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NOTICE

The 310 test cables are not standard equipment.
They are optional accessories that can be ordered.
Below are the part numbers for your convenience.

HP 18182A: Test Cable 310 connector to alligator clips.
HP 15513A: Test Cord 310 connector on each end.

Port Bumber 5957-4592 Hotrch 1984
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SAFETY SYMBOLS

General Definitions of Safety Symbols Used On Equipment or in Manuals.
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‘ WARNING I

NOTE:

Instruction manual symbol: the product will be marked with this
symbol when it is necessary for the user to refer to the instruction
manual in order to protect against damage to the instrument.

Indicates dangerous voliage (terminals fed from the interior by
voliage exceeding 1000 volts must be so marked).

Protective conductor terminal. For protection against electrical
shock in case of a fault. Used with field wiring terminals to in-
dicate the terminal which must be connected to ground before
operating eguipment.

Low-noise or noiseless, clean ground (earth) terminal. Used for a
signal common, as well as providing protection against electrical
shock in case of a fault. A terminal marked with this symbol must
be connected to ground in the manner described in the installation
{operating) manual, and before operating the equipment.

Frame or chassis terminal. A connection to the frame (chassis) of
the equipment which normally includes all exposed metal struc-
tures.

Alternating current (power line).
Direct current (power line).

Alternating or direct current {power line).

The WARNING sign denotes a hazard. It calis attention to a pro-
cedure, practice, condition or the like, which, if not correctly per-
formed or adhered to, could result in injury or death to personnel.

The CAUTION sign denotes a hazard. It calls attention to an
operating procedure, practice, condition or the like, which,if not
correctly performed or adhered to, could result in damage to or
destruction of part or all of the product.

The NOTE sign denotes important information. It calls attention
to procedure, practice, condition or the like, which is essential to
highlight.
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Model 3551A

Section |

SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION.

1-2. The -hp- Model 3551A Transmission Test Set is
designed for use in testing telecommunications equipment.
It provides calibrated fest signals while simultaneously
making frequency or level measurements on voice fre-
quency systems, program systems and data circuits. Some
of the features provided are dial and hold capabilities, input
impedances of 135 £, 60082, and 900 £2, choice of four
noise weighting filters and digital readout of level or
frequency.

1-3. This manual contains operating and service informa-
tion necessary for operating and maintaining the 3551 A.
Included are specifications, installation information, opera-
ting instructions, circuit theory, performance tests, adjust-
ment procedures, z complete replaceable parts list, trouble-
shooting information and schematics. Throughout this
manual, the 3551 A Transmission Test Set will be referred
to as Test Set.

1-4. Section I of this manual contains general information
about the Test Set. Informetion on specifications and
instrument and manual identification is given.

1-5. SPECIFICATIONS.

1-6. Table 1-1 is a complete list of the critical specifica-

tions that are controiled by tolerances. Table 1-2 contains
general information that describes the operating character-
istics of the Test Set.

1-7. Any changes in specifications due to manufacturing,
design or traceability to the U.S. Nationa] Bureau of
Standards are included in Table -1 in this manual
Specifications listed in this manual supersede all previous
specifications for the Test Set.

i-8. INSTRUMENT AND MANUAL IDENTIFICATION.

1-9. Instrument identification by serial number is located
on the right side. Hewlett-Packard uses a two-section serial
number consisting of a four-digit prefix and a five-digit
suffix, separated by a letter designating the country in
which the instrumnent was manufactured. (A=U.S.A.;G =
West Germany; J = Japan; U = United Kingdom).

1-10. This manual applies to instruments having the serial
numbers indicated on the title page. It has been updated by
page revision to include the latest changes in the instrument
at the time of shipment from the factory. Information in
Section VIII adapts this manual to instruments with lower
serial numbers. Part numbers for this manual and the
microfiche copy of the manual are also shown on the title

page.

Tabte 1-1. Specifications.

