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Figure 1-1,

DG Power Supply/Amplifier, Model 6824A!
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‘ SECTION I
, ' GENERAL INFORMATION
1-1 DESCRIPTION 1-6 A single meter is used to measure dc output
) . ‘ voltage or current, A front panel METER switch
!|‘ 1-2 The Power Supply/Amplifier {P3/A) shown on allows the dual purpose selectlon,
A Figute 1-1, {s a general purpose'instrunent use-
! ful in any laboratory engagzd in research and 1-7 AMPLIFIER FEATURES
development of electronic ,Systems or components,
‘The PS/A can be operatdd in one of two basic 1-8 A3 a power amplifier the unit has a high
operating modes; power Bupply or amplifier, Ter- signal~to-noise ratio {80 db at full output) an? an
'mlnuls on the rear barrier' strip permit access to adjustable gain of from 0 to 10 {20 db). .The out-
* varfous control polats within the unit to further put distortion.s low — less than 0, 02% at 1 KHz,
expand the operating capabilities of the instru~ The amplifier contains a push-pull output stage
" ment. The resulting flexibility lends the PS/A to that can can furnish either a Constant Voltage
an almost unlimited number of applications, Some output or a Constant Current output {(with the addi-
of these applications are outlined in Section I of tlon of an external current sampling resistor),
this menual; but a more comprehensive description . The external input can be from either a voltage or
‘of the features and applications of the PS/A are a current source. The bandwldth of the amplifier
included in Application Note 82 published by the ts from dc to 20KHz (+3db),
Han‘isb‘n Division, A copy of Application Note 82 :
can be obtained from your local Hewlett-Packard 1-8  The ac componen: of the cutput signal can
fleld office. The following paragraphs describe be measured with the front panel meter (Model
3 some of the fectures of the PS/A both as @ power 6824A only). - ‘

supply and an amplifier,
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o 1-10 SPECIFICATIONS :
1-3 POWER SUPPLY FEATURES
' 1-11 Detailed specifh.atlon for the PS/A are glven
1-4 The unit can be made to function as a reg- in Jable 1-1,
ulated d¢ power supply by setting the front panel
~ MODE switch to the SUPPLY position, - The supply 1-12 QPTIONS
can furnish either a Constant Voltage output or a :
Constant Current output (with the addition of an 1-13 Options are facwory modifications of a stand-
external current sampling reststor), The dc out- ard instrument that are requested by the customer,
put is bi-polar and Is contlnuously adjustable The foilowing option is available for the instru-
from its maximum rated positive value to an equal ' Mment covered by this manual,
' negative value; smoothly through zero with no ‘ !
polarity switch. Both the supply and the load are Option No, Description
protected against overloads by a fixed current '
limit which is set by means of an internal adjust- 28 Rewire For 230V AC Input: Supply
ment. ‘ : as normally shipped is wired for 115
: _ Vac input, Option 28 gonsists of
1-5 ' The supply nan be programmed (controlled) reconnecting the input transformer
" at a very high rate of speed (less than 50 usec . for 230 Vac operation,
for output voltage change over the entlre voltage '
span), The supply can be programmed locally; by 1-14 ACCESSORIES
meaans of the front panel control, or remotely: by '
means of a resistance, voltage, or current source. 1-15 'The applicable accessories listed in the fol-
' lowing chart mav be ordered with the instrument or
. , )
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separately from your local Hewlett-Packard fleld

sales office {refer to list at rear of manual for ad-
dresses),

& Part No, Description
14513A Rack Kit for 'mounting one 3}" -high
, ' unit, (Refer to Section II for detalls)
14523A Rack Kit for mounting two 3}" -high
oo units, (Refer to Section II for detatls)
14515A Rack Kit for mounting one 54" -high
unit, (Refer to Section II for details,!
14525A

Rack Kit for mounting two 5}* -high
units, (Refe; to Sectlon II for datails)

1-16 INSTRUMENT IDENTIFICATION

1-17 Hewlstt~Packard Instruments are Identified
by a three-part serfal number tag. The first part is

1-2

TR T T I I

the uni® inodel number. The second part is the
serial wumber prefix, which coasists of a number-
letter combination that denotes the date of a sig-
niftcant design change, The number designates
the year, and the letter A through L designates the
month, January through December respoctivaly,
The third part is the instrument serial number,

1-18 If the serial number prefix on your unit!does
not agree with the prefix on the title page of this
manual, change sheets 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, sertal number prefix, and & stock number
provided on the title page,

i
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Table 1~1, Specifications

DG POWER SUPPLY POWER AMPLIFIER
OUTPUT: ‘ QUTPUT:
=50 to +50 Vdc @ 0 to 1.0 amp, 100 volts peak-peak @ 0 to 1.0 amp,
LOAD REGULATION: . VOLTAGE GAIN:
Less than 0, 02% plus 5 mV for a full load Gain is variable, 0 to 10 (20db), Output is
to no load, chanye 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,

RIPPLE AND NOQISE:
Less than 10 mVrms,

DISTORTION:
REMOTE PROGRAMMING:
Remote programming of the output at ap- Output distortion is less than 0, 02% at
proxim=tely 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 psec are required to program
belween -50V and +50V, Typically, about 15 psec MAXIMUM PHASE SHIFT:
Is required to program between 10% and 90% of the
maXimum voltage span. ’

At dc —180°
TRANSIENT RECOVERY TiME: : At 100 Hz —180,7°
Less than 100 psec for output recovery to . o
within 5 mV plus 0, 02% following a full load At 10 kHz — 205
current change In th.; output. At 20 kHz — 225°

INPUT: 105-125/210-250 Vac, single phase, 50-60 Hz; 1, 3 Amp, 96 Watts maximum,

STABILITY: Less than 0. 075% +5 mV total drift for 8 hours after an initial warm-up of 30 minutes at con-
stant line voltage with ambient temerature varlations held to +3°C,

TEMPERATURE RANGES: Operating: 0 to 50°C, Storage: -20 to +85°C, ‘ ¥

TEMPERATURE COQEFFICIENT: Less than 0, 015% plus 1 mV per degree Centigrade,

OUTPUT IMPEDANCE: Less than 0, 03 ohm from d¢ 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 continuously acting current limiting circuit 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 Vdc to +60 Vdc voltmeter, a
-1,2 Amp to +1, 2 Amp dc Ammeter, or as a 0 to 60 Vac rms voltmeter,

SIZE: 5}" Hx8}" W x 14 /8" D, Two units can be rack mounted side-by-side in a standard rack
panel,

WEIGHT: 17 lbs, nct, 21 lbs, shipping,

FINISH: Light gray front panel with dark gray case.

1-3




SECTION II
INSTALLATION

2-1 INITIAL INSPECTION

2-2 Before shipment, this instrument was in-
spected and found to be free of mechanical and
elactrical defects,
unpacked, inspect fcr 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 3hipment 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 thd cabinet and
panel surfaces are free of dents and scraiches,
and that the meter is not scratched or cracked,
2-5 ELECTRICAL CHECK

2-6 The instrument should b2 checked agalnst
its electrical specifications. Section V includes

As soon as the instrument is ‘

an "in~cabinet" performance chack 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 ¢f power and it is ready for
operation,

2-3  LOCATION

2-10 This instrument is cocled with forced alr
from the cooling fan, However, it should not be
used In an area where the amblant temperature may
exceed 50°C, !

