test Set display of 

83 dBrn. 
NOTE 

k .  Repeat Step h for the 15 kHz Flat position. 
I f  the Test Set display is not 82 dBrn, adjust 
the synthesizer output level until the display is 1. Set the Test Set front panel NOISE WEIGHTING 
correct.. This refirence input must be maintain- control to the PROGRAM position. 
ed during the entire test (Table 5-9).  If your 
instrurncnt requires the use of Table 5-I 0, the nl. Adjust the 3320B for a frequency of I kHz at an 
s.vnthesizcr output deviation frorn - 8 dB must amplitude of - 16.0 dBm. Verify a Test Set display of 
he nzaintained throughout the test. + 74 dBrn. 

11. Adjust tlie 3320B to the f'requency and amplitude 
level settings s l~own in Tahle 5-0. After each oscillator ad- 
lustnlent compare the Test Set display to the readings 
sllow~l in the table. 

NOTE 

Table 5-9. Noise Weighting Filter, 3 k H z  Flat, 15 k H z  Flat. 
(For Expanded Display) 

I I 1 Test Set Display 1 

- 8.0 
- 8.0 
- 8.0 
- 8.0 
- 8.0 
- 8.0 
- 8.0 
- 8.0 
8 .O 

- 8.0 
- 8.0 

82 + 2 d B  
82 r 1 dB 
82 REF 

81 5 2 d B  
80 i 2 d B  
79 t 3 d B  

< 42 
< 30 

Synthesizer 
Level 

(dBrn) 

82 t 2 d B  
82 -+ 1 dB 
82 REF 

81 t 2 d B  
79 + 3 d B  
75 t 3 d B  
69 t 3 d B  

< 57 

Table 5-10. Noise Weighting Filters, 3 k H z  Flat, 15 k H z  Flat. 

60 
250 

1.000 
2,000 
2,500 
3,000 

10.000 
15,000 
20,000 
30,000 
60.000 

i .  Set the Test Set front panel NOISE WEIGHTING 
control to  the 15 ~ H L  Flat position. 

Synthesizer 
Frequency 

(Hz) 

NOTE 

82 + 2 d B  
82 + l d B  
82 REF 
81.5 r 2 d B  
80.5 r 2 dB 
79 r 3dB 

< 42 dB 
< 30 dB 

I Test Set Display 
Indication and Tolerances 

(dBrn) 
3 kHz Flat 1 15 kHz Flat 

I f  the Test Set display is not 74 dBrn, adjust 
the synthesizer output level until the display is 
correct. This reference input must be maintain- 
ed during the entire test (Table 5-11). I f your  
instrument requires the use o f  Table 5-12, the 
synthesizer output deviation frorn - 16 dB must 
be maintained throughout the test. 

82 + 2 d B  
82 + l d B  
82 REF 

81.2 i 2 dB 
79 r 3dB 
75.8 r 3 dB 
69.7 + 3 d B  
< 57 dB 

n. Adjust the 3320B t o  the frequency and amplitude 
level settings shown in Table 5-1 1. After each oscillator ad- 
justment compare the Test Set display to the readings 
shown in the table. 

NOTE 

7i.sr Sers contairling [he A or B revision A I 
hoard should pcrf?)rtn the Program Perjt~rmance 
Tests using Table 5- 12. 

Table 5-11. Noise Weighting Filter Program. 
(For Expanded Display) 

1 Osc~llator Oscillator 1 lndicat~on and 

Test Set Display 

47.7 + 2dB 
56.7 r 2 dB 
61.8 t 2 dB 
65 r 2 d B  
67.4 ? 1 dB 
69.3 +- 1 dB 
70.8 t 1 dB 
72 * 1 dB 
73.2 ? 1 dB 
74 REF 
77.2 + 1 dB 
78.8 t 2 dB 
79.6 t 2 dB 
80 t 2 d B  
80.5 r 2 dB 
80.5 + 3 dB 
80.4 +- 3dB  
79.8 i 3dB 
78 r 4 d B  
72.5 + 4 dB 
65.5 c 4 dB 
< 56dB 
< 41 dB 

Level 
(dBrn) 

&- 
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(Hz) 

Tolerances (dBrn) 
Program 
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to  20 kHz. The discrete harmonic distortion specification is 
>- 55  dB below reference from 100 Hz to 4 kHz. The 
harmonic distortion specification for the 1004 Hz hold 
tone is >- 6 0  dB below reference for total harmonic 
distortion. 

5-73.  rl'his pcrfot-nlance rest uses the 33 1 A distortion ana- 
ly~e l -  to  test the total harmonic distortion and a wave analy- 
7er to  test the discrete harmonic distortion. 

a .  Connect the 33 1 A ro the Test Set blue input/output 
terminals. ('onnect a 135 ohm resistor across the distortion 
a n a l y ~ e r  input terminals. 

b. Set the Test Set front panel controls as follows: 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  HOLD . O F F  
HJNC'TlON 

. . . . . .  (Blue Input/Output Terminals) .SEND 
. . . . . . . . . . . . . . . . . . . . . . . . . .  IMP 135 

. . .  - SEND FREQUENCY RANGE Hz. .40 1 K 
SEND LEVEL RANGE dBm . . . . . .  O t o  + 10 

. . . . . . .  DISPLAY & MONITOR SEND FREQ 
. . . . . . . . . . . . . . . . . . . . . . . . .  POWER. - AC 

c. Adjust the Test Set SEND FREQUENCY vernier fora 
Test Set display indication of 4 0  Hz. 

d. Adjust the Test Set SEND LEVEL vernier for a 
convenient reference on the distortion analyzer meter. 

e. Using the procedures outlined in the distortion 
analyzer's Operating and Service manual, measure the 
distortion of the Test Set output signal. The distortion 
should be more than 4 0  dB below the reference set in Step 
d. 

f'. Repeat Step e for the firequencies and specifications 
listed in Table 5-14. 

g. Disconncct the 33 l A  and connect the 3591A Selec- 
tive volt mete^- t u  the Test Set blue input/output terminals. 
Set the 3591A input impedance to I35 ohms. 

Table 5-14. Transmitter T H D  Test Frequenc~es 

60 Hz 
100 Hz 
500 Hz 

1 kHz 
2 kHz 
4 kHz 

10 kHz 
15 kHz 
20 kHz 

and Specifications. 

1004 Hz Hold Tone 

Test Set 
Frequency 

11. Using the procedures outlined in the -359 1A Opera- 
ting and Service Manual. measure the second, third and 

Specification 
(dB Below Reference) 

fourth harnlonics of each of the frequencies listed in Table 
5-15. The 3591A indications for all harmonics should be 
more than 55  dB below the reference. 

Table 5-15. Transmitter Discrete Harmonic Distortion 
Test Frequencies. 

Test Set 
Frequency 

500 Hz 

2 kHz 
4 kHz 

5-24. Bridging Loss 

5-25. This performance test determines if the Test Set 
meets the Bridging Loss specification listed in Table 1-1. 
The specification is < 0.2 dB. In this performance test a 
3320B oscillator output is applied to a 3490A AC Volt- 
meter loaded by 900 ohms and a reference voltage is set up 
on the ac voltmeter. The input impedance of the Test Set is 
then bridged across the reference impedance to determine 
the bridging loss. 

a. Connect the equipment as shown in Figure 5-4 with 
the Test Set disconnected. 

b. Set the Test Set front panel controls as follows: 

.......................... H O L D .  O F F  
FUNCTION 

. . . . . . .  (Black Input Terminals) REC BRDG 
POWER. .  . . . . . . . . . . . . . . . . . . . . . . . .  - AC 

c .  Adjust the 3320B output for 100 Hz and a voltmeter 
indication of 1.000 V ac. 

d .  Connect the Test Set leads across the ac voltmeter 
input leads and the 900  ohni resistor. The ac voltmeter indi- 
cation should not vary more than 20 mV ac. 

e.  Adjust the 3320B for 7-0 ~ H L .  The voltmeter indica- 
tion should not vary more than 20  mV ac. 

f. Adjust the 3320B for 6 0  kHz. The voltmeter iridica- 
tion should not vary more than 20 rnV ac. 

5-26. Return Loss 

5-27. This performance test determines if the Test Set 
meets the Return Loss specification in Table 1-1. The 
specification is greater than 3 0  dB below reference from 
500 Hz to 6 0  kHz for 135 ohm impedance and greater than 
30 dB below the reference from 4 0  Hz to 20 kHz for the 
600 ohm and 900  ohm impedance. To perform this test, it 
is necessary to construct a balanced bridge utilizing 0.1% 
resistors for each of the Test Set impedances. The bridge 1s 
shown in Figure 5-5. This performance test substitutes the 
impedance of the Test Set for a short in one leg of  the 
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FREQUENCY SYNTHESIZER 
hp 3 3 2 0 8  

TRANSMISSION TEST SET 
hp 3551A 

l m m m =  8 

AC VOLTMETER 
h p  3 4 9 0 A  

Figure 5-4. Bridging Loss Test Setup. 

bridge. The short simulates maximum return loss. The 
difference vcliage between the reference set while the short 
is in the bridge and when the Test Set impedance is placed 
in the bridge determines the return loss for the Test Set. 

a. Connect the equipment as shown in Figure 5-5 using 
135 ohm resistors in the bridge. 

NOTE 
The leads for the Test Set should be short clip 
leads and should be kept away from each other 
and from other leads. Keep all instruments 
away porn other instruments in the test setup 
that may be referenced to earth ground. 

b. Set the Test Set front panel controls as follows: 

HOLD . . . . . . . . . . . . . . . . . . . . . . . . . . .  . O F F  
FUNCTION 

(Black Input/Output Terminals) . REC TERM 
.............................. IMP 135 

POWER. ......................... - AC 

c. Close S1 in the test setup. Adjust the 3320B for 
1 kHz and 1.000 V ac indication o n  the 3490A. 

d .  Open S1 in the test setup. The indication on the 
3490A sklould be less than 0.03 V ac. 

e. Disconnect R 4  in the test setup and connect the Test 
Set black input terminals in its place. 

f. Close S1 and recheck the reference indication on the 
ac voltmeter. Open S l  . The 3490A indication should be less 
than 0.03 1 V ac. 

g. Tune the 3320B from 500 Hz t o  6 0  klIz. The 3490A 
indication should remain less than 0.031 V ac. If at any fre- 
quency the voltage indication is out of specifjcatinn, 
recheck the reference voltage at  that frequency. 

h. Repeat Steps c through g with the Test Set front 
panel IMP control in the 600  and 9 0 0  position. Use 600  
ohm and 9 0 0  ohm resistors for the bridge circuitry 

A C  VOLTMETER 
hp 34904 

FREQUENCY SYNTHESIZER 
hp 33208 

TRANSMISSION TEST SET 
ho 3551A 

LINE-MATCHING 
TRANSFORMER A SHoRT 

CLIP LEADS 

Figure 5-5. Return Loss Test Setup. 
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FREQUENCY SYNTHESIZER 
hp 3 3 2 0 8  

I I I I 

TRANSMISSION TEST SET 
hp 3551A 

FREQUENCY SYNTHESIZER 
TRANSMISSION TEST SET 

h~ 3551A 

Figure 5-6(a,b). Receiver Balance Test Setup. 

respectively. In Step g,  tune the 332013 frorn 40 Hz to 
20 kilt;. All 3490A indications should be less than 0.031 V 
ac. 

528. Longitudinal Balance. 

5-29. This performance test determines if the Test Set 
meets the Longitudinal Balance specification listed in Table 
1-1. The specification is greater than 60  dB below reference 
at 6 kHz for the receive mode and greater than 50 dB below 
the reference at  6 kHz for the send mode. Both the receiver 
balance and the transmitter balance are checked. 

5-30. The procedure f o ~  the recelver balance uses a 332013 
oscillator to supply an unbalanced signal to the Test Set 
balanced input. This supplies the Test Set with a maximum 
unbalance for a reference. The same signal is then applied 
equally betwecn the Test Set input terminals and refer- 
enced to the Test Set ground. The difference between these 
signals as read on the Test Set display is the receiver 
balance. 

5-3 1 .  The transmitter balance is tested in the same way ex- 
cept (lie Test Set serves as the oscillator and a 349OA ex- 
ternal ac voltmeter serves as the monitor. 

Receiver : 

a. Connect the equipment as shown in Figure 5-6(a). 

b. Set the Test Set front panel controls as follows: 

............................ HOLD OFF 
FUNCTION 

(Black Input/Output Terminals) . REC BRDG 
.............................. IMP 600 

RECEIVE 
NOISE/TONE. . . . . . . . . .  TONE NORMAL 

... DISPLAY & MONITOR RECEIVE LEVEL 
. . . . . . . . . . . . . . . . . . . . . . . . .  POWER. - AC 

c. Adjust the 3320B output for 6 kHr and a Test Sel 
d~spldy ~nd~cat ion  of 0.0 dUm. 

d. Connect the test equipment as shown in Figure 
5-6(b). 

e. The Test Set display indication should be greater 
than 60  dB below the 0.0 dBm reference of Step c. 

