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FIGURE 1. SIMPSON CAPACOHMETER MODEL 383A
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WARNING!

DO NOT ATTEMPT TO OPERATE THIS
TESTER BEFORE COMPLETELY READ-
ING THIS MANUAL. FAILURE TO DO
SO COULD RESULT IN INCORRECT US-
AGE AND PRESENT THE POSSIBILITY
OF SEVERE SHOCK OR EQUIPMENT
DAMAGE.

HIGH VOLTAGES ARE PRESENT ACROSS
THE TEST LEADS DURING SOME AP-
PLICATIONS. DO NOT SHORT LEADS
ACCIDENTALLY OR CONTACT WITH
FINGERS. TEST LEADS WHICH ARE
NOT USED FOR SOME CHECKS SHOULD
BE DISCONNECTED FROM THE CAPAC-
OHMETER.



SECTION |

GENERAL DESCRIPTION

The Simpson Capacohmeter Model 383A is a combination of
three basic instruments into a single cabinet. These in-
struments each perform a different type of test on capaci-
tors. All three work together to provide the most conclusive
series of capacitor evaluations available.

TYPES OF TESTS

MEASURING CAPACITANCE

One of the measurements which is essential for determining
the quality of a capacitor is its capacitance. The Simpson
CapacohmeterModel 383A indicates capacitance on a direct-
reading meter scale. There are five ranges for capacitance
measurements from 10 micro-microfarads (MMFD) to 10 micro-
farads (MFD). This widerange includes most ceramic, mica,
paper, oil-filled, and air dielectric types of capacitors.

MEASURING LEAKAGE RESISTANCE

A second measurement which is of importance for evalu-
ating capacitors is the amount of leakage resistance. Ordi-
narily, a capacitor is assumed to have almost infinite re-
sistance between its two plates, or electrodes. Actually,
there is always some high resistance DC path between the
plates because there is no such thing as a ‘“‘perfect’’
insulator. The resistance of the DC path in a good capaci-
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TYPES OF TESTS

tor is measurable in megohms, so the Simpson Capacoh-
meter has a megohms measuring circuit.

Deterioration and damages, both physical and electrical,
will reduce the original high leakage resistance to alower
value during the life of the capacitor. The lower limit of
leakage resistance value at which the capacitor is still
usable depends on a number of factors.

There is no definite numerical value of leakage resistance
that can be assigned, wherein all capacitors having ahigh-
er value of leakage resistance are GOOD, and those having
lower leakage resistance are BAD. Rather we must con-
sider the leakage resistance in relationship to the circuit
containing the capacitor in question.

Nevertheless ,as a relative measurement, the megohms indi-
cations are a wonderful aid in determining faulty components.

The megohmmeter portion of the Simpson Capacohmeter may
be used separately to measure high resistance for many
applications other than capacitors. See Section IV for some
suggested applications.

PULSE TESTING

Many capacitors will respond normally to the first two tests
which can be made with the Simpson Capacohmeter, and still
will not perform satisfactorily when they are placed in serv-
ice. This is true because the nature of the circuit into which
they are connected may differ considerably from the testing
circuit. For the capacity measurement circuit, there is a
sine wave AC voltage which is applied to the capacitor.
For the megohms measurement, a DC voltage is applied to
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TYPES OF TESTS

the capacitor.

To complete the types of voltages which are applied for
testing, a narrow pulse voltage is applied from a relaxation
oscillator in the Simpson Capacohmeter. The amount of
peak voltage in the pulse is variable with a front panel con-
trol, and the amount applied for each test is related to the
amount of voltage stress which the capacitor is rated to
withstand.

If the capacitor is in good condition, the application of a
safe value of pulse voltage will not affect it in any way.
But if the capacitor is weak, or is about to become defec-
tive, the pulse voltage will cause an internal change in the
capacitor which will change the meter indication.

IN-CIRCUIT CHECKS

Most installed capacitors can be checked without removal
from their circuits. This is a distinct advantage over pre-
vious testing procedures which require that the capacitor be
isolated from the circuit by unsoldering a lead. The limi-
tation on this use is the case where a capacitor is in par-
allel with a low resistance or low reactance component.
However, with the Model 383A, most capacitors can be
tested without any unsoldering or clipping of leads. This
facility is of particular value in checking printed circuits
and plated circuits.

For convenience, there is a special circuit, requiring the
third lead on the Capacohmeter, for testing coupling capaci-
tors without removal from the circuit. The controlled volt-
age is injected on the input side of the coupling capacitor
circuit, and the results are measured on the output side of
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TYPES OF TESTS

the capacitor.

CAPACITY MEASURING CIRCUITS

There are five ranges for measuring capacitance values.
Each range is identified by the full scale value. The ranges
and their applications are as follows:

1000 MMFD - for measuring values up to 1000
micro-microfarads

.01 MFD - for values from .001 to .01 microfarad
(1000 to 10,000 micro-microfarads)

.1 MFD - for values from .01 to .1 microfarad
1. MFD - for values from .1 to 1 microfarad
10 MFD - for values from 1 to 10 microfarads

The accuracy of the Capacohmeter for capacity measure-
(ments is +10% )for indications between 1.0 and 10.0 MFD
tks on the red arc at the top of the dial. Indications ob-

tained in the left hand portion of the dial, below the
mark, have a reduced accuracy. Use the portion of the scale

below 1.0 for relative indications only.

MEGOHMMETER CIiRCUIT

The megohmmeter circuit in the Simpson Capacohmeter
Model 383A applies a DC voltage across a resistance mea-
suring circuit. The amount of resistance between the test
leads is indicated on the black arc of the dial which is
below the capacity arc. The first mark on the resistance arc
(1K) is for 1000 megohms, and further meter pointer deflec-
tion indicates less resistance. The extreme right hand side
of the arc indicates zero ohms.
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In use, the megohmmeter circuit is first set up like any or-
dinary ohmmeter circuit. The test leads are first clipped
together while the METER ADJUST control is set for full
scale deflection. Then the test leads are separated and
connected across the capacitors, circuit, or resistance which
is to be measured.

METER SENSITIVITY

When a coupling capacitor is to be tested in its circuit, all
three leads from the Model 383A are connected into the cir-
cuit. Because there is a possible shunt DC circuit for this
type of application, the leakage resistance indication may
be affected by the shunt circuit. A special spring-loaded
switchat the upper left hand corner of the front panel will
temporarily change the meter sensitivity to provide a reading
which is more indicative of the leakage resistance in such a
condition. See the operating instructions for further infor-
mation.

