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Figure i~1. DC Power Supply/Amplifier, Model 5824A
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SECTION I
GENERAL INFORMATION

1-1 DESCRIPTION

1-2 The Power Supply/Amplifier (PS/A) shown on
Figuge i~1, is a general purpose instrument use-~
ful in any laboratory engaged in research and
development of elsctronic systems or components,
The PS/A can be operated in one of two basic
operating modes; power supply or amplifier. Ter-
minals on the rear barrier strip permit access to
various control points within the unit to further
expand the operating capabilities of the instru-
ment. The resulting flexibility lends the PS/A to
an almost unlimited number of applications. Some
of these applications are outlined in Section 1II of
this manual; but a more comprehensive description
of the features and applications of the PS/A are
included in Application Note 82 published by the
Harrison Division. A copy of Application Note 82
can be obiained from your local Hewlett~Packard
fieid office. The following paragraphs describe
some of the features of the PS/A both as a power
supply and an amplifier.

1-3 POWER SUPPLY FEATURES

1«4 The unit can be made to function as a reg-~
ulated dc power supply by setting the front panel
MODE switch to the SUPPLY position. The supply
can furnish either a Constant Voltage output or a
Constant Current output (with the addition of an
external current sampling resistor). The do out-
put is bi~polar and is continuously adjustable
from its maximum rated positive value to an egual
negative value; smoothly through zero with no
polarity switch, Both the supply and the load are
protected against overloads by a fixed current
iimit which is set by means of an internal adjusi~
ment,

1-3 The supply gan be programmed (controlled)
at a very high rate of speed (less than 50 psec
for output voltage change over the entire voltage
span). The supply can be programmed locally; by
means of the front panel control, or remotely: by

means of a registance. voltage, or current source,.

1-6 A single meter is used to measure do output
voltage or current, A front panel METER switch
allows the dual purpose selection.

1-7 AMPLIFIER FEATURES

1-8 As a power amplifier the unit has a high
signal-to-noise ratic {80 db at full output) and an
adjustable gain of from 0 to 10 (20 db). The out-
put distortion.is low - less than 0. 02% at 1 XHz,
The amplifier contains a push-pull outpui stage
that can can furnish either a Constant Voltage
output or a Constant Current output (with the addi-
tion of an external current sampliang resistor),

The external input can be from either a voltage or
a current source. The bandwidth of the amplifier
is from d¢ to 20KHz {+3db).

1-9  The ac component of the output signal can
be measured with the front panel meter (Model
6824A only).

1-10G SPECIFICATIONS

1-11 Detailed specification for the PS/A are given
in Table 1~1,

1-12 OPTIONS

1-13 Options are factory modifications of a stand-
ard instrument that are requested by the customer,
The following option is available for the instru~
ment coverad by this manual,

Option No. . Description

28 Rewire For 230V AC Input: Supply
as normally shipped is wired for 115
Vac input. Option 28 consists of
reconnecting the input transformer

for 230 Vac operation.
1-14 ACCESSORIES

1-15 The applicable accessories listed in the fol-
lowing chart may be ordered with the instrument or



separately from your local Hewiet’a-vPackard field
sales office {refer to list at rear of manual for ad-
dresses),

@ Part No, Description

145134 Rack Kit for mounting one 34" -high
unit, (Refer to Section II for details)

14523A Rack Kit for mounting two 33" -high
units. (Refer to Section II for details)

145154 Rack Kit for mounting one 51" -high
unit. (Refer to Section II for details.)

145254 Rack Xit for mounting two 53% -high

units. (Refer to Section II for datails)

1-16 INSTRUMENT IDENTIFICATION

1-17 Hewlett-Packard instruments are identified
by a three~-part serial number tag. The first part is

1-2

the unit model number. The second part is the
serial number prefix, which consists of a number-
letter combination that denotes the date of a sig-
nificant design change. The number designates
the year, and the letter A through L designates the
month, January through December respectively.
The third part {5 the instrument serial number,

1-18 If the serial number prefix on vour unit does
not agree with the prefix on the title page of this
manual, change sheeis are included to update the
manual. Where applicable, backdating information
is given in an appendix at the rear of the manual,

1-19 ORDERING ADDITIONAL MANUALS

1-20 One manual is shipped with each instrument.
Additional manuals may be purchased from your
local Hewlett~-Packard field office (see list at rear
of this manual for addresses). Specify the model
number, serial number prefix, and & stock number
provided on the title page.



Table 1-1. Specifications

DC POWER SUPPLY POWER AMPLIFIER
OUTPUT: OUTPUT:
-50 10 +50 Vdc @ 0 to 1.0 amp, 100 volts peak-peak @ 0 to 1,0 amp,
LOAD RECGULATION: VOLTAGE GAIN:
Less than 0, 02% plus 5 mV for a full load Gain is variable, ¢ to 10 (20db). Qutput is
to no loadychange in output current, inverted,

LINE REGULATION:
Less than 0, 02% plus 5 mV for any line FREQUENCY RESPONSE:

voltage change within the input rating, .
DC to 20 kHz &3db) at full output.

RIPFPLE AND NOISE:
Less than 10 mVrms.

DISTORTION:
REMOTE PROGRAMMING:
Remote programming of the output at ap- Output distortion is less than 0. 02% at
proximately 500 ohms per volt is made available 1 kHz and maximum rated output,

at the rear terminals,
INPUT IMPEDANCE:
PROGRAMMING SPEED: Approximately 2K ohms,

Less than 50 wsec are required to program
between -50V and +50V. Typically, about 15 usec MAXIMUM PHASE SHIPT:
is required to program beiween 10% and 90% of the
maximum voltage span,

g9e =p Atde  —180°

TRANSIENT RECQVERY TIME: At 100 Bz —180.7°

Less than 100 ssec for output recovery to . o
within 5 mV plus 0. 02% following a full load At 10 kitz — 205
current change in the output, At 20 kHz — 225°

INPUT: 105-125/210-250 Vac, single phase, 50-50 Hz: 1.3 Amp, 96 Watts maximuim.

STABILITY: lLess than 0.075% +5 mV total drift for 8 hours after an initial warm~up of 30 minutes at con-
stant line voliage with ambient temerature variations held to £3°C.

TEMPERATURE RANGES: Operating: 0 to 509C, Storage: -20 to +85°C,
TEMPERATURE COEFFICIENT: Less than 0, 015% plus 1 mV per degree Centigrade,

OUTPFUT IMPEDANCE: Less than 0, 03 ohm from dc to 100 Hz., Less than 0.3 ohm from 100 to 1000 Hz,
Less than 3 ohms from 1000 Hz to 100 kHz,

OVERLOAD PROTECTION: A continuocusly acting current limiting circult protects the unit for all overloads
including a direct short placed across the output terminals,

METER: The front panel meter is triple purpose, It ¢can be used as a -60 Vde to +60 Vde voltmeter, a
~-1.2 Amp to +1, 2 Amp dc Ammeter, or as a 0 to 60 Vac rms voltmeter.

SIZE: 5%" Hx 8;}" Wox 14 5/8" D. Two units can be rack mounted side~by-side in a standard rack
panal,

WEIGHT: 17 ibs, net, 21 lbs, shipping.

FINISH: Light gray front panel with dark gray case.




SECTION I1
INSTALLATION

2-1 INITIAL INSPECTION

2-2 Before shipment, this instrument was in-
spected and found to be free of mechanical and
electrical defects. As soon as the instrument is
unpacked, inspect for any damage that may have
occurred in transit., Save all packing materials
until the inspection is completed. If damage is
found, proceed as described in the Claim for
Damage in Shipment section of the warranty page
at the rear of this manual,

2-3 MECHANICAL CHECK

2-4  This check should confirm that there are no
broken knobs or connectors, that thé cabinet and
panel surfaces are free of dents and scratches,
and that the meter is not scratched or cracked,
2-5 ELECTRICAL CHECK

2-6  The instrument should be checked against
its electrical specifications, Section V includes

Figure 2-1.

an "in-cabinet" performance check to verify power
instrument operation,

2-7 INSTALLATION DATA
2-8 The instrument is shipped ready for bench
operation, It is necessary only to connect the

instrument to a source of power and it ig ready for
operation,

2-9  LOCATION

2=10 This instrument is cooled with forced air
from the cooling fan, However, it should not he
used in an area where the ambient temperature may
exceed 50°0.

2~11 RACK MOUNTING

2-12 This instrument may be rack mounted in a
standard 19 inch rack panel either alongside a
similar unit or by itself, TFigures 2-1 and 2-2
show how both types of installations are accom-~
plished,
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Figure 2-2.

2-13 To mount two units side-by-side, proceed
as follows:

a. Remove the four screws from the front
panels of both units.

b. Slide rack mounting ears beiween the
front panel and case of each unit.

¢. Slide combining strip between the front
panels and cases of the two units.

4, After fastening rear portions of units to-
gether using the bolt, nut, and spacer, replace
pangl screws,

2-14 To mount a single unit in the rack panel
proceed as follows:

a. Bolt rack mounting ears, combining
straps, and angle brackets to each side of center
spacing panels, Angle brackets are placed be-
hind combining straps as shown in Figure 2-2,

b. Remove four screws from front panel of
unit,

¢, Blide combining strips between front
panel and case of unit,

d. Bolt angle brackets to front sides of
case and replace front panel screws.

2-15 INPUT POWER REQUIREMENTS

2-16 This power supply may be operated from
either a nominal 115 volt or 230 volt 50~60 cycle
power source. The unit, as shipped from the fac-
tory, is wired for 115 volt operation. The input
power required when operated from a 115 volt 60
cycle power source at full load is 96 watts and
1.3 amperes.

2-17 CONNECTIONS FOR 230 VOLT OPERATION
(Figure 2-3)

2-18 Normally, the two primary windings of the
input transformer are connected in parallel for
operation from 115 volt source. Teo convert the
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Figure 2-3. Primary Connections

power supply to operation from a 230 volt source,
the power transformer windings are connected in
series as follows:

a. Unplug the line cord and remove the top
and bottom covers from the unit,

b, Break the printed wiring between 45 and
46 and also between 47 and 48 on the printed cir-
cult board, These are shown in Figure 2~3, and
are labeled on printed side of the clrcuit board,

¢. Connect a girap between 46 and 47.

d. Replace existing fuse with 1.5 ampere,
230 volt fuse. Replace coverg and operate unit
normally,



2-19 POWER CARLE

2=20 To protect operating personnel, the Naticnal
Electrical Manufacturers Association (NEMA) recom=
mends that the instrument panel and cabinet be
grounded, This instrument is egquipped with a three
conducter power cable. The third conductor is the
ground conductor and when the cable is plugged in-
to an a'ppropriate receptacle, the instrument is
grounded, The offset pin on the power cable three-
prong connector is the ground connection.

2~21 To preserve the protection feature when oper—
ating the instrument from a two-contact outlet, use
a three-prong to two-prong adapter and connect the
green lead on the adapter to ground,

2-22 REPACKAGING FOR SHIPMENT

2-23 To insure safe shipment of the insirument, it
is recommended that the package designed for the
instrument be used, The original packaging mate-
rial is reusable, If it is not available, contact
your local Hewlett-Packard field office to cbtain
the materials, This office will also furnish the
address of the nearest service office to which the
instrument can be shipped, Be sure to attach a
tag to the instrument which specifies the owner,
model number, full serial number, and service re-
quired, or a brief description of the trouble,



SECTION III
OPERATING INSTRUCTIONS

3-1 OPERATING CONTROLS AND INDICATORS

3~2  The iront panel controls and indicators, to-
gether with the normal turn-on sequences, for both
power supply and amplifier operation are shown on
Figure 3~1. These turn-on procedures are perform-—
ed utilizing the normal rear terminal strapping con-—
nections as received from the factory.

rw HARRISON POWER SUPPLY ~ AMPLIFIER
HEWLET T PACKARD

©

METE’.ﬂ
=~ -~
°/

1. SET AC LINE SWITCI! TO ON AND OBSERVE THAT PILOT LIGHT
GOES OHN.

2. SET METER SWITCH {1} 10 DC VOLIS.

. SET MCDE SWITCH {2) TG SUPPLY.

4. ADJUST VOLTS/GAIN GONTROL (3) CLOGKWISE OR COUNTERCLOCE~
WISE UNTIL DESIRED POSIIIVE OR NEGATIVE OUTPUT VOLIAGE,
RESPECTIVELY, IS INDICATED ON FRONT PANEL METER (4). CON-
CENTRIC FINE/ZERC GONTROL {3} PROVIDES FINE CONTROL OF
THE OUTPUT VOLTAGE.

SHORT CIRCUIT OUTPUT TERMINALS; SET METER SWITCH 1O
AMPS AND OBSERVE SHORY CIRCUIT QUTPUT CURRENT ON
METER. CURRENT LIMIT IS FACTORY ADJUSTED 50O THAT METER
SHOULD INDICATE FULL SCALE DEFLECTION.

6. REMOVE SHORT AND GONNECT LOAD TO OUTPUT TERMINALS
(FRONT OR REAR}

® @

VOLTS MODE
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VOLTS 0 GAIN
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TURN-ON SEQUENCE - POWER SUPPLY

o

TURN-ON SEQUENCE - AMPLIPIER

1. TURN ON UNIT AND SET MODE SWITCH {2} TO AMPLIFIER,

2, CONNECT INPUT SIGMAL SOURCE TO INPUT (5] TERMINALS
{FRONT OR REAR),

3. ADFUST VOLTS/GAIN CONTROL {3} FOR DESIRED GAIN (6 TO 19).
CONCENTRIC FINE/ZERG CONTROL PERMITS AVERAGE OUTPUT
TO BE ADJUSTED TO ZERO.

4, MEASURE QUTPUT VOLTAGE WITH EXTERNAL VOLTMETER FOR
6823A UNITS, OR FOR 68244 UNILS, SET METER SWITCH (1}
TO AC VOLTS AND READ QUTPUT DIRECTLY ON FRONT PANEL
METER,

5. CONNECT LOAD 70 OQUTPUT TERMINALS (FRONT OR REAR),

Figure 3-1. Tront Panel Controls and Indicators

3~3  OFERATING MODES

3-4  The position of the front panel MODE switch
determines whether the instrument will be used as
a power supply or an amplifier, Terminals on the

rear barrier strip, which connect into various con-
trol points within the unit, allow strapping con-
nections to be made which enable the power
supply or amplifier to be utilized in an almost un-
limited number of applications. The following
paragraphs describe the procedures for utilizing
some of the features which will suggest many re-
lated applications.

3-5 However, the configurations shown in the
succeeding paragraphs by no means exhaust the
varicus medes in which the PS/A can be used. The
reader 1s encouraged to consider this instrument in
terms of operational amplifier techniques; this
viewpoint will suggest and facilitate many other
areas of application. Many such possibilities are
suggested by handbooks on operational amplifiers
{e.g., "Hancbook of Operational Amplifier Appli~
cations” — Burr~Brown Research Corporation,
Copyright 1963).

3~6  Such handbooks suggest how operational
amplifiers can be used as integraters, differenti-
aters, ramp function generators, etc.; with the
PS/A, these techniques are extended o previcusly
unattained power levels.

3-7 An alternate viewpoint is to consider the
PS/A as a general-purpcse DC coupled precision
power transducer capable of accepting either re-
sistance, voltage, or current input {AC and/orDC)
and delivering a power output, Constant Voltage
or Constant Current, AC and/or DC.

3-8 Application Note 82, published by the Har-
rigson Division, presents a more detailed approach
concerning the operational features and related
applications of the PS/A unit, A copy of this note
can be obtained from vour local Hewlett~-Packard
field office.

3-9  GENERAL NOTES AND OPERATING CONSID-
ERATIONS

3-10  DIAGRAMS

3-11  All of the fcllowing diagrams show the
necessary barrier strip connections, as well as a
simplified circuit diagram showing how the major
internal components of the unit are connected for
that strapping arrangement. The diagrams also



Include all components which must be added ex—
ternally to the unit. The barrier strip portion of
each diagram is correct fér all PS/A Series in-
struments. but when implementing these strapping
patterns, check whether the terminal locations
are the same as shown in the following diagrams,
which are based specifically on the Model 68234,
In any case, the terminal designations are cor—
rect for all PS/A Series instruments and should be
followed regardiess of their location.

3-12  Unless otherwise indicated, the configura-
tions shown have been selected so that operation
is independent of whether the front panel MODE
switch is in the power SUPPLY or AMPLIFIER posi-
tion.

3-13 EXTERNAL RESISTORS

3-14  External resistors and potentiometers
should be wire~wound and have a temperature co-
etfficiert of less than 20ppm/©C. They should
operate at less than 1/30th {preferably 1/160th) of
their wattage rating in order to minimize short term
"bobble* agsociated with elevated surface lemper-
ature,

3~15 CONNECTING LEADS

3-16  Shielded leads should be used for all bar—
rigr strip connections, except that twisted leads
may be used from the "Common" and *QOutput"
terminals o the load. The cuter gheath of the
shielded wire should never be used as a conduc-
tor, but should be connected at the unit end only
to the terminal designated "Common".

3-17  Best high speed programming and wide
band amplifier operation will be achieved when the
load is connected at the rear terminals rather than
at the front. Any capacitance in parallel with the
load device should be minimized, since this ca-
pacitance will limit the high frequency bandwidth.

3-18 Ensure that the screws on the rear termi-
nals are tightened securely before power is ap-
plied to the unit.

3-19  FINE/ZERO CONTROL

3-20 The front panel Fine/Zero control is operable
for all modes. In the power supply mode, it acts
as a fine conirol on the DC output. In remote
programming and amplifier modes, it provides a:
DC "offset" adjustment of approximately 1% of the
maximum rated output voltage. Thug, this control
permits the accurate setting of zerc output voliage
with zero ohms programming.

3-21 GROUND LOOPS

3-22 If excessive 60 H, component exists on
output, check for ground loops. The system in
which the PS/A is employed should have ona
ground point only. See the Harrison Division's
rower supply Application Manual, Sections Dla
{6} and DId, for further discussion of typical
ground loop problems.

3-23 REVERSE CURRENT LOADING

3-24 An active load connected to the unit may
actually deliver a reverse current during a portion
of it's operating cycle. An external source cannot
be zllowed to pump current into the instrument
without the risk of possible damage. To avoid
damage it is necessary to preload the unit with a
dummy load resigtor so that it will deliver current
through the entire operating cycle of the load
device.

3-25 In general, the load resistor that is added
should draw a current equal to the peak current
which otherwise would be forced back into the
PS/A. This means that the current rating of the
PS/A instrument used must be equal to, or greater
than, the sums of the absolute values of the oui-
put and reverse currents.
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3~26 CONSTANT VOLTAGE COPERATING MODES

3~27 NORMAL OPERATING MODES

3-28 Figure 3-2 shows the circuit configuration
and normal rear barrier sirip strapping pattern for
standard power supply ¢peration. The front panel
MODE switch is in the SUPPLY position. The DC
output is continuously adjustable from its maxi-
mum rated positive value to an squal negative
value ~ smoothiy through zero with no polarity
switch.

INPUT

EXTERNAL SIGNAL SOURCE @ 3K 1§
.8

,
2. 74K
COMMON
p O

FENT
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RECTIFIER

AC
INFUT
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COUTPFUT
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01019|Q|9|0|OIQ|9|9|°|°|‘?§°¥01

Ry

Figure 3~3. Standard Amplifier Operation (CV)

3-29 Similarly, Figure 3-3 shows the circuit con~
figuration and strapping pattern for standard am-
plifier operation. The external oscillator must
have a voltage cutput which is at least 1/10th of
the peak output voltage desired; its cwrent capa~
bility must be at least 600pa for each volt input
— in other words, the oscillator faces an input
impedance of approximately 1.7K. The front

panel gain control permits the amplifier gain to

be set anywhere from zero to X10, although the
gain setting will not be a linear function of control
rotation. The front panel FINE/ZERQ control per-

mits the do component of the cutput to be adjusted
approximately 1% of the voltage rating of the in-

sirument, thus enabling the average output value
to be adjusted exactly to zero {assuming the in-
put signal has either no dc component or only a
small do component}. If desired, a coupling

capacitor can be added to block any large input
de compenents, although in many applications
this capacitor will be omitted so that the PS/A
can amplify all input signal-components, both dc
and ac.

3-30 REMOTE SENBING

3-31 In normal operation, a power supply develw
ops an IR drop in the leads connecting it to the
lcad. This reduces the outputi voltage actually
present at the load terminals and also degrades
the load regulation performance.

3-32 Sensing terminals permit the feedback am~
plifier o sense at the load terminals instead of at
the PS/A ocutput terminals. This configuration is
shown Iin Figure 3-4 and is applicable for ali-Con-
stant Voltage modes of operation, both power sup~
ply and amplifier. Moreover, the strapping pattern
shown in Figure 3-4 can be combined with any of
the Constant Voltage diagrams shown elsewhere in
the manual in order to achieve optimum performance
at the load terminals.
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3-33 This does not mean that remote sensing can
be uged to compensate for an unlimited IR drop
between the Common and Cutput terminals and the
load. Any voliage lost in this way detracts direct-
ly from the output voltage available for the load.
Furthermore, proper operation of the PS/A is in-
sured only if the IR drop in the Common lead is
less than, or equal to, cne voll.



3-34 If external switching schemes are emplovyed
in conjunction with remote sensing, care must be
taken that each sensing lead is not momentarily
open circuited with respect to the corresponding
output terminal. Such open circuit conditions can
result in the power supply delivering excessive
voltage and/or current to the load, risking damage
to both the PS/A and the load device, ¥f it is im-
possible to insure that an open sensing lead con-
dition wiil not occur, it is recommended that a
100 chm, 1/2 watt resistor be connected from
"Common™ to "Common Sensing”, and a similar
resistor fron "Output” to "Qutput Sensing”. Thisg
will minimize voltage and current transients if the
sensing leads should accidentally become open
circuited. All sensing leads should be shielded.