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, Figures 2-1 and 2-2

show how both types of installations are accom-
plished,

Figure 2-1.

2-1
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Figure 2-2. Rack Mounting, One Unit

2~13 To mount two units sida~by-side, prnceed
as follows:
' 3. Remove the four screws from the front
panels of both units,
’ b, Slide rack mounting ears between the
front panel and case of each unit,

¢, Slide combining strip between the front
paneis and cases of the two units,

d, After fastening rear portions of units to~
gether using the bolt, nut, and spacer, replaze
panel screws,

2-14 To mount a single unit in the rack panel
sroceed 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, :

c. Slide combining strips between front
panel and case of unit,

i d. Bolt angle brackets to front sides of
-rase and replace front panel screws,

2-15 INPUT POWER REQUIREMENTS

2-16 This power supply may be operated from
2ither a nominal 115 volt or 230 volt 59-60 cycle
power source, The unit, as shipped from the fac~
tory, is wired for 113 volt operation. The input
power required when operated from a 115 'vclt 60
cycle power source at full load 1s 96 watts and
1.3 awnperes,

2~17 CONNECTIONS FOR 230 VOLT OPERATION
{Figure 2-3) -

2-18 Normally, ‘he two primary windings of the
inpul transformer ate connected in parallel for
opdra.ior from 115 volt source, To convert the

FUSE

TRANSFORMER FRIMARY
CONNECTED FNDR
E15 VOLT DIERATION

FUSE

F£a i

I TRANSFORMER FRIMARY
CONNECGTED FOR
230 VOLT OPERATION

Figure 2-3, TIrimary Gonnections

power supply to operatlon from a 230 volt source,
the power transformer windings are connacted 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-
cuit board, These are shawn in Pigure 2-3, ard
are labeled on printed side of the circuit board,

¢. Connect a strap between 46 and 47.

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




Z-13 POWER CABLE

2-20 To protect operating personn2l, the National
Electrical Manufacturers Assoclation (NEMA) recom~
mends that the {nstrument pane!l and cabinet be
grounded, This instrument is equipped with a three
conductor power cable, The third conductor is the
ground conductor and when the cable is plugged {n-
to an approprlate receptacle, the instrument is
grounded. The offset pin on the power cable three~
prong connector 1s the ground connection,

2-21 To precerve 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,

2-3

2-22 REPACKAGING FOR SHIPMENT

2-23 To insure safe shipment of the instrument, 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
yeur local Hewlett-Packard field office to obtain
the materials. This office will a'so 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 serfal number, and service re-
quired, or a brief description of theé trouble, /!







: ' ' SECTION 111
) : . OPERATING INSTRUCTIONS

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

i i
3-1 OPERATING CONTROLS AND INDICATORS .

3-2  The front panel controls and indicators, to-
gether with the'normal turn-on sequences, for both
' power supply and amplifler operation are shown on
! Figure 3-1. These turn-on procedures are perform-
ed utilizing the normal redr terminal strapping con-
nections as received from the factory.
. Iy

P, 1

3-5 However, the configurations shown in the

A SN SUPPLY = AMPLITICR succeeding paragraphs by no means exhaust the
© Mozt @ varlous modes in which the PS/A can be used. The
@ @’ reader is encoursged to consider this instrument in
terms <! operational emplifier techniques; this
. _"'"I‘:_ voLry 0 sam viewpe! t will suggast and facilitate many other
wrr cou fourmur con ano @ areas of application, Many such posslbiiitie; are
& A A ® suggested by handbooks on operational amplitiers
/ - © 19 CI) ORC (e.g., "Handbook of Operational Amplifier Applf-

@ ) ctidns" — Burr-Brown Research Corpoiration,
® Copyright 1963), |

IR

TURN-ON SEQUENCE - POWEN SUPHLY

[

1. BET AC LINE $witCH TO ON AND OBSERVE THAT PILOT LIGHT
GOE: ON,

2. SET M.IER SWITCH (1) TO DO YOLTS.

. SET MODE SWITCH (1) 10 SUPPLY, t

4. AD'JST VOLTS/GAIN CCNTROL (3} CLOCIWISE OR COUNTERCLOCK-:
WISE UNTIL DESIRED POSISIVT, OR NEGATIVE QUTPUT VOLTAGE,
RESPECTIVELY, 1§ INDICATED ON FRONT PhNEL METER (4). CON-
CENTRIC FINL/ZERG CONTROL {0 oEs FINE CONTRQL OF
THE OUTPUT VOLTAGE, . ' !

5. SHORT CIRCUIT OUTPUP TERMIVALE: SET METIR SWITCH 0
AMPS AND OBSERVE SHORT CIRCUIT OUTPUT CURRINT ON !
METER., CURRENT LIMIT I3 FACTORY ADJUSTED SO THAT METER
SHOULD INDICATE FULL SCALE DEFLECTION

b REMOVE SHORT AND CONNECT LOAD TO QUTPUT TERMINALS
(FRONT OR REAR), '

3-6  Such handbooks suggest how operational
ampl.ffers can be used as integraters, differenti-
aters, ramp function generators, etc.: with the:
PS/A, these techniques are extended to prev!busly
unattained power levels.

. 3-7 An alternate viewpoint is to consider the
~ P§/A as a general-purpose DG caupled precision
power transducer capable of accepting elther re-
sistance, \}oltagé). or cwrrent. input (AC and/orDC)
and delivering a power outpat, Constant Voltage
‘or Constant Currarit, AC and/or DC.

i

TARN-ON_EEQUENCE,_= AMPLIFIER

L. TURN ON UNIT AND 5ET MCDE SWITCH (1} 10 AMPLIFIER,

5.

CONNECT INFUT SIGNAL EOURCE TO INPUT (3) TEAMINALS .
(FRONT OR REAR),

ADJUST VOLTS/GAIN CONTROL (1) FOR DESIRED GAIN {0 TO 10},
CONCENTRIC VINE/ZERO CONTROL PERMITS AVERAGE OUTPUT
TC BE ADJUSTED TO ZERO,

MEASURE QUTPUT VOLTAGE WITH EXTERNAL YOLTMETIR FOR
5823A UNITS OR FOR 68244 UNITS, $ET METIR BWITCR {1)
TO AC VOLTS AND READ OUTPUT DIRECILY ON FRONT PANEL
METER,

CONNECT LOAD TO OUTPUT TERMINALS (FRONT OR REAR),

Figure 3-1. Front Panel Controls and Indicators

OPERATING MODES

3-8  Application Note 82, published by the Har-
rison Division, presents a more detaitled approach
concerning the operational features ard related
applications of the PS/A unit. A cory of this note
can be obtained from your local Hewlett-Packard
field office.