RECEIVER:
Level Measurement Accuracy:
FREQUENCY 20 kHz
40 Mz 100 Hz 1 kiMz 16 kMz 60 kHz
+15 .
+ 0.2 dB i fuo

E £0.1d8 £03
3 dB
-t +05
w 309 48
z
wl + 05
fo + 0.3dB dg
2 -85 4
2

500 Hz
135 £ Impedance not specified below 500 Hz or - 65 dBm
TC + 0005 dB/ Cat T< 18 Cand T> 35°C
Noise Measurement Accuracy:
Message circuit noise:
+ 1 dB (+ 20 dBrn to + 85 dBrnj.
# 2 dB {0 dBrn 10 4 20 dfen),
Noise-with tone:
£ 1d3 {+ 20 ¢Brn 10 + 85 dBrn}.
+ 2 a8 {+ 10 dBrn to + 20 dBrn).
Noise-to-ground:
+ 1 B (+ 60 dBrn 10 + 125 dBrn),
+ 2 4B (+ 40 dBrn to+ 60 dBrn).
Frequency Measurement Accuracy:
% 1 count

TRANSMITTER:
Frequency Accuracy:
t 1 count
lLevet Accuracy:

FREQUENCY

40 Hz 100 Hz 1 kz 4 kHz 60 kHz
_ +10
&
T + 05
: a8 * 0.2dB + 05 dB
[
& -3
-
S 1 0.3d8 + 148
2 ag 10, *
-
-
© g0

50{5 Hz
138 0 tmpedance not specified below 800 H2
TC 2 0.005dB/ Cat T< 165°Cand T > 35°C

Harmonic Distortion:
>.50dB {(THD 100 Hz 1o 4 kHz),
>-40dB {THD 40 Hz to 100 Mz and 4 kHz 10 20 kiz).
>-60d8 (THD HOLD TONE)

BRIDGING LOSS:
< 02dB

11
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Section | Model 3551A

Table 1-1. Specifications {Cont'd}.

RETURN LOSS:
>-30 @B 1135 {1, 800 Mz 10 4 kHz)
=30 @R (600 1! and 8300 1), 40 Hz 1o 4 kHp C Message
»-20 d8 1135 {1, 600 {2. 900 {2, 4 kHz to 20 kHz:
FREQUENCY .
LONGITUDINAL BALANCE:
> 60 dB a1 6 kHiz for Reteive mode Hz dB BELOW REF
> 50 dB a1 6 kHz for Send mode 50 657 + 2 4B
Weighting Filters Response: 100 425 £ 2dB
Program 200 250 £ 2dB
o oAb
Hz d8 REF to 1000 Hz 500 75 & 1de
100 . 26.3 £ 28 600 47 £1d8
300 - 122 :+2d8 800 15+ 1dB
400 - 90248 900 06+ 1d8
500 . 66 :1dB 1000 0
500 47 :1dB 1200 02t 1dB
800 - 20 +1dB 1300 05t 1dB
900 - 08 +1dB 1500 10+ 1dB
1000 0 1800 1.3 1dB
1800 + 32 %148 2000 13z21dB
2500 + 562208 2800 19x1dB
3000 + 60+ 248 3000 25=1d8
4000 + 65 2d8 3300 52 =248
5000 + 65 2d8 3500 7622dB
6000 + 64 ¢ 3dB 4000 145 + 3dB
7000 + 58z 3dB 4500 215 + 3dB
8000 + 40 ¢ 3dB 5000 285 ¢+ 3dB
3000 - 15+ 4dB )
10,000 - 85z 4dB
18 kHz Flat 3 kHz Flat
FREQUENCY FREQUENCY
Hz dB BELOW REF Hz ¢B BELOW REF
60 G *1.78 80 0 175
250 0 +10 250 0 z10
1000 ¢} 1000 0
10,000 08=x15% 2000 05 175
15,000 3.0 230 2500 165 +20
20,000 6.2 + 3.0 3000 38 =30
30,000 12,3 ¢ 3.0 6000 123430

* Increases at 2% a two-pole Butterworth roll off to 80 dB below reference.

1-2 {Rev. 6/82)
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Tabie 1-2. General Information.

RECEIVER:
Level Measurements:
Frequency range: 40 Hz to 60 kH2
Dynamic range: + 15 dBm to - 70 d8m
Resotution: G.1 dB
Sampte rate: 10/second {NORMAL}, 2/second (DAMPED}
Detector type: average responding.