PULSE TEST CIRCUIT

As described above, the pulse test circuit is used to iden-
tify capacitors which will not operate properly when they
are in pulse circuits, even though they respond satisfactorily
to a sine wave or DC voltage application. It will also cause
controlled damage in capacitors which are about to break
down, and will identifythe factthat theyare no longer usable.

The pulses are formed in a relaxation oscillator circuit,
using a four element thyratron tube. The PULSE VOLTAGE
control sets the amount of grid driving voltage for the thy-
ratron, which in turn determines the amplitude of pulses



TYPES OF TESTS

available for the tests. This front panel control is marked
for the peak value of pulse voltage which results from each
setting of the control knob.

Some capacitors when bombarded with a series of sharp
pulses, will change their internal characteristics if they
are not in first-class operating condition. If the capacitor
can not respond to pulses, the Capacohmeter will indicate
this condition. If the amplitude of the applied pulses, which
should be adjusted to 150% of the rated voltage for which
the capacitor was built, is too much for the condition of the
dielectric, there will be a breakdown within the capacitor
and this will show on the meter of the Capacohmeter.

The inner arc of the meter on the Capacohmeter has a nar-
row portion marked GOOD. If, after a short pulsing period,
there is a change within the capacitor under test, the
pointer will move away from the GOOD area either to the
left or to the right. A short swing away from the GOOD area
followed by an immediate return to it is normal for larger
values of capacitance. But if the pointer does not return to
the GOOD area, this indicates that the capacitor is defec-
tive and should be replaced.

Most capacitors can be checked without removal from the
circuit of which they are a part. However, a capacitor which
isconnected in a circuit with a comparatively low resistance
or reactance in parallel can produce erratic results. When
there is any doubt, isolate the capacitor by removing one of
its leads, and apply the pulses to the capacitor alone.



GENERAL DESCRIPTION

FRONT PANEL

The equipment on the front panel of the Simpson Capaco-
meter Model 383A and the purpose for each is as follows:

FUNCTION SWITCH

The FUNCTION switch, at the lower right corner, deter-
mines the type of circuit for which the instrument is set.
It has five positions for the five ranges of capacity meas-
urements, marked with the full-scale value of capacitance
for each range. These are 1000 MMFD, .01 MFD., .1MFD,
1. MFD, and 10 MFD. There is one position marked MEG.%,
for the megohmmeter circuit. There is also a position
marked PULSE, for the pulse testing circuit.

TEST LEAD JACKS

There are three test lead jacks, marked 1, 2, and 3. These
are color coded to assure proper use and applications.
Jacks 2 and 3 are used for the test leads for all applica-
tions of the instrument. Jack 1 is used for the third lead
when testing coupling capacitors in-circuit.

Jack 1 is black, and is used to connect the black testlead.
Jack 2 is red, and is used to connect the red test lead.
Jack 3 is green, and is used to connect the green test lead.

In use, the red and green test leads are to be connected
across the capacitor under test for all measurements. The
test lead which is connected in the black contact jack (jack

1) will be added to these for testing coupling capacitors
while they are in their circuit.
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GENERAL DESCRIPTION

METER ADJUST CONTROL

The control at the upper right on the front panel is called
METER ADJUST. It has an OFF position. Use this control
to turn the instrument on and off, and to adjust for varia-
tions in line voltage.

When the FUNCTION switch is set at any capacitance
range or at MEG Q (any position except PULSE), short the
red and green test leads together and set the METER AD-
JUST control for full scale meter deflection. Then proceed
with the tests.

PULSE VOLTAGE CONTROL

The control at the lower left is called PULSE VOLTAGE,
and is marked with values from 100 to 900. These are the
peak voltages of the pulses which will be present between
the red and green test leads when the FUNCTION switch
is set at PULSE.

When a pulse test is to be applied to a capacitor, check the
voltage rating for the capacitor and set the PULSE VOLT-
AGE control according to that voltage.

METER SENSITIVITY SWITCH

When the leakage resistance in a coupling capacitor is
being tested in-circuit, there is a possible shunt circuit
around the capacitor. To offset this and to provide a more
accurate indication of the capacitor condition, the METER
SENSITIVITY switch on the front panel will change the
sensitivity of the meter circuit temporarily. It is a spring-
loaded switch which will change the sensitivity of the cir-
cuit only while it is being held in the on position. Then

11



GENERAL DESCRIPTION

the circuit will return to its normal condition for further
use.

FUSE

There is a fuse on the front panel, which is in series with
the black test lead (jack 1). If this lead is connected
accidentally in a circuit so the current through it exceeds
its rated value of 1/8 ampere, the fuse will blow to protect
the circuit.

The fuse is mounted in an extractor type fuseholder. When-
ever there is any question concerning the fuse condition,
unscrew the cover and remove the fuse for inspection. If it
has been blown, replace it with a type 3AG fuse witha 1/8
ampere rating.

PILOT LAMP

The pilot lamp, located near the FUNCTION switch, will
glow whenever power is applied to the circuits in the
Capacohmeter. If the power cord is connected and the in-
strument is turned on, but the pilot lamp does not glow, the
main fuse, located inside the case, may be blown. See
Section III, Maintenance, for further information.

METER

The indicating meter, centrally located at the top of the
front panel, has three arcs. The top arc, marked in red,
indicates capacitance for quantitative measurements. The
black arc below it shows the number of megohms for high
resistance and leakage measurements. The inner arc has a
small area marked GOOD, and the balance of the arc is for
BAD indications for pulse testing applications.

12



GENERAL DESCRIPTION

The zero mark for the pointer is not at the extreme left-
hand side of the meter, as is usual; it is at the GOOD mark
which corresponds to zero on the capacity arc. Do not at-
tempt to set the pointer for mechanical zero at the extreme
left hand side of the meter, but rather zero it at the ZERO
mark on the capacitance arc.

The basic meter is one of the famous Simpson INSTRU-
MENTS THAT STAY ACCURATE. It is ruggedly built, but
is subject to damage if it is dropped or is seriously mishan-
dled. It is built with the precision of a fine watch and
should be considered and handled with respect.

TEST LEADS

There are three test leads with banana type plugs which are
furnished with each Capacohmeter. There is one black, one
red, and one green lead. Thered test lead connects into the
red contact on the front panel (jack 2), and the green test
lead connects into the green contact on the front panel
(jack 3). These two leads will be used for all tests with
the Capacohmeter.

