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Table 1-1. 

INPUT: 

RATED OUTPUT: 

LINE REGULATION: 

LOAD REGULATION: 

RIPPLE AND NOISE: 

OPERATING TEMPERATURE RANGE: 

STORAGE TEMPERATURE RANGE: 

TEMPERATURE COEFFICIENT: 

OUTPUT STABILITY: 
(after 30-minute warm-up) 

REMOTE PROGRAMMING: 

TYPICAL OUTPUT IMPEDANCE: 

OUTPUT INDUCTANCE: 

Specifications 

_105-125 vac, 57 to 63 cps, single phase, 
6. 5 amperes, 400 watts max. 

Constant Voltage: 0 to 120 vdc. 
Constant Current: 0 to 2. 5 amperes de 

Constant Voltage: Less than 60 mv for 
10 5-12 5 vac input change. 
Constant Current: Less than 25 ma for 
105-I25 vac input change. 

Constant Voltage: Less than 120 mv for 
0 to 2. 5 ampere load change. 
Constant Current: Less than 25 ma for 
0 to 12 0 vdc load change. 

240 mvrms 

Constant Voltage: 0. 05% plus 3 0 mv 
per degree centigrade. 
Constant Current: 8 ma per degree 
centigrade. 

Constant Voltage: O.I5% plus 90 mv 
for 8 hours at constant temperature. 
Constant Current: 25 ma for 8 hours 
at constant temperature. 

Constant Voltage: 300 ohms per volt ±.I% 
Constant Current: I 00 ohms per ampere 

Less than O. I ohm from de to o. 5 cps 
Less than 2. 0 ohm from 0. 5 cps to IOO cps 
Less than • 5 ohm from 100 cps to Ike 
Less than 4. 0 ohm from Ike to IOO kc 

2. 0 microhenry 



Table 1-1. Specifications (cont.) 

TRANSIENT RECOVERY TIME: 

SIZE AND WEIGHT: 

FINISH: 

!'¥ ~..:~.~!.!,. ~ '°"';1-~:!!: 

~ CJ • 
,::-i.N~ (f\~ \IC)l_flGI: ------:1.. 

4' ·® - e 

In constant voltage operation, less than 
300 milliseconds is required for output 
voltage recovery to within 600 millivolts 
of the nominal output voltage following a 
load change equal to one half the maximum 
current rat,ing of the power supply. 
Nominal output voltage is defined as the 
mean between the no-load and full-load 
voltages. The transient amplitude is' less 
than 4. 0 volt per ampere for any load 
change between 20% and 100% of rated 
output current. (Excluding the initial spike 
of approximately 100 microseconds dura
tion which is significant only for load rise 
times faster than 0 .2 ampere per micro
second.) 

Heioht Width 
3-1/2 in. 19 in. 

Depth 
17-1/2 in. 

Weight 
31 lb. 

Light gray front panel with dark gray case. 

CJ 
~ • 

""'-)-'"'' 
+ -

~CUM0-1~ .... - e • 
Figure 1-1. Model 64438 DC Power Supply 



SECTION I 

GENERAL INFORMATION 

l::l. DESCRIPTION 

1-2. GENERAL 

1-3. The H-Lab Model 6443'A DC Power Supply (fig. 1- 1) is a completely solid-
state, compact, well - regulated, constant voltage/constant current de power supply 
suitable for either bench or relay rack operation. A three-wire five-foot power cord 
is provided . The output is continuously variable between 0 and 12..Qvdc, and be
tween 0 and 2.. 5amperes. Detailed specifications are given in table 1-1. 

1-4. OVERLOAD PROTECTION 

1-5. A crossover feature protects both power supply and load in constant voltage 
operation. Automatic crossover circuitry switches the power supply from constant 
voltage to constant current operation if the output current exceeds a preset limit. 
This crossover circuitry also protects the load from overvoltage during constant 
current operation by automatically switching the power supply into constant voltage 
operation . The user can adjust the crossover point via the front panel controls 
(para. 3-8 and 3-9) • 

1-6. The power supply is protected from reverse voltage (positive voltage applied 
to negative terminal) by a diode that shunts current across the output terminals 
when this condition exists . The ac input is fused. A double-pole on/off switch 
opens both power leads in the off position. 

1-7. COOLING 

1-8. Convection cooling is used. No fan is required . The power supply has no 
moving parts (except meter movement). 

1-9. MONITORING 

1-10. Two front-panel meters are provided for monitoring output voltage and current. 
The voltmeter has .a 0 tol 2·D volt range and the ammeter has a 0 to 3 ampere range. 
Each meter has a 2% accuracy at full scale. 

1-11 • OUTPUT TERMINALS 

1-12. Output power is available via a terminal strip on the rear panel. The rear 
panel terminal strip also enables the power supply to be connected for different 
modes of operation (para. 3-3). The output terminals are isolated from the chassis 
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and either the positive or the negative terminal may be connected to the chassis 
via a separate ground terminal located adjacent to the output terminals. The power 
supply is insulated to permit operation up to 3 00 vdc off ground. 

1-13. INSTRUMENT IDENTIFICATION 

1-14. Harrison Laboratories power supplies are identified by a three-part designa
tion •. The first part is the model number: the second part is the serial number; and 
the third part is the manufacturing code letter. This manual applies to all Model 
6443A power supplies with the same manufacturing code letter given in the title 
page. Change sheets will be supplied with the manual to make it apply to Model 
6443Apower supplies with different manufacturing code letters. 
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SECTION II 

INSTALLATION 

2-1. INITIAL INSPECTION 

2-2. GENERAL 

2-3. Before shipment, the power supply was inspected and found free of mechan-
ical and electrical defects. If damage to the shipping carton is evident, ask that 
the carrier's agent be present when the power supply is unpacked. As soon as the 
power supply is unpacked, inspect it for any damage that may have occurred in 
transit. Also check the cushioning material for signs of severe stress (may be 
indication of internal damage). Save all packing materials until the inspection is 
completed. If damage is found, proceed as instructed in the Claim for Damage in 
Shipment notice on the back of the front cover of this manual. 

2-4. MECHANICAL CHECK 

2-5. Check that there are no broken knobs or connectors, that the external sur-
face is not scratched or dented, that the meter faces are not damaged, and that all 
controls move freely. Any external damage may be an indication of internal damage. 

2-6. ELECTRICAL CHECK 

2-7 . Check that the straps on the terminal strip at the rear of the power supply 
are secure and that the strapping pattern is in accord with figure 3-2. Check the 
electrical performance of the power supply as soon as possible after receipt. A 
performance check that is suitable for incoming inspection is given in paragraphs 
5-7 through 5-22. 

2-8. INSTALLATION DATA 

2-9 . GENERAL 

2-10. The power supply is shipped ready for bench or relay rack (19 inch) 
operation. 

2-11. LOCATION 

2-12. Because the power supply is cooled by convection, there must be enough 
space along the sides and rear of the power supply to permit free flow of cooling 
air. The power supply should be located in an area where the ambient temperature 
does not exceed 50°C. 
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2-13. POWER REQUIREMENTS 

2-14. The power supply is operated from a 105 to 125 volt (115 volts nominal), 
5 7 to 63 cps, single phase power source. At 115 volts, 60 cps, the full load re
quirement is 400 watts at 6 amperes. 

2-15 • POWER CABLE 

2-16. To protect operating personnel, the National Electrical Manufacturers 
Association (NEMA) recommends that the instrument panel and cabinet be grounded. 
This instrument is equipped with a three-conductor power cable . The third conduct
or is the ground conductor and when the cable is plugged into an appropriate 
receptacle, the instrument is grounded. The offset pin on the power cable three
prong connector is the ground connection. 

2-17. To preserve the protection feature when operating the instrument from a two
contact outlet, use a three-prong to two-prong adaptor and connect the green lead 
on the adaptor to ground. 

2-18. REPACKAGING FOR SHIPMENT 

2-19. To insure safe shipment of the instrument, it is recommend ed that the pack 
a ge designed for the instrument be used. The original packaging material is re
usable. If it is not available, contact your Hewlett-Packard field office for packing 
materials and information. A packing carton part number is included in the parts 
list. 

2-20. Attach a tag to the instrument which specifies the owner, model number, full 
serial number, and service required, or a brief description of the trouble. 

2-2 
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I. TURN AC POWER ON. 
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COARSE FINE 

2 ADJUST COARSE AND FINE VOLTAGE CONTROLS 
UNTIL Tl-E \()LTAGE ON THE OUTPUT VCX...TAGE 
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4. ADJUST COARSE AND FINE CURRENT CONTROLS 
UNTIL THE CURREN T ON THE OUTPUT CURRENT 
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5. REMOVE SHORT AND CONNECT LOAD. 
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SECTION III 

OPERATING INSTRUCTIONS 

3-1 . CONTROLS AND INDICATORS 

3-2. The controls and indicators are illustrated in figure 3-1. 

3-3 • OPERATION 

3-4 • GENERAL 

3-5 . The power supply is designed so that its mode of operation can be selected 
by making strapping connections between particular terminals on the terminal strip 
at the rear of the power supply. The terminal designations are stenciled in white on 
the power supply and are adjacent to their respective terminals. The strapping 
patterns illustrated in this section show neither terminal grounded. The operator 
can ground either terminal or operate the power supply up to 3 00 vdc off ground 
(floating) • 

3-6. NORMAL 

3-7. GENERAL . The power supply is normally shipped with its rear terminal 
strapping connections arranged for constant voltage/constant current, local sens
ing, local programming, single unit mode of operation. This strapping pattern is 
illustrated in figure 3 - 2 . The operator selects either a constant voltage or a 
constant current output using the front panel controls (local programming, no strap
ping changes are nece ssary) • 

3-8. CONSTANT VOLTAGE. To select a constant voltage output, proceed as 
follows:. 

a. Turn-on power supply and adjust VOLTAGE controls for desired output 
voltage (output terminals open). 

b . Short output terminals and adjust CURRENT controls for maximum output 
current allowable (current limit), as determined by load conditions. If a load change 
causes the current limit to be exceeded, the power supply will automatically cross
over to constant current output at the preset current limit and the output voltage will 
drop proportionately . In s~tting the current limit, allowance must be made for high 
peak currents which can cause unwanted cross-over (refer to para. 3-40). 

3-9. CONSTANT CURRENT. To select a constant current output, proceed as 
follows: 

a. Short output terminals and adjust CURRENT controls for desired output 
current. 
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b. Open output terminals and adjust VOLTAGE controls for maximum output 
voltage allowable (voltage limit), as determined by load conditions. If a load 
change causes the voltage limit to be exceeded, the power supply will automatical
ly crossover to constant voltage output at the preset voltage limit and the output 
current will drop proportionately. In setting the voltage limit, allowance must be 
made for high peak voltages which can cause unwanted crossover. (Refer to 
para. 3-40 .) 

3-10. CONNECTING LOAD 

3-11 . Two pairs of output terminals are provided on the terminal strip at the left 
rear side (facing rear) of the power supply. Either pair of terminals or both may be 
used. The terminals are marked + a nd - . A separate ground terminal is located 
adjacent to the output terminals . The positive or negative output terminal may be 
grounded, or neither grounded (floating operation: permitted to 300 vdc off ground). 

3-12. Each load should be connected to the power supply output terminals using 
separate pairs of connecting wires . This will minimize mutual coupling effects 
between loads and will retain full advantage of the low output impedance of the 
power supply. Each pair of c onnecting wires should be as short as possible and 
twisted or shielded to reduce noise pickup. (If shield is used, connect one end to 
power supply ground terminal and lea ve the other end unconnected.) 

3-13 . If load considerations require that the output power distribution terminals 
be remotely located from the power supply, then the power supply output terminals 
should be connected to the remote distribution terminals via a pair of twisted or 
shielded wires and each load separately connected to the remote distribution 
terminals. For this case, remote sensing should be used (para. 3-14). 

NOTE 

It is recommended that the voltage drop in the con
necting wires not exceed 2 volts. If a larger drop 
must be t olerated, please consult a Hewlett-Packard 
field representative. 

3-14 . REMOTE SENSING 

3-15. Remote sensing is used to ameliorate the degradation of regulation which 
will occur at the load when the voltage drop in the connecting wires is appreciable. 
The use of remote distribution terminals (para. 3-13) is an example where remote 
s ensing may be required. Due to the voltage drop in the load leads, it may be 
necessary to slightly increase the current limit in constant voltage operation. 

3-2 
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CAUTION 

Turn-off power supply before rearranging strap
ping pattern at the power supply rear tenninal 
strip. If the -S terminal is opened while the 
power supply is on, the output voltage and cur
rent may exceed their maximum ratings and re
sult in damage to the load. The power supply 
will not be damaged. 

3-16. Proceed as follows: 

a . Tum-off power supply and arrange rear terminal strapping pattern as 
shown in figure 3-3. The sensing wires will carry less than 10 ma and need not be 
as heavy as the load wires. It is recommended that sensing and load wires be 
twisted and shielded . {If shield is used, connect one end to power supply negative 
terminal and leave the other end unconnected.) 

CAUTION 

Observe polarity when connecting the sensing 
leads to the load. 

b. In order to maintain low ac output impedance, a capacitor with a mini
mum rating of 4, 000µ.fd and 150 vdcw should be connected across the load using 
short leads. · This capacitor must have high-frequency characteristics as good or 
better than C 17 has {see parts list}. 

c . Tum-on power supply. 

3-17. REMOTE PROGRAMMING 

3-18. GENERAL. The constant voltage and constant current outputs may be pro
grammed (controlled) from a remote location. The front-panel controls are disabled 
in the following instructions . Changes in the rear terminal strapping arrangement 
are necessary. The wires connecting the programming terminals of the power supply 
to the remote programming device should be twisted or shielded to reduce noise 
pick-up . (if shield is used, connect one end to power supply ground terminal and 
leave the other end unconnected.) Remote sensing (para . 3-14) may be used simul
taneously with remote programming. However, the strapping patterns shown in 
figures 3-4, 3-5, and 3-6 employ only local sensing and do not show the load 
connections. 
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CAUTION 

Turn-off power supply before rearranging strap
ping pattern at the power supply rear terminal 
strip. If the current programming terminals are 
opened while the power supply is on, the out
put current will exceed its maximum rating and 
may result in damage to the load. The power 
supply will not be damaged. The constant volt
age programming terminals have a zener diode 
connected internally across them to limit the 
programming voltage and thus prevent excessive 
output voltage. 

3-19. CONSTANT VOLTAGE. In the constant voltage mode of operation, either a 
resistance or voltage source can be used for remote programming . For resistance 
programming. the programming coefficient (fixed by the programming current) is 
300 ohms per volt (output voltage increases 1 volt for each 300 ohms in series with 
programming terminals). The programming current is adjusted to within 1 % of 3. 33ma 
at the factory. If greater programming accuracy is required, change R39 (shunt). 
The programming resistance should be a stable, low noise, low-temperature (less 
than 30 ppm per 0 c) resistor with a power rating at least 10 times its actual dissi
pation. 

3-20. The output voltage of the power supply should be 0 +20 mv, -100 mv when 
the programming resistance is zero ohms. This tolerance can be improved by chang
ing R6. For further information on improving this tolerance, refer to paragraph 5-63 
and to H-Lab 'l'ech Letter #1. 

3-21. If the resistance programming device is controlled by a switch, make-before
break contacts should be used in order to avoid momentary opening of the program
ming terminals. To connect the remote programming resistance, arrange rear 
terminal strapping pattern as shown in figure 3-4. The front-panel VOLTAGE 
controls are disabled when the strap between A6 and A7 is removed. 

3-22. If a voltage source is used as the remote programming device, the output 
voltage of the power supply will vary in a 1 to 1 ratio with the programming voltage. 
The load on the voltage source will not exceed 25 microamperes. To connect the 
programming voltage, arrange rear terminal strapping pattern as shown in figure 3-5. 

3-23. CONSTANT CURRENT. In constant current operation, resistance program
ming is used. The resistance programming coefficient (fixed by the programming 
current)is lOOohms per ampere (output current increases 1 ampere for each 100 ohms 
in series with programming terminals). The programming current is adjusted to 
within approximately 10% of .. 4i ma at the factory. If greater programming accuracy 
is required, change R41 (shunt). The programming resistance should be a stable, 
low noise, low-temperature (less than 30 ppm per 0 c) resistor with a power rating 
at least 10 times its actual dissipation. 
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3-24. The output current of the power supply should be 0 + 2Sma, -SO ma when 
the programming resistance is zero ohms. This tolerance can be improved by chang
ing R20. For further information on improving this tolerance, refer to paragraph 
5-6 7 and to H-Lab Tech Letter #1. 

