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CERTIFICATION

Valhalla Scientific, Inc. certifies that this instrument was thoroughly
tested and inspected and found to meet published specifications when
shipped from the factory. Valhalla Scientific, Inc. further certifies
that it’s calibration measurements are traceable to the National Bureau
of Standards to the extent allowed by NBS's calibration facility.

WARRANTY

The warranty period for this instrument is stated on your invoice and
packing list. Please refer to these to determine appropriate warranty
dates. We will repair or replace the instrument during the warranty
period provided it is returned to Valhalla Scientific, Inc. freight
prepaid. No other warranty is expressed or implied. We are not liable
for consequential damages. Permission and a return authorization
number must be obtained directly from the factory for warranty
repairs. No liability will be accepted if returned without such
permission.
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SPECIFICATIONS

DC/AC CURRENT (TRUE RMS)

Current Range:
DC Inputs:

AC Inputs:

Frequency Response:

Crest Factor Response:

Peak Indicator:

Maximum input:

Overrange:

DC/AC VOLTAGE (TRUE RMS)

Range:

Crest Factor Response:

Maximum Input:

Peak Indicator:

WATTS (TRUE POWER. EI COS¢)

Power Factor:

0.2, 2, 20 Amperes.

0.5000, 5.000, 20.00 Amperes.
0.3500, 3.500, 20.00 Amperes.
DC, 40 Hz to 20 KHz.

50:1 for minimum RMS input, linearly decreasing
to 2.5:1 for full scale RMS input.

llluminates at 2.5 times fuli scale.

35A peak, 20A DC or RMS; 100A DC or RMS
for 16 miliiseconds without damage.

150% of full scale for DC, up to maximum input.

(Model 2100)150.00, 300.0, 600.0 VDC or True RMS.
(Modet 2101) 30.00, 150.00, 300.0 VDC or True RMS.

50:1 for minimum RMS input, linearly decreasing
to 2.5:1 for full scale RMS input.

(Model 2100) 600V DC or RMS AC, 1500V peak.
(Model 2101) 300V DC or RMS AC, 750V peak.

lHiuminates at 2.5 times full scale.

MODEL 2100 MODEL 2101
VOLTAGE CURRENT RANGE VOLTAGE CURRENT RANGE
RANGE 2A 2A 20A RANGE 2A 2A 20A
150.00 30.00W | 300.0W | 3000W 30.00 6.00W 80.0W | 600.0W
300.00 60.00W | 600.0W | 6000W 150.00 30.00w | 300.0W | 600.0W
600.00 |120.00W | 1200.0W | 12000W 300.0 60.00W | 600.0W | 6000W

ACCURACY (V-A-W, 25°C *25°C)

DC,40Hzto 5 KHz:

5 KHzto 10 KHz:

0 to unity, lead or lag.

+0.25% of reading = 6 digits.

+ 0.5% of reading = 0.5% of range.

10 KHz to 20 KHz (2 AMP Range Only):

+ 1% of reading, = 1% of range.




SPECIFICATIONS (Cont’d)

DISPLAYS:

MINIMUM INPUT:

OPERATING TEMPERATURE RANGE:

TEMPERATURE COEFFICIENT:

CONVERSION RATE:

LOAD CONNECTION:

POWER REQUIRED:

SIZE:

Specifications

Large, high intensity LED's.

5% of range for all true RMS responding converters.
0°Cto50°C.

+ 0.025% of range per °C from 0°C to 20°C and 30°C to 50°C.
One conversion in approximately 300 milliseconds.
Four-terminal. heavy duty input jacks.

115/230 VAC = 10%, 50-60 Hz, 5 watts.

235cmLx21.6cmWx6.4cmH(9.25"x8.257 x25").

2.3kg{ (10 Ibs) shipping.

subject to change without notice.

Pii
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SECTION | — GENERAL INFORMATION

1-1 DESCRIPTION

1-2 Valhalla Scientific Models 2100 and 2101
Digital Wattmeters are accurate, low-cost in-
struments to aid engineering, production test and
quality assurance departments in the determina-
tion of product power consumption from DC and
AC power lines. The instruments feature dual, in-
dependent digital displays. One display provides a
continuous indication of True Power in Watts. The
other display is switch selectable between
Amperes (True RMS) and Volts (True RMS).

1.3  The Model 2100 and Model 2101 provide a fast
and convenient method of determining product ef-
ficiency, power factor and true RMS current. Phase
angle relationships may be calculated through
utilization of the displayed digital data.

1-4 The Digital Wattmeters use a unique four-
quadrant complex waveform analog multiplier to
derive a DC signal equivalent to the integrated pro-
duct of the instantaneous value of line voltage and
current. The resultant wattage value is converted
for presentation on a 4-1/2 digit display. Power
ranging provides maximum resolution from 10
milliwatts to 12000 watts on the Model 2100 and
from 1 milliwatt to 6000 watts on the Model 2101,
True RMS current from 100 microamperes (max
resolution) through 19.99 amperes with a crest fac-
tor of 2.5:1 may be monitored by selecting the cur-
rent display with the front panel switch. True RMS
voltage from 7.5 volts to 600 volts may be
monitored on the Model 2100 by selecting the

1

1

voltage display. On the 2101, the range is from 1.5
volts to 300 volts. Four binding posts on the rear
panel provide convenient means of making the
measured line and load connections.

1-5 The Digital Wattmeters are designed to
operate from selectable 115/230V AC power. The
loads may be operated from power sources up to
600 volts on the Model 2100 and up to 300 volts on
the Model 2101. These sources may be indepen-
dent of instrument power and may be DC, or AC
from 40 Hz to 20 KHz. Peak voltage limitation is
1500 volts for the Modet 2100 and 750 voits for the
Model 2101. There are three selectable current
display ranges identified on the front panel as .2, 2
and 20 amperes. DC current may be displayed up
to 0.5000, 5.000 and 20.00 amperes. AC sinewave
current may be displayed up to 0.3500, 3.500 and
20.00 amperes. Voltage display ranges are also
selectable in three steps; 150.00, 300.0 and 600.0
on the Model 2100 and 30.00, 150.00 and 600.0 on
the Model 2101

1-6 ACCESSORIES

1-7 The Digital Wattmeters are shipped from the
factory with a detachable power cord and an in-
struction manual.

1-8 RACK MOUNT- OPTION ‘R’
1.9 The Model 2100 or Model 2101 may be pur-

chased with an Option ‘R’ rack mount adapter for
use in rack mount applications.






SECTION I — INSTALLATION

2-1 INTRODUCTION

2-2 This section of the manual contains informa-
tion for receiving inspection and installation of the
Mode! 2100 and Model 2101 Digital Wattmeters.

2-3 INITIAL INSPECTION

2.4 |f the external shipping container shows
evidence of in-transit damage, such damage
should be immediately brought to the attention of
the carrier and such damage noted on the bill of
lading.

2.5 Unpack the instrument and retain the ship-
ping container until the instrument has been in-
spected for possible damage in shipment. If in-
shipment damage is observed, notify the carrier
and obtain his authorization for repairs before
returning the instrument to the factory. Where the
external shipping container has shown evidence of
damage in transit, but the instrument shows no ex-
ternal damage, it may be advisable to check the
performance of the unit using the adjustment pro-
cedure of Section V as a guide to determine that
the instrument has not incurred hidden damage.

2-1

2.6 POWER REQUIREMENTS

2-7 The instrument is shipped from the factory
for operation from 115 or 230 volts AC 50/60 Hz.
The internal operating input voltage range is
selectable with a rear panel switch. When 115V is
selected, the unit will operate at line voltages of
103 to 130 volts. When 230V is selected, the unit
will operate at line voltages of 206 to 260 volts.