Noise Measurements:

Dy namtic range
Mieseage circuit noise: O dBra to + BS dBrn.
Noisewith-tone: 14 dBrn to + 85 dBro {500 £2, $30 Q).
Noise-toground: + 40 dBrn 10 + 125 dBrn.

Resoiution: 1dB

Sampie rate: 2/second

Detector type: Quasi RMS

Weighting fitters: C message, 3 kMz Flat, 15 kM2 Flat,

Program,

Frequency Measurements:
Freguency range: 40 Hz to 60 kHz
Dynamic range: + 15 dBm to - 70 dBm.
Resolution: 1 Hz M0 Hz 10 10 kHz},
10 Hz (10 kM2 to 80 kHz2).
Sample rate: 10/second INORMAL), 2/second (DAMPED!}
TRANSMITTER:
Freguency range: 40 Hz 10 60 kHz
Ranges: 40 Hz 1o 1 kHz
200 Hz 1o 6 kHz.
2 kHz to B0 kHz
1004 Hz fixed.
Resolution: 1 Hz 40 Hz to 10 kHz}.
10 Hz {10 kHz 1o 60 kHz).
Sample rate: 10/second
Level range: + 10 dBm to - 60 dBm (40 Hz 1o 60 kHz).
+6 dBm 10 - 60 dBm (Hold Tene).
Resolution: 0.1 dB.
Sampile rate: 10/second,

HOLD CURRENT:
Nominally 20 mA constant current,

GENERAL

Maonitor: built-in speaker, monitors received or transmirtted

sigrai.

Balanced impedances: 135 £, 600 £, 800 .

Maximum input/output veltage: 300V dc metailic or 200V
peak fongitudinal,

Battery supply: 4 - 6 hours c%ntinueus operation on internal re-
chargeabie batteries at 25 C. Battery drain is automatically
turned off when discharged below proper operating ievel,
Complete recharge in 12 to 186 hours.

AC line: 100V, 120V, 220V, 240V £ 10%;

48 Hz to 440 Hz; 15 VA,

Temperature range:

Operating: 0°C to 55°C (32°F 10 130°F}.
Storage: - 20°C 1o B5°C - 4°F 10 148°F).
Retative humidity: 0 0 95% {< 100°F, < 40°C}.

Weight:

Net 8.8 kg 114 5 b
Shipping: 7.3 kg {16 Ib).

368 mm
P {14.5in}
? |

Qutline Drawing:

F ¥
(6.25 in}
1589 mm

{10.75 iﬂ%J

273 mm

NOTE: Dimensions in millimeters and {inches).

(Rev. 6/82) 1-3/1-4
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Section II

SECTION i
INSTALLATION

2-1. INTRODUCTION.

2-2. This section contains information and instructions
necessary for installation and interfacing the Test Set.
Included are 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 instrument was carefully inspected both mechani-
cally and electrically before shipment. It should be free of
mars or scratches and operating correctly upon receipt, To
confirm this, the instrument should be inspected for
physical damage in transit. If damage has occurred, file a
claim with the carrier. Test the electrical performance of
the instrument using the Performance Test Procedures
outlined in Section V. If there is damage or deficiency see
the warranty on the reverse side of the title page in this
manual.

2-:5. POWER REQUIREMENTS.

2-6. The Test Set can be operated from the intemal 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

The Test Set cannot be operated in the battery
mode while an extermal ac power source is
connected to the instrument.

2-7. Battery.

2-8. The internal battery pack consists of three recharge-
able battery packs (+3 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 CHARGE or ~ AC. Recharging
time for the batteries is 12 to 16 hours.

2-9. The battery packs may be charged at temperatures
between 5°C and 40°C (41°F to 104°F), but will accept a
greater charge if the temperature is between 5°C and 25°C.
Figure 2-1 shows the decrease in charge acceptance at
temperatuzes up to 40°C. Charging at temperatures outside
the specified range may cause the batteries to vent, with a
resuiting decrease in capacity.