3-9° GENERAL NOTES AND OPERATING CONSID-
mem—n Do Ay OPLRATING CONSID
ERATIONS

3-10 DIAGRAMS

3-3 3-1%t Al of the following diagrams show the
necessary barrier strip connections, as well as a
3-4 The position of the front panel MODE switch simplified circuit diagram showing how the major

determines whether the instrument will be used as
4 power supply or an amplifier. Terminals an the

3-1

internal components of the unit are connected for
that strapping amrangement. The diagrams also




1 T

include all components which must be added ex-
ternally to the unit. The barrler strip porticn of
each diagram is-correct for all PS/A Series in-

* struments, but when implementing these strapping
patrerns, check whether the terminal locations
are the same as shown in the follcwing diagrams,
which are based specifically on the Model 6823A.
In any case, the terminal designations are cor-
rect for all PS/A Series Instruments and should be
followed regnrdless of thelr location. '

3-12  Unless otherwise indicated, the configura-

tions shcwn have beun 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-
efficient of less than 20ppin/9C. They should
operate at less than 1/30th (preferably I/IGOth)ﬂof
thelr wattage rating in order to minimize short term
"bobble" associated with elevated surface temper-
ature. ‘

3-15 CONMECTING LEADS

3~16 Shielded leads should be used for all bar-
rier strip connectlons, except that twisted leads
mAay be used from the "Common” ¢nd " utput”
terminals to the load. The outer sheath of the
shielded wire should never be used as a conduc-
tor, bat should be connected at the unit end only
to the terminal designated "Common".

3-17:  Best high speed programming and wide
band ampll'ﬂer operation will be achleved when the
loac {s'connected at the rear terminals rather than
at the front. Any capacitance {n parallel with the

load device shouid be minimized, since this ca-

pacitance will limit the high frequency bandwidth,

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

2-19  FINE/ZERO CONTROL

3-20 The front panel Fine/Zero control is operable
for 2ll modes. In the power supply mode, it acts
a5 a fine control 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. Thus, this coatrol
permits the accurate setting of zero output voltage
witn zero ohms programming.

3-2
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3-21 GROUND LOOPS

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

3-23 REVERSE GURRENT 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 soutce cannot
be allowed 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 resistor so that it will dellver 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 out~
put #.nd reverse currents. ’
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3-25 CONSTANT VOLTAGE OPERATING MODES

A ‘ .
3-27 NORMAL OPERATING MODES
]
3-28 Piglure 3~2 shows the circuit configuration

" and normal rear barrier strip strapping pattern for

standard power supply operation. The front panel
MODE switch is in the SUPPLY position. The DC
output is continuously adjustable from {ts maxi~
mum rated positive value to an equal negative .
value '~ smoothly through zero with no polarity
switch. ;
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Figure 3-3. Standard Ampli_ﬁer Qperation (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 output which is at least 1/10th of
the peak output voltage desired; its current 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/ZEROcontrol per-

mits the dc comvonent of the output to be adjusted
approximately 1% of the voltage rating of the in-

strument, 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 dc component}. If desired, a coupling

3-3
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capacitor can be added to block auy large input
dc components, althoughk {n 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 SENSING

3-31 In normal operation, a power supply devel-
ops an IR drop in the leads connecting it tc the
load. This reduces the output voltage actually
present at the load terminale and also degrades
the load regulation performance.

3-32 Sensing terminals permit the feedback am-
plifier to sensc at the load terminals inste ad of at
the PS/A output terminals. This configuration is
shown in Figure 3-4 and is applicable for all-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 dlagrams shown elsewhere in

the manual in order to achieve optimum performance

at the load terminals.
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Figure 3-4. Remote Error Sensing

3-33 This does not mean that remote sensing can
be used to compensate for an unlimited IR drop
between the Common and Qutput terminals and the
lcad. Any voltage 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, one volt.
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3-34 If external switching schemes are employed -
in conjunction with remote sensing, cire 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. If it 15 im~
possible to insure that an ofen sensing lead con-
dition will not occur, it is recommended that a

100 ohm, 1/2 watt resistor be connected from
"Common" to "Common Sensing”, and a similar
resistor fron "Output" to "Output Sensing". This
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 QUTPUT

3-36 PFigure 3-5 shows the strapping pattern and
associated circuit vonfiguration for remote pro-
gramming Power Surply / Amplifiers for positive -
Cuomstrat Voltage DC output at the rate of 500
ohms/volt. The programming control Rp should

- be wqu-wound and selected in accordance with
‘paragraph 3-13. Its dissipation can be computed

by rémembering that the current through Rp is

"2 MA,
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Figrrs 3-5. .Remote Resistance Programming,
\ ' Positive Output

3-4

3+37 Figure 3~6 shows two resistance program-
ming characteristics which are typlcal (although
somewhat exaggerated) of the performarce withou: .
programming alignme1t The output voltage with
zero programming wawavs will differ from =erc,
beiv.3 either positive {') or negative {A), and tho
maximum output voltage “#!) be achieved with a
value of programming resls ance not predicted by
the programming coefficier t.

"

o . =

Rp = PROGRAMMING hESISTANCE

Figure 3~-6. Unaligned Resistance
Programming Characteristics

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

the zero crossing and the angle of slope of the
programming characteristic.

9 Ry —

Ramax = Eppad K

K = FRCGRAMMING COEFFICIENT

Figure 3-7. Alignud Resistance Programming
‘Transfer Function

3-39 In the PS/A Series the zero crossing is ad-
justed by means of the front parel FINE/ZERQ
knob, while the slope of the programming function

o AL ATk b T A
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Is adjusted by means of an internal control, Rag.
First the zero crossing is adjusted; then a pro-
gramming resistanc<, which according to the
programming coefliclent (500 ohms/volt) shouid
vield the maximum rated ouiput voltage for the in-
strument, ls connected to the programming termi-
nals, and R3g is adjusted until the output voltage

- 18 exactly equal to the maximum rated value.

Since the tvo adjustments are mildly interdepend-
ent, it is necessary to repeat this ' rocedure once.
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Figur> 3-8. Remote Resistance Programming,
Negative Qutput

3-40 REMOTE PROGRAMMING, NEGATIVE OUTPUT

3-4} Figure 3-8 i3 the same as Pigure 3-5 except
that the linearly programmed output voltage is
negative. The internal prograraming slope adjust-
ment for a negative output is R3q,

3-42 REMOTE PROGRAMMING, BIPOLAR OUTPUT

3-43 The circuits of Figures 3-5 and 3-8 can Le
combined to yield a power supply which is pro-"
grammable in either direction, depending upcr. the
position of switch S1 (see Pigure 3~9). One ob-
tains a linearly programmed negative DC output
when switch 51 is connected to Al; and a positive
output when connected to A2, Switch 81 must be
a break-bhefora-make sw'tch.
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Figure 3-9. Remote ReSlstance Prcgramming,
Bi-Pa:ar Qutput (CV)

P

3-44 The advantage of the configuration of
Figure 3-9 is that the output is linearly program-
med in both directions. The disadvantage is that
a switch must be used in order to reverse the
output polarity.

3-45 If it is desired to achievr accurate program-
ming reproducibility, or if {t is yecessary to re-
peatedly set the power supply rutput to specfic
voltage values, either of the substitute arrange-
ments suggested by Figure 3-10(B) and 3-10(C)
may be employed in place of the rheostat Rp.
Suppose, for example, it iz decided to set the
power supply over the span from 0-20V. If con-
tinuous adjustment is requir=d, *he best choice
would be a 10K rheostat {since the programming
coefficient s 500 ohms/volt). Bu: if specific
tests must be made at 0, S, 10, 15, and 20V, the
arrangement shown in Figure 3-10(B) should be
erployed, using a make-before-break switeh, If
the same voltage values are desived, but not in
ascending or descending sequence, the: terminals
from the resistor string can be connected to the
switch in any desired sequence, as suggested by
Figure 3-10(C).
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3-46 Theee substitute configurations for Rp can \ cw
be employed with any of the diagrams in .:ir
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 load and the power supply.