2-8 INSTALLATION

2-9 If the Model 2100 or Model 2101 is to be used
in the bench top configuration, installation re-
quires only that the iine cord be connected to the
wall receptacle and its other end inserted in the
rear panel connector. A rear panel mounted fuse
provides protection for the internal circuits.

2-10 if the unitis to be installed in a rack, assem-
ble the Wattmeter into the rack mount adapter us-
ing the instructions included with the option. Then
it is only necessary to locate the unit in the rack,
install the screws that attach it and make the
power source and load connections. The unit
should be operated only in areas where the am-
bient temperature does not exceed 50°C. If the in-
ternal temperature of the rack mount, in which the
unit is instalied, will exceed this temperature limit,
forced air cooling shouid be employed to maintain
the ambient air at or below the 50°C limit.






SECTION Il — OPERATION

3-1 INTRODUCTION

3-2 This section of the manual contains com-
plete operating instructions for the Model 2100
and Model 2101 Digital Wattmeters.

3-3 FRONT PANEL CONTROLS AND
INDICATORS

3-4 There are nine push-button controls on the
front panel. Their functions are detailed in the
following paragraphs.

3-5 POWER PUSH BUTTON

3-6 Power is applied to the unit by pressing the
POWER push button. Application of power is
indicated by lighting of the power and voltage/cur-
rent digital displays. The first depression locks the
push button in its ON position and applies power
to the unit. When it is depressed a second time, it
returns to its outer position and disconnects
power from the unit.

3.7 AMPS/VOLTS DISPLAY SELECTORS

3-8 Display of amperes or volts on the righthand
display is selected by depressing either the AMPS
or VOLTS push button. The button remains in its
depressed position until released by depressing
the other button.

3-9 CURRENT RANGE SELECTORS

3-10 There are three current range selections that
are made with the CURRENT push buttons. The
push buttons are labeled .2, 2 and 20. The max-
imum current reading that may be displayed in
each range is approximately .3500, 3.500 and 20.00,
respectively. The selected push button remains
locked in its depressed position until released by
depressing another button in the CURRENT group.
3-11 VOLTAGE RANGE SELECTORS

3-12 There are three voltage range selections
that are made with the VOLTAGE push buttons,
The push buttons on the Model 2100 are labeled
150, 300 and 600. Those of the Model 2101 are
labeled 30, 150 and 300. The maximum voltage that

3-1

may be displayed in each range of the Model 2100
is 199.99, approximately 500.0 and 600.0, respec-
tively. On the Model 2101 the voltages are approx-
imately 50.00, 199.99 and 300.0. The selected push
button remains locked in its depressed position
until released by depressing another button in the
VOLTAGE group.

3-13 PEAK- AMP OVERLOAD INDICATOR

3-14 If the peak or steady-state current to the
measured load is greater than 250% of the range
selected with the CURRENT push button, the
PEAK AMP O/L indicator wiil be illuminated. Selec-
ting the proper range or reducing the current to the
load will extinguish the indicator. Do not rely on
current or power indications if the indicator is il-
luminated.

3.15 PEAK- VOLT OVERLOAD INDICATOR

3-16 If the peak or steady-state voltage applied to
the rear panel connectors is greater than 250% of
the range selected with the VOLTAGE push but-
ton, the PEAK VOLT OJ/L indicator will be il-
luminated. Selecting the proper range or reducing
the voltage will extinguish the LED. Do not rely on
voltage and power indications if the indicator is il-
luminated.

3-17 VOLTS/AMPS DISPLAY

3-18 When VOLTS is selected, the righthand
digital display will show the voltage applied to the
rear pane! connectors. Resolution is 0.01 volts
when the 30 volt range (Model 2101 only) or 150
volt range is selected and the 0.1 volit resolution
when the 300 volt range or 600 volt range (Model
2100 only) is selected. When AMPS is selected,
the current supplied to the load will be dis-
played with resolution of 0.0001 ampere when
the .2 ampere range is selected, 0.001 ampere
when the 2 ampere range is selected and 0.01
ampere when the 20 ampere range is selected. The
display will blink if the voltage or current is greater
than that required for a display of 19899 (decimal
omitted).

3-19 WATTMETER

3-20 The power dissipated in the load is in-
dicated on the lefthand display. To obtain a valid



display of power (wattage) requires that the peak
voltage and current to the load are within 250% of
the voltage and current ranges selected with the
front panel push buttons. If voltage or current ex-
ceed those levels, the respective PEAK indicator
will be illuminated. These peak indications occur
independently of whether AMPS or VOLTS has
peen selected for the righthand display. The cor-
rect action in either case is to select a higher range
or, if the highest range has been selected anc the
PEAK indicator is still on, the voltage applied to
and/or the current through the instrument must be
reduced. This may require the use of external
voltage dividers and/or current shunts. If external
dividers or shunts are used, the power display will
be a fraction of the actual load power. Simple ratio
calculations will then reveal the power actually

delivered to the load.

3-21 To obtain power readings with maximum
resolution, select increasingly lower ranges of cur-
rent and voltage until the PEAK indicators il-
luminate, then seiect the next highest range.
Selecting current and/or voltage ranges shifts the
decimal point within the power display. If the cur-

rent and voltage to the load are within the current
and voltage range of the instrument, the power
reading will be accurate.

3-22 Under certain conditions, where complex
waveforms are applied to the instrument and load,
it may be necessary to select a current and/or
voltage range that is weil above the true RMS value
indicated on the display in order to extinguish the
PEAK indicator. This will reduce the resolution of
the wattmeter reading, but is necessary for reading
accuracy. The display will blink if the load power is
greater than that required for a display of 19999
(decimal omitted).

3-23 REAR PANEL CONNECTIONS

3-24 The locations of the rear panel connections
are shown in Figure 3-1. The function of the
115V/230V switch and power cord receptacle were
covered in Section Il It is important to connect the
load in accordance with the L (line) and N (neutral)
indications on the rear panel if accurate
measurements are to result.

POWER LOAD PCWER
SOURCE TERMINALS CORD
TERMINALS RECEPTACLE
z vl /.
/‘\\// AN
@ ©—
| @
INPUT OUTPUT =
VOLTAGE LOAD
10- 600V
o N/ e/
vVWA @ . — -
01 OHM ¢ Mz =

FUSE 115V/230V
HOLDER SWITCH

Figure 3-1. Rear Panel Connections.



SECTION IV — THEORY OF OPERATION

4-1 GENERAL

4-2 This section of the manual describes opera-
tion of the circuits of the Digital Wattmeters. A
functional description is referenced to the block
diagram of Figure 4-1 and is intended to assist the
user in gaining a general understanding of instru-
ment operation. The circuit descriptions are of a
more detailed nature and are intended to acquaint
the user with circuit operation to the degree
necessary for logical troubleshooting. The infor-
mation contained in this section, together with
that of Section V, will provide the background
necessary for maintenance of the instruments.

4-3 FUNCTIONAL DESCRIPTION

4-4 A block diagram of the Digital Wattmeters is
shown in Figure 4-1. Power for the load under test

is connected to one set of rear panel terminals and
passes through the instrument to a second set of
terminals to which the axternal load under test is
connected. A 0.01 ohm current shunt is installed
between one input terminal and one output ter-
minal. The inputs to the voltage amplifier are con-
nected to both power tine terminals. The inputs to
the three-stage current amplifier are connected
across the current shunt.