Transmitter: 

d. Connect the 3490A to the Test Set blue ~nput/output 
terminals. Connect a 135 oh111 reslstol across the Test Set 
terrn~nals. 
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TRANSMISSION TEST SET 
hp 3551A 

AC VOLTMETER 
hp 3490A 

m,u 
QBO@@ 

Figure 5-7. Transmitter Balance Test Setup. 

b. Set the Test Set front panel controls as  follows: 
HOLD . . . . . . . . . . . . . . . . . . . . . . . . . . . .  O F F  
FUNCTION 

(Blue lnput/Output Terminals) . . . . . .  .SEND 
IMP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  135 
SEND FREQUENCY RANGE H z .  . 2 K - 6 0  K 
SEND LEVEL RANGE dBm . . . . . .  0 t o  + 10 
DISPLAY & MONITOR . . . . . . .  SEND FREQ 
POWER. . . . . . . . . . . . . . . . . . . . . . . . . .  - AC 

c. Adjust the Test Set SEND FREQUENCY vernier for 
6 kHz on the Test Set display. 

d .  Adjust the Test Set SEND LEVEL for a 1.00 V ac 
indication on the 349OA. 

e. Connect the equipment as shown in Figure 5-7. Use 
two 67.5 ohm resistors for R1 and R2. 

f. The ac voltmeter indication should be less than 
3.0 mV ac. 

g.  Repeat Steps a through f for the 600  and 900 
positions of the Test Set IMP control. For the 6 0 0  position, 
use a 600 ohm resistor in Step a and two 300 ohm resistors 

in Figure 5-7 for R1 and R2. For  the 900  position use a 
900  ohm resistor in Step a and two 450  ohm resistors in 
Figure 5-7 for R1 and R2. 

5-32. Hold Current 

5-33. This performance test determines if the Test Set 
meets the hold circuit specification listed in Table 1-1. The 
specification is greater than 24 milliamps. This performance 
test uses a 6215A dc power supply t o  supply the current 
for  the holding circu~t .  

a. Connect the equipment as shown in Figure 5-8 with 
the Test Set disconnected. 

b. Set the 6215A supply to + 12 V as ~ndicated by the 
dc voltmeter. 

c. Connect the Test Set. Press the Test Set front panel 
HOLD ON pushbutton and set the FUNCTION (black 
input/output terminal) to REC BRDG. 

d .  The 3490A indication slzould be less than 7.2 V dc. 

DC 
POWER SUPPLY 

TRANSMISSION TEST SET 
hp 3551A 

[ n O O  0 O D P .  Q 

DC VOLTMETER 
hp 3490A 

Figure 5-8. Holding Loss Test Setup. 
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5-34. ADJUSTMENT PROCEDURES. 

Model 3551A 

ADJUSTMENT PROCEDURES 

5-35, The fi)llowing is a conrplete set of adjustment pi-o- 
cedures lor thc Test Set. These procedures can be used for 
periodic rnairitenance or if the Test Set has failed the pcr- 
fomance  tests. If proper performance cannot be achieved 
by the adjustment procedures, refer t o  11ie troubleshooting 
procedures in Section VII. 

5-36. To remove the Test Set from the case refer to  Para- 
graph 5-57. Figures 5-10, 5-1 1 and 5-11 show the adjust- 
nicnt locations for A l .  A3 and A 4  respectively. The adjust- 
ment procedures use the Test Set display for monitoring 
and adjustment tolerances. 

5-37. The Test Set display should have thc last 4 LSD dig- 
its operating t o  correctly adjust the Test Set to the toler- 
ance given. Change the jumper wire locations o n  the AI 
board (Figure 5-10) as required. Note the original location 
of the A1 jumpers, so tlrat they may be returned to their 
original location after adjustn~ent. 

NOTE 

When the display is expurded thc locatiorl oJ 
tlw decimal poitit is a functiorl of'the irput Jre- 
quericy uiid I I O ~  thc ~ B I ? I  reuditzgs. OIZ Test Sets 
that con tuin A or H revisions of' the A1 hoard, 
Part No.  U35.jl-66.jO1, the junipers may rzot he 
present. CVhcvr the display readings are dijj%r- 
cnt jronl the C rcvision hoards, they will he 
given irz paren lheses. 

DCVM 
hp 3 4 9 0 ~  

5-38. Receive Level Adjustment. 

5-39. This adjustment procedure sets the 15 dB dynamic 
range of the measuring circuits. The Test Set is locked in 
range 1 and a signal level for the high end of  the 15 dB 
range is applied to the input and adjusted in the nieasuring 
circuit. The input signal is then reduced for the low end of 
the dynamic range and adjusted for in the measuring cir- 
cuit. This procedure is repeated until both ends are within 
specification. 

a. Connect the 3320B, through the 600  ohm ~rnpedance 
box, to the Test Set black ~nput /ou tpu t  terminals. Refer to 
F~gure  5'1 for Test Set Connection. 

b .  Set the Test Set front panel controls as follows: 

I-{OLD.. . . . . . . . . . . . . . . . . . . . . . .  O F F  
FUNCTION 

(Black Input/Output Terminals . .REC TERM 
IMP . . . . . . . . . . . . . . . . . . . . . . . . . .  600  
RECElVE 

. . . . . . . . .  NOISE/TONE. TONE NORMAL 
DISPLAY & MONITOR. . .  RECEIVE LEVEL 
POWER . . . . . . . . . . . . . . . . . . . . . . . .  AC 

c. Adjust the 3320B frequency for 1 kHz at an arrrpli- 
tude of  + 8.79 dBm. 

d .  Connect the dc voltmeter t o  AlWlO. Ground 
A lTP19 with a short clip lead. Adjust A1 US24 for 0 V dc 
indication o n  the dc voltmeter. 

FREQUENCY SYNTHESIZER 
hp 3 3 2 0 8  

1 1 

q TRANSMISSION TEST SET 

I M P  BOX 
(SEE FIGURE 5-1) 

r - - 7  

I I 
I r 
L -  - 2 

GROUND LEAD FOR FILTER ADJ. 

Figure 5-9. Receive Level and Noise Weighting Filters Adjustment. 
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R801 
HI ADJ 
LEVEL 

LOW ADJ 
LEVEL 

Figure 5-10. A1 Adjustment Locator. A5 

e. Remove the g l o ~ ~ n i l  cllp from AITPI!, and the dc 
vo l t l~~e tc r  f rom A1 WI 0 

g. Set the 3370B to + 14.79 dBm. 

11. Adjust A1 R801 on the  Test Set f o r  a display Ilashing 
betwee11 + ,401 and + ,390 dBni. 

NOTE 

[ f '  + .3Y Y to + .401 dNrn ('utuzot he reuchcd. utl- 
just ASK505 j i~r  u rcutlirq of'+ .410 d h i .  

I.  Set the 3320B t o  + 1.70 dBni. 

1 .  Adlust Al R514 on the rest Set fol a d~splay of - ,800 
-t , 001  dUm. 

k .  Repeat Step g thlough 1 u n t ~ l  tlie Test Set IS calhla-  
ted. 

I. Set the 3320B to + 10.55 dBm 

m. Switch the 355 1.4 IMP selector and the IMP box to  
900  ohm. 

n .  Adjust A3K508 fol a d~splay tlaslilng between - ,109 
and - .20 1 dBm. 

NOTE 

I.'or 7'est Srts with the 03551-66503 (A31 
hoard rlot corltainitzg R508, ver~fj)  u displuy of' 
- .2 2 .05 dllnl. If' thc Test Set is trot in tolrr- 
atice, check R503 jhr the proper value. 

o. Set tlie 3320B t o  + 1.31 dUni. 

p. Switch the 3551A front panel IMP selector and the 
IMP box to 135 ohm. 

R442 
1 kHz CMSG 
A D  J \ 
R443 
PROG ADJ 1 

R444 
3 kHz115 kHz ' 
F L A T  ADJ 

R445 / 
3 kHz CMSG ADJ 

Figure 5-1 1. A4 Adjustment Locator. A5 
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135 OUTPUT 
IMP ADJ 

BALANCE ADJ 

Figure 5-12. A3 Adjustment Locator. A1 

5-14 
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q .  Adjust A3R507 for ;i display flashing between - . I99 
and - ,201 d h .  

NOTE 

b'or Test Scts with tile 035.51-66503 ( A 3 )  
hourd not contuining K.507, vcrijy u disp1a.v o f  
- .2 i .05 dHm. 1j ' t /1c T ~ s t  Set is not  in toler- 
unce, check K501 J i ~ r  thc proper value. 

r .  Set the  3320B t o  60 kHr 

s. Remove AITP8 short and observe the Test Set dis- 
play for a reading of - ,201 k .02 dBni. 

NOTE 

Ij the displuv is not in tolerance, record the 
vuluc und proceed to  the next step. 

t .  Set the 3320B to - 17.69 dBm and observe the Test 
Set for a display of  - 2.20 1 ? .02 dBm. 

NOTE 

1j' step s or r is not witlzin tolerances, A3C31.5 
und/or A3C1317 nzuj8 hc padded using thc vulues 
.slrorvri it1 Tahle.5-16. Increasing tile value of' 
AJ'C'315 mld/or decwasing the vulue o f  A3C1 7 
will cause the tcst set to disp1u.v a largcr negu- 
rive ~~urnhcr .  When tllc Test Set is turned buck 
on ujier pudding, tire displuj~ rmj' read a full 
decade higllcr fie..  22.01), this is due to  thc 
frerpcncj9 c~ontrol of t k  dccirnal point. Ignore 
the decimal point location and read the Test 
Set fi)r 2201 2 20 counts. 

LI .  Repeat Steps s and t until the Test Set readings are 
within tolerance. 

v. Set the 3320B to  - 37.69 dBrn and  observe the Test 
Set for a display of - 4.201 f .02 dBm. 

NOTE 

If ~ h c  disp1u.v is not with it^ tolerance, A3C318 
rrzujl hc paddcd using the values shown in Tuhle 
5-16, Increasing the value oj' CS18 will causc 
the Test Set  to display a larger relative nurnher. 

Table 5-16. Capacitor Padding Value. 

5-40. Noise Weighting Filters Adjustment. 

NOTE 

A3C315 

Thc Receive 1,evel adjustrncnt rl~ust he cotrz- 
pletcd hcfi~re perj'i)rrnirzg the iVoisc Weight- 
ing Filters udjustment. 

Value 

300 pF 
430 pF 
460 pF 
470 pF 
510pF 
560 pF 
620 pF 

5-41. This pl-ocedul-e sets the gain level for eacll of the 
noise weightiig filters. The Test Set is set to  the RECEIVE 
NOISE mode, and as each of the four weighting filters 21-e 
switched into the signal path, the gain of each filtel- is a d -  
justed to thc desired level. 

A3C317 

Part N o .  

0140-0200 
0160-0939 
0140-0232 
0140-0145 
0160-0362 
0140-0178 
0160-0363 

a ('onncct the 3370B to the Test Set as s11ow11 In 
Flgurc 5-9. 

A3C318 

Value 

10 pF 
12 pF 
15 pF 
I 8  pF 

b.  Set the Test Set li-ont panel as follows: 

. . . . . . . . . . . . . . . . . . . .  H O L D . .  O F F  
FUNCTION 
(Black Input/Output Terminal. .KEC TERM 
IMP . . . . . . . . . . . . . . . . . . . . . . . .  600 
RECEIVE NOISE/ 

. . . . .  TONE.  MESSAGE CIRCUIT NOISE 
DISPLAY & MONITOR. RECEIVE LEVEL. 

. . . . . . .  NOISE WEIGIITING C MESSAGE 
. . . . . . . . . . . . . . . . . . . .  POWER. - A (  

Value 

43 pF 
47 pF 
56 pF 
68 pF 

Part N o .  

0160-0205 
0140-0201 
0140-0202 
0160-2198 

c. Adjust the 3320B for a 1 ktIz frequency at an  ampli- 
tude of - 5.2 1 dBm. 

Part N o .  

0160-2200 
0160-2307 
0140-0191 
0140-0192 

d .  Short AlTP8 t o  ground. 

e. Power O F F  then power ON the 3551A to lock the 
Test Set on range 0.  

f. Adjust A4R442 for a test set display of  + 7.390 to 
+ 7.410 (flashing between + 73/+ 74). 

g. Set tlie Test Set Noise Weighting Control to tlie 
3 k H z  flat position. 

h. Adjust A4R444 for a Test Set display of  + 7.390 to 
+ 7.410 (flashing between + 73/+ 74). 

i .  Set the Test Set Noise Weighting Control to the 
IS kl Iz Flat pos~tion. 

j. Adjust A4R444 for a Test Set display of + 7.390 to 
+ 7.410 (flashing between + 73/+ 74). 