3-35 REMOTE PROGRAMMING, POSITIVE OUTPUT

3~36 Figure 3-5 shows the strapping pattern and
associated circuit configuration for remote pro-
gramming Power Supply / Ampiifiers for positive
Constant Voltage DC output at the rate of 500
ohms/volt. The programming control Rp should
be wire-wound and selected in accordance with
paragraph 3-13. Its dissipation can be computed
by remembering that the current through Rp is

4 MA,
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Pigure 3-5. Remote Resistance Programming,
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3-37 Figure 3-6 shows two resistance program-
ming characteristi¢s which are typical {although
somewhat exaggerated) of the performance without
programming alignment. - The output voltage with
zero programming alwayvs will differ from zero,
being either positive (B} or negative (A}, and the
maximum output voltage will be achieved with a
value of programming resistance not predicted by
the programming coefficient.

"

9 Ap

Rp # FROGRAMMIN(E RESISTANCE

Figure 3-6. TUnaligned Resistance
Programming Characteristics

3~38 Notice, however, that even with an unaligned
instrument the typical characteristics of A and B
are extremely linear — that is, there is no curva-
ture. To convert either of the characteristics of
Figure 3~6 to the desired programming characteris-
tic of Figure 3~7, it is necessary to adjust both

the zero crossing and the angle of slope of the
programming characteristic.
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Figure 3~7. Aligned Resistance Programming
Transfer Punction

3-3% In the PS/A Series the zero crossing is ad-
justed by means of the front panel FINE/ZERO
knob, while the slope of the programming function



is adjusted by means of an internal control, Rag,
First the zero crossing is adjusted; then a pro-
gramming resistance. which according to the
programming coefficient (500 ohms/volt) should
yield the maximum rated output voltage for the in-
strument, is connected to the programming termi-
nais, and Rzg is adjusted until the output voltage
is exactly equal to the maximum rated value.
Since the two adjustments are mildly interdepend~
ent, it is necessary to repeat this procedure once.
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3-40 REMOTE PROGRAMMING, NEGATIVE OUTPUT

3-41 Pigure 3-8 is the same as Pigure 3-3 except
that the linearly programmed ocutput voitage is

negative,
ment for & negative cutput is Rag,

3-42 REMOTE PROGRAMMING, BIPOLAR OUTPUT

3-43 The circuits of Figures 3-5 and 3-8 can be
combined to vield a power supply which ig pro-
grammable in either direction, depending upon the
position of switch 81 {see Figure 3~9). One ob-
tains a linsarly programmed negative DC output
when switch 51 is connected to Al: and & positive
cutput when connected to A2. Switch 81 must be
a break=before-make switch.

The internal programming slope adjust- -

3~5

i 31K  COMMON
3O
C.8
i —
-
KEMR T+ w Ad j
A(E AND + RL ‘:
INPUT lnporirien) = h
— LA Rp= 500 OBMS A
PER VOLT/
0.8,
™ & o)
{é é! QUTPUT
Al AZ A3 A4 AS GNDCOM C5 08 OUT IN
olofolololololofolelolo o o]0]
N
Ry,
81
;};ﬂ
Figure 3-9, Remote Resistance Programming,

Bi-Polar Qutput (CV)

3-44 The advantaye of the configuration of
Figure 3~¢ is that the output is linearly program-
med in both directions. The disadvantage is that
a switch must be ugsed in order to reverse the
output polarity.

3-45 If it is desired to achieve accurate program-
ming reproducibility, or if it is necessary to re-
peatedly set the power supply output to specific
voltage values, either of the substitute arrange-
ments sugyested by Figure 3-10(B) and 3-10{C)
may be empioyed in place of the rheostat Rp.
Suppose, for example, it is decided to set the
power supply over the span from 0-20V. If con~
tinuous adjustment is required, the best choics
would be a 10K rhecstat (since the programming
coefficient s 500 ohms/volt), But if specific
tests must be made at 0, 5, 10, 15, and 20V, the
arrangement shown in Figure 3-10(R} should be
employed, using a make-before-break switch.
the same voltage values are desired, but not in
ascending or descending sequence, the terminals
from the resistor string can be connecied to the
switch in any desired sequence, as suggested by
Figure 3-10(C).

If




A, RHEOSTAT PROGRAMMING
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B, IN-SEQUENCE SWITGHED PROGRAMMING

C. OUT-OF-SEQUENCE SWITCEED
PROGRAMMING
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15V

20V

MAKE-BEFORE-BREAK SWITCH

Figure 3-10.

3~46 These substitute configurations for Rp can
ke employed with any of the diagrams in this
section. In all such applications a make-before-
break switch must be used so that output voltage
transients will not occur during the switching in-
terval. Such transients can lead to damage to both
the lead and the power supply.

3-47 SWITCHLESS BIPOLAR PROGRAMMING

3-48 Figure 3-11 shows how to resistance program
a PS/A for continuously variable output de voltage,
remotely controlied, without need for a polarity
switch. Clockwise rotation of the 10K potentiom-
eter will resulit in a positive cutput equal to the
maximum voltage capability of the instrument.

3-49 The advantage of Figure 3-11 is that the out~
put is continuously variable through zero with one
control. The disadvantage is that the output is not
a linear function of the rotation of potentiometer
Rg. Note, however. that in many applications it
is not necessary that the pregramming function be
linear, just reproducible. The power supply can
be switched readily to positive or negative values
(and later reset precisely at these same values) by
substituting a switched resistor network for RQ
The switch must be a break-before-make tvpe.
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3-50 POWER SUPPLY WITH SUPERIMPOSED AC
OQUTPUT

3-51 In some applications it is desirable to add
an AC component to the adjustable DC output of a
Constant Voltage power supply. Figure 3-12
shows how this can be done,

3-52 The PS/A is operated as a normal power sup-
piy from the front pane)l with the MODE switch in
the SUPPLY position. The amplitude of the added
AC component is controlled by adjusting Ry. The
value of this resistor should be greater than the
minimum load resistance which the exiernal signal
source is suited o drive, since the impendance
leoking into terminals C. 5. and A4 ig virtually
zero ohms.
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3-53 The amplitude of the ac Output component is
given by Epe = Ey (RD/RX + Ry}, where Ry is the
internal {Thevenin equivalent{ source resistance.
The capacitor Cy is added in order to block the
DC current path through the oscillator, and must

[+

be selected large enough to pass the lowest fre-
quency of interest. The low frequency 3 db down
point wili be at; _ 1

ZTF(RX + Ry) Cy

3-54 CONGSTANT VOLTAGE AMPLIPIER WITH RE~
MOTE GAIN CONTROL

3~55 The PS/A can be used as a power amplifier
with Constant Voltage output that can be remotely
controlled in a linear manner if the strapping ar-
rangement shown on Figure 3-13 is employed,
With this configuration, the gain is & linear func-
tion of control rotation, and the gain control is a
linear functlon of control rotation, and the gain
control is external to the PS/A. Iy and Ry are the
equivalent {open circuit) voltage and output re-
sistance looking back into the external signal
source, Ry must be selected to have a value at
least as large as the minimum load resistance
which the external signal source can feed without
overloading or distorting. Cvy is inserted in order
to block any small DC currents which otherwise
might flow from the oscillator, producing a DC
component on the output. Cy must be selected
large enocugh to pass the lowest frequency of in-
terest; the 3 db down frequency is

P S

2w (Rx+ Ry) Gy

3-56 If it is desired to amplify a DC signal, or
one which has both a DC and AC component, then
the capacitor Cy must be elininated from the
circuit,

3-57 The output voltage is given by the equation

Ea= Exy—RB
© XRx-{—RY

Proper impedance levels will be maintained if ap~-
proximately 2 mA is allowed to flow through Ry and
Rp, Thus wherever possible, Ry should be select-

ed so that 2 Ey 2
Yo 2 (103 X

where the By for this equation {5 the maximum peak
value which will be amplified. This equation, of
course, assumes that the external gignal source is
vapable of delivering 2 mA without overloading or
distorting, and should be altered if less current is
available,

3-58 Current Input. Actually, the components EX,
RX , and RY of Figure 3~13 comprise a current
source feeding the summing point A4 and the gain
control Ry, A current source can be substituted in
place of these components, and the output volitage



will be Vyypp'= IxRp, where I¥ is the current '
source connected between C8 and A4, As shown in
Figure 3-13. The capacitor Cy shouldalso be addad
in series if it is desired to suppress any DC com~
ponent present in the input signal source.
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Figure 3-13. Constant Voltage Amplifier With
Linear Remote Gain Control

3-539 Two or More Inputs, The concept of Fig~
ure 3-13 is readily adapted, using standard oper-
ational amplifier techniques, to the simultanccus
amptification of two or more signals, Figure 3~14
shows the manner in which two voltage inputs can
be mixed and amplified; additional inputs can be
added in parallel without limit, and current input
signals can be substituted for voltage input sig-
nais, as discussed in the previous paragraph.

The capacitors Cy and C'y are only included when
it is desired to:

a, Prevent the DC input level of the signal from
affecting the DC level of the output, or
b. Prevent the DC level of the PS/A from being

fed back into the output terminals of the gige
nal source,

3-8

3-60 The output for two {61‘ more} inputs is given

by: Eo=Ex __RP +Ey Rpy 4 ...
Ry + Ry Ryx' + Ry'

Thus Ry, Ry' can be made variable and used as
relative level conirols while Rp functions as a

master gain control,

Notice that any of the signal

inputs which are to be mixed and amplified may

be ac, dc, or both,
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3-61 CONSTANT CURRENT QOPERATING MODES

3-62 In order o achieve constant current opera-
tion, it is necessary to utilize an external current
sampling resistor which yields a voltage drop that
is proportional to the output current. This veltage
drop can then be applied to the comparison ampli-
fier in the input circuit and compared with a
fraction of the reference voltage for input voltage),.
The output of the compéarison amplifier is then fed
back to the regulator/output amplifier in a manner
identical to that occurring during constant voltage
operation. Hence, the only concepiual difference



between Constant Current operation and Constant
Voltage operation is that the voltage which is
gensed by the comparison amplifier is taken across
the current sampling resistor rather than across the
load.

3-63 The regulation ripple, temperature coeffi=-
clent, and stability of Constant Current Power
Supply/Amplifier performance can be predicted by
dividing the corresponding Constant Voltage spec—
ification by the ohmic value of Rg. For example,
the use of & 2 ohm current sampling resistor con-
verts the 2 mV rms Constant Voltage ripple and
noise specification of the 6823A to 1 MA, etc, In
the case of temperature coefficient and stability,
it is also necessary 1o add in the percentage ef-
fect due to any change in chmic value of the mon-
itoring resistor RS.

3~64 The output impedance of the Constant Curs
rent source at DC is given by the relationship

Zo = (AE/Alp), where AEp is the change in load
voltage assoclated with a load resisinace changse,
and Aly, is the small resulting cutput cwrrent
changa. The fact that the PS/A has a high loop
gain and no output capacitor means that the PS/A
used in a Constant Current mode will have a high
output impedance, In fact, it can be shown that
the impedance at any frequency for a Constant
Current source of this type will be approximately
equal to Ryy (AB), where AR is the loop gain of the
feedback amplifier within the power supply at the
frequency of interesi. Since the PS/A has a band-
width in excess of 20 KHz, this output impedance
will remain quite high over a wide frequency band,
Stated in terms of the time domain, the PS/A will
respond quickly to changes in load resistance —
the load current transient wiill be short.

3-65 SELECTING Rg

3-66 Particular care must be paid to the mannar in
which the current sampling resistor, Rg, is select~
ed and employed. Constant Current operation, on
a percentage basis, can be no better than this
registor.

3-67 Rg is selected to yield a 1 volt drop at the
maximum current rating of the instruments; iis

3-9

maximum dissipation is 1/2 watt for the Model
6823A and 1 walt for the Model 6824A, It is there-
fore recommended that 4 minimum 30 watt wire-
wound resistor be used for the former and 60 watt
for the latter. This ensures that the surface tem-—
erature of the resistor will not be high compared to
the ambient, and therefore subject to long-term
warm-up effects and short-term vartations result-
ing in output "bobble”, In any case, the tempera-
ture coefficient of the resistor shouldbe 20 ppm/OC
or less.

3-68 If it is intended to use the PS/A at less than
maximum rated output current, proportionately
higher values of Rg may be chosen, This will re-
sult in better perfaormance at low currents, It
should be remembered, however, that the resistor
Rg cannot be increased in ohmic value indiscrimi-
nately for two reasons:

a. If soon becomes impractical to increase the
wattage rating of Rg by the necessary amount.
b. The IR drop which occurs across Rg detracis

directly from the power supply veliage rating
available to the lcad device.

3-6%9 Resistor Rg should be a four terminal device
connected as shown on Figure 3-15, Note that
for conveniance and clarity, the remaining Con-
stant Current diagrams do not show this connec-
tion pattern explicitly.
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Connection Method



3-7C NORMAL OPERATING MODES

3-71 Figure 3-16 shows the connection pattern
and associated circuit configuration for operating
the PS/B as a continuously variable, reversible
DC ‘Constant Current source, This is the Constant

Current counterpart of the Constant Voltage mode
The MODE

of operation shown in Figure 3-2,
switch s in the SUPPLY position,
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Figure 3~16.

3~72 Figure 3-17 shows the simplest way of op~
erating the PS/A as a Constant Current output
amplifier with continuously variable gain, The
front panel FINE/ZERO control should be adjusted
for zero dc output current (asguming the input
source has no dc input componeni}, With the
values given in Figure 3-17, the external oscilla-
tor must have a voltage output of 1.5 volis peak
in order to drive the power amplifier to its full
outpui current capability. The impedance sean by
this external voltage source will be approximately
1.7K,
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3-73 REMOTE PROGRAMMING, BIPOLAR QOUTPUT

3-74 Figure 3-18 shows one mathod of controlling
the output of the PS/A as a remote programmed
Constant Current power supply. Switch SI causes
the output current to be either positive or négative,
If it is desired to achieve only a positive or only
a negative output current (unipolar output), then
51 must be eliminated. Terminal A4 is strapped
directly to AZ for a positive output, or dirgctly to
Al for a negative output,

3~75 The front panel FINE/ZERO conirol permits
the output current to be adjusted to zero when Rp
is set to zero, while the slope of the programming
coefficent is adjusted by means of Rag (positive
output) and R3g (negative output). Either of the
switched resistance schemes of Figure 3-10 may
be substituted for a variable Rp in this or any
other Constant Current diagrams which follow,

The advantage of the circuit of Figure 3-18 is that
the output current is a linear function of the pro=-
gramming resistance; the disadvantage is that a
switch must be used in order to accomplish
polarity reversing,
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3-76 SWITCHLESS BIPOLAR PROGRAMMING

3-77 Figure 3-19 shows the method of connect-
ing the PS/A for Constant Current bipolar program-
ming without the necessity for polarity switching,
The 680 ohm resistor should be wire-wound with a
temperature coefficient of less than 20 ppm/CC.
Switched resistances can be substituted for resist-
or Rg in Figure 3-19, The disadvaniage of thisg
mode lies in the non-linear (but accurately repro-
ducible} programming characteristic,

3~78 CONSTANT CURRENT SUPPLY WITH SUPER~
IMPOSED AC OUTPUT

3-79 Figure 3-20 shows the method of adding an
AC component on top of the adjustable DC output
current. The do level is controlled in the normal
fashion from the front panel. The amplitude of the
added ac component is determined by the value of
Ry which, however, should not have a value less
than the minimum load resistance which the ex-
temal signal source is capable of driving without
overloading or distorting.
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3-:80 The peak voltage Ex which is necessary to
achieve a peak ocutput current equal to the maxi-
mum rating of the instrument, equals (Ry + Ry} /Rp.
The capacitor Cy is added to block the DC current
path through the oscillator, Cvy must be selected
large enough to pass the lowest frequency of in~
terest; the low frequency 3 db down point will be at
f= 1
Z2r (Ry + Ry) Cy

where Ry is the internal (Thevenin equivalent)
source resistance, Of course, capacitor Gy is not
employed if it is desired for the Constant Current
output to respond to the de component of the ex-
ternal signal source.
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3-81 CONSTANT CURRENT AMPLIFIER WITH
REMOTE GAIN CONTROL

3-82 Figure 3-21 shows the method of connecting
an external voltage source with a PS/A to obtain
Constant Current output with linear remote gain
control.  Using the recommended values for Rg,
the output current is given by:

Iy = (EX/RM) . Rp/ Ry + Ry).

3-12

It is recommended that Ry be selected so that at
the pesak input voltage Ey the current flowing
through Ry, Ry, and Rp is 2 MA, With this choice,
Rp = 500 ohms results in an output current equal to
the maximum rating of the instrument.

3-83 Cvy is chosen large enough to pass the low-
est frequency of interest and is omitted if 1t ig
desired to have the output current re sponsive to the
DC (as well as AC) component of the input voltage
Ex.

3-84 Care should be taken that Ry is chosen to be
more than the minimum load resistance which the
external signal source can feed without overload
or distortion. Howeaver, Ry should not be chosen
too large, or the current flowing through Rp will be
influenced by the current into the comparison am-
plifier. Thus it is undesirable to select Ry so that
the current flowing through it with full input signal
is less than 1 MA.

3-85 Current Input. The combination of compo-
nents Ey, Ry, and Ry can always be replaced by a
Constant Current source. If this is done, the
current gain of the configuration of Figure 3-21 is:

lour _ Rp.
Itn R
3-86 Two or More Inputs, If desired, the circuit

of Figure 3-22 can be used to add the effect of twWo
or more signals. All the equations given in this
section hold true for each of the multiple inputs,
with no interaction,

By R
o= 2 _Re B¢ Rp
R Ry + Ry Ry Ry' + Ry

3-87 SERIES AND PARALLEL OPERATING MODES

3-88 The following paragraphs include methods
for combining separate PS/A's in series and paral-
lel combinations. These methods are emplovyed
whenaver it is required to extend the voltage or
current capability bevond that available from one
instrument alone. In all of the following diagrams.
the strapping pattern and circuit configuration for
slave units have been shown in complete detail,
In several of the diagrams, howaver, the strapping
pattern and circuit configuration have not been
completed for the Master unit. This was done
because the configuration chosen for the Master is
determined by the manner in which it is desired for
the ensemble of units to operate, and may be se-—
lected from any of the diagrams already given in
this Section. Whether a combination acts as a
power supply or amplifier, Constant Voeltage or
Constant Curren? source, locally or remotely con~
trolled by resistance, voltage. or current, depends
entirely on the connection mode selected for the
Master Unit.
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3-89 Any PS/A instrument may be master or slave,
depending only on the strapping pattern chosen,
Units may be connected in series up to 300V off
ground, Thev need nct be the same model number,
but should all be PS/A Series instruments. Simi-
larly, units may be connected in parallel, without
any limit, except that all instruments must be

PS/A Series and employ an external sampling re~
sistor which develops a 1 volt drop,

3-90 COORDINATED SERIES OPERATION

3-91 Auto-Series, Two Units, Single Ended Qut-
put., To increase the voltage output, two units
can be connected in Auto-Series as shown on
Figure 3~-23. The front panel switch position of
the slave is not significant, but the front panel
position and barrier strip wiring of the master unit
depends upon the operating mode desired for the
system of two power supplies, and should be
selected from one of the previous alternatives.

392 For instantaneous equal voltage sharing, Ry
and Rz must be equal, However, if it is desired
for the slave to have a voltage, which although
always propertional to the output of the master
supply, is greater than or less than the output of
the master supply, then Rz should be selected
according to the relation Bg = Ep; (Ro/Ry) where Eg
and Ey are the output voltage of the Slave and
Master instruments respectively,
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3-93 Auto-Series, Three or More Units. The con-
cept of the previous paragraphs is easily extended
to three supplies as shown in Figure 3-24, If un-—
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equal veltage contributions are desired, the out-
put of Slave #1 is given by Egy = Ep (Rg/Ry); for
Slave #2, Egy = Ep (R3/Ry).

3-94 The concept of Pigure 3-24 is easily extend-
ed to series combinations involving more than
three units by merely iterating that portion of the
circuit configuration which is bounded by the two
horizontal dotted lines.
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3-95 Series Cperation, Balanced Cutput.

The

previous Auto-Series configurations are accom-~
plishad with single-ended input and single ended

output having a common terminal,

In some appli-

cations, however, it is necessary to employ an
amplifier with input and output signals balanced
about ground. Figure 3-25 shows the circuilf con-
figuration and strapping pattern for this mode of

ed 10 sach side.

3-96 Since this mode is more likely to be employ-
ed as an amplifier rather than as a power supply,
the diagram shows an oscillator input., The volt-
age input to this circuit must be at least 1/10th
the desired voltage output; the input impedance
seen by the oscillator is approximately 3.4K,

3-97 The balanced input concept can be extended
to even higher voltages if voltage Slaves are add-

( Figure 3~26 shows this configura=-
tion, which has an output voltage capability four
times that of one unif alone, as well as a balanced
input and & balanced output, The input oscillator
must have a voltage capability of at least 1/20:th of
the cutput voltage desired. and faces an input im~
pedance of 3.4K,

3-88 AUTO PARALLEL OPERATION

3-39 Constant Voltage Ouiput. FPigure 3-27 shows
the correct method of connecting two PS/A's in
paraliel for increased output current in Constant
Voltage operation. Although the terminal configu-
ration has been completed for the Slave unit, the
remainder of the connections to the Master unit are
dependent upon desired operating mode. Thus the
Master can be connected in any of the patterns
shown in Section Iii, and the Auto-Parallel system
will behave accordingly.