4-5 The voltage amplifier gain is controlied by the
voltage range switch so that it has a full-scale
5.volt output at the selected range. The gains of
the three stages of the current amplifier are 25, 10
and 10, respectively. The outputs of each current
amplifier stage are individually selected by the cur-
rent range switch for the .2, 2 and 20 ampere

ranges.

CURRENT
SHUNT

LOAD

LINE

AAA—

T9

'

A

VOLTAGE
AMPLIFIER

THREE-STAGE

AMPLIFIER

4

GAIN

CONTROL

A

A y

y

VOLTAGE
RANGE
SWITCH

VOLTS/AMPS
SWITCH

CURRENT
RANGE
SWITCH

MULTIPLIER SCALER"

I

v R

TRUE RMS

SCALER CONVERTER

DVM

!

DISPLAY
DIGIT
SELECTOR

DECODER
DRIVER

VOLTSIAMPS DISPLAY

*SCALERS ARE PART OF
VOLTAGE RANGE SWITCH

DVM

DISPLAY
DIGIT
SELECTOR

] l

DECODER
DRIVER

A A

'

\
.

\I
N
N
N

L
A I
¢

/l
WATTS DISPLAY

-~

>—>|

-

Figure 4-1. Block Diagram.
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4-6 The signal applied to the true RMS converter
is determined by the position of the amps/volts
selector switch. Since the 5-volt full-scale output
of the voltage amplifier is the same for the three
ranges, the output of the RMS converter will be
passed through the scaler when the voltage
amplifier output is selected. The scale factor is
controlled by the voltage range switch, which
selects the correct voltage to be applied to the
RMS converter. If a current amplifier output is
selected, scaling is not required. However, the cur-
rent range switch will place the decimal point of
the display in the proper position for the selected
range.

4.7 The DVM is a true dual slope, integrating
digital voitmeter. The full-scale voltage applied to
its input is 0.2 volts in the current ranges and 1.5,
0.3 and 0.6 volts in the three voltage ranges of the
Mode! 2100 and 0.3, 1.5 and 0.3 volts for the ranges
of the Model 2101. The voltage measured by the
DVM is latched to its internal registers at the end
of the measurement cycle. During the time of the
next input measurement, each digit of the
previously measured voltage is sequentially ap-
plied to the inputs of the decoder/driver. While the
decoded data is present at the output of the
decoder/driver, the display digit selector energizes
the appropriate display digit. Thus, the display is
multiplexed from a single BCD output of the DVM
and at such a rate that it appears to be continuous-
ly illuminated.

4-8 The output of the voltage amplifier and the
output of the current amplifier stage selected with
the current range switch are applied to individual
inputs of the power converter which is a multiplier
circuit. The output of the power converter is pass-
ed through a scaler which is controlled by the
voltage range switch. Again, scaling is necessary
since the full-scale output of the voltage amplifier
is the same on all ranges. The DVM which follows
the scaler is identical to that used for the
amps/volts display. However, its decimal point has
only two positions and these are controiled by the
voltage range switch.

4-9 CIRCUIT DESCRIPTIONS

4-10 To supplement the overview provided by the
preceding functional description. this section
describes the operation of each circuit. The
reference designators used in this section are
those of the schematic diagram of the Model 2100,
Figure 5-5. The schematic of the Model 2101,

4-2

shown in Figure 5-6. is slightly different, but the
principles are the same. The individual circuits of a
multiple-circuit device are iden:ified by the device
designator followed by a suffix number corres-
ponding to the output pin number. For example,
the amplifier of IC7 that has its output connected
to pin 1is identified as IC7-1.

411 POWER SUPPLY

4-12 The power supply schematic is located in
the lower left area of Figure 5-5. S1 is the front
panel push button switch that connects one side
of the power line to one end of the primary win-
dings of transformer T1. The other end of the
primary windings is permanently connected to the
other side of the line. T1 has two primary windings
that are connected in paralle! by S10 for operation
on 115 volts and in series for operation on 230
volts.

4-13 The voltage across one secondary winding
of T1 is rectified by D1 and D3 and filtered by C18
to provide + 5 volts to the display driver transistors
TR1 through TR5 and TR8 through TR12, and to
IC21. The other secondary is rectified by D6 and D7
to provide a positive DC input to voltage regulator
IC11 which develops + 15 volts at its output. The
same secondary is also rectified by D4 and D5 to
provide the negative DC input to voltage regulator
IC12 which develops — 15 volts at its output. These
voltages power the devices that are not connected
to the + 5-volit supply.

4-14 1t should be noted that the neutral input ter-
minal is connected to the internal common bus
(ground). T1 provides isolation between the com-
mon bus and the power line. The plastic case
and other insulators isolate the operator from the
input terminals. However, when the unit is opened
for service, personnel should verify that the neutral
terminal is at the same potential as the power ling
ground. If it is connected to a high potential,
serious injury could befall personnel if they come
in contact with the internal circuits. This precau-
tionary note is repeated in the maintenance sec-
tion of this manual, but with greater emphasis.

4-15 VOLTAGE AMPLIFIER AND SCALING

4-16 The neutral line of the input (measured)
voltage source is connected to the common inter-
nal bus (ground). The other line is connected to the
input of the voltmeter amplifier circuit through a
600K ohm resistor, R1, on the rear panel assembly.
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10K
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Figure 4-2. Simplified Circuit Diagram, Voltage Amplifier, Model 2100.

Refer to Figure 4-2. This is a simplified diagram of
the circuit of operational amplifier IC1 and RMS
voltage converter IC3. The three switches con-
nected to the input of IC1 are sections of the
voltage range selector. The number adjacent to
each switch indicates the selected range for which
it is closed. The gain of ICt is determined by the
closed section of the switch which selects the
resistance value for the feedback loop of IC1. R2,
R4 and R6 provide fine adjustments of gain in each
range. The output of IC1 fora fuli-scale input {150,
300 or 600 volts) is 5 volts. R8 provides the offset
adjustment for IC1.

4-17 The output of IC1 passes through another
switch, S5B, which selects the output of the
voltage or current amplifiers as an input to 1C6.
When the VOLTS mode is selected, the output of
IC6 is a DC voltage directly proportional to the
RMS value of the input voltage and will be 5 volts
full-scale. It appears across the voltage divider
comprised of R44 through R50. The switches con-
nected to the arms of the potentiometers in this
voltage divider are other sections of the range
switch that close simultaneously with those in the
feedback circuit of IC1. The output of ICB is scaled
down through the divider to 0.6 volts for the 600
volt range. 0.3 volts for the 300 voit range and 1.5
volts for the 150 volt range with the potentiometers
providing the fine calibration adjustments.

418 CURRENT AMPLIFIERS AND SCALING

419 The source of the signal for the current
meter is a 0.01 ohm shunt resistor. R61. through

4-3

INPUT T
c11
470 pt l

- OUTPUT

R68
10K

c17 R67

220 mid ‘ 1K

vV
R64
10K

Figure 4-3. Simplified Circuit Diagram,
Current Input Amplifier.

which the iload current flows. The resistance of
R61 is very low so as to have minimal effect on the
voltage applied to the load. Therefore, the signal
developed across R61 must be greatly amplified,
especially in the lowest current range. The current
signal amplifiers are shown in Figure 55. A
simplified diagram of the input current amplifier is
shown in Figure 4-3. The minimum full-scale
voltage developed across R61 is only 2 millivolts.
Therefore, the input amplifier must remain stable
at DC and from 40 Hz through 5 KHz. Operational
amplifier 1C9-1 and chopper-stabilized amplifier



IC8 operate in concert to achieve the required
stability.