The third test lead, which is the other black one, connects
into the black contact (jack 1) on the front panel. This is
to be connected only at the time when it is needed for in-
circuit measurements of coupling capacitors. See operating
instructions.

DIMENSIONS AND WEIGHT

The case of the Simpson Capacohmeter Model 383A measures
8x11 x 8%, It weighs 11! lbs. The shipping weight, com-
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GENERAL DESCRIPTION

plete with an instruction book and three test leads, is 13 lbs.

POWER REQUIREMENTS

The Simpson Capacohmeter Model 383A is designed for use
with a power input of 100 to 125 volts, single phase 60-
cycle AC only. Normal power consumption is 10 watts.
Although the input voltage may be any value through this
wide range, power line voltage fluctuations will reflect in-
accurate measurement indications unless the instrument is
adjusted for each change in input voltage.

SECTION 11
OPERATION

WARNING!

HIGH VOLTAGES ARE PRESENT ACROSS
THE TEST LEADS DURING SOME AP-
PLICATIONS. DO NOT SHORT LEADS
ACCIDENTALLY OR CONTACT WITH
FINGERS. TEST LEADS WHICH ARE
NOT USED FOR SOME CHECKS SHOULD
BE DISCONNECTED FROM THE CAPAC-
OHMETER.
14
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USE OF TEST LEAGS

There are three test leads which are furnished with the
Simpson Capacohmeter Model 383A. One is black, one is
r~d, and the other is green. For most applications, only the
red and green test leads are tobe used. Connect the red
test lead into the red contact (marked jack 2) on the front
panel, and the green test lead into the green contact(marked
jack 3).

When the Capacohmeter is to be used to test coupling capa-
citors connected in their operating circuits only, the black
test lead is used in the black contact (marked jack 1) onthe
front panel. Leavethis lead disconnected from the Capacoh~
meter except during the times when it is actually in use.

Ce
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FIGURE 2. CONNECTIONS FOR MEASUREMENTS OF
COUPLING CAPACITORS IN-CIRCUIT
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OPERATION

THREE LEAD CONNECTIONS

Figure 2 shows how the three leads are to be connected in
a coupling capacitor circuit when the coupling capacitor is
to be tested in-circuit. This is the only place where all
three leads will be used. In all other cases, the red and
green test leads will be used and the black test lead
should be disconnected from the Capacohmeter.

MEASURING CAPACITY

The Simpson Capacohmeter Model 383A will measure ca-
pacity in micro-microfarads or in microfarads on a direct
reading meter scale for mica, ceramic, paper, oil-filled, or
air dielectric capacitors. There are five convenient ranges
for capacity measurements, with the full-scale value for

each range identified at the switch position for that range.

MEASURE IN-CIRCUIT OR ISOLATED CAPACITORS

Capacitance measurements may be made either in-circuit or
out of circuit. The limitations on in-circuit measurements
will be the amount of shunt resistance, because any paral-
lel path will allow more current to flow through the meter
circuit, with an increased meter indication resulting. The
table below shows the minimum value of shunt resistance

which can be in a circuit to limit errors to 10%.

Capacitance in Minimum Shunt
Microfarads Resistance
0.01 3 megohms
0.02 2.5 megohms
0.05 1 megohm
0.1 500 K

16
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OPER: TION

0.22 450 K
0.47 350 K
1.0 250 K
2.2 200 K
5.0 150 K
10.0 100 K

Capacitance measurements may be made in-circuit regard-
less of the amount of shunt resistance without endangering
the instrument. The error in indications is the only unde-
sirable result.

TURN OFF CIRCUIT POWER

As a protection to both the operator and the Capacohmeter,
always be sure the equipment in which an in-circuit capaci-
tance checks is to be made is turned off and the capacitors
are disc harged.

When there is any doubt as to the circuit condition, isolate
the capacitor from its circuit and read its capacitance.

Step-by-step the procedure for either isolated or in-circuit
capacitance measurements is as follows:

WARNING!

HIGH VOLTAGES ARE PRESENT ACROSS
THE TEST LEADS DURING SOME AP-
PLICATIONS. DO NOT SHORT LEADS

17



OPERATION

ACCIDENTALLY OR CONTACT WITH
FINGERS. TEST LEADS WHICH ARE
NOT USED FOR SOME CHECKS SHOULD
BE DISCONNECTED FROM THE CAPAC-
OHMETER.

18

. Connect the red test lead into the red contact on the

front panel (jack 2), and the green test lead into the
green contact (jack 3).

. Set the FUNCTION switch at one of the capacity range

positions. These are marked 1000 MMFD, .01 MFD,
.1 MFD, 1. MFD, and 10 MFD.

. Connectthe power plug into a source of 100to 125 volts,

single phase 60 cycle AC power. Rotate the METER
ADJUST control clockwise to turn on the instrument.
The pilot lamp should glow toindicate an on condition.

. After a short warm-up time, connect the ends of the two

test leads together. The meter pointer should read full
scale. Set the METER ADJUST control for a full scale
indication. The Capacohmeter is now ready for use.

Separate the test leads and connect them across the
capacitor which is to be measured. Setthe FUNCTION
switch at the capacity range position which will provide
a meter reading between 1.0 and 10.0 on the red arc at
the top of the dial.

-



OPERATION

NOTE

For capacitance values below 100 micro-microfarads
(100 MMFD), indications will be between zero (the
GOOD mark) and 1.0 when the FUNCTION switch is
set at 1000 MMFD. These indicaticns are relative

only.

6. Read the red arc on the dial.

For the 1000 MMFD range, multiply the reading by 100
for micro-microfarads.

For the .01 MFD range, multiply the reading by 1000
for micro-microfarads, or divide by 1000 for micro-
farads.

For the .1 MFD range, multiply the reading by 10,000

for micro-microfarads, or divide by 100 for micro-
farads.

For the 1. MFD range, divide the reading by 10 for
microfarads.

For the 10. MFD range, read the value directly in
microfarads.

NOTE

For the best accuracy in capacity readings, recheck

the full scale meter indication with the test leads

shorted together just before a final reading. Reset
the METER ADJUST control, if required, for exactly
full scale deflection.
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MEASURING CAPACITORS IN-CIRCUIT

Coupling capacitors may be measured in-circuit, providing

the grid resistor has a value at least as great as the

*“Minimum Shunt Resistance’’ listed in thetable on page 15.

Each possible value of coupling capacitance will require a

different minimum grid resistor value in order to produce

readings with minimum error.

