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INTRODUCTION AND SPECIFICATIONS FOR
THE MODEL 203A DISTRIBUTION AMPLIFIER

INTRODUCTION

The Model 203A is an all solid-state, rack mounting
distribution amplifier. The unit accepts three input
frequencies and provides 12 output signals, four signals
at each input frequency. The Model 203A is completely
modular in construction. All preamplifiers and ampli-
fiers are contained on plug-in printed circuit boards.
Each printed circuit board may be easily removed and
exchanged for rapid servicing. Further, printed circuit
boards bearing the same part number are electrically
and physically interchangeable.

ELECTRICAL SPECIFICATIONS
INPUT FREQUENCIES
The distribution amplifier operates with sinewave inputs

of 100 kHz, 1 MHz, and 5 MHz. FEach input frequency
must be within 1% of nominal value.

INPUT LEVELS

0.5 to 5.0 volts rms for each input. A level adjustment
for each input is provided on the rear panel.

INPUT IMPEDANCE

Nominally 50 ohms with any number of amplifier modu-
les connected.

OUTPUTS

There are usually four output channels at each of the
three input frequencies. However, other output con-
figurations are possible up to 12 outputs of one desired
frequency; 100 kHz, 1 MHz or 5 MHz,

QUTPUT LEVELS

Each channel is continuously adjustable over the range
of 0.5 to 4.0 volts rms into 50 ohms. Level controls
for individual amplifiers are accessible through the top
cover.

STABILITY

Typically better than 1 x 10-11 standard deviation for a
one second averaging time at 1 MHz.

BANDWIDTH

Less than 3% of input frequency for 3 db down and 15%
for 30 db down.
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ISOLATION

Under all conditions of system loading, isolation of the
100 kHz and 1 MHz signals from adjacent channels is 80
db below full output. Isolation of the 5 MHz signal from
adjacent channels is at least 65 db below full output.

OUTPUT VARIATIONS

A change in load conditions on any channel from open-
circuit to short-circuit causes less than 3% change in
the signal level of any other channel.

METERING

Front panel meter and switch provides indication of
intermediate and output signal levels, and power supply

voltage.

SPURIOUS

All non-harmonically related signals generated by the
amplifier are 80 db below the output level of any channel.

HARMONIC DISTORTION

Harmonic distortion generated by the distribution system
is 60 db below the output level of any channel.

DUTY CYCLE

The distribution amplifier is designed for continuous
operation throughout its service life without degradation
of specified performance.

POWER REQUIREMENTS

115/230 volts ac +10%, 50 to 400 Hz, approximately 35
watts.

A separate connector on the rear panel may be used to
connect standby dc power from 22 to 30 vde. Internal
circuitry detects loss of primary power and automati-
cally cuts over to the external standby dc power.
MECHANICAL SPECIFICATIONS

SIZE

Front panel 3-1/2 inches by 19 inches.
9 inches behind front panel.

WEIGHT

13 pounds.
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CONSTRUCTION

Construction is modular. Each preamplifier and each
power amplifier is built on a single plug-in printed
circuit board. All parts with the same part number
are mechanically and electrically interchangeable.

MOUNTING

The distribution amplifier i8 capable of being mounted in
a standard 19-inch EIA relay rack. Side panels are
drilled and tapped for the attachment of chassis slides.

CONNECTORS

All input and output connectors are mounted on the rear
panel and are of the BNC type. Input connectors are
isolated from chassis ground. Output connectors can
be individually isolated from chassis ground if desired

by a simple modification.

SECTION I - SPECIFICATIONS 203A

SHOCK AND VIBRATION

The distribution amplifier will withstand any shock and
vibration that is normally encountered during surface
and air transportation, installation, maintenance, and
testing without any degradation in the specified perfor-
mance.

ENVIRONMENTAL SPECIFICATIONS

OPERATING

Temperature: 0° to 50° C.
Relative Humidity: 0 to 85%.
Altitude: 0 to 10,000 feet.
STORAGE

Temperature: -40°C to +75°C.
Relative Humidity: 0 to 95%.
Altitude: 0 to 10, 000 feet.



OPERATING INSTRUCTIONS FOR

THE MODEL 203A DISTRIBUTION AMPLIFIER

PREPARATION FOR USE

Before initially placing the instrument in operation,
carefully examine for any signs of physical damage.
If any damage is discovered, follow the directions giv-
en on the warranty page in the rear of this manual. If
no physical damage is found, follow the instructions
given in the following paragraphs to place the Model
203A in operation. If any difficulty is encountered,
contact your John Fluke Sales Representative for assist-
ance or write directly to the John Fluke Manufacturing
Company, Inc.

INSTALLATION

The Model 203A is intended primarily for mounting in
a standard EIA relay rack although nylon feet are pro-
vided to permit bench use. It may be mounted in the
rack directly by the front panel or it may be mounted
on chassis slides. The side panels of the instrument
are drilled and tapped for attachment of standard chassis
slides.

INPUT POWER

The Model 203A is equipped with a dual primary power
transformer. The primary windings are connected in
parallel at the factory for operation on 115 volts ac.
Figure 1 illustrates the transformer base wiring for
115 volt operation and 230 volt operation. To modify
the instrument for operation on 230 volts ac, remove
the two bus wires from pins 1 to 2 and 3 to 4. Then
solder a bus wire from pin 2 to pin 3. It is not neces-
sary to relocate any of the wires connected to these pins.

115 VAC WIRIMNG 230 VAC WIRING
TO AC ,—__TO AC
LINE LINE
30 VAC 30 VAC
SECORDARY SECONDARY

Figure 1. POWER TRANSFORMER BASE WIRING
FOR 115 VAC AND 230 VAC

The instrument is supplied with ac line power through
a three-wire line cord. Two of the three leads carry
ac line power and the third provides an earth ground.
Where three-wire outlets are not available, a two-prong
adapter plug should be used. If the adapter is used,
connect the ground lead to a suitable earth ground.

ISOLATED OUTPUTS

The ocutput connectors are mounted on a sheet of dielec-
tric material set into the rear panel to permit output
isolation. However, as the instrument is furnished
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from the factory, the output connector shells are all
bussed to chassis ground through the module connectors.
The outputs may be isolated by locating the ground bus
(attached to pin 9 of the module connectors) and cutting
it between the connectors of the 12 amplifier modules.

CONTROLS, CONNECTORS AND INDICATORS

A brief functional description of the controls, connec-
tors, and indicators of the Model 203A is given in Figure
2.

INPUT AND OUTPUT CONNECTIONS

After mounting the instrument, connect the line cord
to a grounded ac outlet. Connect the kHz, 1 MHz, and
5 MHz input frequencies (at a level of 0.5 to 5 volts rms)
to the 100 kHz, 1 MHz, and 5 MHz input connectors on
the rear panel. Connect the gutput distribution lines to
the output connectors on the rear panel.

CAUTION!

Terminate all unused outputs in 50-ohm
loads. Al outputs are adjusted to deliver
more than 4 volts rms into 50 ohms at the
factory. An output level over 5 volts rms
may damage an amplifier module. I the
load on a channel is less than 50 ohms, the
amplifier module should be adjusted to keep
the output level below 5 volts rms.

Throw the POWER switch to ON and observe that the
POWER indicator lights. Verify correct operation of
the instrument as follows:

a. Turn the INPUT LEVEL ADJUST controls fully
counterclockwise.

b. Turn the LEVEL CHECK switch to the POWER SUP-
PLY position. The meter should indicate approxi-
mately 4 representing +20 volts dc.

¢. Turn the LEVEL CHECK switch to output channel 1
and adjust the 5 MHz INPUT LEVEL ADJUST con-
trol to obtain anindication of 4 volts rms. Channels
2, 3, and 4 should read 4 +0. 5 volts rms, providing
all outputs are terminated in 50 ohms.

d. Turnthe LEVEL CHECK switch to output channel
5 and adjust the 1 MHz INPUT LEVEL ADJUST con-
trol to obtain an indication of 4 volts rms. Chan-
nels 6, 7, and 8 should read 4 0.5 volts rms pro-
viding all outputs are terminated in 50-ohms.

e. Turn the level check switch to output channel 9 and
adjust the 100 kHz INPUT LEVEL ADJUST control
to obtain an indication of 4 volts rms. Channels
10, 11, and 12 should read 4 0. 5 volts rms pro-
viding all outputs are terminated in 50 ohms.
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Figure 2. MODEL 203A CONTROLS, CONNECTORS, AND INDICATORS
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f. Turn the LEVEL CHECK switch to each of the pre-
amplifier positions and observe the meter. It
should indicate 1 to 3 volts rms.

OUTPUT LEVELS

The Model 203A has been adjusted at the factory to de-
liver more than 4. 0 volts rms into a 50-ohm load when
0.5 volts rms is applied to the input connector and the
input LEVEL control is turned fully clockwise. The
4-volt level is sufficient to provide 1. 6 volts into 50
ochms at the end of 1000 feet of RG-58/U at 5 MHz.
Lower attenuation will be experienced if lower loss
coaxial cable is used and also at lower frequencies.
Figure 3 is a graph showing the signal attenuation at
100 kHz, 1 MHz, and 5 MHz, in lengths of terminated
RG-58/U up to 1400 feet.
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To set all output channels at one frequency to the same
output level simultaneously, adjust the corresponding
INPUT LEVEL ADJUST control. Required output levels
usually will be different because of differences in trans-
mission lines and loads on the channels. The output
level of any channel may be adjusted individually by ad-
justing the module level adjustments accessible through

the top cover.
W /
]

Usually, it will be preferred to monitor
the level at the load end of the transmission
line. Assuming negligible transmission
line loss, the level meter will indicate cor-
rect load voltage only when the transmission
line is terminated in a load equal to its
characteristic impedance.
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Figure 3. GAIN CHARACTERISTICS OF TERMINATED RG -58/U




SOLDERING TECHNIQUES

INTRODUCTION

Throughout our factory certain soldering techniques
are used extensively to insure the finest quality sol-
dering connections in our instruments. The following
information is an attempt to illustrate some of these
simple techniques that you can use to rapidly and accu-
rately maintain and repair your instrument. Figure 1
illustrates some of the soldering tools and aids used by
our assemblers and technicians.

TINNING THE IRON

Before heating the iron be sure to file all surfaces of
the iron which will be tinned. A smooth surface will
prevent the solder from building up on the rough spots
and burrs where it can rapidly oxidize. Plug the cord
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of the iron into a suitable power source and allow it to
heat. One method of determining when the iron is at
the right temperature to tin is to support a small piece
of solder on the tip. When the right temperature for
tinning is reached the solder will start to melt. Be sure
that the soldering iron does not get too hot before ap-
plying the tinning solder, as an extremely hot iron will
oxidize the solder and the tip will not be properly tinned.
It is only necessary to tin the wedge portion of the tip.

REMOVING SOLDER FROM A CONNECTION

In most cases a solder connection is constructed of a
terminal to which a wire or electrical component is to
be soldered. Generally, the wire or component is
wrapped around or over the terminal to assure a good
mechanical joint as well as a good solder joint. When

LONG-NOSE DIAGONAL
PLIERS CUTTERS

SOLDERING AID

l 0
el

SOLDERING [RON

TENSOLITE WIRE

N HEATSINKS

Ow

SOLDER

CLEANING SOLVENT

Figure 4-25, TOOLS REQUIRED FOR SOLDERING
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removal of the wire or component is required, the me-
chanical construction of the solder joint presents a unique
problem. That is, it is extremely difficult to free the
wire or component from the terminal without resorting
to a pair of wire clippers. This is especially true in the
case of printed circuit boards where applying excessive
heat or mechanical stress will break the land pattern
away from the laminated epoxy. Thus, it would seem
that a method of removing the solder from the connection
is necessary. Many different methods have been devised
for the removal of solder but one method used in our
factory is relatively inexpensive and highly successful.
Through the use of a soldering iron and a special type
of wire the solder can be easily removed from a connec-
tion. Figure 2 illustrates this technique.

The wire can be a braided wire shield, stripped from
small unusable pieces of shielded coax or a special #22
wire produced by Tensolite Inc. The tensolite wire is
constructed from 105 strands of #40 tined copper wire
and is covered with a type of silicon rubber. Because
of the numerous strands of wire the solder is drawn up
the wire by capillary action. When the end becomes
saturated with solder it can be clipped off and more
insulation stripped off to form a clean end. The silicon
rubber covering is convenient as it prevents the oper-
ator from being scorched by the heat transferred up the
wire.

SECTION II - INSTRUMENT MAINTENANCE 30047

Many of our printed circuit boards have been treated
with a special coating to inhibit fungus growth and mois-
ture absorbtion. The special coating is composed of a
polyurethane resin and is called epecaste. It is not
necessary to remove the coating from the area to be
soldered, as the heat from the soldering iron decomposes
the coating into carbon dioxide and water. After the sol-
dering operation has been completed, the disturbed area
can be cleaned with a suitable solvent, such as tolual
and recoated. I Tolual is used care should be taken to
avoid inhalation of the vapors and excessive contact with
the skin. This solvent should also be kept away from
open flames.

THE USE OF HEATSINKS

Certain components such as diodes, transistors and
integrated circuits, can be damaged if excessive heat
is applied to their leads. Thus, when removing these
components it is recommended that a heatsink of some
type be inserted between the soldering iron arnd where
the lead enters the body of the component. Figure 3
illustrates the use of long-nose pliers as a heatsink.
Other types of heatsinks are available on the market
today and some of the more popular ones are shown
in Figure 1. A common alligator clip which can be found
in almost any service installation, serves quite well as
a component heatsink.

Tensolite Wire

Figure 4-26. REMOVING SOLDER FROM A CONNECTION

Figure 4-27., LONG-NOSE PLIERS USED AS A HEATSINK



MAINTENANCE INFORMATION FOR

THE MODEL 203A DISTRIBUTION AMPLIFIER

INTRODUCTION

This section of the manual contains information that
will allow you to completely maintain your Model 203A
Distribution Amplifier. The section is composed of an
overall theory of operation, general maintenance pro-
cedures, and instrument alignment procedure, trouble-
shooting instructions, and a parts list for the chassis.
The parts list for the modules can be found in Sections
4-1 through 4-17.

It is recommended that you thoroughly understand the
theory of operation of the instrument before attempting
any of the maintenance procedures.

THEORY OF OPERATION

Figure 1 is a block diagram of the Model 203A Distri-
bution Amplifier. Note that it is composed of three
separate amplifier systems differing only in operating
frequency. Each system consists of an input attenuator,
a preamplifier module, and four output amplifier mod-
ules. Because the systems are identical except for
frequency, only the system operating at 100 kHz will
be discussed. The general layout of the instrument and
location of modules is illustrated in Figure 2.

The 100 kHz input connector accepts a 100 kHz sinewave
input signal at a level of 0.5 to 5.0 volts rms. This
signal is applied to the 100 kHz LEVEL control, on the
rear panel, which feeds the 100 kHz Preamplifier Mod-
ule. The LEVEL control is a bridged-tee attenuator
network. Its function is to maintain constant input
impedance throughout the 30 db range of adjustment.
For a schematic representation of the LEVEL control,
see the wiring diagram (Drawing No. 203-2-100) at the
end of this section.

The 100 kHz Preamplifier Module is a class B push-
pull amplifier. Its primary function is to provide suf-
ficient power gain to drive the four amplifier modules.
It also provides load isolation between the input and the
amplifiers. The preamplifiers, (100 kHz, 1 MHz, and
5 MHz) are described in Sections 4-2, 4-4, and 4-6,
respectively.

The 100 kHz Preamplifier Module drives four 100 kHz
Amplifier Modules. Each amplifier consists of a class
B push-pull amplifier and differs from the preamplifier
in that the output is double-tuned. The double-tuned
output provides greater rejection of harmonics and a
high degree of interchannel isolation. Each amplifier
output is adjustable from 0.5 to 5.0 volts rms into a
50-ohm load by means of a variable resistor. The
variable resistor attenuates the level of the input signal
to the amplifier. The amplifiers (100 kHz, 1 MHz and
5 MHz) are described in Sections 4-3, 4-5, and 4-7,
respectively.
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The LEVEL CHECK switch selects the input to the meter
circuit. The output of any preamplifier or amplifier
module or the output of the power supply module may be
selected. When the output of the power supply module is
selected, the dc voltage is fed through a series resistor
directly to the meter rectifier causing the meter to read
normally 4 volts for +20 volts dc. When any of the sig-
nal levels are selected, the ac voltage is fed to the same
meter rectifier and meter. This circuit is shown
schematically on the chassis wiring diagram.

The Model 203A is provided with a solid-state circuit
to switch the power supply voltage from the internal
+20 volt dc power supply to an externally connected
+22 -30 volt dc power supply in the event of failure of
the input ac power or failure of the internal power sup-
ply. The dc switching circuit (203-16-415) consists
of a diode switch and a regulator circuit that regulates
the externally connected +22 -30 volts dc to approxi-
mately 20 volts dc. The regulating circuit is composed
of two PNP transistors Q1 and Q2 and a zener diode
CR1. The schematic for this circuit is illustrated in
the Chassis Wiring Diagram, Drawing No. 203-2-100,
located at the end of this section. Transistor Q2 is the
basic regulating element and, for example, if the out-
put voltage goes more positive, the voltage at the base
of Q2 also goes more positive reverse biasing Q2; this
action causes less current to flow in the output load and
consequently lowering the output voltage.

Q1 is used primarily as a temperature regulating ele-
ment. With a temperature increase, transistor Q2
increases conduction. Q1 also increases in conduction
causing the voltage at the base of Q2 to go more positive,
thus decreasing the conduction of Q2.

Diode, CR2 is used as the actual switch. The internal
power supply is adjusted such that CR2 is forward biased
by approximately 0.5 volts when the Model 203A is
operating on ac line power and the external dc supply
is connected. Then, should the ac line power fail, CR2
is forward biased and the external supply is allowed to
power the internal circuits. This permits a smooth
transition from operation on the internal power supply
to operation on the external dc supply.