+

3-47 SWITCHLESS BIPOLAR PROGRAMMING

[COMMON
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3-48 Figure 3~11 shows how ! resistance program - A

a PS/A for continucusly variable output dc voltage, INpUT . AND
remotely controlled, withecut need for « polarity RECTIFIER
switch. Clockwise rotation of the 10K potentiom-
eter will result in a positive output equal to the
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ma';clmum voltage capability of the instrument. ~

! C . QUTPUT
3-19 The advantage of Figure 3-11 is that the out- — U
putI Is continuously variable through zero with one Al A2 A} AL ASGNDCOMCSE 05 OUT IN
control. The disadvantage is that the output is not olplolo ololololo
a linear function of the rotation of potentiometer IPL?I ]ﬁ‘ . I IQL?IQ‘L I I } [ l l
RQ. Nnte, however, that in many applications it 10K ~IW Ry,
is pot nec. ssary that the programming function be
lingar. just reproducible. The power supply can —»CcwW Rp
beswitched readily to positive cr negative values mz_ﬁ_
(and later reset precisely at theze same values) by 3K -10WEA24N)
substituting & switched resistor network for RQ-
The switch must be & break-before-make type. Figure 3~-11. Bi-Pc.ur Programming

{Constant Voltzge)

3-6




e IR e

l

| il il NI Pl Tl 1d Mgk

Ll

SR RITIRETER TS ATIRTEN Ry BRI

MIENC] N O I A T GO F st e e peean

.3-50 POWER SUPPLY WITH SUPERIMPOSED AC

ouUTPUT ‘

3-51 In some applicaticns 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 1s operated as a normal power sup-
ply from the front panel 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 res‘stance which the external signal
gource {5 suited to drive, since the impendance
looking into terminals C.S. and A4 ls virtually
zero ohms.
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Figure 3-12. Constant Voltag‘e Supply With
Superimposed AC Qutput

3-53 The amplitude of the ac Qutput component is
glven by Ep = Bx (Rp/Ry + Ry), where Ry is the
internal (Thevenin equivalent;’ source reslstance.
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 will ire at; _ 1

24(Rx + Ry} Cy

3-54 CONCLTANT VOLTAG< AMPLIFIER WITH RE-
MOTE GAIN CONTROL

|
3-55 The P£/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 s a linear func~
tion of contro! rotation, and the galn control is a
linear function of contrel rotation, and the gain
control Is extarnal to the PS/A, Ey and Ry are the
equivalent (onen 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, Cy Is Inserted in order
to block any small DC currents which otherwise
might flow from the osctllator, producing a DC
component on the output, Cy must be selected
large enough to pass the lowest frequency of tn-
terest; the 3 db down frequency is
- 1
f-Z-n- (Rx+ RY.) Cy

3-56 If it is desired to amplify.a DC signal, or
one which has both a DC and AC compenent, then

the capacitor Cy must be eliminated fron the
circuit,

3-57 Tha output voltage is given b{r the equation

Eg= Exy -8R
, o xRx'i-RY

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

ed so that - I X
| Ry= 7li6-o ~ &

where the Ex for this equation is the maximum peak
value which will be amplified, This equation, of
course, assumes that the external signal source is
capable of dellvering 2 mA without ovarloading or
distorting, and should be altered if less current is
available,

3-38 Current Inout. Actually, the components Ey,
Rx » and Ry of Figure 3-]13 comprise a current

source feeding the summing point A4 and the gain
control Rp. A current source can be substituted in
place of these components, and the outpuc voltage

P TR B R T U N s
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will he Vou

7 = IXRp, where IX {s the current

source connected between CS and A4, As thown In
Plgure 3~13, The capacitor Cyshouldalso be added
An serles If it {s desired to suppress any DC com-
ponent present in the {nput signal source,
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Figure 3-13. Constant Voltage Amplifier Witt
Linear Remote Gain Control

3-59 Two or More Inputs,

The concept of Pig~

ure 3~13 is readily adapted, ustng standard opar~
ational amplifier techniques, to the simultaneous
amplification of two or more signals, Figure 3-14
shows the nanner in which two voltage inputs can

be mixed ant amplified; additional inputs can be

added in parallel without limit, and current input
slgnals can be substituted for voltage input sig-
nals, 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 belng

fed back into the output terminals of the sig-
nal source,

3-8

3-60 The ourput for two (or more) Inputs is given

by: Eo:ExA_+Bx'___B_£_l_+....
Rx + Ry ' R' + RY’

Thus Ry, Ry' can be made varlable and used as
relative level controls 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, de, or both, \
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Figure 3-14. Constant Voltage Amplifier, Two Inputs

CONSTANT CURRENT OPERATING MODES

i

3-61

3-62 In order to achleve constant current opera~
tien, it is necessary to utilize an external current
sampling resistor which ylelds a voltage drop that
Is. proportional to the output current, This voltage
drop can then be applied ‘o the comparlson ampli- ‘
fier in the input circult and compared with a
raction of the reference voltage (or input voltage),
The output of the comparison amplifier Is then fed
back to the regulator/output amplifier in a manner
identical to that occurring during constant voltage
operation. Hence, the only conceptual difference

roa

' ‘-il-l‘ i




between Constant Current operatiun and Constait
Voltage operation {5 that the voltage which 1s
sensed by the compai.son .mplifier is taken across
the current sampling resistor rather than across the
load.

3-63 The raegulatior ripple, temperature coeffi-
clent, and stability of Constant Current Powar
Supply/Amplifier performance can b2 pradicted by
dividing the corresponding Constant Voltage spac-
ification by the ohmic vz iue uf Rg. For example,
the use of a 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 to add in the percentage ef-
fect due to any change in ohmic value of the mon-
itoring resistor RS.

3-64 The output impadance of the Constant Cur=
rent source at DC {5 given by the relatlionship

2o = (AEI/AIL). where AE; is the change in lcad
voltage assoclated with a load resistnace change,
and Alf, is the small resulting output current
change, The fact that the PS/A has a high loop
gain and no output capacitor means that the PS/A
used in a Tonstant 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 Ry (AB), where AB is the loop jain of the
feedback amplifier within the power supply at the
frequency of Interest, Since the PS/A has a bard-
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 lcad resistance —
the load current transient will be short,

3-65 SELECTING Rg

3-66 Particular care must be paid to the manner in
which the current sampling resistor, Rg, Is select-
ed and employed, Ceonstant Current operation, on
a percentage basis, can bz no better than this
resistor, . - ‘ |

3-67 Rg is selected lo yield a 1 volt drop at the
maximum current rating of the ‘5 struments. its

maximum dissipation is 1/2 watt for the Model
6823A and 1 watt for the Model 6824A, It is there-
fore recommended that a minimi'm 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 variations result-
ing in output "bobble”, In any case, the tempera-
ture coefficient of the resistor shouldbe 20 ppm/©C
or less,

3-68 If I* is intended tn use the PS/A at less than
maximum rated output curre .., proportionately
higher values of Rg may be chosen, This will re-
sult in bette! perfarmance at low currents, It
ghould be remembered, however, that the resistor
Rg cannot be increased in chmic value fndiscrimi-
nately for two reasons:

a, It soon becomes impractical to increase the
wattage rating of Rg by the necussary amount

b, ' The IR drop whtch occurs across Rg detractr ‘
directly from the power supply voltage rati'tg
available to the lozd devir'e '

3-69 Resistor Rg should be a four terminal device
connecied as shown on FPlgum 3-15,. Note that
for convenience and clarity, the remaining Con-
stant Current diagrams do not show this connec-
tion pattern explicitly,
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Figure 3~15. Current Sampling Resistor,
Connection Method
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3-70 NORMAL QPERATING MODES
! } .