50

$°Ca 25°C
/’___,.-——_‘““""—-4 oo

7

8

o
O

STATE OF CHARGE
{ % OF NOMINAL CAPACITY AVAILABLE}

=]

<

5 e 15 20

34T204-R - Y03 CHARGE TIME [ HOURS)

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

2-10. When possible the batteries should be stored in the
discharged 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 nickei-cadmium battery
will eventually lose ali of its charge through self discharge it
can be returned to service with a normal recharge.

Permanen: battery damage may result if the
batteries are stored atf high temperatures for a
prolonged period.

2-11. The cycledife of the batteries is based, by the
manufacturer, on an end point of 80% of the rated 225
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-life
in excess of 100 cycles can be expected.

2-12. The intemal power supply has a sensing circuit which
monitors the three battery voltages. If battery voltage falls
below minimum operating level (approximately +4 'V dc
for the + 3V dc battery and + 10V dc for the respective
£ 12V dc batteries), the voltage is automatically switched
off to all circuitry except the sensing circuit. See Paragraph
2-5 for recharging procedures. Section V contains informa-
tion concerning replacement of the batteries.

2-1
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Receptacle for Primary Power Cord.

Shown for 100 VAC power line.

Onerating voltage is shown in module window,

SELECTION OF OPERATING VOLTAGE
1. Open cover door and rotate fuse-pull to jeft,

2. Select operating voltage by orienting PC board
to position desired wvoltage on top-left side,
Push board firmiy into module stot.

3. Rotate fuse-pull pack into normal position.

4, Check to ensure you are using the proper size
fuse. A 0,25 amp sio-blo fuse is required for
100120 VAC line operation, a 0.25 amp
slo-bio fuse shouid be used for 220/240 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 440 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.

CAUTION

If the instrument is not ser for the proper
primary 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 mstru-
ment, notify the nearest -hp- Sales and Service Office and a
replacement cord will be provided.

2-17. Grounding Requirements.
2-18. To protect operating personnel, the National Elec-

2-2

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.

WARNING

For operator protection connect the front
panel ground terminal 1o earth ground when
operating in the battery mode.
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Figure 2-3. HP Plug Styles

Cable

Cable

c Plug Cable For Use
Plug Type HP Part o Length
Number D Description (inches) Cotor In Country
B120-13%1 ] Straight *BS1363A a0 Mint Gray United Kingdom,
8120-1703 | 6 90° a0 Mint Gray Cyprus, Nigeria,
Rhodesia,
Singapore
8120-1369 | O | Straight *NZSS198/A8C112 79 Gray Australia,
8120.0696 | 4 | 90° 87 Gray New Zealand
8120-1689 { 7 Straight *CEET7-Y11 79 Mint Gray East and West
8120-1692 | 2 g0° 79 Mint Gray Europe, Saud:
Arabia, Egypt,
So. Africa, India
{unpolarized in
many nations)
8120-1348 | 5 Srraight "NEMAS-15P 80 Black United States,
8120-1398 | 5 | 80° 80 Black Canada,
8120-1754 | 7 Straight *NEMAS-15P 36 Black Japan {100V or
8120-1378 | 1 Straight *NEMASB-15P 80 Jade Gray 200v),
8120-1521 | 6 | 80° a0 Jade Gray Menxico,
8120-1676 | 2 | Straight *NEMAS-15P 36 Jade Gray | Philippines,
Tamwan
8120-2104 | 3 Straight *SEV1011 79 Gray Switzeriand
1959-24507
Type 12
250V 8120-0688 | &6 Straight *NEMAS-1 5P United States
Canada
T .\4
—i
220V 8120-1987 | 2 | Straight *DHCK 107 78 Gray DPenmark
8120-2856 | 3 | 90° 79 Gray
_h
250V 8120-1860 | 6 | Swuaight *CEE22-Vi

{Systems Cabinet use)

*Part number shown for plug is industry identfier for plug only. Number shown for cabie is HP Part Number for compiete cable

inciuding plug.

E = Earth Ground; L = Line; N = Neutral

2-2A
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2-19. ENVIRONMENTAL REQUIREMENTS.
2.20. Operating Temperatures.

2-21. In order for the Test Set to operate within the
specifications listed in Table 1-1, the operating temperature
must be within the range of 0°C to + 55°C (+ 32°F to
+ 131°F). Refer to Paragraph 2-10 for storage information.

2:22. Relative Humidity.