DESCRIPTIVE NOMENCLATURE

The following reference numbers are used as an ex-
ample, to identify the 100 kHz Preamplifier Module.
All printed circuit boards in the Model 203A are iden-
tified in this manner. These numbers are used in vari-
ous places in the manual and on the printed circuit
board itself. Under each number is an explanation of
where and why it is used.

a. 203-2-401

This 400-series number is a manufacturing part number
used to identify the printed circuit board complete with
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(T) 100 KHz OUTPUTS ———
100 KHz 100 KHz 100 KHz 100 KHz
AMPL AMPL AMPL AMPL
203-16-403 203-16-403 | | 203-16-403| | 203-16-403
LEVEL ADJ 100 KHz
100 KHz PREAMP
o @A
203-2-401
1 MHz OUTPUTS
| MHz 1 MHz | MHz 1 MHz
AMPL AMPL AMPL AMPL
203-16-404 203-16-404| | 203-16-404| [ 203-16-404
LEVEL ADJ 1 MHz
] MHz PREAMP
ineur - ©
203-2-402
5 MHz OUTPUTS
5 MHz 5 MHz 5 MHz 5 MHz
AMPL AMPL AMPL AMPL
203-16-406| | 203-16-406 | | 203-16-406 | | 203-16-406
LEVEL ADJ 5 MHz
5 MHz PREAMP
NPT ©
203-2-405
FROM LEVEL
OUTPUT CHECK CA(:?E(STS?T .
CONNECTORS SWITCH METER
POWER POWER SUEPLY
AC LINE MODUL 20 VDC TO MODULES
TRANSFORMER S03-16-408
DC BATTERY DC SWITCH
SUPPLY AND
PREREGULATOR

Figure 1. MODEL 203A DISTRIBUTION AMPLIFIER BLOCK DIAGRAM
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Figure 2. MODEL 203A TOP VIEW LAY QUT

all components. The number is usually found silk-
screened on the component side of the printed circuit
board.

b. 203-2-301

This 300-series number is a manufacturing part number
used to identify the printed circuit board without com-
ponents. It is used for manufacturing identification
only. This number canbe found on the land pattern side
of the printed circuit board.

c. 1702-181578

This 10-digit part number is also used to identify the
complete 100 kHz Preamplifier Module. It can be found
in the parts list only and is used primarily for ordering
parts.

d. A5

The letter-number combination A5 is a reference desig-
nation for the 100 kHz Preamplifier Module just as R1
is a reference designation for a resistor on the module.
This reference designation appears only in this manual.

GENERAL MAINTENANCE
PERIODIC CLEANING

The Model 203A is completely enclosed and will seldom
require cleaning unless subjected to an extreme dust or
dirt atmosphere. To clean the exterior surfaces of the
distribution amplifier, use a cloth moistened with anhy-
drous ethyl alcohol or use an aerosol can of Freon TF
degreasing agent (MS 180, Miller-Stephenson Chemical
Co.). Dust may be removed from interior surfaces with
a vacuum cleaner or it may be blown away with clean dry
air at a pressure of 15 pounds per square inch or less.

Grease may be removed by spraying the internal sur-
faces with an aerocsol can of Freon TF degreasing agent.

MAINTENANCE ACCESSORIES AND TEST EQUIPMENT
INSTRUMENT ACCESSORIES

A complete accessory kit shown in Figure 3 is furnished
with each Model 203A Distribution Amplifier. These
accessories are necessary to properly maintain and
align the instrument.

The riser card in the accessory kit is used to raise the
level of the printed circuit modules for easy access
during maintenance. The card puller is used to remove
printed circuit boards from their chassis connectors.
The tuning tools are designed specifically for use with
the variable transformers and coils in the Model 203A.

Hote!

The powdered-iron transformer tuning cores
are fragile. Use only the tuning tools sup-
plied with the instrument to prevent damage-
ing them. Care should he exercised in
beginning any adjustment.

The shorting plug is used when aligning the double tuned
output stages of the amplifier modules. It is also used
when measuring the effect of an open-circuit load change
on output channels.

USE OF TEST EQUIPMENT

Test equipment should be used in accordance with the
manufacturer's instructions; no special techniques are
required. However, the probe used with the rf volt-
meter for checking amplifier modules should be of the
high-impedance, low-capacitance type. If a low-im-
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P/N 5402-153049
ADJUST TOOL
ADJUST TOOL
P/N 5400-178814 SHORTING
PLUG

P/N 2106-179184

CARD
PULLER

P/N 3156-170951

RISER CARD
P/N 1702-181636

Figure 3. MODEL 203A ACCESSORY KiT

pedance probe is used, excessive loading will detune
the double-tuned output circuits of the amplifier module.

TEST EQUIPMENT REQUIRED

Figure 4 lists all of the test equipment necessary for
alignment and troubleshooting both of the instrument and
of the individual modules. If the recommended equip-
ment is not available, other equipment having the re-
quired specifications may be used.

INSTRUMENT ALIGNMENT

The alignment procedure presented in the following
paragraphs consists of step-by-step instructions for
aligning the Model 203A Distribution Amplifier. Each
module must be aligned in accordance with the individual
module alignment procedures given in Section IV before
this procedure is begun. Figure 5 shows the location of
adjustment access ports in the top cover.

POWER SUPPLY ADJUSTMENT WHEN USING AN EX-
TERNAL DC SUPPLY

In an external dc supply is being used with the Model
203A, this procedure should be used to align the Power
Supply Module. This alignment requires the use of a
voltohmmeter, an rms voltmeter, a riser card, twelve
50-ohm loads, and 100 kHz, 1 MHz, and 5 MHz signal
sources (0.5-5v rms). The recommended voltmeters
are listed in Figure 4.

a. Set the POWER switch of the distribution amplifier
to OFF.

b.

C,

Remove the top and bottom dust covers.

Remove the Power Supply Module from its chassis
connector, install it on the riser card, then install
the riser card in the chassis connector for the
Power Supply Module.

CAUTION!

The Power Supply Module can only be in-
stalled on the riser card one way. How-
ever, the riser card can be installed on
the chassis connector either way. When
installing the riser card in the chassis con-
nector be sure that the Power Supply Module
is facing in the same direction as it is when
mounted without the riser card.

Connect the 3 input signals to their appropriate
input connectors and terminate all outputs into 50
ohms.

Turn the distribution amplifier on its side to gain
access to the external dc switch assembly through
the bottom of the instrument.

Connect the voltohmmeter to measure the forward
drop across CR2.

Set the POWER switch of the distribution amplifier
to ON.

Adjust RT on the Power Supply Module to obtain an
indication of 0.5 +0. 05 volt on the voltohmmeter.
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REQUIRED
INSTRUMENT TYPE MANUFACTURER MODEL NUMBER SPECIFICATIONS

rf voltmeter and BNC probe

Hewlett-Packard

Model 411, probe, model | to 10 MHz with full
11022A scale sensitivity to
0. 01 volts rms.

rms voltmeter

John Fluke Mfg., Co.,
Inc.

Model 910A to 7 MHz with full
scale sensitivity to
0. 001 volts rms.

spectrum analyzer Panoramic Model SPA-3/25a to 25 MHz.

vacuum tube voltmeter RCA Sr. Voltohmist dc measurement to
25 volts dc.

voltohmmeter Simpson Model 260 dc measurement to

0. 5v, isolated input.

100 kHz frequency source

1 MHz frequency source

5 MHz frequency source

Any frequency standard having an accuracy of 1% and the capa-
bility of delivering . 5-5v rms to a 50-ohm load, is sufficient.

BNC coaxial tee
BNC shorting connector*
Riser card*

Card puller*

Tuning tool*

ACCESSORIES

BNC 50-ohm coaxial termination

* Included in instrument accessory kit.

(12 each)
(1 each)
(1 each)
(1 each)

(1 each)
(1 each)

Figure 4, RECOMMENDED TEST EQUIPMENT AND ACCESSORIES FOR INSTRUMENT ALIGNMENT

At the same time set all output voltage levels to
the amplitudes at which you will normally operate.

i. To perform ripple measurements, see the align-
ment procedure in Section 4-1.

j.  Disconnect all test equipment and replace the Power
Supply Module in its connector.

OUTPUT LEVEL AND GAIN TESTS. The following tests
require an rf voltmeter with probe, three frequency
sources at 100 kHz, 1 MHz, and 5 MHz, 50-ohm coaxial
terminations and a BNC coaxial tee. The recommended
rf voltmeter is listed in Figure 4.

a. Rotate all input LEVEL controls on the rear panel
fully clockwise. Connect the 100 kHz, 1 MHz, and
5 MHz signals to the proper input connectors on
the rear panel. Adjust the output of each signal
source to obtain a signal level of 0.5 volts rms at
the input connectors on the rear panel.

b. Terminate all 12 output channels with 50-ohm co-
axial terminations. Throw the POWER switch to on.

Beginning with channel 1, remove the 50-ohm co-
axial termination from the output coaxial connector
of the channel (labeled "1 on the rear panel for
channel 1). Connect the 50-ohm termination and
the rf voltmeter to a coaxial tee and connect to the
output connector. Insert either adjustment tool
into the output level adjustment port (labeled "'1"
for channel 1) in the top cover. Rotate the adjust-
ment to obtain an indication of 4. 0 volts rms on the
rf voltmeter.

Repeat step c for each of the 12 output channels.
It may be necessary to repeat several times on all
outputs at the same frequency because of loading
effects.

Set the level of each input to the distribution ampli-
fier to 2. 0 volts rms.

Check to see that the input LEVEL adjustment con-
trols are capable of reducing the output levels to
less than 2. 0 volts rms terminated in 50 ohms. It
is only necessary to perform this test on one output
channel at each frequency.
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Figure 5. LOCATION OF ADJUSTMENT PORTS
IN TOP COVER

DISTORTION TESTS. The distortion tests require an
rf voltmeter with probe, a spectrum analyzer, a BNC
coaxial tee, twelve 50-ohm coaxial terminations, and
frequency sources at 100 kHz, 1 MHz, and 5 MHz. The
recommended rf voltmeter and spectrum analyzer are
listed in Figure 4 of this section.

a. Connect the 100 kHz, 1 MHz, and 5 MHz signals
to the proper input connectors on the rear panel.
Rotate all input LEVEL controls fully clockwise.
Throw the POWER switch to ON. Adjust the out-
put of each signal source to obtain a level of 1.0
volts rms at the rear panel input connector.

b. Terminate all 12 output channels with 50-ohm co-
axial terminations. Remove the 50-ohm coaxial
terminations from channel 1, connect it and the rf
voltmeter to a coaxial tee, and connect the tee to
the channel 1 output connector. Adjust the 5 MHz
input LEVEL control to obtain an indication of 4.0
volts rms on the rf voltmeter. Repeat this proced-
ure for output channels number 5 and 9 adjusting
the 1 MHz and 100 kHz input LEVEL controls re-
spectively. The preceding adjustments set all out-
put channels to a level of 4.0 volts rms.

c. Connect the spectrum analyzer to any output chan-
nel. Set the spectrum analyzer to the frequency of
the channel and adjust the spectrum analyzer attenu-
tion to obtain a zero db reference level. Scan the
spectrum starting at dc and continuing through the
range of the spectrum analyzer. Check that all
harmonics are more than 60 db down from the
fundamental and that all spurious signals are more
than 80 db down from the fundamental.

d. Repeat this test for two output channels at each
frequency.

OUTPUT VARIATIONS. This test requires an rf volt-
meter with probe, three frequency sources at 100 kHz,
1 MHz, and 5 MHz, a BNC coaxial tee, twelve 50-ohm
coaxial terminations, and a BNC coaxial shorting con-
nector. The recommended rf voltmeter is listed in
Figure 4 of this section.

a. Connect the 100 kHz, 1 MHz, and 5 MHz signals to
the proper input connectors on the rear panel. Ad-
just the output of each signal source to obtain a
level of 1. 0 volts rms at the rear panel input con-
nector.

SECTION III - INSTRUMENT MAINTENANCE 203A

b. Terminate all 12 output connectors with 50-ohm
coaxial terminations. Set the POWER switch of
the distribution amplifier to ON. Remove the 50-
ohm coaxial termination from channel 1, connect
it and the rf voltmeter to a coaxial tee, and connect
the coaxial tee to the channel 1 output connector.
Adjust the 5 MHz input LEVEL control on the rear
panel to obtain an indication of 4. 0 volts rms on the
rf voltmeter. Repeat this procedure for output
channels number 5 and 9 adjusting the 1 MHz and
100 kHz input LEVEL controls respectively. The
preceding adjustments set all output channels to
4.0 volts rms.

c. Remove the 50-ohm coaxial termination from any
output channel, connect it and the rf voltmeter to
a coaxial tee, and connect the coaxial tee to the
output connector. Observe the rf voltmeter while
removing the 50-ohm termination from either ad-
jacent output channel and shorting the output with
the BNC shorting connector. The indication should
change less than 0.12 volts rms from open to
shorted condition.

d. Repeat this test for two channels at each frequency.

METER CALIBRATION. The meter calibration requires
an rf voltmeter with probe, a coaxial tee, and twelve
50-ohm coaxial terminations.

a. Connect the 100 kHz, 1 MHz, and 5 MHz signals to
the proper input connectors on the rear panel.

b. Terminate all 12 output connectors with 50-ohm
coaxial terminations. Set the POWER switch of
the distribution amplifier to ON. Remove the 50-
ochm coaxial termination from channel 1, connect
it and the rf voltmeter to a coaxial tee, and connect
the coaxial tee to the channel 1 output connector.
Adjust the 5 MHz input LEVEL control on the rear
panel to obtain an indication of 4. 0 volts rms on the
rf voltmeter.

¢. Turn the LEVEL CHECK switch to channel 1.

d. Adjust R2 on the meter circuit board to obtain an
indication of 4. 0 volts rms on the front panel meter.

e. Connect the rf voltmeter terminated into a 50-ohm
load through a coaxial tee to channel 5. Adjust the
1 MHz input LEVEL control on the rear panel to
obtain an indication of 4.0 volts rms on the rf volt-
meter.

f. Turn the LEVEL CHECK switch to channel 5.

g. The front panel meter should read 4.0 volts rms
+0. 5 volts rms.

h. Repeat steps e through g for channel 9 (100 kHz).

i, Provided all amplifier levels have been adjusted
(see section titled OUTPUT LEVEL AND GAIN
TESTS), positions 1-12 of the LEVEL CHECK
switch will read 4.0 volts rms 0. 5 volts rms.

j. Rotate the LEVEL CHECK switch through the pre-
amplifier positions. The meter should indicate
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between 1 and 4 volts rms for each preamplifier
level.

k, Turnthe LEVEL CHECK switch to POWER SUPPLY
position. The meter should indicate 4. 0 0. 5 volts.

LOCATING A FAULTY MODULE

Locating a faulty module in the Model 203A Distribution
Amplifier is a relatively easy task. A defective module
may be found by tracing the signal from input to output
of the system. For example, if all output channels of
one system only were at or near zero volts rms, it
would be reasonable to suspect that the trouble was
located in the preamplifier module. On the other hand,
if only one channel output was at zero volts, the trouble
would probably be found in the amplifier module for that
channel. Any defect in the Power Supply Module would
probably affect all output channels in the same manner.
A defective output can also be caused by troubles in the
chassis wiring or components mounted on the chassis.
Depending on the nature of the particular fault, it may
cause substandard performance or failure of the entire
distribution amplifier or it may affect only one section.

TROUBLESHOOTING A FAULTY AMPLIFIER OR PRE-
AMPLIFIER

The technique for finding the source of trouble in an
amplifier or preamplifier module is similar to that for
locating a faulty module. The input signal should be
traced through the module with an rf voltmeter or an
oscilloscope.
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To further assist in troubleshooting, nominal values
of pertinent dc voltages have been included on the sche-
matic diagrams in Section IV for the preamplifier,
amplifier and power supply modules. These voltages
were measured with a vacuum tube voltmeter having an
input resistance of 11 megohms. The following con-
ditions were met before making these measurements:

a. All modules in place and aligned per the module
alignment procedures in Section IV.

b. No signals present at all 3 inputs.

¢. The power supply voltage set at 20. 0 volts dc.

TROUBLESHOOTING THE POWER SUPPLY CIRCUIT

If the power supply circuit is maintaining 20 +0. 5 volts
dc and the ripple is less than 10 millivolts rms under
normal load conditions, it can be assumed that the power
supply is operating properly. The tests for power sup-
ply voltage and ripple levels are given in the module
alignment procedure in Section 4-1.

PARTS LIST

The following illustrated parts list contains all the
electrical components that are a part of the final as-
sembly. Information on column entries and ordering
replaceable parts can be found on the first page of the
Appendix section.

REF STOCK MFR TOT | REC | USE
DESIG DESCRIPTION NO MFR PART NO QTY | QTY (CODE
DISTRIBUTION AMPLIFIER - Figure 6 203A

Al Chassis Assembly
(See Section I, Figure 7)

A2 Front Panel Assembly
(See Section 111, Figure 8)

A3 Rear Panel Assembly
(See Section I, Figure 9)

A4 Power Supply Module 1702-212720 {19429 |1702-212720 1
(See Section 4-1, Figure 2) (203-16-408)

AbS 100 kHz Preamplifier Module 1702-181578 |19429 (1702-181578 1
(See Section 4-2, Figure 2) (203-2-401)

AG 100 kHz Amplifier Module 1702-195321 |19429 |1702-195321 4

thru (See Section 4-3, Figure 2) (203-16-403)

A9

Al0 1 MHz Preamplifier Module 1702-181586 {19429 |1702-181586 1
(See Section 4-4, Figure 2) (203-2-402)

All 1 MHz Amplifier Module 1702-195339 (19429 |1702-195339 4

thru (See Section 4-5, Figure 2) (203-16-404)

Al4
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REF STOCK MFR TOT | REC | USE
DESIG DESCRIPTION NO MFR | parTnO | @TY | @TY |CODE
Al5 5 MHz Preamplifier Module 1702-181610 {19429 (1702-181610 1
(See Section 4-6, Figure 2) (203-2-405)
Al6 5 MHz Amplifier Module 1702-195347 (19429 |1702-195347 4
thru (See Section 4-7, Figure 2) (203-16-406)
Al19
A8 Ab Al3 All Al8 Alé Al0 Ad
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REF STOCK MFR TOT | REC | USE
DESCRIPTI MFR

DESIG S ON NO PART NO QTY | QTY |CODE
Al CHASSIS ASSEMBLY - Figure 7

C1l Cap, elect, 1,500 uf +250/-10%, 50v 1502-154831 (37942 WP-068 1

c2, Cap, cer, 0.05 uf +80/-20%, 500v 1501-105676 |56289 (33C58B 2

C3 (mounted on T1)

C4 Cap, cer, 0.002 uf, gmv, 1,000v 1501-105569 |71590 DA140-139CB 1

J1

thru Connector, female, 10 contact 2107-149401 95354 |91-6010-1100-00 16

J16

Q1 Transistor, Type 2N297A 4805-180315 |04713 |2N297A 1

R10 Res, comp, 100k +5%, 1/4w 4704-148189 01121 |[CB1045 1

T1 Transformer, power 5602-180711 |19429 |5602-180711 1

1 Foot, nylon (not illustrated) 2819-102921 [19429 |2819-102921 4

Tl Jr Jz J3 Js J7 J9 J1 J13 J15

Cl Ql C4 RIO J4 Jéb J8 J10 J14 J16

Figure 7. CHASSIS ASSEMBLY
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Dzife DESCRIPTION ST:SK MR Prn:tm ::?Ir gis c%srfe
A2 FRONT PANEL ASSEMBLY - Figure 8