3-100 TFor equal current sharing, the leads from
common to Rys and Ry to Ry, should be short and
have equal resistance for the two supplies.
Greater current capability ¢can be obtained by con~
necting more Slaves to the Master unit.
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3-101 Constant Current Qutput, Figurse 3-28
shows the correct method of connecting two sup-
plies in Auto-Parallel for Constant Curreat output,
The strapping configuration and circuit diagram for
the master unit are not complete but can be wired

COMMGN
&
I c;c s M
il _—
e ov M“\i/\
W
AC AND * _ij' + 3
INPUT  lRECTIFIER T MASTER
v Wy 3__‘
OUTPUT
T Ny
\SPS |
COMMON
o
C.35. _
== av Ad
XFMR +
AG AND +
INFUT |epcrrIEr — SLAVE
=S LA
Rpg 2ar 20W for SB23A
= Lo, SOW for 68244
~ OUTPUT
- MASTER
Al A2 A3 A4 AS GNDCOM CS aUT ™
olofo[o]o]olololeloTolofofolo]
"
os
% BALANGCE OF STRAPFING PATERN
Ry FOR MASTER DEPENDS ON DESIRED
AAN—4 OPERATING MODE
R SLAVE
1 N

GlololololeTe 3 qT3Talelolols

a o S
AL A2 A} M AS GND COM 08 ouT
AV

Rpq

Figure 3-28. Auto-Parallsl Operation,
Constant Current Qutput

in accordance with any of the diagrams given in
Section IIT and the Auto-Parallel combination will
behave accordingly., Still greater current output
can be accomplished by adding any desired number
of slaves to the master in the same way,
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SECTION IV
PRINCIPLES OF OPERATION
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Figure 4-1. Overall Block Diagram

4-1  OVERALL BLOCK DIAGRAM DISCUSSION
(Figure 4-1}

4-2  The Power Supply/Amplifier {PS/A) can be
operated as either a power supply or @ power ampli-
fier. The operating mode is determined by the mode
selection circuit which couples to the input circuit:
either the voltage across the output terminals
(during power supply operation) or the voltage
across the input terminals (during amplifier opera-
tion}.

4-3 POWER SUPPLY OPERATION

4-4  During power supply operation, the PS/A
functions as a well-regulated dc power supply
capable of furnishing a bi-polar, Constant Voltage
output. Constant Current operation can also be
achieved by connecting an external current sam-
pling resistor 1o the unit.

4~5 The ac line voltage is reduced to the proper
level by the power transformer and coupled to the
rectifier and filter. The rectifier-filter converts

the ac input to raw dc which is fed to the regulator/

output amplifier circuit in both positive and nega-
tive form. The regulator/output amplifier acts as
a series regulator during power supply operation.
Its conduction is altered in accordance with the
feadback control signals received from the driver

amplifiers, thus maintaining the ocutput voltage {or
current) constant. The feedback control signals
alsc determine the polarity of the output voltage.
For positive power supply output voltages the re-
gulator circuit receives a positive input and for
negative outputi voltages it receives a negative in-
put. Hence, the dc output voitage can be contin~
uously adjusted from its maximum rated positive
value to an eq_ual negative value.

4-6 The current limiting circuit monitors the out~
put current passing through the regulator. If this
current exceeds a certaln preset iimit, the limiting
circuit conducts, shunting input current away rom
the regulator and thus keeping the output current
constant.

4~7  The input circuit serves as the first "link"
in the feedback circuit. It detects any changes

in the cutput voltage and sends a feedback con-
trol signal to the series regulator via theamplifier—
drivers. The feedback signal is of the comrrect
phage and amplitude to counteract the change in
output veltage. Notice that the supply can also
be used as a Constant Current source as outlined
in Section 111 of this manual. Under these condi-
tions, the input circuit monitors the voltage drop-
ped across an externally connected current sam-
pling resistor and, in this manner develops the
feedback error signals necessary to maintain the
output ¢urent constant.
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4-8., The reference circuit provides stable refer-
ence voltages which are used throughout the unit
for biasing and comparison purposes. The meter
circuit provides indications of do output voltage or
current, When measuring voltage it is connected
across the output of the supply; when measuring
current it is connected across an internal current
sampling resistor, R30,

4-9  AMPLIFIER OPERATION

4-10 During amplifier operation, the unit acts as
a power amplifier with & single-ended, push-pull
output stage, i furmishes either a Constant Volt-
age output or a Constant Current output {with the
addition of an external current sampling registor),
It is capable of amplifying both ac and dc input
signals over a bandwidth of dc to 20 kHz.

4-31 Input signals are received from the external
source via the input and common terminals. The
input circuit and amplifier~drivers amplify the sig-
nal and forward it to the regulator/ocutput amplifier
circuit, This circuit functions as a push-pull ocut-
put amplifier during amplifier operation, although
note that no internal connections are necessary in
the regulator/output amplifier circuit in order to
accomplish this,

4~12 The current limiting circuit is operable in
the amplifier mode and serves 1o protect both the
amplifier and the load by preventing the output
current from exceeding the preset current limit,

4-13 In a manner similar to that used during
power supply operation, the input circuit gener-
ates the error signals necessary to keep the output
voltage (or current} constant despite variations in
the lead or line circuits, The meter circuit for
Model 6824A units is capable of indicating ac
output voltage during amplifier operation, while
Model 6823A meter circuits can measure dc out-
put voltage only,

4~14 SIMPLIFIED SCHEMATIC

4-15 A simplified schematic of the PS/A is shown
in Figure 4-2, It shows the internal sources of
bias and reference voltages and their nominal
magnitudes with an input of 115Vac and under full
lead, It alsc shows some of the operating con—
trols; the off-ON pushbutton (S1) and the VOLTS/
GAIN control {(R524), METER switch 83, included
in the meter circuit block on Figure 4-2, permits
the meter to read dc output voltage or current, or
ac output voltage, Rectifier diodes CRI through
CR4, and filter capaciters C10 and Cl11 provide



+62Vde and -62Vde to the regulator/cutput ampli=
fier circuit, These voltages ares also fed to the
error amplifiers and drivers for biasing purposes.
Another bias voltage (+140V)} is obtained from a
voltage doubler network composed of CR9, CR10,
C1,C2, and C6,

4-16 MODE switch 82, in the mode selectidn cir-
cuit, connects the VOLTS/GAIN potentiometer be-
tween a bi-polar reference source (#6.2V and ~6,2V}
during power supply operation, or across the exter-
nal input signal path during amplifier cperation.
Hence, the position of the VOLTS/GAIN potentiom-—
ater determines the polarity and magnitude of the
output voltage in the power supply mode or the
gain of the PS/A in the amplifier mode.

4-17 Notice that the PS/A does not have the large
output capacitor connected across most powar sup-
plies to insure feedback loop stability, This ca-
pacitor has been removed to ease the bandwidth
limitations during amplifier cperation. Remowval of
the ocutput capacitor has the additional advantage
of greatly enhancing the programming speed during
power supply operation, Alternate methods of in~
suring feedback loop stability are emploved through~
out the PS/A feedback circuit to offset the absence
of this capacitor,

4-18 DETAILED CIRCUIT ANALYSIS (See schematic
at rear)

4-19 INPUT CIRCUIT

4-20 The input circuit consists basically of a dif~
ferential amplifier stage (Q7 and Q8), and the
FINE/ZERO and VOLTS/GAIN controls (R52ZA and
R52B}, Note that for simplicity's sake, R52A has
been inciuded in the mode salection circuit on the
schematic,

4-21 The input circuit controls the conduction of
the series regulator/output amplifier transistors,
To accomplish this, the circuit continuously com-
pares a fraction of the output voltage (or current)
with a fixed reference voltage and, if a difference
existg, produces an "error” voltage whose ampli-
tude and phase is proportional to the difference.
The "error” output is fed back to the regulator/cut-
put amplifier, via the error and driver amplifiers.
The feedback voltage alters the conduction of the
regulator/output amplifier transistors which, in
turn, alter the cutput voltage (or current) so that
the difference between the two differential ampli-
fier input voltages is reduced to zero. The above
action not only maintains a constant output regard-
less of line or lead variations; but establishes
output levels in accordance with the setting of the
YVOLTS/GAIN control.

B

422 Stage Q7 of the differential amplifier is con-

nected to a voltage divider consisting of R40, R5ZB,
R47, and R48. The TINE/ZERQ controt, R52B, per-

mits the bias at the base of Q7 to be adjusted
slightly above or below the common sensing {C)
point. During power supply operation the FINE/
ZERO control provides a fine adjustment of the dc
output voltage or current and during amplifier oper-
ation it provides a dc "offset" adjusiment of ap-
proximately 1% of the maximum rated output.
Hence, the average value of an ac cutput signal
can be adjusted exactly to zero with this control,

4-23 Stage Q8 is connected to the voltage (or cur-
rent) summing point (A4) at the junction of the
VOLTS/GAIN control and resistor R7. The poten=
tial at the summing point will instantaneocusly
change if the cutput voltage/current attampts to
change or if the voltage that is picked off by R32A
changes, Output'variations affect the voltage
dropped across R7 thus changing the summing
point potential. Similarly, moving the VOLTS/
GAIN controt arm affects the summing point poten-
tial, During power supply operation, this control
is connected across a bi-polar reference source.
Mowving the control toward the positive end of the
potentiometer causes the summing point to go pos-
itive resulting in a more negative output. Con-
versely, moving the control toward the negative
end results in a more positive output. During
amplifier operation the external input signal is
applied across R32A and moving the control arm
varies the amount of signal that is picked off.

4-24 Summing point variations are felt at the base
of the 08 which varies its conduction in accordance
with the polarity and magnitude of the change at the
summing poini. The resulting error voltags is taken
from the collector of Q8 and ultimately alters the
conduction of the regulator/amplifier transistors,

4-25 Feedback network C8, R25 helps stabilize
the feedback loop, Dicdes CR25 through CRZ8
form a limiting network which prevent excessive
voltage excursions from over-driving stage Q8.
Resistor R4S in series with the base of Q8 is a
current limiting resistor,

4-26 MOQODE SELECTION CIRCUIT

4-27 The mode selection circuit consists basically
of MODE switah §2 which determines the operating
mode of the instrument. As mentioned previously,
§2 connects the VOLTS/GAIN control between a bi-
polar reference source in the SUPPLY position and
across the input signal path in the AMPLIFIER posi-
tion. In the AMPLIFIER position 32 also connects

a load resistor (RS7) between the bi-polar reference
voltages to prevent loading down the reference c¢ir-
cuit,



4-28 ERROR AND DRIVER AMPLIFIERS

4-29 The error and driver amplifiers amplify the er-
ror signal from the input circuit to a level suffi-
clent 1o drive the regulator/amplifier transistors.
Amplifier stages Q6 and Q3 each contain a sta-
bilization network (C5-R24 and C7-R14, respec-—
tively) which provides for roll off in the loop gain.
Diode CR11 clamps the emitter of Q6 to a stable
reference voltage, +22.1V, Emitter follower Q4
drives the regulator/amplifier transistors Q1, Q2,
Q% Ql3, and Q14,

4-30 REGULATOR/OUTPUT AMPLIFIER CIRCUIT

4-31 During power supply operation, trangistors
QL. QY% and Q2,Q13,014 serve as series control
elements in the positive and negative output lines,
respectively., The conduction of the series tran-
sistors is controlled by the feedhack voltage from
Q4. Note that when the feedback voltage is neg-
ative, PNP transistors Q2,013 and Q14 are con-
ducting and NPN transistors QI and Q9 are cut-off,
Under these conditions, the supply furnishes a
negative output voltage. The reverse ig true when
the feedback voltage is of positive polarity,
Transistor Q10 furnishes a constant bias currant to
the bases of the series transistors, At zero volts
output, both banks of series transistors are con-
ducting slightly bacause of the base current pro=
vided by Q10. Diodes CR18 and CR19 provide the
voltage drop necessary to forward bias each reg-
ulator bank simultaneocusly., This eliminates any
“dead spots” when the output voltage is program-
med away from’zerc., Note, however, that as soon
as the output voltage is driven away from zero, one
bank of transistors remains in conduciion while the
other is cutoff,

4~32 During amplifier operation, the transistors
serve as a single-ended, push-pull, output ampli-
fier., Althoughthe schematic at the rear of the
manual shows Q1, Q2, 09, Q13, and Q14 drawn as
a conventional series regulator, a closer inspec-
tion will reveal that the circuit could be redrawn as
a push-pull amplifier without changing any of the
connections. The output amplifiers are biased for
class AB operation and connected in a complemen-
tary configuration, as described in the previcus
paragraph, thus obviating the need for center-tap=
ped input and cutput transformers,

4-33 CURRENT LIMITING CIRCUIT

4~34 The current limiting circuit consgists of tran-
gistors Q5 and Q12 and associated resistors,

4-4

These transistors keep the output current from ex-
ceeding the current limit established by the setting
of potentiometers RS and R6, PNP transistor Q5
limits the current in the negative line and NPN
transistor QL2 limits the current in the positive
line, Under increased current demands, the cur-
rent through the PNP regulator/amplifier transistors
increases, increasing the voltage drop across R
and driving the base of Q5 in a negative direction,
The conduction of Q5 limits the base current of the
PNP transistors and, hence, the cutput current.

Operation of current limiting transistor Q17 is
simiiar; éxcept that the base current of the NPN

transistors is Hmited further hack in the feedback
loop at the input of Q4.

4-35 REFERENCE CIRCUIT

4-36 The reference circuit is an auxiliary supply
which provides stable reference voltages used
throughout the instrument for biasing and com-
parison purposes. The reference voltages are de-
veloped across temperature compensated Zener di-
odes VR through VR5. The reference voltages are
all derived from smoothed positive and negative dec
obtained from full wave rectifiers CR3, CR6 and
CR7, CR8 and filier capacitors €12 and C13.

4-37 METER CIRCUIT

4-38 The meter circuit provides continuous indica-
tlons of output voltage or current on a single meter,
The meter can be used as a dc volimeter or ammeter
or as an ac voltmeter depending upon the position
of METER switch 83, With 53 in the dc VOLTS pos-—
ition the meter is connected in series with R31 and
R33 across the output of the supply, Resistor R31
permits dc voltage calibration of the meter to com-
pensate for slight resistance variationsg,

4-3% With 83 in the DC AMPS position, the meter
is connected across current sampling resistor R30,
whose voltage drops varies in proportion to the
output current. Current calibrate potentiometer,
R35 is adjusted for full scale deflection in the
current range.

4-40 In the AC VOLTS position, the meter indicates
the rms output voltage of the amplifier. Rectifica-
tion of the ac output voltage is accomplished by
diodes CR13 through CR16,

4-41 The meter movement used in thig instrument,
can withstand a cuwrrent overlaod of many times the
maximum rated output without damage,



SECTION V
MAINTENANCE

5-1  INTRODUCTION

5-2 Upon receipt-of this instrument, the per-
formance check (Paragraph 5~10} should be made.
This check is suitable for incoming inspection, If
a fault is detected in the unit while making the
performance check or during normal operation,
proceed to the troubleshooting procedures {Para-
graph 5-24). After troubleshooting and repair
{Paragraph 5~34), perform any necessary adjust-
ments and calibrationg (Paragraph 5-36). Before
returning the PS/A to normal operation, repeat the
performance check to ensure that the fault has
been properly corraected and that no other faults
exist, Before doing any maintenance checks,
turmm-on power supply, allow a half-hour warm-up,
and read the general information regarding meas-
urement techniques (Paragraph 5-3),

5-3 GENERAL MEASUREMENT TECHNIQUES

5-4 The measuring device must be connected
across the sensing leads of the unit or as close to
the output terminals as possible when measuring
the output impedance, transient response, regula-
tion, or ripple of the power supply in order to
achieve valid measurements., A measurement made
across the lecad includes the impedance of the
leads to the load and such lead lengths can easily
have an impedance several orders of magnitude
greater than the supply impedance, thus invali-
dating the measurement.

5-5 The monitoring device should be connected
to the OS and C8 terminals or as shown in Figure
5-1, The performance characteristics should
never be measured at the front terminals if the
load is connected across the rear terminals,

Note that when measurements are made at the
front terminals, the monitoring leads are connect-
ed at A, not B; as shown in Pigure 5~1. Failure to

5-1

SUTPUT TERMINAL—l‘
LOAD Lzm—:% K

MONITOR HERE

|

Figure 5-1. Front Panel Terminal Connections

connect the measuring device at A will result in a
measurement that includes the resistance of the
leads between the output terminals and the point
of connection,

5-& For output current measurements, the cur-
rent sampling resistor should be a four-terminal
resistor, The four terminals are connected as
shown in Figure 3-15., In addition, the resistor
should be of the low noise, low temperature coei-
ficient {20ppm/°C or less) type and should be
used at no more than 5% of its rated power so that
its temperature rise will be minimized,

5-7 ‘When using an oscilloscope, ground the
common terminal of the PS/A and then ground the
case of the oscilloscope to this same point,

Make certain that the case is not also grounded
by some other means {such as the power line}.
Connect both oscilloscope input leads to the PS/A
ground terminal and check that the oscilloscope is
not exhibiting a ripple or fransient due to ground
loops, pick-up, or other means.

5~8 TEST FQUIPMENT REQUIRED

5-9 Table 5-1 lists the test equipment required
t0 perform the varicus procedures described in
this Section.



Table 5~1.

Test Bguipment Required

Required Recommended

Type Characteristics Use Model
Differential Sensitivity: 1 mv full scale Measure DC voltages; @ 3420 [See Note}
Voltmeter {min.}. Input impedance: calibration procedures

10 magohms (min.},

Variable Range: 90-130 volts. Vary AC input | —mmmeee
Veltage Equipped with voltmeter ac-
Transformer curate within 1 velt,

AC Voltmeter

Accuracy: 2%, Sensitivity:
1 mv full scale deflection
(min.).

Measura AC voltages and
ripple,

# 403 B

Oscilioscope | Sensitivity: 10 pv/cm. Dif- Peak-to-peak measurements, @ 140 A plus
farential input, Waveform displavys. 1400 A plug in.

Oscillator Range: 5 Hz to 600KHz Impedance Checks, amplifier | & 200 CD
Accuracy: 2% input source

Square Wave Rise time: 0,02 psec Measure programming speed @ 211 A

Generator Frequency: 1 Hz to 1 MHz .

Repetitive Rate: 60-400 Hz, 2usec rise Measure fransient response See TPigure 5~5

Load Switch

and fall time,

Resistor Value: See Paragraph 5-13 Load Resistor | —emm——e
and Figure 5-3, £5%, 75 watts
Resistor Value: See Figure 5-3, 1%, Current sampling. | ——m——=—-
30 watts (6823A) 60 watts
(68244} 20ppm, 4-Terminal.
Resistor 1 ¥a £1%, 2 watt non-inductive Measure impedance 0 0 —o——mmee
Resistor 100 ohms, £5%, 10 watt Measure impadance | —o—m=——
Capacitor 50Cuf, 50 wvdc Measure impedance | @ wmewews

NOTE

A satisfactory substitute for a differential voltmetler is to arrange a
reference voltage source and null detector as shown in Figure 5-2.
The reference voltage source is adjusted so that the voltage differ-
ence between the supply being measured and the reference voltage
will have the required resolution for the meagurement being made.
The voltage difference will be a function of the nuli detector that
is used. Examples of satisfactory null detectors are: @ 419A null
detector, a DC coupled oscilloscope utilizing differential input, or
a 50 mv meier movement with a 100 division scale. For the latter,
a 2 mv change in voltage will result in a meter deflection of four
divisions.

CAUTION

Care must be exercised when using an elecironic null detector in
which one input terminal is grounded to avoid ground loops and cir-
culating currents.

5-2



POWER SUPPLY REFERENGE
UNDER TEST YO LTAGE
SOURGE
., 5 .
20 go09
10AD
NULL DETECTOR
o 4
e e
Pigure 5~2. Differential Voltemter Substitute,

Test Setup

5=-1C PERFORMANCE TEST

53-11 The following test can be used as an incom-
ing inspection check and appropriate portions of
the test can be repeated either to check the oper-
ation of the instrument after repairs or for periodic
maintenance tests, The tests are performed using
a 115-VAC 60 Hz, single phase input power
source, They test the performance of the unit
both as a power supply and as a power amplifier,
If the correct result is not obtained for a particu-
lar check, do not adjust any controls; proceed to
troubleshooting (Paragraph 5~24),

5-12 POWER SUPPLY TESTS

5-13 Rated Qutput and Meter Accuracy. To check
the output voltage, proceed as follows:

a. Connect 40 ohm load resistor {50 ohms
for Model 6824A) across rear output terminals of
supply,

b, Connect differential voltmeter across O8
and C3 terminals of supply observing correct po-
larity,

¢, Set METER switch to VOLTS and MODE
switch to SUPPLY.

d, Adjust VOLTS/GAIN contrel clockwise
{cw) until front panel meter indicates exactly the
maximum rated positive output voltage,

e, Differential voltmeter should indicate
maximum rated positive output voltage within +£2%,

I, Adjust VOLTS/GAIN control in cow direc -
tion until front panel meter reads maximum rated
negative ouiput voltage,

g. Reverse position of input polarity switch
on differential voltmeter, Voltmeter should indi-
cate maximum rated negative output voltage with-
in £2%.

5-14 To check the output current, proceed as
follows:

a, Connect test setup shown in Figure 5-3,

UNIT
UNDER TEST
COM OUT Ry
o G AN
LOAD DIFFERENTIAL
RESISTOR VOLTMETER
CURRENT t -G
SAMPLING 7R
RESISTOR

Ry = da for 68234
= 1 for 5824A

Ry = 38n for 6823A
= 4% for 6824A

Figure 5-3., Qutput Current, Test Setup

b. Set METER swiich to AMPS,

c. Turn on supply and adijust VOLTS/GAIN
control cw until front panel meier indicates ex-~
actly maximum rated positive current.

d. Differential volimeter should read
10, 02 Vdc,

e. Reverse polarity switch on differential
voltmeter and adjust VOLTS/GAIN control cow for
maximum rated negative current,

f. Differential volimeter should again read
1x0, 02 vde.