2-23. The aliowable relative humidity for proper operation
of the Test Set is 0% to 95% for temperatures below 40°C
(+ 105°F). As temperatures increase above 40°C, the
allowable relative humidity for proper operation will
decrease.

2-24. INTERFACE CONNECTIONS.

2-25. The Test Set is equipped with two types of input/
output connectors. The TIP and the RING connectors are
both standard sized binding posts. These binding posts are
spaced to accept the standard dual banana plug such as the
Pomona 1269 dual banana plug adapter. The other type of
connector is the WECO 310 jack. For a list of interfacing
adapters and cables, refer to Table 2-1.

2:26. REPACKAGING FOR SHIPMENT,
NOTE

If the instrument is to be shipped to Hewlett-
Packard for service or repair, attach q tag to the

Section 11

instrument identifying the owner and indicating
the service or repair to be accomplished. In-
clude the model number and full serial number
of the instrument. In any correspondence,
identify the instrument by model number and
full serial number. If you have any questions,
contact your nearest -hp- Sales and Service

Office.

2-27. The following is a general guide for repackaging the
instrument for shipment. If the original container is
available, place the instrument in the container with
appropriate packing material and seal well with strong tape
or metal bands. If the original container is not available,
proceed as follows:

a. Wrap the instrument in heavy paper or plastic before
placing in an inner container.

b. Place packing material around all sides of the
instrument and protect panel -face with cardboard strips or
plastic foam.

¢. Place instrument and inner container in a heavy
carton and seal with strong tape or metal bands.

d. Mark shipping container “DELICATE INSTRU-
MENT,” “FRAGILE,” etc.

Table 2-1, Interfacing Plugs.

Description Manufacturer * Manufacturer's Part No, Notes
Adapter: Dual banana plug Pomona 1269
10 8NC
Test Lead: Mini test clips Pomona 3786-C-18 for 18"
to dual banana piug 3786-C-24 for 247
3786-C-3€ for 36"
3786-C48 for 48"
3786-C-60 for 60"
Adapter: BNC to Pomona 2798
PJ-OB 1%+
Patch Cable: PJOST** Pomona 2524-A18 for 18"
on both ends 2425-A-24 for 24*°
2425-A-36 for 36"
2425-A-48 for 48"
2425-A-60 for 60°°
Patch Cable: 516** plug Trimm **48351-1W.pp cable shield not connected
on both ends
rR2851-1X-pp cable shield connected to
sieeve on both ends
*Hr251-1-pp cable shield connected to
sieeve on one end only

*Pomona Electronics Co, Inc, 1500 East Ninth Street, Pomona,
CA 91766

Trimm inc,, P.O. Box 489, Libertyvilie, IL 60048

**Equivalent to WECO 310

*** For various lengths of cable change 1 to length in feet desired
{851-2W-pp for 2 f1, length, B61-3W-pp for 3 f1. length, etc.).

2-3/2-4
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Section i}

SECTION IH
OPERATING INSTRUCTIONS

3-1. INTROBUCTION.

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

3-3. INSTRUMENT CAPABILITIES.

3-4. The Model 3551 A Transmission Test Set is capable of
measuring noise level, tone level or tone frequency, while
simultaneously sending tone. [t features both two-wire and
four-wire balanced circuits with selectabie impedances of
135 ohms, 600 ohms, or 900 ohms. Send and receive
impedances are always the same. For frequency measure.
ments, the autoranging four-digit readout is calibrated in
kHz. Resolution is 1 Hz from 40 Hz to 10 kHz, and 10 Hz
from 10 kHz to 60 kHz. The send oscillator covers a
frequency range from 40 Hz to 60 kHz in three bands, and
the output level is variable from + 10 dBm to - 60 dBm. In
addition, a fixed frequency position of 1004 Hz is provided
to be used as the holding tone when making noise-with-tone
measurements. Noise measurement capability includes
noise-with-tone, message circuit noise, and noise-to-ground.
Four selectable weighting networks are provided:
C - message; 3 kHz Flat; 15 kHz Flat; and Program.