A2A1 Meter P/C Assembly 1702-181651 {19429 (1702-181651 1

(See Figure 8) (203-2-409)
DS1 Lamp, incandescant, 28v 3901-153106 |71744 |327 1
M1 Meter, 0-200 ua, 2258 2901-184317 (19429 [2901-184317 1
S1 Switch, POWER, toggle, dpst 5106-114835 04009 [81024-GB 1
S2 Switch, LEVEL CHECK, rotary, 5105-180356 |19429 |5105-180356 1
2p, 17 pos

XDS1 Holder, lamp 3903-153114 (13812 |162-8430-931 1
2 Handle, chrome-plated brass 2404-100412 (05704 |825 2
3 Knob, LEVEL CHECK 2405-170035 |19429 |2405-170035 1
4 Panel, front (less decals) 1406-181230119429 |1406-181230 1

A2A1 METER P/C ASSEMBLY - Figure 8 1702-181651 (19429 [1702-181651 REF

(203-2-409)

C1 Cap, mica, 10 pf +10%, 500v 1504-175216 (84419 |CD15C0100K 1
c2 Cap, cer, 0.05 uf +20%, 100v 1501-149161 |56289 |55C23A7 2
C3 Cap, cer, 0.05 uf +20%, 100v 1501-149161 (56289 |55C23A7 REF
CR1 Diode, Type IN270 4802-149187 (93332 |IN270 1
R1 Res, comp, 4.7k +5%, 1/4w 4704-148072|01121 [CB4725 1
R2 Res, var, comp, 50k +20%, 1/4w 4701-163865|71450 [Type UPE200 1
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DS1 S1

R1 CR1 R2

METER P/C ASSEMBLY

XDS1 52 A2A1

Figure 8. FRONT PANEL ASSEMBLY
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REF STOCK MFR TOT | REC | USE
DESCRIPTION
DESIG SCRIPT NO MFR PART NO QTY | QTY |CODE
A3 REAR PANEL ASSEMBLY -Figure 9
A3A1l DC Switchover Assembly 3158-209650( 19429 | 3158-209650 1
(See Figure 9) (203-2-415)
F1 Fuse, Type AGC, fast acting, 1/2 amp, | 5101-153858| 71400 | Type AGC 1
250v (for 115v operation)
(not illustrated)
F1 Fuse, Type AGC, Fast acting, 1/4 amp, | 5101-109314|71400 |Type AGC 1
250v (for 230v operation)
(not illustrated)
F2 Fuse, Type AGC, Fast acting, 5101-109330|71400 | Type AGC 1
1-1/2 amp, 250v (not illustrated)
J17
thru Connector, female, coaxial, BNC 2106-152033|02660 |UG1094A/U 15
J31
J32 Connector, male, 2 contact 2105-215137(71785 | P302AB 1
R1 Res, var, comp, 50 Bridged "T" 4701-174920(01121 (Type JJ 3
thru Network, +20%, 5w, dual
R3
R4
thru Res, comp, 479 +5%, 1/4w 4704-147892(01121 [CB4705 6
R9
w1 Line cord 6005-102822]19429 |6005-102822 1
XF1
XFZ’ Holder, fuse 2102-160846(75915 | 342004 2
5 Panel, rear 1406-181438(19429 |1406-181438 1
A3A1l DC SWITCHOVER ASSEMBLY 3158-209650(19429 |3158-209650 REF
Figure 9 (203-2-415)
CR1 Diode, zener, 20v, Type IN968B 4803-180463{07910 |IN968B 1
CR2 Diode, Type IN4817 4802-116111|05277 [IN4817 1
Q1 Transistor, Type 2N2553 4805-152447(01295 |2N2553 1
Q2 Transistor, Type 2N297A 4805-180315|04713 |2N297A 1
R1 Res, comp, 5609 +10%, 1w 4704-209692|01121 [GB5611 1
R2 Res, comp, 6802 +10%, 1w 4704-109611)01121 |GB6811 1
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Wi XF1 J17 Ji8 J19 J26 J27 J28 J29 J3o I3l

CR2 Ql

DC SWITCHOVER ASSEMBLY

A3A1

Figure 9. REAR PANEL ASSEMBLY
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THE POWER SUPPLY MODULE

SECTION 1V
MODULE MAINTENANCE

203-16-408

Revision

SERIES PASS

/-\ +20

Figure 1. THE POWER SUPPLY MODULE SCHEMATIC

THEORY OF OPERATION

The power supply circuit consists of a step~down trans-
former, a full-wave bridge rectifier, a filter capacitor,
a series pass regulator, and a regulator control circuit.
The bridge rectifier and the regulator control circuit
including the Zener reference are contained in the Power
Supply Module.

The secondary voltage of T1 is converted to unregulated
dc by a bridge rectifier and applied to the emitter of the
pass transistor Q1 and to the regulator control circuit.
Filter capacitor C1 smooths the rectified dc reducing
ripple to an acceptable level of less than four volts
peak-to-peak, The regulated output voltage at the col-
lector of the series pass transistor is sensed by the
regulator control circuit and used to develop a control
gignal to the base of the pass transistor.

Assume that a change tends to cause an increase in the
output voltage of the pass transistor. This increase
causes an increase in the base voltage of Q3. The base-
emitter voltage of Q3 increases, increasing the con-
duction of Q3, because the emitter of Q3 is clamped at
the zener voltage of CR5. The increasing collector
current of Q3 robs some of the base current from Q2 and
from the pass transistor, reducing the output. Thus,
this feedback loop tends to resist any change in output
voltage.

The power supply is protected against damage caused by
an overload, by current limiting stage Ql. With a
normal load applied to the power supply, the voltage
drop across the base-to-emitter resistance (R4 and R9)
or Q1 is too small to cause the transistor to conduct.
When the current rises to approximately 2. 5 amperes,
the voltage drop becomes sufficient to cause Ql to start
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conducting. As the conduction of Q1 increases, the base
currents of both Q2 and the pass transistor are reduced.
This reduces the conduction of the pass transistor. The
decrease in series pass current causes a corresponding
decrease in output voltage. Output voltage will continue
to decrease until the circuit reaches equilibrium at an
output of approximately 2.5 amperes.

ALIGNMENT PROCEDURE

The alignment of the Power Supply Module requires the
distrfbution amplifier of which it is a part, a vacuum
tube voltmeter, an rms voltmeter and the riser card
from the accessory kit. The recommended voltmeters
are listed in Section III.

a. Set the POWER switch of the distribution amplifier
to off.

b. Remove the Power Supply Module from its chassis
connector, install it on the riser card, then install
the riser card into the Power Supply Module chassis
connector.

CAUTION!

The Power Supply Module can only be in-
stalled on the riser card one way. However,
the riser card can be installed on the chassis

SECTION IV - MODULE MAINTENANCE
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connector either way. When installing the
riser card in the chassis connector be sure
that the Power Supply Module is facing in
the same direction as it is when mounted
without the riser card.

c¢. Connect the positive lead of the vtvim to pin 8 of the
Power Supply Module connector and the ground
lead to pin 7. Set the power switch of the distribu-
tion amplifier to ON. The vtvm should indicate
between 16 and 28 volts dc. Adjust R7 on the Power
Supply Module for 20. 0 volts dc, 0.5 volts.

d. Remove the vtvin connections and connect the signal
lead of the rms voltmeter to pin 8 of the Power
Supply Module connector and the ground lead to pin
7. The ripple indicated on the rms voltmeter should
be less than 0. 01 volts rms.

e. Remove all test equipment connections.

PARTS LIST

The following illustrated parts list contains all the elec~
trical components that are a part of the Power Supply
Module. Further information on column entries and
ordering replaceable parts can be found on the first

page of the Appendix section.

REF STOCK MFR TOT | REC | USE
DESCRIPTION
DESIG S NO MFR PART NO QTY | QTY |CODE
POWER SUPPLY MODULE - Figure 2 1702-212720| 19429 | 1702-212720 REF
(203-16-408

Cl1 Cap, elect, 160 uf +50/-10%, 64v 1502-170274| 73445 | C43TARH160 1

C2 Cap, cer, 0.05 uf +20%, 100v 1501-149161) 56289 | 55C23A7 1

C3 Cap, mylar, 2 uf +20%, 100v 1507-106963| 84411 | Type X663FR 1

C4 Cap, elect, 100 uf +75/-10%, 25v 1502-106518| 56289 | 30D107G025DH4 1

C5, Cap, cer, 0.68 uf +80/-20%, 25v 1501-179077f 56289 | 5C023684D8250 2

C6 B3

CR1

thru Diode, Motorola Type MR1032B 4802-187716| 04713 | MR1032B 4

CR4

CRb5 Diode, zener, 6.8v, Type IN754 4803-166199| 07910 | IN754 1

Pl Connector, male, 10 contact 2107-149369] 95354 | 61-6010-5700- 1

00

Ql

thru Transistor, C.D. Type CDQ10656 4805-203489| 07910 | CDQ10656 3

Q3

R1 Res, comp, 33Q +5%, 1/4w 4704-175034| 01121 | CB3305 1

R2 Res, comp, 6809 +5%, 1/4w 4704-148007| 01121 | CB6815 1

R3 Res, comp, 3.3k 5%, 1/4w 4704-148056| 01121 | CB3325 2

R4 Res, ww, 0,279 5%, 5w 4706-183137) 75042 | AS-5 1

R5 Res, comp, 1.5k +5%, 1/4w 4704-148031| 01121 | CB1525 2

R6 Res, comp, 3.3k +5%, 1/4w 4704-148056| 01121 | CB3325 REF

R7 Res, var, ww, 1k 5%, 1w 4702-149278( 75042 | Type 100-1 1
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REF STOCK MFR TOT | REC | USE
DESIG DESCRIPTION NO MER PART NO QTY | QTY [CODE
R8 Res, comp, 1.5k +5%, 1/4w 4704-148031| 01121 | CB1525 REF
RO Res, comp, 1.10Q 5%, 1/2w 4704-163717| 01121 | EB11G5 1
R10 Res, comp, 4.7k +5%, 1/4w 4704-148072| 01121 | CB4725 1
Transipad for Transistor TO-5 3155-152207| 17069 | 88000 3
(not illustrated)

C4 C3 R7 R6 R5 RIO Cl R3 R2 CR3

C5  Cé CR5 R8 R Q2 Q} R4 P1 R1 CR2

Figure 2. POWER SUPPLY MODULE
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Revision
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THEORY OF OPERATION

The 100 kHz Preamplifier schematic is illustrated in
Figure 1. The preamplifier is of the push-pull type,
operated in the class B mode. As can be seen from the
schematic, the circuit consists primarily of an input
transformer, two transistors and an output transformer.

The input transformer, T1, accepts a 100 kHz sinewave
signal. This signal is phase-split with respect to circuit
common, by the center-tapped secondary of T1. Thus,

THE 100 KHz PREAMPLIFIER SCHEMATIC

the signal is applied to the bases of Q1 and Q2 out of
phase. An out-of-phase signal at the bases of Q1 and
Q2 causes each transistor to alternately conduct. Con-
sequently, each transistor amplifies one-half of each
cycle of the input signal. The two amplified halves are
then added in the center-tapped secondary of T2 to pro-
duce the complete waveform. If Ql and Q2 are approxi-
mately matched transistors, even harmonics of the input
signal are appreciably reduced in the output. Resistor
R4 and diode CRI1 provide a slight forward bias to the
push-pull transistors to minimize crossover distortion.
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ALIGNMENT PROCEDURE

The alignment of the 100 kHz Preamplifier requires
the distribution amplifier of which this module is a part,
an rf voltmeter and the accessory kit riser card, card
pullers and adjustment tools.
meter model is listed in Section III.

a. Set the power switch on the front panel of the dis-
tribution amplifier to off.

b. Remove the 100 kHz Preamplifier Module from its
chassis connector, install on the riser card, then
install the riser card into the 100 kHz Preamplifier
chassis connector,

CAUTION!

The module can only be installed on the
riser card one way. However, the riser
card can be installed on the chassis con-
nector either way. When installing the riser
card in the chassis connector be sure that
the module on the riser card is facing in the
same direction as it was when mounted with-
out the riser card.

c. Connect a 100 kHz input standard to the 100 kHz in-
put connector on the distribution amplifier. Set the
distribution amplifier power switch to ON.

SECTION IV - MODULE MAINTENANCE

The recommended volt-

203-2-401

d. Connect the rf voltmeter to pins 1 and 2 of the
module connector. Adjust either the 100 kHz input
standard level control or the distribution amplifier
100 kHz level control, if provided, for 0.1 volts
rms as indicated on the rf voltmeter.

e. Connect the rf voltmeter to pins 9 and 10 of the
module connector, Adjust T1 and T2 for maximum
deflection of the rf voltmeter. It may be necessary
to adjust each adjustment several times before ar-
riving at the maximum point, With 0.1 volts rms
at pins 1 and 2 of the module connector, the peaked
output at pins 9 and 10 should be greater than 0. 75
volts rms.

f.  Disconnect the 100 kHz input standard from the 100
kHz input connector of the distribution amplifier.
The rf voltmeter reading should decrease to less
than 0. 01 volts rms.

g. Set the distribution amplifier power switch to off.
Remove the voltmeter connections. Reinstall the
100 kHz Preamplifier Module on its chassis con-
nector.

PARTS LIST

The following illustrated parts list contains all the elec-
trical components that are a part of the 100 kHz Pre-
amplifier Module. Further information on column en-
tries and ordering replaceable parts can be found on the
first page of the Appendix section.

.1 MC PRE AMP
203-2-40

—Jm-w

b ulw

‘!

-

R2
C3
RS

T2

Pl

Figure 2,

THE 100 KHz PREAMPLIFIER MODULE
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REF STOCK MFR TOT | REC | USE
DESCRIPTION F
DESIG S NO MEFR PART NO QTY | QTY |[CODE
100 KHz PREAMPLIFIER MODULE 1702-181578 | 19429| 1702-181578 REF
Figure 2
C1,C2 Cap, plstc, 0.037 uf £2%, 100v 1507-179101 | 84171| 1PC373G 2
C3 Cap, cer, 0.68 uf +80/-20%, 25v 1501-179077 | 56289| 5C023684D-
8250B3 1
CR1 Diode, Type 1N483B 4802-154799 | 84411| IN483B 1
P1 Connector, male, 10 contact 2107-149369 | 95354| 61-6010-
5700-00 1
Q1,Q2 Transistor, Type 2N2218 4805-179374 | 04713 | 2N2218 2
R1 Res, comp, 33Q 5%, 1/4w 4704-175034 | 01121| CB3305 1
R2, R3 Res, comp, 159 +5%, 1/4w 4704-147876 | 01121 | CB1505 2
R4 Res, comp, 15k +5%, 1/4w 4704-148114 | 01121 | CB1535 1
R5 Res, comp, 10Q +5%, 1/4w 4704-147868 | 01121| CB1005 1
R6 Res, comp, 2.2k +5%, 1/2w 4704-108506 | 01121 | EB2225 1
T1,T2 Transformer, var, 69.3 uh nominal 1800-181156 | 19429| 1800-181156 2
Transipad for Transistor T0-5 3155-152207 | 17069 | 88000 2

(not illustrated)
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THEORY OF OPERATION

THE 100 KHz AMPLIFIER SCHEMATIC

two transistors, a transistor collector load transformer
and an output transformer.

The 100 kHz Amplifier schematic is illustrated in Figure

1. The amplifier is of the push-pull type, operated in
As can be seen from the schematic
the circuit consists primarily, of an input transformer,

the class B mode.

signal.

The input transformer, T1, accepts a 100 kHz sinewave
This signal is phase-split with respect to cir-
cuit common, by the center-tapped secondary of T1.
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Thus, the signal is applied to the bases of Q1 and Q2 out
of phase. An out-of-phase signal at the bases of Q1 and
Q2 causes each transistor to alternately conduct. Conse-
quently, each transistor amplifies one-half of each cycle
of the input signal. The two amplified halves are then
added in the center-tapped winding of T2. Transformers
T2 and T3 operate together to form a double tuned circuit
with mutual coupling impedance provided by C5. The
double tuned output stage is under crytically coupled and
hence has a single-humped response curve (gain versus
frequency). This characteristic provides a high degree
of selectivity.

When the amplifier output is loaded into 50 ochms, most
of the power is delivered to the load with very little loss
in the tuned circuits, When the output is open-circuited,
T3 absorbs most of the ac signal power from the col-
lector circuit. If the output is shorted, T2 absorbs
most of the ac signal power. Consequently, the dc
power input to the stage remains essentially constant
regardless of load.

If Q1 and Q2 are approximately matched transistors,
even harmonics of the input signal are appreciably re-
duced in the output. Resistors, R5 and R7 provide a
slight forward bias to the push-pull transistors, to
minimize crossover distortion.

ALIGNMENT PROCEDURE

The alignment of 100 kHz Amplifier Module requires
the distribution amplifier of which it is a part, and rf
voltmeter with probe, the accessory kit riser card,
card pullers, shorting connector and adjustment tools,
a 50-ohm coaxial load, a BNC coaxial tee and a female
BNC-to-test-clips adaptor. The recommended rf volt-
meter and probe models are listed in Section III.

a. Set the power switch of the distribution amplifier
to off.

b. Remove the 100 kHz Amplifier Module from its
chassis connector, install on the riser card, then
install the riser card into the 100 kHz Amplifier
Module chassis connector.

CAUTION!

The module can only be installed on the
riser card one way. However, the riser
card can be installed on the chassis con-
nector either way. When installing the
riser card in the chassis connector be sure
that the module on the riser card is facing
in the same direction as it was when mounted
without the riser card.

¢. Connect a 100 kHz input standard to the 100 kHz in-
put connector on the distribution amplifier. Using
a coaxial tee, connect a 50-ohm load to the channel
output connector on the distribution amplifier as-
sociated with the 100 kHz Amplifier Module under
test. Leave the open end of the coaxial tee unter-

minated.

d. Connect the signal lead of the rf voltmeter probe
to pin 5 and the ground lead to pin 6 of the module

SECTION IV - MODULE MAINTENANCE

203-16-403

connector, Set the level potentiometer (R1) on the
100 kHz Amplifier Module, to maximum clockwise.
Adjust either the 100 kHz input standard level con-
trol or the distribution amplifier 100 kHz level con-
trol, which ever is provided, for 0.1 volts rms, as
indicated on the rf voltmeter,

e. Connect the signal lead of the rf voltmeter probe
to TP1 and the ground lead to TP2. Connect the
shorting connector to the open end of the coaxial
tee that is connected to the channel output connector.
Adjust T1 and T2 for maximum deflection on the rf
voltmeter. It may be necessary to adjust T1 and T2
several times, before arriving at the maximum
level.

f. Remove the shorting connector from the coaxial
tee. Adjust T3 for minimum deflection on the rf
voltmeter.

g. Connect the rf voltmeter to the open end of the co-
axial tee. Adjust T1 for maximum deflection of
the rf voltmeter,

h, Remove the rf voltmeter from the coaxial tee and
once again connect the signal lead of the rf volt-
meter probe to TP1 and the ground lead to TP2,
Terminate the open end of the coaxial tee with the
shorting connector. Adjust T2 for maximum de-
flection of the rf voltmeter.

i. Remove the shorting connector from the coaxial
tee. Adjust T3 for minimum deflection of the volt-
meter,

j. Connect the rf voltmeter to the open end of the co-
axial tee, Remove the 100 kHz input standard from
the 100 kHz input connector on the distribution am-
plifier, The rf voltmeter should indicate less than
0. 01 volts rms,

k. Connect the signal lead of the rf voltmeter probe to
pin 5 and the ground lead to pin 6 of the 100 kHz
Amplifier Module. Reconnect the 100 kHz input
standard to the 100 kHz input connector on the dis-
tribution amplifier. Carefully adjust the input level
to the 100 kHz Amplifier Module for 0.1 volts rms.
Now reconnect the rf voltmeter to the coaxial tee
located on the channel output connector associated
with the module under test. The output level, as
indicated on the rf voltmeter, should be greater
than 0.26 volts rms.