3-25. If the resistance programming device is controlled by a switch, make
before-break contacts should be used to avoid momentary opening of the program
ming terminals. To connect the remote programming resistance, arrange rear termin
al strapping as shown in figure 3-6. The front-panel CURRENT controls are disabled 
when the strap between Al and A2 is removed. 

3-26. PARALLEL 

3-27. GENERAL. Two or more power supplies can be connected in parallel to 
obtain a total output current greater than that available from one power supply. 
The total output current is the sum of the output currents of the individual power 
supplies. Each power supply can be turned-on or off separately. Remote sensing 
(para. 3-14) and programming (para. 3-17) can be used; however, the strapping 
patterns shown in figures 3-7 and 3-8 employ only local sensing and programming . 

3-28. NORMAL. The strapping pattern for normal parallel operation of two power 
supplies is shown in figure 3-7. The output current controls of each power supply 
can be separately set. The output voltage controls of one power supply (master) 
should be set to the desired output voltage; the other power supply (slave) should 
be set for a slightly larger output voltage. The master will act as a constant 
voltage source; the slave will act as a constant current source, dropping its output 
voltage to equal the master's. 

3-2 9. AUTO-PARALLEL. The strapping patterns for auto-parallel operation of two 
and three power supplies are shown in figures 3-8A and B, respectively. Auto
parallel operation permits equal current sharing under all load conditions., and 
allows complete control of output current from one master power supply. The output 
current of each slave is approximately equal to the master's. Because the output 
current controls of each slave is operative, they should be set to maximum to avoid 
having the slave revert to constant current operation; this would occur if the master 
output current setting exceeded the slave's. 

3-30. SERIES 

3-31. GENERAL. Two or more power supplies can be connected in series to obtain 
a total output voltage higher than that available from one power supply. The total 
output voltage is the sum of the output voltages of the individual power supplies. 
A single load can be connected across the series-connected power supplies or a 
separate load can be connected across each power supply. The power supply has 
a reverse polarity diode connected internally across the output terminals to protect 
the power supply against reverse polarity voltage if the load is short-circuited or 
if one power supply is turned off while its series partners are on. 
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3-32. The output current controls of each power supply are operative and the cur
rent limit is equal to the lowest control setting. If any output current controls are 
set too low with respect to the total output voltage, the series power supplies will 
automatically crossover to constant current operation and the output voltage will 
drop. Remote sensing (para. 3-14) and programming (para. 3-17) can be used; 
however, the strapping patterns shown in figures 3-9 and 3-10 employ only local 
sensing and programming. 

3-33. NORMAL. The strapping pattern for normal series operation of two power 
supplies is shown in figure 3-9. The output voltage controls of each power supply 
must be adjusted to obtain the total output voltage. 

3-34. AUTO-SERIES. The strapping patterns for auto-series operation of two and 
three power supplies are shown in figures 3-lOA and B, respectively. Auto-series 
operation permits control of the output voltage of several power supplies (slaves) 
from one master power supply. The master must be the most negative power supply 
of the series. To obtain positive and negative voltages, the+ terminal of the mas
ter may be grounded. For a given position of foe slave output voltage controls, the 
total output voltage is determined by the master output voltage controls. The output 
voltage controls of a slave determines the percentage of the total output voltage 
that the slave will contribute. Tum-on and tum-off of the series is controlled by 
the master. In order to maintain the temperature coefficient and stability specifica
tions of the power supply, the external res is tors shown in figures 3-1 OA and B, 
should be stable, low-noise, low-temperature (less than 30 ppm per 0 c) resistors. 
The value of these resistors is determined by multiplying the output voltage of the 
applicable slave by the programming coefficient ( 300 ohms/volt). 

3-35. AUTO-TRACKING 

3- 36. The strapping patterns for auto-tracking operation of two and three power 
supplies are shown in figures 3-llA and B, respectively. Automatic tracking 
operation permits the output voltages of two or more power supplies to be referenc
ed to a common buss; one of the power supplies (master) controls the magnitude of 
the output voltage of the others (slaves) for a given position of the slave output 
voltage controls . The master must be the most negative power supply in the group. 
The output voltage of a slave is a percentage of the master output voltage. The 
output voltage controls of a slave determines this percentage. Turn-on and turn
off of the power supplies is controlled by the master. Remote sensing (para. 3-14) 
and programming (para. 3-17) can be used; however, the strapping patterns shown 
in figure 3-4 employ only local sensing and programming. 

3-3 7. The value of the external resistor shown in figure 3-11 is determined by 
dividing the voltage difference between the master and the applicable slave by the 
programming current (nominally 3.33ma; refer to para.3-19).Finer adjustment of the 
slave output vqltage can be accom pli$hed using the slave output voltage controls . 
In order to maintain the temperature coefficient and stability specifications of the 
power supply, the external resistors should be stable, low-noise, low-temperature 
(less than 30 ppm per 0 c) resister. 
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3-3 B. OPERATING CONSIDERATIONS 

3-39. PULSE LOADING 

3 -40. The power supply will automatically cross over from constant voltage to 
constant current operation, or the reverse, in respone to an increase (over the 
preset limit) in the output current or voltage, respectively. Although the preset 
limit may be set higher than the average output current or voltage, high peak 
currents or voltages (as occur in pulse loading) may exceed the preset limit and 
cause crossover to occur. To avoid this unwanted crossover, the preset limit must 
be set for the peak requirement and not the average. 

3-41. OUTPUT CAPACITANCE 

3-42. There are capacitors (internal) across the output terminals of the power 
supply. These capacitors help to supply high-current pulses of short duration 
during constant voltage operation. Any capacitance added externally will improve 
the pulse current capability, but will decrease the safety provided by the constant 
current circuit. A high-current pulse may damage load components before the 
average output current is large enough to cause the constant current circuit to 
operate. 

3-43 . The effects of the output capacitors during constant current operation are 
as follows: 

a. The output impedance of the power supply decreases with increasing 
frequency. 

b. The rise time of the output voltage is increased . 

c. A large surge current causing a high power dissipation in the load occurs 
when the load impedance is reduced rapidly. 

3-44. NEGATIVE VOLTAGE LOADING 

3-45. A diode is connected across the output terminals . Under normal operating 
conditions, the diode is reverse biased (anode connected to negative terminal). If 
a negative voltage is applied to the output terminals (positive voltage applied to 
negative terminal), the diode will conduct, shunting current across the output ter
minals and limiting the voltage to the forward voltage drop of the diode. This diode 
protects the filter and output electrolytic capacitors. 

3-46. NEGATIVE CURRENT LOADING 

3-47. Certain types of loads may cause current to flow into the power supply in the 
direction opposite to the output current. If the reverse current exceeds 0. 02 ampere. 
preloading will be necessary. For example; if the load delivers 1 ampere to the 
power supply with the power supply output voltage at 18 vdc, a resistor equal to 
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18 ohms (18v/la) should be connected across the output terminals. Thus, the 
18 ohm resistor shunts the reverse current across the power supply. For more 
information on preloading, refer to paragraph C4 in the H-Lab Application Manual. 
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SECTION IV 

PRINCIPLES OF OPERATION 

4- 1. BLOCK DIAGRAM DESCRIPTION (See figure 4-1 . ) 

4-2. The main power transfonner isolates the ac input from the power supply and 
reduces it to the voltage level required . Rectification and filtering produces a 
smoothed de output across the - and + tenninals. A large capacitor (C 0 ) is connect
ed across the - and + tenninals for low ac output impedance and to help supply large 
pulse currents. An SCR regulator controls the ac input to provide good regulation 
of the de output. The auxiliary power transfonner powers the SCR regulator control 
circuit and the bias and reference circuit which produces de bias and reference 
voltages for the power supply . 

4-3. The SCR regulator is controlled by the SCR regulator control circuit which 
operates in response to signals developed by the voltage or current input circuit. 
A gating circuit assures that only one input circuit is used at a time. 

4 - 4 . The voltage and current input circuits operate in a similar manner . Each 
circuit has a differential amplifier that amplifies an error voltage that is proportion
al to the difference between the actual output and the programmed output. The 
programmed output is determined by the resistance of the programming resistors 
(voltage and current controls). Each programming resistor has a constant current 
through it which is maintained by the bias and reference circuit. 

4-5. The voltage input circuit differential amplifier detects the error voltage 
that is proportional to the difference between the voltage across its programming 
resistors (R2-R8) and the de output voltage. The error voltage is amplified and 
passed through the gating circuit to the SCR regulator control which triggers the 
SCR regulator. The SCR regulator increases or decreases the ac input voltage to 
the main power transfonner as required to maintain a constant load voltage that is 
equal to the programmed voltage. In constant voltage operation, the gating circuit 
is biased to inhibit the input from the current input circuit. 

4-6. The current input circuit differential amplifier detects the error voltage that 
is proportional to the difference between the voltage across its programming 
resistors (R9-R10) and the voltage across current monitoring resistor R23. The 
voltage across R23 is proportional to the load current. ·The SCR regulator responds 
to the amplified error voltage by increasing or decreasing the ac input current to 
the main power transformers as required to maintain a constant load current. In 
constant current operation, the gating circuit is biased to inhibit the input from the 
voltage input circuit. 

4-7 . To prevent overvoltage and excessive surge current when the power supply 
is turned-on, the turn- on circuit establishes initial conditions in the gating circuit. 
The turn-on circuit is activated by the bias and reference circuit when the power 
supply is turned-off. 
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4-8. A voltmeter is connected across the - and + terminals to monitor the output 
voltage. An ammeter is connected across current monitoring resistor R23 to monitor 
the output current (proportional to volta ge across R23). 

4-9. CIRCUIT DESCRIPTION (See figure 4-2 at back ot manual.) 

4-10. AC INPUT 

4-11. The 105-125 vac, 57-63 cps, single phase input is applied to transformer 
T2 and to the series combination of transformer Tl and SCR' s CRl 7 and CR18 which 
are in parallel opposition. The SCR's are used to regulate the de output by control
ling the average value of the ac input to transformer Tl. Capacitors C 11 and Cl2 
smooth transients to prevent the SCR's from being triggered by a rapidly changing 
voltage from anode to cathode. Resistor R2 l damps oscillations that may occur due 
to resonance of Cl2 and the leakage inducta nce of Tl . The leakage inductance of 
T 1 limits the peak input current. 

4-12. DC OUTPUT 

4-13. The output of the secondary of transformer Tl is full-wave rectified by 
bridge rectifier CR19 through CR22 and filtered by pi-section filter Cl3' CI 7, 
and R29. The de output is re·gulated to a constant value by the SCR 's in the ac 
input line. Capacitor Cl 7 is the output c apacitor. Diode CR23 is connected 
across the filtered de output to protect the power supply from reverse voltage 
applied to the output terminals. Resistor R23 is the current monitoring resistor; 
the full !bad current flows through it. Resistors R25 and R27 are used to cali
brate the voltmeter and ammeter, respectively. 

4-14. VOLTAGE INPUT 

4-IS. GENERAL. The voltage input circuit is basically a differential amplifier 
( Ql-Q2} that detects any voltage difference between the programmed output voltage 
and the actual output voltage. The differential amplifier output voltage varies in 
proportion to the power supply output voltage variation. 

4-16. Q2 INPUT. Voltage divider R6-R4 7 maintains a slightly negative base bias 
to ensure that the output voltage can be programmed to zero. The output of Q2 is 
emitter-coupled (resistor R4) to Ql . 

4-I 7. Ql INPUT. There are three inputs to the base of QI; one determined by the 
programmed voltage (voltage controls R2-R8), the second determined by the collect
or voltage of Ql (negative feedback), and the third is from the positive side of the 
main rectifier. The collector current of QI is determined by the difference between 
its base and emitter inputs. This difference is an error voltage that is proportion
al to the difference between the programmed output voltage and the actual output 
voltage. The negative feedback from collector to base (C4, and RI 7-RI8 in parallel) 
improves the stability of the voltage-regulating feedback loop. 
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4-18. The input from the positive side of the main rectifier (Cl and RI) improves 
loop stability by making the differential amplifier insensitive to output voltage 
variations of ten cps or greater. Below ten· cps this input is negligible. This 
input is neces sary because the phase shift of the pi-section output filter begins to 
become excessive over ten cps . Resistors Rl and RS are a rranged so that the ten 
cps input is isolated from the negative feedback input; and so that necessary 
impedance levels are obtained looking out from the base of 01. The collector out
put of 01 is coupled to the gating circuit. 

4-19. CLAMPING. In order to protect the differential amplifier, the base of 01 is 
clamped with respect to -S by diodes CRl and CR2 to prevent excessive base volt 
age in either direction . Diode CRl clamps the base to a pproximately -0 . 7 vdc; 
CR2 a nd the base-emitter junction of 01 clamp the base to approximately + 1. 4 vdc. 
Zener diode VRl clamps the programming terminals to prevent an excessive error 
signal that would cause excessive output voltage. This would occur, for example, 
if the programming terminals were opened accidentally. To prevent overshoot when 
the power supply switches from constant current to constant voltage, diodes CR9 
and CRIO clamp the collector of 01. Resistor R30 provides a small bleed current 
for CRlO. 

4-20. CURRENT INPUT 

4-21. GENERAL. The current input circuit is basically a differential amplifier 
( 08-09) that detects any current difference between the programmed output current 
(proportional to voltage across current controls) and the actual output current (pro
portional to voltage across current monitoring resistor R23) . The differential 
amplifier output voltage va ries in proportion to the output current variation. 

4-2 2 . 08 - 09 INPUT. The input to the differential amplifier (across bases of 08-
09) is the voltage difference across current controls R9-R10 and current monitoring 
resistor R23 . Because the programming current is constant in constant current 
operation, the voltage input to the differential amplifier varies as the load current 
through R23 (error voltage). Capacitors C6 and C24 and resistor R22 provide gain 
roll - off at high frequencies. Diode CR26 clamps the voltage (O . 7 vdc) across the 
emitter-base junction of 09 and R20 . This clamping action prevents excessive 
reverse base voltage in Q9 when very large load current is drawn (output terminals 
shorted). To prevent overshoot when the power supply switches from constant 
voltage to constant current operation, diodes CRl 0 and CR12 clamp the collector of 
os . 

4-23. QS-09 OUTPUT. Resistor R13 is the collector load for Q8 . The collector 
output of Q8 is coupled to the gating circuit. Voltage divider R2 0-R46 biases the 
base of 09 and maintains a slightly negative base bias to ensure that the output 
current can be programmed to zero. Resistor R44 provides positive feedback to 
improve load regulation during constant current operation . 
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4-24. GATING CIRCUIT 

4-25. Transistor Q4 draws current from the SCR control circuit (capacitor C25). 
The magnitude of this current is determined by either the voltage or current input 
circuit. For constant voltage operation, diode CR7 is forward biased to permit the 
voltage input circuit to drive Q4; diode CRB is reverse biased to inhibit the input 
from the current input circuit. For constant current operation, the reverse occurs. 

4-26. To prevent transients in the de output when the power supply is turned-on, 
the turn-on of Q4 is delayed by capacitor C2 which charges through Rl2, Rl5 and 
CR5. When C2 charges sufficiently to reverse bias CRS, all the· current through Rl5 
flows to the base of Q4 to tum it on. This base current is controlled by the voltage 
or current input circuits via CR7 or CRB, respectively. For example, during constant 
voltage operation the collector voltage of Ql (voltage input) forward biases CRl 7 
(CRB reverse biased by QB), the current through CR7 will vary as Ql collector volt
age varies and thus vary Q4 base current; therefore, the collector ,current of Q4 is 
controlled by the voltage input. In a similar manner, the current input circuit 
controls the collector current of Q4 during constant current opera ti on. 

4-2 7. TURN-ON CIRCUIT 

4-28. Transistor Q3 provides a path for rapidly discharging C2 (in gating circuit) 
when the power supply is turned-off. This assures that C2 is discharged if the 
power supply is turned-on shortly after turn-off. The purpose of having C2 dis
charged each time the power supply is turned-on is to maintain the same time delay 
in the turn-on of the gating circuit (refer to para. 4-26). 

4-29. SCR REGULATOR CONTROL (See waveshapes on figure 4-2 .) 

4-3 0. GENERAL. The SCR regulator control is basically a blocking oscillator ( Q7 
and T3) that applies pulses to the SCR regulator in response to error signals detect
ed by the voltage or current input circuit. When transistor Q7 conducts, the pulse 
developed in winding 1-2 of transformer T3 is coupled to the base of Q7 (positive 
feedback) and to the SCR regulator (CR17 and CR18). Capacitor C27 charges in op
position to the feedback voltage and cuts off Q7. The charge time of C2 7 determines 
the pulse duration in the collector of Q7 (approximately 20 microseconds). The 35-
vdc bias supplies current through R52, CR46, and CR44 to discharge C2 7 after Q7 
stops conducting. 