3-71 Figure 3-16 shows the connection pattém

and » soclated circult conflguration for operating

the 3/A as a continuously variable, reversible

I, "Constant, Current source, This is the Constant

Current coanterpart of the Constant Voltage mode

of operation shown in Figure 3-2. The MODE

switch is in the SUPPLY position,
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3-72 Figure 3-17 shows the simplest way of op-
erating the'PS/A as a Constant Current output
‘am_pllifier with continuously varlable gair, The
_ front panel FINE/ZERO control: should bv adjusted
v fuk zere dc output current {assuming the input
- soufce has no dc input component), With the -
values given in Figure 3-17, the external oscilla-
tor must hiyve a voltage output of 1.5 volts peak
in ordet to drive the power amplifier to 15 full
buiput current caf.dbility, The impadance saen hy
this external vollage source wili be approximately
17K, ‘ / !
) , 7K, _ !
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'3-73 FEEMOTIB PROGRAMMING, BIPOLAR OUTPUT

3~74 Figure 3-18 shows one method of controlling
. the output of the PS/A as a remote programmed
Constant Current power supply, Switch Sl causes
the output current to be either positive or negative,
If 1t is:desired to achieve only a positive or only
a negative output current (unipolar output), then
$1 must ke eliminated, Terminal A4 15 strappad
directly t2 A2 for a positive output, or directly to
Al for a negative output,

3-75 The front panel FINE/ZERO control permits
the output current o be adj'usted to zaro when Rp
is set to zero, while the slope of the programniing
coefficent is adjusted by means of R3g (positive
output) .»nd R3g {negative output), Either of the
switched tasistance schemes of Figure 3-10 may
be gubstituted for a varfable Rp in this or any
other Constan* Current diagrams which follaw,

The advantage of tise 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. '




SRR T TVIDEUT Bl A A TR T T SRR R T N T T X T S S DR M TR A e LD I e B RN LA SN I Tt LN ST R LIRL -
: 4

. 3-76° SWITCHLESS BIPOLAR PROGRAMMING |

3-77 Fiqure 3-19% shows the method of connect- l
ing the PS/A for Constant Current bipolar program- :
ming without the necessity for polarity switching, o
The 680 ohm resistor should be wire~wound with a
temperature coefficlent of less than 20 ppm/9C. !
Switched resistancos can be substituted for resist-
or R in Flgure 3-19, The disadvantage of this
mede Lles in the non-linear (but accurately repro-
. ducible) programming chiracteristic,

— - .
ac | XEMR

INPUT |, AND

RECTIFILR 3-78 CONSTANT CURRENT SU.PPLY WITH SUPER-

—- IMPOSED AC QUTPUT :

3-75 Figure 3-20 shows the method of adding an
AC component on top of the adjustable DC output
currant, The dc level is controlled in the normal !
iashion from the front panel, The amplitude of the i ]
AL AL A AL A3 GNDCOMGS us OUF added ac component is determinec by the value of
l‘? QIOIQIOIO[Q P[?l?lo [O[O[OIOI RY'. which, however, should not have a value less
than the minimum load resistance which the ex-

ternal slgnal source is capable of driving without

51 o M l "n. overloading or distorting,

b2V
Rpy* 2o, J0W tor 6B2IA Rpel OHM/MA for 68214 : —[
Riy= 1o, 6UW fet 6B24A Ra=0. 8 OHM/MA Tor 8824A = L 4
o )
l K b3 3 .r
Figure a-iB Remote Resistance Programming, = '
1
‘Bipolar Output {cc) [eav | sb7 3
Fay d,
O !
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. . i
\ i
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' ECTITIER " 1
—o
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-t i 5nn
1eme | TR |
A
AND L
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Al A2 A) A4 A5 GNDCOM C5 05 OUT wo
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AN,

e ',._ Rpj=2n. 36W for §A2IA

) Cw GBE;I‘W Rpg® lay HUW for 68244
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\ Figure 3-19. Switchless Bipolar Programming (CC) Figure 3-20. CC Power Supply with Superimposed
' AC Output
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3-B0 The peak voltage Ey which Is necessary to
achleve a peak output current equal to the maxt-
mum rating of the instrument, equals (R + Ry) /Rp.
The capacitor Cy is added to block the DC current
path through the oscillator. Cy must be selectr
large enough to pass the lowest frequency of in~
tereat; the low frequency 3 db down point will be at

f= L —
27 {Rx + Ry} Oy

where Ry is the internal (Thevenin equivalent)
source resistance, Of course, capacitor Cy i35 not
eniployed If it Is desired for the Constant Current
output to respond to the ~c component of the ex-
ternal signal source,

C ' —
\ gl'y
. ‘,F |
Rap
a ﬁ\ O~ A— g
coMMOnR /
— £I
T
wc | o | ], / ng
AND
ATl renines - W
— | D__ Fp
AN ! OUTRUT
) Ll
Al AT A) A4 ASGNDCOMCS s aur I~

Rnm) OHMALA Tor BR2IA
=0y ™ O MA for BRISA

Rt PR A AN

Figure 3~21., CC Amplifier With Linear
Remote Gain Control

3-81 CONSTANT CCURRENT AMPLIFIER WITH
REMOTE GAIN CONTROL

bo3-g2 Figure 3-21 shows the method of connecting
an cxternal voltage source with a PS/A to obtain
Ceonstant Current output with lincar remote gatn
control,  Using the r=.ommended values for Rg,
the nutput current is given by:

[o = (Ex/le . Rp/ (Rx + RY)-

It is recommendad that Ry be selected 50 that at
the peak input voltage Eyx the current flowing
through Ry Ry, and Rp s 2 MA, With this <holce,
Rp = 500 ohms results in an output current equal to
the maximum rating of the instrument,

3-83 Cy is chosen large enough to pass the low-
est frequency of interest and is omitted If It is
desired to have the output current responsive to the
DC (as well as AC) component of the input voltage

2.