1. Set the distribution amplifier power switch to off.
Remove all input-output and test equipment con-
nections from the module under test and the dis-
tribution amplifier. Replace the 100 kHz Amplifier
Module on its chassis connector.

PARTS LIST

The following illustrated parts list contains all the elec-
trical components that are a part of the 100 kHz Am-
plifier Module, Further information on column entries
and ordering replaceable parts can be found on the first
page of the Appendix section.
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T2 ki
C2
Q2 RS
. Cl
R4 R7
Ré T
C4 Ql
T3 R3
C3 R2
C5 2
P1
Figure 2. THE 100 KHz AMPLIFIER MODULE
REF TOCK MEFR TOT | REC | USE
DESCRIPTION 10 MFR
DESIG NO PART NO QTY | QTY |[CODE
100 KHz AMPLIFIER MODULE -Figure 2 1702-195321 | 19429 | 1702-195321 REF
{203-16-403)
Ci,C2 Cap, plste, 0,037 uf £2%, 100v 1507-179101 | 84171 | 1PC373G 20
C3 Cap, plstc, 0.01 uf £+2%, 100v 1507-168385 | 84171 | PE-103-G 10
C4 Cap, cer, 0,68 uf +80/-20%, 25v 1501-179077 | 56289 | 5C023684D -
[ 8250B3 10
Cc5 | Cap, mica, 3,300 pf +5%, 500v 1504-148320 | 88419 | CD19F332J 10
P1 Connector, male, 10 contact 2107-149369 | 95354 | 61-6010-
5700-00 1
Q1,Q2 Transistor, Type 2N2218 4805-179374 | 04713 | 2N2218 20
R1 Res, var, 250Q £20%, 1/8w 4701-194977 | 71450 | 2202251B 10
n2 Res, comp, 220Q +5%, 1/4w 4704-147959 | 01121 | CB2215 10
R3, R4 Res, comp, 150 +5%, 1/4w 4704-147876 | 01121 | CB1505 20
R6 Res, comp, 109 +57, 1/4w 4704-147868 | 01121 | CB1005 10
R7 Res, comp, 680Q +5%, 1/4w 4704-148007 | 01121 | CB6815 10
T1 Transformer, var 69,3 uh nominal 1800-181156 | 19429 | 1800-181156 10
T2 Transformer, var 65 uh nominal 1800-181172 | 19429 | 1800-181172 10
T3 Transformer, var 180 uh nominal 1800-181164 | 19420 | 1800-181164 10
1.2 Heat sink 4806-104646 | 05820 | NF207 2
Transipad for Transistor T0-5 3155-152207 | 17069 | 88000 2
(not illustrated)
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Figure 1. THE 1 MHz PREAMPLIFIER SCHEMATIC

THEORY OF OPERATION Thus, the signal is applied to the bases of Q1 and Q2

out of phase, An out-of-phase signal at the bases of
The 1 MHz Preamplifier schematic is illustrated in Q1 and Q2 causes each transistor to alternately conduct.
Figure 1. The preamplifier is of the push-pull type, Consequently, each transistor amplifies one-half of each
operated in the class B mode. As can be seen from the cycle of the input signal, The two amplified halves are
schematic, the circuit consists primarily, of an input then added in the center-tapped secondary of T2 to pro-
transformer, two transistors and an output transformer. duce the complete waveform. If Q1 and Q2 are approxi-

mately matched transistors, even harmonics of the input
The input transformer, T1, accepts a 1 MHz sinewave signal are appreciably reduced in the output. Resistor
signal. This signal is phase-split with respect to cir- R4 and diode CR1 provide a slight forward bias to the

cuit common, by the center-tapped secondary of T1. push-pull transistors to minimize crossover distortion,
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ALIGNMENT PROCEDURE

The alignment of the 1 MHz Preamplifier Module re-
quires the distribution amplifier of which it is a part,
an rf voltmeter and the accessory kit riser card, card
pullers and adjustment tools. The recommended volt-
meter is listed in Section II.

a. Set the power switch on the front panel of the dis-
tribution amplifier to off.

b. Remove the 1 MHz Preamplifier Module from its
chassis connector, install on the riser card, then
install the riser card into the 1 MHz Preamplifier
chassis connector.

CAUTION!

The module can only be installed on the
riser card one way. However, the riser
card can be installed on the chassis con-
nector either way. When installing the riser
card in the chassis connector be sure that
the module on the riser card is facing in the
same direction as it was when mounted with-
out the riser card.

c. Connect a 1 MHz input standard to the 1 MHz input
connector on the distribution amplifier. Set the
distribution amplifier power switch to ON,

SECTION IV - MODULE MAINTENANCE

203-2-402

d. Connect the rf voltmeter to pins 1 and 2 of the
module connector. Adjust either the 1 MHz input
standard level control or the distribution amplifier
1 MHz level control, if provided, for 0.1 volts rms
as read on the rf voltmeter.

e. Connect the rf voltmeter to pins 9 and 10 of the
module connector. Adjust T1 and T2 for maximum
deflection of the rf voltmeter. It may be necessary
to adjust each adjustment several times before ar-
riving at the maximum point. With 0.1 volts rms
at pins 1 and 2 of the module connector, the peaked
output at pins 9 and 10 should be greater than 0. 52
volts rms.

f. Disconnect the 1 MHz input standard from the 1 MHz
input connector of the distribution amplifier. The
rf voltmeter reading should decrease to less than
0. 01 volts rms.

g. Set the distribution amplifier power switch to off.
Remove the voltmeter connections., Reinstall the 1
MHz Preamplifier Module on its chassis connector.

PARTS LIST

The following illustrated parts list contains all the elec-
trical components that are a part of the 1 MHz Pream-
plifier Module. Further information on column entries
and ordering replaceable parts can be found on the first
page of the Appendix section.

Figure 2. THE 1 MHz PREAMPLIFIER MODULE
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REF STOCK MFR TOT | REC | USE
DESCRIPTION MFR

DESIG NO PART NO QTY | QTY |CODE

1MHz PREAMPLIFIER MODULE 1702-181586 | 19429| 1702-181586 REF
Figure 2 (203-2-402)

C1 Cap, mica, 3,900 pf +5%, 500v 1504-160325 | 88419 CD19F392J 1
Cc2 Cap, mica, 5,000 pf +5%, 500v 1504-181065 | 88419| CD10F502J 1
C3, C4 Cap, mica, 5 pf £+10%, 500v 1504-148577 | 88419 | CD15C050K 2
Cb Cap, cer, 0.05 uf +20%, 100v 1501-149161 | 56289 | 55C23AT 1
CR1 Diode, Type 1N483B 4802-154799 | 84411 | IN483B 1
P1 Connector, male, 10 contact 2107-149369 | 95354| 616010570000 1
Q1, Q2 Transistor, Type 2N2218 4805-179374 | 04713 | 2N2218 2
Rl Res, comp, 33Q 5%, 1/4w 4704-175034 | 01121| CB3305 1
R2, R3 Res, comp, 15Q +5%, 1/4w 4704-147876 | 01121 CB1505 2
R4 Res, comp, 15k +5%, 1/4w 4704-148114 | 01121| CB1535 1
R5 Res, comp, 109 +5%, 1/4w 4704-147868 | 01121| CB1005 1
R6 Res, comp, 2.2k +5%, 1/2w 4704-108506 | 01121| EB2225 1
T1, T2 Transformer, var, 7.5 uh nominal 1800-181115 | 19429| 1800-181115 2
Transipad for Transistor TO-5 3155-152207 | 17069 | 88000 2

(not illustrated)
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Figure 1. THE 1 MHz AMPLIFIER SCHEMATIC

THEORY OF OPERATION

The 1 MHz Amplifier schematic is illustrated in Figure
1. The amplifier is of the push-pull type, operated in
the class B mode. As can be seen from the schematic
the circuit consists primarily, of an input transformer,

two transistors, a transistor collector load transformer
and an output transformer.

The input transformer, T1, accepts a 1 MHz sinewave
signal. This signal is phase-split with respect to cir-
cuit common, by the center-tapped secondary of T1.
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Thus, the signal is applied to the bases of Q1 and Q2
out of phase. An out-of-phase signal at the bases of Q1
and Q2 causes each transistor to alternately conduct.
Consequently, each transistor amplifies one-half of
each cycle of the input signal. The two amplified halves
are than added in the center-tapped winding of T2.
Transformers T2 and T3 operate together to form a
double-tuned circuit with mutual coupling impedance
provided by C5, The double-tuned output stage is under
crytically coupled and hence has a single-humped re-
sponse curve (gain versus frequency). This charac-
teristic provides a high degree of selectivity.

When the amplifier output is loaded into 50 ohms, most
of the power is delivered to the load with very little loss
in the tuned circuits, When the output is open-circuited,
T3 absorbs most of the ac signal power from the col-
lector circuit, If the output is shorted, T2 absorbs
most of the ac signal power. Consequently, the dc
power input to the stage remains essentially constant
regardless of load.

If Q1 and Q2 are approximately matched transistors,
even harmonics of the input signal are appreciably re-
duced in the output. Resistors, R5 and R7 provide a
slight forward bias to the push-pull transistors, to
minimize crossover distortion.

ALIGNMENT PROCEDURE

The alignment of the 1 MHz Amplifier Module requires
the distribution amplifier of which it is a part, an rf
voltmeter with probe, the accessory kit the riser card,
card pullers, shorting connector and adjustment tools,
a 50-ohm coaxial load, a BNC coaxial tee and a female
BNC to test clips. The recommended rf voltmeter and
probe models are listed in Section III,

a. Set the power switch of the distribution amplifier
to off.

b. Remove the 1 MHz Amplifier Module from its chas-
sis connector, install on the riser card, then install
the riser card into the 1 MHz Amplifier Module
chassis connector.

CAUTION!

The module can only be installed on the
riser card one way. However, the riser
card can be installed on the chassis con-
nector either way. When installing the riser
card in the chassis connector be sure that
the module on the riser card is facing in
the same direction as it was when mounted
without riser card.

c. Connect a 1 MHz input standard to the 1 MHz input
connector on the distribution amplifier. Using a
coaxial tee, connect a 50-ohm load to the channel
output connector on the distribution amplifier as-
sociated with the 1 MHz Amplifier Module under
test. Leave the open end of the coaxial tee unter-
minated.

d. Connect the signal lead of the rf voltmeter probe to
pin 3 and the ground lead to pin 4 of the module con-

SECTION IV - MODULE MAINTENANCE

203-16-404

nector. Set the level potentiometer (R1) on the 1
MHz Amplifier Module, to maximum clockwise.
Adjust either the 1 MHz input standard level control
or the distribution amplifier 1 MHz level control,
which ever is provided, for 0.1 volts rms, as indi-
cated on the rf voltmeter.

e. Connect the signal lead of the rf voltmeter probe
to TP1 and the ground lead to TP2. Connect the
shorting connector to the open end of the coaxial tee
that is connected to the channel output connector.
Adjust T1 and T2 for maximum deflection on the rf
voltmeter. It may be necessary to adjust T1 and T2
several times, before arriving at the maximum
level.

f.  Remove the shorting connector from the coaxial
tee, Adjust T3 for minimum deflection on the rf
voltmeter,

Connect the rf voltmeter to the open end of the co-
axial tee. Adjust T1 for maximum deflection of the
rf voltmeter.

aQ

h. Remove the rf voltmeter from the coaxial tee and
once again connect the signal lead of the rf volt-
meter probe to TP1 and the ground lead to TP2.
Terminate the open end of the coaxial tee with the
shorting connector. Adjust T2 for maximum de-
flection of the rf voltmeter,

i. Remove the shorting connector from the coaxial
tee. Adjust T3 for minimum deflection of the r{
voltmeter,

j.  Connect the rf voltmeter to the open end of the co-
axial tee. Remove the 1 MHz input standard from
the 1 MHz input connector on the distribution am-
plifier. The rf voltmeter should indicate less than
0.01 volts rms.

k. Coanect the signal lead of the rf voltmeter probe
to pin 3 and the ground lead to pin 4 of the 1 MHz
Amplifier Module. Reconnect the 1 MHz input
standard to the 1 MHz input connector on the dis-
tribution amplifier, Carefully adjust the input level
to the 1 MHz Amplifier Module for 0.1 volts rms.
Now reconnect the rf voltmeter to the coaxial tee
located on the channel output connector assoclated
with the module under test. The output level, as
indicated on the rf voltmeter, should be greater
than 0. 26 volts rms,

1. Set the distribution amplifier power switch to off,
Remove all input-output and test equipment con-
nections from the module under test and the dis-
tribution amplifier, Replace the 1 MHz Amplifier
Module on its chassis connector.

PARTS LIST

The following illustrated parts list contains all the elec-
trical components that are a part of the 1 MHz Amplifier
Module, Further information on column entries and
ordering replaceable parts can be found on the first
page of the Appendix section.
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Figure 2. THE 5 MHz AMPLIFIER MODULE
REF STOCK MFR TOT | REC | USE
DESCRIPTION MEF
DESIG NO R PART NO QTY | QTY |[CODE
5 MHz AMPLIFIER MODULE - Figure 2 |1702-195347 | 19429 1702-195347 REF
(203-16-406)

C1, c2| Cap, mica, 1,000 pf +5%, 500v 1504-147387 | 88419 CD19F102J 20
Cc3 Cap, mica, 270 pf +5%, 500v 1504-148452 | 88419 CDI5F271J 10
C4 Cap, cer, 0.05 uf +209, 100v 1501-149161 | 56289 | 55C23A7 20
cs Cap, mica, 82 pf +57%, 500v 1504-148502 | 88419} CD15F820J 20

C6, CT Cap, mica, 5 pf +10%, 500v 1504-148577 | 88419| CD15C050K 20
Cs8 Cap, mica, 82 pf +5%, 500v 1504-148502 | 88419 | CD15F820J REF
c9 Cap, cer, 0.05 uf +20%, 100v 1501-149161 | 56289 | 55C23A7 REF
Pl Connector, male, 10 contact 2107-149369 | 95354 | 616010570000 10

Q1, Q2 Transistor, Type 2N2218 4805-179374 | 95303 | 2N2218 20
R1 Res, var, 250Q +20%, 1/8w 4701-194977 | 71450 | 2202251B 10
R2 Res, comp, 82 +5%, 1/4w 4704-149484 | 01121 | CB8205 10

R3, R4 Res, comp, 15Q +5%, 1/4w 4704-147876 | 01121 | CB1505 20
R5 Res, comp, 15k £5%, 1/4w 4704-148114 | 01121| CB1535 10
R6 Res, comp, 10Q +5%, 1/4w 4704-147868 | 01121 CB1005 10
R7 Res, comp, 6809 +5%, 1/4w 4704-148007 | 01121 | CB6815 10

Tl T2 Transformer, var, 1.2 uh nominal 1800-181131 | 19429| 1800-181131 20
T3 Transformer, var, 3.7 uh nominal 1800-181149 | 19429 | 1800-181149 10
1,2 Heat sink 4806-104646 | 05820| NF207 20

Transipad for Transistor T0-5 3155-152207 | 17069| 88000 20
(not illustrated)
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Figure 1, THE 5 MHz PREAMPLIFIER SCHEMATIC

THEORY OF OPERATION

The 5 MHz Preamplifier schematic is illustrated in
Figure 1. The preamplifier is of the push-pull type,
operated in the class B mode. As can be seen from the
schematic, the circuit consists primarily, of an input
transformer, two transistors and an output transformer.

The input transformer, T1, accepts a 5 MHz sinewave
signal. This signal is phase-split with respect to cir-
cuit common, by the center-tapped secondary of T1.

Thus, the signal is applied to the bases of Q1 and Q2
out of phase. An out-of-phase signal at the bases of
Q1 and Q2 causes each transistor to alternately conduct.
Consequently, each transistor amplifies one-half of
each cycle of the input signal. The two amplified halves
are than added in the center-tapped secondary of T2 to
produce the complete waveform. If QI and Q2 are ap-
proximately matched transistors, even harmonics of
the input signal are appreciably reduced in the output.
Resistor R4 and diode CRI1 provide a slight forward
bias to the push-pull transistors to minimize cross-
over distortion.
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ALIGNMENT PROCEDURE

The alignment of the 5 MHz Preamplifier Module re-
quires the distribution amplifier of which it is a part,
an rf voltmeter and the accessory kit riser card, card
pullers and adjustment tools. The recommended volt-
meter model is listed in Section III,

a. Set the power switch on the front panel of the dis-
tribution amplifier to off.

b. Remove the 5 MHz Preamplifier Module from its
chassis connector, install on the riser card, then
install the riser card into the 5 MHz Preamplifier
chassis connector,

CAUTION!

The module can only be installed on the
riser card one way. However, the riser
card can be installed on the chassis con-
nector either way. When installing the riser
card in the chassis connector be sure that
the module on the riser card is facing in the
same direction as it was when mounted with-
out the riser card.

c. Connect a 5 MHz input standard to the 5 MHz input
connector on the distribution amplifier. Set the
distribution amplifier power switch to ON.

SECTION IV - MODULE MAINTENANCE
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d. Connect the rf voltmeter to pins 1 and 2 of the
module connector. Adjust either the 5 MHz input
standard level control or the distribution amplifier
5 MHz level control, if provided, for 0.1 volts rms
as read on the rf voltmeter.

e. Connect the rf voltmeter to pins 9 and 10 of the
module connector. Adjust T1 and T2 for maximum
deflection of the rf voltmeter. It may be necessary
to adjust each adjustment several times before ar-
riving at the maximum point. With 0.1 volts rms
at pins 1 and 2 of the module connector, the peaked
output at pins 9 and 10 should be greater than 0, 60
volts rms.

f. Disconnect the 5 MHz input standard from the 5
MHz input standard from the 5 MHz input connector
of the distribution amplifier. The rf voltmeter
reading should decrease to less than 0. 01 volts
rms.

g. Set the distribution amplifier power switch to off.
Remove the voltmeter connections. Reinstall the 5
MHz Preamplifier Module on its chassis connector,

PARTS LIST

The following illustrated parts list contains all the elec-
trical components that are a part of the 5 MHz Pream-
plifier Module, Further information on column entries
and ordering replaceable parts can be found on the first
page of the Appendix section.