4-31. GATE INPUT. Throughout the operation of the blocking oscillator, capacitor 
C25 supplies most of the collector current for Q4 in the gating circuit (refer to 
para. 4-25). The amount of current pulled from C25 by Q4 is determined by the in
put (from the voltage or current input circuit) to the gating circuit. As a result of 
this current flow from C25, the voltage across C25 increases negatively with re
spect to the 6. 0-vdc bias and has a waveshape that approximates a linear ramp. 
Thus, the slope of this ramp is determined by the voltage or current input circuit. 
Due to the time delay in the feedback loop, the slope of the ramp is constant for 
a half cycle of the ac input. The voltage on C25 is the emitter bias (forward bias 
when negative) for Q7 and therefore helps determine the point at which 07 conducts. 
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4-32. AC INPUT. The ac input to transformer T2 is stepped-down and full-wave 
rectified by bridge rectifier CR39 through CR43. The output of the bridge rectifier 
is a negative-going pulsating de (120 cps). Voltage divider R50-R5 l supplies a 
portion of this pulsating de through C2 7 to the base of 07; thus, the base is reverse 
biased. 

4-33. FIRING. A point is reached during each cycle of the 120-cps pulsating de 
(each half cycle of the 60-cps ac input) when the reverse bias on the base and the 
forward bias (capacitor C25) on the emitter of 07 a re equal, a nd therefore 07 has 
zero bias. As the ramp voltage across C25 goes more negative than the base volt
age, the base-emitter junction of 07 begins to become forward biased . When the 
emitter is more negative than the base by approximately 0. 5 volts, 07 conducts. 
The firing point of 07 is therefore determined by both the de output error and the 
line voltage change. Because 07 saturates when it conducts, the collector voltage 
approximates a rec tangular wave with a negative going pulse width of approximately 
20 microseconds (determined by C27 and R5 l}. The conduction of 07 charges C25 
in the positive direction (clamped by CR49). When 07 stops conducting, the ramp 
across C25 begins again. However, 07 is held cut-off by the charge on C2 7. 

4 - 34. INITIAL CONDITIONS. At the beginning of each cycle of the 120-cps pulsat
ing de, certain initial conditions must be established on capacitors C25 and C2 7. 
When the negative-:-going pulsating de is at the end of its cycle (C2 7 negatively 
charged earlier in the cycle by the feedback voltage), CR44 and CR45 become forward 
biased and current flows from the 35-vdc bias through R52, CR46, and CR44 to dis
charge C27 to approximately zero volts and through R52, CR46, and CR45 to charge 
C25 to approximately 0 . 7 volts (clamped by CR49). This discharge and charge 
occurs rapidly, so that it is completed before the next cycle begins and 07 can con
duct again. Diode CR47 provides another path for the current through CR44 so that 
the voltage to which C2 7 discharges remains predictable. As the negative-going 
pulsating de increases in the next cycle, CR44 a nd CR45 become reverse biased. 

4-35. BRIDGE RECTIFIER. At the zero cross-over region of the voltage waveform 
on secondary winding 3-4 of transformer T2, the voltage is insufficien~ to forward 
bias the rectifiers in the bridge. In order to maintain definition between the end of 
one cycle of the rectified output and the beginning of the next cycle, diode CR4 l 
provides approximately 0. 7 volts at the rectified output. The current for CR4 l is 
supplied through CR46. As the voltage across the secondary winding moves away 
from the zero cross-over region , CR41 becomes reverse biased. 

4 - 36. TRANSIENTS, DECOUPLING AND PROTECTION. Transients in the pulsating 
de are reduced by R56 and C28. The base of 07 is decoupled by C3. The voltage 
spike in the collector of 07, induced by secondary winding 1- 2 of transformer T3 
when 07 cuts-off, is clamped by CR48. The collector is decoupled by R53 and C26. 
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4-3 7. SCR REGULATOR 

4-38. GENERAL. The SCR regulator (CR17 and CR18) control s the ac input voltage 
and current to main power transformer Tl in response to the voltage and current error 
signals. In constant voltage operation, the ac input voltage to Tl is adjusted so 
that the output voltage remains constant with changing loads. In constant current 
operation, the ac input current to Tl is adjusted so that the output current remains 
constant with changing loads and the output voltage is allowed to vary. 

4-39. GATING. Each half cycle of the ac input, either CR17 or CR18 is forward 
biased . The pulse induced in secondary windings 5-6 and 7-8 of T3 by the SCR 
control, turns on the SCR that is forward biased when the pulse occurs . The other 
SCR is not affected by the gate pulse because it is reverse biased. A gate pulse 
occurs each half cycle of the ac input, unless the output is open. The timing of 
the gate pulse with respect to the ac input is determined by the error in the de out
put via the loop action. 

4-40. AC INPUT CONTROL. When an SCR is gated on, it conducts until its anode
to- cathode voltage goes to approximately zero. Thus, the earlier an SCR is gated 
on, the greater the portion of the ac input that will be applied to Tl. Because of 
the leakage inductance of Tl, the conduction of an SCR may extend into the next 
half cycle. The conduction period may be shortened at high output by the voltage 
across capacitor C 13 through C 16 being reflected back into the primary. By con
trolling the ac input to Tl each half cycle, the average value of the voltage or 
current at the output of bridge rectifier CR19 through CR2 l is adjusted so that de 
output voltage or current is maintained constant. 

4-41. PROTECTION . Diodes CR50 and CR5 l prevent anode induced reverse gate 
currents from being fed back to the control circuit. Resistors R54 and R55 limit 
current in the SCR gates. 

4-42. BIAS AND REFERENCE CIRCUIT 

4-43. GENERAL. The bias and reference circuit supplies three voltages (+35, 
+6. 0, and -19 . 5 vdc) for internal power supply operation, and maintains the pro
gramming currents constant . The +35 vdc is not regulated. The -19 . 5 vdc, +6. 0 
vdc, and the programming currents are regulated. 

4.:...44. +35 AND +6.0 VDC. The output of secondary winding 5-6 of transformer T2 
is full - wave rectified by CR30 and CR31. Capacitors C20 and C21 each charge to 
the peak rectified voltage (voltage doubling). The +6. 0 vdc (with respect to -S) is 
maintained by diodes CR6 and CR14 and by zener diode VR4. The +35 vdc includes 
includes the +6 . 0 vdc and the voltage across C2 l . The +6 . 0 vdc and the negative 
voltage across C20 provide the unregulated input to the -19. 5 vdc regulator. 

4-45 . -19.5 VDC. For the -19 . 5 vdc, transistor QlO is the error detector/ 
amplifier. Zener diode VR3 and diode CR2 7 provide a reference voltage at the 
emitter of QlO. Voltage divider R35-R36 supplies an error voltage to the base of 
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010 which amplifies and applies it to the base of series regulator 011. The base 
drive of 011 adjusts the voltage across 011 as required to compensate for the error 
in the -19. 5 vdc. Resistor R3 7 sets the optimum current through temperature-com
pen8ated zener diode VR.3 . Resistor R45 improves the line regulation. Resistor 
R56 reduces power dissipation in 011. Capacitor C22 stabilizes the loop. 

4-46. PROGRAMMING CURRENTS. Each programming current is held constant in a 
similar manner. The voltage across emitter resistors R3 8 and R40 is held constant 
by VR.3, CR2 7, and the base-emitter drop of each transistor. Thus, the emitter 
current in each transistor is constant and therefore the collector currents are nearly 
constant. The collector currents of OS and Q6 are the constant voltage a nd constant 
current programming currents, respectively. Resistors R39 and R41 are used for 
trimming. Resistors R42 and R43 are collector loads. Diode CR28 clamps the 
collector of OS to protect against excessive positive voltage (breakdown) which 
might occur if the voltage controls are reduced to zero rapidly {positive de output 
voltage would appear at collector). 
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Table 5-1. Test Equipment 

Required Recommended 
Type Characteristics Use Model 

Differential Voltmeter Sensitivity: 1 mv Measure regulation HP 741A 
full scale (min.) and de voltages; (See note 1) 
Input impedance: 10 calibrate meters 
megohms 

AC Voltmeter Accuracy: 2% Measure ac voltages HP 403B 
Sensitivity: 10 mv and ripple 
full scale (min.) 

Variable Voltage Range: 90-13 0 volts Vary and measure -------
Transformer Equipped with voltmeter ac input voltage 

accurate within 1 volt 

Oscilloscope Sensitivity: 50mv/cm Measure ripple and HP 130C 
(min.) transient response 
Differential input 

Battery 120 vdc Measure transient -------
response 

Switch a. 5-ampere Transient response; -------
capacity Constant current 

load regulation; 

Resistor 42 ohm, :1:5%, 300 w Load resistor Rex Rheostat 
(See note 2) 

Resistor 1 ohm + 1 % 40 watt, Current monitoring --------
4 terminals 

Resistor l, 000 ohms, :il%, 2w Measure impedance -------
non-inductive 

Resistor lJIGlOO ohm51:5%, 10 w Measure impedance -------

Capacitor 500 µfd, 50 vdcw Measure impedance -------

Oscillator Range: 1 cps to 100 kc Measure impedance HP 202C 
Accuracy: 2% 
Output: 10 vrms 



Table 5-1. Test Equipment (cont.) 

Required Recommended 
Type Characteristics Use 

Controlled-tern per a tu re Range: 0-5o0 c Measure tempera-
oven 

Resistance box 

ture stability 

Range: 0-36, 000 ohms Measure program-
Accuracy: 0 .1% plus ming coefficients 
1 ohrn 
Make-before-break 
contacts 

NOTE 1 

A satisfactory substitute for a differential volt
meter is to arrange a reference volta.ge source 
and null detector as shown in figure 5-1. The 
reference voltage source is adjusted so that the 
voltage difference between the supply being 
measured and the reference voltage will have 
the required resolution for the measurement being 
made. The voltage difference will be a function 
of the null detector that is used. For measure
ments at the base of transistor Q4, a null detect
or with input impedance of 10 megohms or great-
er is required. Otherwise, satisfactory null 
detectors are: HP 405AR digital voltmeter, HP412A 
de voltmeter, HP 419A null detector, a de coupled 
oscilloscope utilizing differential input, or a 5 0 
mv meter movement with a 100 division scale. A 
2 mv change in voltage will result in a meter de
flection of four divisions. 

CAUTION 

Care must be exercised when using a n electronic 
null detector in which one input terminal is ground
ed to avoid ground loops and circulating currents. 

Model 

-------

H-Lab 693 lA 
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NOTE 2 

To obtain 48 ohms, connect rheostat across 
output terminal s, turn front- panel CURRENT con
trols fully clockwise (maximum)~ adjust front
panel VOLTAGE controls for 120 vdc and adjust 
rheostat until output current is 2. 5 amperes . 
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SECTION V 

MAINTENANCE 

5-1 • GENERAL 

5-2. Table 5-1 lists the type of test equipment, its required characteristics, its 
use, and a recommended model for performing the instructions given in this section. 
Upon receipt of the power supply, the performance check (para. 5-7) should be 
made. This check is suitable for incoming inspection . Additional specification 
checks are given in paragraphs 5-24 through 5-36. If a fault is detected in the 
power supply while making the performance check or during normal operation, pro
ceed to the trc•bleshooting procedures (para. 5-39). After troubleshooting and re
pair (para. 5-50), perform any necessary adjustments and calibrations (para. 5 - 51). 
Before returning the power supply to normal operation, repeat the performance check 
to ensure that the fault has been properly corrected and that no other faults exist. 
Before doing any maintenance checks, turn-on power supply, allow a half-hour 
warm-up, and read the measurement techniques (para. 5-3) . 

5-3 . MEASUREMENT TECHNIQUES 

5-4. A measurement made across the load includes the effect of the impedance of 
the leads connecting the load; these leads can have a n impedance several orders of 
magnitude greater than the output impedance of the power supply. When measuring 
the output voltage of the power supply, use the -S and +S terminals. 

5-5. For output current measurements, the current monitoring resistor should be 
a four-terminal resistor. The four terminals are connected as shown in figure 5-2. 

TO UNGROUNOEO -----E-XLQ~~----C-UR_R_m f"'°"" f" __ "'_INA_LS ___ .,..,_ ~~R~~~~~~~D 
TERMINAL OF ... ~ ~ POWER SUPPLY 
POWER SUPPLY \, MONITORING/ 

\ RESISTOR 
LOAD 

TERMINALS 

Figure 5- 2. Output Current Measurement Technique 

5 - 6. When using an oscilloscope, ground one terminal of the power supply and 
ground the case at the same ground point. Make certain that the case is not also 
grounded by some other means (power line). Connect both oscilloscope input leads 
to the power supply ground terminal and check that the oscilloscope is not exhibit
ing a ripple or transient due to ground loops, pick-up, or other means. 
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5 - 7. PERFORMANCE CHECK 

5-8. GENERAL 

5 - 9. The performance check is made using a 115-volf, 60-cps, single-phase in-
put power source. The performance check is normally made at a constant ambient 
room temperature. The temperature range specification can be verified by doing the 
performance check at a controlled temperature of o0 c and at a controlled tempera
ture of 50°c. If the correct result is not obtained for a particular check, do not 
adjust any controls; proceed to troubleshooting (para. 5-39). 

5-10. RATED OUTPUT AND METER ACCURACY 

5-11. CONSTANT VOLTAGE. Proceed as follows: 

a. Connect the 48 -ohm load resistor across the output terminals and the 
differential voltmeter across the -S and +S terminals. 

b . Turn front-panel CURRENT controls fully clockwise (maximum). 

c. Tum front-panel VOLTAGE controls until front-panel voltmeter indicates 
l20 . 0 vdc. 

d. The differential voltmeter should indicate 120. 0 + 2. 4 vdc. 

+ - POWER () 0 SUPPLY 
UNDER 

DIFFERENTIAL 

TEST VOLTMETER 

@741 
+ - G ?@@ 
J 

LOAD 
RESISTOR 1.A. .. . . 

v• 

48 A. CURRENT MONITORING .. 
REX RHEOSTAT RESISTOR 

* SHORTING SWITCH 

~ 
USED ONLY FOR 

1t SHORTING 
CONSTANT CURRENT 
LOAD REGULATION 

SWITCH CHECK. 

-

FIGURE 5-3 . CONSTANT CURRENT TEST-SETIJP 
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5-12. CONSTANT CURRENT. Proceed as follows: 

a. Connect test setup shown in figure 5-3. 

b. Tum front-panel VOLTAGE controls fully clockwise (maximum). 

c. Turn front-panel CURRENT controls until front-panel ammeter indicates 
2. 5 amperes. 

d. The differential voltmeter should indicate a. 5 ± 0. 05 vdc. 

5-13. LINE REGULATION 

5-14. CONSTANT VOLTAGE. Proceed as follows: 

a. Connect the 48-ohm load resistor across the output terminals and the 
differential voltmeter across the -S and +S terminals. 

b. Tum front-panel CURRENT controls fully clockwise (maximum). 

c. Connect the variable voltage transformer between the input power source 
and the power supply power input. Adjust the variable voltage transformer to 105 
vac. 

d. Tum front-panel VOLTAGE controls until the differential voltmeter indi
cates 12 0. 0 vdc. 

e. Adjust the variable voltage transformer to 125 vac. 

f. Differential voltmeter indication should change by less than 60 mvdc. 

5-15. CONSTANT CURRENT. Proceed as follows: 

a. Connect test setup shown in figure 5-3 . 

b. Tum front-panel VOLTAGE controls fully clockwise (maximum) • 

c. Connect the variable voltage transformer between the input power source 
and the power supply power input. Adjust the variable voltage transformer to 105 
vac. 

d. Tum front-panel CURRENT controls until front-panel ammeter indicates 
2. 5 amperes. 

e. Record voltage indicated on differential voltmeter 

f. Adjust the variable voltage transformer to 125 vac. 

g. Differential voltmeter indication should change by less than 2.5 mvdc. 
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5-16. LOAD REGULATION 

5-17 . CONSTANT VOLTAGE. Proceed as follows: 

a. Connect the 48 -ohm load resistor across the output terminals and the 
differential voltmeter across the -S and +S tenninals. 

b. Tum front-panel CURRENT controls fully clockwise (maximum). 

c. Tum the front-panel VOLTAGE controls until rront-panel ammeter indi
cates2. 5 amperes. 

d . Record voltage indicated on differential voltmeter. 

e. Disconnect load resistor. 

f. Differential voltmeter indication should change by less than- 120 mvdc. 