NOTE 

?'he 3 kllz and 15 kHz adjustments rnuv need 
to he perjbrmed several tirncs in order to 
achieve a halance between the two positions. 

k .  Set the 'Test Set NOISE WEIGHTING CONTROL to 
the Program position. 
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i. Set A3R306, A3R321 fully CW; A3R35 1 fully CCW. I. Adjust A4K443 f o ~  a display of  + 7.390 to + 7.410 
(flashing between + 73/+ 74). 

j. Adjust A3K336 for a minimurn ac voltmeter indica- 
tion, typically less than 1 mV mms. 111. Set the l'est Set NOISE WEIGIITING ('ONTKOL to 

the (' Message position. 
k. Disconnect the dc voltmeters from A3TP13 dnd re- 

connect t o  A3TP12. Adjust A3R321 for J Ininimum JL 

voltnneter indlcat~on,  typically less than 1 mV rrns. 
n .  Adlust the 3370B for a n  output  frequency of 3 k l l ~  

with an an~plitude ol' - 3.7 1 dBn1. 

o.  Adjust A4R445 Sol a display of  + 7.390 to + 7.410 
(flashing between + 73/+ 74). 

I. Disconnect the ac voltmeter 

In. Adjust the 3320B frequency to 1182 HL. 

p. Repeat adjustment Steps c ,  f ,  11 and o for the C Mes- 
sage position until calibrated. n. Adjust A3R306 for a display of + 7.395 t o  + 7.405 

(flashing between + 73/+ 74). 

o. Adjust the 3320B frequency to 862 Hz. 

5-42. Notch Filter Calibration. 
p. Verify display o f  + 7.275 . I25 (+ 7 1 to + 74). 

NOTE 
q. Kerimve the short a t  A1 TP8. 

5-44. Receiver Balance Adjustment. 

5-45. The adjustment procedure sets the Test Set input bal- 
ance. The 3320B is used to supply the Test Set with a sig- 
nal applied equally between the Test Set terminals and 
referenced to the Test Set ground. The Test Set is then ad- 
justed for a rtiinimurn Test Set display indication. 

5-43. This a?justnlent pl-ocedure sets the corner frequen- 
cies and the center of the Notch fillers. A 3320B is used to 
supply precise frequeucies and anlplitudes to the test set 
input. 

a. Connect the test setup as shown in Figure 5-b(b). 
a. Connect the 3320B F r e q ~ ~ e n c y  Synthesizer to the 

355 1 A Test Set as sl1ow11 in Figure 5-9. b. Set the Test Set front panel controls as follows: 

b .  Set the Test Set fruut panel controls as follows: . . . . . . . . . . . . . . . . . . . . . . . .  HOLD O F F  
FUNCTION 
(Black Input/Output Terminals). . .REC TERM 
IMP . . . . . . . . . . . . . . . . . . . . . . . . . .  (300 
RECEIVE NOISE/ 

. . . . . . . . . . . . . .  T O N E .  TONE NORMAL 
DISPLAY & MONITOR . . .  RECEIVE LEVEL 
POWER. . . . . . . . . . . . . . . . . . . . . .  .- AC 

. . . . . . . . . . . . . . . . . . . . . . . .  HOLD O F F  
NOISE WEIGIITING . . . . . . . . .  15 kHz Flat 
FIJNCTION 

. (Black Input/Output Terminals). .REC TERM 
RECEIVE NOISE/ 

TONF . . . . . . . . . . . .  .NOISE WITH TONE 
DISPLAY bi MONITOR. . .  RECEIVE LEVEL 
POWER . . . . . . . . . . . . . . . . . . . . . . . .  AC c. Adjust the 3320B output f~equency  to 6 kHr, at an 

amplitude of  + 26.99 dBm. 

c. Adjust the 3320B frequeucy for 400 HL at a11 a~npli-  
tude of - 5.2 1 d B n ~  d .  Adjust A3C102 for a minimurn Test Set d~splay.  

NOTE d .  Short AITP8 to giound. then powel OFF,  power ON 
the 355 1A Test Set. 

The dlsp/ajl should be udicatlng less tjlan - 4.2 
(- 42  dBnz). If the rnmmitm dlsplay cannot be 
udjltsted to less tilurl t h s  spec~f?cahotl, their 
charzge A3C103* andlor A3Cl O8* as follows 
(refer to Table 5-1 7 for padding values) 

c. Center pots (1 turn pots) A3R306, A3R321, 
A3R336. and A3K351. Refer to A3 adjustment locations 
41own ou Figure 5-1 2. 

f. Adlust AiR315 for a Test Set display + 7.395 to 
+ 7.405 (flashing between + 73/+ 74). 

I If A3C102 I S  a t  a m m m u m  caparltance, de- 
crease dlc. value of A3C103 or increase the 
va11ie oj'A3CI 08. 

I?. If'A3ClU2 is at a t?zaxlrnum capacitarzce, 111- 

crease tiw valw of A3C103 or decrease the 
value o fA3Cl08.  

g. Adjust the -3320B f~equency  to 1015 H7. 

11. Connect an ac voltn~eter to A3TP13. 

5-16 Rev. A 
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NOTE 

A3C107 should orzly he padded if  padding 
A3ClO4 will not cause the Test Set to nzeet the 
desired spec$icutions. 

5-54. Transmitter Level Display Adjustment. 

NOTE 

The RI:'CE:/ VE LEVEI, must be calibrated bc- 
fore perjormirzg the transmitter level udjust- 
rtzetlt. 

5-55. This aqustrnent procedure sets the level of the Test 
Set send oscillator to the Test Set display. The 3490A ac 
voltmeter is used t o  n~oni to r  the send oscillator output level 
and the signal t o  the Test Set display is adjusted for a dis- 
play indication equal t o  the ac voltmeter indication. 

a. Connect an ac voltlneter through a 600 ohm load to 
the Test Set blue ~nput /ou tpu t  terniinals. 

b. Set the Test Set front panel controls as follows: 

FUNCTION 
. . . . . . .  (Blue Input/Output Terminals SEND 

IMP . . . . . . . . . . . . . . . . . . . . . . . . . .  600 
. .  - SEND FREQUENCY RANGE Hz. 200 6 K 

SEND LEVEL RANGE dBm . . . . . .  0 to + 1 0  
DISPLAY & MONITOR . . . . . .  .SEND FKEQ 
POWER . . . . . . . . . . . . . . . . . . . . . . .  --AC 

c. Connect the Test Set chassis to the ring terminal. 

d .  Adjust the Test Set front panel SEND FREQUENCY 
vernier for a Test Set display indication of 1.000 kHz. Ad- 
just the Test Set front panel SEND LEVEL vernier for an 
ac voltmeter indication of 0.775 V ac * 0.002 V ac. 

e. Press the Test Set front panel DISPLAY & MONI- 
TOR SEND LEVEL pushbutton. 

f .  Adjust A3R377 for a Test Set display indication of  
.000 dBnl -+ ,003 dBrn. 

g. Set the Test Set front panel IMP control t o  135. 
Change the 600 ohm load on the ac voltmeter to a 135 ohm 
load. 

h .  Adjust the Test Set front panel SEND LEVEL ver- 
nier for an ac voltmeter indication of 0.367 V ac i 0.002 V 
ac. 

i. A d j ~ ~ s t  A3R397 fol a Test Set display indication of 
,000 dBrn ir ,003 dBm. 

j. Set the Test Set front panel IMP control to 900 ohm. 
Change the I35 ohm load on the ac voltrneter to  a 900 ohm 
load. 

k .  Adjust the Test Set front panel SEND LEVEL ver- 

nier for an ac voltmeter indication of 0.9487 V ac 
i 0.001 V ac. The Test Set display indication s110~1ld be 
,000 dB111 T ,005 dBm. If not, adjust A3R377 until the 
reading is just within the specifications. Recheck the 
500 ohm display level for ,000 + .005 dBm. 

I. Set the Test Set output frequency for 60 k1-I~ 
+ I kHz. 

m. Adjust the Test Set 1MP selector to 600 ohms and 
change the output termination t o  600  ohms. 

n. Adjust the Test Set SEND LEVEL vernier control for 
an output level of .775 V ac + 0.002 V. The Test Set dis- 
play should be .000 dBm k .2 dBm. If not,  pad A3C323 or 
A3C327 until the display is within specifications. Refer to  
Table 5-1 7 for capacitor padding values. 

NOTE 

The 61) kHz level will be raised by lowerirzg the 
value of' A X 3 2 3  or raising the value of 
A3C32 7. 

o. Recheck the 135 ohm 6 0  kHz display for .000 dBm 
ir .2 dBm. 

5-56. Return the green jumper leads used to expand the 
Test Set display t o  their original locations. 

5-57. DISASSEMBLY INFORMATION.  

5-5 8. The followmg paragraphs prov~de Informa tion for the 
removal of the Test Set case and printed circuit boards. 
Also Included IS lnfortnation concerning proper ~nstallation 
of the Test Set mternal power cable. 

5-59. Test Set Case Removal. 

a. To remove the case for access to the internal parts, 
remove the  five phillips head screws shown in Figure 5-14. 

b. Slide the front panel out from the case, disconnect 
the internal power cable and monitor plug from the case. 

5-60. Printed Circuit Card Removal. 

5-61. In order t o  repair the A ] ,  A2, or A3 boards, the A l ,  
A2 board assembly and shield must first be removed. The 
A3 and A4 board may be repaired still attached to the front 
panel and d o  not have to be removed unless replacement of  
the panel switches or the board is necessary. The following 
procedure provides the information necessary for disassein- 
bly of the AI and A2  boards. 

a. To remove the A1 and A2 boards, unplug the A1 t o  
A3 ribbon connector and Al  speaker connection. Remove 
the ten phillips head screws as shown in Figure 5-15. Then 
remove the board assembly so as not to damage the Power 
and Display & Monitor switches. 
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Figure 5-14. Case Disassembly. 

Speaker A2 
Connector Board 

&I I A1 t o  A3 

Shield \ 'lbbon Connector 1, 
A3 Board Board 

Figure 5-15. A 1  and A2 Board Assembly Removal. 

b. T ~ l r n  the unit over to obtain access to  the component 
side of the A3 board and remove the five phillips head 
screws shown in Figure 5-16. The shield should now be 
loose and can be easily removed. 

NOTE 

No further disassembly of the Test Set is rec- 
ommended. 

c. Reassembly of the unit can be done in the reverse or- 
der of assembly. 

5-62. The internal Power Cable should be installed in the 
case and on the A1 board as shown in Figure 5-17. 