Use the following procedure.

20

1.

Connect the red test lead into the red contact on the
front panel (jack 2), and the green test lead into the
green contact (jack 3).

Set the FUNCTION switch at one of the capacitance
range positions. These are marked 1000 MMFD, .01
MFD, .1 MFD, 1. MFD, and 10 MFD.

Connect the power plug into a source of 100 to 125
volts, single phase 60 cycle AC power. Rotate the
METER ADJUST control clockwise to turn on the in-
strument. The pilot lamp should glow to indicate
when the Capacohmeter is turned on.

. Check to see that power is turned off in the circuit in

which the coupling capacitor is connected. Discharge
the coupling capacitor.

After a short warm-up period, connect the ends of the
red and green test leads together. The meter pointer
should read full scale. Set the METER ADJUST con-
trol for a full-scale meter indication. The Capacoh-
meter is now ready for use.
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6. Separate the red and green test leads. Connect the

red test lead at the input for the coupling capacitor
and the green test lead at the output for the coupling
capacitor.

. Set the FUNCTION switch at the capacitance range
position which will provide a meter reading between
1.0 and 10.0 on the red arc at the top of the dial.

. Read the red arc on the dial.
For the 1000 MMFD range, multiply the reading by 100
for micro-microfarads.

For the .01 MFD range, multiply the reading by 1000
for micro-microfarads, or divide by 1000 for micro-
farads.

For the .1 MFD range, multiply the reading by 10,000
for micro-microfarads, or divide by 100 for micro-
farads.

For the 1. MFD range, divide the reading by 10 for

microfarads.

For the 10. MFD range, read the value directly in

microfarads.

NOTE

For the best accuracy in capacitance readings, re-

check the full scale meter indication with the red and

green test leads shorted together just before a final
reading. Reset the METER ADJUST control, if re-

quired, for exactly full scale deflection.
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MEASURING LEAKAGE RESISTANCE

WARNING!

HIGH VOLTAGES ARE PRESENT ACROSS
THE TEST LEADS DURING SOME AP-
PLICATIONS. DO NOT SHORT LEADS
ACCIDENTALLY OR CONTACT WITH
FINGERS. TEST LEADS WHICH ARE
NOT USED FOR SOME CHECKS SHOULD
BE DISCONNECTED FROM THE CAPAC-
OHMETER.

Leakage resistance is the direct-current path which exists
between the plates of acapacitor. Theoretically, there is no
path through which a direct current can pass. But actually,
since there is no such thing as a “‘perfect’’ insulator, there
will always be some very high measurable resistance be-
tween the plates, even when the capacitor is new.

Gradually, as the capacitor ages or is used, the value ofre-
sistance decreases. Occasionally a higher voltage is ap-
plied to the capacitor than it can withstand, and the di-
electric isdamaged. Whether the deterioration occurs quick-
ly or gradually, the result is that the capacitor’s usefulness
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becomes impaired because of its reduced ability to prevent
the flow of direct current.

The direct-current path through a capacitor is called its
““leakage resistance’’, and will normally be a very large
amount - probably over 100 megohms. The Capacohmeter
will identify a capacitor’s leakage resistance directly on
the meter scale. Judgement of the ability of the capacitor
to continue to provide service in a circuit is still left to
the service man. In general, however, when the leakage re-
sistance begins to deteriorate to smaller and smaller val-
ues, there is very little useful life left in the capacitor.

To measure leakage resistance, use the following procedure:

1. Connect the red test lead into the red contact on the
front panel (jack 2), and the green test lead into the
green contact (jack 3). If the leakage resistance is to
be measured for a coupling capacitor in-circuit, con-
nect the black testlead into the black contact (jack 1).

2. Set the FUNCTION switch at MEG =.

3. Connect the power plug into a source of 100 to 125
volts, single phase 60 cycle AC power. Rotatethe
METER ADJUST control clockwise to turn on the in-
strument. The pilot lamp should glow to indicate
when the Capacohmeter is turned on.

4. Check to see that power is turned off in the circuit in
which an in-circuit capacitor is connected. Discharge
the capacitor.

5. After a short warm-up period, connect the ends of the
red and green test leads together. The meter pointer

23
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should read full scale. Set the METER ADJUST control
for a full scale meter indication. The Capacohmeteris
now ready for leakage resistance measurements.

6. Separate the red and green test leads. If it is a cou-
pling capacitor in-circuit, connect the red test lead
on the input side of the capacitor and the green test
lead on the side of the capacitor; then connectthe
black test lead to the circuit ground. See figure 2 for
these connections.

7. Read the resistance directly under the meter pointer
on the arc marked RESISTANCE MEGOHMS. If the
leakage is being read for a coupling capacitor in-
circuit and the first indication is 50 megohms or more,

press the METER SENS switch for a more indicative
reading.

NOTE

Discharge the capacitor after this test.

PULSE TESTING

CAUTION
Do not touch the red and green test leads when the
Capacohmeter is set for PULSE operation. The full
value of peak voltage set on the PULSE VOLTAGE
control is present between these leads.

There are two types of conditions which will be identified
with the pulse testing applications of the Simpson Capa-
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cohmeter Model 383A. The first is the ability of the capaci-
tor to respond to sharp pulses. The second is the ability of
the dielectric in the capacitor to withstand large amounts of
voltage.

DYNAMIC TESTS

For a test of the capacitor’s ability to respond to pulse
voltage application, check the rated voltage for the capacitor
and apply pulses which have that peak value for a short
period of time. The relative capacitor rating will be shown
on the inner arc of the meter on the Capacohmeter; this
reads GOOD and BAD.

For the dynamic pulse test, proceed as follows:

1. Connect the leads to the Capacohmeter. Connect the
red test lead into the red contact on the front panel
(jack 2), and the greentest lead into the green contact
(jack 3). If the pulses are to be applied to a coupling
capacitor in-circuit, connect the black test lead into
the black contact (jack 1).

2. Set the FUNCTION switch to the MEG &position.

3. Connect the power plug into a source of 100 to 125
volts, single phase 60 cycle AC power. Rotate the
METER ADJUST control clockwise to turn on the in-
strument. The pilot lamp should glow to indicate
when the Capacohmeter is turned on.

4. Check to see that power is turned off in the circuit in
which an in-circuit capacitor is connected. Discharge
the capacitor.
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5. After a short warm-up period, connect the ends of the
red and green test leads together. The meter pointer
should read full scale. Set the METER ADJUST con-
trol for a full scale meter indication.