5 - 18. CONSTANT CURRENT. Proceed as follows: 

a. Connect test setup shown in figure 5-3. 

b. Turn front-panel VOLTAGE controls fully clockwise (maximum) . 

c. Turn front-panel CURRENT controls until front-panel ammeter indicates 
2. 5 amperes. 

d . Record voltage indicated on differential voltmeter. 

e. Close the shorting switch. 

f. Differential voltmeter indication should change by less than 25 mvdc. 

5-19 . RIPPLE AND NOISE 

5-20 . Proceed as follows: 

a . Connect the 48 -ohm load resistor across the output terminals and the 
ac voltmeter across the -S and +S terminals. 

b. Tum front-panel CURRENT controls fully clockwise (maximum) . 

c. Connect the variable voltage transformer between the input power source 
and the power supply power input. Adjust the variable voltage transformer to 125 
vac. 

d . Tum front-panel VOLTAGE controls until front-panel ammeter indicates 
~. 5amperes. 

e. The ac voltmeter should indicate less than 240 mvrms . 
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5- 2 1 . TRANSIE NT RECOVERY TIME 

5-22 . Proceed as follows: 

a . Connect tes t setup shown in figure 5-4. 

b. Tum front-panel CURRENT controls fully clockwise (maximum) . 

c . Turn front-panel VOLTAGE controls until front-panel ammeter indica tes 
2. 5 amperes . 

d . Open and close the switch several times and observe the oscilloscope 
display. 

e . Oscilloscope display should be as shown in figure 5-5 . 

OSCILLOSCOPE 
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I 
"t l 
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I 
1111 NOTE OSCILLOSCOPE MUST 

BE 0 C COUPLED 

+ - - ~ - + + s POWER 
I J I u ·~~~ SUPPLY 

UNDER 
TEST 

96n 

I 
I llt:X 

• H£OSTAT 

I 96J\ . 

r 10UR[ $ • 4 TRAHStENT RECOVERY TIM( , TEST SETUP 

300 MSEC 

+H' 

l 
+ 500 MV 

FULL LOAD-HALF LOAD HALF LOAD - FULL LOAD 

"OURE , .. , TRANSIENT RECOVERY n wE, W.4.VEFOffM 
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5 - 23 . ADDITIONAL SPECIFICATION CHECK 

5 - 24. TEMPERATURE COEFFICIENT 

5- 25 . CONSTANT VOLTAGE. Proceed a s follows: 

a . Connect the 48 -ohm load resistor a cross the output terminals and the 
differential vol tmeter across the -S a nd +S terminals. 

b . Tum front- panel CURRENT controls fully clockwise (maximum). 

c . Tum front- panel VOLTAGE controls until the differentia l voltmeter indi
cates 120 vdc . 

d. Insert the power supply into the controlled-temperature oven (differe n 
tial voltmeter and load rema in outside oven). Set the temperature to 3ooc and a llow 
a half-hour warm - up . 

e . Record the differentia l voltmeter indica tion . 

f. Raise the tempera ture to 40°c and a llow a half-hour warm-up. 

g. Differential voltmeter indica tion should change by less tha n 900 mvdc . 
from indication recorded in step e . 

5 - 26. CONSTANT CURRENT. Proceed a s follows: 

a. Connect test setup shown in figure 5- 3 . 

b . Tum front - panel VOLTAGE controls fully clockwise (maximum) . 

c . Tum front - panel CURRENT controls until the differential voltmeter indi
cates 2. 5 vdc. 

d. Insert the power supply into t he cont rolled-temperature oven (differen
tial voltmeter a nd load rema in outside oven). Set the temperature to 3 o0 c and a llow 
a half-hour warm-up. 

e . Record the differential voltmeter indication. 

f. Raise the tempera ture to 40°c a nd a llow a ha lf-hour warm-up. 

g. Differential voltmeter indica tion should change by less tha n 80 mvd..c 
from indication recorded in step e. 

5 - 2 7. OUTPUT STABILITY 

5- 28 . CONSTANT VOLTAGE. Proceed a s follows : 
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a. Connect the 48 -ohm load resistor across the output terminals and the 
differential voltmeter across the -S and +S terminals. 

b . Tum front-panel CURRENT controls fully clockwise (maximum). 

c . Tum front-panel VOLTAGE controls until the differential voltmeter indi
cates 120 vdc. 

d . allow a half-hour warm-up and then record the differential voltmeter in
dication . 

e . After eight hours, the differential voltmeter indication should change by 
less than 2 7 0 mvdc from indication recorded in step d . 

5-29 . CONSTANT CURRENT . Proceed as follows: 

a. Connect test setup shown in figure 5-3. 

b. Turn front-panel VOLTAGE controls fully clockwise (maximum). 

c . Tum front-panel CURRENT controls until the differential voltmeter indi
cates 2. 5 vdc. 

d. Allow a half-hour warm-up and then record the differential voltmeter 
indication . 

e. After eight hours, the differential voltmeter indication should change by 
less than 2 5 mvdc . 

5-30. REMOTE PROGRAMMING 

5-31. CONSTANT VOLTAGE . Proceed as follows: 

a . Turn- off power supply and arrange rear terminal strapping pattern for 
constant voltage remote programming as shown in figure 3-4; use the resistance 
box (set to 15,. QOOohm~ for the remote programming resistance. (Refer to para. 3-17 
through 3 - 21 . ) 

b. Connect the 48-ohm load resistor across the output terminals and the 
differential voltmeter across the -S and +S terminals. 

c . Turn front-panel CURRENT controls fully clockwise (maximum). 

d . Turn-on power supply, allow a half-hour warm- up and then record the 
differential voltmeter indication. 

e. Increase the remote programming resistance in 300-ohm steps to 18 , 000 
ohms; record the differential voltmeter indication at each step . The voltage indi
cation should increase 1. 0 :iO .01 vdc at each step . 
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f. Set the remote programming resistance to 33, 000 ohms and repeat step e 
until the remote programming resistance reaches 36, 000 ohms. 

g. Turn-off power supply and reconnect normal strapping pattern (figure 3-2). 

5 - 32. CONSTANT CURRENT. Proceed as follows: 

a . Turn-off power supply and arrange rear terminal strapping pattern for 
constant current remote resistance programming as shown in figure 3-6: use the 
resistance box (set to SO ohms) for the remote programming resistance. (Refer to 
para. 3-18 and 3-23 through 3-25 .} 

b. Connect test setup shown in figure 5-3. 

c . Turn front-panel VOLTAGE controls fully clockwise (maximum). 

d. Turn- on power supply, allow a half-hour warm-up and then record the 
differential voltmeter indication. 

e . Increase the remote programming resistance in 25- ohm steps to 100 ohms; 
record the differential voltmeter indication at each step . The voltage indication 
should increase 2 50 ±_ 2 S mvdc, at each step. 

f. Set the remote programming resistance to 200 ohms and repeat step e 
until the remote programming resistance reaches 2 50 ohms. 

g. Turn-off power supply and reconnect norma l strapping pattern (figure 3-2) . 
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5-33. OUTPUT IMPEDANCE 

5-34. Proceed as follows: 

30 vdc. 

a. Connect test setup shown in figure 5-6 . 

b. Turn front-panel CURRENT controls fully clockwise (maximum). 

c . Tum front -panel VOLTAGE controls until front-panel voltmeter indicates 

d. Ad just the oscillator for a 10-vrms (E1nL 0. 5- cps output. 

e. Calculate and record the output impeda nce using the following formula : 

R = L 000 ohms; Eo measured across power supply - S and +S terminals using 
ac voltmeter; Ein measured across oscillator output terminals using the ac 
voltmeter. 

f. Using the formula given in step e, calculate and record the output imped
ance for oscillator frequencies of 100 cps, 1 kc, a nd 100 kc. 

g . The output impedance calculated and recorded in steps e and f should 
fall into the following ranges: 

(1) de to 0 .5 cps; less than 0.1 ohm 

(2) 0 .5 cps to 100 cps; less than 2. 0 ohm 

(3) 100 cps to 1 kc; less than 0. 5 ohm 

(4) l kc to 100 kc; less than 4.0 ohm 

5-35. OUTPUT INDUCTANCE 

5-36. Proceed as follows: 

a . Repeat steps a through c of para . 5 - 3 4 . 

b. Adjust the oscillator for a 10-vrrns (Ein), 10-kc output. 

c . Calculate and record the output inductance using the following formula: 
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X1 is the output impedance (Zout) calculated in steps e and f of 
paragraph 5-34; f is the frequency of the oscillator {determines 
which Zout is used) . 

NOTE 

The equation assumes tha x1 »Rout and therefore 
X1 = Zout · 

d. Using the formula given in step c, calculate and record the output induc
tance for oscillator frequencies of SO kc and 100 kc at 10 vrms. 

e. The output inductance calculated in steps c and d should not exceed 
2. 0 microhenry. 

5-3 7 . COVER REMOVAL 

5-38. The top and bottom covers are removed by removing both sets of six 
attaching screws. 

5-39 . TROUBLESHOOTING 

5-40. GENERAL 

5-41. If a fault in the power supply is suspected, remove the covers (para. 5-38) 
and visually inspect for broken connections, burned components, etc. If the fault 
is not detected visually, proceed to trouble analysis (para. 5-42). If the fault is 
detected visually or via trouble analysis, correct it and then do the performance 
check (para. 5-7). If a part is replaced, refer to repair and replacement (para 5-50) 
and to adjustments and calibrations (para. 5-51). 

5-42 . TROUBLE ANALYSIS 

5-43 . GENERAL. Before attempting trouble analysis, a good understanding of the 
principles of operation should be acquired by reading Section IV of this manual. 
Once the principles of operation are understood, logical application of this know
ledge in conjunction with significant waveforms (on figure 4-2) and with normal 
voltage information (table 5-2) should suffice to isolate a fault to a part or small 
group of parts. As additional aids, the following are given: 

a. Procedure for checking the bias and reference circuit. (Refer to para. 
5 - 45 . ) Trouble in this circuit could show up in many ways because it supplies 
internal operating voltages for the power supply and the programming currents. 

b. Procedures for checking the voltage feedback loop for the two most 
common troubles; high or low output voltage (para. 5-46 or 5- 4 7, respectively). 

c. Paragraph 5-48 which discusses common troubles. 
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5-44. A defective part should be replaced (refer to the parts list in Section VI). 
Test points called out in the procedures are identified on the schematic diagram 
(figure 4-2). 

5-45. BIAS AND REFERENCE CIRCUIT. Proceed as follows: 

a. Make an ohmmeter check to be certain that neither the positive nor 
negative terminal is grounded . 

b. Turn front-panel VOLTAGE and CURRENT controls fully clockwise 
.(maximum) . 

c. Tum-on power supply (no load connec ted). 

d. Using the ac voltmeter, check voltage across secondary winding 5-6 of 
transformer T2. If voltage indication is not 23 :1:1. 5 vrms, transformer T2 may be 
defective. 

e . Using the differential voltmeter, proceed as instructed in table 5-3. 

5-46 . HIGH OUTPUT VOLTAGE. Proceed as follows: 

a. Turn front-panel CURRENT controls fully clockwise (maximum). 

b . Turn front-panel VOLTAGE controls to mid-position. 

c . Turn-on power supply (no load connected). 

d. Using the ac voltmeter, check voltage across test points ACC and 45. 
If voltage indication is less than 1. 0 vac, CRl 7 or CRIB may be shorted. 

e . Using the differential voltmeter, check voltage across test points 33 and 
36. Ifvoltageisnot0.B:t:0.12vdc, checkT2, CR39 throughCR43, R50, andR51. 

f. Using the differential voltmeter, proceed as instructed in table 5-4. 

5-47. LOW OUTPUT VOLTAGE . Proceed as follows: 

a. Turn front-panel CURRENT controls fully clockwise (maximum). 

b . Disconnect anode or cathode of diode CRB. 

c. Turn- on power supply (no load connected). 

d . Turn front-panel VOLTAGE controls clockwise and observe the front
panel voltmeter to see if the 120vdc output can be obtained. If it can, the probable 
cause of the low output voltage is one or more of the following: 
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(2) Q8 shorted. 

(3) Q9 open . 

(4) Q6 open. 

(5) R40, R43 open. 

e . If thel20vdc output cannot be obtained in step d, reconnect diode CR8 
and turn the front-panel VOLTAGE controls to mid-position. 

f. Using the oscilloscope, check the following:. 

(1) Waveform across test points 31 (positive lead)and 33 (waveform on 
figure 4-2). If peak negative voltage is less t!1an 15 volts, Q7, R53, CR48, C25, 
C26, or transformer T3 may be defective. 

(2) Ripple waveform across test points 18 (positive lead) and 48 (wave
form shown on figure 4-2). If waveform is correct (except for amplitude), proceed 
to step (3). If waveform is incorrect, proceed as follows: 

(a) If the ripple waveform is half-wave (60 cps) instead of full-wave 
(120 cps), either SCR (CRl 7 or CR18) may be open or the applicable gate circuit for 
the SCR may be defective. To check the gate circuit, disconnect R54 or R55 (as 
applicable) and make an ohmmeter check from the open end of the resistor to test 
point ACC or 45 (as applicable). If the resistance is greater than 55 ohms, the gate 
circuit is defective. 

(b) If there is no ripple waveform, both CRl 7 and CR18 may be 
open or T 1 may be defective. 

g . Using the differential voltmeter, proceed as instructed in table 5-5. 

5-48. COMMON TROUBLES. Table 5-6 gives the symptoms, checks, and probable 
causes for common troubles. The checks should be made using a 115-volt, 60-cps, 
single-phase power input and the test equipment listed in ta ble 5-1. 

5-49. REPAIR AND REPLACEMENT 

5-50. Before servicing etched circuit boards, refer to figure 5-7. After replacing 
a semiconductor device, refer to table 5-7 for checks and adjustments that may be 
necessa ry. If a check indicates a trouble, refer to paragra ph 5-39. If an adjust
ment is necessa ry, refer to pa ragraph 5 - 5 1. 
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SERVICING ETCHED CIRCUIT BOARDS 

Excessive heat or pressure can lift the copper strip from the board. Avoid damage by using a low power 
soldering iron (50 watts maximum) and following these instructions. Copper that lifts off the board should 
be cemented in place with a quick drying acetate base cement having good electrical insulating properties. 

A break in the copper s hould be repaired by soldering a short le ngth of tinned copper wi re across the break. 

Use only high quality rosin core solde r when repairing etched circuit boards . NEVER USE PASTE FLUX. 
After soldering, cle11n off any excess flux and coat the r epaired area with a high quality electrical varnish 
or lacque r. 

When re placing components with multiple mounting pins such as tube sockets, electrolytic capacitors , and 
potentiometers , it will be necessary to lift each pin slightly, working around the componenc::; several times 
until it is free. 

WARNING: If che specific instructions outlined in the steps below regarding etched circuit boards without 
eyelets are not followed, extensive damage co the etched c i rcuit board will result. 

l. Apply heat sparingly to lead of component co be 
replaced. If lead of component passes through 
an eyelet in the c ircuit board, apply heat on com
ponent side of board. If lead of component does 
not pass through an eyelet, apply heat to Con= 
ductor side of board . 

3. Bend clean tinned leads on new part and care
fully insert through eyelets or holes in board. 

2. Reheat solder in vacant eyelet and quickly in
sert a small awl to clean inside of hole. If hole 
docs not have an eyelet, insert awl or a #57 
drill from conductor s ide of boa rd . 

-: . ,,,----CONDUCTOR 
·· :; / SIDE 
/ ·\: .. 

4. Hold part against board (avoid overheating) and 
s older leads . Apply heat to component leads on 
correct side of board as explained in step l. 

In the event that e ither the circuit board has been damaged or the conventional method is impractical, use 
method shown below. This is especially applicable for circuit boards without eyelets. 

1. Clip lead as shown below. 

~-----~---CLIP 

'" "'~~ ~j ~~,,,,,,,J, ""' HERE 

2. Bend protruding leads upward. Bend lead of 
new component around protruding lead. Apply 
solder using a pair of long nose pliers as a 
heat sink. 

APPLY t ~~ SOLDER 

Hlfi f ''" 
httt t~muwll!, , ,, 

This procedure is used in the fi eld only as an alternate means of repair. Lt is not used within the factory . 