Ql

C5

Ré
C2
Q2

R3
RS

T2

C3

R4
Cl
CRI

C4

T1

R1

P1

Figure 2, THE 5 MHz PREAMPLIFIER MODULE
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REF STOCK MFR TOT | REC | USE
DESCRIPTION MFR
DESIG NO PART NO QTY | QTY |[CODE
5 MHz PREAMPLIFIER MODULE 1702-181610|19429 | 1702-181610 REF
Figure 2 (203-2-405)
Cc1, C2 Cap, mica, 1,000 pf +5%, 500v 1504-148387 88419 | CD19F102J 2
C3, C4 Cap, mica, 5 pf +10%, 500v 1504-148577 (884193 | CD15C050K 2
C5 Cap, cer, 0.05 uf +20%, 100v 1504-149161 56289 55C23AT 1
CRI1 Diode, Type 1N483B 4802-154799|84411 | IN483B 1
P1 Connector, male, 10 contact 2107-149369 95354 | 616010570000 1
Ql, Q2 Transistor, Type 2N2218 4805-179374( 04713 | 2N2218 2
R1 Res, comp, 279 +5%, 1/4w 4704-160812|01121 | CB2705 1
R2, R3 Res, comp, 15Q +5%, 1/4w 4'704-147876|01121 | CB1505 2
R4 Res, comp, 15k +5%, 1/4w 4704-148114|01121 | CB1535 1
R5 Res, comp, 10Q +5%, 1/4w 4704~147868 01121 | CB1005 1
R6 Res, comp, 2.2k +5%, 1/2w 4704-108506 01121 | EB2225 1
T1, T2 Transformer, var, 1.2 uh nominal 1800-181131|19429 1800-181131 2
Transipad for Transistor TO-5 3155-152207 17069 88000 2

(not illustrated)
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Figure 1. THE 5 MHz AMPLIFIER SCHEMATIC

THEORY OF OPERATION two transistors, a transistor collector load transformer
and an output transformer,

The 5 MHz Amplifier schematic is illustrated in Figure

1. The amplifier is of the push-pull type, operated in The input transformer, T1, accepts a 5 MHz sinewave

the class B mode. As can be seen from the schematic signal. This signal is phase-split with respect to cir-

the circuit consists primarily, of an input transformer, cuit common, by the center-tapped secondary of T1.
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Thus, the signal is applied to the bases of Q1 and Q2
out of phase. An out-of-phase signal at the bases of Q1
and Q2 causes each transistor to alternately conduct.
Consequently, each transistor amplifies one-half of each
cycle of the input signal. The two amplified halves are
then added in the center-tapped winding of T2. Trans-
formers T2 and T3 operate together to form a double-
tuned circuit with mutual coupling impedance provided
by C5 and C8. The double-tuned output stage is under
crytically coupled and hence has a single-humped re-
sponse curve (gain versus frequency), This charac-
teristic provides a high degree of selectivity.

When the amplifier output is loaded into 50 ohms, most
of the power is delivered to the load with very little loss
in the tuned circuits. When the oufput is open-circuited,
T3 absorbs most of the ac signal power from the col-
lector circuit. If the output is shorted, T2 absorbs
most of the ac signal power. Consequently, the dc
power input to the stage remains essentially constant
regardless of load.

If Q1 and Q2 are approximately matched transistors,
even harmonics of the input signal are appreciably re-
duced in the output. Resistors, R5 and R7 provide a
slight forward bias to the push-pull transistor, to mini-
mize crossover distortion.

ALIGNMENT PROCEDURE

The alignment of the 5 MHz Amplifier Module requires
the distribution amplifier of which it is a part, an rf
voltmeter with probe, the accessory kit riser card,
card pullers, shorting connector and adjustment tools,
a 50-ohm coaxial load, a BNC coaxial tee and a female
BNC-to-test-clips adaptor. The recommended rf volt-
meter and probe models are listed in Section II.

a. Set the power switch of the distribution amplifier
to off,

b. Remove the 5 MHz Amplifier Module from its chas-
sis connector, install on the riser card, then install
the riser card into the 5 MHz Amplifier Module
chassis connector.

CAUTION!

The module can only be installed on the
riser card one way. However, the riser
card can be installed on the chassis con-
nector either way. When installing the riser
card in the chassis connector be sure that
the module on the riser card is facing in the
same direction as it was when mounted with-
out the riser card.

c. Connect a 5 MHz input standard to the 5 MHz input
connector on the distribution amplifier. Using a
coaxial tee, connect a 50-ohm load to the channel
output connector on the distribution amplifier as-
sociated with the 5 MHz Amplifier Module under
test. Leave the open end of the coaxial tee unter-
minated.

SECTION IV - MODULE MAINTENANCE
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d. Connect the signal lead of the rf voltmeter probe to
pin 1 and the ground lead to pin 2 of the module con-
nector. Set the level potentiometer (R1) on the 5
MHz Amplifier Module, to maximum clockwise.
Adjust either the 5 MHz input standard level control
or the distribution amplifier 5 MHz level control,
which ever is provided, for 0.1 volts rms, as indi-
cated on the rf voltmeter.

e. Connect the signal lead of the rf voltmeter probe
to TP1 and the ground lead to TP2. Connect the
shorting connector to the open end of the coaxial tee
that is connected to the channel output connector.
Adjust T1 and T2 for maximum deflection on the ri
voltmeter. It may be necessary to adjust T1 and T2
several times, before arriving at the maximum
level.

f. Remove the shorting connector from the coaxial tee.
Adjust T3 for minimum deflection on the rf volt-
meter,

g. Connect the rf voltmeter to the open end of the co-
axial tee. Adjust T1 for maximum deflection of the
rf voltmeter.

h. Remove the rf voltmeter from the coaxial tee and
once again connect the signal lead of the rf volt-
meter probe to TP1 and the ground lead to TP2.
Terminate the open end of the coaxial tee with the
shorting connector. Adjust T2 for maximum de-
flection of the rf voltmeter.

i. Remove the shorting connector from the coaxial tee.
Adjust T3 for minimum deflection of the r{ volt-
meter,

j.  Connect the rf voltmeter to the open end of the co-
axial tee. Remove the 5 MHz input standard from
the 5 MHz input connector on the distribution am-
plifier. The rf voltmeter should indicate less than
0. 01 volts rms.

k. Connect the signal lead of the rf voltmeter probe
to pin 1 and the ground lead to pin 2 of the 5 MHz
Amplifier Module. Reconnect the 5 MHz input
standard to the 5 MHz input connector on the dis-
tribution amplifier. Carefully adjust the input level
to the 5 MHz Amplifier Module for 0.1 volts rms.
Now reconnect the rf voltmeter to the coaxial tee
located on the channel output connector associated
with the module under test. The output level, as
indicated on the rf voltmeter, should be greater
than 0.36 volts rms.

I.  Set the distribution amplifier power switch to off.
Remove all input-output and test equipment con-
nections from the module under test and the dis-
tribution amplifier. Replace the 5 MHz Amplifier
Module on its chassis connector.

PARTS LIST

The following illustrated parts list contains all the elec-
trical components that are a part of the 5 MHz Amplifier
Module. Further information on column entries and
ordering replaceable parts can be found on the first page
of the Appendix section,
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Figure 2. THE 1 MHz AMPLIFIER MODULE
-
REF STOCK - MFR TOT | REC | USE
DESCRIPTION F
DESIG | NO MFR PART NO QTY | QTY |CODE
1 MHz AMPLIFIER MODULE - Figure 2 [1702-195339 | 19429| 1702-195339 REF
(203-16-404)
Cl i Cap, mica, 3,900 pf +5%, 500v 1504-160325 | 88419| CD19F392J 10
cz | Cap, mica, 5,000 pf +5%, 500v 1504-181065 | 88419 | CD10F502J 10
C3 Cap, mica, 1,200 pf +5%, 500v 1504-148379 | 88419| CD19F122J 10
C4 Cap, cer, 0.05 ul +20%, 100v 1501-149161 | 56289| 55C23A7 10
C5H Cap, mica, 330 pf +5%, 500v 1504-148445 | 88419 CD15F331J 10
ct, C1 Cap, mica, 5 pf +10%, 500v 1504-148577 | 88419 | CD15CO050K 20
Pl Connector, male, 10 contact 2107-149369 | 95354 | 61-6010-5700-00| 10
Ql, Q2 Transistor Type 2N2218 4805-179374 | 04713| 2N2218 20
1 Res, var, 250Q +20%, 1/8w 4701-194977 | 71450 22022518 10
R2 Res, comp, 820 +57, 1/4w 4704-149484 | 01121| CB8205 10
R3, R4 Res, comp, 159 +5%, 1/4w 4704-147876 | 01121 | CB1505 20
5 Res, comp, 15k +5%, 1/4w 4704-148114 | 01121| CB1535 10
16 Res, comp, 109 +57, 1/4w 4704-147868 | 01121| CB1005 10
R Res, comp, 680Q +57, 1/4w 4704-148007 | 01121 | CB6815 10
T1, T2 Transformer, var, 7.5 uh nominal 1800-181115 | 19429 1800-181115 20
T3 Transformer, var, 21 uh nominal 1800-181123 | 19429| 1800-181123 10
1,2 Heat sink 4806-104646 | 05820 | NF207 20
Transipad for Transistor TO-5 48056-152207 | 17069 | 88000 20
(not illustrated)




ILLUSTRATED PARTS LIST INFORMATION

INTRODUCTION

This page contains introductory information pertaining
to the illustrated parts list. Final assembly components
are listed in Section II, Module components are listed
in Section IV. [Each list has a corresponding illustration
on which the items of that list are identified. Parts are
identified in the parts list by reference designation and
are indexed to the illustration either by arrow call-outs
or by a location code referenced to a grid overlay. Each
list includes the following information for each part:

a. The REF DESIG column indicates the reference
designation used on the schematic diagram.

b. The INDEX NO column lists coordinates which locate
the designated part on the associated illusiraiion.
This column is only used when the grid overlay sys-
tem is used for locating components.

c. The DESCRIPTION column describes the part in
words, along with any applicable values, tolerances,
etc. Indentation is used to show assembly, subas-
sembly, and parts relationship. Abbreviations are
explained in Appendix 50022.

d. The STOCK NO column indicates the number by
which we stock the part, This number should be
used when ordering parts from our factory or from
our authorized representative.

e. Entries in the MFR column indicate a typical manu-
facturer of the part by the Federal Manufacturers
Code. A list of manufacturers codes is contained
in Appendix 50043.

f. The MFR PART NO column indicates the part num-
ber assigned by the manufacturer indicated in the
MFR column,

g. Entries inthe TOT QTY column indicate the total
quantity of parts used. The totals given in parts
lists for the module are totals for that module: totals
given in the final assembly list are totals for the

—
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final assembly. The total quantity of each part is
listed the first time the part appears. REF indicates
that the total quantity of the part has been listed
previously.

h. There are no entries in the REC QTY column in this
manual. This parts list format is used in another
type of manual where the REC QTY column indicates
the recommended spare parts quantity. The recom-
mended spares quantity for this instrument can be
found on a separate sheet in Section III.

i. The USE CODE column identifies certain parts which
have been added, deleted, or modified during pro-
duction of the instrument. Each part for which a use
code has been assigned may be identified with a
particular instrument serial number by consulting
the Serial Number Effectivity List in Section III.
The serial number listed indicates the instruments
tn which that particular part was used. The symbol
~ is used to indicate an approximate serial number.

HOW TO OBTAIN PARTS

Standard components have been used whenever possible.
Thus, most parts can be obtained locally. However,
parts may be ordered directly from the manufacturer
using the manufacturer's part number, or from JOHN
FLUKE or MONTRONICS using our stock number. In
addition, the most commonly replaced parts that can-
not be obtained locally may be obtained from our au-
thorized representative in your area. If a part you have
ordered has been replaced by a new or improved part,
you will normally receive the new part along with an
explanation. When ordering parts, always include the
following:

a. Reference designation, description, and stock num-
ber.

b. Instrument model and serial number.

c. Description, function, and location for all structural
or mechanical parts.
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TABLE OF ABBREVIATIONS :

ac alternating current mw milliwatt

Al Aluminum na nanoampere

amp ampere nsec nanosecond

assy assembly nv nanovolt

cap capacitor Q ohm

car flm  carbon film ppm parts per million

C centigrade piv peak inverse voltage

cer ceramic p-p peak to peak

comp composition pf picofarad

conn connector plstc plastic

db decibel p pole

dc direct current pos position

dpdt double-pole, double-throw P/C printed circuit

dpst double-pole, single-throw rf radio frequency

elect electrolytic rii radio frequency interference

F fahrenheit res resistor

Ge germanium rms root mean square

gmyv guaranteed minimum value rtry rotary

h henry sec second

Hz hertz sect section

hf high frequency S/N serial number

IC integrated circuit Si silicon

if intermediate frequency scr silcon controlled rectifier

k kilohm spdt single-pole, double-throw

kHz kilohertz spst single-pole, single-throw

kv kilovolt sSw switch

1f low frequency Ta tantalum

MHz megahertz tstr transistor

M megohm tvm transistor voltmeter

met flm  metal film uhf ultr high frequency

ua microampere vtvm vacuum tube voltmeter

uf microfarad var variable

uh microhenry vhi very high frequency

usec microsecond vif very low {requency

uv microvolt \4 volt

ma milliampere va voltampere

mh millihenry vac volts, alternating current

m millohms vde volts, direct current

msec millisecond w watt

mv millivolt wwW wire wound
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FEDERAL SUPPLY CODE FOR
MANUFACTURERS - CODE TO NAME

Revision

The following code numbers, listed in numerical se-
quence, indicate the manufacturer’'s name and address
for which the code has been assigned. The following list
has begn extracted from Cataloging Handbook H 4-2,

Federal Supply Code for Manufacturers - Code to Name,
Those suppliers not assigned a Federal Supply Code are
identified by an arbitrary code.

00213 Sage Electronica Corp. 06555 Beede Electrical Inst. Ca. 16083 Clevite Corp, 72259 Nytronics, Inc,
Rochester, New York Penacook, New Rampshire Transistor Divislon Berkley Helights,
Palo Alto, Caldorata New Jersey
00327 Welwyn International, Inc 0&TS1 Nuclear Corporation of
Cleveland, Ohio American, Inc. 16429 Montronics, Inc. 72354 Fast, John E. Company
U. 8, 8emcor Div Beatile, Washington Div. of Victoreen Inatr. Co.
00858 Aesrovax Carp. Phoenix, Arizona Chicago, Olinols
New Bediord, Massachusetts 19701 Electra Mig. Company
08880 Gould National Barteries Inc. [ndependence, Kanaas 72550 Essex Electronics Inc.
01121 Allen-Bradley Company La Puente, Callfornia Berkeley Helghts,
Milwaukee, Wisconaln 246855 General Radio Company New Jersey
07115 Cornlng Gians Works West Concord, Masaschussiis
01281 Pacific Semiconductors Inc. Electronic Components Dept. 72819 Dialight Corp.
Lawndals, Callfornia Bradiord, Pennsylvanla 28520 Heyman Mig, Company . New York
Henilworth, New Jersey
01205 Texas [nstruments, Inc 072683 Falrchild Semiconductor 72833 General Cement Div.
Semiconductor Components Div Div, of Falrehild Camers 33173 Ganeral Electric Co of Titromics Inc.
Houston, Texis and Instrument Corp, Tube Dept. Packard, Ollsots
Mountain View, California Owensboro, Kentucky i
01730 Cirele Mig. Co,, Inc 72685 Mallory Battery Company
Little Falls, New Jersey 07344 Bircher Co,, Ine 37642 P.R. Mallory and Co., Inc Cleveland, Chio
Rocheater, New York Indianapoiis, diany
01884 Dearborn Electronic Labs Ine. 72982 Erle Tech, Producta lec.
Grlando, Florida Lln’rml Engineering Corp. 38315 Honeywell Inc Erle, Pennaylvania
Horthapion, Massachusetiy Precision Meter Division
01883 Ct - Elect: | Products Cory N nl 73138 Beckman Instruments Inc.
166 ﬁ;‘,:rr:\..: l".:r:urlh.—..j;u ucts Corp 07910 Continental Device Corp, Manchester, New Hampshire P D"L.“::‘ il
Hawthorne, Californla 42408 Natlonal Company, Inc. Fullerton, California
02880 Amphenol-Barg Elect. Corp . Malden, Massachusetis
Chicago, flinais 08530 Reliance Mica Corp 73293 Hughes Products Div, of
Brocklyn, New York {4854 Ohmite Mfg. Company Hughes Alrcraft Company
(2606 Feawal Laboratories Inc. e : Skokie, Dilnals Newpart Beach, Callfornia
Chinelt 08883 Nylomatic Corp
Framington, Massachuseris g ] e
Morriaville, Penosylvanta 49871 Radio Corp, of America 7344% Amperex Eloctronte Co
» New ¥ New Yo Div. of North Amerlcan
u‘_ € 0BUEY  Skottie Electronics Inc o Fork, Bew Tork i tiions il
& Al v illips .
Peckville, Pennaylvania 43021 Sangamo Electric Co, Hickaville, New York
Springfield, IMincls
11237 Chicago Telephone of Callf Inc. SpTiagTiig i 13580 Carling Electric lnc
South Pasadena, Californls 5028 Simpson Electric Company Hartlord, Connecticut
0361% Chmite Mig. C 11503 Keystone Mig. Co Chicage, Mline 73386 Circle F Mig. Co
Los Aageles. ™ Warren. Michlgan 56289 Sprague Electric Co Trenton, New Jersey
‘i % o [ O North Adams, Massachusetts -
. . 12040 Nallgnal SBemiconductor. Inc i c 138968 JFD Electronies Corp
03877 Transitroa Electronic Corp Danburry, Connecticut Brookiyn, New York
Waketjield, Massachusetts 56474 Superior Electric Co o
12060 Diodes, Inc Bristol, Connecticut 73046 G 7 Eles e €
03911 Clatrex Corp Chatswort, California %:;"'1"“ ﬁifrf.‘.f.'“ g, Co
New York, New York 60398 Torrington MIg Company
12136 Plnlnrielp.u:a Handle Co, Torrington, Connecticut 74217 Fadlo Switch Carp
03280 Mulrhead Instruments, Inc Camden, New Jeraey Marlboro, New Jersey
Mountatnside, New Jersey 62460 USHCO Mfg Coa.. Iac . Teey
12400 Intermationsl Hesistance Co, Buffale, New York 74278 Slgmallte, Tne
04009 Arrow Hart and Hegemen Control Components Divistoa Nq:'l.l-m' "‘H vy
Electr npany Philadelphla, Pemmsylvania 84834 Wesl Mig. Company i o
nectlout San Francisca, Yornla 74304 520 Cry .
L2617 Hamlin fue, S (‘.";X‘;Is.l‘:’;‘:r‘r";;;
ence Products Company Lake Milis, Wisconsin 65092 Weaton Instruments . s
New York, New York Div. aof Daystrom, Inc 74542 Hovt Elec
12687 Clarcstat Mg, Company Newark, New Jerney i }.,.l'.,“,'ml NE::',';. ,\:nr,'.‘.”,
Electronlea Co Dover, New Hampahire . amprhi
d. Connecticut 66150 Winmlow Tele-Tromics Inc. 74970 on, E i
13606 Sprague Electric Company Asbury Parh, New Jeraay T won. £, ¥, Compasy
5 . 2, Minnesota
Transistor Division
" Coneo How Hamgpe bl 5 F e Comp
;': Th‘:“\ Lule 5 Concord, Now Hampehire 70583 Cf]".rgﬁ..c"f'm}y 75042 lnternational Resiatance Co.
A RHRRT 13812 Dlaleo Electeie Corp LYy HEW-TE iRy Philadelphla, Pennsylvanta
04645 Kurz-Hasch, Inc. Brooklyn, New York 70803 Belden Mfg. Co. 75015 Littelfuse Tne
i, Al 13639 Sulzer Lab, Inc Chicago. Dlinols Dew Plalues. [inols
04713 Motorola Inc. e 71400 Busaman Man A -
. .’ 76854 Cak Mig. Coc
Semlconductor Products Div, e Diviaice of Mc e
Dhpante: Arltoda 14099 Semtech Corp, S Louis, M \ Crystal Lake, [linois
ol Newbury Park, California x LT
77342 American Machine
$082 Tung-: - .
4 Santa Moaica, Cal r Potter & Brumiield Div
05277 Westlaghouse Electric Corp ien Com e 71488 Cannon Electric Company Princéton Iidlads
Semiconductor Dept American Unmpoosela iz Los Angeles, California
2 > Conshohocken, Pennaylvanla J v 77989 Rubbercraft Corp. of
Youngwood, Pennsylvania & Califoraia Lad
A RS 14752 Electro Cude e TRz Clare, €. Tiand Campeny Torrance. Callfornla
bt Rl South Pasadena, California i e
R, FRORAT IR 78277 Sigma [nstruments, Ine
o 16818 Amelco Inc 71580 Centralab Div of South Bramtree, Mass
. . .
05397 ;:Jm CE;I-JM C;;:})i)1 Mountain View, Califorais Globe Union, Inc
CIET:L: JP‘ON_ Aol Milwaukse, Wisconsin 78136 Waldes Kohinoor lnc
b= 156848 USECO Inc Long Island Clty, New York
Mt. Vernon, New York 71707 Coto Coll Co,, Inc.
036117 Farwest Mig, Div. Ioc Providence, Rhode Island 18487 Wentern Rubber Company
Seattls, Washington 15608 Daven Division Goshen, [ndiana
Thomas A. Edison lnd, 71744 Chicago Minlature Lamp
05704 Alac, Inc. McGraw Edison Co, Works 80031 Mepca Divlsion of
Glendale, California Livingston, New Jersey Chicago, Oilnols Semslons Clock Co
Morristown, New Jersey
05620 Wakefjeld Engineering, Inc. 16332 Milwackee Relays lnc 71785 Cinch Mfg. Co, and
Wakefl Massachusetts Cedarburg, Wisconsin Howard B. Jones Div 80204 Bourus Laboratorles, Inc.
Chicago, Liinols Riverslde, California
06001 General Electric Company 16473 Cambridge Sclentific
Capacitor Department Industries loc 72005 Driver, Wiber B., Co. 80583 Hammarlund Company, loc.
Irmo, South Carcling Cambridge, Maryland Newark, New Jersey New York, New York
06136 Ward Leonard Electric Co. 17088 Clrcult Structures lab 72092 Eltel-McCTullough, Inc. 80840 Sevens, Arnold Co., Inc.
Los Angeles, Callfornia Sapta Asa, California San Brunoa, California Boaton, Massachusetts
08473 Amphenol Space and Missils Sys LTESE  Sliicoanlx lac 72136 Electro Motive Mig. Co. 81073 Grayhill Company