4-20 Any oftset appearing at the output of IC9-1is
reduced by a factor of 25 at the arm of R65 where it
is applied to the non-inverting input of IC8. Thus, a
differential exists between the two inputs of IC8.
An offset is then produced at the output of IC8 that
places a charge on C17 of a polarity that drives the
output of 1C9-1 toward zero. The gain of 1C8 is 200
and its output is integrated by R67 and C17 which
eliminates any tendency toward oscillation.
Therefore. the system finally finds a point of
equilibrium where the offset at 1CG9-1 has been
reduced to a negligible level.

4-21 1C9-1 has a gain of 25 and the amplifiers that
follow, IC9-7 and IC10-6, have a constant gain of 10
when properly adjusted with R74 and R85. The out-
puts of IC9-1, 1C9-7 and IC10-6 are each connected
to one contact of the CURRENT switch. The other
contact is connected to its counterparts so that
the selected output is applied to the true RMS con-
verter, 1C6, when AMPS is selected with the
VOLTS/TRUE RMS/AMPS. A 200 millivolt input to
IC9-1 will produce a level at its output of 5 volts. A
20 millivolt input will produce 5 voits at the output
of 1C9-7 and 2 millivolts will produce 5 volts at the
output of IC10-6. Thus, the full-scale voltage ap-
plied to the true RMS converter in any range is 5
volts.

4.22 The output of the true RMS converter ap-
pears acrcss the divider comprised of R51, RS2
and R53. The potential at the arm of R52 is 200
millivolts and is applied to the amps/volts DVM,
IC20, through a section of the VOLTS/TRUE
RMS/AMPS switch when AMPS is selected.

4-23 PEAK DETECTOR/INDICATORS

4-24 When the voltage applied to the rear panel
terminals exceeds the selected voltage range, the
peak voltage indicator is caused to light. This
signals that the displayed voltage and power value
may not be accurate. An identical circuit provides
a visual signal when the current to the load ex-
ceeds the selected current range. The peak detec-
tors provide their visual signals irrespective of
whether AMPS or VOLTS has been selected for
display.

4-25 The voltage peak detector is comprised of
comparators 1C2-1, 1C2-2 and 1C2-13. Their circuit is
shown in the upper area of Figure 5-5. The

4-4

reference voltage at the inverting input of 1C2-1 is
at — 12 volts, which 1s derived from the divider
comprised of R11 and R12. The non-inverting input
is connected to the output of the voltage amplifier,
1C1-6. The non-inverting input of 1C2-2 is at +12
volts which is derived from the divider comprised
of R9 and R10. Its inverting input is also connected
to the output of 1C1-6. With zero volts applied to
the input, the outputs of both comparators are high
(+ 15 volts). Since the inverting input of 1C2-13is at
ground potential, its output will be high, back-
biasing voltage peak indicator DS2 and holding it
out of conduction.

4-26 When the input voltage (either peak or
steady-state) exceeds + 12 volts, the output of
IC2-1 will transition to — 15 volts, causing the out-
put of IC2-13 to transition to — 15 volts, turning on
DS2. When the input voltage exceeds — 12 voits,
the output of 1C2-2 and IC2-13 will transition to
— 15 volts to turn on DS2. An integrating capacitor,
C1 holds the output of 1C2-13 at a low state be-
tween peaks so that DS2 is continuously illu-
minated until the input to 1C2-13 is increased

above its transition level.

4-27 An identical circuit for the current peak
detector/indicator is comprised of 1C7-1, IC7-2,
IC7-13 and associated components. The input to
this detector is from the CURRENT range switch
which connects it to the output of the selected cur-
rent signal amplifier.

4.28 DIGITAL VOLTMETERS

4-29 There are two near-identical digital
voltmeter (DVM) circuits. One, shown in the lower
right area of Figure 5-5, drives the AMPS/VOLTS
display. The other, shown in the upper right area,
drives the WATTS display. Most of the amps/volts
DVM circuitry is contained in two special devices,
IC19 and I1C20, which comprise a dual-siope in-
tegrating voltmeter. The analog circuits are con-
tained in 1C19 and the digital circuits in 1C20. The
circuit of the watts DVM is comprised of IC17 and
IC16 and associated components. Only the circuit
of 1C19 and IC20 is discussed in the following
paragraphs.

4-30 A dual-slope integrating voltmeter has three
cycles. Timing of these cycies is controlled by a
crystal oscillator, IC21, which operates at 100 KHz.
The first cycle is auto-zero which nulls out any off-
sets. The next integrates the input for a precise
time (10,000 counts of the oscillator). In the pro-



cess, it charges a capacitor to a level proportional
to the input voltage. In the third cycle. a fixed level
reference voltage of reverse polarity is applied to
the integrator. The time required for the integrator
to discharge its capacitor back to zero in this cycle
is determined by counting the oscillator pulses.
This count is an accurate measurement of the in-
put voitage. The reference cycle count is displayed
as the measured voltage.

4-31 Auto Zero

4-32 IC19 contains an integrator and a com-
parator. During the auto-zero cycle, a switch inter-
nal o 1C20, which is connected between its pins 16
and 17, connects the output of the comparator at
pin 2 of IC19 to the input of the integrator at pin 12
of 1IC19. This charges auto-zero capacitor C33. The
auto-zero cycle time is sufficient to completely
charge the capacitor and zero the output of the in-
tegrator. The capacitor will hold its charge during
the next two periods. The input reference
capacitor, C34, is also charged to a reference level
during this period.

4-33 Input Integration

4-34 The output of true RMS converter IC6 is con-
nected to pin 10 of 1C20 through a scaling voltage
divider that is part of the voltage range switch. Dur-
ing the input integration period, a switch internal
to 1C20 connects pin 10 to pin 9 and to the input of
the integrator of 1C19. C32 is the integrator
capacitor. At the end of the input integration
period, C32 is charged to a level proportional to the
input voltage. At the same time, the polarity of the
input is latched in IC20.

4-35 Reference Integration

4-36 At the beginning of the second integration
period, the switches in 1C20 will select the
reference voltage at its pin 7. This reference is ob-
tained from pin 6 of IC16, in the watts DVM circuit,
through R98, R99 and R107. R107 provides a fine
adjustment of the reference input. The reference is
applied to the integrator to return its output to
zero. During this integration period, the crystal
oscillator drives a multi-stage counter. When the
integrator output crosses zero, counting is ter-
minated. The number of counts required to in-
tegrate the reference to zero, which is stored in the
counter, is precisely proportional to the input
voltage.

4-5

4.37 Amps/Volts Dispiay

4-38 The reference integration counts, which are
accumulated in an internal counter of 1C20, are
latched into a multiplexer, also internal to 1C20, at
the end of the count period. During the next series
of auto-zero and integration periods, each digit of
the counts latched into the multiplexer are sequen-
tially placed on the BCD outputs of IC20 and on the
inputs of decoder/driver IC18. While the most sig-
nificant digit data is applied to 1C18, transistor TR8
is turned on by 1C20 to provide the anode voltage
for DS8. When the next digit data is applied to
IC18, TR8 is turned off and TR is turned on to pro-
vide the anode voltage for DS9. The sequence is
continued for TR10/DS10, TR11/DS11 and TR12/
DS12 and then repeated. The repetition rate is
fairly high so that all digits appear to be con-
tinuously illuminated.