5-15 Load Regulation, To check the Constant
Voltage load regulation, proceed as follows:

a. Connect test setup as shown in Fig-
ure 5-4,

b. Set METER switch to VOLTS,
c. Turn on supply and adjust VOLTS/GAIN
control ¢w until front panel meter indicates maxi-

mum rated positive cutput veltage.

d. Read and record voltage indicated on
differential voltmeter.

e. Disconnect load resistor.



UNIT
UNDER TEST

%
717

Ry

NOTE:

VALUE OF Ry 18 40 OHMS
FOR MODEL 6823A OR 58 OHMS
FOR MODEL 63244,

DIFFERENTIAL
VOLTMETER

Figure 5~4. Load Regulation, Test Setup

f. Reading on differential voltmeter should
not vary from reading recorded in step d by more
than 9 mVdce for Model 5823A or 15 mVde for
Model 6824A,

g. Set input polarity switch to appropriate
position. Rotate VOLTS/GAIN control cew and re-
peat steps ¢ through f for maximum rated negative
output voltage,

5-16 Line Regulation, To check the Constant
Voltage line regulation, proceed as follows:

a, Connect variable auto transformer be-
tween input power source and PS/A power input,

b, Connect test setup shown in Figure 5-4,

c. Adjust variable auto transformer for 105
or 210G Vac input,

d, Turn on supply and rotate VOLTS/GAIN
control cw until front panel meter indicates ex~
actly the maximum rated positive cutput voltage,

e. Read and record voltage indicated on
differential volimeter,

f. Adjust variable aute transformer for 125
or 250 Vac input,

¢. Reading on differential voltmeter should
not vary from reading recorded in step e by more
than ¢ mvdce for Model £€823A units or 15 mvde for
Modetl 6824A units,

h. Rotate VOLTS/GAIN conirol ccw o ob-
tain maximum negative voltage and repeat steps
d through g.

5-17 Ripple and Noise. To check ripple and
noise, proceead as follows:

a, Retain test setup used for previous line
regulation test except connect AC voltmeter ((@
403B) across output terminals instead of differen-
tial voltmeter.

b, Adjust variable auto transformer for 125
Vac input,
c. Turn on supply and adjust VOLTS/GAIN

control cw until front panel meter indicates ex-
actly the maximum rated positive output voliage,

d. AC volimeter should read less than 2 mV
rms (Model 6823A) or 10 mV rms (Model 6824A4),

e. Reverse polarity of input to ac volimeter
and repeat steps ¢ and d for maximum rated nega~-
tive output voliage.

5-18 Transient Recovery Time. To check the
transient recovery time of the supply, proceed as
follows:

a, Connect test setup shown in Figure 5-5,
YUNIT OSCILLOSCOPE
UNDER TEST & 140A

COM (/ 0{%’1‘ 3\?

THIS DRAWING SHOWS
A SUGGESTED METHOD
OF BUILDING A LOAD
SWITCH. HOWEVER,
OTHER METHODS GOULD
BE USED; SUCH AS A
TRANSISTOR SWITCHING
NETWORK., MAXIMUM
LOAD RATINGS OF LOAD
SWITCH ARE; § AMPS,
500V, 250W {NCY 2500W)

. USE MERCURY RELAY;
GLARE TYPE HGP 1002 OR
_J W.E. TYPE 276B,

% REPETITIVE
LOAD SWITGH (NOTR 1)

- Pigure 5-5. Transient Regponse, Test Setup

b. Rotate VOLTS/GAIN contrel cw to obtain
maximum rated positive output.



c. Close line switch on repetitive load

d. On pulse generator, set input frequency
switch setup.

to about 2 kHz and adjust amplitude 1o obtain
maximum rated peak-to-peak output signal on os-
cilloscope {(-20V to +20V on Model 6823A and -50V
to +50V on Model 6824A4).

d. Adjust 25K potentiometer until a stable
display is obtained on oscilloscope. Waveform
should be within the tolerances shown in Figure
5-8 {output should return 1o within 5 mv of origi-

e. Adjust oscilloscope to observe rise time
nal value in less than 100 microseconds).

of one square wave. The wave shape should be
within the tolerances shown on Figure 3-8 {output

100 should change from maximum rated negative value
U to maximum rated positive value in less than 50
psec).
SMy 5MY HEOY e e e e — e

190
t pSEC

UNLOADING TRANSIENT LOADING TRANSIENT

Figure 5=6, Transient Response Waveforms

w30V ——

e. Reverse input ¢onnections to oscillo~
scope and repeat steps ¢ and 4 for maximum rated
negative output. Figure 5-8. Typical Programming Speed Waveforms

- rogrammin ged. To check the unit's : ,
5-13 E O(;} g Sp ¥ . ) f. Check the fall time of one square wave.
programming speed, a sguare wave is applied to . ) . .
. o s . oo It should be almost identical to the rise time ex-
the unit and it is operated in the amplifier mode. . .
. ) cept for inversion.
This has the same effect as rapidly programming
the unit, up and down, in the power suppiy mode,
To make this test, proceed as follows:

5-20 Cuiput Impedance. To check the output
impedance, proceed as follows:

- 3 1 1 -7,
a. Connect test setup shown in Figure 5-7 a. Connect test setup shown in Pigure 5-9.

UNIT UNDER OSCILLOSCOPE '
TEST @ 140A VOLTMETER VOLTMETER
# 403 B & 403 B
com INDICATES Eo INDICATES By,
m OUT - G
o o %3 Lo \_p 00 000
SQUARE WAVE .
GENERATOR POWER SUPPLY CSCILIATOR
& 211 UNDER TEST #® 200 CB
G our
o coMm / our 3 \‘—_}G)
1K
AN
Figure 5-7. Programming Speed, Test Setup 100 OEM
b. Set MODE switch to AMPLIFIER and turn Figure 5-9, OQutput Impedance, Test Setup

on unit.

¢. Rotate VOLTS/GAIN control fully clock-

wise.

b. Turn on supply and adjust VOLTS/GAIN
control until front panel meter reads +10 volts

(+20 wolts for Model 68244).



¢, Set AMPLITUDE control on Oscillator to
10 volts (B:,), and FREQUENCY control to 100Hz.

d. Record voltage across output terminals
of the power supply (Eg) as indicated on AC voli-
meter, :

e, Calculate the output impedance by the

following formula:
. EcR
t =
O Ein - Eo
Lo = rms voltage across power supply output
terminals,

R = 1000
Bin = 10 volts

f. The cutput impedance {Zout} should be
less than 0. 03 chm,

g. Using formula of step e calculate output
impedance at frequencies of 500Hz and 1G0KHz.
Values should be less than 0.3 ohm and 3. 0 ohms,
respectively,

5-21 AMPLIFIER TESTS
5-~22 Gain and Freguency Response., To check the

gain and frequency response of the am'plifier, pro-
ceed as follows:

a, Connect test setup shown in Figure 5-10.

UNIT UNDER TEST OSCILLOSCOPE
\ @  140A
w COM OUY + - G
2 R R o QP
Ry

Ry = 40 OHMS, MODEL 68234
= 50 OHMS, MODEL 6824A

Limy

+ - G

OSCILLATOR
& 200CD

Figure 5~10. Gain and Frequency Response,
Tesi Setup

b. Set MODE switch to AMPLIFIER,

‘¢, Set oscillator frequency at 2KHz and
cutput at 4 Vac, peak-to-peak (Model 68234) or
19 Vac, peak-to-peak (Model 68244},

d. Adjust VOLTS/GAIN control on amplifier
to obtain 40 volt peak-io-peak (Model 6823A} or
150 volt peak=-to-peak {Model 68244) reading on

oscilloscope, Reading should be within £2%
tolerance.

e, Adjust oscillator frequency to 20 KHz
while maintaining same oscillator output voltage.

. Waveform on oscilloscope should not be
legs than 29 volts peak-to-peak {Model 6823A) or 7
71 volts peak-to-peak (Model 68244),

5-23 AC Meter Accuracy (Model 68244 Only). The
front panel meter on Modal 6824A units is capable
of measuring ac output voltages, To check its ac-
curacy, proceed as follows:,

a, Retain tesi setup of Figure 5-10,

b, Repeat steps b through d of Paragraph
522,

c. METER swiich 1o AC VOLTS peosition,
d. Front panel meter should indicate rms
value of peak output voltage indicated on oscilio-

scope (Eg pk. x 0, 707 = Egp rms).

5-24 TROUBLESHOOTING

5~25 Components within Hewlett-Packard instry-
ments are conservatively operated to provide
maximum reliability, In spite of this, parts with~
in a unit may fail. Usually the instrument must
be immediately repaired with a minimum of "down
time™ and a systematic approach as outlined in
succeeding paragraphs can greatly simplify and
speed up the repair.

5-26 TROUBLE ANALYSIS

5~27 General. Before attempting to trouble shoot
this instrument, ensure that the fault is with the
instrument and not with an associated circuit,

The performance test (Paragraph 5~10) enables
this to be determined without having to remove the
instrument from the cabinet,

5-28 Once it is determined that the PS/A is at
fault, check for obvious troubles such as an open
fuse, a defective power cable, or an input power
failure. Next, remove the top and bottom covers
{each held by four retaining screws) and inspect
for open connections, charred components, etc,
If the trouble source cannot be detected by visual
inspection, follow the detailed procedure outlined
in succeeding paragraphs. Once the defective
compongnt has been located (by means of visual
inspection or trouble analysis) correct it and re-
conduct the performance test. If a component is
replaced, refer to the repair and replacement and
adjustment and calibration paragraphs in this
section,



5~=29 A good understanding of the pringiples of
operation is a helpful aid in troubleshooting, and
it is recommended thatthe reader review Section
IV of the manual before attempting to troubleshoot
the unit in detail. Once the principles of opera-
tion are understood, logical application of this
knowledge used in conjunction with the normal
voliage Egadings shown on the schematic and the
additional procedures given in the following
paragraphs should suffice to isolate a faultto &
component or small group of components., The
normal voltages shown on the schematic are posi-
tioned adjacent t© the applicable test points
(identified by encircled numbers on the schematic
and printed wiring board). Additional test pro-
cedures that will aid in isolating troubles are as
follows:

a. Reference circuit check {Paragraph 5-31).
This circuit provides critical operating voltages
for the instrument and faults in the circuit could
affect the overall operation in many ways.

b. FPeedback loop checks {(Paragraph 5-32)..

c. Procedures for dealing with common
iroubles (Paragraph 5-33).

5-30 MNote that the above mentioned procedures
are applicable to both power supply and amplifier
operation except in a few cases which are noted
in the procedures, Generally speaking,very few

troubles that are encountered will affect the oper-
ation of the PS/A in only one of its operating
modes.

5-31 Reference Circuit. To check the reference
circuit, proceed as follows:

a. Turn VOLTS/GAIN control fully clock-
wise and set MODE switch to SUPPLY.

b. Turn-on unit with no load connected.
c. Proceed as instyucted in Table 5-2.

5-32 Feedback Circuit, Generally, malfunction
of the feedback circuit is indicated by high or low
output voltages. If one of these situations oceur,
disconnect the load and proceed as instructed in
the applicable table (5-3 through 5~6). Note that
the cooling fan in Model 6824A may interfere with
some voltage readings recommended in the foliow-
ing tables. If this cccurs, the fan may be elec-
trically disconnected in order to take the reading

-in question. However, the fan must be recon~

nected immediately after the reading has been
taken, as operation of the unit without benefit of
the cooling fan will cause overheating and proba-
ble damage.

5-33 Common Troubles. Table 5-7 provides a
tabular list of the symptoms, checks, and probable
causes for common troubles.

. Table 5-2. Reference Circuit Troubleshooting
!i Meter Meter Normal
Ster . Common Positive Indication Action

1 G 30 +22.1 £2 Vdo If normal, proceed to Step 2.
If abnormal, check VR4,Cl2Z,
R17,CR5, and CRE,

2 C 11 +6. 2 0, 3 Vdc If abnormal, check VR2,R36,
R56, VRS,

3 C 10 -6, 2 40, 3 Vdc If abnormal, check VR1,VR3,
C13,R37,R60, CR7, and CRS,




Table 5-3. High Positive Output Voltage Troubleshooting
Step Measure Response Probable Cause
1 Check fuse F2 a. Blown a, QZ,Q13, or Ql4 shorted,
CR21,CR22 or CR24 open.
b, Not Blown b, Proceed to Step 2.
2 Voltage between 23 (+) and 25 (-) | a. Less positive than +5.4V {a. CR21, or CRk22, or CR24
shorted, R61 open.
b, +5.4V to +5.7V b. Check Q10 or R22 for open.|
Check Q1 or Q% for short,
Proceed to Step 3.
3 Voliage between C and 16 a. More negative than -60V | a. Q8 open. Q7 shoried.
Q6 open,
_ ~56V to ~60V Proceed to Step 4,
4 Voltage between C and 17 More positive than +60V Q3 open. R44 shorted,
b, +54V to +60V b, Check Q4 for short.
Check QL1 for open, CR1 2
for ghort,
Table 5~4, High Negative Qutput Voltage Trouble shooting
Step Measure Response Probable Cause
1 Voltage between a. More positive than +5.7V | a. CR21, CR22, or CR24
23 (+) and 25 {~) open,
b, +5.4V to +5.7V b, Proceed to Step 2.
Z Voltage between a. 0OV or positive a. Q2,Q13 or Q14 shorted,
19 and 7,8, and ¢ Q10 shorted,
b, More negative than 0V b, Proceed to Step 3.
3 Voltage between a., Less negative than =45V a. Q8 shorted. Q7 open,
C and 18 Q6 shorted.
b, =45V to -50V b. Proceed to Step 4,
4 Voltage between a, More negative than -55V a, Q3 shorted, R64 shorted.
C and 17
Table 5~5. Low Positive Qutput Voltage Troubleshooting
Step Measure Response Probable Cause
1 Remove Q12 from circuit a, Normal positive output a, Q12 shorted
voltage R5 or R3 open or high
resistance,
b, Low positive cutput b. Reconnect Q12 and check

voltage

Ql or Q% for open, If
ncrmal, proceed to Step 2.

5-8




Table 5-5. Low Positive Output Voltage Troubleshooting (Continuad)

A Voltage between C and 16 a, Less negative than -56Y | a. Open strap between A3 -A4,
Check ~4§,2V reference for
low wvoltage, Check R13
for open.

Check R5ZA for open.
b, ~-56V to -60V b. Proceed to Step 3.

3 Voltage between C and 17 a. Less positive than +54V | a. Check R44 or R35 for open
or high resistance. Check
Q4 for open,

Table 5-6, Low Negative Output Voltage Troubleshooting
Step Measure Response Probable Cause
1 Remove Q5 from circuit a, Normal negative output a. Q5 shorted,
voliage R6 or R19 open or
high resistance,
b, Low negative output b, Reconnect Q5 and check
voliage Q2,QL3, or Ql4 for open.
If normal proceed to Step 5|
2 Voltage between C and 16 a. More negative than -56V a. Orpen strap between A3-A4,
Check RE2A for open,
Check +6,2V reference for
low voltage. Check R13
for low resistance.
b, -45V to =50V b, Proceed to Step 4.
3 Voltage between C and 17 a, Less negative than -45V a. ©Check R4 or R53 for open
or high resistance.
Check Ql1 for short, Q4
for open,

Table 5-7, Common Troubles

Symptom Checks and Probable Causes
High ripple a. Check operating setup for ground loops.
b, Ensure that unit is not crossing over to current
limiting operation under loaded conditions.
{This will be characterized by ripple in the
power supply mode and clipping of the positive
“and negative peaks in the amplifier mode).
Oscillation a. Check feedback networks; C8-R25, C5-R24,
(power supply and C7-R14, :
mode}
Distortion a, Ensure that unit is not going into current limit
(amplifier mode) operation,
b, If high frequency component of output signals

are distorted, check feedback networks;
C8~R25, C5-R24, and C7-R14.

5-9



Table 5-7, Common Troubles (Continued)

Poor Stability a. Check reference voltéges (Table 5-2).
b, Noisy VOLTS/GAIN control {RS52A}.
c., CR2Z5 through CRZ8 leaky.
d. Stage Q7 or Q8 defective.
Unit programs in a. R38 or R39 open
only one direction b. No +6, 2V or -6, 2V reference scurce,
Zero Output a, R32 or R5ZA open
b, 82 open

Fxcessive heat or pressure can lift the copper strip from the board. Avoid damage by using a low power
soldering iron (30 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 should be repaired by soldering a short lengrh of tinned copper wire across the break.

tise oniy high quality rosin core solder when repairing etched circuit boards, NEVER USE FASTE FLUX,
After soldering, clean off any excess flux and coar the repaired area with a high quality electrical varnish
or lacquer.

When replacing components with multiple mounting pins such as tube sockets, electrolytic capacitors, and
potentiometers, it will be necessary to iift each pin slightly, working arcund the components several times
until it is free.

WARNING: 1f the specific instructions outlined in the steps below regarding etched circuit boards withour
eyelets are not followed, extensive damage to the etched circuit board will result.

replaced. If lead of component passes through
an eyelet inthe circuit board, apply heaton com-

1. Apply beat sparingly to lead of component 1o be 2, Rehear solder in vacant eyelet and quickly in-

sert a small awl o ¢lean inside ofhole. If hole
does not have an eyeler, insert awl or a #37
drill from conductor side of board,

ponent side of board. If lead ofcomponent doeg
not pass through an eyeler, apply heat 6 cone
ductor side of board. CONDUCTOR
SIDE

4. Hoid part against board {aveid overheating) and
solder leads. Apply heatto component leads on
correct side of board as explained in step .

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

In the event rhat either 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,

2. Bend protruding leads vpward. Bend lead of
new component around protruding lead. Apply
solder using a palr of long nose pliers asa
heat sink.

1. Clip lead as shown below,

cLP
HERE

M

TANNRAND SAREER R REROEESERAR, SR Ear]

APPLY
SOLDER

CERRRANS, SO ASRIRRIITIEECAE. FEIIEET

This procedure is used in the field only as an alternate means of repair. It is not used within the factory.

Figure 5-11. Servicing Printed Wiring Boards
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Table 5-8; Selected Semiconductor Characteristics

Reference Characteristics # Stock No. Suggested
Designator Replacement
Q1,4,9,10 NPN 8i Power., hpg = 35 {min.} @ Lo = 1A 1854-0250 2N3442 R.C.A,

Vop = 4V. Veg {sat) = 1V (max.) @Ip = 14;

Tp= 0.1A, VBE = 1.5V (max.} @ Ic = 1A;

Vep= 4V, Power rating test Vop= 130V

I = 500mA for I second,
Q2,13,14 PNP Ger Power. Iy = 40 {min,} @ 8A, 1850-0407 B213002 Bendix

BVepp = 160V, Pwr-Digs, = 150w, FT

{max.) = 400 kHz,
CR5-10,19 8i rectifier, 500ma, 200prv 1901-0026 1N3253 R, C.A.
CR11,12, 22,

25-28 81 rectifier 200ma, 15prv 19010461 1N4828 G, E,
CR13-16 Si rectifier, 200ma, 200prv 15801-0033 1N279 Transitron
VR3~5 Zener Dicde, 22.1V 3%, 1IW. 1902-0562 IN3028 Motorola

5-34 REPAIR AND REPLACEMENT

5-35 Before servicing a printed wiring board.
refer to Figure 5-11. BSection VI of this manual
contains a tabular list of the instruments replace-
able parts. Before replacing a semiconductor
device, refer to Table 5~8 which lists the special

characteristics of selected semiconductors. If the
device to be replaced is not lisied in Table 5-8,
the standard manufacturers part number listed in
Section VI is applicable. After replacing a semi~
conductor, refer to Table 5-3 for checks and
adjustments that may be necessary.

Table 5-3. Checks and Adjustments After Replacement of Semiconductor Devices
Reference Function Check Adjust
QL. Q2, Q9,
Q13, Ql4 Regulator/Output Amplifier Load regulation (Power
Supply)
Gain/frequency response
(Amplifier)
Current limit R5 and RE
Ammeter/Voltneter track-
ing R35/R31, R43
Q3, 04, Qs,
il Error and driver amplifiers Load regulation
Q7, Q8 Differential Amplifier Line and lead regulation
Programming current R38 and R3S
Q5, Q12 Current limiting transistors Current limit R5 or R6
CRI~-CRIC Rectifier diodes Voltage across appro-~
priate filter capacitor
VRI-VRS Develop stable reference voltages Positive and negative

reference voltages
Line regulation
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Table 5-10. Calibration Adjustment Summary

Adjustment or Calibration Paragraph Control Device
Meter Zero 5-38 Pointer
DC Voltmeter Tracking 5-41 R31
AC Voltmeter Tracking 542 R43
DC Ammeter Tracking 5-43 R35
Programming Current 545 R38 and R39
Current Limit 547 R5 and R6

5~36 ADJUSTMENT AND CALIBRATION

5-37 Adjustment and calibration may be required
after performance testing, troubleshooting or re-
pair and replacement. Perform only those adjust-
ments that affect the operation of the faulty cir-
cuit and no others.. Table 5~-10 summarizes the
adjustments and calibrations contained in the
following paragraphs.

5-38 METER ZERO
5-39 Proceed as follows to zero meter:

a. Turn off instrument {after it has reached
normal operating temperature} and allow 30 sec-
onds for all capacitors to discharge.

b. Insert sharp pointed object {pen point or
awl) into the small indentation near top of round
black plastic disc located directly below meter
face.

¢. Rotate plastic disc clockwise {cw) untii
meter reads zero, then rotate ccow slightly in order
to free adjustment screw from meter suspension.
If pointer moves, repeat steps b and c.