Chatsworth, California

Sunnyvale, California

Willmantic, Connecticut

La Grange, Ulincis
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81438

81483

81580

82378

82389

82415

82872

82877

82879

83003

83298

83330

83478

Therm-0-Disc. e,
Mansfteld, Ohto

International Rectifier Corp.

El Segundo, Caltfornia

Korry Mfg. Company
Seattle, Washington

Astrom Division
Henwell Industries Inc.
East Newark, New Jersey

Switcheraft Inc.
Chicago, Dlinois

Price Electric, Corp.
Frederick, Maryland

Roanwell Corp.
Brooklyn, New York

Rotron Mig. Co., Inc.
Woodstock, New York

Royal Electric Corp.
Pawtucket, Rhode Island

Varo Mig. Co., Inc.
Garland, Texas

Bendix Corp.

Red Bank Division
Red Bank, Eatontown,
New Jersey

Smith, Herman H., Inc.
Brooklyn, New York

Rubbtercraft Corp of
America .
New Haven, Conpecticut

84171

86689

88419

88690

89538

89730

80205

90211

90303

91203

SECTION V - APPENDIX

Arco Electronics, Inc.
Great Meck, New York

Good All Electric Mfg. Co.
(TRW)
Oguliala, Nebrasks

R. M. B, Corp.
Loa Angeles, California

Cornell-Dubliier Elec. Corp.

Electro-Mechanlcal Division
Fuquay Springs,
North Carolina

Essex Wire Corp.
R.B. M. Division
Detrott, Mechigan

Fluke, John, Mfg. Co., Ine.
Seattls, Washington

General Electric Company
Hewark Lamp Works of
Lamp Division of Consumer
Products Group

GECO

Newark, New Jersey

Best Stamp and Mig. Co.
Kansas City, Missourl

Square D. Company
Chtcago, [linols

Mallory Battery Company
North Tarrytown, New York

Johanscn Mig. Company
Boontoa, New Jersey

91662

81737

21802

91929

91934

93332

4145

85146

95264

95303

85354

Elco Corp.
Willow Grove, Penn.

Gremar Mlg. Co., Inc
Wakefield, Massachusetts

Industrial Devices, Inc.
Edgewatar, New Jersey

Minneapolis Honeywell
Regulator Company
Micro Switch Divisioa
Freeport, [linols

Miller Electric Co., Inc.
Pawtuckst, Rhode Island

Syivania Electric Products Inc.
Semiconductor Producta Division
Woburn, Massachugetis

Raytheon Company

Semiconductor Division
California Street Plant
Newton, Masaachusetts

Alco Electronics Mig. Co.
Lawrence, Massachusetts

Lerco Electronics Inc.
Burbank, California

Radio Corp. of America
Comm. Receiving Tube &
Semlconductor Division
Cincinnati, Ohio

Methode Mig. Co.
Chicags, [linois

#5712

96733

£6881

87945

97666

98094

ELREE]

98743

98925

89120

89217

99515

50043

Dage Electric Co., Inc.
Fraoklin, Indiana

San Fernando Electric Mig.

flan Fernando, Califoruls

Thomson Industries, Inc.
New Hyde Park
Long laland, New York

8. 8. White Dental Mfg. Co.

Plastics Divisloa
Mew York, Mew York

CBS Electronics Div. of
Columbia Broadcasting
Systems Inc,

Danvera, Massachusetts

Penta Laboratorles, Inc.
Sants Barbara, California

Accurate Sales Company
Culver City, Calilornia

James Vibrapower Corp.
Chicago, Olinois

Clevite Corp.
Semiconductor Division
Waltham, Massachupetis

Plastic Capacitors, [oc.
Chicago, [linols

Southern Electrenles Corp.
Burbank, California

Marahall Industries
Electron Frod. Div.
Pagadena, California

Co.
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General Information
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7-1. This section of the manual contains generalized
user information as well as supplemental information to
the List of Replaceable parts contained in Section S. The
following information is presented in this section:

List of Abbreviations
Federal Supply Codes for Manufacturers

Fluke Technical Service Centers U.S. and Canada
Sales and Service Locations — International
Sales Representatives — U.S. and Canada
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List of Abbreviations and Symbols

A or amp
ac

af

a/d
assy
AWG
B

bed

°c

cap
cew
cer
cermet
ckt

cm
cmrr

comp
cont
crt
cw
d/a
dac

gmv

gnd

ampere

alternating current
audio frequency
analog-to-digital
assembly

american wire gauge
bel

binary coded decimal
Celsius

capacitor
counterclockwise
ceramic

ceramic to metal(seal)
circuit

centimeter

common mode rejection

ratio

composition
continue
cathode-ray tube
clockwise
digital-to-analog
digital-to-analog
converter

decibel

direct current
digital multimeter
digital voltmeter
glectrolytic
external

farad

Fahrenheit
Field-effect transistor
flip-flop
frequency

federal stock number
gram

giga {10%)

guard

germanium

gigahertz

guaranteed minimum
value

ground

intt
1/0

kHz
k2
KV
T
LED
LSB

LSD

NC

(—) or neg
NO

ns

opnt ampl
p

para

pcb

henry

heavy duty

high freguency
hertz

integrated circuit
intermediate frequency
inch{es)

internal
input/output

kilo (10%)
kilohertz

kilohm (s}
kilovolt(s)

low frequency
light-emitting diode
least significant bit

least significant digit
mega (106)

milli (107)
milliampere(s}
maximum

metal film
megahertz

minimum

millimeter
millisecond

most significant bit
most significant digit
mean time between
failures

mean time to repair
mithivolt{s)
multivibrator
megohm(s)

nano (10'9)

not applicable
normally closed
negative

normally open
nanosecond
operational amplifier
pico (10'%)
paragraph

printed circuit board

pF

pn

(+) or pos
pot

p-p

ppm
PROM

psi
RAM
rf
rms
ROM
S Or seC
scope
SH

Si
serno
sr

tb
tc

1cxo

tp
uori
uhf

us or s
uut

var
veo
vhf
vif

wWw
xfmr
XSstr
xtal
xtlo

picofarad

part number

positive

potentiometer
peak-to-peak

parts per mitlion
programmable read-only
memory

pound-force per square inch
random-access memaory
radio freguency

root mean sguare
read-only memory
second (time)
oscitloscope

shield

siticon

serial number

shift register

tantalum

terminal board
temperature coefficient or
temperature compensating
temperature compensated
crystal oscillator

test point

micro {107%)

ultra high frequency
microsecond(s} (10°)
unit under test

volt

voltage

variable

voltage controlled oscillator
very high frequency

very low frequency
watt(s)

wire wound

transformer

transistor

crystal

crystal osciltator

ohm{s)

micro (10'6)

7-2
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Federal Supply Codes for Manufacturers (Continued)

00213

Nytronics Comp. Group Inc.
Subsidiary of Nytronics Inc.
Formerly Sage Electronics
Rochester, New York

00327
Welwyn International, Inc.
Westiake, Ohio

00656
Aerovox Corp.
New Bedford, Massachusetts

00686
Film Capacitors, nc.
Passaic, New Jersey

00779
AMP Inc.
Harrisberg, Pennsylvania

01121
Allen-Bradiey Co.
Milwaukee, Wisconsin

01281

TRW Electronic Comp.
Semiconductor Operations
Lxwvndale, California

01295

Texas Instruments, Inc.
Semiconductor Group
Dallas, Texas

01537

Motorola Communications &
Electronics Inc.

Franklin Park, tliinois

01686
RCL Electronics Inc.
Manchester, New Hampshire

01730
Replaced by 73586

01884 - use 56289
Sprague Electric Co.
Degarborn Electronic Div.
Lockwood, Florida

02114
Ferroxcube Corp.
Saugerties, New York

02131

General Instrument Corp.
Harris ASW Div.
Westwood, Maine

02395

Rason Mig. Co.
Brooklyn, New York
02533

Snelgrove, C.R. Co., Ltd.
Don Mills, Ontario, Canada
M3B 1M2

02606

Fenwal Labs

Div. of Travenal Labs
Morton Grove, lIlinois

02660

Bunker Ramo Corp., Conn Div.
Formerly Amphenol-Borg
Etectric Corp.

Broadview, lllinois

02799
Areo Capacitors, Inc.
Chatsworth, California

03508

General Electric Co.
Semiconductor Products
Syracuse, New York
03614

Replaced by 71400

03651
Replaced by 44655

03797

Eldema Div.

Genisco Technology Corp.
Compton, California

03877
Transistron Electronic Corp.
Wakefield, Massachusetts

03888
KDt Pyrofilm Corp.
Whippany, New Jersey

03911

Clairex Electronics Div.,
Clairex Corp.

Mr. Vernon, New York

03980
Muirhead Inc.
Mountainside, New Jersey

04009
Arrow Hart Inc.
Hartford, Connecticut

04062
Replaced by 72136

04202
Replaced by 81312

04217

Essex International Inc.
Wire & Cabte Div.
Anaheim, California

04221

Aemco, Div. of
Midtex Inc.
Mankato, Minnesota

04222

AV X Ceramics Div.
AV X Corp.

Myrtle Beach, Florida
04423

Telonic Industries
Laguna Beach, California

04645
Replaced by 75376

04713
Motorola Inc. Semiconductor
Products
Phoenix, Arizona
04346

Standard Wire & Cabile
Califernia

Los Angales,
05082

Replaced by 94988
05236

Jonathan Mfg, Co.
Fullerton, Calitornia

05245

Components Carp. now
Corcom, Inc.

Chicago, Illincs

05277

Westinghouse Electric Com.
Semiconductor Div.
Youngwood, Pennsyivania

05278
Replaced by 43543

05279

Southwest Machine &
Plastic Co.

Glendora, California

05397

Union Carbide Corp.
Materials Systems Div.
New York, New York

05571 - use 56289
Sprague Electric Co.
Pacific Div.

Los Angeles, California

05574
Wiking Industries
Chatsworth, California

05704
Replaced by 16258

05820
Wakefield Engineering Inc.
Wakefield, Massachusetts

06001

General Electric Co.
Electronic Capacitor &
Battery Products Dept.
Columbia, South Carolina

061386
Replaced by 63743

06383
Panduit Corp.
Tinley Park, (llinois

06473

Bunker Ramo Corp.
Amphenol SAMS Div,
Chatsworth, California

06555

Beede Electrical I nstrument Co
Penacook, New Hampshire

06739
Electron Corp.
Littleton, Colorado

06743
Clevite Corp.
Cleveland, Ohio

06751
Components, Inc. Semcor Div.
Phoenix, Arizona

06860
Gould Automotive Div,
City of Industry, Califormia

06961

Verrutran Corp., Piezo
Electric Div.

Formerly Clevite Corp., Piezo
Electric Div.

Bedfard, Ohio

06980

Eimac Div.

Varian Associates
San Carlos, California
07047

Ress Milton, Co., The
South Hampton, Pennsylvania

07115
Replaced by 14674

07138

Westinghouse Electric Corp.,
Electronic Tube Division
Haorsehead, New York

07233

TRW Electronic Components
Cinch Graphic

City of Industry, California

07256

Silicon Transistor Corp.
Div. of BBF Group Inc.
Chelmsford, MA

07261
Aumet Corp.
Culver City, California

07263

Fairchild Semiconductor
Div. of Fairchild Camera
& lnstrument Corp.
Mountain View, California

07344
Bircher Co., Inc.
Rochester, New York

07597

Burndy Corp.
Tape/Cable Div,
Rochestar, New York

07792
Lerma Engineering Corp.
Northampton, Massachusetts

07910

Teledyne Semiconductor
Formerty Continental Device
Hawthorne, California

07933 - use 48956
Raytheon Co.
Semiconductor Div. HQ
Mountain View, California

08225
Industro Transistor Corp.
Long Island City, New York

08261
Spectra Strip Corp.
Garden Grove, California

08530
Reliance Mica Corp.
Brooklyn, New York
08806
General Electric Co.

Miniature Lamp Products Dept.

Cleveland, Ohio

08863
Nylomatic Corp.
Norrisville, Pennsylvania

08988 - use 53085
Skottie Electronics Inc.
Archbald, Pennsylvania

09214

G.E. Co. Semi-Conductor
Products Dept.

Power Semi-Conductor
Products OPN Sec.
Auburn, New York

09353

C and K Components
Watertown, Massachusetts
09423

Scientific Components, tnc.
Santa Barbara, California
09922

Burndy Corp.

Norwalk, Connecticut
09969

Dale Electronics Inc.
Yanktor, §. Dakota

10059

Barker Engineering Corp.
Formerly Amerace, Amerace

ESNA Corp.
Kenilworth, New Jersey
11236

CTS of Berne

Berne, Indiana

11237

CTS Keene Inc.
Paso Robles, California

11358

CBS Electronic Div.

Columbia Broadcasting System
Newburyport, M

11403

Best Products Co.
Chicago, Illinois

11503

Keystone Columbia inc.
Marren, Michigan
115632

Teledyne Relays
Hawthorne, California

1/76
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Federal Supply Codes for Manufacturers (Continued)

11711

General Instrument Corp
Rectifier Division
Hickville, New York

11726
Qualidyne Corp.
Santa Clara, California

12014

Chicago Rivet & Machine Co.
Bellwoaod, !llinois

12040

National Semiconductor Corp.
Danburry, Connecticut

12060

Diodes, Inc.
Chatsworth, California
12136

Philadeiphia Handle Co.
Camden, New Jersey

12300

Potter-Brumfield Division
AMF Canada LTD.
Guelph, Onatrio, Canada

12323
Presin Co., Inc.
Shelton, Connecticut

12327

Freeway Corp. formerly
Freeway W asher & Stamping Co.
Cleveland, Ohio

12443

Budd Co. The, Polychem Products
Plastic Products Div.

Bridgeport, PA

12615
U.S. Terminals Inc.
Cincinnati, Ohioc

12617

Hamiin Inc.

Lake Mills, Wisconsin
12697

Clarostat Mfg. Co.
Dover, New Hampshire

12749
James Electronics
Chicago, tllinois

12856
Micrometals
Sierra Madre, California

12954
Dickson Electronics Corp.
Scottsdale, Arizona

12969
Unitrode Corp.
Watertown, Massachusetts

13103
Thermalloy Co., Inc.
Dallas, Texas

13327
Solitron Devices Inc.
Tappan, New York

13511

Amphenol Cadre Div.
Bunker-Ramo Corp.
Los Gatos, California

13606 - use 56289
Sprague Electric Co.
Transistor Div.

Concord, New Hampshire

13839
Replaced by 23732

14099
Semtech Corp.
Newhbury Park, California

14140

Edison Electronic Div.