Figure 5- 7 . Servicing Etched Circuit Boards 
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5-51. ADJUSTMENTS AND CALIBRATIONS 

5 -5 2 . GENERAL 

5-53. Adjustments and calibrations may be required after performance testing 
(para. 5-7), additional specification testing (para. 5-23), troubleshooting (para. 
5-3 9), or repair and replacement (para. 5-5 O) • Test points called out in the 
procedures are identified on the schematic diagram (figure 4-2). If an adjustment 
or calibration cannot be performed , troubleshooting is required. Table 5-8 sum
marizes the adjustments and calibrations. The adjustments and calibrations are 
performed using a 115-volt, 60-cps, single-phase power input to the power supply. 

5-54 . METER ZERO 

5-55 . Proceed as follows: 

a . Tum-off power supply and a llow 2 minutes for all capacitors to dis
charge. 

b. Rotate voltmeter zero-set screw (figure 3-1) clockwise until the meter 
pointer is to the right of zero and moving to the left towards zero. Stop when point
er is on zero. If the pointer overshoots zero, continue rotating clockwise and re
peat this step. 

c. When the pointer is exactly on zero, rotate the zero-set screw counter
clockwise approximately 15 degrees to free the screw from the meter suspension. 
If pointer moves, repeat steps a through c. 

d. Repeat steps a through c for the ammeter. 

5-56. VOLTMETER TRACKING 

5-57 . Proceed as follows: 

a. Connect the differential voltmeter across the -S and +S terminals. 

b. Turn front-panel VOLTAGE controls until the differential voltmeter indi
cates 120 vdc. 

c. Adjust R25 until the front-panel voltmeter indicates 120 vdc. 

5-58. AMMETER TRACKING 

5-59 . Proceed as follows: 

a. Connect test setup shown in figure 5-3 . 

b . Turn front-panel VOLTAGE controls fully clockwise (maximum). 
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c. Tum front-panel CURRENT controls until the differential voltmeter indi
cates 2. 5 vdc .. 

d . Adjust R27 until the front-panel ammeter indicates 2.5 amperes. 

5-60. CONSTANT VOLTAGE PROGRAMMING CURRENT 

5-61. Proceed as follows: 

a . Connect a 36, 000- ohm, 0 .1%, 1/2 w resistor between terminals +S and 
A6 on the rear terminal strip of the power supply. 

b . Disconnect the jumper between terminals A6 and A7. 

c . Connect the resistance box in place of R39 {shunt) . 

d . Connect the differential voltmeter between the +S and -S terminals. 

e. Adjust the resistance box until the differential voltmeter indicates 120 
±0.6 vdc . 

f . Choose resistor R39 (shunt) equal to the resistance required in step e. 

5-62. ZERO VOLTAGE OUTPUT 

5-63. Proceed as follows: 

a . Connect a jumper between the +S and A7 terminals on the rear terminal 
strip of the power supply. 

b . Connect the differential voltmeter between the +S and -S terminals . 

c. Connect the resistance box in place of R6 . 

d. Adjust the resistance box so that the voltage indicated by the differen
tial voltmeter is between zero and ±10 mvdc. 

e . Choose resistor R6 equal to the resistance value required in step d. 

5-64. CONSTANT CURRENT PROGRAMMING CURRENT 

5 -6 5 . Proceed as follows: 

a . Connect test setup shown in figure 5-3 . 

b . Connect a 250 -ohm, 0 .1%, l/2w resistor between terminals A2 and A3 
on the rear terminal strip of the power supply. 

c. Disconnect the jumper between terminals Al and A2. 
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d . Connect the resistance box in place of R4 l (shunt) 

e . Adjust the resistance box until the differential voltmeter indicates 2 . 5 
* · 0.25 vdc. 

f . Choose resistor R4 l (shunt) equal to the resistance value required in 
step e. 

5-66 . ZERO CURRENT OUTPUT 

5 -6 7 . Proceed as follows: 

a . Connect test setup shown in figure 5-3. 

b . Connect a jumper between the A 1 and A3 terminals on the rear terminal 
strip of the power supply . 

c . Connect the resistance box in place of R20. 

d. Adjust the resistance box until the voltage indicated by the differential 
voltmeter is between zero and 5 . Omvdc. 

e. Choose resistor R20 equal to the resistance value required in step d. 

NOTE 

If the resistance value required is les s than 
7, 000 ohms or greater than 17, 000 ohms, change 
R46. Replace the original R2 0 . 

5-6 8. BIAS AND REFERENCE LINE REGULATION 

5-69 . Proceed as follows : 

a . Connect the variable voltage transformer between the input power source 
and the power supply power input. Adjust the variable voltage transformer to 105 
vac . 

b . Connect the differential voltmeter between the +S a nd -S terminals . 

c. Connect the resistance box in place of R45. 

d . Tum front-panel VOLTAGE controls until the differential voltmeter indi
cates 120 vdc. 

e . Adjust the variable voltage transformer to 125 vac . 
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f. Adjust the resistance box until the voltage indicated by the differential 
voltmeter is within 60 mvdc of 120 vdc. 

g . Choose resistor R45 equal to the resistance value required in step f. 

NOTE 

If the resistance value required is less than 20, 000 
ohms, troubleshooting is required. Replace the 
original R45 . 

5 -70. LINE IMBALANCE 

5-71 . Proceed as follows: 

a. Connect the 48 -ohm load resistor across the output terminals. 

b. Turn front - panel CURRENT controls fully clockwise (maximum). 

c. Connect the variable voltage transformer between the input power source 
and the power supply power input . Adjust the variable voltage transformer to 125 vac. 

d. Turn front-panel VOLTAGE controls until front-panel ammeter indicates 
2. 5 amperes. 

e. Connect the oscilloscope across test points 18 and 48. Use internal 
sync. 

f. Connect the resistance box in place of Rl 7. 

g. Adjust the resistance box until the oscilloscope display is similar to the 
waveform for test points 18-4 8 shown on figure 4-2. 

h. Choose resistor Rl 7 equal to the resistance value required in step f. 

NOTE 

If the resistance value required is less than 5, 000 
ohms, troubleshooting is required. Replace the 
original Rl 7. 

5-17 



5- 72 . CONSTANT CURRENT LOAD REGULATION 

5-73 . Proceed as follows: 

a. Perform steps a through e of para . 5-18. 

b. Place a 10-megohm resistor in place of R44. 

c. Adjust the variable voltage transformer to 105 vac. 

d . Close the shorting switch . 

e . Differential voltmeter indication should change by less than 25 mvdc. 
If voltage change is greater than 25 mvdc, reduce the 10-megohm resistor to 9 
megohms, set the variable voltage transformer to 105 vac, open the shorting switch, 
record the differential voltmeter indication, and repeat steps c and d. Repeat this 
process, reducing the 10-megohm resistor in I-megohm steps until the voltmeter 
change is l ess than 2 5 mvdc. Changes smaller than I-megohm may be required 
to obtain the optimum resistance value for R44. Choose resistor R44 equal to the 
optimum resistance value required. 

NOTE 

If the resistance value required is less than 
1 megohm, troubleshooting is required. Re
place the original R44. 
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From (+) to 

-s 
33 
33 
40 
24 
22 
21 
23 
20 
39 
51 
33 
26 
-s 
18 
14 
-s 
-s 
10 
19 
15 
33 
40 
33 
41 
28 
33 

Table 5-2. Normal Voltage 

Typical 
(-) Voltage Peak-to-Peak Values 

51 19 . 5 '.!: 1 . 0 vd c 
27 3 4 . 1 ~ 1 . 7 vd c 
-s 6 . 0 !1:0 .3 vdc 
33 33.0.J:l.7vdc 
51 10. 3 !!:O . 6 vd c 
51 9. 7 '.!:0 .5 vdc 
51 9 . 7 '.!:0 . 5 vdc 
22 7 .1 '.!:O. 7 vdc 
21 3. 1 '.!:O .3 vdc 
38 0. 81 '.!:0. 1 vdc 
27 6. 6 '.!:2. 0 vdc 
12 3 . 7 :!:0.6 vdc 
27 0. 59 '.!:0. 1 vdc 
25 10. 0 !1:0. 5 vdc 
48 12"4 . 0 + 1 . 0 vdc 
19 0 . 72 :!:O. 1 vdc 
A6 0. 04 '.!:O. 1 vdc 

8 0.45 '.!:0.07 vdc 
-s 0. 06 :4::0. 1 vdc 
-s 0 . 82 '.!:0 . l vdc 
19 1.14 :!:O .2 vdc 
16 1.0 *0.5 vdc 
32 7. 0 '.!:l. l vdc 
36 0 . 8 '.!:0 .1 vdc 
42 46 .O '.!:2 .3 vpp 
33 6 6 • 0 '.!:3 . 3 vpp 
38 14.0 :4::1.4 vdc 

NOTE 

These measurements were made with a 115-volt, 
60-cps, single-phase power input; the front-panel 
CURRENT controls fully clockwise (maximum); the 
front - panel VOLTAGE controls set for 120 vdc out
put; and the 48 -ohm load resistor across the out
put terminals C2. Samperes). Differential voltmeter 
HP 74 l A was used for a ll measurements. 
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Table 5-3. Bias and Reference Circuit Troubleshooting 

Meter Meter Nonnal If Indication is not Nonnal, 
Step Common Positive Indication Check the Following Parts 

1 33 40 33 :i:l. 7 vdc CR31, C21 

2 -s 33 6 .2 :i:O. 3 vdc CR6, CR14 , VR4 

3 27 33 34 .1 ±1. 7 vdc CR30 , C20 

4 51 -s 19 . 5 ± 1. 0 vd c QlO, Ql 1 

5 51 24 10.3 ±0.6 vdc CR27, VR3 

6 51 22 9. 7 ::t:O. 5 vdc R40, R43, Q6 

7 51 21 9 . 7 :i:O. 5 vdc R38, R42, Q5 

Table 5-4. High Output Voltage Troubleshooting 

Meter Meter 
Step Common Positive Response Probable Cause 

1 Emitter of Q4 29 <o. 5 vdc a. Q4 shorted 
b . Rl6 shorted 
c . Rl5 shorted 

2 14 17 >O. 85 vdc CR7 open 

3 14 33 <2 vdc a. Ql open 
b . Q2 shorted 
c . CRl shorted 
d . R2-R8 open 

Tabl e 5-5. Low Output Voltage Troubleshooting 

Meter Meter 
Step Common Positive Response Probabl e Cause 

1 Emitter of Q4 29 >5 vdc a. Q4 open 
b. Rl6 open 
c. Rl5 open 

2 14 17 <O. 4 vdc CR7 shorted 

3 14 33 >6 vdc a . Ql shorted 
b. Q2 open 
c . R2-R8 shorted 
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Symptom 

Fuse blows 
when power 
supply is turned on. 

Poor line regulation 
(constant voltage) 

Poor load regulation 
(constant voltage) 

Poor line and load 
regulation (constant 
current) 

High ripple 

Poor stability 
(constant voltage) 

Poor stability 
(constant current) 

Table 5-6. Common Troubles 

Checks and Probable Causes 

Power supply has internal short. Disconnect Collector of 
07, tum-on power supply and check voltages (refer to 
table 5-2 or figure 4-2). If fuse blows with 07 disconnect
ed, check CRl 7, CR18, and T3. 

a. Check bias and reference circuit (para. S-4S). 
Refer to paragraph 5-69 for adjustment. 

b. Check line input to SCR regulator control circuit (T2, 
CR39 through CR43, R50, RS 1). 

a. Check bias and reference circuit (para. 5-4S). 
b. Power supply going into current limit. Check constant 

current input circuit. 
c. Constant voltage loop oscillates. Check adjustment 

of Rl 7 (para. 5-71). 

a. Check bias and reference circuit (para. S-4S). Refer 
to paragraph S-69 for adjustment. 

b. Power supply going into voltage limit. Check constant 
voltage input circuit. 

c. Constant current loop oscillates. Check adjustment 
of R44 (para. S-73). 

a. Check operating setup for ground loops. 
b. If output is floating (ungrounded) connect 1-µf capaci

tor between output and ground (unless particular 
application prohibits this) . 

c. Check pi-section output filter Cl3, Cl7, and R29. 
d. Line imbalance. Check adjustment of Rl 7 (para. 5-70). 

a. Check bias and reference circuit line regulation .(Refer 
to para. S-69). 

b. Noisy programming resistors (R2-R8). 
c. CRl or CR2 leaky. 
d. Rl, RS, R40, or R41 nois.y or drifting. 
e. 01 or 02 defective. 

a. Check bias and reference circuit line regulation. 
(Refer to para. 5-69). 

b. Noisy programming resistors (R9-Rl0). 
c. R20, R23, R38, or R39 noisy or drifting. 
d. 08 defective. 
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Table 5-6. Common Troubles (cont.) 

Symptom Checks and Probable Causes 

Oscillates Check Rl8, Cl, C4, and adjustment of Rl 7 (para. 5-71). 
(constant voltage) 

Oscillates Check C6, C24, R22, and adjustment or R20 (para. 5-66) 
(constant current) and adjustment of R44 (para. 5-72) . 

Output voltage does Check R6 and R4 7. (Ref er to para. 5-63 . ) 
not go to zero. 

Output current does Check R20 and R46. (Refer to para. 5-6 7.) 
not go to zero. 
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Table 5-7 . Checks and Adjustments after Replacement of Semiconductor Devices 

Circuit 
Reference Function Check Adjust 

01. 02 Constant voltage differential Constant voltage line and 
amplifier load regulation; transient 

recovery time; zero voltage 
output 

R6, Rl 7 

03 

Q4 

05 

Q6 

07 

08, 09 

Tum-on circuit 

Gating Circuit 

Constant voltage 
programming current 
regulator 

Constant Current 
programming current 
regulator 

SCR regulator control 

Constant current differential 
amplifier 

010 Bias and reference error 
detector/amplifier 

011 Bias and reference series 
regulator 

CRl, CR2, Constant voltage protection 
CR28 

CR6, CR9, Forward bias regulators 
CRl 0, CRl l, 
CR12, CR14, 
CR27, CR46 
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Excessive transients at 
tum-on 

Constant voltage/constant ----
current line and load regula-
tion 

Constant voltage program- R38-R39 
ming coefficient 

Constant current program - R40-R4 l 
ming coefficient 

Waveforms (shown in figure -----
4-2) 

Constant current line and R2 0, R44 
load regulation; zero 
current output 

Bias and reference circuit 
line regulation 

Bias and reference circuit 
line regulation 

Constant voltage load 
regulation 

Voltage across each 
diode (O. 6 to 0. 85 vdc) 

R45 

R45 



Table 5-7. Checks and Adjusbnents after Replacement of Semiconduct or Devices 
(cont.) 

Circuit 
Reference Function Check Adjust 

CRl 7, CR18 SCR regulator Constant voltage load -----
regulation 

CR19 , CR20 Bridge rectifier Voltage across bridge at -----
CR2 1, CR22 full output (120 vdc) 

CR23 Output Protection Output voltage -----

CR26 Constant current protection Constant current line and -----
load regulation 

CR30 , CR31 Full-wave rec tifier Rectifier output (6 7 vdc) -----

CR39, CR40 Bridge rectifier Voltage acros s bridge -----
CR41, CR42 (20-25 peak, full wave) 
CR43 

CR5, CR7, Diode s witches ----- -----
CR8 , CR44, 
CR45, CR47, 
CR48, CR49, 
CRSO, CR51, 

VRl Constant voltage program- Full output voltage and zero -----
ming protection output voltage obtainable 

via VOLTAGE controls; volt-
age regulation at 120 vdc 
output 

VR3 Voltage reference Bias and reference circuit R45 
line regulation 

VR4 Voltage reference 6. 0 vdc· line regulation -----
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Table 5-8. Adjustment and Calibration Summary 

Paragraph 
Adjustment or Calibration Reference Control Device 

Meter Zero 5-55 Meter Spring 

Voltmeter Tracking 5-57 R25 

Ammeter Tracking 5-59 R27 

Constant Voltage Programming Current 5-61 R39 

Zero Voltage Output 5-63 R6 

Constant Current Programming Current 5-55 R4 l 

Zero Current Output 5-67 R20 

Bias a nd Reference Line Regulation 5 - 69 R45 

Line Imbalance 5-71 Rl7 

Constant Current Load Regulation 5-73 R44 
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6-1 INTRODUCTION 

SECTION VI 
REPLACEABLE PARTS 

6- 2 This section contains information for ordering replacement parts. 

6-3 Table 6-1 lists parts in the alpha-numerical order of the circuit designators and 
provides the following information: 

A. Description (See list of abbreviations below). 
B. Total quantity used in the instrument. 
C. Manufacturer's part number . 
D. The Manufacturer's code number as listed in the Federal Supply Code for 

Manufacturers H4-l. 
E. The H-P Stock Number. 
F. The recommended spare parts quantity for complete maintenance during one 

year of isolated service . (Column A) . 