4.39 Decimal Point Positioning

4-40 The decimal points in the AMPS/VOLTS
display are positioned by the VOLTAGE switch
when the VOLTS function is selected. Pin 6 of the
display device is the decimal input. In the 150-volt
range, pin 6 of DS10 is grounded through contacts
of the CURRENT switch so that the resolution is
0.01 volts. In the 300- and 600-volt ranges, pin 6 of
DS11 is grounded and the resolution is 0.1 volts.
When the AMPS function and the 0.2 range are
selected, pin 6 of DS9 is grounded and the reading
resolution is 0.0001 amperes. Pin 6 of DS10 is
grounded in the 2 ampere range for a display
resolution of 0.001 amperes. For the 20 ampere
range, display resolution is 0.01 amperes, since
pin 6 of DS11 is grounded. Note that the path to
ground is through the switch and 100-chm resistor
R54.

4-4%  The decimal points of the watts display are
controlied onty by the CURRENT range switch. Pin
6 of DS6 is grounded in the .2 ampere range for a
display resolution of 0.01 watts. In the 2 ampere
range, pin 6 of DS7 is grounded for resolution of
0.1 watts. No decimal point is displayed in the 20
ampere range. Note that the watts display decimal
points are grounded through the current switch
and 100-ohm resistor R87.

4-42 ANALOG MULTIPLIER

4-43  Analog multiplier 1C3 receives the output of
voltage amplifier IC1-6 and the output of either
IC9-1, 1C9-7 or IC10-6, depending on the selected
current range.



4-44 The output current from IC3 is proportional
to the product of the signals at its two inputs. This
output current is converted to a voltage by 1C4-6.

4-45 The analog multiplier (1C3) is direct coupled
and is, therefore, subject to DC shift at its output
due to temperature changes. To correct for this
shift, an auto zero circuit is used. It consists of
IC5, the switches of IC13 and 1G14 and associated
components. The switch drivers are shown in the
upper right area of Figure 5-5. Each of the eight
switch drivers is identified by an aipha character.
The switch sections are shown in a manner that
simplifies the diagram and facilitates the
understanding of circuit operation. Each switch
section in the main part of the diagram is identified
with the same alpha character as its driver. The cir-
cuit switches the two inputs to the multiplier to

zero and measures the offset voltage output at

IC4-6. IC5 amplifies the offset voltage and charges
C4 to a voltage that will drive IC4-6 to zero. The
inputs to the multiplier are then switched back to
the signal source. This sequence occurs during
every auto-zero cycle.

4-6

4-46 MODEL 2101 CIRCUIT

4-47 The Model 2100 and Model 2101 circuits are
nearly identical and are assembled on identical cir-
cuit boards. The principal differences between
them are 1) Some resistors installed in the Model
2100 are not installed in the 2101, 2) The vaiues of a
number resistors are different, 3) There are some
minor switch wiring changes and 4) NAND gates
1C22 and IC23 are installed only in the Model 2101.
The resistor and wiring changes do not require
detailed descriptions. The purpose of 1C22 and
IC23, which are shown in Figure 5-6, is to control
the display decimal points. Note that the decimal
point of DS5 is used in the Model 2101 to increase
the resolution of the display in the lowest current
and power ranges. This requires that the decimal
point illumination of the display be controlled by
the VOLTAGE and AMPS range switches. This is
accomplished through the NAND gates of 1C22
and 1C28.



SECTION V. MAINTENANCE

5-1 INTRODUCTION

5-2 This section provides maintenance
information for the Model 2100 and

Model 2101  Digital ~Wattmeters.
Included are a recommended  test
equipment  list and  calibration

procedures.

5-3 RECOMMENDED TEST
EQUIPMENT

involving accuracy-determining

components.

5-7 Remove the top cover from the unit
to  gain  access 10 the internal
adjustments.

5-8 Apply power to the Digital
Wattmeter and to the test equipment,

and allow approximately thirty minutes
for stabilization.

5.9 MODEL 2100 PROCEDURE

5-4-1 Reference DC Voltage Standard
(Valhalla Scientific Model 2701B or
equivalent). Two required.

5-4-2 Reference AC Voltage Standard
(Valhalla Scientific Model 2703 and
2705 Wattmeter Calibration System or
equivalent). One required.

o

5-10 The following procedure applies
only to the Model 2100. Refer 1o
paragraph 5-21 for the Model 2101

5-4-3 Reference AC-DC Current procedure.
Calibrator ~ (Valhalla ~ 2500E  or
equivalent). One required. 5-11 Connect the positive terminal of

the DVM to pin 7 of IC20 and the
negative terminal to analog ground.
Adjust R100 if necessary for a DVM
reading of +1.000 Volts.

CALIBRATION PROCEDURES

5-5
5-6 The following procedures should be

performed at routine intervals to insure

that the Digital Wattmeters remain ositive terminal of

5-12 Connect the

within specified limits. In addition, the DVM to pin of IC17 and the
calibration should be  performed negative terminal to analog ground.
whenever repairs have been completed Adjust R107 if necessary for a DVM

reading of +1.000 volts.

CAUTION

The neutral input terminal is connected 10 the internal common bus (ground).
Transformer T1 provides isolation between the common bus and the power line, and the
plastic case and other Insulators isolate the operator from the input terminals when the
cover is in place. However, when the unit is opened for service, verify that the neutral
terminal is at the same potential as the power line ground. If connected to a high
potential and internal circuitry is contacted, SERIOUS INJURY MAY RESULT.

VOLTAGE SOURCE LOAD
STANDARD
uuT
+ O=0
OLTAGE CURRENT NEUTRAL (5
VOL ! !
STANDARD 1o+ o= l\
+ O‘O-'—I——O - - \ =
- OO STANDARD 0.01 0 SHUNT

Figure 5-1. Calibration Equipment Connections

5-1



Table 5-1. Model 2100 Voltage Adjustments
DC Voltage TP1 o 2100
Range Calibrator Output Adjust DVM Reading Adjust Display Reading
1. 150 10.00 VDC - - R&* 10.00
2. 150 150.00 VDC R2 -5.000 VDC R45 150.00
3. 300 300.00 VDC R4 -5.000 VDC R49 300.00
4. 600 600.00 VDC R6 -5.000 VDC R47 600.00
5. 150 150.00 VDC Reduce for Current Range Calibrations
* Alternate input polarity and adjust R8 for the same reading
at both polarites.
5-13 Connect the 2100 to Reference Select Volts Display.
Standards per Table 5-1. Perform the
adjustments listed in Table 5-1. Also 5-14 Perform the adjustments in Table
note location of TP 1 in Figure 5-1, 5-2. Select the Amps display.
Front
O O
o
O Of~e—rp ;
o O
Switch S5 (Amps)
Figure 5-2. TP 1 Location
Table 5-2. Model 2100 Current Adjustments
DC Current
Range Calibration Output Adjust 2100 Current Display
1. 20A 10.0000 ADC R65 -2.500 at TP 1
2. 20A 10.0000 ADC R52 Adjust R52 for 10.00 reading on display.
3. 2A 1.0000 ADC R71 Alternate + and - polarity and balance for same
reading on display.
4. 2A 1.0000 ADC R74 1.000
5. 0.2A 0.10000 ADC R8&3 Alternate + and - polarity and balance for same
reading on display.
6. 0.2A 0.10000 ADC R85 .1000

5-15 Select the 2 Amp, 600 volt range.
Apply 1 Amp and reduce the input
voltage to zero. Alternate the input
current polarity and adjust R29 for the
same reading at both polarities. Adjust
R43 for 000.0 on the Watts display (300

volt range on the 2101).

5-16 Reduce the input current to zero
(600 volt range).  Apply 150 volts,
alternate the input voltage polarity, and
adjust R28 for the same reading at
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both polarities. The balance reading
should be = 3 digits from 000.0. If
reading is not within the specified limits,
adjust R43 for a reading of 000.0, then
repeat step 5-15.