6. Separate the red and green test leads. If it is a cou-
pling capacitor in-circuit, connect the red test lead
on the input side of the capacitor and the green test
lead on the side of the capacitor; then connectthe
black test lead to the circuit ground. See figure 2 for

these connections.
7. Set the PULSE VOLTAGE control in the lower left

hand corner of the Capacohmeter at the rated voltage
for the capacitor under test.

8. Turn the FUNCTION switch to PULSE and observe
the inner arc of the meter. For large value capacitors,
the pointer may swing away from the GOOD area of
the meter and then return slowly to it; this is normal
and does not indicate a bad capacitor. However, if the
pointer moves out of the GOOD area and remains out
of it after approximately 30 seconds of pulse applica-
tion, the capacitor is bad and needs to be replaced.

9. To turn off the pulses, return the FUNCTION switch
to MEG (), or to one of the capacitance ranges.

BREAKDOWN TESTS

There is a safety factor included in the voltage ratings for
all capacitors. To test their actual ability to withstand
voltage without breaking down, it is necessary to add 50%
to the rated voltage, and apply pulse voltages with this
greater strength.
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If a capacitor fails on the dynamic test above, do not sub-
ject it to a breakdown test. But if it has passed the dy-
namic test, a final check for breakdown is made as follows:

1. Follow the procedure for dynamic testing and leave
the test leads connected to the capacitor.

2. Advance the PULSE VOLTAGE control to 150% of the
rated voltage for the capacitor being tested. For ex-
ample; set the PULSE VOLTAGE at 300 volts for a
capacitor rated at 200 volts, or set the PULSE VOLT-
AGE at 900 volts for a 600 volt capacitor rating.

3. Turn the FUNCTION switch to PULSE and observe
the meter indication. If the dielectric in the capacitor
will withstand this high voltage without any break-
down, the meter reading will show GOOD. But, if
there is any breakdown of the dielectric, the meter
pointer will move out of the GOOD area and remain to
show that the capacitor is bad.

4. To turn off the pulses, return the FUNCTION switch
to MEG Q, or to one of the capacity range positions.

SECTION Il
MAINTENANCE
ZERO POINTER POSITION

The normal position for the pointer with no power applied
to the Simpson Capacohmeter Model 383A is near the left
hand side of the dial, at the ZERO mark on the capacitance
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arc. Whenever the pointer does not rest over this mark with
no power applied to the instrument, adjust the slotted screw
through the lower part of the meter cover to correct the con-
dition. Turn the screw slowly either to the right or to the
lefe until the pointer is over the ZERO mark.

FRONT PANEL FUSE

The fuse at the bottom of the front panel is in series with
the black test lead (jack 1). It protects both the Capacoh-
meter and the circuits which are tested from having too
much current pass through the black test lead. When it is
open, in-circuit coupling capacitor tests can not be made
satisfactorily.

The fuse is mounted in an extractor-type fuseholder. To
remove it for inspection or for replacement, unscrew the
cover of the fuseholder and pull it out; the fuse will come
out with the cover.

Replace a blown fuse with a type 3AG fuse which has a
rating of 1/8 ampere only.

PILOT LAMP

The red pilot lamp near the bottom of the front panel lights
to show when power is applied to the circuits of the Capa-
cohmeter. If it does not light when the METER ADJUST
control is turned away from the OFF position and the power
plug is connected to the proper type of power input, either
the pilot lamp is burned out or the 1 ampere fuse inside the
instrument has blown. Note that replacement of the front
panel fuse will have no effect on this condition.
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OPENING THE INSTRUMENT

To open the case of the Capacohmeter and obtain access to
the main circuit fuse, the tubes, and all the other compon-
ent parts, remove the two binder head screws through the
rear of the case. These are attached to the rear of the
chassis inside the instrument. Then pull forward on the
edges of the front panel. The front panel and chassis will
come out as a unit.

RECTIFIERS

Each of the three basic circuits in the Capacohmeter uses
a separate rectifier. CR] rectifies the voltage to be applied
to the PULSE VOLTAGE control and to be used to regulate
the amount of grid driving voltage for the pulse-forming
thyratron tube.

Rectifier CR) makes approximately 400 volts DC available
for measuring leakage resistance in the MEGOHMS circuit.

Rectifier units CR3  CR4, CRs, and CR¢ together make up
a full wave rectifier for changing the alternating current
through the capacity measuring circuits to direct current
for the meter.

If any of the rectifiers needs to be replaced, it can be iden-
tified by the lack of satisfactory operation in its own type
of circuit. Replace each with an exact equivalent only.

TUBES

Both of the tubes which are used in the Capacohmeter are
in the pulse circuit. Neither of the tubes will respond
satisfactorily to commercial tube tester applications. The
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only assured test for either tube is substitution of a known
good tube in the circuit.

RECALIBRATION

Whenever parts are replaced which may affect the calibra-
tion of the circuits, or whenever readings appear to be con-
sistently in error, use the following procedures as guides
for recalibration. If you do not have the proper equipment,
do not attempt to recalibrate; return the Capacohmeter to
the repair department at the Simpson Factory, or to your
nearest official Simpson Repair Station.

Always accompany any instrument which you return for re-
pair or recalibration with a letter to indicate what you think
is wrong with it and whether you want an estimate before
work begins, or if you wish to have them proceed as soon
as possible. This will save both time and money for you
and for the repair station or department,

CALIBRATING CAPACITANCE RANGES
CAUTION

Do not touch the red and green test leads when the
Capacohmeter is set for PULSE operation. The full
value of peak voltage set on the PULSE VOLTAGE
control is present between these leads.

Set function switch to 1000 MMFD range, short leads #2
and #3 together.
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the more accuracy you will be able to establish in your
Capacohmeter,

Measure the capacitance of each test capacitor on the
proper range according to instructions in Section II, OPER-
ATION.

Adjust resistor R-16 with a small screwdriver until the
meter reads the correct value for each capacitor. If neces-
sary, adjust for a compromise between the indications for
all the capacitors, if you are using more than one.

CALIBRATING THE PULSE CIRCUIT

The peak values for pulse voltages are marked on the
PULSE VOLTAGE control at the lower left hand corner of
the Capacohmeter front panel. For any setting of this con-
trol, the peak value of pulses between the red and green
test leads should match the marked value at the control
position.