3-84 Care should be taken that Ry is chosen to be
more than the mintmum load resistance whic¢h the
external signal snurce can feed without overload
or distortion. However, Ry should not be chosen

. too large, or the current flowing through Rp will be

influenced by the current into the comp: rison am-
ptifier. Thus it is undesirable te sclect 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 Ex, Ry, and Ry can always be replaced by a
Constant Gurrent source, If this is done, the
current gain of the configuration of Figure 3-21 is:

lout _ Rp.
IIN  Rm

2-86 Two or More inputs, [If destred, the circult
of Figure 3-22 can be used to add the effect of two
or more signals, All the equations given in this
section hnld true for each of the multiple inputs,
with ne uiteraction,

IO:E_)E .-—.EB_..EX_'___&E__.;
RM Rxt+tRy RMm 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 employed
whenever it is required to extend the voltage or
current capabllity beyond that avatlable 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, however, 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 mannaer 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, Corstant Voltage or
Constant Current source, locally or remotely con-
trolled by resistance, voltage, or current, depends
entirely on the connection mode selected for the
Master Unit, :

3-12
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PS/A Series ard employ an external sampling re-—
- sistor whizh develops a 1 volt drop,

3-890 C¢ °'RDINATED SERIES OPERATION

’ , '3’”? '3-91 Auto-Series, Two Units, Single Ended Qut-
‘ put, To increase the voltage output, two units
g P can k¢ connected in Auto--Series as shown on
' "“‘——}"—'F%W 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
e depends upon the operating mode desired for the
ac XTMR R system of two power supplles, and should be ,
meur | ANC selected from or~ -7 the previous alternatives.,
3-92 For instantancous equal voltage sharing, R)
und Rz must be equal. However, if it is desired
ouEeT for the slave to have a voltage, which although
always proportional to the output of the master
supply, ts greater than or less than the output of
AL A2 A) A1 AS GNDCOM Cf o3 OFF the master supply, then Ry shoutd be selected
B[OIO PIO[OIQﬁIQIQlOIOIOIOIOl according to the relation Eq - Eyg (RZ/RI)‘wherc Eg
o and Ep are the output voltag:.: of the Slaye and
|‘.‘ r, Master instruments respectively,
' 44
4 :
. Ry r"p';‘_ -=
]
Fosn e Ol
VR B N T
~, 1
LY N b —
' . ' ] COMMAN '
Figure 3-22. CC Amplifier With Two Inputs g '
1 B
i [
3-89 Any PS/A instrument may be master or slave, e
depending only on the strapping pattern chosen, A fyf‘éﬁ
Units may be connected in series up to 300V off RLAN LUl
ground. They need not be the same model number, -
but should alt be PS/A Series instruments, Simi-
larly, units may be connected (n parallel, without .
any limit, except tha all Instruments must be N
. ‘ £ ‘
R
]

Al A2 A3 A4 ASGNDCOM (3 Q5 QUT I 1§
[ooTolololoigo[~ ololG 0 810 w
a——

BALAMCE CP STRAPPING PATTER)N . g ' COVMIN

, R MASTER DEFENDS ON DFEAIFED
OPERATING MODE, ‘ ]

" P ’ L - o a
AC XF MR [ + —_—
mevy | AND ' ]
; AECTINER . SLAVE
Al A2 AD AsGND | &3 o . R
r T T . b
-o;oiorfﬁ!o'o{ﬂg[g)[rl;[o[ [ [OrOISL;r - ol D | -
st
At coM Tour ‘
' ' FOR ECUML SHARING A OUTFUT :
AV -
A RyeRy =1k, 172 W FOR 8B23A - O
L 29, 1W FOR daldA

Figure 3-23. Auto-Series Operation, Two Units ]
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3-93 Auto-Series, Three or More Units, The con-

- cept of the previous paragraphs Js easlly extended

to three supplies as shown in Figure 3- 24 If un-

LS , . COMMQN
g ’ O aviey
3
= - -
b
XFMR ov
- AT AND
INPUT [RECTIFICH
MASTER
- ‘
| oureyr
—e, Ry
' I COMMON
t
bt . ' ov
MR
A AND D’ + R <
INPUT RECTIFILH] - SLAVE &L Ly
b L] Ra
A
, P 1 ouTPUT
‘: f’ - ’
& - N
; (couuou
— vl _< ov '
XFMR + '
INPUT | AND y f
RECTIFICR - | stave 2 !
L
- | fag
ur
T %__
Al Al Al A4 ASGNDTOMCB 0O IN  MASTER
I_IOIOIOlOIOIQIQIQIQFOIOIOEngI
‘ our
BALANCE GF STRAPPING
PATTRAN FOR MASTER
DEFENDS ON CEISIRED 2 R
OFERATING MODE, SLAVE a1
Al AT A AS GND 0,5.0UT

EJIOIOMIOIOIC{ Q[QIQIOIOIOIOIOI

COMC.3

STAVE #2

R
Al A2 AY ?zu GND
I°l°!°1i5[°i°I<ﬁ9IfeIOIOIOIOIOIOI

MM COM C.3,

equal voltage contributions are desired, the out-
. put of Slave #1 is given by Eg) = EM (Rp/Ry); for
Slave #2, Egp = Ew[ (Ra/Ry).

3-94 The concept of Figure 3-24 ir easlly extend-
ed to serles combinations involving more than
three uniis by merely Iterating that portion of the
circuit configuration which is bounded by the two
horizontal dotted lines,

(~ , BALANCED INPUY SIGNAL

INPUT

AC AND
INPUT [RECTIFI

INPUT

XEMR 5
AC | anp +
INFST [REGTIFIER

_0 ouTPL}

Al A2 A} A4 ASGPTCOMCS OS5 QUT

lololelelololololels[STeTolo 5]

3w ®

Al Al Al A4 AGND CS 08

L
fa RApefg~Ry=10K, 1/2 W FOR 60234
29K, 1W FCR 88248

Figure 3-24. Auto-Series Qperation, Two Units
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ouT

COM IN

Figure 3-25. Balanced Input/Output Series
Operation, Two Units
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3-95 Serles Operation, Balanced Qutput, The
previous Autu-Series coafigurations'are accom-
plished with single-ended input and single ended
output having a common terminal, In some appli-
cations, hevaver, it is necessary to empioy an
amplifier with:!nput and output signals balanced
about ground. Figure 3-25 shows the clrcuit con-
figuration and strapping pattern for thils mode of
operatton,

— O '
5 T
: . 24K

COoM

XFMR
AND P

IWPUT b retirin

AC XFMR

INPUT| AND
RECTIFILR

-

ac | XEMR

ARD
INFUTY  remipie

AC XFMR

AND
T
AU renrrien

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

3-97 The balanced input concept can be extended
to even higher vcltages if voltage Slaves are add-
ed to each side, Figure 3-26 shows this configura-
tion, vrhich has an output voltage capability four
times that of one unit alone, as well as a balanced
input and a balanced output, The input oscillator
must have a voltage capablility of at least 1/20th of
the output voltage desired, and faces an input im-
pedance of 3,4K,

3-98 AUTO PARALLEL OPERATION

3-99 Constant Voltage Qutput, Figure 3-27 shows
the correct method of connecting two PS/A’s in
parallel 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 {n any of the patterns
shown in Section III, and the Auto-Parallel system
will behave accordingly.

3-100 For equal current sharing, the leads from
common to Ry 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 Blaves to the Master unlt,

Rin

AL _p1 m.[—ﬁm‘ ouT
[o[olo]g[ojo]g]o]0 lQI\OlOIO[OlOI

Ry
PHASE A MASTER

FHASE A SLAVE

AL A2 AY AL AR COM  os5\0UuT

EEARGE lqlqm[ololglom

GND [
IR FHASE B
Al A2 A) A4 AS GND | C.B.0.5.0uT MASTER
[o]ofelqlq[o]plole]p]oo]o o]0
Ay C
M1 P!!ASIB BLAVE
Al A A) A our

101010[0’1051°|Q1?(L‘?|9’|°l°l°l£’[°l

AAA
Rip

Figure 3-26. Balanced Input/Qutput Series Operation, Four Units
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Figure 3-27. Auto-Parallel Operation,
Constant Voltage Qutput

3-101 Constant Current Qutput. Figure 3-28
shows the correct method of connecting two sup~

plies in Auto-Parallel for Constant Current cutput,
The strapping configuration and circuit diagram for
the master unit are not complete but can be wired

COMMON
. ’ LA
cs., ¢ MM
i - R
v | T N W |
AC AND + J * "2
INPUT ta=cTiFIER - MASTER
— w 3
AN Bg\mmr
X —
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+
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N
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R

cs N
elo]o[ofofololo[o[plolo]o]o]0]
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b A e
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Figure 3-28. Auto-Parallel Operation,
Constant Current Qutput

in accordance with any of the diagrams given in
Section III 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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Figure 4-1.