5-17 Select the 1 Amp range and the
600 volt range. Appz 1 amp and 600
volts to the 2100. djust ESE for a
reading of 600.0 on the Watts display.
Reverse the current and volts polarity
and adjust R36 for the same reading at
both polarities.

5-18 Reduce the input voltage to 150
VDC (600 volt range) and verify
linearity.

5-19  Select the 300 volt range and
increase the input voltage to 300.0 volts.
Adjust R34 for 300.0 on the Watts
display. Reverse the input voltage and
current polarity, and adjust R34 for a
balance between both polarities.

5-20 Reduce the input voltage to 150
VDC and select the 150 volt range on
the 2100. Adjust R32 for 150.0 on the
watts display. Reverse the input voltage
and current polarity, and adf'ust R32 for
a balance between both polarities.

5-21 Replace the DC voltage standards
illustrated in Figure 5-1 with the AC
Wattmeter Calibration System (Valhalla
2703 Master, 2705 Slave). Select the
150 watt and the 20 Amp ranges.

5-22 Aggly 150 volts AC and 10 amps
AC (1 Hz) with a zero phase
difference. Adjust R69 for 10.00 on the
current display.

5-23 Verify that all volts, current, and
watts ranges are within specifications. If
the 2703/2705 Wattmeter Calibration
System is used, verify the power factor
response at 90, 120, 180 and 240.

5.24 MODEL 2101 CALIBRATION

PROCEDURE

5-25 The Model 2101 is calibrated the
same as the 2100 with the following
exceptions:

5.25-1 Table 5-3 is substituted for Table
5-1.

5-25-2 Paragraph 5-17 is deleted.

5-26 Verify 30 watts full scale (1 amp =
30.00 volts).

Table 5-3. Model 2101 Voltage Adjustments

DC Voltage

TP1 2100

Range Calibrator Output Adjust DVM Reading Adjust Display Reading
1. 150 10.00 VDC - - R&* 10.00
2. 30 30.00 VDC R2 -5.000 VDC - -
3. 150 150.00 VDC R4 -5.000 VDC R45* 150.00
4. 300 300.00 VDC R6 -5.000 VDC R494-* 300.00
5. 150 150.00 VDC Reduce for Current Range Calibrations

* Alternate input polarity an
at both polarities.

d adjust for the same reading

+ The 30 volt and 300 volt ranges are adjusted using R49.

5-3
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ADDENDUM NO. 1
2100/2107 Manual

USING THE 2100 DIGITAL POWER ANALYZER
WITH CURRENT AND POTENTIAL TRANSFORMERS

The current and voltage ranges of the 2100 may be extended using
current and potential transformers. Current Transformers (CT's)
are used to extend the current range of the 2100. CT's are avail-
able in many division ratios eg. 1000:1, 100:1, 10:1, 1:1. When
using a CT with the 2100 the operator must multiply the current
and power readings by the ratio of the CT used. The bandwidth and
ratio accuracy of the CT will affect the overall current and power
measurement accuracy. The CT connections are shown in figure 1.

Potential Transformers (PT's) are used to extend the voltage range
of the 2100. PT's are available in many division ratios eg. 10:1,
100:1, 1000:1. When using a PT with the 2100 the operator must mul-
tiply the voltage and power readings by the ratio of the PT used.
The bandwidth and ratio accuracy of the PT will affect the overall
voltage and power measurement accuracy. The PT connections are shown
in figure 2.

When measuring high voltages with the 2100 do not exceed the 1500
volt common mode specification. Use both a CT and PT to isolate
the 2100 from the high voltage source. The PT-CT connections are
shown in figure 3.






©;

FIGURE 2

PT CONNECTIONS

| ® @
INPUT oUTPUT
YOLTAGE LOAD
10-600Y
N Ry .
YW o W7 @
o cT
N b N
LiINT LORD
L L
FIGURE + CT CONNECTIONS
G
L I @ @
INPUT puTPUT
YOLTAGE LOAD
10- BUOV
e
N @ ~AAA 53}
/\j .01 OHM
'l N
L\WNE
NE o7 OaD
L L




,,"‘ /-
9 =
L
| ® ®
INPUT 0uTPYT
YOLTAGE LOAD
10- 800V
INTERNAL
N — SHUNT
T =——r— T _@“UHH”@ R B 2l ©
Q’\ 01 OHM /\/ \l /} . =
o= 1!
N l 31— N
L _ = LOM
LIWNE oy =
L 3 [ ]
L — -

FIGURE 3

CT-PT CONNECTIONS




PARTS LIST @ 2180485 REV L

R:F. DES.

-4 TV

m

STOCK ¢

90-0420¢
Be-eicec
Be-gi4c2
To- 000

g3-10257

GUARTITY

A

%

9

24

"DMy* ASSY.

————-———-—— DESCRIPTION

#4-40 x 3/8" Pnil Pan Black
dcawg Wire, Red PVC

22awg Kire, Yellow PVC

1/8" Black Shrink Tubing
Connector, female, 25 way, D

8/4/1988 Page : 1

MANUFACTURING/PURCHRSING DATA ———— ALTERNATE

Cannon DRE23S



2 40 £ LHS :S31ON
ToCcpan _. A0S\ ) ODNA WA WLIAW Mb/ % MS ] 99 001 -\ Gy | 7~
/ >Yors —-3M 82 vy o/ 4@t | zroos-/ 6ES | St
A PP/ ~2IM D —roo/ L2 | sroas-/ Lo/ 00/ S | fr
7 oS -YM 9D oS Uary | cfoos -/l sabl2oms e ed| o
PR L >OoS -omM 87 XY oS Loy | gzoos -/ et et ur grian] -
/ OOT - ¥MGD 002 ‘Lo | LEooS -/ B R 2 s
_ 2 005 -2/ 57 wroos Lo | dzoos -/ Tss o | om
| /<
£5
— ROV SRS SRS WO N S " LS
/ ¥ - Bl 00/ NS ZHY OO/ (daikr7/9S0| LOOZI-S 1207 | rs
] 1117 s.;N,.\\ PSSP ILTIT - Av‘,.\.wk%)\k TOA THLIBST| ASICE S o2 'Ly o1 | of
e A Y GODP TS TRLTUL 7 oMY £ /08 € &7 "9/ ox | 4y
= \,\\%‘ 57 £ PR [ al T | o o) 97 or o7 Mm,
B TR NEECE S 27 NEEEEIFT Wk ires Qv&@ [ewroe-¢|  p/ %, 07| 75
p; SeT v iT T Yoz neay Asi—|nfoeg g | zror |7
B / D5/ B Yol 77152y A Sr4| 9E00E-¢ | Y/ ox |or
B - / N TESS IV Attt D | IS 1OC £ Z o7 | 4
/ DESPLTTOT S S| 1110F - 2o Fare
7 Uy S— NALAFAPTS S | G pooE-E 207 | L7
/ SNy QQNV DN Y7rrS Ly | 1AOGE S T QN) , -WW
Z N LSE lor NoLb T wos Genh | £€/0E £ L 2or|sz
|~ N PSE 77 JW Ho | ohoos-s|  ol's p107| hz
SHYVW3Y ull B R ON iMYd 9w | LN2QI NOILdI4OS3q | ON Luvd S3a 434 | 3¢
2400 VIIVHIVA
| oo ooz JOIZ S 0012 as vens Ao 2271 LS m PE(& TS OO\
A3Y ON 9MQ / 1390 - ~3§§




2 40 7 1HS :S3I1ON
/ L oozt (o0 %S mty oz “sav| s2//0-/ A VE,

Z ~ 1bOEDOINY Yt X b0°4 "saxy| Lroos-/ 28 ‘oL > | 87

z PN A% LS Mty voss szy| cporo-/ 28 7'2Ly | 47

z A EEBZDOOINY )7 Ygkz 'SI¥| Sr00// oL 29y | 97

£ = 1O DOPNY %7 s sav| ro0os-s #8'st'ssy| s?