To test pulse voltage values, it is necessary to use a cali-
brated oscilloscope such as the Simpson Colorscope Model
458 and observe the deflection caused by the pulses. Since
most oscilloscope input circuits are rated at 500 volts
maximum, it is good practice to use a 100 to 1 divider
probe, Simpson Model 742, or some such similar device, be-
tween the output from the test leads and the input to the
oscilloscope.

Connect the red and green test leads across the divider
probe for the oscilloscope input. Set the Capacohmeter for

pulse output according to the procedure in Section II,
OPERATION.
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Measure the peak value of the pulses for a setting of 500
on the PULSE VOLTAGE control. If necessary, adjust the
screwdriver potentiometer, R-2 to obtain 500 volts peak as
indicated on the oscilloscope.

After the circuit has been calibrated for 500 volts, recheck
it for 900 volts. Set the PULSE VOLTAGE control at 900
and measure the peak pulse voltage on the oscilloscope. If
necessary, compromise the setting of R-2 between the indi-
cations at 500 and at 900 on the PULSE VOLT AGE control .

Be sure to turn off pulse circuit in the Capacohmeter before
you remove test leads from the oscilloscope input.

PARTS LIST

Reference Simpson
Symbol Description Part No.
C-1 Capacitor, 25 yf, 25 v dc, electrolytic  1-115818
C-2 Capacitor, 25 uf, 25 v dc, electrolytic  1-115818
C-3 Capacitor, 0.1 pf, 1600 v 1-115819
C-4 Capacitor, 0.25 uf, 400 v, 10% 1-112920
C-5 Capacitor, 1 jf, 1000 v 1-115820
C-6 Capacitor, 2000 4f, 6 v dc, electrolytic 1-115817

C-7 Capacitor, 2000 uf, 6 v dc, electrolytic 1-115817
CR-1 Rectifier, 20 v, 75 ma

CR-2 Rectifier, 130 v, 75 ma (3 in series) 1-117943
CR-3 Diode, Germanium, IN34AS

CR-4 Diode, Germanium, 1N34AS } 0-008598

CR-5 Diode, Germanium, 1N34AS
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CR-6
F-1

I-1
R-1
R-2

R-4
R-5
R-6
R-7
R-8
R-9
R-10
R-14
R-15
R-16
R-17
R-18

R-19

S-1
S-2
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Diode, Germanium, IN34AS

Fuse, 1 ampere, type 3AG

Fuse, 1/8 ampere, type 3AG

Lamp, No. 47

Potentiometer, 2000 ohms, 10%

Potentiometer, S000 ohms, 10%

Resistor, S10 K, ¥ w, 10%

Resistor, 510 K, % w, 10%

Resistor, 10 megohms, ¥ w, 10%

Resistor, 600 ohms, 5 w, 10%

Resistor, 1 megohm, ¥4 w, 1%

Resistor, 530 ohms, ¥ w, 1%

Resistor, 5.84 K, %4 w, 1%

Resistor, 7.8 megohms, % w, 1%

Resistor, 472.5 K, % w, 1%

Resistor, 5.2 megohms, ¥ w, 1%

Potentiometer, 10 K ohms, 10%

Resistor, 10 K, ¥4 w, 10%

Potentiometer, 250 ohms, 25 w, with
OFF position

Resistor, 39 K, % w, 10%

FUNCTION switch

METER SENS switch

Power transformer

Tube, Thyratron type 2050

Tube, rectifier type 1B3

Test lead set (3 leads)

Meter assem bly

Handle with posts

0-008598
1-112507
1-116104
1-113747
1-115809
1-115808
1-113951
1-113951
1-111693
1-114759
1-113392
1-116300
1-116299
1-116296
1-116298
1-116297
1-116251
1-111671

1-114722
1-115613
1-116086
1-116092
1-116546
1-115821
1-115840
10-837510
15-313980
1-114024
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Knob, PULSE VOLTAGE and
FUNCTION 1-115548
Knob, METER ADJUST 1-115658

SECTION 1V
OTHER APPLICATIONS
MEGOHMMETER MEASUREMENTS

CAUTION

Do not touch the test leads while the FUNCTION
switch is in the PULSE position. High voltage pulses
are present between the ends of the test leads.

The megohmmeter circuit of the Simpson Capacohmeter
Model 383A may be used for many applications other than
measurement of leakage resistance in capacitors. It may be
used for checking the condition of any insulating material
in the same way it tests the dielectric of a capacitor. It can
also be used to read high-megohm values of resistance in
the range from one through 1000 megohms.

For any application, use the following procedure:

1, Connect the red test lead in the red contact (jack 2),
and the green test lead into the green contact(jack 3).
Resistances will be measured between these two
leads.
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2. Connect the power plug into a source of 100 to 125
volts, single phase 60 cycle AC power.

3. Rotate the METER ADJUST control clockwise to turn
on the instrument. The pilot lamp on the front panel
should glow to indicate that power is applied to the
instrument circuits.

4, Set the FUNCTION switch at MEG (. Connect the
ends of the two test leads together to short the ex-
ternal circuit.

5. Rotate the METER ADJUST control to obtain a full
scale deflection of the meter pointer. The instrument
is now ready for use.

6. Separate the test leads and apply them across the re-

sistor to be measured, or across the insulation to be
rated.

7. Read the black arc of the meter for the number of meg-
ohms between the test leads.

PULSE TEST APPLICATIONS

CAUTION
Do not touch the test leads while the FUNCTION
switch is in the PULSE position. High voltage pulses
are present between the ends of the test leads.

In many cases, insulation conditions will be affected dif-
ferently by the application of higher voltages than they will
be in the megohms measuring circuit. The insulation may
be a cable or wire covering, a mounting support for a ter-
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minal, or any one of many other places where insulators are
in use.

Erratic behavior of resistance when they are subjected to
high voltage is another similar application for this circuit.

Do not apply the Capacohmeter leads across a transformer
winding, inductance, or rectifier circuit. The output from
the instrument can produce undesirable results for such
connections.

To test for insulation breakdown or component stability with
a high voltage, set up the Capacohmeter for pulse testing,
and use it to show the condition on the GOOD and BAD por-
tions of the meter scale. Use the following procedure:

1. Connect thered test lead into the red contact (jack 2),
and the green test lead into the green contact(jack 3).

2. Connect the power plug into a source of 100 to 125
volts, single phase 60 cycle AC power.

3. Set the FUNCTION switch at MEG 2, or in any capac-
ity range position.

4. Rotate the METER ADJUST control to turn on the
Capacohmeter. The pilot lamp on the front panel

should light to indicate when power is applied to the
instrument circuits.