Figure 5-16. Shield Removal. 
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Section VI 

Reference 
Designation 

A I J . 3  
A IL501 ~1 
A I L 7 0 4  
A I L 8 0 1  
A I L  8 U L  
A  1 L  8 0 3  

HP Part 
Number 

Table 6-3. Replaceable Parts 

Description 

PC ASSY, L O G I C  

L I P A C I T O R - F X U ;  L J O U F + I O O - I J I  6 V O L  A L  
CAPACITOR-FXD 5 P F  + - I 0 1  5 0 0 U V U C  M I C A  O+ 
C A P 4 C I T U R - F X O  6 8 U F  + - 2 0 %  6VDC CER 
CAPACITUR-FXO; l O O U F t 1 0 0 - 1 0 1  6YDC A L  
L A P A L I T U R - F X D  0015UF + - I 0 1  ZUOYVOC POLVE 

CAPACITOR-FXO 0039UF + - I D %  LOOUVUL PULVE 
CAPACITOR-FXO I U F  + -LOX 2 5 W V I X  L t R  
CAYACITUR-FXO .UIUF + n o - L u %  IOOYVUL c t ~  
CAPACITOR-FXO . l U F  t 8 0 - 2 0 %  LOOYVOC C t R  
L A P A C I T O K - F X O  . I J F  + 8 0 - 2 0 %  IOOWVOL L E R  

C A P 4 C l T U R - F X O  1 U F  t - Z O X  2 5 u V D C  L t H  
C A P A C I T U A - F X D  4 U F  + - I D %  5 0 d Y D C  M t T  PULYL  
L A P A C I T U R - F X U  I U F  + -LO% 25YVOC C t R  
CAPACITOR-FXO 2.2UF +-LO% 25UVDC C t R  
CAPACITUR-FXD . O l U F  + - I %  LOOWVDC M I C A  

CAPACITOR-FXD;  4.7UF+-20X LOVDC TA 
CAPACITOR-FXD I O O P F  + - 5 %  3UOhVDC M l L A  
CAPACITUK-FXO;  6 8 U F  + - 2 0 %  I O V D C  TA 
C A P A C l T U R - F X D i  . 4 7 U F + - I O L  35VUC TA 
CAPACITOR-FXO I O O P F  + -5% 3OOWVUC k l C A  
CAPACITOR-FXD lO0PF +75-10% 3VDC A L  
CAPACITOR-FXD 005UF 50OVDC 
CAPACITOR-FXD I U F  +25VDC 
CAPACITOR-FXD 2 2UF 25V 
CAPACITOR-FXD 20PF +/-5% 3OOWVDC MICA O+ 

"FACTORY SELECTED PART 
CAPACITOR-FXD I U F  +80-20% lOOWVDC CER 
C A P 4 C l r O R - F X O  L O P F  + - 5 %  3 0 0 Y V O C  M l b A  3 +  

*kACTORY S t L t C T E O  PART 
L A P A C I T U K - F X U i  .>3UF+-10% 35VOC TA 
C A P A C I T U R - F X O  .OLUF + 8 0 - 2 0 1  LOOWVOC CEK 
C A P A L I T O R - F X D  .O IUF  + d o - 2 0 %  LOObVDC L t K  
CAPACITOR-FXD lOOPF 30OVDC 

CAt 'ACITOR-FXD; I 8 O J F + - L O X  L V D C  T A - S O L I D  
C A P A C i  TOR-FXDI  I O U F t - I 0 2  ZOVOC T A - S O L I D  
CAPACITOR-FXO I O O P F  +-5% 300UVOC M I C A  
CAPACLTUK-FXU; 1 0 U F t - 1 0 %  2 0 V O C  T A - S U L I U  

CAPACITUR-FXO;  I O U F + - 1 0 %  Z J V O C  T A - S O L 1 0  
CAPALITUX-FXO;  I 8 0 U F + - 2 0 %  6VDC T A - S O L I D  
CAPACITOH-FXO;  I B O U F t - 2 0 %  6VOC TA-SOL I U 
CAPACITUK-FXO:  15UF+-LOX ZOVDC T A - S U L I U  
LAPAC ITUA-FXU;  I ! sUF+-  1 0 %  ZOVOC TA-SOL 1 0  

C A P A C I T U K - F X U  . I U F  +MU-LOX I O O U V O L  L t R  
L A P A C I T U R - F X O  . I U F  +8O-20% 1 0 0 U V U C  L E *  
C A P A C I T U K - F X U  . I U F  + 8 O - 2 0 %  LOOWVOC CEK 

0 1  OOk-SLHUTTKY 
D IODE-SCHUT TKY 
U I  JJE-SCHUTTKY 
UIO0E-SUITL?lING 1 N S  3 O V  5OMA 
0 I J ) E - L N K  3.YLV 5 Z  OU-7 PO=.4W T L =  

JI  JUE-LNn 5.11W 51 J U - I  PD=.4U T C -  
0 1  J U E - S Y I T C H I N G  L N S  3 0 V  5 0 4 4  
O L d O t - S U I T L t l I N 6  2 h S  3 0 V  5 0 H A  
0 I J U t - 5 * I T C d I N G  L h 5  3UV 5OHA 
U I U D t - 5 U I T C t l I N L ;  L N S  3 0 Y  SOYA 

O I J J E - S h I T L r I I N L  L h S  3UV 5 O 1 A  
U I  d D k - b . 4 1 T C H ~ N b  L N S  3 U V  90Y.A 
O I  J O E - S L H U I T h Y  
O l u O t - L N K  12.AY 5 1  0U-7 P0= .4Y  
3 1 J 0 t - L N R  9.0VV 5 4  U U - I  P U 2 . W  

h u ~ K t T : l L  U L K  I b  L U N I A L T  
L U Y N E L l  OK, C-CUNT, HALE,  P J S T  T Y P t  
COIL 3 3  MH 
C J I L ;  t X 0 ;  H U L O t J  K F  L H U K t ;  4UUUH 1 0 1  
L U I L ;  F X U i  HULUEO R 6  CHUKE; 4 0 0 U H  1 0 1  
C O I L ;  FXU;  MOLDEU K F  LHUKE; 4 0 U U t i  LOX 
L U l L ;  1-XOi MULUEO K F  CHUKE; I H H  5A  

Mfr 
Code 

2 8 4 6 0  

28461)  
2 8 4 8 0  
56289 
2 8 4 d J  
5 0 2 8 9  

5 6 2  8 9  
LU481) 
Z 8 4 8 0  
2 8 4 8 0  
2 8 4 8 0  

2 8 4 U O  
2 8 4 B O  
L d 4 8 U  
2 8 4 h O  
2 8 4 8 0  

5 6 2 8 9  
2 8 4 8 0  
5 6 2 8 9  
5 6 2 8 9  
L t l 4 8 O  
56289 
28480 
28480 
28480 
28480 

28480 
2 8 4 8 0  

5 6 2 8 9  
2 8 4 8 0  
L d 4 8 0  
28480 

5 6 2 8 9  
5 6 2 8 9  
2 8 4 6 9  
5 6 2 8 9  

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

2 0 4 8 0  
1 8 4 8 0  
2 d 4 8 0  

2 8 4 6 0  
L d 4 I U  
L C 4 6 0  
2 8 4 8 0  
0 4 7 1 3  

0 4 7 1 3  
2 8 4 8 0  
2 8 4 8 0  
i O 4 8 U  
2  8 4  6 0  

L i l 4 8 0  
2 6 4 8 0  
28481) 
0 4 7 1 3  
J 4 I 1 3  

L j b t l O  
2 7 1 6 4  
24226 
0 0 0 4 A  
o o u 4 n  
0LJOCA 
2 4 2 2 6  

~ 4 2 L b  

~ 8 4 8 3  
L  U 4 8 G  
L M 4 8 0  
2 8 4 8 0  
U I L Y ' J  

Mfr Part Number 

See introduction to  this section for ordering information 
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Model 3551A Sectmn VI 

Table 6-3. Replaceable Parts 

Reference 
Designation 

HP Part 
Number 

Description 

CAPACITOR-FXD 01UF 180 20% 100WVDC CER 
CAPACITOR-FXD 01UF +80 20% 100WVDC CER 

CAPACITOR FXD 8 2PF 5OOVDC 
L A P P C I T O R - F X U  .ULUF + Y O - L O l  l O O U V U i  L E N  
CAPACITOH-FXO j 3 P F  t - 5 &  300MVUC M I L A  
CAPACLTOK-I-XO .O IUF  +MU-LO1 IOOWVUC L E U  
CAPACITUK-FXU .OIU~ + ~ O - L O Z  IOO~VU; L ~ K  

L A P A L I T O R - t X 0 ;  3 J U F t - I O L  1 3 V O L  T A - S U L I U  
C A P A C I T U K - F X O  - 0 I U F  + 8 0 - 2 0 %  1 0 0 k V U 3  L ~ K  
CAPACITUR- tXO;  3 J U F t - 1 0 1  I U V O C  T A - S U L I O  
CAPACITOR-6x0; ZZUI-+-LO% 1 5 v u c  T A - ~ U L I U  
LAPACITOR-FXO;  Z Z U f + - L O X  l 5 V D C  T A - S O L L U  

CAPACITOR-FXD OlUF lOOWVDC 
CAPACITOR FXD OlUF IOOWVDC, 
CAPACITOR-FXD 1UF +-20% 25WVDC 
rAPAClTf lR-FXD 1IJF + -20% 25WVOC CER - . .  
CAPACITOR FXD 100PF + 5% MICA 300WVDC 
CAPACITOR-FXD OlUF + 1% 100WVDC MICA 
C A P A L I T D R - F X D  .OLUF + - I X  IDOYVOC M l C A  
C A P A C I T O K - F X D  . U I U F  t - I X  lOOWVOL M l C A  
CAPACITOR-FXO .O IUF  + - I %  l 0 0 Y V U C  M I C A  
L A P A C I T U R - F X O  I U F  + - L O X  Z 5 d V D C  LEU 
CAPACITOR-FXD 3 3 U F  +75-10% 35V A L  
CAPACITOR-FXD 60UF +-20% 6VDC TA-SOLID 
CAPACITOR-FXD 470PF +-5% BOOWVDC MlCA 
CAPACITOR FXD lOPF t 5% 5OOWVDC MlCA O+ 
CAPACITOR-FXD 43PF +-5% BOOWVDC MlCA 
C A P A L I T U K - F X b  l O P F  t - 5 9  500b iVDC U I C A  O t  
CAPALLTOR-FXO l O P f  t - 5 %  5 0 0 n V D L  M l C A  U+ 
CAPACITOR-FXD OlUF t80-20% lOOWVDC CER 
CAPACITOR-FXD OlUF t80-20% lOOWVDC CER 

NORMALLY NOT LOADED 

CAPACITOR-FXD lOOPF +-5% 30OWVDC MlCA 
CAPACITOR-FXD .1UF +80--20% lOOWVDC CER 
CAPACITOR-FXD 120PF +-5% 300V 

*FACTURY S E L t C T E D  PART 
CAPACITOR-FXD OlUF +80-20% lOOWVDC CER 
CAPACITOR-FXD 5PF 10% 5OOWVDC MlCA O+ 
CAPACITOR-FXD OlUF +80-20% lOOWVDC CER 
CAPACITOR-FXD 4 7UF 10% 35VDC T A  
CAPALITDR-FXU;  Z L ~ F + - I O %  l 5 V D L  1 A - S U L I O  
C A P A L I T U R - F X U ;  4 7 J F t - 1 0 %  6VDC T A - > J L I J  
CAPACITOR-FXD 43PF 
DIODE 
DIODE PWR RECT 400V 750MA 
O l u 0 t - P W R  KkCT 4 J O V  7 5 0 M A  
O I J O t - P h K  R E L T  4 0 0 V  7 5 0 N A  
DICJOE-PWK R E L r  +OW ~ ~ U M A  
OIOJ~-IUITLHING Z N ~  B O V  i o m n  

O l u U E - b M i T C h i k b  2hh 8OV 2uOMA 
D l u 3 t ;  L t N E H ;  L U d  V L ;  I Y  MAX PO 
U l J D t ;  L t N E R ;  I O V  VL ;  LU MAX YO 
0 1 U U t - L N R  b . O l V  5 %  0 0 - 7  P0=.4k 

D L u D t - S I I T C H I N G  Lhh 3OV 5 0 % A  

O l u O t - ~ u i T C n l N b  L N 5  3 U V  SOMA 
u I J U t - S h l T L t l l Y b  2 h i  3 U V  >UHA 
~ I J O ~ - > U I T L I ~ I N G  L N 2  3 U V  50MA 
u l d u t - 5 i l T L r I l h b  L n S  3 0 V  SuMA 
O t J U t - b h l T ~ d l l Y L  L N ~  3 0 V  5 0 4 A  
DIODE-SWITCHING 2NS 30V 50MA 
DIODE-SWITCHING 2NS 30V 50MA 
DIODE-SCHOTTKY 
U I u 3 t - S W I T C H I N G  L N S  3 U V  5 0 M A  
U I U 3 c - 5 ~ I I C H l h G  L N h  JOV 5UMA 
O 1 0 3 t - I Y I T L H I Y b  LtdS 3 0 V  5 0 4 6  

Mfr 
Code 

28480 
28480 
72136 
28480 
5302 1 

95121 
2 6 4 6 0  
L d 4 8 0  
2 6 4 8 0  
L 6 4 8 0  

5 6 2 8 9  
L d 4 I O  
5  6 2  6 9  
5 6 2 8 9  
5 6 2 8 9  

28480 

28480 
28480 
28480 
28480 
2 8 4 8 0  
2 8 4 8 0  
Z 8 4 8 0  
L t348O 
56289 
56289 
72136 
28480 
28480 
2 8 4 8 0  
2 6 4 8 0  
28480 
28480 

28480 
28480 
72136 
28480 
28480 
28480 

28480 
72136 
28480 
56289 

5 6 2 8 9  
5 b L d 9  
28480 
28480 
04713 
u 4 I 1 3  
J 4 1 1 3  
u 4 7  1 3  
Zb4 tJU  

2  d 4  d 0  
0 4 8  1 3  
0 4 7 1 3  
L B 4 8 O  

i d 4 8 0  
L t i 4 d 0  
2 8 4 8 0  
L 8 4 d O  

2 8 4  d o  
~ d 4 U 0  
L 8 4 I J U  
L d 4 a O  
L b 4 o O  

Z d C d O  
~ . 3 4 8 U  
L d C 8 U  
~ d 4 8 U  
L d 4 i l O  
28480 
28480 
28480 
L U 4 6 0  
L B 4 d O  
L a 4 8 0  