3-5. The digitat LED (light emitting diode) readout
displays either the level or frequency of the input or
output. It is calibrated in dBm for tone measurements and
dBmn for noise measurements, with a dynamic range of
85 dB. Overrange and underrange conditions are indicated
by blanking the numerical display and flashing the polarity
sign to indicate whether the level is above (+) or below ( - )
the range of the Test Set. A set of clip-on dial terminals is
provided for conmecting a lineman’s handset. This allows
one line to be dialed up and then held in an off-hook
condition while making either send or receive measure-
ments.

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 to six hours of continuous
use without needing to be recharged unless the audic moni-
tor is on. Use of the audio monitor will discharge the
batteries at a much faster rate. The internal power supply
contains’ a sensing circuit, which monitors the battery
voltage. If the votage drops too low for proper operation,
the voltage is automatically switched off to all circuitry

except the sensing circuit. To recharge the batteries, simply
piug 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 extemal ac
source. The instrument will not operate under
these conditions. Refer to Section V for battery
replacement. The Test Set can be operated
from a 100V, 120V, 220V or a 240V
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
serting the power module and selecting the
fuse, see Section II, Paragraph 2-5.

3-8. The Test Set should be allowed to warm up for a
minimurm of five minutes before use. This allows the
nstrument to stabilize,

3-9. FRONT PANEL CONTROLS.

3-16. In the following description the front panel controls,
indjcators and connectors have been divided into functional
groups. The functional groups are: power, dial and hold,
input/output function select, receive, send, and display and
momnitor. For step-by-step operation, refer to Paragraph
3-47.

3-11. Power.

3-12. Input power to the Test Set is controlied by three
pushbutton switches (CHARGE, AC and BATTERY).

3-1
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t WARNING '

For operator protection connect the front
panel ground rerminal 1o earth ground when
operating in the battery mode.

To turn on the Test Set, press the AC pushbutton if
external ac power is connected, or the BATTERY push-
button if no external ac power is available, Use of the audio
monitor in BATTERY operation will discharge the battery
at a rate much faster than normal.

NOTE

Do nor try operating the Test Ser in the
BATTERY mode while it is plugged into an
external ac source. The insprument will not
operate under these conditions. For informa-
Hon concerning warm-up conditions, refer to
Paragraph 3-6. For informarion concerning
external power and fuse specifications and
selection, refer to Paragraph 2-5, Section Il

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 terminals, dial 2 line and connect a hold circuit across
the 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
intemnal holding circuit in parallel with the same input/

3.2
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output terminais. To release the line, the pushbutton
labeled OFF is pressed. If the line fails to hold, refer to
Paragraph 5-32. if HOLD is used on fringe lines, the reading
may be in error on some older instruments, See
Appendix B.

NOTE

If a dry line is connected to the black input/
output terminals, the HOLD OFF pushbutton
ruist be pressed.

3-15. Input/Output Function Sefect.

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 II, 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
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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).

Ringing voltage may be applied to the 35514
ONLY if the FUNCTION switch is set to REC
BRDG. If ringing voltage is applied accidentally
to either the RECEIVE or SEND terminals
when FUNCTION is set to REC TERM, the
terminating resistors will be destroyed.

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
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 to the input will not damage the instrument.

RECEIVE
MOKSE =y p TOME —

o

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 tonme, in the
range of 40 Hz to 60 kHz. For noise measurements, there

Section I}

are four weighting filters available~C message, 3 kHz Flat,
15 kHz Flat and Program. All measurements can be made
for levei, and frequency for receive tone. The results of
these measurements are displayed in digital form, and can
be monitored by a speaker.

3-23. Receive Noise/Tone. The RECEIVE NOISE/TONE
switch 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 Hz - 60 kHz), NORMAL and DAMPED.

3-24, Noise with Tone Mode. Noise measurements with
tone may be used to give a measure of the noise
encountered by 2 continuous data signal, or the noise a
listener would hear during a speech burst. In the WITH
TONE position of the RECEIVE NOQISE/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 measurernent range in the noise
with tone mode is 10 dBrmn to 85 dBm.

3.25. Message Circuit Noise Mode. In the MESSAGE
CIRCUIT position of the RECEIVE NOISE/TONE switch,
background noise can be measured with both input lines
isolated from earth ground (metallic noise). Any of the four
weighting filters can be used. Dynamic range for the
message circuit noise mode is 0 dBrn to 85 dBrn.