5. After a short warm-up period, short the ends of the
two test leads together. The meter should read full
scale. Set the METER ADJUST control for exactly
full scale on the meter.
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11.
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OTHER APPLICATIONS

Separate the test leads and connect them across the
insulation or component which is to be tested.

Rotate the PULSE VOLTAGE control fully counter-
clockwise, to its lowest setting.

Set the FUNCTION switch at PULSE,

Advance the PULSE VOLTAGE control to apply
whatever peak value of voltage you need to test the
insulator or component. The limit is 900 volts.

Observe the inner arc of the meter during the pulse
voltage application. It shows GOOD AND BAD.

Always turn the FUNCTION switch to a position other
than PULSE before you handle the test leads, or move
them to a new location.
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853 DUNDEE AVENUE - ELGIN, ILLINOIS 60120

PHONE 312/697-2260

TELEX 722-422

AUTHORIZED SERVICE CENTERS

* PARTS SALES AND REPAIR SERVICE ONLY
** PARTS, GENERAL TEST EQUIPMENT & PANEL INSTRUMENT SALES & SERVICE

FACTORY
REPAIR SERVICE
Available
To ALL Customers

SAME SERVICE AS (**) ABOVE PLUS PANEL INSTRUMENT MODIFICATION

EE ADDITIONALLY AUTHORIZED FOR SERVICE ON RECORDERS, CONTROLLERS, OIGITAL PRODUCTS & LAB PORTABLES

< ALABAMA, MOBILE 36617
BROWNELL-ELECTRO INC.
3450 Armour Drive
Tel. 205/479-5405

* ALASKA, ANCHORAGE 99501
YUKON RADIO SUPPLY, INC.
3222 Commercial Drive
P.0. Box 406
Tel. 907/277-1497
* ALASKA ANCHORAGE 99500
. M ZUOK § ASSOCIATES
1710 E. 27th Avenue
Tel. 907/272-6917

* ALASKA,
YUKON RADIO SUPPLY,
1112 Cushman Street
Tel. 907/452-1011

ARIZONA, PHOENIX 85034
METERMASTER INC.

2633 E. Buckeye

Tel. 602/244-944)

FAIRBANKS 99701
INC.

.
a:»

* CALIFORNIA, GARDENA 90249
E.I.L. INSTRUMENTS INC.
1520 Rosecrans Ave.

Tel. 213/321-5891

& CALIFORNIA, GLENDALE 91201

O

WEATHERFORD INSTRUMENT DIV,

»,
™

WESTERN ELECTRONIC SUPPLY CORP

640 Allen Street

Tel. 213/246-4861
P CALIFORNIA
O 0S ANGELES 90040

“ETERMASTER INC.
5646 Jillson Street
Tel. 213/685-4340

* CALIFORNIA

ALO ALTO 94303
METERHASTER INC.
3995 E. Bayshore Road
Tel. 415/968-0313

CALIFORNIA,

SAN DIEGO 92123
METERMASTER/SAN DIEGO
8799 Balboa Avenue
Tel. 714/560-4841

CALIFORNIA,
SAN FRANCISCO 94105
PACIFIC ELECTRICAL
INSTRUMENT LAB
150 Folsom
Tel. 415/543-3104

CALIFORNIA,

SANTA CLARA 95050
DYNAMETRON
2000 De La Cruz Blvd.
Tel. 408/246-6535

e

O

»,
b3

7/76
sD-100

»,
»

-

*

*

»

»
*

»,
»

CALIFORNIA,

SOUTH PASADENA 91030
ETALON COMPANY
1323 Huntington Drive
Tel. 213/257-5410

COLORADO,
DENVER 80223
METER MASTER INSTRUMENT
CORPORATION
1165 S. Cherokee
Tel. 303/722-5766

CONNECTICUT,
MIDDLETOWN 06457
THE MANCIB COMPANY
Randolph Road and Coe
Tel. 203/346-6646

FLORIDA,
MIAMI 33136
FLORTDA PRECISION
INSTRUMENT COMPANY
800 N.W. 7th Avenue
Tel. 305/324-1731

FLORIDA,

MIAMI 33142
KIMBALL ELECTRONIC LAB.,
3620 N.W. 48 Terrace
Tel. 305/635-9712

FLORID

ORLANDO 32806
BROWNELL-ELECTRO INC.
307 27th St. Box 8945
Tel. 305/843-6770

GEORGIA

ALTANTA 30354
BROWNELL-ELECTRO INC.
3020 Commerce Way
Tel. 404/762-5181

HAWALT,

HONOLULU 96819
EMC CORPORATION
2979 Ualena Street
Tel. 808/847-1138

INC.

HAWATI

HONOLULU 96819
KEMS INCORPORATED
239 Puuhale Road
Tel. 808/847-1395

ILLINOIS,

BRIDGEVIEH 60455
E.I.L. INSTRUMENTS, INC.
9708 Industrial Drive
Tel. 312/430-2292

ILLINOIS
ELK GROVE VILLAGE 60007
METERMASTER, INC.
121 Gordon Street
Tel. 312/593-8650

(SEE REVERSE SIDE)
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ILLINOIS, OAK PARK 60302

Ees FIC INDICATOR COMPANY
orth Avenue

Tel. 312/261 1330

ILLINOIS,

ROCKFGRD 61108
ROCKFORD INSTRUMENT LAB,
1718 Broadway
Tel. 815/397-1004

INDIANA,

EVANSVILLE 47712
ELECTRO-LAB SERVICES INC.
510 Willifams Road
Tel. 812/423-521

KANSAS,

OVERLAND PARK 66206
BROOKS ELECTRONICS INC.
3761 W. 95th Street
Tel. 913/648-3131

KANSAS, WICHITA 67211
MAIN ELECTRONICS INC.
225 1da

Tel. 316/267-3581

LOUISIANA,
HARAHAN 70123
INDUSTRIAL INSTRUMENT
WORKS
134 Laitram Lane
Tel. 504/733-8355

MARYLAND,
ELKRIDGE 21227
SUNSHINE SCIENTIFIC
INSTRUMENTS, INC.
5800 Main Street
Tel. 301/796-5600

MARYLAND,
SAVAGE 20863
INSTRUMENT SPECIALTIES
INC

Div. o& Pyttronic Industries
8220 Wellmoor Court
Tel. 301/792-0780

MARYLAND,

TIMONIUM 21093
E.I.L. INSTRUMENTS,
1830 York Road
Tel. 301/252-1260

MASSACHUSETTS,

BURLINGTON 01803
THE MANCIB COMPANY
Middlesex Turnpike at “A™
Tel. 617/272-9450

MICHIG

FERNDALE 48220
RAM METER INC.
1100 Hilton Road
Tel. 313/398-6767

INC,
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L SIMPSON ELECTRIC COMPANY |

853 DUNDEE AVENUE - ELGIN,

TEL. 312/697-2260

ILLINOIS 60120

AUTHORIZED SERVICE CENTERS

MINNESOTA,
MINNEAPOLIS 55427

INSTRUMENTATION SERVICES INC.