6-4 ORDERING INFORMATION 

6- 5 To order a replacement part, address order or inquiry to your local Hewlett
Packar-d field office (see lists at rear of this manual for addresses). 

6-6 Specify the following information for each part: 

A. Model and complete serial number of instrument. 
B. Hewlett-Packard stock number. 
C. Circuit reference designator. 
D . Dascription. 

6-7 To order a part not listed in the tables, give a complete description of the part 
and include its function and location. 

Reference Da signators 

A = assembly K = relay T = transformer 
B = motor L = inductor v = vacuum tube, neon 
c = capacitor M = meter blub, photocell, etc. 
CR = diode p = plug x = socket 
DS = device signaling (lamp) Q = transistor XF = fuseholder 
E = m'isc. electronic part R = resistor XDS = lampholder 
F = fuse RT = thermistor z = network 
J = jack s = switch 
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ABBREVIATIONS 

a = amperes K = kilo = 1000 
c = carbon obd = order by description 
cer = ceramic p = peak 
coef = coefficient pc = printed circuit board 
com = common pf = picofarads = 1 o-12 farads 
comp = composition pp = peak-to-peak 
conn = connection ppm = parts per million 
crt = cathode-ray tube pos = position (s) 
dep = deposited poly = polystyrene 
elect = e lee tro l ytic pot = potentiometer 
encap = encapsulated prv = peak reverse voltage 
f = farads rect = rectifier 
fxd = fixed rot = rotary 
GE = germanium rms = root-mean-square 
grd = ground (ed) s-b = slow- blow 
h = henries sect = section (s) 
Hg = mercury Si = silicon 
impg = impregnated sil = silver 
ins = insulation (ed) sl = slide 
lin = linear taper td = time delay 
log = logarithmic taper Ti02 = titanium dioxide 
m = milli = 10-3 tog = toggle 
M = megohms tol = tolerance 
ina = milliamperes trim = trimmer 
µ = micro= lo- 6 twt = traveling wave tube 
mfr = manufacturer var = variable 
mtg = mounting w/ = with 
my = mylar w = watts 
NC = normally closed WW = wirewound 
Ne = neon w/o = without 
NO = normally open cmo = cabinet mount only 
nsr = not separately replaceable 
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6-8 CODE LIST OF MANUFACTURERS (Shee t 1 of 2) 

The following code numbers are from the Federal Supply Code for Manufacturers Cataloging Handbooks H4-1 (Name to Code) 
and H4-2 (Code to Name) and their latest supplements. The date of revision and the date of the supplements used appear at 
the bottom of each page. Alphabetical codes have been arbitrarily assigned to suppliers not appearing in the H4 handbooks. 

CODE 
NO. MANUFACTURER ADDRESS 

O O l l • Humidi•I Co. Colton, C•lif. 
0 0 J J 5 WHlrH Corp. New York, N.Y. 

0 0 J 7 ) G•rlock P•ckin9 Co., 
Electronic Produch Div. Camden. N J 

0 0 6 5 6 Aerovor Corp. New Bedford, M•u 
O 0 7 7 t Amp, Inc. H• rrisbur9, P•. 
0 0 7 a 1 Aircr•lt .. dio Corp. Boonton , N.J . 
O 0 I l S Northern En9lneuin9 laboratories, Inc. 

Burlinqton, Wis . 
0 0 I 5 ) S•n9amo Electric Compeny, 

Ordill Oivi1ion (C1p1c.itors) M•rion, Ill. 
0 0 I 6 6 Goe En9inurin9 Co. Los Angeles, C•lif 
0 0 It 1 C•rl E. Holmes Corp. Los Angeles, Cal if 
0 1 1 2 1 Allon lradloy Co. Milwaukee , Wis. 
0 1 2 5 5 Litton Industries, Inc. h•orly Hms, Calif. 
O 1 2 8 1 Pa.cific Semiconducton, Inc. 

Cul•or City, C•lil. 
0 1 2 t 5 Texts lt1strum1nk, Inc. 

Tran1htor Products Div. Oallu, Teus 
0 1 ) • t Tho Alli•nc o Mfg, Co. Alli•nce, Ohio 
O 1 5 6 1 Chassl-lrok Corp. lndi•napolis, Ind . 
0 15I9 Pacific Rel •ys, Inc. Von Nuys, C•lif. 
0 1 9) 0 Amorock Corp. Rocktor.d, Ill . 
0 1 'it 1 Pulse En9ineerin9 Co. S•nta Clar•, C•lif 
O 2 1 1 4 ferro1,ubt Corp. of Americ• 

Saugerties N .Y. 
0 2 2 8 6 Colo Mfg . Co. Polo Alto, C•lif 
0 2 4 6 0 Amphenol· l or<j Electronics Corp. 

Chic•go, Ill. 
0 2 7 l 5 Rodlo Corp. of Americ• 

Semiconductor and M•teri•ls Oiv. 
Somerville N J 

0 2 1 7 1 Vocatine Co. of Amtric•, Inc. 
Old Soybrook, Conn 

0 2 1 7 7 Hopkins En9ineetin9 Co. 
S•n Fernando, Ct!ilif. 

0 J 5 0 8 G .E. Somlconductor Products Dopt. 
Syracuu, N.Y. 

0 J 7 0 5 Apu M•chine l Tool Co. Dayton, Ohio 
0 ) 7' 7 Eidem• Corp. El Monie, Calif. 
0 l 1 7 7 Transitron Electronic Corp. W•ktfitld, Mau. 
0 l I 8 I Pyrofilm Ruistor Co. Morristown, N.J . 
0 l' 5 4 Air Marine Motors, Inc. Los An9el11, C•lif. 
0 4 0 0' Arrow, H•rt •nd Heg•m•n Elect. Co. 

Hartford , Conn 
0 • 0 6 2 Elmenco Products Co. Now York, N.Y. 
0 4 2 2 2 H;.Q Di•ision of Aorovo1 Myrtle leach, S C 
O • 2 'I Elg in N•lion•I W•tch Co., 

Electronics Division lurb•nk, Calif. 
0 4 4 0 4 Dymec Oivllion of 

Howlell·Pockard Co. P•lo Alto, Coll!. 
0 4 6 5 1 Sylvonl• Electric Prods., Inc. 

EJtctronic Tub• Div. Mountain View, Calif . 
0 4 7 1 l Motorolt , Inc., Semiconductor 

Prod. Div. Phoenii, Arizona 

O 4 7 l 2 Filtron Co., Inc. 
Western 0 1vhion Culver City, C•lif. 

0 • 7 7) Aulom•lic Electric Co. Northlake, Ill. 

0 4 7 9 6 So~~~~1~1re l Cable •edwood City, C•llt. 

0 • I 7 0 P. M. Motor Co. Chic•go ... Ill, 
0 5 0 0 6 Twentieth Century Pl•stics, Inc . 

Los An9elu, Calif 
0 5 2 7 7 Westin9hou11 Electric Corp., 

Semi.Conductor Dept. Youngwood, Pa. 
0 5 J • 7 Ultroni1, Inc. S•n Matoo, Col If. 
0 5 S' l lllumitronic En9ifteerin9 Co. 

Sunnyvale, C•lif 
0 5 6 2 • Barber Colm1n Co. • ockford, 111. 
0 5 7 2 t Mttropotit •n Teltcommunic•tions Corp., 

Metro C1p. Div, Brooklyn, N.Y 
0 5 7 I J Stewut En9inoo rin9 Co. S•nta Cruz, C•lif, 
0 6 0 0 4 Tho hssick Co. lrid9eport, Conn. 

0 • 5 5 S letd e Electrical Jnstrumt nt Co., Inc. 
Pen•cook, N.H 

O 6 I 1 2 Tor<ington Mfg . Co., Wost Div. 
V•n Nuys, Calif 

00015-25 

CODE 
NO. MANUFACTURER ADDRESS 

0 7 I 1 S Corning Gl•ss Works 

0 71 26 
0 71 l7 

0 71 )I 

0 72 6 1 
0716) 

0" 1 0 
079)) 

07966 

0,, 8 0 
081 H 
0 8 JS 8 

0 I 7 1 7 
08718 

0 8 7 92 

Electronic Components Dept. 
Br1dford, Pa. 

Di9itr•n Co. P~uadena, c,1if. 
Tr•nsistor Electronics Corp. 

Minneapolis, >J ir.n. 
Westinghouse Electric Corp. 

Electronic Tube DiY. Elm:rtt, NY. 
Avnet Corp. Los An9tlts, C•lif. 
Fairchild Semiconductor Corp. 

Mountain View, Calif 
Continental Dtvict Corp. Hawthorne, Ctlif. 
llthttm Semiconductor Corp. 

Mountain View, C1l:f 
Shockley Semi-Conductor 

laboratoriu Palo Alto, C•lit. 
Boonton, N.J. 

Los Anqtlos , Calif. 
Boonton Rbdio Corp. 
U.S. Enqinetring Co. 
8ur9eu B•ttHy Co. 

Niaqar• F•lls. Ontario, C•no1d• 
Sloon Comp•ny Burbank. C•lif. 
C1nnon Electric Co. 

Phoel'lix Oiv. Photnit, Ari1. 
CBS Electronics Semiconductor 

Operations, Div. of C.8.S. Inc. 

0 8 9 ! • Mol·••in 
Lowell, M•n. 

lndiartapolis, Ind. 
0 9 0 2 6 l•bcock Relays, Inc. Costa M•s•. C•lil. 
0 9 1 14 T11as Cap.tcitor Co Houston, Ttus 
0 9 2 5 0 Ele ctro Assemblies. luc. Chic•QO Ill. 

O 
9 5 6 9 M~~o:;d~~tt~J. Co .T~~onto, Onta•io Conad• 

1 0 2 1 4 Gtntral Traniistor Western Corp. 
Los Anqtlu C•lif 

10 4 11 Ti·T•I, Inc. Berhlty Calif. 
10 6 4 6 Carborundum Co. Nia9ara F•tls. N.Y. 
1 1 2 l & CTS of Berne, Inc. Berne, Ind. 
1 1 2 l 7 Chicd90 Telephone of California, Inc. 

So P.uadeno, Calif. 
1 1 l 1 2 Microw1ve Electronics Cot p. 

P•'o Alto, Calif 
1 1 S l 4 Dunc•n Electronics, Inc. Sant• Al'l1 C•lif. 
1 1 7 1 1 General Instrument Corporation 

Semiconductor Division Newark, N.J. 
1 1 7 1 7 Imperial Electronics, Inc. Bue n• Parli:, C11if. 
1 1 8 7 O Mol•bs, Inc . Palo Alto, Co lif. 
1269 7 Cl1roslat Mfg, Co. Do••<, N.H. 
1 4 & S 5 Cornell Dubilitr Eltc . Corp. 

So. Pl•intiold, N J. 
1S90 9 Tht O•v1n Co. Livinqston, N.J. 
1 ' & 8 I Dt Jur·Amsco Corporation 

Lonq Island City 1, N.Y. 
1 4 7 5 8 Dolco R•dio Di•. of G. M. Corp. 

Kokomo, Ind. 
1 5 8 7 l E. I. DuPont ctnd Co., Inc. Wilmin9ton, Otl. 
1 t l 1 5 Eclipse Pioneer, Div. of 

lendia Avi.ttion Corp. Teterboro. N.J. 
1 9 S 0 0 Thom•s A. Edison Industries 

Div. of Mc.Gr.tw·Edison Co. 
Wesl Orange, N .J. 

1 9701 Eltctr• ManufcJcturln9 Co. Kansas City, Mo. 
2 0 1 8 l Electronic Tube Corp, Phildldelphi•, P•. 
2 1 S 2 0 f•nstetl Mtt•llur9ic•I Corp. 

No. Chic.go 111. 
2 1 l l S Tht F•fnir Btuin9 Co NtW" 9,it•in. Conn. 
2 1944 Ftd Ttltphone •nd R•dio Corp. 

Clifton, NJ . 
2 4 4 4 6 Gonor•I Eloctr'c Co. Scheneclddy, N.Y. 
2 4455 

2 HS 5 
26•62 

G.E., lamp Division 
Ntl• Park, Clevel•nd, Ohio 

G t ntr•I Radio Co West Concord, ._hn. 
Grobtt File Co of Amtric.a, Inc. 

2 6 9 9 2 H•milton Watch Co. 
2 8 4 8 0 Hewlott-Packard Co. 

C•rht•dl, NJ 
Lanc•1ter, p,._ 

Palo Alto, C•lif 
l l 1 7 l GE. Rece iving Tubt Dept. Owensboro, Ky. 
J 5 4 3 • Loctrohm Inc. Chiuqo, Ill. 
) 7 9 4 2 P R M•llory l Co., Inc. lndi•n•palis, Ind. 
3 9 S 4 l Mtch•nic•I Industries rrod. Co. 

A'iron. Ohio 

CODE 
NO. MANUFACTURER ADDRESS 

4 0 9 2 0 Miniature Precision Bt•rings, Inc. 
Keene, N.H. 

4 2 1 9 0 Mutor Co. Chicago, Ill. 

• l 9 '0 C. A. Norqron Co. En9lewood, Colo. 

• • 6 S 5 Ohmae Mfg Co. 
.c 7 t 0 4 Pol•roid Corp. 

Skokie, Ill. 
C1mbrid9e M.us. 

••d 4 8 & 2 0 Precision Thermometer 
lmt. Co. Ph lladolphi•, P•. 

4 9 9 S 6 Raytheon Comp1ny Luin9ton, Man. 
S 4 2 9 • Shallcrou Mfg. Co. Seim•, N.C. 
S 5 0 2 4 Simp•on Electric Co. Chic•go, Ill . 
SS 9)) Sonotono Corp. Elmsford, N.Y. 
SS 9 l I Sorenson & Co Inc. So. Norw•lk, Conn. 
5 6 1 ) 7 Spaulding Fibro Co., Inc. Tonaw•nd•. N.Y. 
S & 2 8 9 Sprague Electric Co. North Adams , Mau . 
5 9 4 4 6 Telu, Inc. St. Paul, Minn. 
6 1 7 7 S Union Switch •nd Siqn•I, Oiv, of 

Wedinqhouse Air Br.ali:e Co. Swiuvalt, Pa. 
& 2 1 1 t Universal Ete ctric Co. Owouo Mich 
6 • t St Western Electric Co., Inc. New York, N.Y. 
6 5 0 t 2 Weston Inst. Div. of Daystrom, Inc. 

Newa.rk, N.J. 
6 6) • 6 Wollen,.k Opticol Co. Rochester , N.Y. 
7 0 2 7 6 Allon Mfg, Co. H1rtford, Conn. 
7 0) 0 9 Allied Control Co, Inc. Now York, N.Y. 
7 0 •a 5 Atlantic l"dia •ubbor Works, Inc 

7 OH l 
7 0' 0) 
7 0 9 98 
7 1 0 0 2 

Amperit• Co., Inc. 
Belden Mfg, Co. 
Bfrd Electronic Corp. 
BirnbcJch R1dio Co. 

Chic•go, Ill. 
New York, N.Y. 

Chicago, Ill. 
Cle•olond. Ohio 
New York, N.Y. 

7 1 0 4 1 Boston Gear Works Div. of 
Murray Co. of Tuai 

7 1 2 I a lud Radio Inc. 
Quincy, M.u1. 

Cltvtl•nd, Ohio 
Par•mus, N.J . 7 t 28 4 

7 1 ) 1 ) 

7 1 4 0 0 

71 HO 

Camloc Fastener Corp. 
Allen 0. Cardwell Electronic 

Prod. Corp, Pl.tinvi lle, Conn. 
Suumann FuH Oiv. of McGr.tW· 

Edison Co. St. Louis, Mo. 
CTS Corp. Elkh•rt. Ind. 

7 1 4 4 I Ctnnon Electric Co. Los An9tl11, Calif. 
lurb•nk, C•lif. 7 1 4 7 1 Cinema Enginttrinq Co. 

7 I 4 8 2 C. P. Clare l Co. Chicogo, Ill. 
7 1 S 1 8 St•ndord0 Thomson Corp., 

Clifford Mf9, Co. Di•. W alth1m, M .. s. 
7 1 5 t 0 Centrol•b Di• of Globo Union Inc. 

Milw•uket. W i1. 
71 7 0 0 Tho Cornish Wiro Co. Now York, N.Y. 
7 1 7 4 4 Chicago Mini•furt lamp Works 

Chic•go, Ill. 
7 1 7 5 ) A. 0. Smith Corp., Crowley DI•. 