- 

Mfr Part Number 

TYPE QC 
0  1 5 0 - 0 0 9 3  
3 1 0 0 - 2 1 5 0  
1 ) 1 5 U - 0 0 9 3  
0 1 5 U - 0 0 9 3  

See introduct ion t o  this section for ordering information 
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Section VI Model 3551A 

I 
6-8 Rev A 

HP Part 
Number 

Table 6-3. Replaceable Parts 

Description 

D I U D t - S U I T C H I N G  L N S  3 0 Y  5JMA 
U I J O E - S u l T L f l l h Z  2NS 3OV 5 0 Y A  
O I U D t - S W I T C H l N C  L N S  3 0 V  5 0 H A  
O L L I E - S U I T C H I N U  Lhi 3 0 V  5 U 4 A  
U I  J D E - L n l r L I 1 I h G  2 h S  3 0 V  53MA 

S J C 6 E T : I L  B L K  1 6  CUNTALT 
TRANSISTOR NPN 2N3440 SI PD-lW 
TRANSISTOR NPN 2N3440 SI PD-lW 
TRANSISTOR SI NPN 
T H 4 N S I S T U K  Pl\P S I  C H l P  P O = > l O h Y  
T H A N L I S T U R  PNP S I  L H l P  PO-310M3 
T R A W I S T O H  h P N  S l  P0=30UMN I-T=200MHL 

T H A N S l S r U K  NPN S i  P0=300HW FT=ZOOHHL 
T8.AkSISTOK P h P  5 1  C H I P  P 0 = 3 1 0 M h  
r K b h 5 l S T O K  PNP S I  C H I P  PD=310Mh 
T H A N S I S r O R  NPN 5 1  PO=JOOMW F l * Z O O M H L  
T R A N S I S T u R  h P N  S 1  P O - 3 0 0 W  FT=LOOMflL 

T R A h S I S T U K  NPN S t  P O - 3 0 0 h  FT=ZuUMHL 
T R A N S I b T U R  PNP b 1  C H I P  PD=3LOMN 
TRANSISTOR PNP SI CHlP PD=3lOMW 
TRANSISTOR NPN SI PD=300MW FT=200MHZ 
TRANSISTOR J-FET N-CHAN, D-MODE SI 
TRANSISTOR J-FET N-CHAN D-MODE SI 
TRANSISTOR J-FET N-CHAN, D-MODE SI 
TRANSISTOR PNP SI 
TRANSISTOR J FET N-CHAN D-MODE 
TRANSISTOR J-FET N-CHAN, D-MODE SI 
TRANSISTOR J-FET N-CHAN, D-MODE SI 

T&ANSISTUR;  J - F t T  W-LHAN. 0-HUDL 5 1  
T R A N b I S r U R  NYN 2 N 3 8 6 6  5 1  P O = l Y  
TKANSISTOR; J-FET N-CHAN, 0 - n o o t  SI 
TH&NSISTUR;  J-FET N-LHANI O-MUUE 5 1  
TRANSISTOR PNP S I  C H I P  PO=30OMU 

T R A h S I S T i l k ;  J -FET Id-LHAN, D-NGUt 5 1  
T K A N ~ I S T U R ;  J - F ~ T  ~PLHAN, 0 - n u o t  s l  
TKANSISTOR;  J-FET N-LHAN, 0-MUOC 5 1  
TKANSISTOR PNP SL C H I P  PD=300MU 
T&ANSISTOH NPN 5 1  PO=30UMH f T = 2 0 O H H L  

T A A H S A ~ ~ U A ;  J-FET N-LHAN, u-nuot 5 1  
TRANSISTOR; J-FET N-CHANI 0 -HUUt  SL  

RESISTOR 2 0 5  1% 125W F 
R E S I S T O R  2.7 OHM 5 1  .25U CC TUBULAk  
R E S l S T O R  LOOK 1.4 -125W F  TJBULAR 
R E S I S T O R  6 7 3  OHM 1 %  .5H F  TU8ULAK 

+FALTURY S E L t C T E O  PART 

R t S I S T U R  302  JHM I Z  .5W F  I U B U L A K  
4FACTURY S t L E L T E D  PART 

R t S I S T U K  4546 OtiM I< .5U F TU8ULAK 
*f-ALTURY S E L E L T E D  PART 

R ~ S I S I J H  6 7 3  ilnn 1 %  . 5 ~  F TUBULAR 
*FACTOKY S E L E L T E D  PART 

H t S I b T U R  3 0 2  OHM 1 Y  .5Y F TUBULAR 
*FACTORY b E L t L T E 0  PART 

K t S I S T d K  454.6 UHM I I  .2Y F  r U 8 U L A K  
+FALTORY SELECTED PART 

R E S I S T O R  90.9 JHM 11 . 1 2 5 d  F  TU6ULAR 

RESISTOR 200K 1% .125W F TUBULAR 
RESISTOR 505 OHM 1% .125W 
RESISTOR-VAR 20 OHM .10 
RESISTOR-VAR TRMR 50 OHM 20% C TOP ADJ 
RESISTOR-VAR TRMR 5 0  OHM 20% C TOP ADJ 

RESISTOR 10K 1% 125W 
RESISTOR 1K 1% .125W F TUBULAR 
RESISTOR 10K 1% 125W 
RESISTOR 49.9K 1% .125W F TUBULAR 
RESISTOR 49.9K 1% .125W F TUBULAR 
RESISTOR 10K 1% .125W 

RESISTOR 2K 1% .125W F TUBULAR 
RESISTOR 1 5 K  1% .125W F TUBULAR 
RESISTOR 5360 OHM 1% .125W F TUBULAR 

Mfr 
Code 

Mfr Part Number 

See introduction to this section for ordering information 



Model 3551A Section VI 

Table 6-3. Replaceable Parts 

Reference 
Designation 

HP Part 
Number 

Description 

RE5lSTOR 4 7 %  5; .25W CL TUBULAR 
KESLSIUK 3.4MK 1% .125Y F TUBULAR 
AESLLTUR 2.21K 1% .IL5W F TUBULAR 
H E S l b r d K  17.4 JHH 11 - 1 2 %  F TU8ULAR 
KESISTUR IOK 1 %  .LZ5Y F TUBULAR 

RESISTOR-VAR TRMR 200 OHM 10% C SlDE ADJ,, 
RESISTOR 20K 1% 125W 
RESISTOR 1K 1% .125W F TUBULAR 
RESISTOR 6040 OHM 1% .125W F TUBULAR 
RESISTOR 510K 5% .25W CC TUBULAR 

RESISTOR 100 OHM . l %  .125W F TUBULAR 
RESISTOR-FXD 216.2 ,001 .125W 
RESISTOR-FXD 262.4 001 
RESISTOR 10K 1% 125W F TUBULAR 
RESISTOR-VAR TRMR 5000HM 10% C SlDE ADJ 
RESISTOR 75 1% 125W F 
RESISTOR-VAR 100HM 10% C TOP ADJ 
RESISTOR 24 OHM 5% 25W CC TUBULAR 
RESISTOR 1K 10% 25W CC TUBULAR 
RESISTOR 4 9 9  OHM 1% 125W F TUBULAR 

SWITCH. ASSEMBLY R0TARY:FUNCTION A N D  IMP 

S31TCH, HUTARV'FREQRANGEHZ 
SUITCHI HUTARY.LEVELRANGEDBM 
SWITCH, ROTARY. RECEIVE NOISEITONE 

IC L I N  AMPLIFIER 
LC L I N  Li4300H A n P L I F l E R  
i L  L I N  LM338H A H P L I F I E U  
I L  Llh A M P L I F I E R  
I L  L l N  LMJUBH A M P L I F l E R  

IC L I N  RC4136CP AMPLIFIER 
IC L IN LM307H AMPLIFIER 
IC L I N  AMPLIFIER 
IC L I N  AMPLIFIER 
IC L I N  AMPLIFIER 
IC L I N  RC4136CP AMPLIFIER 

1C L I N  KC4136CP A M P L I F I E R  
LC L l N  RCCA36CP A M P L I F l t R  
I C  L I N  RC4136CP A M P L l F I E k  
lC iOG1L;MULl lPLEXER 
I C  L I N  LM30BH A H P L I F I E R  

I C  L I N  A H P L I h - l t R  
1L L L N  A M P L I F l t X  

TUBE, ELCTRN, 8 l C g O .  SURGE V PT CTR 

PKPCKET I ANALOG SUITCH 
PL MUAKU. INPUT A H P L l F l t R  
CABLE ASSY 
CAt3LE ASSY 
c n a i t  assr  

IdSJLATUH;  XSTR; TU- 3; - 0 2  THA 
THERMAL-LINK; SCL; TU-5 P K J  

Mfr 
Code 

Mfr Part Number 

See introduction to  this section f o r  ordering information 



Reference HP Part Number 

Table 6-3. Replaceable Parts 

Description 

PC ASSY. F I L T E R  

CAPACITOR F X D  1700PF +I 1 b lOOWVDC M l C A  
CAPACITOR F X D  2 2UF + I  10  o 2OVDC T A  
CAPACITOR F X D  I U F  480 20"" lOOWVDC CER 
CAPACITOR F X D  400PF + I  1 %  3OOWVDC MlCA 
CAPACITOR F X D  865PF + I  1% lOOWVDC M l C A  
CAPACITOR- F X D  4751PF t/ I"% 
CAPACITOR F X D .  2 2 U F  +/ 1 0 9  2 0 V D C  T A  
CAPACITOR F X D  4751PF + / - I %  300WVDC M l C A  
CAPACITOR F X D  027UF 200VDC 
CAPACITOR F X D  22UF +I-10% 15VDC T A  SOLID 
CAPACITORFXD O l U F  +80  20% lOOWVDC CER 

TRANSISTOR PNP SI CHIP 

RESISTOR l08 .94K .I": .125W F T U B U L A R  
RESISTOR 20K 1% 125W F T U B U L A R  
RESISTOR i 1  397K 1 8  .125W F T U B U L A R  
RESISTOR 28.64K .1'L .125W F T U B U L A R  
RESISTOR 21K 1% ,125W F T U B U L A R  
RESISTOR 44.2K I"% 125W F T U B U L A R  
RFSISTOR 7 0 f i 0 5 K  1% 125W F T U B U L A R  -.- - - - ~ ~  - ~ 

RESISTOR 26 7K 1% .125W F T U B U L A R  
RESISTOR 20.605K 1'k 125W F T U B U L A R  
RESISTOR 2 3 7 K  1% 125W F T U B U L A R  
RESISTOR 5760  O H M  Ol'X 
RESISTOR 20K .125W F T U B U L A R  
RESISTOR 17.579K 1% .125W F T U B U L A R  
RESISTOR 10K 1% 125W F T U B U L A R  
RESISTOR 22.1K 1 Y  .125W F T U B U L A R  
RESISTOR 1 7 4 K  1% 125W F T U B U L A R  
RESISTOR 98.941K 1% 125W F T U B U L A R  

RESISTOR 20K l " %  125W F T U B U L A R  
RESISTOR 10K 01% 125W 
RESISTOR 1 2 5 K  1'6 125W F T U B U L A R  
RESISTOR 20K 11'6 .125W F T U B U L A R  
RESISTOR 3 6 9 0 1 K  . l "6 .125W F T U B U L A R  
RESISTOR 36.901K 1% .125W F T U B U L A R  
RESISTOR 100 OHM 1% 125W F T U B U L A R  
RESISTOR 806 O H M  1'X .125W F TUBLJLAR 
RESISTOR 11K 1% 125W F T U B U L A R  
RESISTOR 150K 1% 125W F T U B U I A R  
RESISTOR 4641C 0 1 %  
RESISTOR 1 2 4 K  1% 125W F T U B U L A R  
RESISTOR 10K 01% 125W 
RESISTOR 15 2K  .Ol'X 
RESISTOR lOOK lh  125W F T U B U L A R  
RESISTOR 2 0 5 K  1% ,125W F T U B U L A R  
RESISTOR 36.5K 1% .125W F T U B U L A R  
RESISTOR 109.641< 1% ,125W F T U B U L A R  
RESISTOR 109.64K 1% .125W F T U B U L A R  
RESISTOR 20K l"6 125W F T U B U L A R  
RESISTOR 78.028K . l C %  125W F T U B U L A R  
RESISTOR V A R  T R M R  5 K  10% C SIDE ADJ  
RESISTOR 5 K  1 5  50W 
RESISTOR 200 1% .125W F 
RESISTOR 1 K  10% .25W CC T U B U L A R  