Mc Gray-Edison Co.
Manchester, New Hampshire

14193

Cal-R-Inc, formerly
California Resistor, Corp.
Santa Monica, California

14298

American Components, Inc.
an Insilco Co.
Conshohocken, Pennsylvania

14655

Cornell-Dubtier Electronics
Division of Federal Pacific
Etectric Co. Govt. Control Dept.
Newark, New Jersey

14752
Electro Cube Inc.
San Gabriel, California

14869
Replaced by 96853

14936

General Instrument Corp.

Semi Conductor Products Group
Hicksville, New Yark

15636
Elec-Trol Inc.
Saugus, California

15801

Fenwal Electronics Inc.

Div. of Kidde Walter and Co., Inc.
Framingham, Massachusetts

15818

Teledyne Semiconductors, formerly
Amelco Semiconductor

Mountain View, California

15849

Litton Systems Inc. Useco Div.
formerly Useco [nc.

Van Nuys, California

15898

International Business
Machines Corp.

Essex Junction, Vermont

15909
Replaced by 14140

16258
Space-Lok Inc.
Burbank, California

16299

Corning Glass

Electronic Components Div.
Raleigh, North Carolina

16332
Replaced by 28478

16473

Cambridge Scientific Ind.
Div. of Chemed Corporation
Cambridge, Maryland

16742
Paramount Plastics Fabricators, Inc.
Downey, California

16758

Delco Electronics

Div. of General Motars Corp.
Kokomo, Indiana

17001
Replaced by 71468

17069
Circuit Structures Lab.
Burbank, California

17338
High Pressure Eng. Co., Inc.
Oklahoma City, Qklahoma

17545
Atlantic Semiconductors, Inc.
Asbury Park, New Jersey

17856
Siliconix, inc.
Santa Clara, California

17870
Replaced by 14140

18178
Vactec Inc.
Maryland Heights, Missouri

18324
Signetics Corp.
Sunnyvale, California

18612

Vishay Resistor Products Div.
Vishay Intertechnology Inc.
Malvern, Pennsylvania

18736
Voltronics Corp.
Hanover, New Jersey

18927

G T E Sylvania Inc.
Precision Material Group
Parts Division

Titusvilte, Pennsylvania

19451
Perine Machinery & Supply Co.
Seattle, Washington

19701
Electrc-Midland Corp.
Mepco-Electra Inc.
Mineral Wells, Texas

20584
Enochs Mfg. Inc.
Indianapolis, Indiana

20891

Self-Organizing Systems, inc.
Dallas, Texas

21604

Buckeye Stamping Co.
Columbus, Ohio

21845

Solitron Devices Inc.
Transistor Division
Riveria Beach, Florida

22767

1TT Semiconductors
Palo Alto, Califorma

23050
Product Comp. Corp.
Mount Vernon, New York

23732

Tracor Inc.

Rockville, Maryland
23880

Stanford Applied Engrng.
Santa Clara, California

23936

Pamotor Div., Wm. J. Purdy Co.

Burlingame, California

24248

Replaced by 94222
24355

Analog Devices Inc.
Norwood, Massachusetts

24655

General Radio
Concord, Massachusetts
24759

Lenox-Fugle Electronics Inc.
South Plainfield, New Jersey

25088
Siemen Corp.
Isilen, New Jersey

26403

Amperex Electronic Corp.
Semiconductor &
Micro-Circuits Div,
Slatersville, Rhode Island

27014
National Semiconductor Corp.
Santa Clara, California

27264

Molex Products

Downers Grove, lllinois
28213

Minnesata Mining & Mfg. Co.
Consumer Products Div.

St. Paul, Minnesota

28425

Serv-/-Link formerly
Bohannan Industries
Fort Worth, Texas

28478

Deltrol Controls Div,
Deltrol Corporation
Milwaukee, Wisconsin

28480

Hewlett Packard Co. Corporate H.Q.
Palo Alto, California
28520

Heyman Mfg. Co.
Kenilworth, New Jersey
29083

Monsanto, Co., Inc.

Santa Clara, California
29604

Stackpole Components Co.
Raleigh, North Carolina
30148

A B Enterprise Inc.
Ahoskie, North Carolina

30323

Illinois Tool Waorks, Inc.
Chicago, Illinots

31091

Optimax Inc.

Colmar, Pennsytvania
32539

fura Corp.

Great Neck, New York

32767
Griffith Plastic Corp.
Burlingame, California

32879
Advanced Mechanical Components
Narthridge, Californta

32897

Erie Technological Products, Inc.
Frequency Contral Oiv.

Carlisle, Pennsylvania

32997

Bourns inc.

Trimpot Products Division
Riverside, California

33173

General Electric Co.
Products Dept.
Owensboro, Kentucky
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Federal Supply Codes for Manufacturers (Continued)

34333
Silicon General
Westminister, California

34335
Advanced Micro Devices
Sunnyvale, California

34802
Electromotive Inc.
Kenilworth, New Jersey

37942
Mallory, P.R. & Co., Inc.
Indianapolis, Indiana

42498
National Radio
Melrose, Massachusetts

43543

Mytranics Inc.
Transtormer Ca, Dwv.
Geneva, New Yark
44655

Ohmuite Mtg. Co.
Skokie, lllinois
49671

RCA Corp.

New Yark, New Yark
49956

Raytheon Company
Lexington, Massachusetts
50088

Maostek Corp.
Currollton, Texas

50579

Cuperting, California
516805

Sciennhic Components Inc.
Linden, New Jersey
53021

Sangamo Etectnic Co

Springfield, lllinois
54294

Culler Hammer Inc, farmerly

Selma, Narth Caraolina
55026

Simpson Electric Co,

D, of Am. Gage and Mach.
Elmn, Nlinois

56289

Sprague Electrnic Co.

North Adams, Massachusetts
58474

Supenar Electnc C
Bristol, Connecticut

60395

Torin Carp, formerly
Torrington Mtg, Co.
Torrington, Connecticut
63743

Ward Leonard Electric Co., |
Mount Vernon, Mew York

64834

West Mfg. Co.

San Francisco, Californai
65092

Weston Instruments Inc.
Newark, New Jersey
66150

Winslow Tele-Tronics Inc.
Eaton Town, New Jersey
70485

Atlantic India Rubber Works
Chicago, lllinais

Q.

Shallcross, A Cutter-Hammer Co.

Cn
WO

70563
Amperite Company
Union City, New Jersey

70903

Belden Corp.
Geneva, Hlinois
71002

Birnbach Radio Co., Inc.
Freeport, LI New York

71400

Hussmann Mfq.

Div, of McGraw-Edison Co.
Saint Louis, Missouri

71450
CTS Corp.
Elkhart, Indiana

71468
ITT Cannon Electric Inc.
Santa Ana, California

71482
Clare, C.P. & Co.
Chicago, Ithnois

71590

Centrelat Electronics
Div. of Glebe Union Inc.
Milwaukee, Wisconsin

711707
Coto Coil Co., Inc.
Providence, Rhode |sland

71744
Chirago Mimature Lamp Works
Chicago, lllinois

71785

TRW Electranics Components
Cinch Connector Operations Div.
Elk Grove Village, Chicago, lllinpis

72005

Dever, Wilber B, Co
Newark, New Jersey
72092

Replaced by 06980
72136

Electro Motive Mfg. Co.
Willlamantic, Connecticut
13259

Nytronics Ing

Palham Manor, New Jersey
72619

Dhalight Div,

Amperex Electronic Corp.
Brooklyn, New York

72653

G.C. Electromics

D, of Hydrametals, Inc
Brooklyn, New York

72665
Replaced by 90303

72794
Dzus Fastener Co., Inc.
West Ishp, New Yark

72928

Gultan Ind. Inc.
Gudeman Div.

Chicago, Illinois

72982

Erie Tech. Products Inc.
Erie, Pennsylvaria

73138

Beckman Instruments Inc.
Helhipot Division
Fullerton, California

73293

Hughes Aircraft Co.
Electron Dynamics Div.
Torrence, California

73445

Amperex Electronic Corp.
Hicksville, LI, New Yark
73559

Carling Electric Inc.

West Hartford, Connecticut
73586

Circle F tndustries
T'renton, New Jersey

73734
Federal Screw Products, Inc.
Chicago, lllinois

73743
Fischer Special Mfqg. Co.
Cincinnati, Ohio

73899

JED Electronics Co.
Components Corp
Brooklyn, New York

73949
Guardian Electric Mfg. Co.
Chicago, Illinais

74199
Quan Nichols Co.
Chicago, Hlinois

74217
Radio Switch Corp.
Marlbara, New Jersey

74276

Signalite Div,

General Instrument Corp.,
Nepiune, New Jersey

74306

Piezo Crystal Co.

Carlisle, Pennsyivania
74542

Haoyt Elect, Instr. Warks
Penzcook, New Hampshire

74970

Jehnson E.F., Co.
Waseca, Minnasota

75042

TRW Electronics Components
IRC Fixed Resistors
Priladelphia, Pennsylvama
75376

Kurz-Kasch Inc

Dayton, Ohio

75378

CTS Kmghts Inc
Sandwich, Hlinois

75382

Kulka Electrnic Corp.
Mount Vernon, New York
75915

Littlefuse Inc.

Des Plaines, lllinois
76854

Oak Industries Inc.
Switch Div.

Crystal Lake, Hlinois

77342

AMF Inc.

Potter & Brumfield Div.
Princeton, Indiana

77638

General Instrument Corp.
Rectifier Division
Brookiyn, Mew York

77969
Rubbercraft Corp. of CA. LTD.
Torrance, California

78189

Shakeproof

Div. of Ulinois Tool Works Inc.
Elgin, IHinois

78277
Sigma Instruments, Inc.
South Eraintree, Massachusetts

78488
Stackpale Carbon Co.
Saint Marys, Pennsylvania

78553

Eaton Corp. Engineered
Fastener Div.
Tinnerman Plant
Cleveland, Ohio

79136
Waldes Kohinoor Inc.
Long island City, New York

79497
Western Rubber Company
Goshen, Indiana

79963
Zierick Mfg. Carp.
Mt. Kisko, New York

80031

Electro-Midland Corp., Mepco Div.
A North American Phillips Co.
Marristown, New Jersey

80145

LFE Carp., Process Control Div.
formerly APl Instrument Co.
Chesterland, Ohio

80183 - use 56289
Sprague Products
Morth Adams, Massachusetts

80294
Bourns Inc., Instrument Div,
Riverside, Califoraia

80683
Hammarlund Mig. Co., Inc.
Red Bank, New Jersey

80640
Stevens, Arnold Inc.
South Boston, Massachusetts

81073
Grayhill, Inc.
La Grange, lllinocis

81312

Winchester Electronics
Div. of Litten Industries Inc.
QOakville, Cannecticut
81439

Therm-D-Disc Inc.
Mansfield, Ohio

81483

International Rectifier Corp.
| os Angeles, California
81590

Korry Mfg. Co.

Seattle, Washington
81741

Chicago Lock Co,
Chicago, lllinois

82305

Palmer Electronics Corp.
South Gate, California
82389

Switcheraft Inc.
Chicago, Illincis




Federal Supply Codes for Manufacturers (Concluded)

82415 .
Morth American Phillips
Cantrols Corp.
Frederick, Maryland

82872
Roanwell Corp.
New York, New York

82877
Rotron Inc.
Woodstock, New York

82879
ITT Rayal Electric Div.
Pawtucket, Rhode lIsiand

83003
Varo Inc.
Garland, Texas

83058

Carr Co., The United Can Div.
of TRW

Cambridge, Massachusetts

83298

Bendix Corp.

Electric Power Division
Eatontown, New Jersey

83330
Smith, Herman H., Inc.
Brooklyn, New York

83478
Rubbercraft Corp. of America, inc.
West Haven, Connecticut

83594

Burroughs Corp.

Electronic Components Div.
Plainfield, New Jersey

83740

Union Carbide Corp.

Battery Products Div.

formerly Consumer Products Div.
New York, New York

84171
Arco Electronics
Great Neck, New York

84411

TRW Electranic Components
TRW Capacitors

Ogallala, Nebraska

84613
Fuse Indicator Corp.
Rockville, Maryland

84682

Essex International Inc.
Industrial Wire Div.
Peabody, Massachusetts

86577

Precision Metal Products,
of Malden Inc.
Stoneham, Massachusetts

86684

Radio Corp. of America
Electronic Components Div.
Harrison, New Jersey

86928
Seastrom Mfg. Co., Inc.
Gtendale, California

87034

Hluminated Products Inc.
Subsidiary of Oak {ndustries tnc.
Anahiem, California

88219

Gould Inc.

Industrial Div.

Trenton, New Jersey

88245

Litton Systems Inc.
Useco Div.

Van Nuys, Catifornia
88419

Cornell-Dubilier Electronic Div.

Federal Pacific Co.
Fuguay-Varian, North Carclina
88486

Plastic Wire & Cable

Jewitt City, Connecticut
88690

Replaced by 04217

89536

Fluke, John Mfg. Co., Inc.
Seattle, Washington

83730

G.E. Co., Newark Lamp Works
Newark, New Jersey

90201

Mallory Capacitor Co. Div of

P R. Mallory Co., Inc.
indianapaolis, Indiana

90211 - use 56365

Square D Co.
Chicago, 1llinois
90215

Best Stamp & Mfg. Co.
Kansas City, Missouri

90303

Mallory Battery Co.
Div. of Maltory Co., Inc.
Tarrytown, New York

91094

Essex tnternational Inc.
Suglex/IWP Div.
Newmarket, New Hampshire

91293
Johanson Mfg. Co.
Boonton, New Jersey

91407
Replaced by 58474

91502
Associated Machine
Santa Clara, California

91506
Augat Inc.
Attleboro, Massachusetts

91637
Dale Efectronics Inc.
Columbus, Nebraska

91662
Eico Corp.
Willow Grove, Pennsylvania

91737 - use 71468
Gremar Mfg. Co., Inc.
ITT Cannon/Gremar
Santa Ana, California

91802

Industrial Devices, Inc.
Edgewater, New Jersey
91833

Keystone Electranics Corp.
Mew York, New York
91836

King's Electronics Co., Inc.
Tuckahoe, New York
91929

Honeywell Inc.

Micro Switch Div.
Freeport, lllinois

91934

Miller Electric Co., Inc.
Div of Aunet
Woonsocket, Rhode lsland
92194

Aipha Wire Corp.

Elizabeth, New Jersey
Q3332

Sylvania Electric Products
Semicenductor Products Div.
Woburn, Massachusetts

94145
Replaced by 43956

94154 - use 94988
Wagner Electric Corp.

Tung-Sol Div.
Newark, New Jersey
94222

Southco Inc. formerly
South Chester Corp.
Lester, Pennsylvania

95148
Alco Electronic Products Inc.
Lawrence, Massachusetts

95263
Leecraft Mfg. Co.
Long tstand City, New York

95264
Replaced by 98278

95275
Vitramon inc.
Bridgeport, Connecticut

95303

RCA Corp.
Receiving Tube Div.
Cincinnati, Ohio

95348
Gordo's Corp.
Bloomfield, New Jersey

95354
Methode Mfg. Corp.
Rolling Meadows, Illinois

95712

Bendix Corp.

Electrical Components Div.
Microwave Devices Plant
Franklin, Indiana

95987

Weckesser Co. Inc.
Chicago, IHhinois
96733

San Fernando Electric Mfg. Co.
San Fernando, California

96853

Gulton Industries Inc.
Measurement and Controls Div,
formerly Rustrak Instruments Co.
Manchester, New Hampshire

96881
Thomson Industries, Inc.
Manhasset, New York

97540
Master Mobile Mounts

Div. of Whitehall Electronics Corp.

Ft. Meyers, Florida
97913

Industrial Electronic Hdware Cormp.

New York, New York

97945

Penwalt Corp.

S5 White Industrial Products Div.
Piscataway, New Jersey

97966
Replaced by 11358

98094
Replaced by 49956

98159
Rubber-Teck, Inc.
Gardena, California

98278

Malco A Microdot Co., Inc.
Connector & Cable Div.
Pasadena, California

98291
Sealectro Corp.
Mamaroneck, New York

98388

Royal Industries
Products Div.

San Diego, California

98743
Replaced by 12749

989725
Replaced by 14433

99120
Plastic Capacitors, Inc.
Chicago, Illinois

89217

Bell Industries Elect. Comp. Div.
formerly Southern Elect. Div.
Burbank, California

99392
STM
QOakland, California

99515

ITT Jennings Monrovia Plant

Div. of ITT Jennings formerly
Marshall Industries Capacitor Div.
Monrovia, California

99779 - use 29587
Bunker-Ramo Corp.
Barnes Div.

Landsdowne, Pennsylvania

399800

American Precision Industries Inc.
Delevan Division

East Aurora, New York

99942

Centrelab Semiconductor
Centrelab Electraonics Div. of
Globe-Union Inc.

El Monte, California

Toyo Electronics
(R-Ohm Corp.)
Irvine, California

National Connector
Minneapolis, Minnesota
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Fluke Technical Service Centers — U.S. and Canada

United States

CALIFORNIA

Burbank

Fluke Western Tecnical Center
Mike Nagy, Service Manager
2020 N. Lincoln St.

Zip: 91504

T ? (213) 849-4641

Santa Clara

Fluke Western Technical Center
Tom Marshall, Service Manager
2359 De La Cruz Bivd.

Zip: 95050

Tel. (408) 985-1200

COLORADO
Denver
Fluke Southwestern
Technical Center
Mel Suelzle, Service Manager
1980 S Quebec St
Unit 4

ip: 80231
Tel. (303) 750-1228
FLORIDA
Orlando
Fluke S.E. Technical Center
Jesse Morse, Service Manger
P O. Box 6578
940 N. Fern Creek Ave
Zip: 32803
Tel. 1305 896-2296

ILLINOIS

Des Plaines

Fluke Midwestern

Technical Center

Bruce Hunt, Service Manager
1287 N. Rand Road

Zip: 60016

Tel. (312) 298-7470
MARYLAND

Kensi n

Fluke Mideastern

Technical Center

John Hines, Service Manager
11501 Huff Court

Zip: 20795

Tel. (301) 881-5300

MASSACHUSETTS

Lexington

Fluke N E. Technical Center
Dick Zemba, Service Manager
109 Massachusetts Ave.

Zip: 02173

Tel (617)861-8620

MINNESOTA
Minneapolis

Fluke Midwestern
Technical Center

Robert Wayne, Br Manager
10800 Lyndale Ave. So.

Zip: 55420

Tel (612) 884-454]

WASHINGTON
Mountlake Terrace

John Fluke Mfg. Co.. Inc.

Bill Fetrow, Tech. Service Spvr.
7001 - 220th Ave. SW.

Zip: 98043

Tel. (206) 774-2206

NEWJERSEY

Totowa

Fluke Eastern Technical Center
Al La Fleur, Service Manager
500 Union Blvd.