5-40 VOLTMETER TRACKING

5-41 To calibrate dc voltmeter tracking, proceed
as foilows:

a. Connect differential voltmeter across
cutput., Connect positive lead to common terminal
on rear of PS/A.

k. Set METER switch to VOLTS and MODE
switch to SUPPLY. Adjust VOLTS/GAIN control cow
until differential voltmeter reads exacily the max-
imum rated negative cutput voltage.

c. Adjust R31 until front panel meter also
indicates maximum rated output voltage.

5-42 To calibrate ac veltmeter tracking, proceed
as foilows:

a. Connect test setup shown in Pigure 5-18
except remove load resistor Ry.

b. Set MODE switch to AMPLIFIER and og~
cillator freguency to 2 k¥Hz.

c. Adjust VOLTIS/GAIN control for 100 volt
peak-to-peak reading on oscilloscope.

d. Set METER switch to AC VOLTS and ad-
just R43 to obtain 35.35 voli rms reading on front
panel meter.

5-43 AMMETER TRACKING

5~44 To calibrate ammeter fracking proceed as
follows:

a. Connect test setup shown on Figure 5-3.
b. Set METER switch to AMPS.

c. Turn on supply and adjust VOLTS /GAIN
control cw until differential voltmeter reads
1.0 vde.

d. Adjust R35 until front panel meter indi-
cates exactly the maximum rated positive output
current.

5-45 PROGRAMMING CURRENT

5-46 To calibrate the programming current, pro-
ceed as follows:



a. Connect differential volimeter across
output terminals.

b. Set MODE switch to SUPPLY and turn on
unit.

c. Set VOLTS/GAIN control fully cw and
FINE/ZERO control to mid-position.

d. Adjust R38 so that differential voltmeter
reads +20. 2 Vdc {Model 6823A) or +52 Vdc (Model
6824A).

e. Set polarity switch for minus input and
rotate VOLTS/GAIN control fully ccw.

f. Adjust R39 szo that differential voltmeter
reads -20. 2 Vdc {Model 68232) or ~52 Vd¢ (Model
6824A}.
5~-47 CURRENT LIMIT ADJUSTMENT

5-48 To adjust the current limit so that the unit
can be used to furnish maximum rated cutput cur-

rent, proceed as follows:

a, Connect test setup shown in Pigure 5-3
except connect variable transformer between input
source and PS/A.

b. Short out load resistor (Ry).

c. Set MODE switch to SUPPLY. Adjust
variable transformer for 105 Vac input {low line).

d. Turn on supply and rotate VOLTS /GAIN
controls fully clockwise.

e. Adjust R5 until differential voltmeter in-
dicates +1.5 Vdc¢ for Model 68234 or +1.2 Vde for
Model 6824A. Set position of input polarity
switch for minus input and rotate VOLTS/GAIN
control fully ccw.

f. Adjust R6 until differential volimeter in=-
dicates ~1.5 Vde for Model 68234 units or -1.2
vde for Model 68244 units.



SECTION VI
REPLACEABLE PARTS

6-1 INTRODUCTION Takle 6-1. Reference Designators (Continued)
6-2 This section contains information for ordering P = plug V = vacuum fube,
replacement parts. Table 6-4 lists parts in alpha- Q = fransistor neon bulb,
numeric order by reference designators and provides R = resistor photocell, etc.
the following information: 5 = switch VR = zener dicde

a, Reference Designators. Refar to Table 6-1, T = transformer X = socket

b, Description. Refer to Table 6~2 for ab- T8 = terminal block Z = integrated cir-
breviations, s = thermal switch cult or network

c. Total Quantity (TQ)., Given only the first
time the part number is listed except in instruments
containing many sub-modular assemblies, in which
case the TQ appears the first time the part number
ig listed in each assembly. Table 6~2, Description Abbreviations

d, Manuvfacturer's Part Number or Type,

e, Manufacturer's Federal Supply Code Num- A = ampers mir = manufacturer
ber, Refer to Table 6-3 for manufacturer's name and ac = glternating mod, = modular or
address, current modified

f. Hewlett~-Packard Part Number, assy, = assembly mtg = mounting

g. Recommended Spare Parts Quaniity (RS) bd = board n = nano = 1073
for complete maintenance of one instrument during bkt = bracket NC = normally closed
one year of isclated service, oC = degree NG = normally open

h1, Parts not identified by a reference desig- Centigrade NP = nickel~plated
nator are listed at the end of Table 6~4 under Me~ cd = card a = ohm
chanical and/or Miscellaneous. The former consists coel = coefficient obd = order by
of parts belonging to and grouped by individual as- comp = composition description
semblies; the latier consists of all parts not im- CRT = cathode-ray 0D = cutside
mediately associated with an assembly. tube diameter

CT = center-tapped | p = pico = 10-12
6-3 ORDERING INFORMATION dc = direct current P.C. = printed circuit
DPDT = double pole, pot., = potentiometer
6-4 To order a replacement part, address order or doubie throw p~p = peak-to-peak
inquiry to your local Hewlett—-Packard sales office DPST = double pole, ppm = parts per
{see lists at rear of this manual for addresses), single throw million
Specify the following information for cach part: elect = electrolytic pvr = peak reverse
Model, complete serial number, and any Cption or encap = encapsulated voltage
special modification {J) numbers of the instrument: F = farad rect = rectifier
Hewlett~Packard part number; circuit refersnce deg- op = degree ms = root mean
ignator; and description. To order a part not listed Farenheit square
in Table 6~4, give a complete description of the fxd = fixed Si = gilicon
part, its function, and its location. Ge = germanium SPDT = single pole,
) = Henry double throw
Hz = Hertz SPST = single pole,
Table 6~1. Reference Designators 1C = integrated single throw
circuit 88 = small signal
A = assembly E = miscellaneous ID = inside diameter| T = glow-blow
E = blower {fan) electronic part incnd = incandescent tan. = tantulum
C = capacitor F = fuse k = kilo = 103 Ti = titanium
CB = circuit breaker |7 = jack, jumper m = milli = 10-3 v = volt
CR = diode X = relay M = mega = 10° var = varlable
DS = device, signal- | L = inductor o = micro = 1070 ww = wirewound
ing (lamp) M = meter met, = metal W = Watt

o
1
e



Table 6-3.

CODE
NO, MANUPACTURER ADDRESS
00629 | EBY Sales Co., Inc, Jamaica, N.,Y,
30656 | Aerovox Corp. New Bedford, Mass,
00853 | Sangameo Electric Co.
S. Carolina Div, Pickens, 8.C.
01121 {Allen Bradley Co, Milwaukee, Wis,
01255 { Litton Industries, Inc,
Beverly Hills, Calif,
01281 | TRW Semiconductors, Inc.
Lawndale, Calif,
01295 | Texas Instruments, Inc,
Semigonductor-Componenis Div,
Dallas, Texas
01686 |RCL Electronics, Inc. Manchester, N, H,
01930 | Amerock Corp. Rockford, Ili,
02107 |Sparta Mig, Co. Dover, Qhic
02114 |Ferroxcube Corp, Saugerties, N,Y.
02606 | Fenwal Laboratories Morton Grove, Ili,
G2660 |Amphenol Corp. Broadview, Iil,
02735 |Radio Corp. of America, Sclid State
and Recelving Tube Div, Somerville, N.7T.
03508 [G.E. Semiconductor Products Dept,
Syracuse, N,Y.
03797 jEldema Corp. Compton, Calif.
03877 | Transitron Electronic Corp.
Wakefield, Mass,
03888 | Pyrofilm Resistor Co, Inc,
Cedar Knolls, N7,
04009 lArrow, Hart and Hegeman Electric Co.
Hartford, Conn.
04072 |ADC Electronics, Inc, Harbor City, Calif,
04213 |Caddell & Burmns Mfg, Co. Inc.
: Mineola, N.Y,
04404 {*Hewlett~Packard Co, Palo Alto Div,
Palo Alto, Calif,
04713 jMotorela Semiconductor Prod. Inc.
Phoenix, Arizona
05277 {Westinghouse Electric Corp,
Semiconductor Dept. Youngwood, Pa,
05347 | Ultronix, Inc, Grand Junction, Colo.,
05820 |Wakefield Engr, Inc. Wakefield, Mass.
06001 |General Elect., Co, Electronic
Capacitor & Battery Dept, Irmo, 8.C.
06004 [Bassik Div. Stewart~Warner Corp.
Bridgeport, Conn,
06486 |IRC Div, of TRW Inc,
Semiconductor Plant Lynn, Mass.,
06540 |Amatom Elecironic Hardware Co, Inc.
New Rochelle, N,Y,
06555 |Beede Electrical Instrument Co,
Penacook, N.H.
06666 |General Devices Co, Inc.
Indianapolis, Ind,
06751 [BSemceor Div, Compenents, Inc,
Phoenix, Arizona
06776 [Robinson Nugent, Inc. New Albany, Ind.
06812 [Torrington Mig., Co,, West Div.
Van Nuys, Calif,
067137 }Transistor Elecironics Corp,

Minneapolls, Minn,

Code List of Manufactursrs

CODE
NO. MANUFACTURER ADDRESS
07138 | Westinghouse Eleciric Corp,
Electronic Tube Div, Elmira, N.Y,
37263 | Fairchild Camera and Instrument
Corp, Semiconductor Div,
. Mountain View, Calif,
37387 } Biricher Corp. , The Los Angeles, Calif,
37397 | Svivania Electric Prod. Inc.
Sylvania Electronic Svystems
i Western Div, Mountain View, Calif,
07716 | IRC Div, of TRW Inc, Burlington Plant
Burlington, Iowa
07910 | Continental Device Corp.
Hawthome, Calif,
37933 | Raytheon Co. Components Div.
Semiconductor Operation
Mountain View, Calif,
(38484 | Breeze Corporations, Inc, Union, N.T.
38530 | Reliance Mica Corp. Brooklyn, N.Y.
08717 | Sloan Company, The Sun Valley, Calif,
08730 | Vemaline Products Co. Inc, Wyckoff, N.T,
038806 | General Blect. Co. Minla-
ture Lamp Dept, Cleveland, Ohnic
08863 | Nylomatic Corp. Norrisville, Pa,
08919 | RCH Supply Co. Vernon, Calif,
09021 | Airco Speer Electronic Components
Bradford, Pa.
39182 { *Hewlett-Packard Co, New Jersev Div,
Berkeley Heignts, N.T,
09213 | General Elect, Co. Semiconductor
Prod. Dept. Buffaleo, N.Y.
09214 | General Elect, Co, Semiconductor
Prod, Dept, Auburn, N,Y,
(06353 |C & K Components Inc. Newton, Mass.
08922 | Bumndy Corp. Neorwalk, Conan,
11115 | Wagner Eleciric Corp.
Tung-S0l Div., Bloomfield, N.T.
11236 {CTS of Beme, Inc, Berne, Ind.
11237 | Chicago Telephone of Cal, Inc,
So, Pazadena, Calif,
11502 |IRC Div, of TRW Inc., Boone Plant
Boone, N.C.
11711 [General Instrument Corp
Ractifier Div, Newark, N.T.
12136 | Philadelphia Handle Co. Inc.
Camden, N.JT.
12615 (U, S, Terminals, Inc, Cincinnati, Qhio
12617 i Hamlin Inc. Lake Mills, Wisconsin
12697 [Clarostat Mig., Co. Inc, Dover, N, H,
13103 |Thermalloy Co. Dallas, Texas
14493 | *Hewlett~-Packard Co, Loveland Div,
Loveland, Colo,
14655 jCornell-Dubilier Blectronics Div,
Federal Pacific Electric Co,
Newark, N,T.
14936 |General Instrument Corp, Semicon-—
ductor Prod. Group Hicksville, N.Y.
15801 | Fenwal Llect. Framingham, Mass.
16299 |Corning Glass Works, Electronic

Componeants Div, Raleigh, N.C.

*Use Code 28480 assigned to Hewlett-Packard Co.

, Palo Alio, California
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Table 6~3,
CODE
NO. MANUFACTURER ADDRESS
16758 | Delco Radio Div. of General Motors Corp.
Kokomo, Ind,
17545 | Aztlantic Semiconductors, Inc,
‘ Asbury Park, N.7,
17803 | Fairchild Camera and Instrument Corp
Semiconductor Div, Transducer Plant
Mountain View, Calif,
17870 | DPaven Div. Thomas A, Ediscn Industries
McGraw-Edison Co. Orange, N, J.
18324 | Signetics Corp. Sunnyvale, Calif,
19315 [ Bendix Corp. The Navigation and
Conirol Div, Teterboro, N.J.
19701 | Flectra/Midland Corp.
Mineral Wells, Texas
21520 | Fansteel Metallurgical Corp.
No. Chicago, Il1,
22229 | Union Carbide Cerp., Electronics Div,
Mountain View, Calif,
22753 | UID Electronics Corp. Hollywood, Fla.
23836 | Pamotor, Tnc, Pampa, Texas
24446 | General Blectric Co. Schensctady, N.Y.
24455 | General Electric Co, Lamp Div, of Con-
sumer Prod, Group
Nela Park, Cleveland, Ohio
24655 | General Radio Co. Waeast Concord, Mass,
24681 | LIV Electrosystems Inc Memcor/Com-
ponents Operations Huntington, Ind.
26882 | Dynacool Mfg. Co, Inc. Saugerties, N.Y.
27014 | National Semiconductor Corp.
Santa Clara, Calif,
28480 | Hewlett-Packard Co. Palo Alto, Calif,
28520 | Heyman Mfg. Co, Kenilworth, N. T,
28875 |IMC Magnetics Corp.
New Hampshire Div, Rochester, N, H,
31514 | SAE Advance Packaging, Inc.
Santa Ana, Calif,
31827 |Budwig Mig. Co, Ramona, Calif,
33173 |G,E. Co. Tube Dept. Owensboro, Ky.
35434 jlectronm, Inc. Chicago, Tl
37942 {P.R. Mallory & Co. Imc,
Indianapolis, Ind,
421390 {Muter Co, Chicago, Il
43334 | New Departure-Hyatt Bearings Div,
General Motors Corp. Sandusky, Ohio
44655 | Ohmite Manufacturing Co. Skokie, I,
46384 |Penn Engr, and Nifg., Corp.
Doylestown, Pa,
47904 | Polarcid Corp, Cambridge, Mass,
48656 |Ravtheon Co, Lexington, Mass,
55026 |Simpson Eleciric Ce., Div. of American
Gage and Machine Co. Chicago, Iil.
56289 |Sprague Blectric Ce. North Adams, Mass.
58474 |Superior BElectric Co, Bristol, Conn.
58849 {Syniron Div, of FMC Corp.
Homer City, Pa,
58730 |Thomas and Betis Co. Philadelphia, Pa,
1637 {Union Carbide Corp, New York, N,Y.
83743 |Ward Leonard Electric Co.

Mt, Vernon, N, Y.

Code List of Manufacturers (Continued)

CODE
NO, MANUFACTURER ADDRESS
70563 | Amperite Co, Inc. Unien City, N.J.
70901 | Beemer Engrg, Co, Fort Washington, Pa,
70903 | Belden Corp. Chicago, IlL
71218 | Bud Radio, Inc, Willoughby, Ohio
71279 | Cambridge Thermionic Corp.
Cambridge, Mass,
71400 { Bussmann Mfg, Div, of McGraw &
Edison Co, St. Louis, Mo,
71450 1 CTS Corp, Elkhart, Ind,
71468 | 1. T. T. Cannon Electric Inc.
Los Angeles, Calif,
71590 | Globe~Unicn Inc,
Centralab Div, Milwaukee, Wis,
71700 | General Cable Corp, Cornish
Wire Co, Div, Williamstown, Mass,
71707 | Coto Coil Co. Inc, Providence, R.I,
71744 | Chicago Miniature Lamp Works
Chicago, Il
71785 | Cinch Mfg., Co. and Howard
B, Jones Div, Chicago, Ill,
71984 | Dow Coming Corp. Midland, Mich,
72136 | Electro Motive Mfg, Co. Inc.
Willimantic, Conn,
72619 | Dialight Corp, Brooklyn, N.Y.
72699 | General Instrument Corp. Newark, N.TJ.
72765 | Drake Mfg, Co. Harwood Heights, 111,
72962 | Elastic Stop Nut Div, of
Amerace Esna Corp, Union, N.T.
72982 | Erie Technological Products Ing. Frie, Pa.
73086 | Hart Mfg. Co, Hartford, Conn,
73138 }| Beckman Instruments Inc,
Helipot Div, Fulierton, Calif,
73168 | Fenwal, Inc. Ashland, Mass,
73293 | Hughes Alrcraft Co, Electron
Dynamics Div, Torrance, Calif,
73445 | Amperex LDlectronic Corp,
Hicksville, N.,Y,
73506 | Bradley Semiconductor Corp.
New t{aven, Conn,
73559 | Carling Eleatric, Inc, Hartford, Conn,
73734 | Federal Screw Products, Inc.
Chicago, Iil.
74193 | Heinemann Flectric Co, Trenton, N.T,
74545 | Hubbell Harvey Inc, Bridgeport, Conn,
74868 | Amphenol Corp, Amphenol RF Div.
Danbury, Conn,
74870 [ E.F. Johnson Co. Waseca, Minn,
75042 | IRC Div. of TRW, Inc, Philadelphia, Pa,
75183 | *Heoward B, Jones Div. of Cinch
Mig, Corp. New York, N.Y.
75376 | Xurz and Kasch, Inc. Davyton, Chio
75382 { Kilka Electric Corp. Mi, Vernon, N.Y.
75915 | Littlefuse, Inc. Desg Plaines, {1l
76381 | Minnesota Mining and Mfg, Co.
5t, Paul, Minn,
76385 | Minor Rubber Co, Inc, Bloomfisld, N.]T.
76487 [James Millen Mfg. Co. Inc,
Malden, Mass,
76493 1. W, Miiler Co, Compton, Calif,

*Use Code 71785 assigned to Cinch Mfg, Co., Chicage, Il
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Code List of Manufacturers [Continued)

Table 6-3,
CODE
NO. MANUFACTURER ADDRESS
76530 | Cinch City of Indusiry, Calif,
76854 | Cak Mfg. Co. Div, of Qak
Electro/Netics Corp. Crystal Lake, Iil.
77068 }| Bendix Corp., Electrodynamics Div,
No. Hollywood, Calif,
77122 | Palnut Co. Mountainside, .7,
77147 | Patton-MacGuyer Co, Providence, R. I,
77221 | Phaostron Instrument and Electronic Co,
South Pasadena, Calif,
77252 | Philadelphia Steel and Wire Corp,
Philadelphia, Pa,
773421 American Machine and Foundry Co,
Potter and Brumfield Div. Princeton, Ind,
77630 ] TRW Electronic Components Div,
Camden, N.T.
77764 | Resistance Products Co, Harrisburg, Pa,
78189 | Illincis Tool Works Ine., Shakeproof Div,
Blgin, I,
784521 Everlock Chicage, Inc. Chicago, Il
78488 | Stackpole Carbon Co. . BSt. Marys, Pa,
78526 | Stanwyck Winding Div, San Pernando
Electric Mfg, Co, Inc. Newburgh, N.Y.
785531 Tinnerman Products, Inec, Cleveland, Chio
785841 Stewart Stamping Corp, Yonkers, N.Y.
791361 Waldes Kohinoor, Inc. L.LLC., N.Y.
79307 | Whitehead Metals Inc, New York, N.Y.
78727 | Continental-Wirt Electronics Corp,
Philadelphia, Pa,
789863 | Zierick Mfg. Co, Mt, Kisco, N.Y.
80031 | Mepco Div, of Sessions Clock Co,
Morristown, N.T.
802941 Bourns, Inc, Riverside, Calif,
81042 | Howard Industries Div, of Msl Ind. Inc,
Racine, Wisc,
81073{ Gravhtil, Inc, La Grange, IlL
81483 | International Rectifier Corp.
El Segundeo, Calif,
81751 § Columbus Electronics Corp, Yonkers, N. Y.
820991 Goodyear Sundries & Mechanical Co. Inc.
New York, N,Y.
82142 | Alrco Speer Electronic Components
Du Bols, Pa,
822191 8vlvania Electric Products Inc,
Electronic Tube Div. Raceiving
Tube Operations Emporium, Pa,
82389 | Switcheraft, Inc. Chicago, IIL
B2647 | Metals and Controls Inc. Control
Products Group Attlebore, Mass.
82866 | Research Products Corp. Madison, Wis,
82877 ] Rotron Inc, Woodstock, N.Y.
82853 | Vector Electronic Co, Glendale, Calif,
83058 | Carr Fastener Co, Cambridge, Mass.
831861 Victory Engineering Corp.
Springfield, N.T,
832881 Bendix Corp. Eleciric Power Div,
Eatontown, N, 7.
833301 Herman H, Smith, Inc. Brookiyn, N.Y.
83385} Ceniral Screw Co, Chicago, Il
83501 ] Gavitt Wire and Cable Div, of