SWITCH R O T A R Y  NOISE WEIGHTING 

IC L INEAR 

Mf r 
Code Mfr Part Number 



Model 3551A Section VI 

Table 6-3. Replaceable Parts 

I Reference 
Designation 

A 5  

A 5 C d O l  
A 5 C 8 0 2  
A 5 C 8 0 3  
A 5 C d 0 4  
A 5 C 8 0 5  

HP Part 
Number 

Description 

PC ASSYI POYER SUPPLY 

CAPACITOR-FXD; 2 6 U U U F + 7 5 - 1 0 1  LZVOL AL  
CAPACITOR-FXD; 2 6 0 0 U F + 7 5 - L O X  l 2 V O L  AL  
CAPALITOR-FXU;  3 9 0  + 1 0 0 - 1 0 %  ZOVDC AL 
CAPACITOR-FX0;  390  + 1 0 0 - L O X  ZUVUC AL  
CAPACl rOR-FXO;  3 9 0  + l o o - 1 0 1  ZOVDC AL  

CAPACITOR-FKD; 3 9 0  +LOU-10% ZOVOL AL  
CAPACITOR-FXD; 3 9 0  + l o o - 1 0 %  2OVDC AL  
CAPACITOR-FXD; 2 2 U F + - 1 0 0  15VOC T A - S O L 1 3  
L A P A C I T O R - F X U  .OLUC + 8 0 - 2 0 %  l 0 0 Y V U C  C k H  
CAPACITOR-FXD; 4 7 U 6 + - 1 0 %  3 5 V W  T A - S O L I D  

U IUDE-PYR RECT ZOOV 7 5 0 H A  
O l O O t - P Y R  RECT ZUOV 750MA 
o i o x - m a  RECT LDOV 7 5 0 ~ ~  
D I U J E - P Y R  R E L T  LOOY 750MA 
O i O D t - P k K  RECT LOOV 7 5 0 H A  

OIUDE-PYR KECT ZOOV l 5 3 M A  
J IODE-PYR R E L T  LOOV 750MA 
J I D O t - P W A  RECT 2 0 0 V  750MA 
DIODE-PYK RECT LOUV 750MA 
0IODE-PWR KELT LOOV 750MA 

DIODE-PYR RECT LOOV 7 5 0 M A  
OIODE-PYH R E C l  ZUOV 750MA 
D l  J i l t -PWR RECT i O 0 V  750MA 
O I O J t - P Y R  RECT LOUV 750MA 
OIUDE-PWR K E L T  LOOY 750MA 

O I O U E - i Y I T C H I N G  ZNS 3OV 50WA 
O I J D E - b Y I T L H I N b  ZhS 3 0 V  50MA 
D I O D E - S W I T L H l h b  2 h S  3 0 V  5UMA 
D l U 0 c - L N K  Ad.2V 5X DU-7 PD=.4d 
D I J D E - S W L T L H I N G  ZNS MOV ZOOMA 

O I G J E - S Y i T C r l I N b  L N S  SOY LOONA 

FUSE .2A 1 2 5 V  
FUSE .5A I L 5 V  
FUSE . 5 A  I L 5 V  

j J L K E T : L C  B L K  1 6  CUNTACT 
CONNECTOR; 8-CUNT I MALE; POST TYPE 
CONNECTOR PLUG.  +5V INCLUDES T H E  FOLLOWING 

CONTACT CONNECTOR 

CONNECTOR PLUG: +12V lNCLUDES T H E  FOLLOWING.  
CONTACT CONNECTOR 

CONNECTOR PLUG - 12V INCLUDES T H E  FOLLOWING 
CONTACT CONNECTOR 

RE L A Y  

T I I N S I S T O R  PNP S I  C H I P  1 0 - 9 2  P 0 = 2 0 0 M *  
T K A Y S I S T O R  P h P  SL C H I P  TU-92  PD=LO3Mh 
T R A N S I S T U H  N P N  5 1  YD=300MW FT=ZOOMHL 
TAANSISTUH PNP S I  C H I P  TO-9L  P W 2 3 J U Y  
T k b N S I I T U H  NPN 5 1  PU=300MY bT=ZOONl+L 

T K I N S I S T U R  PNP 5 1  L H I Y  TU-92  PU=LOOMW 
l R 4 N S l b T J A  NPN 5 1  P0=3001id FT=LUOHHL 

R~>ISTOR 2 0  OHM 5 %  5n Y W  r u n u L w  
R t b r s r u n  LO UHM 5 %  5~ PW TUBULAR 
R E S I S T U K  7 5  UHH 3 %  5 h  PW TUBULAR 
RtSlSTUR 50 UHN 5 %  5u PY TUUULAK 
AE>LSTUR 35.7K 1% . 1 2 5 k  F TJBULAR 

- 
Mfr 
Code - 

L d 4 6 U  

Z d 4 d 0  
2 8 4 8 0  
9 0 2 O I  
9 0 2 0 1  
Y 0 2 0 l  

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

0 4 7 1 3  
0 4 7 1 3  
0*7  1 3  
0 4 1  1 3  
0 4 7  1 3  

3 4 / 1 3  
0 4 7  1 3  
0 4 7  1 3  
5 4 7  1 3  
0 4 7  1 3  

0 4 1 1 3  
0 4 7 1 3  
u 4 7  1 3  
0 4 1  1 3  
0 4 7 1 3  

2 8 4 8 0  
L84110 
2 8 4 1 0  
0 4 7 1 3  
L 8 4 8 0  

L b 4  8 0  

7 1 4 0 0  
7 1 4 0 0  
7 1 4 0 0  

23880 
27264 
L a 4 8 0  
28480 

2 8 4 8 0  

28480 

2 8 4 8 0  
28480 

2 8 4 8 0  

d B 4 8 0  
L d 4 6 0  
2 8 4  8 0  
L M 4 U 0  
~ b 4 b J  

2 8 4 8 0  
LUCbO 

9 1 6 3 7  
9 1 6 3 7  
0 0 2  1 3  
56269 
2 4 5 4 6  

- 

Mfr Part Number 

S K I  3 5 8 - 3  
5 K 1 3 5 8 - 3  
SHI 3 5 8 - 3  
S R 1 3 5 t l - 3  
S K 1 3 5 8 - 3  

TYPE GMY-112 
T Y P t  G M r - 1 4 2  
TYPE G U M - l / i  

See ~ntroduction to this section for ordering information 
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Table 6-3. Replaceable Parts 

Reference 
Designation 

A5H&l ( r  
A 5 & U l l  
A 5 L t ) l L  
A 5 K 8 1 3  
A 5 H 8 1 4  

A 5 R 8 1 5  
A 5 K t l l 6  
A 5 H B l l  
ASK818 
A 5 R U l Y  

A5KdLO 
A 5 K B L l  
ASUt lLL  
A5H8.23 
A 5 K B L 4  

A W U L 5  
A S K 8 2 6  

A 5 U 8 0 l  
A 5 U 8 0 L  
A5UdO4 

8 T I  
0 TL 
8 1 3  

F 1 

J J  
J 4  
J 5  
J b 
J 7  

J 8  
J 9  
J10 
L1 L4 i l  
PM 1 
R200 
R500 

s I 

T I  

W2 

HP Part 
Number Description 

RESILTOR 1 3 3 K  I X  .125Y F TUBULAR 
K t S I S T J R  L 8 K  LC . 1 2 3 k  F TU8ULAR 
R t S I S T J K  46.4% 1X .1L5H F TUBULAK 
RESISTUK 64.YK 1% .125*  F TUBULAH 
R t S I S T U R  1 J j K  1 %  . 1 2 5 h  F TUBULAK 

KESISTUR l 0 O K  5 %  .25k  CC TUBULAK 
R E S l S T J K  LOOK 5 %  - 2 5 3  CC TUBULAK 
RESISTOR 1.5K 1 %  -1L5W F TUBULAK 

RESISTOR 1.5K I %  -125W F TUBULAR 
RESISTOR LOO OHM 5 L  .25U CC TUBULAR 

I C  L I N  L M 3 0 9 K  REGULATUK 
I C  L I N  KtGULATOK 
1 L  L I N  L N j L J K - 1 1  REGULATOR 

BRACKET. B A T T t K I  COkNrLTOR 
S T L N O W F  
Kt1 AlNEK, SOCKET 
b O L K t T .  RELAY 

BATTERY PACK: 5V 
BATTERY PACK' 12V 
BATTERY PACK: 12V 

FUSE .25A L 5 0 V  5LU-ULU 

OIN2INb-POST;  SINGLt;4 /8 -32 iJGK/KLD;S(rL  
dIYDIN6-POST;  S l N G L t ;  3 / 8 - 3 2 ;  JG&/KEUiS i rL  
CONNECTOR; T t L i  3-CKT JALK .25  S M  U l A  
BIHDING-POST; 51NGLE;3/8-32iJbK/RE0iSbL 
BlNOlN6-PUST;  S l N C L t ; 3 / 8 - 3 2 i J G I V K t J i S L L  

CONNtCTUHi  TEL; 3-CKT JALK - 2 5  SHK D l A  
BIIYOING-POSTt S l N G L t . b J Z , J G K / B L K  
IACK 
C o i ~  F X D  IUH 
L lNE MODULE 
RESISTOR- VAR 50K 10% CC 
RESISTOR-VAR 50K-5K OHM 5% 2W 

SWITCH: PUSHBUTTON. HOLD 

TRANSFORMER: POWER 

CABLE ASSY 

MISCELLANtUUS PAKTS 

PANEL. FRONT 
PANEL; FRONT. SUB 
BRACKET. PRIMARY POWER MOUNTING 
CLAMP, CABLE 
INSULATOR. LlNE V 
PLATE, PC BOARD MOUNTING 
I n r K  

ROD, AUTO OFF 
HOUSING. LOCK 
HANDLE LOCK 
SCREW, LOCK 
COVER ASSY 
CASE ASSY 
KNOB. MONITOR VOLUME 
KNOB, IMP & SEND LEVEL RANGE 
KNOB. SEND FREQUENCY RANGE 
KNOB, RECEIVE NOISE TONE 
KNOB. NOISE WEIGHTING 
KNOB. SEND FREQUENCY VERNIER 
KNOB. FUNCTION 
KNOB LEVER 
PUSH~JTTON,  COVER HOLD 
PUSHBUTTON, C0VER;POWER. DISPLAY & MONIT 
KNOB ASSY. SEND LEVEL VERNIER 
CONNECTOR, 4-CONT, FEM, POST TYPE 
CONNECTOR, 8-CONT, FEM, POST TYPE 
SPRING WFRM STL 
LENS DISPLAY 
MOUNT, SPEAKER 
D I A L  CONT ASSY 

Mfr 
Code 

See introduction to  this section for ordering information 

Mfr Part Number 

151C-0091 
1 3 1 0 - 0 0 9 1  
MN- L I Z B  
1 5 1 0 - 0 0 9 1  
1 5 1 0 - 0 0 9 1  

MN- I I L b  
1 5 1 0 - 0 0 8 7  
1251-3954 
9493 
0960-0444 
SERIES 68M 

A A  Far Serlal Numbers 1425A 00130 and below. case assembly pwt  no. is 03551 64501 (see F~gure 7 17 A A ) .  
6 -14  Rev A 



Reference 
Designation 

HP Part 
Number 

Table 6-3. Replaceable Parts 

Description 

HANDLES 
CAbLE,  POhER 
SPEAKER 

HANDLE. CARRYING (CONSIS1 
FOLLOWING PARTS) 

THE 

HANDLE PLASTIC WISTL INSR 4 25 L 25 THI< 
HANDLE-CMPNT 75-L 
HANDLE CMPNT 75 L 
SCREW-MACH 4 40 375 IN LG PAN HD 
NUT HEX-DBL CHAM 4 -40 THD 
WASHER LK INTLT  NO 4 115 IN ID 27 IN 

Mfr 
Code 

Mfr Part Number 

5 2 5 C - 4 9 A  
b l l U - I 5 1 8  
YI60-0229 

Ser  introduction to  this section for ordering information 



Section VII 
Mocit.1 3551 A 

SECTION V I I  

T R O U B L E S H O O T I N G  A N D  
CIRCUIT  D IAGRAMS 

7-1. INTRODUCTION. 

7-2. This section of the manual contains troubleshooting 
information and circuit diagrams for the Test Set. included 
are digital troubleshooting procedures, functional block 
diagrams, schematic diagran~s and component location 
diagrams. 

7-3. TROUBLESHOOTING. 

7-4. The following troubleshooting information is designed 
to eliminate needless unrelated checks in locating instru- 
ment malfunctions. It should first be determined that a 
malfunction does exist and that it does not exist externally 
to  the Test Set. Before troubleshooting, become familiar 
with the principles of operation (Section 111) and the 
functional composition (Section IV). 