4-1 OVERALL BLOCK DIAGRAM DISCUSSION
{Figure 4-1)

4-2 The Power Supply/Amplifier (PS/A) can be
operated as elther a power supply or a power ampli«
fier. The operating mode is determined by the mode
selection circuit which couples te. 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 P3/A
functions as a well-regulated d¢ power supply
capable of furnishing a bi-polar, Constant Voltage
output. Constant Current operation can also be
achieved by ~onnecting an external current sam-
pliay resistor .7 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 beth 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
feedback control signals received from the driver

4-1

1 | L L L} 1 |

Qverall Block Diagram

amplifiers, thus maintaining the output voltage (or
current) constant. The feedback control signals
also determine the polarity of the output voliage.
For positive power supply output voltages the re-
gulator circuit receives a positive input and for
negative output voltages lt recelves a negative in-
put. Hence, the dc output voltage can be contin-
uously adjusted from its maximum rated positive
value to an equal negative value,

4-6 The current limiting circuit monitors the out-
put current passing through the regulator. If this
current exceeds a certain preset limit, the limiting
circuit conducts, shunting input current away from
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 output voltage and sends a feedback con-
trol signal to the series regulator via the amplifier-
drivers. The feedback signzl is of the correct
phase and amplitude to counteract the change in
output voltage. Notice that the supply can also
be used as a Constant Current source as outlined
in Section I1I 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 current constant.
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Figure 4-2, Simplified Schematic

4-8, The reference circuit provides stable refer-
ence voltages which are used throughout the unit
for blasing and comparison purposes, The meter
circuit provides indications of dc output voltage or
current, When measuring voltage it is connected
across the output of the supply; when measuring
current it i{s connected across an internal current
sampling resistor, R30,

4-3  AMPLIFILR OPERATION

4-10 During amplifier operation, the unit acts as
a power amplifier with a single-ended, push-pull’
output stage, It furnishes either a Constant Volt-
age output or a Constant Current output {with the
addition of an external cumrent sampling resistor),
It is capable of amplifying both ac and dc input
slgnals over a bandwidth of dc :0 20 kHz.

4-11 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 (o the regulator/output amplifier
circuit, This circuit functions as a push~pull out-
put amplifier during amplifier operation, although
note that no intemal connections are neces sary in
the regulator/output amplifier circult in order to
accomplish this,

4-12 The current limiting circuit is operable in
the amplifier mode and serves to 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 tnput circuit gener=
ates the error signals necessary to keeo the cutput
voltage (or current) constant despite varlations in
the load 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
fn 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
load, It also shbws some of the operating con-
trols; the off-ON pushbutton (S1) and the VOLTS/
GAIN control (R52A), METER switch $3, 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 diod2s CR1 through
CR4, and filter capacitnrs C10 and C11 provide




+62Vdc and -62Vde to the regulator/output ampli-
fier circuit, These voltages are also fed to the
error amplifiers and drivers for biasing purposes.
Another bias voltage (+140V) is obtained from a
voltage doubler network composed cf CR3, CR10,
C1,C2, and Cé,

4-Y6 MODE switch 82, in the moae selectidn clr-
cuit, connarts the VOLTS/GAIN potentiometer ba-
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 operation,
.Hence, the position of the VOLTS/GAIN potentiom-
eter 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 Notic that the PS/A does not have the large
output capaclior connected across most power sup-
plies to insure fecdback loop stability, This ca~
pacitor I:as been removed to ease the bandwidth
limitationc during amplifier operation, Removal of
the output capacitor has the additional advantage
of greatly enhancing the programming speed during
power supply operation, . Alternate methods of in-

suring feedback loop stability are employed through-

out the PS/A fecdback 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 {R52A and
R52B), Note that for simplicity's sake, R52A has
been included in the mode selection circuit on the
schematic,

4-21 The input circuit controls the conduction of
the series regulator/output anplifier transistors.
To accomplish this, the circuit continuously com-
pares a fraction of *he output voltage (or current)
with a fixed reference voltage and, if a difference
exists, produces an "error" voltage whose ampli-
tude and phase is proportional to the difference,
The "error” output is fed back to the regulator/out-
put amplifier, via the error and driver amplifiers,
The feedback voltage alters the conduction of the
regulator/output amplifier transistors which. in
turn, alier the output voltage (or current) so that
the diffrrence bewween 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 load variations; but establishes
output levels tn accordance with the setting of the
VOLTS/GAIN control,

3-3

4-22 Stage Q7 of the differential amplifier is con-

nected to a voltage divider consisting of R40, R52B,
R47, and R48, The FINE/ZERO control, 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 dusing amplifier oper-
ation it provides a dc "offset" adjustment of ap-
proximately 1% of the maximum rated output,
Hence, the average value of an ac output signal
ci.n pe adjusted exactly to zero with this control.

4-23 Stage Q8 is connected to the voltage (or cur-
rent) summing point (Ad) at the junction of the
VOLTS/GAIN control and resistor R7, The poten-
tial at the summing point will instantaneousty
change tf the output voltage/current attempts to
change or if the voltage that is picked off by R52A
changes, Output'variations affect the voltage
dropped across R7 thus changing the summing
point potential, Similarly, moving the YOLTS/
GAIN control arm affects the summing point poten-
tial, During power supply operation, this control
is connected acrass a bi-polar reference source,
Moving 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 rerilts in a more positive output, During
amplifier operation the external input signal is
applied across R52A 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 QB which varies its conduction in accordance
with the polarity and magnitude of the change at the
summing point, The resulting error voltage is taken
from the collector of Q8 and ultimately alters the
condi ction of the regulator/amplifier transistors,

4-25 Feedback network GB, R25 helps stabilize
the feedback loop. Diodes CR25 through CR28
form a limiting newwork which prevent excessive
voltage excursions from over-driving stage Q8.
Resistor R45 in series with the base of Q8 is a
current limiting resistor,

4-26 MODE SELECTION CIRCUIT

4-27 The mode selection circult consists basically
of MODE switch S2 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 S2 also connects

a load reststor (R57) between the bi-polar reference
voltages to prevent loading down the reference cir-
cuit,




4-28 ERROR AND DRIVER AMPLIFIERS

4-29 The error and drivar amplifie. s amplify the er-
ror sfignal from the input circult to a level suffi-
clent to drive the requlator/amplifler 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 th: emitter of Q6 to a stable
reference voltage, +22.1V, Emitter follawer Q4
drives the regulator/amplifier transistors Ql,Q2,
Q9,Q13, and Q14,