Amerace Egna Corp, Brookfield, Mass,

6-4

CODE
NG, MANUFACTURER ADDRESS
83508 1 Grant Pulley and Hardwars Co.
Weast Nyack, N,Y,
83554 | Burroughs Corp. Electronic
Components Div, Plainfield, N.7J.
838351 U. S, Radium Corp. Morristown, N.J.
83877 | Yardeny Laboratories, Inc,
New York, N.Y,
841711 Arco Electronics, Inc. Great Neck, N, Y.
844111 TRW Capacitor Div, Ogallala, Neb,
86684 ] RCA Corp, Electronic Components
Harrison, N.T.
86838 | Rummel Fibre Co. Newark, N.,T.
87034 Marco & Oak Industries a Div. of Osk
Blectro/netics Corp, Anaheim, Calif,
87216} Philco Corp, Lansdale Div. Lansdale, Pa.
875851 Stockwell Rubber Co. Inc.
Philadelphia, Pa.
8792% | Tower-OQlschan Corp, Bridgeport, Conn,
88140 Cutler~-Hammer Inc, Power Distribution
and Control Div. Linceoln Plant
Lincoln, 11,
882451 Litton Precision Products Inc, USECO
Div, Litton Industries Van Nuys, Calif,
806341 Gulton Industries Inc, Metuchen, N.J.
90763 United~Car Inc, Chicago, I,
91345 Miller Dal and Nameplate Co,
El Monte, Calif,
91418 | Radio Materials Co, Chicago, Til,
91506 Augat, Inc, Attleboreo, Mass,
91637 | Dale Blectrenics, Inc, Columbus, Neb,
31662 | Elco Corp. Willow Grove, Pa.
891929 | Honeywell Ing, Div, Micro Swiich
Freeport, IlL,
92823 | Whitso, Inc. Schiller Pk., Ili,
933321 Sylvania Electric Prod. Inc. Semi-
conductor Prod. Div, Woburn, Mass.
934101 Essex Wire Corp. Stemco
Centrols Div, Mansfield, Chio
94144 Raytheon Co. Components Div,
Ind, Components QOper. Quincy, Mass,
894154} Wagner Electric Corp,
Tung=Sol Div, Livingsion, N.J.
942221 Southco Inc, Lesgter, Pa,
952631 Leecraft Mig. Co. Inc, L.I.C,, N.Y.
95354] Methode Mfg, Co. Rolling Meadows, Iil.
35712] Bendix Corp, Microwave
Devices Div, Franklin, Ind,
95987 i Weckesser Co, Inc. Chicago, I,
96791 | Amphenol Corp, Amphenol
Contrels Div, Tanesville, Wis,
97464 | Industrial Retaining Ring Co.
Irvington, N.T,
977021 IMC Magnetics Corp. Eastern Div.
Westbury, N.Y.
98291} Sealectro Corp. Mamaroneck, N,Y,
98410 ETC Inc, Cleveland, Ohic
98978 | International Electronic Research Corp,
Burbank, Calif,
99934 | Renbrandt, Inc. Boston, Mass,




Reference Mir, Part # Mir, ¢
Designator Description Quantity or Tvpe Mir, Code Stock No, R3
cl,2,86 fxd, elect 10pf 100vdc 3 30DI0EFPIC0ODC2 Sprague 5628% 0180~0091 i
C3 fxd, film . 1uf 200vde 1 192P10492 Sprague  5628% 0160-0168 1
C4 fxd, Mica 390upf 500vde 1 RCM15E391T Arco 04082 0140-0037 i
C5,9 fxd, Mica 150puf 500vde 2 RCMI15E151T Arco 04052 0140-0067 H
C7,8 fxd, Mica 100upf 500vdc 2 RCMI15E1017 Arco 04062 0140-0041 1
C190,11 fxd, elect 3000pf 80vde 2 D42492 HLAB 09182 0180~1987 1
C12,13 fxd, elect 200uf 85vdc 2 D31842 HLAB 09182 0180-1854 1
Cl14,15,18,

17 . fxd, ceramic ., G5uf 500vde 4 33C17A Sprague 56289 0150-0052 1
C18,19 fxd, film , 0022pf 200vdc 2 192pP22292 Sprague 56289 01600154 1
CR1-4 Rect, si, 3A 200Cprv 4 MRI032B Motorela 04713 1901-0416 4
CR5-10,1% Rect. si. 500ma 200prv 7 IN3253 R. C. A, 02735 1301~-0389 )
CR11,12,22,

25-28 Rect, si., 200ma 15prv 7 HLAB 08182 1901-04861 6
CR13-16 Rect. si, 200ma 200prv 4 HLAB 08182 1901-0033 4
CR18 Rect, si, 70V 100prv 1 1IN91 G, E, 03508 1911-0001 1
CR21,24 Rect. si. 2,4V 150ma P4 HLAB 09182 1901~04860 2
DSs1 Lamp, Neon part of 81 ass'y Ref, HLAB 09182 2140~03244 1
Fl Fuse Cartridge (AC)

3A @ 250V 3AG 1 312003 Littlefuse 75913 2110-0003 5
FZ Fuse Cartridge (DC)

ZA @ 250V 3AG 1 312002 Littlefuse 75913 2110-0002 5
Q1,4,9,10C Power NPN si, 4 HLAB 08182 1854~-0250 4
Q2,13,14 Power PNP Ger, 3 HLAR 08182 1850-0407 3
Q3 S8 NPN si, 1 40422 R.C. A, 02735 1854-0253 1
Q5,11 58 PNP si, 2 ZNZ2907A Sprague 56289 1853-009% 2
Q6 88 PNP si, SELECTED for

Bycep > 100V 1 40362 R. C. A, 02735 1853~0041 1
Q7.8,12 88 NPN si. 3 2N3417 G.E. 035608 1854-0087 3
R1,2,12,

19,58,59  fxd, ww 1. 0n £5% & Type BWH LR C. 077156 0811-1672 2
R3, 4 fxd, ww ,5la £5% 2 Type BWH LR.C. 07716 0811-0929 1
R5, 6 . wvar, ww 5a 2 Type 110-F4 C.T. 8. 11236 2100~-1821 1
R7 fxd, film 27.4K £1% /8w 1 Type MF5C T-C Electra 19709 0757-0452 1
R8 fxd, ww 39, £5% 1 Type BWH LR.C, 07716 0811-2244 1
RS9 Ixd, comp 91Kn 5% tw 1 EB-2135 A B, 01121 0686-9135 1
R10, 64 fxd, comp 27~ £5% tw 2 EB~2705 A, B. 01121 0686-2705 1
R11 fxd, ww , 24, 5% 1 Type BWH LR C. 07716 0811-1758 1
R13, 36, 37,

56, 60 - Ixd, comp 510a %5% tw 5 EB-5115 A B 01121 0686-5115 1
R14,24,57  fxd, comp 5,1Kn £5% +w 3 EB~5125 A B 01121 06865125 1
R15417,55 fxd., ww 1K £5% 5w 3 Type S5XM W, L 63743 0812-009% 1
R18 NOT ASSIGNED - - - - - -
R18 fxd, comp 50~ %£5% 5w 1 243E5005 Sprague 56289 0811-1854 1
R29Q, 21 fxd, met, ox 47K~ 5% 2w 2 Type C428 Corning 16299 0764~05031 1
R22 ixd, comp 4,74 5% 3w 1 Type BB A. B, 01121 0698-0003% 1
RZ3 ixd, comp 6,8Ka £5% tw 1 EB~6825 ADB 01121 06866825 1
R25,62,63 fxd, comp 100~ £5% Lw 3 EB-1015 AB 01121 0686~-1015 1
R26 ixd, comp 13Ka £5% Lw 1 EB-1335 A B 01121 0686-1335 1
R27 ixd, comp 4.3Kn +5% 2w 1 EB~4325 AR 01121 06864325 1
R28 ixd, comp 11Kn £5% Lw 1 EB~1135 A B 01121 0686-1135 1
R29 fxd, comp 5.6K. £5% 4w 1 EB-5625 A B 01121 0686-5625 1
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Reference Mfr. Part # Mir. &
Designator  Description Quantity or Tvpe Mir Code Stock No. RS
R30 fxd, ww 1o £5% 5w 1 Type 5XM W. L. 63743 . 0811-1340 1
R31,43 var. comp .25Kn Series 70 2 HIAB 03182 2100~1534 1
R32,41,42 Ixd, met. film 2. 74K~ £1% 4w 3 Type MF6-CT-O Electra 19707 07570742 1
R33 fxd, comp 100Ka £5% Fw 1 EB-1045 A.B. 011zl 0686-1045 1
R34 fxd, comp 2.2Kn 5% Lw 1 EB-2225 A.B, 01121 0686-2225 1
R35 var. ww 250n 1 Type 110-F4 C.T.8. 11236 21G0-0438 1
R318, 39 var. ww 1Kn 2 Type 110-74 C.T.8. 11236 2160-0381 1
R4 fxd, comp 1 MEGn £5% tw 1 ER-1055 A.B. 01121 0686-1055 1
R44 fxd. ww 10Kn £1% 5w 1 HLAB 0g182 D811-1866 1
R45 fxd, met. film 3Kn £1% /8w 1 Type CEA T-O I.R.C. 07716 0757-1083 1
R46 fxd, comp 15Ka £5% 1w 1 GB-1535 A.B. 01121 0689-1535 1
R47 fxd, met. film 600~ £1% 1/8w 1 Type CEA T-O I.R.C 07716 0757-11C0 1
R48 fxd, met. film 3.01Kn 1% 1w 1 Type MF6-C T-0O Elecira 19709 0757-0339 1
R49 fxd, met. ox 5.1Kn 5% 2w 1 Type C428 Corning 16299 0698-3644. 1
R50,65 dIxd. ww 1.5K £5% 5w 2 Z43E1525 Sprague 56289 0811-1863 1
R51 fxd, comp 33Ka +5% Iw 1 EB-~3335 A.B. 01121 0686-3335 1
R52 var, ww DUAL 5K -25K 1 HIAB 09182 2100~-1805 1
R53 fxd, comp 1.8Ka £5% lw 1 EB-1825 A.B. 01121 0686~1825 1
R54 fxd, comp 1Kn #5% 1w 1 EB-1025% A.B. 01121 0686-1025 1
R61 fxd., ww 10K £5% 3w 1 242ZE1035 Sprague 56289 (0811-18l6 1
51 Switch (Pilot Lite} ON/OFF 1 54-561681 - 26 AlE OCak 87034 3101-0100 1
82 Switch, Wafer Mode 1 HIAB 08182 31001917 1
33 Switch, Walfer~-Meter 1 HIAB 09182 3100~1916 1
T1 Power Transformer 1 HILAR 09182 9100-1883 1
VR1, 2 Diode zener 6.2V £5% 2 1N821 N.AL 06486 1902~-0761 2
VR3, 4,5 Piode zener 22.1V £5% lw 3 HLAB 09182 1902-0562 3

Chassis~side formed (right} 1 HLAB 09182 06824~-00001
Chassis-side formed (left) i HLAR 09182 £6824-00002
Panel - front 1 HILAB 09182 (6824-00003
Chassls - rear 1 ELAB 09182 06824-00004
Heat sink 1 HLAB 09182 06824~-20002
Bracket - P.C. Board 2 HLAB 09182 06824-00C0G5
Cover Z HLAB 09182 - 5000-6092
Angle Guard 1 HIAB 49182 06824-20001

5 Way binding post {marcon) 2 DFZ1 Mn. HIABR 39182 1510-0040 1
5 Way binding post {black) 3 DF 21 RC Superior 58474 "1510-0039 1
Line cord plug PH151 7% ft. 1 KH-4096 Beldon 70903 8120-4030 i
8train relief bushing 1 SR=5P=] Hevco 28520 C400-0013 1
Knob } insert pointer 2 HIAR 09182 0370-0084 1
Xnob 17 /64 insert pointer 1 HLAB 09182 0370-0101 1
Knok 3/16 1 HLAB 09182 0370-0179 1
Jumper 4 422-13-11013 Cinch 71785 0360~1143 1
Barrier strip 1 HLABR . 09182 (3360-1285 1
Rubber bumper 4 MBS0 Stockwell 87575 0403-0088 1
Rubber bumper 6 4072 Stockwell 87575 0403~-0086 i
Delrin standoff -% Pia.

5/8 long 8-32 tap 3 HLAB 09182 06380~0701 1
phenclic standoff$ Dia.

5/8 long 6-32 thread 2 £694~-PH 0632 Amatom 06540 0380-0702 1
Bezel 3 MOD 1 HLAB 09182 4040~0294 1
Fuse holder 2 342014 Littlefuse 753815 1400-0084 1
Lockwasher 1 1224-08 Shakeproof 78189 2190-0037 H
Nut 1 803-12 Littlefuse 73915 2850~0038 1
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Reference Mfr. Part # Mfr. )
Designator Description Quantity or Type Mifr. | Code Stock No. RS
‘ Meter H/P 31" size
0-60V 0-1. 2A zero center 1 HIAB 09182 1120-1124 1
Spring 4 HLAR 09182 1460-CZ256 YA
Fan Motor 1 HLAR 09182 3140-0010 1
FPan Blade 4 inch dia. 1 4RHB183B P. M. Motor NONE 31600028 1
Fagiener i0 C8091632-24B Tinnerman 850372 0510-0275 2
Captive nut 10 CLA-832-2 Penn. Eng. 46384 §5380-0395 2
Spacer {br. cad. pl) 2 46 x 1 Lg HLAB 09182 0380-0716 1
Swage nut (NI Pl
6~32 x 3/16 Lg) 4 110211 Fed. S8cr 73734 0380-0390 1
Mica insulator A 734 Reliance (08530 0340-0174 1
Insulator, Transistor pin 10 HIAB 0638182 03448-0166 Z
Insulator 10 HLAB 09182 0346-0168 2
Transistor Socket 5 HLABR 09182 12000044 5

&-7



HEWLETT - PACKARD [ SALES AND SERVICE

ELECTRONIC
SALES & SERVICE OFFICES

UNITED STATES

ALABAMA

8240 Whiteshurg Br., §.£.
o.G. Box 4297
Hunstville 35802

Tel: (205) 881-4591

TWX: BI0-725-2204

ARIZONA

2336 £, Magralia 8L
Pheenix 35034

Tal; (602) 244-1381
TWX: 810-953-1330

2424 Eas! Aragon Hd.
Yueson BEYOS
Tel: {802) 389-4561

CALIFORNIA

1430 East Grangethorpe Ave
fullarton 97631

Tel: (724} §70-1000

TWX: 910-592-1238

3333 Lankershim Boylevard
North Hollywosd 61804
tel {213 477.1282

PWX: 310-499-2170

£513 Arizona Place
Les Angeles 90045
Tel: {233) 776-7500
TWX: 910-328-8148

1101 Embareadern Rasd
Pala Afta 94203

Tel- (415} 3276500
TWX: 910-373-1280

2220 Watt Ave.

Sacramenta 935325
Tef: (316} 482-1483
TWX: 910-367-2092

4608 Aero Drive
£.0. Box 23333
San Diege 92123
Tel: {714) 279-3200
TWX: $10-335.2060

COLORADD

5600 South Ulster Parkway
Englewood BCLI0

Tei: {303 771-3455

PWX: 910-935.0705

CONNECTICUT
12 Lgnar Drive
New Haven 05523
Tai: (203} 3856551
TWX: 7i0-465-2029

FLORIDA

P Q. Hox 24210

2808 W, Oakland Park Blvd,
Ft, Lauderdale 33307

Yei: {305} 731-2010

TR 530-955-4093

P.0. Box 13010

§177 Lake Ellenor Br.
Orlanda, 32803

Tel (305 559-2000
TWX: 810-859-0113

GEORGIA

P.0. Box 28234

450 Interstate Horth
Atlanta 30328

Tel: {404} 436-8161
TWX: 810-766-4830

HAWAN

2875 Sa. King Strest
Honsluly 56514

Tei: (BOB) 955-4455

LLIKDIS

5500 Howard Strest
Skekle £0075

Tel: 1312} §77-0460
TWX: 916-223-3613

INDIANA

3839 Meadows Ovlve
{ndlatapotis 46205
Tel: {317) 545-4891
TWX: 819-341-3262

WA

1902 Broadway

tewa City 93240

Teh: (319) 338-9466
Hight: (319) 338-8487

EOUISIANA

p. 0. Box 848

3239 Witliams Boulevard
Ranner 76062

Tel: {504) 723-6201
TWX: 5109-955.5524

MARYLAND

§707 Whitestone Roat
Baitimere 21207

Tel: (301) 9445400
W% 710-862-9357

20030 Century Bivd.
Sermantawr 20787
Tai; (31) 428-0730

P.G. Bex 1648

2 Choke Cnerry Road
Rackyitle 20830
Tel: (301} 848-6370
TWX: 710-828-9684

MASSACHUSETYTS
32 Hartweil Ave,
Lexingten 02173
Teb: (617 861-395C
TWK: 710-326.8504

MICHIGAN

23855 Research Drive
Farmingten 48024
Tel: (313) 476-54C0
TWX: 810-242-2500

MINNESOTA

2459 University Avenue
St, Paulf 65114

Tek: (812) 6453462
TWX: 916-563-3734

MISSOURE

11131 Colorads Ave.
Kanzas Gty 64337
Tat; {816) 763-8000
TWX: 910-771-2087

148 Welden Parkway
Maryland Heights 83043
Tzlb: {314) 567-1455
TWX: 910-764-0830

*NEVADA
Las Vegas
Tel: (702) 3825777

KEW JERSEY
W. 120 Centwry Re
paramus 07652
Tel: (261) 265-5050
TWK: 719-890-4951

NEW MEXICO

P.0. Box £356

Station €

50T Lomas Boulevard N.E,
Rlbuguersue £7108

Tel: (505} 265-3713

TWX: Q10-9BS-1685

155 Wyatt Drive
Las Srucas 88001
Tel: {505) 526-72485
TWX: $10-983-085C

NEW YORK

5 Automation Lane
Computer Park
Alkany 12205

Tei: {518) 458-1550
TWX: 710-441-B270

1219 Campville Road
Endicott 13750

Teie {647} 754-0050
TWH: 510-252-0890

MNew Yark £ity

Manhattan, Brosx

Contact Paramus, Ni Ottice
Tek: (201} 265-5000
fimoklyn, Queens, Richmond
Contact Woodbury, NY Office
Tel: {516) 921-0360

32 washinglon Street
Paughkzepsle 12601
Tel: (814} 454-7330
TWX: 510-248-0012

38 Saginaw Drlve
Rochester 14623
Tel: (718} 473.9500
TWX: 516-232-55¢81

5858 Ezst Malloy Road
Syracuse 13211

Tel: {313} 454-2486
TWX: 718-541-0482

1 Crossways Fark West
Woadhury 11787

Tel: {516) 321-0300
TWX: 510-221-2168

NORTH CAROLINA
£.0. Box 5188

1923 North Main Strest
High Paint 27262

Tal: (§19) 885-8101
TWX: $146.628-1516

SOUTH CAROLINA
G941-0 N. Trenhoun Road
Columbtia 25250

Tei: {803} 782-8483

OHiG

16500 Spragee Road
Glevetand 44130
Tak {216} 243-7300
Night: 243-7365
TWX: 810-423-9431

130 Progress Rd.
dayten 25443

Fel: (513) 858-8202
TWX: B10-450-1825

6665 Busch Bivd.
Galumius 43229
Tei: ($14) 848.1300

OKLAHOMA

£.0. Box 32008
Oktahigma City 73132
Tei: (405) 721-0200
TWX: 916-830-6862

OREGOR

17880 SW Boones Ferty Road
Tualatin §7062

Teie {503) 620-3350

WA 910-457-8714

PENNSYLVANIA
111 Zeta Drive
Pittsburgh 15238
Tel: (412 782:0400
Nignt: 782-040%
TWX: 710-795-3124

1927 Bih Avenue

ing of Prussia Industrial Park
King of Prussia 19406

Tel: {245) 265.7000

TWX: 518-660-2670

RHODE ISLAND
273 Walsrman Ave.
fast Provicance 02914
Tei: (401} 434-5535
TWX: 710-381.7573

*TENNESSEE
remahis
Tel; {901) 274.7472

TEXAS .

£.0. Sox 1270

201 E, Arapaho R,
Richardsen 73880
Tal: {214) 2316101
WX 910-867-4723
£.0. Box 2740%
G300 Westpark Drive
Suite 106

Houstor 77027

Tal: (713) 7B1-6000
TWX: 810-B8T-2645

231 Bily Mitchel! Road
Sar; Antonin 78226
Tak {51Z) 4344171
TWX: 910-B71.1170

UTAR

2890 South Mala Street
Salt Lake City 84115
Tek: (801) 487.0715
TWX, $10-5625-5681
VIRGENIA

P.0. Box 88354

2914 Hungary Springs Road
Righmand 23228

Tel: (B04) 285-3431
TWE: 71.0-956-0157
WASHINGTON
Betlafieid Oftice Pk,
12073 - 114tk SE
Befievue 53004

Tal: {206) 4543971
TWK 910-343-2446

*WEST VIRGINIA
Charleston
Tel: (304) 345-164Q

WiISCONEIN

9431 W. Beleit Road
Suite 11V
Mijwaukee 53227
Tel: (414} B4L-G850

FOR LS, AREAS NOT
LISTED:

Contact the reglonat otflce near-
est you: Affanta, Georgia ...
North Hollywaod, Galffarnia. ..
Parzmus, New Jersey . . . Skokle,
Hitoois. Thelr complete ad-
dresses are fisted 2hove.
*Sarvice Only

CANADA

ALBERTA

Hewlett-Packard [Canada} Lid.
11748 Kingsway Ave.
Egmanton TSG 0X5

Tel: {403; 452-3670

TWX: 610-831-2431

Hewiatt-Packard (Canada) Lid,
915-42 Avenue 5.E.

Calgary Y206 171

Tel: {403) 2624279

BRITISH COLUMBIA
Hewleit-Fackard {Canada} Lid.
837 E. Cordova Sireet
Vancouver V8A 3R2Z

Tel: (B04) 2540531

TWX: 5I0-922.5059

MANITOBA
Hewlett-Packard [Canada) ild.
513 Century St

$i. James

Winnipeg RIH 88

Tal: (204} 786-7881

TWX: 6310-871-3531

NOVA SCOTIA
Hewlett-Pacikard {Sanada) Lid.
2745 Dutch ViHage Rd.

salifax 831, 467

Teh (902} 455-0511

YW BI0-271-4482

ONTARIDQ

Hawigtt-Packard (Canada) Ltd.