7-5. The troubleshooting procedure is separated into three 
parts. The first part will separate the problem into two cate- 
gories, i.e., analog or digital. If the problem is an analog 
problem, the procedure will also direct the user to the A1 
or A3 board. The second pal-t provides analog troubleshoot- 
ing procedures. The digital troubleshooting procedures, 
using the ASM flow charts, form the third section. In all of 
the procedures the intent is t o  aid the user in finding the 
probleni area associated with his system. Where a specific 
co~nponent  or a particular area is given as the location of 
the rt~alfunction, it should be remembered that these are 
only possible solution. Tlie schematics should always be 
used in conjunction with the procedures to troubleshoot 
the system. 

7-6. To isolate a malfunction between the analog and 
digital circuitry, use the following procedure: 

The Test Set utilizes several CMOS com- 
ponen IS. Improper troubleshooting techniques 
can damage these components. To minimize 
failures resulting from troubleshooting, observe 
the following rides, 

1. Alwa,vs use grounded soldering tips 
and grounded test fixtures. 

2. Never insert or remove a CMOS device 
with the Test Set power on. 

3. Do not load CMOS devices. The input 
impedance for the test devices must, 
in most cases, be greater than 50 kS1. 

a. Set the Test Set controls as follows: 

. . . . . . . . . . . . . . .  FUNCTION .REC TERM 
. . . . . . . . . . . . . . . . . . . . . . . . . .  IMP 600 

RECEIVE NOISE/ 
T O N E .  . . . . . . . . . . . . . .  TONE NORMAL 

. . . . . . . . . . . . . . . . . . . . . . . .  HOLD O F F  
POWER . . . . . . . . . . . . . . . . . . . . . . . .  AC 

b. Connect ;I 3320B through a 600 ohm balanced load 
to the Test Set input terminals. 

c. Adjust the 3320B t o  1 kHz at a level of + 10.79 dBm. 

NOTE 

The instrument's SEND OSC can be used to 
provide the input signal, if it is known to be 
operating properly. Refer to the analog trouble- 
shooting section for verification of  the Send 
Oscillator if it is to be used. 

d. Press the DISPLAY & MONITOR Receive Level but- 
ton and verify a display of 0 dBm. 

e. Press the DISPLAY & MONITOR Frequency Level 
b u t t o n  and verify a display o f  1 kHz. 

NOTE 

If both reudhzgs it1 Steps d and e are correct, 
perfirm the performance tests to verizv proper 
operation. If either or both readings were 
wrong, continue to  Step f: 

f. Measure A1 T P l 4  with the l8OC Oscilloscope. The 
oscilloscope should indicate a 30 mV rms sine wave at 
I ~ H L .  If the reading is bad refer to the analog trouble- 
shooting section. The malfunction is most likely t o  have oc- 
curred on the A3 board. 

g. Measure AlTP12 with the 180C Oscilloscope. The 
oscilloscope should indicate a 1 kHz square wave 4 V p-p. If 

Rev. A 7- 1 
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the reading is incorrect. then refer t o  tlie analog trouble- 
shooting section. The malfunction is ~rlost likely to have oc- 
curred on the A1 board. A correct reading would indicate 
that the Digital Troubleshooting procedures should be used. 

Table 7-1. Receive Tone Test Points. 

Reading 

Test Po~n t  

1. Test Set lnput 
Terminals 

2. A lW lOC 
3. A3TP19 
4. Attenuator lnput 
5. A3TP1 
6. A3TP10 
7. A3TP21 
8. Pin 3, A3U500 
9. A lTP14  
10. A lTP18  
11. A lTP19  

7-7. A N A L O G  T R O U B L E S H O O T I N G .  

7-8.  The troublediooting procedures are broken into two 
major groups, consisting of  Receive Circuits and Send Cir- 
cuits. To use the troubleshootir~g procedure, the symptom 
of a problen~ should fit-st be isolated to one of  these two 
groups, then the procedure for illat group performed in tlie 
sequence given. Each procedure provides setup, test points, 
and representative voltages to aid in isolating the location 
of  a n~alfur~ct ion.  Waveforms and test points used within 
the procedures arc s l~own on the analog block diagram. 
Scl~en~at ics  one through five and eight also have representa- 
tive voltages sllown at various points and should be used 
with the procedure to  isolate the malfunction t o  the com- 
ponent level. 

a. Adjust the 3330B frequency to I kH/ and amplitude 
level t o  + 5.79 dBm. 

b. Set the Test Set front panel controls to: 

7-9. Receive Tone Circuits. FUNCTION 
(Black mput/output terminals). . .  .REC TEKM 
IMP . . . . . . . . . . . . . . . . . . . . . . . . . .  600 
DISPLAY MONITOR. . . . . . . . .  REC LEVEL 
RECEIVE NOISE/ 
T O N 6 .  . . . . . . .  MESSAGE CIRCUIT NOISL 
HOLD . . . . . . . . . . . . . . . . . . . . . . . .  O F F  

a.  Connect ;I 3310B Oscillator t o  the Test Set black in- 
put/output terni i~~als  tl~rough a 600 ohm impedance box. 

b. Adlust (he 3320B to I k f b  at a + 10.7') dBm output 
level. 

c. Set the Test Set front panel controls as follows: c. Connect the 3320B to the Test Set black Input t e rm-  
nals through the 600 ohm Balance Box (Figure 5-9). 

FUNCTION 
(Black Input/Output Ter~iiinals). . .REC TERM 
IMP . . . . . . . . . . . . . . . . . . . . . . . . . .  600 
DISPLAY & MONITOR. . . . . . .  REC LEVEL 

. . .  RECEIVE' NOISE/TONE TONE NORMAL 
HOLD. .  . . . . . . . . . . . . . . . . . . . . . .  O F F  

d .  Switch the NOISE WEIGIITING control tllrougl~ 
each of  the four switcli positions. Observe the Test Set dis- 
play for + 84.9 to + 85.1 or  flashing between + 841 
+ 85 dBm. If any of  the four switch positions are out of  
tolerance, then refer to  Table 7-7- for specific test points 
and voltage measurements. 

d. The Test Set display sliould I-ead 0 dBm. If this read- 
ing is not present refer to Table 7-1 for specific test points 
and voltage ~neasuremerits. 

Table 7-2. Noise Weighting Filters Test Points. 

Reading 

Test Point 

1. A IWIO  
2. A4TP1 
3. Pin 6, U401 
4. Pin 4, XA4 
5. A4TP5 (C Message Filti 
6. A4TP5 (3 kHz Flat) 
7. A4TP5 (15 kHz Flat) 
8. A4TP5 (Program) 
9. A4TP3 
10. A4TP2 
1 1. A4TP4 (Program) 
12. A4TP4 ( C  Message) 
13. A4TP4 13 kHz Flat) 
14. A4TP4 (1 5 kHz Flat) 
15. A lTP14  
16. A3TP21 
17. Pin 3, XA4 
18. 0 4 0 2  Source 
19. A lTP19  
20. A lTP18  

NOTE 

7-1 0. Receive Noise Circuits. 

7-1 1. Noise Weighting Filters. 

NOTE 

7 -  Rev. A 
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c. Measure the voltage at  the test points shown in Table 
7-7. Kefer to  S c h e ~ ~ ~ a t i c  2 for co~nponetlt  level tl-ouble- 
sllooting when a nieasure~llent is O L I ~  o f  tolerance. 

Table 7-7. Send Oscillator Display Level Test Points 

7-20. Send Circuits, Troubleshooting Frequency and Dis- 
tortion Problems. 

7-2 1 .  The frequency of the Test Set is generated and con- 
trolled by the Send Oscillator. Problems with frequency or 
distortion a]-e generally confined to the Oscillator circuitry 
shown on Schematic 2. 

7-22. Typically, probleins with the frequency rate can be 
attrib~itetl to failure of the active components in the Inte- 
grator, control circuit, or in the current switching networks. 
Two passive components, A3K2 10 and A3K2 l I ,  establish 
the value o f  switching current which ultimately controls the 
frequency and output level. These resistor values as well as 
active component operation should be closely checked for 
problems involvmg I'requency and/or distortion in the Test 
Set. 

7-23. Measure Circuit 1-roubleshooting. 

a. SeL the Test Set controls as follows: 

. . . . . . . . . . . . . . .  l- UNCTION .IIEC' TERM 
. . . . . . . . . . . . . . . . . . . . . . . . . .  IMP 600 

RECEIVE NOISE/ 
. . . . . . . . . . . . . .  T O N E .  TONE NORMAL 

. . . . . . . . . . . . . . . . . . . . . . . .  IlOLD O F F  
. . . . . . . . . . . . . . . . . . . . .  POWER. . -  AC 

b. ('onnect a 332013 through a 600 o h  balanced load 
to the Test Set ~ n p u t  termnals. 

c. Adjust the 3320B to 1 kHz at a level 0 to 
+ 10.79 dBm. 

d .  ('hcck !he measure clrcuit u w ~ g  the flow chart shown 
~n Figure 7-2. 

NOTE 

11 I TPl4  must be checked good (Paragraph 7-9) 
before proceeding. 

7-24. The notes listed below provide infor~nation to aid in 
troubleshooting tlie Test Set. 

a. U202 and U203 and associated circuitry, control Y 
Axis symmetry. 

Section VII 

b.  U205 and associated cii-cuitry control X Axis synl- 
metry. 

c. The dc voltage to the emitters oi' A.iQ205 ;11111 

A30206 contl-uls the arnount of current used to charge the 
integrating capacitor. This voltage should I I O ~  appi-oac11 
supply voltage. 

d The output ot A3CJ205 1s nolmally - 7 V dc 

e. .MU205 will PI-ovide conipensation, whenever the 
average DCV at  TP4 is above or below 0 V. 

1'. The current through the switching transistors 
A3Q2 1 1  and A3Q312 should be approxin~ately equal. 

g. A3U201 output should be a square wave with a snlall 
slope on the trailing edge. 

h .  The signal at TP2 and TP3 should be a square wave 
w ~ t h o u t  d i s t o ~  tion. 

1. The voltage acioss A3CK200 should be switch~ng 
trom + 4 V t o  - 2.7 V wtth the s~gnal changes at TP2. 

7-25.  Digital Troubleshooting. 

7-26. The following troubleshooting procedures are de- 
signed to provide information for isolating digital malfunc- 
tions. These procedures contain a brief explanation of flow 
charts, an internal troubleshooting procedure for analyzing 
the controller output signals and operational flow charts for 
the controller and display section of the Test Set. 

7-27. I f  a digital ~nalfunction exists, study Paragraphs 7-28 
through 7-31. then perfor~n the internal test procedure 
(Paragraph 7-32). If this fails to locate the ~nalfunction. go 
to tlie operational flow charts (Paragraph 7-38) and the 
schematics. 

NOTE 

f i r  a better understandirig (of' the following 
trou bleshoo titzg information, it is sugges fcu' 
that the controller theors of operation (Section 
IV, Paragraph 4-79) be read care,fully bejbre 
continuing to Paragraph 7-28. 

7-28. Basic Flow Charts. As explained in Section IV, Parii- 
graph 4-83, the step-by-step operation of the controller is 
described by  the algorithm. The algorithm is illustrated by a 
flow chart which can be compared to a computer o r  calcu- 
lator program. 

7-29. An example of a flow chart is shown in Figure 7-3. 
This flow chart is a hypothetical chart which illustrates the 
algorithm which may be used to turn on the Test Set. There 
are two geometrical figures represented in the flow chart. 
The rectangular box signifies instructions or groups of 
instructions which are performed during the state (time 



Section VII Model 355 1 A 

Se tup  Procedure 
(Paragraph 7-23) 

Check 
A1  TP16 For 

A 1 kHz Sqodre T roub leshoo t~ng  

Ari  t x p o n e r i t ~ d l  0 Go T o  Scherndtlc 
Curve O n  T h r  N o  6 A n d  TrouL,lr- 

shoot H C A P D  

Check 

Troubleshoot Aver- 
aglng Detector  

Troubleshoot Sum-  
mlnq N c t w o r k  

Figure 7-2. Measure Circuit Troubleshooting Flow Chart. 

7-6 Rev. A 



If the jumper wire for display brighten- 
ing (Schematic 6, A l l  is in the + 5 V po- 
sition, the display will indicate + 10 as 
soon as the + 18.8.88 indication disap- 
pears. I f  the jumper wire is connected to 
U613 pin 12, the display will blank as 
soon as the + 18.8.88 indication disap- 
pears. 