/ = ZCHZ D2OPNY on) NE pz TsEy|pE20/-7 /S | k=

/ HOSEE DOINY v,/ wSES sav| S£/0/-/ osy | €7

/ = 0908 S0INY %ot Voo saxy| Lzr0/-/ gEY | 2o

/ 142 O OINY Y% NEEZ "S3Y| £900/-/ ofY | 12

2 o oD D OINY v/ >y ors "s3y| gooos-/ go'sr Y| o9

/ L po/A0lony ol s mty yoos 's7Y| 18010/ 2FY| &5

/ P So/FPlody S Mb, Wy "saxy| oono-/ opY | 95

/ = 2/5F D0V 27 /139 say| oSsor-/ gz | Ls

/ HOOSL DTN o/ vosL'say| 1510/ EEY | 77

/ A OGTLOOINY o/ 1 U gal "sAY| ok 10/-/ /EY | 5=

b L ZOIADLODY SIS Tty > 575 | 15010 | nggisctine e B

z LpSI 0L ODY 7oS mby yosr say| sgoro-/ sz F2Y| 5

* L ELETDLODY 7.5 ME, X Lt 55| stolo-/| 2004 '52'22Y)| 25

Q FEoOIDOINY o 7 X oor saY| tpo0r-/ o yz-5r¥| /S

z NS FELooY IS Mby XS sFY| ESoro/ o2’ bry| o=
| oz blod ‘v s mby yooz "say| saoro-/| O/ Tk b5 £ b

< pPEosra9LooY S 'mbs I xyor Tszxy| seoo0r0-/ své\hmwMW~%m\%wW 8%

Al gz lony /s m¥, ‘Ap2 sy Leosa/) 85 ‘sc 21N Lk

SHHVW3Y N1 ON ldvd 94w | iN34l NOILdIMDSaq | ON Ldvd s3a 434 | ¢

3000 VIIVHIVA
- = ‘ e U 11U
>.W,m o0 onQm,Wo e .\\\ QQm_W_uoo: o vty -Assprear | LSH] S1HVYd \S“E\B\WADQAV‘

e s s ettt




% 40 5 1HS *S31O0N

24

/b

aéb

£9

121}

L8

28

sqg

8

1252

29

\ 2720109y 7 1742 0L 'SAd | bLOQI-1 ¥+ g | 19

acosnNd \ ALY ZI0NIN WL WLIW M Ytz SBOON- L\id | 98

Z 190t -8 WE g0/ YyemLzN S| 2000k </ 2Ny 4L

R P \ Cyid 492003 Wi zommﬁiq\,,ﬁn,&og £HO10-\ QU | 8L

/ LSS/ F9lao> L5 Mty wsy 's3Y| Toto-/ s> LL

=  PODZIOINT ap s T oyz s3Y @lool/ o/ 101 Y| 2L,

e oty / e L) Ty -0ty b6 | St

/ 4Q56PIQINY MBI %1 CSE | ShI0)-] 26 | bL

= DT T A0y s 'mbg >Yo22 "S3Y| 98010~/ 90/ 'L & B8 €L

> T eeE A9Lo0w s Mt 'YEE sy olaro-/ sos s> | 2L

/ P20 LoDY US MY LA Ty | £50/0-7 z6 | /L

= Do/ olaoy VoS m by, 2roor s3Iy 120/0-/ 16’ L8 5| oL

SHHVW3Y . ON 1HVd Dd4W wvn__wﬂ_ NOI1d140S3a <ﬂq_<ﬂﬂﬁ, S3a 434 | ¢

- SIS e

| oo -00/z rorz /00l as nns-Assty 971 1 SITT S1HVd Q.\NQSU\— DAMQ
ON 9Ma pELe]e],




:S310N

< 40 9 LHS
St
Yy,
£r/
< L E 7o Hry ZZ 2//
/17
& 2/ XZTE-7 Vit WS IFTIS o1/
2 $90-bSh a0 G2V Q10T HTIVASHOITANNDY  LG90I-S b2/
/ > -2/ bpr7 oND | PROC/-S &/
£ >/ Of L= 2, XK b, (A FINSE | PLT0/-S Lo/
ST T AGN 2/
/ Z1Z2 —o0! 2 Fod arIIHS | FESO/-P St
~7
/ Y 102 2 3L | Laool =5 gc/
Zc/
/ ZofA-V E TN AAUSISNEAL| A1 I E AL |0/
=2/ OV E AN A LSISHEAL] £190/ £ ‘S—/IL\oas
bHb
g6
ya \{N\\\:h\\x 317478 AR NOULLNST ASOS L&
Il XXXororgorR?TFZ NolIMLS FI /LT TS| B95080-S b -2 T4
/ TR L7 Uadd HILIMS | EG0E0-S ]S |56
A
Y
SHHVYWIY N L ON lHvd DdAW NOILdIMOS3q | ON 1UVd s30 434 | H
3002 VTIVHIVA
L oo -oerz Jorz /00!l 2 e mnw Assy o2 1517 SLdvd g\@.‘\hzm@w‘gﬁy
A3Y ON 9MJ 1300H ymy &







2 40 | 1HS "S3I1O0ON
- . I N P -
— - —
8 069/-280G ogvgz | “Basz¢ 333 ybiy-Aepdsiq 0101L0-6 2L-6 /S0 9
2 9G69/-2809 08182 LF “"443 ybry “Aepdsig 020L0-§ g ‘¢sa 5
2 G69%-2806 088z | abue7 ‘poy ‘037 LLOLO-G 2 “1s0 f
¢
) EN.@SN p0OGES 40d Aepdstq L £00E-1 LEH! w
o _
SMHYWIY #z o R ON 1HVd m:s_ IN34l ,Ho‘:a_:omm_a ON lHvd S30 434 | F¢
o , A LD , 310D VITIVHIVA
— - e —— ‘ll.,\.. B eI T IR ‘l(i.‘bl.l‘v\l<r:yZI\!..VV’ ‘ll-l.()!vll..\illlw - e ———— * e S S ——— . o i Ty e 3C % —- ry > .-AQA ;
| 0012 L012/0012 Assy 49d Aerdsig | ] YIS ~y
it 109 L< —F.w_!_ w.—.m<ﬁ— 3\\3-...& AUA
Add ONOmay 340wy o 1. o L LMI\!.%@




Federa! Supply Codes for Manutacturers (cont.)

18¢ 12
Visha, intertechnology Inc
Maivern Pennsyivania

18722
RCA )
Mountantop Pennsylvania

18927
GYE Sy'vania inc
Titusvitie. Pennsylvania

21604
Bucheye Stamping Co
Columbus Ohio

21B4¢%
Sohitron Dewvices iInc
R.veria Beach, Florida

227€7
ITT Semiconductors
Paio Alto. Calitornia

2393¢€
Pamotor Div
Burlingham. Calitornia

PA3RE
Anaidy Owvices Inc
Norwood Massachusetts

24E5¢%
General Rad
Concord. Mascachusetts

25088
Siemen Corn
isiern New Jersey

25403
Amperex Electronic Corp
Siatersville Rnhode tsland

25684
\ictoreen instrument Co., Inc
Cavr Lawr ittnas

2724
Nat zna: Semizonductor Corp
Santa Clara Caltornia

77556
1HAB Eiectron.c Products
Santa Fe Springs California

27264
Molex Progucts
Downers Grove, llinots

Minnesota Mining & Mig Co
St Pau. Minnesota

28480
Hewlett Packard Co
Paio Alte. Caltornia

29083
Monsantc Co Inc
Santa Ctara Cahfornia

29604
Stackpole Components Co
Raleigh. North Carolina

30323
it inois Toot Works Inc
Chizago Hhnows

308k
Eiettra/Mgiara
Sa- Dreyu Cailorme

32539
Mute Corp
Great Neck New York

328697

Ene Technological Products, Inc.