1785 Woodward Or.
Bttawa K2C SPS

Tei: {813} 2256530
TWX: 6350.562-89568

Hewielt-Facksed (Sanada) Lid,

5877 Goreway Drive
Mississauga LAV 119
Tal (416) §78-9430
TWX: §10-482-4246

QUEBEC

Hewiett-Fackard {Canada) Lid.
276 Hymus Boulevard

Psinte Claire HOR 167

Tel: {518} 561-8520

TWK: 6}0-422-3022

tefex. 05-821521 HPOL

stewlett-FPackard (Canada) Lid.
2375 Galvani Strest

Ste-Foy QIR 4G4

Tel: (418} 688-8710

FOR CANADIAN AREAS NOT
LISTED:

Contact Mewiett-Packard {(Can-
ada) Ltg, in Mississauga

CENTRAL AND

ARGENTINA
Hawlatt-Packard Argentina
S.AC.el

Lavaile 1171 -3

Bugnns Alres

Tel: 35-0438, 35-0627, 350341
Teigx: 0121009

Cabla: HEWPACK ARG

BOLIVIA

Stambuk & Mark {Beltvlz) LTRA,
Ayv. Mariscal, Santa Cruz 1342
ia Far

Tel: 40828, 53163, 52421
Telex; 3560014

Cable: BUKMAR

BRAZIL

Hewlatl-Fackard Do Brasil
i.E.C. Lida.

Rua Frej Cangca 3119
01307-8ac Paula-SF

Tel: 2887113, 287-5858
Telex: 304151/2/3

Cabie: HEWPAGK Sao Paulo

Hewlett-Packart Do Brasi
LEG. Lida,

Praca Dom Faliciane, 78
90000-Perta Alegre-RS

Rin Grande do Sul (RS} Brasii
Tal, 988470

SOUTH AMERICA

Hewiett-Packard Do Brasil
1.E.C. Lida.

Ruz da Matrlz, 28

20060-Rin de Jangire-GB

Tel: 265-7643

Telex: 210079 HEWPACK

Gable: HEWPACK Rio de Janeire

CHILE

Waetor Calcagni y Cia, Lida,
Casifta 16.475

Santiage

Tel: 423 98

Gable: CALCAGN! Santiage

COLOMBIA
Instrumentacion

Henrik A. Langebaek & wier S.A.

Carrera 7 No. 48-49
Apartade Adreg 5287
Begeta, 1 D.E.

Tel: 45-7806, 45-55-46
Cable: ARRIS Hogofa
Telax: 444D0INSTCO

COSTA RICA

Lic. Alfredo Gailegns Gurdidn
Apartade 10159

San Jagé

Tels 21.86-13

Cahle: GALGUR San fosé

ECUADOR

Laharatoriss de Radlo-ingenieria
Catle Suayaquil 1246

Post Office Box 3189

Quito

Tal: 217-496; 213183

Cable: HORYATH Quite

EL SALVADGR

Electranic Assoclates
Apartadg Postal 1687

Centrs Comercizl Glgante

San Salvador, £i Saivader GA.
Pasen Escalon 4648-4° Pise
Teb: 23-44-60, 23-32-27
Cable: ELECAS

GUATEMALA

IPESA

Avenida La Referma 3-48,
Tonz §

Guatemala

Tei: 63627, 64736

Telex: 4192 TELTRE GU

MEXICE

Howlett-Packard Mexicana,
5.4, de C.V.

Torres Adaild %o 21, 11° Pise
Col. del Yalle

Mexica 12, DF.

Teb: 543-42-32

MICARAGUA

Roberio Ferdn G.
Apzrtuda Postat 689
Editicio Terdn

Managua :

Tel: 3451, 3452

Cable: ROTERAN Managud

DPANAKMA

Efectrbnice Balboa, §.A.

9.0, Box 4§28

fve. Manue] Espinosa No, 13-50
Bidg, Alina

Panama Gty

Tet: 230833

Telex: 3481103, Curunda,

Canal Zong

Cabie: ELECTRON Panama Gity

PARAGUAY

Z. i Melamed $.8.L

Pivision: Aparatos ¥ Egquipos
Medicns

Division: Aparates ¥ Equipos
Scientificos y de
investigacion

P.0. Hox 676

Onlle, 482, Edificio Victoria

Asuncian

Telt 4.5069, 46272

Cable: RAMEL

PESU

Compafiiz Eisctra Médica 8.4
Ave. £nrisue Ganaval 312
San lsidrg

Casiilz 1030

Lima

Tel: 22.3300

Capfe: ELMED Lima

PUERTG RiCO

San Jusn Electrenics, ine.
P.0. Box 5167

#prce ge Leon 154

Pda. 3-PTA de Tierra

Sai Juan 00808

Tet: {800} /25-3342, 7223342
Cable: SATROMICS San luan
Telex: SATRON 3450 332

URUGUAY

Patlo Ferrande S.A.
Camerchal e Industriat
Avenida [talia 2877
Casiila de Correo 370
Mantevides

Tel: 43-3162

gahle: RARIUM Montevideo

VENEZUELA
fHewlest-Packard de Yenezuels

C.A.

Agartade 50933

Edificio $egre

Tergers Transversal

Los Ruices Norte
Caragas 107

Tel: 3500-11

Teigxn: 21146 HEWPACK
fable: HEWPACK Caracas

FOR AREAS NOY LISTED,

CONTACT:
Howlett-Packard
Fter-Americas

3200 Hliiview Ave.

Pato Altp, Cafifornia 34304
Tei {415) 4931501

TWA 310-373-1267

Cable; HEWPAGK Pal Alte
Tefex: 034-8300, 034-3493
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HEWLETT - PACKARD [ SALES AND SERVICE

EUROPE

AUSTRIR
#ewlett-Packard Ses.m.oH
Handelska 5273

PO Box 7

A-1205 ¥iesna

Tei: (9722} 33 66 05 0 N9
Cabies HEWPRR Vienna
Tetex: 75023 hewgak a

BELGIUM

Hewlelt Packare Benalex
SR,

Avenue de CobVert, 1,
(Greeskraagiazn}

B-1170 Brussels

Tel: (02) 72 22 A0

Cabie: PALOBEN 3russals
Teler: 23 434 paloben bru

DENMARK
Hawle!t-Packard A/S
Datave] 38

OK-1460 Birkergd
Tek (51) 81 66 40
Cabie: HEWPACK AS
Tefex: 166 4 by 45

Hewlett-Pockard A3

Toryet 9

BK-3500 Siikaborg
Tei: {08 B2-T1-68
Telek: 166 40 hp as
Cabie: HEWPACK AF

FINLAND:
Hewlat:-Packard Oy
Bulevardl 26

7.0, 8% 12185

SF-09120 Helsinki 12

Teh (98] 13730

Gahie: HEWPALKOY Helsinki
Tefax: 12-15363 hel

FRANCE
Hewieth.Packard France
Quartier de Courtaboeu!
Bolta Postaie No. &
F-41d0r Oraay

Tel: {3] 907 78 15
{able: REWPACK Drsay
Telex: &0048

Hawlatt-Packard France
Agenes Reglonal

4 Qual des £lroits
F-£332i Lyan Cedex |
Tel: (78} 42 €3 45
fahle: HEWPACK Lysn
Telex: 31517

Hewlett-Pachard France

.Zone Aérgrautique

Avenue Clement Adsr
£-31770 Cafamiers
Tel: (B1) 86 31 6%
Fetex: 51957

Hawlett-Packard france
Agence Réglonale
Baylevard Ferato-Gamarra
fsite Postale No. 11
F.13100 Luynes

ef: {47) 24 00 56
Telex: 41770

Hewett-Packard France
Agency Régionals

£3. Avanue ¢e Rocheéster
£-35000 Rennas

Tei: {3%) 36 33 2}
Tefex: 74312 F

Hewlett.Packard Framee
Apence Régionaia

74, hifée de 1z Robertsan
F.87000 S$trasbourg

Tel: (B9 3% 23 20421
Tefex: 89141

Cabie: HEWPAGK 5TRBS

GERMAN FEDERAL
REPUBLIC
Hewlelt-Packard GmbH
Vertriebszentrale Frankfust
Surnersirasse 117

Postfach B80 3140

B-5000 Frankiurt 56

Tel: (0611) 50 04-1

Cable: HEWPACKSA Frankfurt
Telex: 41 32 44 fra

Hewiett-Packard Grahid
Wertriehshiirg Bhimgan
Herrencargerstrazze 110
D-7030 Bhblingen, Wirttemberg
Tal: {67031) §6 72 B7

Cahis: HEPAK Bbblingen

Tatgy: 22 65 718 obn

Hewletl-Pagkard GralH
Vertrlsbshiro Dussaidort
Vogelsangar Weg 38
0-4000 Dadsseidorf

i {0211) £3 80 31/38
Tefex: 85788 533 hpdd d

Hewiett-Packard GmbH
Vertrichsblro Hamhurg
Wendenstr, 23

D-2000 Hamburg 1

Ted: {340] 24 13 83

Cable: HEWPACKSA Hamburg
Terex: 23 63 032 hoha §

Hewtett-Packard Gmdi
Weririebshim Hannover
Meliendorfer §krasse 3
D-3000 Harmover-Kieefeht
Tei: {0621} 35 06 26

Hewett-Packard GmbH
vertriehsbure Nuremberg
Hershrucherstrasse 42
23500 MNurembarg

Ted: {3911} 57 30 66
Telex: 623 860

Hewlalt-Packard GrmbH
VertriehshBro Mincher
dntgrhachingar Strasse 28
15AR Eanter

0.8012 Ottobrann

Tes: (G8%) BT 30 6147
Telex: 52 29 8%

Sabler HEWPACKSA Micher

{West Bertin)

Henglett-Packard GoabH
Yertriebshilrn Berila
Wilmarsdorfer Strasse 1137114
D-1G0% Bardin W, 12

Tol: (030) 3137046

Teiex: 18 34 05 hpbin o

GREECE

Hestas Karayannis

18, Ermou Street
GR-Athens 176
080337, B0AG35Y,
8080429, BOLEE93
CGabie: RAKAR Athens
Telexs 21 5% 62 rkar ¢

Hewlett-Packerd S.4.

Mediterranean & Midgle East

Gperations

35 Kolokotronl Stregt

Piatiz Kefaliarian

Gr-Kitissia-Athens

Tel: 2085337, BOBO35S,
B585429, BOLAGY3

IRELANG
Hewtatt-Packard Ltd.

224 Bath Hoad

6B-Slough, L1 4 0§, Bucks
Taf: Staugh (D753} 33341
Cahle: HEWPIE Slough
Takex: §48413

Hewielt-Packard Lid.
The Braftons
Stamiord New Road
Altrincham, Chashire
Tel: (861) 528-5021
Telex: G6BOGE

ITALY

Hewiat-Packard [taftana Sp A,
Via Amerige Vespucci 2
20124 Mitan

Tet 421 6251 (10 ooy

Lable: HEWPACKIT Milan
Teiex: 37046

Kewletb-Packard Italiena S.p4.
Ylcato Pastorl, 3

135100 Padgva

49) BB 40 62

Telew: 32046 via Milan

Hewlett-Pachard ilaliana SPA
Via Medaglie ¢"Qrg, 2

1-S8100 Pisx

Tel: (950} 500622

&

Hewlett-Packard itallana S.pA,
wig Cafli, 24

L0729 Turin

Tel: {11} 53 82 64

Teien 32045 via Mijan

LUXEMBLRG
vawiall-Packard Aenelux
SA/REY

Rienee de Coi-Vert, 1,
(Greenkraagiaan)

8-1170 Brussels

Tel: 103/02) 72 22 49
Cable: PALOBEN Brussels
Telars 23 594

NETHERLANDRS
Hewizit-Packard Benelux/NV.
Weerdestein 117

P.0. Box 7825

Mi-Amsterdam, 1011

Tel: 5511622

Cable: PALOBEN Amsterdam
Telex: 13 214 hepa al

NORWAY

Hawlett Packard Herge A/S
Hesveien 13

Sox 143

#-1344 Hasium

Tel: (077 53 82 60

Feles: 16621 hpnas A

PORTUGAL
Telectra-Empresa Téenica g2

Equipamentos ETéetricas S.auri.

fya Rodrige da Fanseca 103
F.Q. Bax 2531

#-Lishon 1

Tek: {19; 68 60 72

Cable: TELECTRA Liston
Telex: 1592

SPAN

Hewletl-Packard Espafiafa, S.A
Jerer No 8

£-Madrit 13

Teh 458 26 90

Taiex: 23515 npe

Hewlett-Packard Espadiois, §.A.
Wilanesade 21-23

£-Barpiena 17

Tet: {3} 207 52 Q0

Tetex: 52653 hphe &

Hewieit-Packard Espaaoja S.A.
v Ramon v Cafad,

Ediflzio Sevitia 1, p!aata 53
E-Saviile

SWEDEN

Hewlett-Packard Sverige AB

Znlghetsvagen 1-3

Fack

3-151 2¢ Sromma 20

Ted (A8} 730 0550

Cable: MEASUREMENTS
Stocithalm

Tetex: 15721

Hawlett-Packard Sverige AR
Hagakersgatan 9C

5-43% 41 Méndal

Tek 1631) 27 6B 00/
Telex: Viz Bremma

SWITZERLAND

Hewlet! Packard (Schweiz) AG
Zlircherstrasse 26

P.2, Boy 64

CH-3852 Schlieren Jurich
Tef: {01} 92 18 21724

Cable: HPAG CH

Telex: 53933 hpag oh
Hewfe!t-Packard {Schwaiz] AG
9, Chemin Louis-Pictat
CH-1214 Varnier—Gengys
Tef: t022) 41 4350

Lable; HEWPACKSA Cenava
Telex: 27 323 hpse ok

TURKEY

Teiekom Inglacering Buresu
Sagfk So% No. 15/1
Ayaspasa-Beyogiu

P.0, Box 437 Beypgie
TR-1stanbul

Teh: 48 40 A

Qatle: TELEMAHQN {stanbul

UNITED KINGDOM
Rewlett-Prekatd Lid.

224 2ath Read
GB-Stough, SEL 4 DS, Bucks
Tel: Siough (0753} 33341
Gable: HEWPIE Sleugh
Telex: RAB41Z
Hewletl-Packard Lid.
“The Graftoas”

Starmfard New Road
G8-Ritrincham, Cheshire
Tei; (061} 8258021
Telex: BEBOEE

Hewlett-Packard, 1id.

/0 Makro

South Service Wholesale Centre
Aember Way

Haiesowen Industrial Estate
:8-Wores.

Tei; Sirmingham 7860

Hewleth-Packard Lid's registered
address far VAT, purpases
ofmiy:

72, Finshuty Pavement

Londan, EC2AISK

Registered Ng: §90557

SACIALIST COUNTRIES
PLEASE CONTACT:
Hewlelt-Fickard Ges.m.bH.
Handeiskal 52,3

P.0, Box ?

A205 Vienay

Ph: 102221 31 58 06 to 6%
Gabie: HEWPACK Wienna
Telex: FHZI hewpak 2

ALL OTHER EJHOPEAN

COUNTRIES CONTACT:

Hewlett-Paciserd 5.4,

fAue du Bois-dudaen ¥

P.0. Box 3%

CH-I217 Meyrln 2 Seneva
Switzerland

Tef: {0223 41 54 0D

Lanle: REWPACKSA Geneva

Teigx: 724 46

AFRICA, ASIA, AUSTRALIA

ANGOLA

Telectia-Empresa Tecnica
de Equipamentss Electricos
SARL

Rua de Barhosa, Rodrigues,
&0, D1°
#.0. Box 6ag7

Laandz
Cable: TELECTRA Luanda

AUSTRALIA

Hewlelt- Packard Australia
Py,

3154 jasenn Strest
Vittarls, 3130

Tek 89 5351
Cable: HEWPARD Melbourne
Tetex: 31 024

Hewdatt. Packanﬂ Australia
Py L

31 Brl #ge strest

Pyrngis,

Hew South Walus, 3073

Tel 448 556§

Telex: 21581

Catite: HEWPARD Sydney

Howlel-Packarg Australia
Ply. Lid.

37 Churchili Road
Prospect 5UEZ

South Austeatia

Fel: 44 8151

Gable: HEWPARD Adelaide

Rewlett-Pachard Aystraflz
Py, Lig.

Lasablotea Buildings
196 Adelaige Terrace
#erth, Vi &, 6003

Tel: 258800

Cable: HEWPARD Perin

[tewhett-Packard Australiz
Py, Lid.

18 Weoliey Strast

A0, Box 183

Bickssn B.6.7. 2602

Tal: 498154

Cable: HEWPARD Canberra ACT

HewletbFarkard Austraila
Pty. itd.

2ne Fioor, 49 Gregory Terraca
Srizhane, Quasnsiang, 4000
Tal: 28 154%

CEYLON

United Electricals L.
P.g. 8ox

£, Park S,

Gefomba 2

Tal: 26696

Cabfe: BOTPOINT Colomba

CYPRUS

Kypronies

19 Gregoiios & Xeropoulos Road
.0, Jox 1152

£Y-Nicgsla

Tel: 43528/2%

Gable: KYPRORICS PANDEHIS

ETHIORIA

African Salaspawer & Agency
Private Ud., Go.

£, 0. Box 718

58/59 Cunningham St

Atfdis Abada

Tel: 12288

Cabie: ASACO Addisahaba

HGNG KONG

Schmldt & Co. ideng Hong) Lig,
P.0. Sox 257

Conrnallght Centre

asth Fioer

GConnaupht Apag, Central

Hang Xoag

Tai: 240168, 227735

Telex: HX4768

Cable: SEHMIETCO Hong Xong

INDIA

Biye Star Lid,
Kastari Bufldings
lamshedl Tata Rd.
Bummbay 408 020
Tal: 20 5¢ 21
Telex: 3751

Cable: BLUEFROSY

Blus Star itd.

Sahas

41472 Vir Savarkar Marg
Prabiadevi

Bumbay 400 025

Tek 45 78 87

Telex: 4093

Cable: FROSTBLUE

Bige Star ttd.
Bang Box House
Prabhadev]
Somaay 400 025
Tel: 43 73 01
Teiex: 4751
Cable: BLUESTAR

Blue Stor Lud,
14/40 ¢ivil Lines
Katapur 208 001
Tel: § 84 82
fable; BLUESTAR

Blue Star, Lt

7 Hare Straet
PO, Box 506
Lafentta 700 003
Tel: 23-0131
Teiex: 655
Cable: BLUESTAR

Blue Star Ltd.
Bius Star House,
34 fing RAzad
iajpat Nagar
New Belhi 130 024
Tel: 62 32 76
Telex: 2463
Cablg: BLUESTAR

Blye Star, Ltd.

Blue Star House
L1/11A Magarath Road
Bangalore 560 025
Tel: 55668

Talex: 430

Cable: BLUESTAR

Blye Star, Lid.
£1-11771

Satoinl Devi Road
Secanderabad 500 063
Tel: 7683 91,7 7353
Gzble. DLUEFROST
Telex: 459

Blue Star, Ltd.

23/24 Second Llne Peach
Madras 5§00 D91

Tek 23854

Tekex: 37%

Gabie; BLUESTAR

Brue Star, Lta
Hathrej Mansions
2ne Fleor Bistupsr
Jamshedpar 831 001
Tel: 38 04
Cabie: BLUESTAR
Telexs 240

INDONESIA

ash Bolon Trading Goy. NV,
Daizh Merdeka 29
Bandung

Tei: 4915; 51660

Sabis: LMY

Felex: 08-809

IRAN

Muiti Carp internatianal Lid.
Avenue Soraya 138

b.o, Box 1212

iR-Teheran

Tef: 83 14 35-3%

Cable: MULTICORP Tehran
Telex: 2843 Gl TN

1SRAEL

Electronies & Enginesring
v, of Motoraia iszael Lid.

17 Aminagav Street

Tel-Aviv

Tel: 35941 (3 llnes}

{able: BASTEL Teb-Aviv

Tatex: 33568

JAPAN
Yokagaws-Hewlett-Packard L.
Ohashi Bullding

1.53-% Yoyogi

Shibuya-ku, Takys

Tels 03-370-2281/92

Telex: 232.2024YRP

Cable: YHPMARKET 70K 23-724

Yohogaws-Hewtett-Packard tid,
Nisel ibaragi Bldg

.28 hzsuga

aragh-Shi

Bsaka

Tek (0728) 23-164%

Tetex: $3%2.385 YHP 0SAKA

YoKogawsHowtetl-Peokard L1d.
Naksmo Buliding

Ho. 24 Kamisesatima-cho
Nakamura-ku, Nagaya City
Te: (052) 5715371

Yokogawa-Hewleit-Packard Lid.
Nitts Bldg.

2.4-2 Shinghara-Hita
Kokoku-kur

Youehanta 222

Tel: §45-422-1504

Telex: 332-3204 YHP YOK

Yokogawa-Hewkett.Packard Ltd.
Gliug 8ldg.

Rm. 603 3,

T-Chome

1ZUMI-CHE,

Mk, 210

Tel: §292-25-747%

KENYA

#enya Kinetics
R0, Jox FAJ1L
Hairobi, Kenys
Tel: 57726
Cable: PROTON

KOREA

American Trading Company
Kazga,

1.2.0. Box 1103

dae Hyurg Bldg., 8th Floar

107 Sejang-Ro.

Chosgro-Ki, Seew!

Tal: (4 Haes) 73-B924-7

Cabie: AMTRACG Seou!