This verifies proper operation of the 
LED drive circuits. The display can be 
locked onto this indication by grounding 
AlTP9 if the five second interval is not 
adequate for verification. After verifica- 
tion, remove the ground from AlTP9. 



er wire for display brighten- 
tic 6, A l l  IS in the + 5 V PO- 
lisplay will indicate + 10 as 
+ 18.8.88 indication disap- 
jumper wire is connected to 

2, the display will blank as 
+ 18.8.88 indication disap- 

s proper operation of  the 
circuits. The display can be 
this indication by grounding 

le five second interval is not 
r verification. After verifica- 
e the ground from AlTP9. 

I 

Start Up Procedure 

I 
- 

1 

Turn Test Set Power 
OFF 

1 

I 
d 

1 

Ground AlTPB 

I 
Press Display And 
Monitor Send Freq 
Pushbutton 

C 

I 1 

Press The Power - AC Pushbutton 

Refer to Figure 7.7 
For Troubleshoot- 
ing. 

I Verify Entrance To 
Test Loop 1 

1 

Refer t o  Figure 7-7 
For Alternate Turn 
On Method And 
Troubleshooting TO 
Enter Test Mode 1 

Press Display And 
Monitor Send Or 
Receive Level 

Enter Test Loop 2 I 
Display Will Be On 
For 0.5 Seconds. 
Then' All Digits And 
Decimal Points Will 
Blank. Display May 
Read + 1.998 Or 
+ 19.98 If Test Set 
Has C Revision Of 
A1 Board. 

Display Will Remain 
Until Test Loop Is 
Excited 

Sequence Will Cycle 
Until Test Loop I s  
Exited. 

Press Display And 
Monitor Receive Or 
Send Frequency 

1 Enter Test Loop 3 I 

Press Display And 
Monitor Send Level 

Set Receive Noisel 
Tone To 40 Hz  - 
60 kHz 

I. 

I 
J 

Enter Test Loop 4 

Display Of 
+ 4.9 dBm 
- 5.0 dBm 

- 15.0 dBm 
- 25.0 dBm 
- 35.0 dBm 
- 45.0 dBm 

lo 

- 
I 
I 
I - 



Refer t o  Figure 7-8 
For Troubleshoot- 

3 o r  

ewe Or 

ncv And I 
Loop 3 I 

Refer t o  Figure 7-9 
For  Troubleshoot- 

d Level 

Loop 4 1 
m Refer t o  Figure 7-10 

For Troubleshoot- 
3 m 
3m 
3 r n  
3 m 

Press Display A n d  
Monitor Send Freq 

I I 

Set Send Frequency 
T o  2 kHz  To  
60 kHz 

I 
Enter Test Loop  5 

This Indicates UP- 
per L im i t  Of Phase 
Locked Loop (I'LL) 
Is I n  Tolerance 

Display 51 
0.4 T" A 

Refer t o  F i g ~ ~ r e  7-1 1 
For Troubleshoot- ." -.O kHz 

Adjust Freq Vernier 
To  M l n  (Max CCW) 

Press Display A n d  
Moni tor  Send Level 

Refer t o  Figure 7-1 1 
For  Troubleshoot- 
ing. 

Repeat Each Of  The 
Test Loops Observ- 
ing Each Signal. 
Refer T o  Paragraph 
7-37 A n d  The  As- 
sociated Figures. 

Figure 7 -5 .  Simplified Test Loop Flow Chart. 
Rev. A 7-1 1/7-12 



NOTE 

Test sets w i th  C Rev 
A1  boards and ex- 
panded displays wi l l  
display + 1.998 or 
+ 19.98. 

P f Troubleshoot Data 1 
Accumulator, De- 
coder, R O M  A n d  
Associated Cir- 
cuitry. Refer t o  
Schematic 7 

Troubleshoot Turn- Troubleshoot Points 

On Circuit.  Refer Of Origin. Refer T o  

T o  Schematic 6. 0.5 seconds? Schematic 6. 

- 

i 

Complete Test Loop Verify Entrance 

2 measurements Into Test Loop  2 

+ - 
I 

Return T o  Begin- 
ning o f  Test Loop  1 

- 
I 

Measure TP6 
(ATMBS) When 
Level Pushbutton IS 
Pressed T o  Enter 
Test Loop  2 

1 
Troubleshoot Mu l t i -  
plexer, Control 

Transition Af ter  ROM, and Output  
Select Circuitry. Re- 
fer t o  Schematic 6 

Troubleshoot Clock 
And  Time Base Cir- 
cuits (ATMBS)  Re- 
fer To  Schematic 6 



INTRODUCTION. 

Test Loop  No. 2 verifies the operation of the R O M  output  and the 
output  storage registers. Once the controller has entered the loop, i t  
w i l l  run  between states 107 and 124 as long as L F R E Q  is high 
(DISPLAY & MONITOR RECEIVE L E V E L  o r  SEND L E V E L  
pushbutton is pressed). There are 13 instruction states tn this test 
loop; each state is approximately 1 0 ~ s e c  long. T o  verify if theTest 
Set is in  Test Loop  No.  2, connect an oscilloscope to AlTP5 drld 
verify that the repeti t ion rate o f  H T B R T  pulses is approximately 
140 psec. 

Connect the external trigger input  of an oscilloscope t o  A1TP5 
(HTBRT) and verify the shape and t iming of  the signals listed i n  
Notes 1 through 12. I f  a malfunction is discovered, i t  must be 
corrected before going t o  the next step. 

NOTE 1. Signals were verified i n  Test Loop  No. 1 
NOTE 2. Verify HFRQC at AlU606 p in  1. 
NOTE 3. Ver i fy  H l O K H  at A1 U509 p i n  13. 
NOTE 4. Ver i fy  H T X F R  at A1 U701 pin 5. 
NOTE 5. Ver i fy  HSCLK at A1 U606 Pin 3. 
NOTE 6. Verify HClOO at AlU615 p in  1. 
NOTE 7. Ver i fy  HSPOL at A1 U606 p i n  4. 
NOTE 8. Ver i fy  HSlGN at AlU617 p in  1. 
NOTE 9. Ver i fy  HSBLK at A1 U6O6 pin 6. 
NOTE 10. Ver i fy  pulse at A1 U617 p in  13. 
NOTE 11. Ver i fy  HRNGC at A1 U606 pin 15. 
NOTE 12. Ver i fy  ARNGO at AlU621 pin 6. 

I f  all signals have been verified at this point, exiting Test Loop  No.  2 
can be accomplished b y  pressing DISPLAY & MONITOR RECEIVE 
or SEND FREQ pushbutton. 
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Figure 7-8. Test Loop Number 2. 
Rev. A 7-15/7-16 



Set counter in Data Accumulator to count input fre- 0 quency. 

@) Wait period of 50 rnr for frequency count. 

@ 3553 Option. 

@ Transfer count for frequency measurement. 

@ Detection for frequency down-ranging 

@ Detection for frequency upranging 

a Polarity blanking 

@ Display blanking 

@ Autoranging settling time (80 to 100 ms). 

@ Manual frequency ranging for internal test routine. 

@ Wait period for noise measurements 1420 to 500 (1s). 
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Figure 7-13. p/o Operational Flow Chart. 
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INTRODUCTION. 

Test Loop No. 4 verifies the operation of the range updown 
counter (A 1U621), the automatic amplitude ranging circuits and the 
display ROM amplitude decoding process. The analog ranging 
circuits and amplitude measurement circuits wi l l  also be tested. 
Once the controller has entered the loop, i t  wil l  run between states 
137 and 150 or 151 as long as LFREQ is high (DISPLAY 81 
MONITOR SEND LEVEL pushbutton pressed). 

When LTEST is low (A lTP8 grounded) there is a 500 rns delay in 
the loop. When LTEST is high (A lTP8 ground removed) there is 
only a 15 ms delay. To verify if the Test Set is in Test Loop No. 4, 
connect an oscilloscope to A lTP5  with A lTP8  grounded and verify 
that the HTBRT pulse repetition rate is approximately 500 ms. 
Remove the ground from A lTP8  and verify that the HTBRT 
repetition rate is approximately 15 rns. To  verify the operation of 
Test Loop No. 4, externally trigger the oscilloscope at A lTP5  and 
verify the signals in Notes 1 through 4 as shown in the timing 
diagram. 

NOTE 1. 
NOTE 2. 

NOTE 3. 

NOTE 4. 

HSRST verified in Test Loop No. 1. 
During this routine, the controller wil l  load 
the 100 kHz clock into the Data Accumula- 
tor (AlU701) for 15 ms (1 500 counts). The 
HTXFR pulse wil l  transfer the counts to the 
display. 

Connect an oscilloscope to A lU606 pin 15 
and verify the signal (HRNGC). Verify 
ARNGO, ARNGl  and ARNG2 at A lU621 
pins 6, 11 and 14 respectively. 

a. Connect a ground lead to AlTP8. Set 
the Test Set front panel RECEIVE NOISE1 
TONE control to  the TONE NORMAL 
position. The display indication should 
change as follows: 

This sequence should repeat as long as 
LFREQ is high (DISPLAY & MONITOR 
SEND LEVEL is pressed). 

b. Remove the ground lead from AlTP8. 
External ly trigger the oscilloscope at 

A 1 TPl3 ,  Connect the oscilloscope to 
A l T P l 4 .  Set the Test Set front panel SEND 
FREQUENCY RANGE Hz to the 200 - 6 K 
position and the SEND LEVEL RANGE 
dBm t o  the - 30 to  - 20 position. The 
oscilloscope indication should be as follows: 

This verifies proper operation of the Range 
Select Block A3U306. 

c. Connect one channel of a dual channel 
oscilloscope t o  AlTP14 (HCAPD). The oscil- 
loscope indication should be a square wave. 
Connect the other channel of the oscillo- 
scope t o  AlTP17. The oscilloscope indica- 
t ion should be the charge and discharge 
pattern of AlC516. Verify the charge of 
A lC516 occurswhile HCAPD is high and the 
discharge occurs while HCAPD is low. 

I f  all signals have been verified at this point, exiting Loop No. 4 can 
be accomplished by pressing the DISPLAY & MONITOR SEND 
FREQ pushbutton. Set the Send Frequency Range switch to  2 kHz - 
60 kHz position. 
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HSRST verified in Test Loop No. 1. 
During this routine, the controller will load 
the 100 kHz clock into the Data Accumula- 
tor (AlU701) for 15 ms (1 500 counts). The 
HTXFR pulse will transfer the counts to the 
display, 

Connect an oscilloscope to AlU606 pin 15 
and verify the signal (HRNGC). Verify 
ARNGO, ARNGl and ARNG2 at AlU621 
pins 6, 11 and 14 respectively. 

a. Connect a ground lead to AlTP8. Set 
the Test Set front panel RECEIVE NOISE1 
TONE control to the TONE NORMAL 
position. The display indication should 
change 3s follows: 

This sequence should repeat as long as 
LFREQ is high (DISPLAY & MONITOR 
SEND LEVEL is pressed). 

b. Remove the ground lead from AlTP8. 
Externally trigger the oscilloscope at 

AlTP13. Connect the oscilloscope to 
AlTP14. Set the Test Set front panel SEND 
FREQUENCY RANGE Hz to the 200 - 6 K 
position and the SEND LEVEL RANGE 
dBm to  the - 30 to - 20 position. The 
oscilloscope indication should be as follows: 

This verifies proper operation of the Range 
Select Block A3U306. 

c. Connect one channel of a dual channel 
oscilloscope to AlTP14 (HCAPD). The oscil- 
loscope indication should be a square wave. 
Connect the other channel of the oscillo- 
scope to AlTP17. The oscilloscope indica- 
tion should be the charge and discharge 
pattern of AlC516. Verify the charge of 
AlC516 occurs while HCAPD is high and the 
discharge occurs while HCAPD is low. 

I f  all signals have been verified at this point, exiting Loop No. 4 can 
be accompllshed by pressing the DISPLAY & MONITOR SEND 
FREQ pushbutton. Set the Send Frequency Range switch to 2 kHz - 
60 kHz position. 
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Figure 7-10. Test Loop Number 4. 
Rev. A 7-1917-20 



@ Logger capacitor charge sequence. 

@ Reset counter i n  Data Accumulator. 

3 Wait loop for counter i n  Data Accumulator ' for level measurements, wai t  per iod = 0 ms. 
for noise measurements, wait per iod = 0 ms. 
for  noise-toground measurements, wai t  period = 

5 0  ms. 
for  3552 noise measurements, wait period = 20  ms. 

4 Check f o r  LXOVR. O Address 014 = overload indication 
Address016 = + 5 d B m  t o O d B m  level 
Address 020  = 0 d B m  t o  - 5 d B m  level 
Address 0 2 2  = - 5 d B m  to - 1 0  d B m  level 

@ Normal path for level measurements, 

@ Down-range path for  level measurements. 

@ Up-range path for  level measurements. 
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Artisan Technology Group is an independent supplier of quality pre-owned equipment 
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