West o,.nge, N.J. 
7 1 7 I 5 Cinch Mfg. Corp. Chic•qo, Ill. 
7 1 9 I 4 Dow Cornin9 Corp. Mid l•nd, Mich. 
7 2 1 ) 6 Electro Motivo Mf9. Co., Inc. 

W ilHm•nt ic, Conn. 
7 2 l 5 • John E. Fast & Co. 
7 2 6 1 9 Di•lighl Corp, 

Chicago, Ill 
Brooklyn, N.Y. 
Ko.,bty, N.J. 7 2 b 5 6 Generdl Cer•mics Corp. 

7 27 SI 
72745 
72115 
72'11 
72 981 
7) 0 61 
7) 1 )8 

7) 2') 

7) •• 5 

7) 5 04 
7) s 59 
7 HI 2 

7l7l• 

Girard·Hopkins 
Drake Mf9. Co. 
Hugh H. Eby Inc. 
Gudem•n Co. 
Erit Resistor Corp. 
Hansen Mfq. Co, Inc. 
Htlipot Oiv of Beckman 

lnstrumtnl1, Inc. 
Hu9hts Produch Division of 

O•klond, C•lif, 
Chic•go, Ill. 

rhll•delphia, P•. 
Chicago, Ill. 

Erie, P• . 
Princeton, Ind. 

Fullerton, Calif. 

Hu9he1 Aircr•ft Co. Newport lt•ch, Calif. 
Amperea Electronic Co., Div. of 

North Amtric•n Phillips Co., Inc. 
Hicli:1ville, N.Y 

Bradley Semiconductor Corp. H•mdtn, Conn . 
C1rlin9 Electric , Inc. Hartford, Conn. 
George K. G1rrett Co., Inc . 

rhll•delph;a, P•. 
Federal Screw rroduch Co. Chic•90. Ill. 

From: F.S.C. Hondbook Supplemenh 
H4-1 Doted: April 1'162 

Rovisod: 25 M•y 1962 H4-2 Doted: Morch 1962 
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6-8 CODE LIST OF MANUFACTURERS {Sheet 2 of 2) CONT ' D 

CODE 
NO. MANUFACTURER ADDRESS 

7 l 7 4 l Fische r Specl• I Ml9. Co. C incinn•li, Ohio 
7 l 7' l The General lndustrlH Co. Elyrl•. Ohio 
7 l '0 5 J ennin9 s Radio Mf9. Co. S•n Jose , Cal il. 
14 4 SS J . H . W inni. •nd Sons Winchuter, Mus. 
7 4 I 6 1 lnduslri• I Cond• nser Corp. Chicoqo, Ill. 
7 4 I 6 8 l .F. Products Division of Amphenol· 

lor9 Electronic.s Corp. Otnburv, Con n. 
7 4 9 10 E. F. Johnson Co. W• 1eu Minn. 
7 5 0 4 2 lnlernallon•I RHisl•nce Co. Phll • delphi• , P• 
7 S 1 7 l Jones, How•rd I ., Division 

of C inch Mf9. C orp . 
7 5 l 7 8 J•mH ICniqhts Co. 
7 5 l I 2 Kulk• Electric Corpora tion 
7 5 8 1 8 lent Electric Mfq. Co. 
7 5' 1 5 l illelfuse Inc. 
7 6 0 O 5 lord Mf9 . Co. 

Chic•9 0, Ill 
Sond.,i ch, Ill . 

Mt. Vernon, N .Y. 
C hico90, Ill. 

DH Pl•ints, IH. 
Erit, P• . 

7 6 2 1 O C . W. M•,....edel St n Fr•ncisco , Calif. 
7' 4 l l M icamold El t ctronic Ml9 . Corp 

Brooklyn , N .Y. 
7 6 4 I 7 JemH Miiien Mf9. Co., Inc . M•lden, Mau 
7 6 4' l J . W . Miller Co. Los An9eles , Calil 
7 6 5 l O Monadnock Mills San LH ndro, Calif. 
7 6 S 4 5 Mueller Electric Co. C leveland , Ohio 
7 6 I 5 4 Oek Menufac turin9 Co. Crysta1 loke , Ill. 
17 0 6 I ltndi1 '•cific Oivi11on of 

lend ix Corp. No. Hollywood, C• lif 
7 7 2 21 Ph•ostron Instrument and 

Electronic Co. South Ptttde nt C•lif. 
7 7 2 S 2 Philadol phi• Stee l ond Wlro Corp. 

Philedelphie , P• . 
7 7 3 4 2 Potter tnd lrumfitld, Div, of Amuictn 

Machine tnd Four.dry Princeton, Ind. 
7 7 6 l 0 R•dio Cond1n11r Co . C•mdon, N.J . 
7 7 6 l 1 R•dio Receptor Co., Inc. Brooklyn, N.Y. 
711 6 4 •uist • nce Produch Co. Hurisbu tq , P• . 
7 I 1 I 9 Sh•keprool Division of Illinois 

Tool Works El9ln, Ill 
New York, N. Y 7 I 2 8 3 s;9 n•I lnd ic•lor Cor p. 

7 I 4 7 1 Tiiiey Mf9. Co. Sen Francisco, C• lif. 
7 t 4 I I St•ckpol1 Cubon Co. 
1 I 5 S l Tlnnerm•n Ptoduch, Inc . 

Tu 1nsformer Enqineeu 
Ucinite Co. 

SI. Mery>. Pe. 
Cleveland, Ohio 
Pu•d•n•. C•lif, 

Newtonville , M•u 
H•rtford, CoM. 

Chic•90, 111. 

7'7'0 
7 8' 47 
7' 142 
7'251 
79 7 2 7 

Vuder Root, Inc. 
Wonco Ml9. Co. 
Conl inontal ·Wlrl Eloclronlcs Corp. 

Phil•dolphi• . P•. 
7 9' 6 l Zlerick Ml9 . Corp. Now Rochollo, N.Y. 
t 0 0 J 1 Mopco Division of 

SeuioftS Clock Co. Morristown, N J 
t 0 1 2 0 Schnil11 r Al loy Products Eliubol h, N.J . 
t 0 1l0 TimH Fecsimile Corp. No"' Yo rk, N.Y. 
I 0 1 l 1 Eledronic Industries Associ•tion 

Any brand tube meet in9 EIA 
st•nd.,ds Wu hinqton, O.C 

I 0 2 0 7 Unlmn Swi tch, Div. of 
W . l . M•uon Corp. 

t 0 2 4 I OJford Electric Corp. 
I 0 2 9 4 Bourns lab<>r•loriH, Inc. 
t 0 4 1 1 Aero Div. of Roborhh•"' 

Fu lton Controls Co. 
t 0 4 t 6 Alt Sl•r Products Inc. 
8 0 St l H•mmerlund Co .. Inc. 
8 0 6 4 0 Stnons, Arnold, Co., Inc. 
I 1 0 l 0 l nterna tion• I ln1trvmenh. 

W•llinqford, Conn , 
Chic•90, Ill . 

Riversidt, Calif. 

Columbus U , Ohio 
Ot fianu , Ohio 
No"' York, N.Y. 

Boston, Mau. 
Inc. 
New H•ven, Conn . 

11 l 1 2 Winchester Electronics Co., Inc . 
Norw•llt, Conn. 

t 1 4 1 S W11kor Products, Inc. Cleve land, Ohio 
t 1 4 S l Rlrthoon Mf9. Co., lndust ri•I 

Componerih Div., lnduitr. 
Tube Operations Newton, Mu s. 

a 1 4 I l lnte rn•tion•I ltectifier Corp. 

I 1 I 6 0 l •rrr Controls, Inc. 
t 2 0 4 2 C • rter P1rts Co. 

El S19undo, C• lil 
W•tertown , M•n. 

Skokie, Ill. 
8 2 1 4 2 Jeff ors Electronics OM 1ion of 

Spoor Corbon Co. 
t 2 1 7 0 Allon I . Ou Mon! ubs., Inc. 
t 2 2 0 9 M19uiro lnduslriH , Inc. 
t 2 2 1 9 Syl••ni• Electric Prod. Inc., 

Electronic Tube Div. 
t 2 l 7 6 Astron Co. 

Ou Bois, P1. 
Clifton, NJ . 

Grtenwich, Con n. 

Emporium, Pa. 
Eost Now•rk, N.J . 

0001S.25 

CODE 
NO. MANUFACTURER ADDRESS 

t 1 3 t' Switchcr•fl, Inc. Chic•qo, Ill. 
I 2 6 4 7 M el•I• and Controls, Inc.. Div. of 

Teus lnstrumtnts, Inc., 
Sptnctr Prod1. 

8 2 8 & 6 Resea rch Products Corp. 
8 1 I 7 7 Rol ron M•nufachirin9 Co., Inc . 

Wood1tock, N.Y. 
8 2 8 If l Vector Elt ctronic Co. Glend ale, Calif. 
8 l 0 5 l Western W eshor Mir. Co Los Anq oles, C•lif. 
al 0 5 8 Carr Fastene r C o. C • mbridqe, M• n . 
I ) 0 8 ' New H1mpshire l•ll le•rin9 Inc . 

a l 1 2 5 Pyramid Electric Co . 
I l 1 4 I Electro C ords C o 

Poterb<>rouqh, N. H. 
o.rt inqton, s.c. 

l o1 An9•lt1. C•lif. 
8 l 1 8 6 Victory En9ineerinq C orp . Union. N.J. 
8 l 1 9 8 Bo ndi • Corp., Rod lank Div. Red l a nk, N.J . 
t 3 l l 0 
8 3 s 0 1 

Smith, Herman H., Inc. 
Gavitt Wire and Cab le Co., 

Brooklyn, N Y. 

Div. of Amerace Corp. Brookfield . M•ss. 
Burtouq hs Corp ., 

Electroni c Tube Div, 
Mod el En9 •nd Mf9 . Inc. 

Plainfield, N.J . 

H untin9ton, Ind . 
I l 8 11 Loyd Scru99s Co. Futus, Mo. 
• 4 171 
8 43 96 

• 4 4 1 1 

8 49 7 0 
8 5 4 5 4 
8 s 47 4 

Arco Electronics, Inc . New York, N.Y. 
A. J . G losoner Co., Inc. 

San Fttncisco, C•lif. 
Good AU Electric Ml9. Co. Oq•lle la , Nob . 
S~ultu T•rti•n. Inc. lloomin9ton , Ind . 
11.:>onton Moldinq Comp•ny 
R. M. 8r•c•monl1 a Co. 

Boonton N J. 

Sin fr1ncisco, C • lif. 
t S 6 6 0 Koilod Kords, Inc. New H•ven, Co nn. 
I S 9 1 1 s .. mloss Rubber Co. Chica90, !II. 
"1'7 

86 684 

17 21' 

• 7 4 7 l 

tt140 
11220 
• 94 7 l 

8" 36 

C lifton Prtcisio n Produch 
C lifton H1i9hh, P•. 

R•dio Cor p. of America, RCA 
Electro n Tube Div. H•rti1on. N.J. 

Philco Corp. (l1nsdal1 Division) 
l•nsdalo, Pa . 

Western Fib rous Gl•u Produch Co . 
S•n Fr• ncisco, C• lif. 

C utler-H•mmer, l "c . Lincoln, Ill. 
Goul d.N a tion• I l•ttui11, Inc. St. P•ul , Minn. 
G•ntral Electric Dhtributin9 Corp . 

Schenecl •dY, N. Y. 
Carter Parts Div. of Economy 8.a ltr Co. 

8 ' 4 4 5 United Transformer Co 
Chicaqo, Ill. 

Chica90. Ill. 
9 0 1 7 9 U.S . Rubber Co., Moch•nic•I 

Good' Div. Passaic, N.J . 
' 0 ' 7 0 leuinq Enqineerinq Co. S•n fr•ncisco , C•lif. 
'1 2' 0 Connor Spri n9 Mf9. Co. San Franci, co, Calif . 
' 1 l 4 5 Miller Di1I & N•mepl•to C o 

El Monte, Celi!. 
'I 4 1 8 Radio M1tori1ls Co. Chica90. Il l. 
' 1 S 0 4 Au;a t Brothers, 'I nc. Attl eboro , M• u . 
9 1 6 l 7 D•lo Electronics, Inc. Columbus. Nebr. 
' 1 6 6 1 Elco Corp Phil• d olphi• , Pa . 
9 1 7 l 7 Gromar Ml9. Co., Inc. W• hfiold, M111. 
' 1 I 1 7 K F Oevolo pme nl Co. Redwood C ity, Celi!. 
' 1 '2 1 MinnHpolis-Honoywoll aoqul•tor Co .. 

Micro-Switch Divh1on Freeport, 111. 
' 2 1 '6 Univerul Met• I Products. Inc. 

Bassett Putnf• , C•lif. 
'l J l 2 Sylv• nia Electric Prod. Inc ., 

Semiconductor Div. Woburn, Mu s. 
New York, N.Y. 

M•nsliold, Ohio 
9 l l 6 9 Robbini •nd Myers, Inc. 
t l 4 1 0 Slovens Mf9 . Co., Inc. 

9J" l 

'414 4 

'4145 

'4141 

,4154 
'41 '7 

'431 0 

'4" 2 

'5 2 36 
'5 2 38 

fn,u line-Van Norman Ind., Inc . 
Electronic Division M•nch11tu, N.H. 

Raytheon Mfq. Co., lndustri• I Co mponents 
Oiv., lteceivin9 Tube Oper•tion 

Quincy. M•n. 
R• yfheon Mfq. Co .• Semico nductor Oiv. 

C•liforni• She•t Pl•nt Newton, M•u. 
Scitf'fific Radio Products, Inc. 

lovel• nd , Co lo. 
Tun9 °Sol Electric, Inc. N•wark, N.J . 
Curt i11-Wri9ht Corp., 

Elec-tro nics Div. Eut Pa t•rson, N J . 
Tru Ohm Prod . Div. of Model 

En9 ineerin9 and Mf9. Co. Chicaqo, Ill. 
Worc"ter Pressed Aluminum Corp . 

Worc11ttr, Mt n. 
Allies Products: Corp. Mia mi, f l• . 
Continent•I Connector Corp . Woodside, N.Y. 

CODE 
NO. MANUFACTURER 

9 5 2 6 l lucralt Ml9. Co., Inc. 
! S 2 6 4 Lu co Elect ronics, Inc. 
9 5 1 6 5 N•tional Coil C o . 
'S 2 7 5 Vltramon. Inc. 
9 S l 5 4 Melhodo Mfq. Co. 

'5' I 7 Weckossor Co. 
'6 0 6 7 Huqgins labor•toritJ 
t 4 0 t S Hi·O Olvlsion of Auovox 

ADDRESS 

Now York, N.Y. 
lurb•nk, Calif. 
She rid•n, Wyo . 

lrid9eport. Conn. 
Chic•90, Iii. 
Chic•Qo, Ill. 

Sunnyv1le, C•lif. 

01un, N.Y. 
'6256 Tho rd• r1on-Mei11ner Div. of 

962'6 
"l l 0 
"l 4 1 
" so 1 

97 4 ·~ 
'75 3' 

'7 " ' 

M.aquire Industries, Inc. Ml. Cumel, Ill. 
Solar M•nufacturinq Co. 
C•rlton Sc ,.•w Co. 

Los A•90IH, Colil. 
C~ic•90, Ill. 

lurllnqton, Mus. Microwave Auoci•tu, Inc. 
b c• I Tra"'former Co. 
lndustritl Rtt•inin9 Rin9 Co . 
Autom•tic •nd Prechion 

Oekl•nd, C•lif. 
lrvin9ton, N.J . 

Ml9. Co. Yonker•, N.Y. 
CIS Eloclronlcs, 

Div. of C .I S., Inc. 
9 8 1 4 1 Arel Brotho" Inc. 

D•nvers, M•u. 
Jam•ica, N.Y. 

"1 10 
"271 
982' 1 

"40 s 

Fr• ncis L. Mosley 
Microdot, Inc. 
St•l echo Corp. 
C•r•d Corp. 

P111dene , C1lll. 
So. P11• don•. C • lif. 

Mam•ronec• . N.Y. 
Redwood C ity, Calif. 

9 8 7 l 4 P1lo Alto En9lnurin9 
Co .. Inc. Polo Alto, C1lll. 

9 It 2 1 North Hi lls Electric Co. 
' 8 '2 5 C le.-ite TranJi,tor Prod. 

Div. of C levite Corp. 
If 8' 7 8 lnternttlon• I Electronic 

Re1e•rch Corp. 
'9 1 0 9 Columbi• Tochnic• I Cor p. 
"l 1 l 
H 5 I 5 

V..,ian Anoci•tts 
M•rsh•ll lndu,tries, Electron 

Minool•, N.Y. 

lurbank, C1lif 
Now York, N.Y. 