3-26. Noise-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 40 dB pad in the
Test Set. The loss due to the 40 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
measurement. The dynamic range of the noise-to-ground
mode is 40 dBrn 1o 125 dBm,

3-27. Message circuit noise indications and noise-to-ground
indications of a balanced line can be used to compute the
balance of 2 line. The degree of balance, where the greater
part of background noise is due to noise-to-ground; is given
by the equation, Balance (in dB) = noise-to-ground minus
message circuit noise. For example, if the message circuit
noise level is 26 dBrn and the noise-to-ground level of the
same circuit is 90 dBrn, the balance is 90 - 26 = 64 dB.

3-28. Tone Mode. In the NORMAL position of the RE-
CEIVE NOISE/TONE switch, tone level and frequency
measurements can be made in the frequency range of 40 Hz
to 60 kHz and 2 dynamic range of - 70 dBm to + 15 ¢Bm.
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

3.3
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on a circuit. In the tone mode the noise weighting fiiters 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 simulates the effects of noise on the human
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.

3-31. 3kHz 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 15kHz Flat filter is used for
unweighted measurements of noise on radio and television
studio-transmitter and studio-remote audio links. The fre-
guency 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 Heceive. 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 autoranging. For a complete description of the
display and monitoring operation, refer to Paragraph 3-40.

CBACK AR f

Section Hi

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 - 60 dBm to + 10 dBm. Clipping
may occur at levels above + 10 dBim. Both frequency and
amplitude can be monitored.

3-37. Frequency. The send frequency is controlled by the
SEND FREQUENCY switch and the frequency vernier
control. There are three overlapping range positions, and
one steady tone position. The range positions are 40 Hz
to 1 kHz, 200 Hz to 6 kHz, and 2 kHz to 60 kHz. The hold
tone position provides a 1004 Hz tone which the operator
may calibrate by means of a front panel screwdriver adjust-
ment. The frequency vernier is a dual (coarse and fine) fre-
quency control.

3-38. Level. The send level is controlled by the SEND
LEVEL switch and the level vernier. There are seven
range positions on the range switch: -60 to - 50, - 50 to
-40, -40 t0 -30,-30t0-20,-2010-10,-101t0 0,0 10
+ 10. The range of the level vernier is greater then 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 3-40.

DISPLAY & MONITOR
BN BUGRITE ey e O
aBm e i e

etira

3-49. Display-Monitar,

3-41. The display monitor function of the Test Set is
controlled by the DISPLAY & MONITOR RECEIVE/
SEND pushbuttons and MONITOR VOLUME vernier. It
features a digital LED display for visual indications of
frequency and level mreasurements, and a speaker for audio
aid in identifying transmission line noise.

342, Disptay. The display provides digitally controlied
LED readout of both the send frequency and level, and the
receive frequency and level. Send and receive frequency

3.5
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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.

343. For frequency measurements below 10kHz, the
resofution 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 1.0 dB resolution.

3-44. Sample rate for frequency measurements and tone
level measurements is 10/sec in NORMAL position and
2/sec in DAMPED. The sample rate for noise measurements
is 2/sec.

3-45. 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 flashing 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

Tabie 3-1. input Levels,

Minimum Maximum
Operating Mode Level Level
Receive noise with tone 10 dBrn 85d8m
feceive message circuit noise O dBrn 85 d8rn
Receive noise 1o ground 40 dBrn 125 dBm
Receive tone, send level and ai! | -70dBm +15dBm
frequency measuremennts

Table 3-2, Dial and Hold Operation.

Step Procedures

1. TFurn the Test Set POWER on.

2. Press the HOLD OFF pushbutton,

3. Connect a linemans handset (butt-in} to the
DIAL terminals.

4, Set the FUNCTION switch to REC BRDG or
REC TERM for the black labeted terminais.

5. Set the IMP switch to the desired impedance,

8. Connect the line to the 310 jack or TP RING

terminals tabeled in black.