Zip: 07512

Tel. (201) 742-3215

NEW YORK

Farmingdale, LI

Fluke Eastern Technical Center
Charles Vanek, Br. Manager
59Central Ave. Unit 3

Zip: 11735 Canada
Tel. (516)752-1078

Rochester ALBERTA
Fluke Eastern Technical Center Calgary

Fluke Canadian Technical Center
Dave Racinsky, Service Manager

Mike Lambert, Br. Service Manager
4515 Culver Road

Zip: 14622 3829-12th St. N.E
Tel. (716) 342-6940 Zip: T2E 6M5

'I'e? 1403) 261-0780
NORTH CAROLINA
Greensboro ONTARIO

Fluke S.E Technical Center

Missisasauga
Dwain Cox, Service Manager Fluke Canadian Technical Center

P.0O. Box 9619 Herb Duval, Service Manager
1310 Beaman Place 6427 Northam Drive

Ziﬁ): 27408 Zip: L4V 1J5

Tel. (9192 273-1918 Tel. (416) 678-1500

Sales and Service Locatlons — International

AUSTRIA

Walter Rekirsch Elektromsche
Gerate GmbH & Co. KG
Goutfried-Keller-Gasse 2 9
A-1030 Vienna, Austna

Tel 734204, 725746

BELGIUM

C N.Rood S A

37 Place de Jamblinne de Meux
B-1040 Brusgsels, Belgium

Tel: 02-27352135

CYPRUS

Chris Radiovision Ltd
PO Box 1389
Nicosia, Cyvprus

Tel: 66121

DENMARK
Tage Olsen A/S
Teglvaerksgade 37

DK-2100 Copenhagen ¢, Denmark

Tel: 01-294800

FINLAND

Oy Findip AB
Teollisuustie 7

02700 Kauniainen, Finland
Tel: 080-502255
FRANCE

M.B. Electronique S.A
Rue Fourne

ZAC de BU

B.P.N"31

78530 BUC, France
Tel: 9563130

Supplied and supported by Fluke (Nederland) B.V.,
P.O. Box 5053. Zevenheuvelenweg 53, Tilburg, Netherlands.

GERMANFEDERAL
REPUBLIC

Fluke i Deutschland) GmbH
4-Dusseldorf
Meineckestrasse 53

West Germany
Tel 211-450831

Fluke i Deutschland) GmbH
5000 Munich 80
Mutschellestrasse !
West Germany
Tel 089-433021
GREECE
Scientific

allons

ISRAEL

R D.T. Electronics

Engineering Ltd

46, Sokolov Street

Ramat Hasharon 47235, [srael
Tel: 483211

ITALY SWEDEN
Sistrel S.p.A. Teleinstrument AB
Via Giuseppe Armellini No. 37 P.0O. Box 490

00143 Rome, ltaly S-162 Vallingby-4

Tel: 5915551 Sweden

Sistrel Sp.A Tel 08-380370

Via Timavo 66

20099 Sesto S. Giovanni (Milan) SWITZERLAND

Ttaly Jenatschstrasse |

Tel: 02-2485233 8002 Zunich, Switzerland

NETHERLANDS Tel O 360711

C N.Rood, B.V.

Cort vander Lindenstraat 1113 TURKEY

Rijswijk (Z H.) 2100 M Sitheyl Erkman

Netherlands Necatibey Cad 92/2

Tel: 070-996360 Karakoy/Tatanbul
Turke

NORWAY Tel: 411546, 447651

forgan s UNITED KINGDOW

P.0. Box 6688, Rodelokka
Oslo 5. Norway
Tel: 02-356110

PORTUGAL
Equipamentos

De Labaratorio Ltda
P.Q. Box 1100
Lisbon 1, Portugal
Tel: 019-976551

SPAIN

Ataio Ingenieros S A,
Enrique Larreta 10-12
Madrid 16, Spain
Tel: 01-7330562

Fluke International Corp.
Garnet Close

Watford, WD2 4TT, England
Tel  0923-33066

Customers in the following countries:

Bulgaria, Czechoslovakia. Hungary. Poland. Romania.

U.S.S.R. and Yugoslavia

Contact: Amtest Associates Ltd.. P.O. Box 55, Addlestone.

Surrey, KT 15 1DU, England. Tel: 0932-52121.

1/77
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Sales and Service Locatlons — International (Concluded)

Supplied and supported by Fluke International Corporation,
P.O. Box 43210, Mountlake Terrace, WA 98043.

ARGENTINA

Cpasin 5 A

Virrey del Pino 4071
Buenos Aires, Argentina

=391 RS
el 923185

AUSTRALIA

Elmeasco Instruments Pty Lud.

P.O. Box 30

Concord, N.5.W

Australia 2137

Tel: (021 736-2888

Elmeasco Instruments Pty Ltd
P Q. Box 107

Mt. Waverly, VIC 3149
Australia

Tel: 233-4044

BOLIVIA

Coasin Bolivia 8 R.L.
Casilla 7295

La Paz, Bolivia

Tel. 40962

BRAZIL

Arotec S A,

Industrial € Comercio
Av. Pacaembu 811
Sao Paula S.P., Brazil

CARIBBEAN

& CENTRAL AMERICA
West Indies Sales Co.

7360 Northwest 66th Street
Miami, FL. 331566

Tel: 1305 592-8188
CHILE

Coasin Chile Ltd.

Casilla 14588—Correa 15
Santiago, Chile

Tel: 396713

COLOMBIA
Assistec Limitada
Apartado Aereo 12322
Bogota 1, Colombia
Tel 419331

ECUADOR
Proteco Coasin C1A, Litda.
Apartado 228A
ito, Ecuador
el: 526759

EGYPT

Lotus Engineering Organisation
P.O.Box 1252

Cairo, Egvpt

Tel: 71617

HONG KONG

Gilman & Co., Ltd.

P.O. Box 56

Hong Kong

Tel: 794266

INDIA

Hinditron Services Pvt. Ltd.
69/A L. Jagmohandas Marg
Bombay 400 006, [ndia
Tel: 365344, 381615

Hinditron Services Pvt. Ltd /
Hinditron Computers Pvt. Ltd.
"Hinditron House”

412 Rajmahal Vilas Extension
Bangalore 560 006, India
Tel: 32852

INDONESIA

P.'T United Dico-Citas Co., Ltd
JLN Penjaringan 39A
Jakarta, Indonesia

Tel: 21380

IRAN

Irantronix Company Ltd.

20 Salm Road, Roosevelt Avenue
Tehran, [ran

Tel: 828294, 831564

JAPAN

Tog)o Trading Company Ltd.
P.O.Box 5014

Tokyo International

Tokyo 100-31, Japan

Tel: (03)279-0771

Toyo Trading Company, Ltd.
Suzuki Building

2-38 Junkeicho-dori
Minami-ku, Osaka, Japan
Tel: (06) 262-3471

JORDAN

Trading & Agricultural
Davelopment Co.

P.O. Box 567

Amman, Jordan

Tel: 23052

KENYA

Advanced Communications Ltd.
City House, Wabera Street

P.O. Box 30635

Nairobi, Kenya

Tel: 31965

KOREA

Asia Science & Co.
International P.Q. Box 1250
Seoul, Korea

Tel: 76-2761

KUWAIT

Tareq Company

P.O. Box Safat 20506
Kuwait, bian Gulf
Tel: 436100, 436045
LEBANON

General Marketing Trading &
Contracting Company
Anis Nsouli Street
Nsouli Building

P.O. Box 155.655
Beirut, Lebanon

Tel: 319383, 312061

MALAYSIA
O’Connor’s (Pte) Ltd.
P.O. Box 1197

Kota Kinabalu, Sabah
East Malaysia

Tel: 54082

O'Connor's (Pte) Ltd.
P.O.Box 91

Petaling Jaya, Selangor
West Malaysia

Tel: 51563

MEXICO

Mexitek, S A.

Eugenia 408
Department 1

Mexico 12, D.F., Mexico
Tel: 5360910

MOROCCO

SILEEM.

Residence Moulay Ismail
Bat.C

Boulevard Moulay Slimane
Rabat, Morocco

Tel: 276-64

NEW ZEALAND
W&K Mclean Lid.

P O. Box 3097
Auckland, New Zealand

NIGERIA

Mofat Engineering Co., Litd.
P.0O.Box 6369

Lagos, Nigeria

PAKISTAN

Pak International Operations
505 Muhammadi House-
McLeod Road

P.O. Box 5323

Karachi, Pakistan

PERU
Importaciones
lYi presentaciones
lectronicas S.A
Avda, Franklin D. Roosevelt 105
Lima 1, Peru
Tel: 288650

SAUDI ARABIA
Electronic Equipment
Marketing Establishment
P.O. Box 3750

Riyadh, Saudi Arabia
Tel: 32700

SINGAPORE
O'Connor's (Pte) Ltd.

98 Pasir Panjang Road
Singapore 5, Singapore
Tel: 637944

SOUTH AFRICA

Fluke SA (Pty) Ltd.
P.O. Box 39797

Bramiley

2018

Republic of South Africa

Fluke (Pty.) Ltd.

24 Fountain Shopping Ctr.
Main Road

Rondebosche 7700

Cape Town

Republic of South Africa
Tel: 651881

TAIWAN

Tatung Company

22 Chungshan North Road
3rd Sec.

Taipei, Taiwan

Rep. of China

Tel: 5215252

THAILAND
Dynamic Supply

Engineering EO P.

No. 56 Ekamali, Sukhumvit 63
Bankok-11. Thailand

Tel: 914434, 928532

URUGUAY

Coasin Uruguaya SR.L
Cerrito 617-4° Pi
Montevideo, Uruguay
Tel: 917978

VENEZUELA

Coasin C.A.

APDQ Postal 50939
Sabana Grande No. 1
Caracas 105, Venezuela
Tel. 722311
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Sales Representatives — U.S, and Canada

United States

ALABAMA

Huntaville

BCS Associates, Inc.

P.O. Box 1273

3322 S. Memorial Parkway
Zip: 35807

Tel. (205) 881-6220

ALASKA

Anchorage

Harry Lang & Associates
1406 W. 47th Ave,

Zip: 99503

Tel. (9071 279-5741

ARIZONA

Phoenix

Barnhill Associates, Inc.
7319 E, Stetson Drive
Scottsdale, AZ 85251
Tel. (602) 947-7841

CALIFORNIA

Los Angeles
Instrument Specialists
Sales Group

John Fluke Mfg. Co., Inc.
2020 North Lincoln Street
Burbank, CA 91504

Tel. (213) 849-7181
Santa Clara
Instrument Specialists
Sales Group

John Fluke Mfg. Co., Inc.
2359 De La Cruz Blvd.

Zip: 95050

Teil’. (408) 244-1505

COLORADO

Denver

Barnhill Associates, Inc.
1980 S. Quebec Street, Unit 4
Zip: 80231

Tel. 1303) 750-1222

CONNECTICUT
Hartford

IRI Sales Grou

John Fluke Mfg. Co., Inc.
P.O Box 518
Glastonbury, CT 06033
Tel. (2031 633-0777

FLORIDA
Orlando

BCS Associates, Inc.
P.QO Box 6578

940 N. Fern Creek Ave
Zip: 32803

Te}1 1305) B96-4881

GEORGIA
Decatur

BCS Associates, Ine
2522 Tanglewood Road
Zip: 30033

Tel: 14041 321-0980

Brownell Electronics
Atlanta, GA (404) 762-5181
Charlotte, NC (704) 394-4341
Memphis, TN (501) 323-8554
Nashville, TN (615) 889-8230
Orlando, FL (305) 843-6770
Mobile, AL (205) 479-5405

John Fluke Mfg. Co., Inc.
P.O. Box 43210, Mountlake Terrace, WA 98043

HAWAII

Honolulu

Industrial Electronies, Inc.
P.O. Box 135

646 Queen Street

Zip: 96817
TeEl.. (808) 533-6095

ILLINOIS

Chicago

Cozzens & Cudahy Sales Group
John Fluke Mfg. Co., Inc.

1301 North Rand Road

Des Plaines, IL 60016

Tel. (312) 298-3600

INDIANA

Indianapolis

Cozzens & Cudahy Sales Group
John Fluke Mfg. Co., Inc.

Port O'Call Executive Center
21 Beachway Drive

Zip: 46224

Tel. (317) 244-2456

KANSAS

Kansas City, MO

Cozzens & Cudahy Sales Group
John Fluke Mfg, Co., Inc

4406 Chouteau Traffic Way
Zip: 64117

Tel. (B16) 454-5836

KENTUCKY
Louisville

BCS Associates, Inc.
4506 Freda Way

Valley Station, KY 40272
Tel. 15021 935-9634

MARYLAND
Baltimore

Mid-Atlantic Sales Group
John Fluke Mfg. Co., Inc
11501 Huff Court
Kensington, MD 20795
Tel i301) B81-3370

MASSACHUSETTS
Boston

Instrument Representatives
Sales Group

John Fluke Mfyg. Co., Inc
109 Massachusetts Ave
Lexington, MA 02173

Tel. 16171 B61-8620

MICHIGAN

Detroit

WEHEM Associates, Inc

345 Girard

Madison Heights, MI 48071
Tel. (313) 588-2300

All of the above Fluke Sales Offices carry local stocks of low-
cost Digital Multimeters (Models 8000A, 8030A, 8040A),
Counters (Model 1900A), Digital Thermometers (Models

The Mancib Company
Boston, MA (617) 272-9450
Middletown, CT (203) 346-6646

Elmar Electronics
San Franeisco, CA (415) 961-3611
Denver, CO (303) 287-9611

MINNESOTA
Minneapolis

Cozzens & Cudahy

Sales Group

John Fluke Mfg. Co., Inc.
10800 Lyndale Ave. S

Zip: 55420

Tel. (612) 884-4336

MISSOURI

Kansas City

Cozzens & Cudahy

Sales Group

John Fluke Mfg. Co., Inc
44086 Chouteau Traffic Way
Zip: 64117

Tel. (B16) 454-5836

St. Louis

Cozzens & Cudahy

Sales Group

John Fluke Mfg. Co., Inc.
P.O. Box 10013

Zip: 63145

Tel (314)423-1234

NEW JERSEY
Newark

SBM Representatives
Sales Group

John Fluke Mfg. Ca., Inc
1519A Stuyvesant Ave
Union, NJ 07083

Tel. (201) 687-8737

NEW MEXICO
Albuquerque

Barnhill Associates, Inc.
1410-D Wyoming N.E
Zip: 87112

Tel. 15051 299-7658

NEW YORK

New York

SBM Representatives
Sales Group

John Fluke Mfg. Co . Inc.
460 Colfax Avenue

Clifton, N.J

Zip: 07013

Tel (201) 778-4040

Rochester

SBM Hepresentatives
Sales Group

John Fluke Mfg Co.. Inc
4515 Culver Road

Zip: 14622

Tel 17161 266-1400

NORTH CAROLINA
Greensboro

BCS Associates, Inc

P.O. Box 9619

1310 Beaman Place

Zip: 27408

Tel (9191 273-1918

Pioneer-Standard
Cleveland, OH (216) 587-3600
Dayton, OH (513) 236-9900
Indianapolis, IN (317) 849-7300
Pittsburgh, PA (412) 782-2300
Detroit, MI (313) 525-1800

OHIO

Cleveland

WHKM Associates, Inc.
16141 Puritas Ave.
Z:%: 44135

Tel. (216) 267-0445
Dayton

WHKM Associates, Inc.
7913 S. Suburban Road
Zip: 45459

Tel. [513) 434-7500

OREGON
Beaverton
Showalter Instruments Ine.

3800 8 W. Cedar Hills Blvd.

Suite 160
Zip: 97005
Tel. (503) 646-5196

PENNSYLVANIA
Philadelphia
Mid-Atlantic Sales Group
John Fluke Mfg. Co., Inc.
Suite

1010 West 8th Avenue
King of Prussia, PA 19406
Tel. (215) 265-4040

Pittsburgh

WHKM Associates, Inc.
90 Clairton Blvd.
Zip: 15236

Tel. (412) 892-2853

TEXAS

Austin

Barnhill Associates, Inc.
1200 Barton Hill, No. 197
Zip: TRT04

Tel. (5121 444-2377

Dallas

Barnhill Associates, Inc.
908 Business Parkway
Richardson, TX 75080
Tel. (214)231-2573
Houston

Barnhill Associates, Inc.
10606 Hempstead Highway
Suite 132

Zip: 77092

Tel. 1713) 688-9971

VIRGINIA
Williamsburg

BCS Assaciates, Inc.
107 Rich Neck Road
Zip: 23185

Tel (B04) 877-4053

WASHINGTON
Benton City

Showalter Instruments, Inc
P.O. Box B28

Zip: 99320

Tel (509 588-3472

Tel: (206) 774-2211 Toll Free: (800) 426-0361 TWX: 910-449-2850 Telex: 32-0013 Cable: Fluke

Seattle

Showalter [nstruments, Inc.
1521 - 130th N.E.

Bellevue, WA 98005

Tel. (206) 4554922

WASHINGTON, D.C.
Baltimore

John Fluke Mfg. Co., Inc.
11501 Huff Court
Kensington, MD 20795
Tel. (301) 881-3370

For U.S. areas not listed, con-
tact the regional office near-
est you or John Fluke Mfg.
Co., Inc., Mountlake Terrace,
WA,

Canada

ALBERTA

Calgary

Allan Crawford Assoc., Ltd
3829 - 12th Street N E

Zip: T2E 6M5

Tel. (403) 276-9658
BRITISH COLUMBIA
North Vancouver

Allan Crawford Assoc., Ltd
116 E. Third St., Suite 203
Zip: VIL 1E6

Tel. 1604) 980-4831

NOVA SCOTIA

Halifax

Allan Crawford Assoc., Ltd.
Suite 201, Townsend Pl

800 Windmill Rd.

Burnside Industrial Park
Dartmouth, NS

Zip: B3B 1L1

Tel. (902) 469-7865
ONTARIO

Toronto

Allan Crawford Assoc., Ltd
6427 Northam Drive
Mississauga, Ont L4V 115
Tel. 1416) 678-1500

Ottawa

Allan Crawford Assoc , Ltd
1299 Richmond Road

Zip: K2B 7Y4

Tel. (613) 829-9651
QUEBEC

Montreal

Allan Crawford Assoc., Ltd.
1330 Marie Victorian Blvd. E.
Longueuil, P.Q. J4G 1A2

Tel. (514)670-1212

For Canadian areas not listed,
contact the regional office
nearest you or Allan Craw-
ford Assoc., Ltd., Mississauga,
Ontario.

2160A, 2170A, 2165A, 2175A) and the Universal Temperature
Probe (Model 80T-150). These same products are available
from the following distributors:

Liberty Electronics

El Segundo, CA (213) 322-8100
San Diego, CA (714) 565-9171
Phoenix, AZ (602) 257-1272
Seattle, WA (206) 763-8200
Albuquerque, NM (505) 299-8293
Beaverton, OR (503) 644-4783
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