P•lo Alto, Calif. 

Products Division Putden•, Calif. 
"7 0 7 

". 0 0 '" 4. 
' " 3 4 
"' 42 

'" s 7 

Control Switch Divillon, Controt1 Co. 
of Americ• El Se9undo, C.tlif. 

Dtlev1n Electronics Corp . Eut Auror•, N.Y. 
W ilco Corpor•tion lndi•n•polh, Ind. 
Renbrandt, Inc. l ostoft, MH&. 

Hoffman Semi cond uctor Div. of 
Hoffman Electroniu Corp. h•n,ton, Ill . 

Technolo9y Inst rument Corp. 
of C•lif. Newbury Pork, C11il, 

THE FOLLOWING H-P VENDORS HAVE NO NUM· 
BER ASSIG N ED IN THE LATEST SU PP LEMEN T TO 
"HE FEDERAL SUPPLY CODE FOR MAN UFACTURERS 
HANDBOOK. 

O O 0 0 f M1lco Tool •nd Die Los An90IH, C•lll. 
O 0 O O I Tolofunhn (c/o Amoric1n 

Elite} Now York, N.Y. 
O 0 O OM Western Coil Oiv. of Automatic 

Ind., Inc. Re dwood C ity, C • lif. 
O O O O N N1hm-8ros. Sprin9 Co. Sen l oendro, C11if. 
0 0 0 0 P Ty-C u Ml9. Co., Inc. Holl is lo•, M•u . 
O 0 0 0 T Tua' lnstrumtnh , Inc. 

Met•ls and Controls Div. 
0 O O O U To.,., Mf9 . Corp. 
O O O 0 W Webster Elt ctroniu Co. Inc. 

Vusaillts, Ky. 
Providence, It.I. 

Now York, N.Y. 
0 0 0 0 X Spruce Pino Miu Co. Spruce Pino, N.C . 
o O O O Y Midland Mfq . Co. Inc. K•ns11 Citr, K•ns. 
O 0 0 O 2 Willo"' LHlhor Products Corp. Newerk, N.J . 
O O O A A British R• d io Electronics lid. 

W•shin9ton, O.C . 
0 0 0 I II Preci1ion Instrument Componenh Co. 

Van Nuy,, Calif. 
O 0 0 CC Computer Diode Corp. Lodi, N.J . 
O 0 0 EE A. W illl1ms M•nuf•cturin9 Co. 

S• n Jose , Celi!. 
0 0 0 F F Carmich• • f Corru;•ted Speci•ltit1 

Richmond , C11if . 
O O O G G Gos hon Oio Cultln9 Sor•lto Goshen, Ind. 
0 0 0 H H Rubborcrelt Corp. Torr•nco, C• lif. 
0 0 0 I I Birtcher Corporatio", lndustri• I 

Division Montert y Park, C•tif. 
O O O K K Am•lom Now l ochollo, N.Y. 
0 0 0 l l A•err Lebe l Monro•i•, C•lil. 
0 0 0 M M aubbor Enq . & 

Deve lopment 
0 0 0 N NA " N" 0 M•nul9'hirin9 Co. 

Sen Jos• 27, C•lif. 
Sun V•lley, C•lif. O 0 0 P P Atohm Electronics, 

0 0 0 0 0 C oollro n O•kl•nd, C•lil . 

From: F.S.C. Handbook Supplemenh 
H 4-1 Dated: April 191>2 

Revised ; 25 M1y 1'62 H4· 2 D•led: Me rch 1962 

6- 4 

-



Reference Mfr. Part # Mfr. ~ 
Designator Description o~antity or Type Mfr. Code Stock No. A 

Cl fxd , paper . 47µf 200vdc l 155P47492 Sprague 56289 l 
C2 fxd, elect lO Oµf 6vdc l 300107G006DB4 Sprague 56289 l 
C3 fxd, film . 0022µf 200vdc l 192P22292 Sprague 56289 0160-0154 l 
C4, 5 fxd, elect Sµf 65vdc 2 D33689 Sprague 56289 l 
C6, 22, 25 fxd, elect lµf 35vdc 3 150Dl05X9036A2 Sprague 56289 0180- 0291 l 
C7-9, 14-16, 

18, 19, 23 Not Assigne d 
Cl0,12 fxd, paper 0. lµf 400vdc 2 1 60 Pl0494 Sprague 56289 01 60 - 0013 1 
Cll fxd, paper lµf 200vdc 1 161Pl 0502 Sprague 56289 1 
Cl 3, 17 fxd, e lect 4500µf lSOvdc 2 32D452Fl50DF6B Sprague 56289 l 
C20. 21 fxd, elect 300µf 40vdc 2 34D307G040GJ4 Sprague 56289 0180- 1805 1 
C24 fxd, elect 68µf 15vdc l l 50D686X00 15R2 Sprague 56289 0180-1835 l 
C26, 27 fxd , film . 082µ.f 200vdc 2 192P82392 Sprague 56289 0160-0167 1 
C28 fxd, film . 22µ.f 80vdc 1 192 P2249R8 Sprague 56289 0).60 - 2453 1 

CRl, 5, 7, 8 , 11, 
26,28,39-45, 
48, Diode, Sil. 15 1N485B Sylv. 93332 1901-0033 7 

CR2, 3, 6. 9 , 10 , 
12, 14, 27, 46, 
47,49- 5 1 Rect. si l. 200ma 1 Oprv 13 Sylv. 93332 1901- 0461 7 

CR4, 13, 15 , 16, 
24, 25, 29, 
32-38 Not Assigned 

CR17, 18 SCR, 7A 200prv 2 C20B G. E. 03508 2 
CR19-23 Rect. sil. 3A 200prv 5 MR1032B Motorola 0471 3 5 
CR30, 31 Rect. si l. 500ma 200prv 2 1N3253 R. C . A. 02735 1901- 0026 2 

DSl Indicator Light, neon l 858-R S loan 08717 145 0- 0048 l 

Fl Fuse , lOA@ 250v 3AB l 314010 Littlefuse 75915 5 

Ql-4,6,8,9 SS NPN sil. 7 2N3391 G . E. 03508 1854- 0071 6 
QS SS NPN sil. l SM8747 T. I. 01295 l 
Q7,ll SS NPN si l. 2 2N3417 G . E. 03508 2 
QlO SS PNP sil. l 2N370 2 T. I. 01 295 185 3-0029 l 

Rl fxd, film 33Kn. ±1 % l/8w 1 I. R. C . 07716 0698- 5089 l 
R2 var. ww 40K ±5% 2w (10 turn) 

@ 25oc 1 100224 - 3 HLAB 09182 1 
R3, 13 fxd, film 4 3Kn. ±1 % l/8w 2 I. R. C. 07716 0698-5090 1 
R4, 19 fxd, film lOOKn. ±1% l/8w 2 I. R. C. 077 16 0757- 0465 l 
RS fxd, film 43Kn. ±1% l/8w 1 I. R. C . 07716 0698-5090 l 
R6,32,35,36 fxd, film 3Kn. ±1 % l/8w 4 I. R. C . 07716 0757-1 093 1 
R7 me t . film 4. 75Kn. ±1 % 1/8w 1 MF5C T-0 Electra 19709 0757- 0437 1 
R8,l0 var. ww 300,.,_ 5% 2 100213-2 HlAB 09182 2100- 1848 1 
R9 var. ww 10,.,_ ±5% 1 1002 13-11 HLAB 09182 1 
Rll fxd, comp 3Kn. ±5% lw 1 A. B. 011 21 0689-3025 l 
Rl2,15 fxd, comp 680Kn. ±5% tw 2 A. B. 01121 0686- 6845 l 
Rl4 Not Assigne d 
Rl6,33 fxd , comp ll<n. ±5% tw 2 A. B. 01121 0686 - 1025 l 
Rl7,39,4l. 

44 fxd, comp SELECTED ±5% tw 4 A. B. 01 121 
Rl8,34,53 fxd , comp 1 OKn. ±5% tw 3 A. B. 01121 0686-1 035 1 
R20 fxd, film l 2Kn. ±1 % 1/Bw l I. R. C . 07716 0698 - 5088 l 

6443B 
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Refere nce 
Designator Description Quantity 

R21 fxd , film 43.n. ±5% 2w 1 
R22, 30,50 fxd, comp 3Kn ±5% tw 3 
R23 fxd, ww 0. 4.n. ±5% 40w 20ppm 1 
R24 fxd, film 147Kn ±1% tw 1 
R25 var. ww 1 OK,,, (Modify) 1 
R26,3 7, 43 fxd, film l l<n. ±1% tw 3 
R27 var. WW 250.n. (Modify) 1 
R28 fxd, ww SK,,, ±5% lOw 1 
R29 OMIT 
R31. 58 fxd, comp 33Kn. ±5% tw 2 
R38 fxd, film 3, OlKn ±1 % tw l 
R40 fxd , film 2. 74Kn. ±1 % tw 1 
R42 fxd , fi lm 2Kn. ±5% 2w l 
R45 fxd, comp 51Kn ±5% !w 1 
R46 fxd, comp 10 Mag.n. ±5% tw 1 
R47 fxd, comp 560Kn ±5% t w 1 
R48 fxd, comp 43Kn ±5% t w 1 
R49 STRAP 
RSl fxd , comp 180.n. ±5% tw l 
R52 fxd, film 3Kn. ±5% 2w l 
R54 , 55 fxd , comp 47.n. ±5% tw 2 
R56 fxd, comp 39.n. ±5% tw l 
R57 fxd, WW 1. 3.n. ±5% 40w l 

S l Switch DPST 1 

Tl Power Transformer 1 
T2 Bias Transformer l 
T3 Pulse Transformer 1 

VRl , 2 Diode, zener 75 . Ov ±5% 2 
VR3 Diode, zener 9. 4v ±5% l 
VR4 Diode , zener 4. 22v ±5% l 

Barrier Strip 1 
Barrier Strip 1 
Jumper 5 
Meter, 2t" size, 0-150 volt 1 
Mater, zt" size, 0-3 amp 1 
Meter, bezel 1/6 mod . 2 
Meter Spring 8 
5 Way binding post (red) 1 
5 Way binding post (black) 2 
Fuse Holder 1 
Knob , t insert pointer 5/8 dia 3 
Knob, 5/8 dia. 1 
Line cord 6' 18-3(16-30) slate 

gray, stranded plug PH15l 1 
Strain Re lief 1 
Nut, captive 12 
Fastener 1 
Rubber bumper. black, 55/60, 

Durmo hard 4 

Mfr. Part# 
or Type 

Type C42S 

2BR- 37 

Type 110-F4 

Type 110- F4 
Type lOXM 

Type C42S 

Type C42S 

2BR- 37 

2GK50-62 

643392 

lN2163 

602 - Y-3 
10100-11 
422-13-11-013 

DF21RC 
DF21BC 
342014 

KH-4629 
SP- 6P3-4 
C8091-632- 4 
C684-1024-4 

3066 

6443B 
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Mfr. <& 
Mfr, Code Stock No. A 

Corning 16299 0698 - 3614 1 
A. B. 01121 0686- 3025 1 
H.H. 73978 1 
I. R. C. 077 16 0698-3175 1 
C . T. S. 11236 1 
I. R. C. 07 71 6 0757-0338 1 
C. T. S . 11236 1 
W. L. 63743 1 

A. B. 01121 0686- 3335 1 
I. R. C . 077 16 0757 - 0339 1 
I. R. C. 07716 075 7-07 42 1 
Corning 16299 l 
A. B. 011 21 0686-5135 1 
A. B, 01121 0686- 1065 l 
A. B. Oll 21 0686- 5635 l 
A. B. 01121 0686-4335 1 

A. B. 01121 0686-1815 1 
Corning 16299 l 
A. B. 01121 0686-4705 1 
A. B. 01121 0686- 3905 1 
H. H. 73978 1 

Carling 73559 1 

HLAB 09182 9100-1868 1 
HLAB 09 182 l 
HLAB 09 182 9100-1875 l 

Cont Dev. 079 10 1902-3393 2 
Semcor 06751 1902- 0762 1 
Cont. Dev. 07910 1902-3070 1 

Kulka 75382 1 
HLAB 09182 l 
Cinch 71785 1 
HLAB 09182 1120-1164 1 
HLAB 09182 1120-1165 l 
HLAB 09182 1 
HLAB 09 182 1460-0256 2 
Superior 58474 1 
Superior 58474 1 
Lltt lefuse 75915 1400- 0048 1 
HLAB 09182 0370- 0084 1 
HLAB 09182 0370-0137 1 

Beldon 70903 1 
Heyman 28520 1 
Tinnerman 89032 3 
Tinnerman 89032 1 

Stockwe ll 87575 1 



A. Test Points 31-33 
5 µsec/cm, Sv/cm 

CR4• 
CLAMP 
'WILT.\GE 

Clf•' 
CHM OU 

'" 
Clf44 
DISCH.\llOU 

'" 
Tll 'l!l!OBA Clf 

Wt.TAG[ 

D. Waveforms B and C superimposed 

G. Waveforms E and F superimposed 

J . Test Points 47 - 46 
2ms/cm. ! Ov/cm 

B. Tes t Points 29- 33 
1 ms/cm, lv/cm 

E. Same as B, except 
sma lle r load used 
(2v, 3a) 

H. Test Points 45 - ACC 
2ms/cm, 50v/cm 

MUSTBE O.SV 
FOR UNE BALANCE 

K. Test Poi nts 48-1 8 
2ms/cm. O.Sv/cm 

c. Test Points 37 - 33 
lms/cm, I v/cm 

F . Same as C, except 
Q7 fires later due 
to sma ller load 
(2v. 3a) 

I. Test Points 45 - AC 
2ms/cm. 50v/cm 

All waveforms were taken with 115-volt, 60-cps, single-phase input and 60 vdc , 
5 ampere load (except E and F as indicated). Waveforms H and I require the oscil
loscope to be ungrounded. If it is not desirable to unground the oscilloscope, use 
a 1-kva isolation transformer between the input power source and the power supply 
power input. 

WARNING 

If the oscilloscope is ungrounded, rn1ury 
can occur if personnel touch the oscillo
scope case and other equi pment simultan
eously . 
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MANUAL CHANGES 

DC POWER SUPPLY 
Model 64438 

Manual Serial Number Prefix GG 

Check the following table for your power supply serial number and enter any listed 
change (s) in the manual. 

CHANGE 1. 

CHANGE 2. 

SERIAL MAKE 
Prefix Number CHANGES 

GA 0101 - 0130 l, 2 
GG 0131 - up 2 

In the replaceable parts table and on the schematic (where 
applicable) make the following changes: 

Cl: Should be o. 47µf, 200v, l55P. 
CG: Should be O. 22µ.f, BOv, 192P. 
F2: Delete reference. 
Ql, 2, 3, 4, 6, 8, 9: Should be$ part# 1854-0071. 
Rl: Should be 33K, l/8w. 
R20: Should be 12K, l/Bw. 
R21: Should be 43.n., 2w. 
R22: Should be 2K, tw. 
R24: Should be 147K, }w. 
R25: Should be lOK, Type 110. 

On the schematic, remove Cl 2 from AC line and connect to A.CC 
line (anode of CRIB). 

Throughout the manual change model from "·6443A" to 11 6443811
• 

In Table 1-1 and in the applicable portions of the specification 
checks in Section V, make the following changes: 

TEMP. COEFFICIENT: Change constant voltage temperature 
coefficient to o. 03% plus 20mv. 

OUTPUT STABILITY: Change constant voltage output stability 
to o. 10% plus 60mv. 

TRANSIENT RECOVERY: Change to "less than 200 milliseconds 
is required for output voltage recovery to 
within 600 millivolts ---11

• 

Add to Paragraph 1-12 and 3-11 "The +, -, and GND jacks on the 
front panel can be used for loads of less than 3 amperes and for 
applications not requiring remote programming, remote sensing, 
auto-parallel, auto-series, and auto-tracking." 



Manua 1 Changes 
Model 64438 
Page -2-

CHANGE 2. (CONT'D) 

Change Paragraph 1-14 to read "Harrison power supplies are 
identified by a three-part designation. The first part is the 
model number, the second part is the manufacturing number/ 
letter code, and the third part is the serial number. This 
manual applies to all Model 64438 power supplies with the 
same manufacturing code given in the title page. Change 
sheets are included in the manual to update it to reflect the 
latest engineering changes." 

In Figures 3-2 through 3-11, change the - and+ terminals 
(adjacent to the -s and +S terminals) to AB and A9, respectively, 

to ecn 888 
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