7. Press the HOLD DIAL pushbutton and dial
with the handset {butt-in).®

8. Press the MOLD ON pushbutton to maintain
connection during fest.

*HOLD may be used only on “wet” lines. Also, when used on
fringe lines, readings may be in error on some instruments, See
Appendix B,

3-6
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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.

346. Monitor. The audio monitor provides the operator
audic indications of input signals. A monitor volume
control is available for regulation of the audio signal. Care
should be taken not to use the audio facility at maxinmuem
volume for extended lengths of time while operating in the
battery mode. This causes a large drain on the battery.
H radio frequency interference (broadcast music coming
from the speaker) is a2 problem, refer to Appendix B.

3-46A. Monitor 241 Jacks. An cxternal speaker or
headphones can be plugged into the Monitor 241 jucks. An
cxicrnal speaker would be connccied 1o the Lip and slecve
of the jack. If the top jek is used. the inlernal speaker is
disconnecied. I the bottom jack is used. the internal
spcaker continues fo operate along with the cxternal
speaker,

3-47. OPERATION.

3-48. Tables 3-2 through 3-7 list the step-by-step proced-
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 3-9. For power and warm-up
information, refer to Paragraph 3-6.

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

Step Procedures
1. Turn the Test Set POWER on.
2 Set the FUNCTION switch to REC BRDG or REC
TERM for desired input terminals,
3. Set the IMP switch for the desired input impedance.
4, Set the RECE!VE NOISE/TONE switch to the

NORMAL position.

5. Select the DISPLAY - MONITOR RECEIVE mode
{(LEVEL or FREQ) desired,

6. Connect the line 10 be measured to the input
terminals chosen in Step 2.

7. If the display is too noisy 16 read, set the RECEIVE
NOISE/TONE switch 1o DAMPED.
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Table 34, Message Circuit Noise and

Noise with Tone Measurements,

Section Hi

Tabie 3-5. Noise-to-Ground Measurements.

Step Procedures Step Procedures
1. Turn the Test Set POWER on, 1. Turn the Test Set POWER on,
2. Set the FUNCTHION switch to REC BRDG or 2. Set the FUNCTION switch to REC BRDG for
REC TERM for desired input terminals, the desired input terminals,
3. Set the IMP switch for the desired input 3. Set the IMP switch to the desired input
impedance. impedance.
4, Select the RECEIVE NOISE/TONE mode de- 4, Set the RECEIVE NOISE/TONE switch to the
sired {MESSAGE CIRCUIT or WITH TONE}. TO GROUND position,
5. Select the desired weighting fitter. 5. Set the NOISE WEIGHTING switch for the
desired weighting filter position.
6. Press the DISPLAY-MONITOR RECEIVE
LEVEL pushbutton, 8. Press the DISPLAY-MONITOR RECEIVE
LEVEL pushbutton,
7. Connect the line to be measured to the input
terminals chosen in Step 2. 7. Connect a ground lead from the front panei
CHASSIS GROUND terminal to earth or
systern ground.
8. Connect the line to be measured to the input
terminals chosen in Step 2,
Table 3-6. Send Unit Cperation,
Step Procedures
1. Turn the Test Set POWER on, .
Table 3-7. Balance Measurements,
2, Press the DISPLAY-MONITOR SEND LEVEL
pushbutiorn, Step Procedures
3. Set the SEND LEVEL RANGE dBm switch and 1. Perform the message circuit noise measurement
vernier to the desired signal level as indicated as described in Table 34,
on the display.
2. Perform the noise-toground measurement as
4, Press the DISPLAY.MONITOR SEND FREQ. described in Tabte 3-5.
pushbutton.
3. Compute the line balance in dB using the
5. Set the SEND FREQUENCY switch and the results of the above checks and the following
vernier 10 the desired frequency as indicated on formula:
the display.
Balance {dB) = Ng - Nmc
6. Set the |MP switch 10 the desired output
impedance, Where: Nmc = Message circuit noise
Ng = Noise-to-ground
7. Set the FUNCTION switch to the SEND
position for the desired output terminal. Example:
Nmc = 286 dBmn
8. Connect the line or circuit under test 1o the Ng = 80 dBrn
output terminals chosen in Step 6. Balance = 90-26=64 dB

Do not apply ringing voltage to the 3551A

while making REC TERM measurements.
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