Carhsle Pennsylvania

32987
Bourns inc
Riverside, Calitornia

33173
General Electric Co
Owensboro. Kentucky

35783
Silicon General
westminister Calitfornia

34335
Advanced Micro Devices
Sunnyvale, California

34802
Electromotive Inc.
Kenilworth, New Jersey

37942
P.R Ma:ory & Co. Inc.
tndianapohs. indiana

43543
Nytronics Inc.
Geneva New York

44855
Ohmite Mig Co.
Skokie. Hinois

49671
RCA Corp
New York New York

49956
Raytheon Company
texington Massachusetts

50088
Mcstek Corp
Carrolliton Texas

50579
Litronix tnc.
Cupertino, California

51605
Scientitic Components inc.
tinden New Jersey

53021
Sangamo Electric Co.
Springtfietd limois

53504
Valhalla Scientitic, inc.
San Diego Caiitorma

54294
Cutier-Hammer {nc
Seima North Carolina

55026
Simpson Electric Co
Eigin Hiinots

5628¢
Sprague Electnc Co
North Adams Massachusetts

54474
Supenor Electric Co
B8rintre Connecticut

63743
Ward Leonard Eiectric Co., Inc
Mount Vernon, New York

65082
Weslon Instruments Inc
Newark New Jersey

70563
Ampente Company
Union City, New Jersey

70903
Belden Corp.
Geneva, Hhinois

71279
Cambrigge Thermionic Corp.
Cambridge. Massachusetts

71400
Bussmann Mig
Saint Louts, Missouri

CTS Corp
Eikhar, tndiana

71468
17T Cannon Electric inc.
Santa Ana. California

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

715380
Centrelab Electronics
Milwaukee, Wisconsin

71707
Coto Coit Co., inc
Providence, Rhode Isiand

71744
Chicago Miniature Lamp Works
Chicago Hlinots

717E5
TRW Electronics Components
Chicago. Hiinois

72005
Wilber B. Driver Co.
Newark New Jersey

7225¢
Nytromics Inc.
Pelham Manor. New Jersey

72619
Dialight Div.
Brooklyn, New York

72982
Erie Tech Products Inc
Ene. Pennsyivania

73138

Bechman instrument Inc.
Helipot Division
Fullerton, Calitormia

73445
Amperex Electronic Corp.
Hicksville, New YOrk

73734
Fegera' Screw Products inc
Ch:cago. Hinois

73899
JFD Electronics Co
Brooklyn, New York

73949
Guardian Eiectnc Mfg Co
Chicago. Ilhnots

74276
Genera! Instrument Corp.
Neptune, New Jersey

74306
Piezo Crysta! Co
Carlisle. Pennsylvania

743970
Johnson E.F.. Co.
Waseca, Minnesota

75042

TRW Electronics Components
IRC Fixed Resistors
Pnitadeiphia. Pennsyltvania

75378
CTE Knights Inc
Sandwich. Hlinois

75382
Kulka Electric Corp
Mount Vernon. New York

75915
Lirtietuse Inc
Des Plaines iliinois

76055
Mallory Controls
Frankfort. indiana

76433
J.W Milier Company
Los Angeies California

76854
Oak Incustries inc
Crystai Lake 1l nois

77342
Potter 8 Brumheld Div
Priniceton, Indiana

770538

Generd! instrument Corp
Rectitier Division
Brooklyn, New York

78488
Stachpole Carbon Co
Saint Marys. Pennsytvania

78553
Eaton Corp
Cleveland, Oh:o

80031

Electro-Midland Corp
Mepco Div.

Norrnistown, New Jersey

56289
Sprague Products
North Adams. Massachusetts

80294
Bourns inc Instrument Div
Riverside, Cahtornia

81073
Grayhili InC
La Grange illinors




Federa! Supply Codes for Manutacturers (cont.}

ven ¢ Caltarna

e

W ncnester Electronics
D.. o Lttion industries inc
Oakviie Connecticul

81483
international Rectifier Corp
Los Angeles California

a1T4AN
Chicage Lock Co
Cnicago lhnois

8389
Switcncratt inc
Cnicagao. liinots

B2ET7
Rotron Inc
woodsiock New York

8287 =
7T Roya: Electric Div
Pawtuckel Rhode istand

£30C:
Ve ind

Ganand Texas

8229:%
Beran Corp
gatontown, New Jersey

83330
Herman H Smith inc
Brookiyrn New York

62594
Burroughs Corp
piz:nfieid New Jersey

£3747%

_rior Cart de Coro
News York tvew York

8417
Arco ErectroniCs
Great Necr New York

‘ [ R
1]V Eiectronic Components
Ogaliaia Nebraska

[ae}

£13
se ingicator Corp
. ile Maryland

nm

0

gEx internationat Inc
apogy Massachusells

s}

nme

s
€
BRe5S

Rad.o Corp of Amernica
Ha-mson New Jersey

BeZ G
Gouic ind
Trerton. New Jersey

' Systems Inc
Use-nr Do
var Nuys Calttorma

Bl
cmel Dgteer Electronic Ui
4, vanan Nonh Carphna

Newark New Jersey

80201
Maliory Capacitor Go
Indianapohs, indiana

56365
Sguare D Co
Chicago. tthnois

80303
Maliory Battery Co
Takviown New York

91094
Essex International Inc

Newmarket, New Hampshire

91283

91506
Auga' InC

sy

Atlichc.c Massa

8]

nusetts

81637
Dale Eiectronics inc
Columbus. Nebraska

81662
Elco Corp
Willow Grove. Pennsylvania

71468

Gremar Mfg Co. Inc.
{TT Cannon’Gremar
Santa Ana Calitornia

81832
Kevstone Electronics Corp
New Yore New York

Q153
Honeywel. inc
Micro Switch Div
Freeport Hinois

g2 g4
Ainna Wire Corp
Eunzabeth New Jersey

Q3332

Syivanie Eiectnc Products
Woburn. Massachusetts
Q4YEE

z
D
b
o
=
=
;
z
®
b3
.
@
-
w
o
-

Alcc Etectrome Products Inc

Lawrence. hassachusetts

QED7 "o
Vitramor ind
Bnagepn Connecticut

90L10"
RLA Cort
Feo v Tutn D

C o ernt Mg

r—
tres BaT A0 .
Tiisx Transtormer Corp GE Co 8953456

Goracs Corp
Bioomtield New Jersey

gr71l
Bengn» Corp
Franktin indiana

|7a13

Industrial Electronic
Hardware Corp
New York New York

97845
Penwsalt Corp

S5 White tndustrial Products Div

Piscataway New Jersey

9EITE

Maizc A Microdot Co. inc
Connector & Cabie Div
Pasagena, Califorria

ggzaon
Seaietro Corp
Mamaroneck New York

9838¢%

Roya industries
Progucts Div

San Diego California

ggaLTE
1ERC
Burbank California

89120
Piast.c Capacitors, inc
Ch.cago. {llinois

99237
Be' industnes Elect
Burbank, California

5 ovia. California
gtL~Te
Use 29587

Bunke-Ramo Corp
Lz~zasdowne Pennsylvania

miconductor

higrnia
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