LEBANON

Constantin £. Macridls

F.0. Box ¥2I3

RL-Bairut

Tel: 220848

Cable: ELECTRONUCLEAR Beliut

MALAYSIA

WECEMA Malaysia Lid,

2 Loegng FA/6A

Section 23

Petailng taya, Selangar
Cable: MECOME Kuala Lumpur

MOZAM BIQUE

AN, Gongaives, 1ta.
162, Av. B. Luis

2.0, Sox 107

ipurenco Marquas

Ted: 27031, 27114
Telex; 6-203 Negon Mo
Lable: NEGON

NEW ZEALAND
Hewlett-Packars (N.2.} L.
64.95 Dixon Street

PO, Box 9443

Lfourtenay Place,

Wellinglon

Tel: 53-558

Te|ar: J805

{able: HEWPACK wellingion

Hewizit-Packard (N.L} Ly,
Pakuranga Frofessianal Ceatrs
267 Pakurarga Hlghway

Ho 51682

Pakuranga

Ted; 569-55]1

Latle: HEWPACK, Auckiang

NIGERSA

The Zlectronfcs lnst!umema-
tions Ltd, (TEIL}

154 dgtge Motor Rd., Mashin

P.0. S0x 6545

tagos
Cable: THETELL Lagos

The Elactronics instrumenta
Hens L4, (TEIL}

26t Floor Catoa House

P.M.A. 5402

taadan

Ted: 22328

Cable: THETEIL Hadan

PAKISTAN

Mushikn & Campany, (td.
Dosmar Chambers

AbduHah Harggn Read
Karach 3

Tei: 5E1027, 512827

Cable: {OOPERATOR Karzchl

Mushke & Sompany, Ltd,
388, Satellite Town
Rawalpindl

Tel: 51924

Cable: FEMUS Rawalpingi

PHILIPPINES

Electromex, Ing,

Blh Floar, Amaigamated
Bevelopment Gorn. 8idg,

Ayala Avenue, Makati, Rizat

C.C.R.C. Bex 102E

Meakati, Rirsl

Tel: 86-18-87, 87-76-27,
87-86-84. B7-18-45, EB $1-T1,
B3-51-12, 83-82-12

Cable: ELEMEX Maniia

SINGAFORE

Mechanical & Combustion
Ergineerlng Company Ple.,
id,

10/12, Jalan Kiiarg

Red Hill industrial Estate
Slagapere, 3

Tet: 847152 {7 lines)
Cabie: MECOMB Slngapore

Hewlett-Packard Far £ast
Arez Office

2.0, Byx 87

Alexandrs Post Office
Singapore 3

Teh £33022

Cable: HEWPACH SINGAPORE

SCUTH AFRICA

Hewtolt Packard South Africa
(Pty.), Lid,

Hewiett-Packard House

Caphne Straet, Wendywood,

Sandtan, Transvaal 2001

Tel: 407841 (five {ines}

Hewlett Packard South Africa
[Py, L,

Breecastle House

free Steest

Lzpa Town

Teh 2-6941/2/3

Cahle: HEWPACK Cape Yown

Tejax: 004§ CT

Hewiatl Fackard Seuth Africa
Py, Lt

441 Rldge Read, Dutban

P9, Box 43

Overpart, Nafal

Tal: 88-5102

Tekex: 567954

Labier HEWPACK

TAIWAN

Hewleltt Packard Talwan
39 Chung Shiao West fisad
ec. T

Qverseas Ipirance
Corp. Bidg. 7t Figer
Talpet

Tei; 389160,1,2, 373121,
Exr. 240-249

Tewx: TP824 HEWPACK
Gable: HEWPACK Taipai

THAILAND

LMIMESA Co, Ltd,
Capngkaines Biilding

%6 Suriwongse Roag
Hangkak

Tel: 37456, 31308, 31347,

7540
Cable: EAIMESA Bangkok

LGANDA

Uganda Teie-Eisctric Co., Lid,
P.0. Box 4443

Kampala

Tel: 57273

Gabie: COMCO Kampala

VIETNAM

Peninguiar Trading ine.

PO, ox H3

216 Hen-Yaeng

Salgos

‘tei: 20-409, 93398

Cable: PENTRA, SAICOH 242

ZAMBIA

R. 3. Tibury (Zambia) Ltd.
P.0. Box 2792

Lusaka

Zambia, Central Africa
Tel: 73793

Lable: AUAYTEE, Lusaka

MEDITERRANEAN AND
MIDDLE EASY COUNTRIES
NOY SHOWN PLEASE
CONTACT:

Haw|ett-Packard S.A,
Mediterranean and Middle
East Operations

75, Kofokatrani Street—
Platia Kafatizripy
GR-Kifissia—Athing
Catile: HEWPASKSA Athaus
Tetex: 21-6588

GTHER AREAS NOT
LISTED, CONTACT:
Hewlei-Packard

Expurt Trade Company
3200 Hlibview Ava.

Fale Alto, Califernia $4304
Teh (435) 4831501

TWE: 9102731287

Gable: HEWPACK Pale Alts
Tetex: 034-8300, 034-8452

E #/74
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MANUAL CHANGES

Mode!l 6824A DC Power Supply
Manual HP Part No. 06824-90001

Make all corrections in the manual according to errata below, then check the following table for your power
supply serial number and enter any listed change (s) in the manual,

SERIAL MAKE
Prefix " Number CHANGES
ALL - Lrrata
6F 0361 -~ 0710 1
6F 0711 - 0760 1,2
6F 0761 - 0880 1,2,3
6F 0881 - 1060 1,2,3,4
&6F 1061 -~ 1100 1 thru 5
6F 1101 - 1140 1 thru 6
10264 1185, 1123, 1 thru 8, and 9
1128, 1135,
1138, 1137

0C 1141 - 1180 1 thru 7
1026A 1181 - 1220 1 thru 8
1027A 1221 - 1360 1 thru 9
1027A 1361 - 1540 1 thru 10

C 1027A 1541 - 1570 | 1 thru 11
1027A 1571 - 1660 1 thru 12
10274 1661 - up 1 thru 13

ERRATA:

In the replaceable parts list and on the schematic
diagram, make the following changes:
Q%, 1l: Change to §8 PNP 81 HP Part No,
1853-0099,
R10; Change value on schematic 1o 27.., Value
in parts list is correct,
R1,2,12,1%,58,39: Change to HP Part No.
0811-1666, Value remains unchanged.
Rubber Bumper: Change total guantity from 6 to 4,

In Paragraph 1-13, add Option 07: Finer Volts
Gain Control, Allows greater accuracy in sefting
the supply/amplifier output. The option consists
of changes inthe following parts {1 sach):
R52A (Volts Gain): 5%a, £5%, LO-turn, HP Part
No, 2100-1885,
R32B (Fine Zerq): 25k, £5%, HP Part No,
2100-1862,
Kncb: HP Part No, 0370-0137,

Modified TFront Panel: HP Part No., (6824-60002.

Under QUTPUT IMPEDANCE on Page 1-3, change
the last sentence to read as follows:
"less than 3 from 1kHz to 10kHz and less than
30n from 10kH=z to 100kH=z, "

On Page 5-3, change the caption of Figure 5-2 to
read:
Differential Volimeter Substitute Test Setup.

In Table 1-1, make the following changes:
PROGRAMMING SFEED:;
Less than 50usec are required to program be-
tween ~25V and +25V. Less than l7psec are
required to program between 10% and 90% of

the half-voltage span.

Legs than 125usec are required to program he-
tween ~50V and +50V, Less than 25usec are
required to program between 10% and 90% of
the maximum veltage span.

TREQUENCY RESPONSE:
DC to 20kHz (£3dB) at half-rated cutpui (25V,
50V p~p).
BC to 10kHz (3dB) at full output.

DISTORTION:
Qutput distorticon is less than 0.02% at 1kHz
and half~rated output,

MAXIMUM PHASE SHIFT (at Half-Rated Cutput):
(No further changes.)

CHANGE 1:

In the replaceable parts table, make the following
changes:
QE: Change to 88 PNP §i., $82108, Motorola,
HP Part No. 1853-0037.
Fan Motor: Change to Howard 1175-06-4155,
HP Part No. 3140-0406,
Fan Blade: Change to Howard 6-128-125,
HP Part No. 3160-0098,

CHANGE 23

In the replaceable parts table make the following
changes:
C1i0¢,11: Change to HP Part No. 0180-2193,
Clamp (C10,C11): Add 2, HP Part No, 0160-21489,

CHANGE 3:

In Section II of the manual, add the following note
to the instructions for rack mounting two uniis:

NOTE

When rack mounting two units, atiach
the sides of the units together using
the 6-32 screw {supplied with the
14525A rack kit) and the threaded in-
sert nut attached to the right side of
each unit under the heat sink,

Disregard the 6-32 hex nut/lockwasher
suppited with the rack mounting kit,

CHANGE 4:
In the replaceable parts table make the following
changes:
Q3; Change to 2N4240, RCA, HP Part No,
1854-0311,

CHANGE 5:

In the replaceable parts table and on the schematic



diagram, make the following changes:
R2Z0, RZ1l: Change to 36k, 2W, £5% HP Part No.
0698-3651,

CHANGE 6

In the replaceable parts table and on the schematic
diagram, make the following changes:
R35: Change to 500 ohms, HP Part No, 2100-0328,

CHANGE 7:

The serial number prefix of the instrument has been
changed from "6F" to "0C."

In the replaceable paris table and on the schematic
diagram, make the following changes:
R40: Change to 510k, HP Part No. 0686-5145,
CR11: Change to HP Part No. 1801-0460,

CHANGE 8:

In the replaceable parts list and on the schematic
diagram.-make the following changes:
R38/39; /Change to 390, £53%, 3W, HP Part No.
08iT-1799.
RE66, 673 Add, selected value, +1%, 1/8W, con-~
nected in parallel with R38 and R39 respectively.
Rr32: Change to 2.57ka, +1%, TW, HP Part No,
0811-1341.
R41, 42: Change to 2.43ka, %1%, W, HP Part
No, 0811-1937,
R27: Change to 15ka, %1%, 1/8W, HP Part No,
0757-0448,
R28: Delete and replace with jumper,

,,o-—}RM Change to nominal value 100n, 5%, W

HP Part No, 0686-1013.

C5: Change to 310pF, 500Vdce, HP Part No,
0140-0047.

GR11: Replace with zener diode (ancde connected
to emitter of QB) VR6, 6.19V, 400mW, HP Part
No, 1802-0049,

CR29: Add, cathode connected to emitter of Q6
and anode connected o base of Q6; 15prv,
400m'W, HP Part No, 1901-0461,

07, 8: Change to single-housing dual differential
amplifier, HP Part No. 1854-02Z1,

YRI, 22 Change to 6.2V, £5%, 250mW, HP Part
No, 1802-1221.

R23: Change to 5,68kn, 5%, —é—W, HP Part No,

06BR6-5625.

7 2"' Replace with short circuit,

Fuge Holder, HP Part No. 1400-0084: Delete,

Lockwasher, HP Part No, 2190-0037:

Nuti, HP Part No, 2950-0038: Delets,

Chassis, rear: Changs to HP Part Ne, 06824-
00807,

Serial ID Plate: Add, HP Part No. 7120-1111,

Delete,

CHANGE 9:
In the replaceable parts ligt, make the following
change: ’

B C. Board Assembly: Add HP Part No, 06824~
60021, Assembly omitted from original parts
list in manual; this new P, C. Board Agsembly
number reflects changes 1 through 9 inclusive,

Fan Motor: Change to HP Part No. 3140-0745.

CHANGE 10:
In the replaceable parts ligt and on the schematic
diagram make the following changes:

R2G, Z1: Change to 15ka, #5%, 5W, HP Pari No.
0811-1867,

S§l: Chanye to new type pushbutton switch, HP
Part No, 3101-1248,

R61: Change to 10kn, £5%, 1W HP Part
No. 06891035,

CHANGE 11%:
In the replacesble parts list and on the schematic,
make the following change:
C8:, Change to 56pF, HP Part No. 0140-0191.
CHANGE 12:

The standard colors for this instrument are now
mint gray {for front and rear panels) and olive gray

Afor all top, bottom, side, and other external sur—

faces). Option X95 designates use of the former
coler scheme of light gray and blue gray. Option
A5 designates use of a light gray front panel with
olive gray used for all other external surfaces.
New part numbers are shown below.

»CHANGE 13-

In the replaceable parts list and on the schematic,
make the following change:
R33: Change to 110K~ + 1%, 1/8W, HP Part No.
0757-0466.

HP PART NOG.

DESCRIPTION

4-10-72

STANDARD

COPTION ABS

OPTION X85

Front Panel

Chassis, Right Side

Chassis, Left Side

Chagsis, Rear

Cover

Rack Kit, 1 unit{accy)

Rack Kit, 2 units

06824~00010
06824~00008
06824-00009
06824~00011
5000-9419
14515A
14528A

06824-00003
q_.—
-
«—
‘mmmmm

14515A-A85

14525A-A85

I T ——
06824-00001
06824~-00002
06824-00007

5000-6016

e
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MANUAL CHANGES

DC POWER SUPPLY
Model 6824A
Manual Serial Number Prefix 6F

Make all corrections in the manual according to errata below, then check the following table for yvour
power supply serial number and enter anv listed change(s) in the manual.

SERTAL ' MAKE SERIAL M AKE
Prefix Number CHANGES Prefix Number CHANGES
6F 0361 ~0710 1 6T 0781 ~up 1,2,3
ALL - Errata
6F 6711 ~0760 1,2
CHANGE 1: In the replaceable parts table, make the following changes:
(6: Change to S8 PNP 8i,, 882109, Motorola, # Part No. 1853-0037,
Fan Motor: Change to Howard 1175-06~4155, & Stock No, 3140-0406,
Fan Blade: Change to Howard 6~128-125, & Stock No. 3160-0098,
ERRATA: Q5,11: Change to 88 PNP Si,, 2NZ§074A, Sprague, @ Part No, 1853-00%9,
PCHANGE 2: In the replaceable parts table make the following changes:
C10, 11: Change to @& Part No. 0180-2193,
Add Clamp (C10,C11): Quantity 2, & Part No, 0160-2149,
»CHANGE 3:

In Section II of the manual, add the following note under rack mounting, two units:
NOTE

When rack mounting two units, attach the sides of the units to-
gether using the 6-32 screw (supplied with the 145Z25A rack kit)
and the threaded insert nut attached to the right side of each unit

under the heat sink, Disregard the 6-32 hex nut/lockwasher sup-
plied with the rack mounting kit.

12-18-68



MANUAL CHANGES

Model 6824A DC Power Supply
Manual HP Part No, (6824-90001

Make all corrections in the manual according to errata below, then check the following table for your power
supply serial number and enter any listed change(s) in the manual,

SERIAL MAKE
Prefix Number CHANGES
ALL - Errata
6F 0361 - 0710 1
6F 0711 - 0760 1,2
gr 0761 ~ 0880 1,2,3
§F 0881 - 1060 1,2,3,4
§F 1061 - 1100 1 thru 5
5F 1101 ~ 1140 1 thru 6
10264 1105, 1123, I thru 6, and 9
1128, 1135,
1136, 1137
0¢ 1141 - 1180 1 thru 7
10264 1181 - 1220 1 thru 8
10274 1221 - 13560 1 thru 9
| LU27A - | 1361 - 1540 L thru 190
| 1027A 1541 - 1570 1 thru 11
10274 1571 - 1660 1 thru 12
1027A 1651 - up 1 thru 13
ERRATA:

In the replaceable parts llst and on the schematic
diagram, make the following changes:
Q5, 11: Change to 88 PNP Si,, HP Part No.
i853-0099,
R10: Change value on schematic o 27,. Value
in parts list is correct,
R1,2,12,19,58,59: Change to HP Part No.
0811-1666. Value remains unchanged.
Rubber Bumper: Change total quantity from 6 to 4,

In Paragraph 1-13, add Option 07: Finer Volts
Gain Control, Allows greater accuracy in setting
the supply/amplifier cutput. The opiion consists
of changes inthe following parts (I each):
R52A (Volts Gain): 5%, %5%, 10~turn, HP Part
No, 2100-1885,
R52B (Fine Zero): 25ka, *5%, HP Part No.
2106-1882,
Knob: HP Part No. 0370-0137.
Modified Front Panel: HP Part No. 06824-50002.

Under QUTPUT IMPEDANCE on Page 1-3, change
the last sentence to read as follows:
"Iegs than 3a from 1kHz to 10kHz and less than
30n from 10kHz to 100kHz., "

On Page 5-3, change the caption of Figure 5-2 to
read:
Differential Voltmeter Substitute Test Setup,

In Table 1-1, make the following changes:
PROGRAMMING SPEED:
Less than 50usec are required to program be-
twaen -25V and +25V. Less than 17usec are
required to program between 10% and 90% of

the half-voltage span.

Less than 125psec are required to program be-~
tween ~50V and +50V, less than 25usec are
required to program between 10% and 90% of
the maximum voltage span.

FREQUENCY RESPONSE:
DC to 20kHz (+3dB) at half-rated cutput {25V,
50V p-p).
DC to 10kHz (£3dB) at full output,

DISTORTION:
Output distortion is less than 0,02% at 1kHz
and haif-rated output,

MAXIMUM PHASE SHIFT {at Half-Rated Qutput):
(No further changes,)

CHANGE 1:

In the replaceable parts table, make the following
changes:
Q6; Change to 55 PNP Si., 352109, Motorola,
HP Part No. 1853-0037,
Fan Motor: Change to Howard 1175~06~4155,
HP Part No, 3140-0406,
Fan Blade: Change to Howard §-128-125,
HP Part No, 3160-0098,

CHANGE Z:

In the replaceable parts table make the following
changes:
C10,11: Change to HP Part No, 0180-21903,
Clamp (C10,C11): Add 2, HP Part No, 0160-214g,

CHANGE 3:

In Section II of the manual, add the following note
to the instructions for rack mounting twe units:

NOTE

When rack mounting two units, attach
the sides of the units together using
the 6-32 screw (supplied with the
14525A rack kit) and the threaded in-
sert nut attached to the right side of
each unit under the heat sink,
Disregard the 6-32 hex nut/lockwasher
supplied with the rack mounting kit.

CHANGE 4:
In the replaceable parts table make the foliowing
changes:
Q3: Change to 2N4240, RCA, HP Part No.
1854-0311.

CHANGE 5:

In the replaceable parts table and on the schematic
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RZ20, R2l: Change to 36k, 2W, 5% HP Part No.
06983651,
CHANGE 6:

In the replaceable parts table and on the schematic
diagram, make the following changes:

R35: Change to 500 chms, HP Part No, 2100-0328,

CHANGE 7;

The serial number prefix of the instrument has been
changed from "6F" to "0C."

In the replaceable parts table and on the schematic
diagram, make the following changes:
R40: Change to 510k, HP Part No, 06886-5145,
CR11l: Change to HP Part No. 1901-0460,

CHANGE 8:

In the replaceable parts list and on the schematic
diagram, make the following changes:

R38,39: Change to 390n, +5%, 3W, HP Part No.
0811-1799,

R66,67: Add, selected value, %1%, 1/8W, con-
nected in parallel with R38 and R3% respectively,

R32: Change to 2.87ka, %1%, W, HP Part No,
0811-1941,

R41,42: Changse to 2.43k~, £1%, W, HP Part
No. 0811-1937,

R27: Change to 15ka, %1%, 1/8W, HP Part No.
0757-0446,

R28: Delete and replace with jumper,

R24: Change to nominal value 100~, *5%, 1W,
HP Part No. 0686~1015,

C5: Change to 510pF, 500vVdc, HP Part No,
0140-0047,

CRI11: Replace with zener dicde (anode connected
to emitter of Q&) VR6, 5,19V, 400mW, HP Part
No, 1902~0049,

CRZ9: Add, cathode connected to emitter of Q6
and anode connected to base of Q6; 15prv,
400mW, HP Part No, 1901-0461,

Q7,8: Changé o single~housing dual differential
amplifier, HP Part No, 1854-0221,

VR, 2:  CHanGeE I8 6.2V, 9%, zZoumvv, P rart
No. 1802-1221.

R23: Change to 5,6ka, £5%, +W, HP Part No,
0686-5625,

LoCKwasner, or rart No, ZiY¥U-uusy:

Nut, HP Part No. 2950-0038: Delate.

Chassis, rear: Change to HP Part No, 08824~
0oon7y.

Serial ID Plate: Add, HP Part No, 7120-1111,

Delete,

CHANGE 9:

In the replaceable parts ligt, make the following
change:

P.C. Board Assembly: Add HP Part No, 06824~
60021, Assembly omitted from original parts
list in manual; this new P, C. Board Assembly
number reflects changes 1 through ¢ inclusive.

Fan Motor: Change to HP Part No, 3140-~0745,

CHANGE 10:

In the replaceable parts list and on the schematic
diagram make the folloewing changes:
R20, 21; Change to 15kn, %5%, 5W, HP Par: No,
0811-18567.
51: Change to new type pushbutton switch, HP
Part No. 3101-1248.
R&1l: Change to 10kn, *5%, 1W, HP Part
No. 0689-1035.

CHANGE 11:

In the replaceable parts list and on the schematic,
make the following change:
C8: Change to 56pF, HP Part No. 0140-0191.

CHANGE 1%:

The standard colors for this instrument are now
mint gray {for front and rear panels) and olive gray
(for all top, bottom, side, and other external sur-
faces). Option X95 designates use of the former
cclor scheme of light gray and blue gray. Option
A85 designates use of a light gray front panel with
olive gray used for all other external surfaces,
New part numbers are shown below.

PCHANGE 13-
In the replaceable parts list and on the schematic,

make the following change:
R33: Change to 110K~ x 1%, 1/8W, HP Part No.

0757-G4686,
FZ: Replace with short circuit,
Fuse Helder, HP Part No. 1400-0084: Delete,
HP PART NO.
DESCRIPTION
STANDARD OPTION AS8G CPTION X85
Front Panel 06824~00010 06824-00003 B
Chassis, Right Side 06824~00008 G 06824-00001
Chassis, Left Side 06624-00009 G 06824-00002
Chassis, Rear 06824-00011 ¢ 06824-00007
Cover 5000-9419 L 5000-6016
Rack Kit, 1 unit (acey) 145158 14515A~A85 ——
Rack Kit, 2 units * 145254 145 25A-A85 e
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