957 Winnetka Avenue North
Tel. 612/544-8916

MISSOURI, ST. LOUIS 63108

INDUSTRIAL SERVICE
LABORATORIES CORP.

4354 Olive Street

Tel. 314/535-5760

MISSOURI, ST. LOUIS 63143

[C] SCHERRER INSTRUMENTS INC.

-

7170 Manchester

Tel. 314/644-5362

MONTANA, BILLINGS 59102

INDUSTRIAL ELECTRONICS §
AUTOMATION COMPANY

2442 Grand Avenue

Tel. 406/656-1313

NEBRASKA, LINCOLN 68508
ELECTROMETRICS COMPANY
404 South 11th

Tel. 402/477-3434

NEW HAMPSHIRE,
PORTSMOUTH 03801
A § M INSTRUMENTS INC./N.E.
1039 Islington Street
Tel. 603/431-7912

NEW JERSEY, BELLEVILLE 07109
MARSHALL INSTRUMENTS INC.
236 Washington Avenue

Tel. 201/751-1190

NEW JERSEY,
SOUTH PLAINFIELD 07080
BROWNELL-ELECTRO INC.
500 Hadley Road
Tel. 201/753-4600

NEW YORK, CHADWICKS 13319
MOHAWK COMMUNTCATTONS
3500 Bleachery P1.

Tel. 315/737-7328

NEW YORK, CLARENCE 14031
TROTT ELECTRONICS INC.
9020 Wehrle Drive

Tel. 716/634-8500

NEW YORK, NEW YORK 10011
BROWNELL-ELECTRO INC.

85 Tenth Avenue

Tel. 212/924-6000

NEW YORK, NEW YORK 10013

[ NILSSON ELECTRICAL

LABORATORY, INC.
103 Lafayette Street
Tel. 212/925-1730

NORTH CAROLINA,
CHARLOTTE 28216

BROWNELL-ELECTRO INC.

§141 Belhaven Blvd.

Box #16368

Tel. 704/394-434)
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OHIO,
CLEVELAND 44105
PIONEER/INSTRUMENTATION

INSTRUMENT LABORATORY
Div. of Pioneer-Standard

Electronics, Inc.
4800 East 131st Street
Tel. 216/587-3600

OHI1O,

CLEVELAND 44135
WESCHLER ELECTRIC CORP.
4250 West 130th Street
Tel. 216/251-4609

OHIO, COLUMBUS 43219

ELECTRONICS INSTRUMENT REPAIR

Div. of Contronics, Inc.
3005 Lamb Road

Tel. 614/475-6120

OHIO, DAYTON 45404

PIONEER/DAYTON

Div. of Pioneer-Standard
Electronics, Inc.

1900 Troy Street

Tel. 513/236-9900

OKLAHOMA,

OKLAHOMA CITY 73107
HUSTON LABORATORIES, INC.
536 No. Pennsylvania
Tel. 405/235-5469

OKLAHOMA, TULSA 74120
AGRA ENGINEERING COMPANY
551 S. Quaker Avenue
Tel. 918/584-4235

OREGON, PORTLAND 97217
WESTCON 1INC.

1910 N. Killingsworth St
Tel. 503/285-6629

PENNSYLVANIA,
PHILADELPHIA 19115
SUNSHINE SCIENTIFIC
INSTRUMENTS INC.
1810 Grant Avenue
Tel. 215/673-5600

PENNSYLVANIA,
PITTSBURGH 15222

CAM/RPC

2801 Liberty Avenue

Tel. 412/288-2600

PENNSYLVANIA,
PITTSBURGH 15221

E.1.L. INSTRUMENTS, INC

1844 Ardmore Blvd.
Tel. 412/731-5230

TENNESSEE, MEMPHIS 38116
BROWNELL-ELECTRO INC.
3053 Tranquility Drive
Tel. 901/332-9254

TENNESSEE, MEMPHIS 38104
INSTRUMENT REPAIR SERVICE
1374 Overton Park Avenue
Tel. 901/278-0762

(SEE REVERSE SIDE)
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TENNESSEE,

NASHVILLE 37210
BROWNELL-ELECTRO INC.
1050 Acorn Drive
Tel. 615/889-8230

TEXAS,
DALLAS 75220
ULTRA INSTRUMENT LAB., INC.
9995 Monroe
Tel. 214/357-0297

TEXAS, EL PASO 79901
BORDER ELECTRONICS
1704 E. Paisano Drive
Tel. 915/532-2524

TEXAS, GARLAND 75040
METERMASTER, INC.
2809 National Drive
Tel. 214/271-5671

TEXAS, HOUSTON 77006

ELECTRICAL INSTRUMENT
METER COMPANY (EIMCO)

1424 Westheimer

Tel. 713/526-6871 & 72

TEXAS, ODESSA 79760
METER SERVICE § SUPPLY
2127 Kermit Hwy

P.0. Box 2373

Tel. 915/332-0565

VIRGINIA,

ALEXANDRIA 22312
E.T.L. INSTRUMENT, INC.
5400 Cherokee Avenue
Tel. 703/354-4330

VIRGINIA,

RICHMOND 23229
INSTRUMENT TECHNICAL
REPRESENTATIVES
1425 Blue Jay Lane

P.0. Box 4856
Tel. 804/288-7198

WASHINGTON,

SEATTLE 98105
EICHER-RICHARDS COMPANY
2727 N.E. Blakeley Street
Tel. 206/523-7888

WASHINGTON,
BELLEVUE 98009

. Box 3097
. 206/747-9410

WASHINGTON, SPOKANE 99202

INDUSTRIAL INSTRUMENT
SUPPLY COMPANY

N. 401 Helema

Tel. 509/534-9353

I.L.1.
13215 S.E. 30th
P.O

1

WISCONSIN,
MILWAUKEE 53202
THE ELECTRO MECHANO COMPANY
24] East Erie Street
Tel. 414/272-4050