4-30 REGULATOR/OUTPUT AMPLIFIER CIRCUIT

4-31 During power supply operation, transistors
Q1,Q9 and Q2,Q13, Q14 serve as serlss control

elements in the positive and negative output lines, '

respectively, The conduction of the serles tran-
sistors is controlled by the feedback voltage from
Q4. Note that when the feadback voltage is neg-
ative, PNP transistors Q2,Ql3 and Q14 are con-
ducting and NPN transistors Q1 and Q9 are cut-off,
Under these conditions, the supply furnishes a
negative output voltage. The reverse is true whan
the feedback voltage Is of positive polarity,
Transistor Q10 fumishes a constant blas current to
the bases of the series transistors, At zero volts
output, both banks of serles transistors are con-
ducting slightly because of the base current pro-
vided by Q10. Diodes CR18 and CR19 provide the
voltage drop necessary to forward blas each reg-
ulator bank simultaneously. This eliminates any
"dead spots" when the cutput voltage {s program-
med away from‘zero, Note, howaver, that as soon
as the output voltage i3 driven dway from zero, one
bank of transistors remains In conduction 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, Q9,Q13, and Q14 drawn as
a conventlonal series regulator, a closer inspec-
tlon will reveal that the circult 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 previous
paragraph, thus obviating the need for center-tap=
ped input and output transformers,

4-33 CURRENT LIMITING CIRCUIT

4-34 The current limiting circuit consists of tran-
sistors Q5 and Q12 and assoclated 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 05
limits the current in the negative lne and NP..
transistor Q12 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 R6
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 output current,

Operatlon of current limiting transistor Ql2 is
similar; eéxcept that the base current of the NEN

transistors f{s limited further back in the feedback
loop at the input of Q4.

4-35 REFERENCE CIRCUIT

4-36 The referance circuit is an auxiliary supply
which provides stable reference voltages used
throughout the Instrument for blasing and com-
parison purposes. The reference voltages are d:-
vaioped across temperature compensated Zener i-
odes VR1 through VRS, The reference voltages are
all derived from smoothed positive and negative dc
obtailned from full wave rectifiers CRS, CR6 and
CR7, CR8 and filter capacitors C12 and C13,

4-37 METER CIRCUIT

4-38 The meter circuit provides continuous Indica-
tions of output voltage or current on a single meter,
The meter can be used as a dc voltmeter or ammeter
or as an ac voltmeter depending upon the position
of METER switch S3, With S3 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 varlations,

4-39 With 83 in the DC AMPS position, the meter
s connected across current sampling resistor R30,
whose voltage drops varies in proportion to the
output current. Current calibrate potentiometer,
R3S is adjusted for full scale deflection in the
current range,

4-40 In the AC VOLTS paosition, the meter indicates
the rms output voltage of the amplifier, Rectifica~
tlon of the ac output voltage is accomplished by
diodes CR13 through CR1s,

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







N : SECTION V
MAINTENANGE

5-1 INTRODUCTION

5-2 Upon receipt of this instrument, the per-
formance check (Paragraph 5-10) should be made,
This check is ruitable for Incoming inspection,

a fault is detected in the unit while making the
performance check or during normal operation,
proceed to the trouble'shooting procedures (Para-
graph 5-24), After troubleshooting and repalr
(Paragraph 5-34}, perform any necessary adjust-
ments and calibrations (Paragraph 5-36), Before
returning the PS/A to normal operation, repeat the
performance check toa ensure that the fau.: has
been properly correctad and that no other faults
exist. Before doing any maintenance checks,
tum-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 connectad
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 load 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 invall-
dating the measurement,

"5=5 The monito:‘ing device should be connected
to the O3 and ("S terminals or as shown in Flgure
5-1, The perfo:-mance characteristics should
never be measured at the front terminals if the
load is connected across the rear terminals,

Note that whenp measurements are made at the
front terminals, the monlitoring leads are connect-
ed at A, not B;\\as shown in Figure 5-1. Fallure to

1t

QUTPUT TERMINAL

9

_‘7& |
LOAD LEAD H

MONITOR HEKE

-

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 connectlon,

5=-6 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
shoild be of the low noise, low temperature coef-
ficlent (20ppm/°C or less) type and should be
used at no more than 5% of its rated power 50 that
its temperature rise will be mintmized,

5-7 When uging an oscilloscope, ground the
cammun terminal of the P5/A and then ground the
case of the oscilloscape to this same point,
Make certaln that the case is not also grcunded
by some other means (such as the power line),
Connect both oscilloscope tnput leads to the PS/A
ground terminal and check that the oscilloscope is
not exhibiting a ripple or transient due to ground
loops, plck-up, or other means,

5-8 TEST EQUIPMENT REQUIRED

5‘-9 Table 5-1 lists the test equipment required

~ to perform the various procedures described in
* this Section,




Tahle 5-1. Test Equipment Required

Required Recommended

Type "Charactaristics Use Model
Differential Sensitivity: 1 mv full scale Measure DC voltages; # 3420 (Sce Nota)
Voltmeter (min.), Input impedanca: calibration procedures

10 inegohms (min.),

,Variable Range: 90-130 volts, Vary ACfpput [ mmemeen
Voltage Equipped with voltmeter ac-
Transformer | curste within 1 volt,

AC Voltmeter

heouracy: 2%, Sensitivity:
1 mv [ull scale deflection
{min,),

Measure AC voitages and
ripple,

fp 403 B

05clllos=cope Sensitivity: 10 uv/em, Dif- Peak-to-pcak measurements, | # 140 A plus

: ferential input, Wavefarm displays, 1400 A plug in,

Oscillator Rangy: 5 Hz to 600KHz Impedance Chacks, amplifier | 200 CD
Accuracy: 2% input source

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

Generator . Prequency: 1 Hz too 1 MHz

Repetltivé Rate: 50~400 Hz, 2usec risa Measure transient usponse See Figure 5-5

Load Switch and fall time, )

Resistor Value: See Paragraph 5-13 Load Resistor | cmeeeas
and Figure 5-3, 5%, 75 watts

Resistor Value: See Figure 5~3, 1%, Current sarpling | =sveae-
30 watts (6823A) 60 watts .
(6824A) 20ppm, 4-Terminal,

Resistor 1 Ka £1%, 2 watt non-inductive Measure tmpedance | eweee-a

Reslistor 100 chms, 5%, 10 watt Measure impedance | 0 «eeee-a

Capacitor 500uf, 50 wvdce Measure impedance | ceneew-

NQTE

A satisfactory substitute for a differential voltmeter 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 diftor-
ence between the supply being measured and the reference voltage
will have the required resolution for the measurement being made.
The voltage difference will be a function 2f the null detector that
Is used. Examples of satisfactory null detectors are: @ 4197 null
detector, o DC coupled oscilloscope utilizing differential input, or
2 50 mv meter movement with a 100 division scale. For the latter,
8 2 mv change in voltage will result in a meter deflectior. of four
divisions.

CAUTION

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

5-2




POWER SUPPLY REFEAENCE
UNDPER TEET VOLIAGE
SOUHCE
+ -
o
IOAD
NULL DETECTOR
- +
a9 0
Figura 5-2. Differential Voltemter Substitute,

Test Setup

5-10 PERFORMANCE TEST

5-11 The following test can he used as an incom-
ing inspection check and appropriate portions of
the test can be repeated cither to check the oper-
aticn of the instrument aftor repairs or for periodic
maintenance tests, The tests are performed using
a 115-VAC 60 Hz, single phasc 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, procced as {ollows:

&, Connect 40 ohm load resistor (50 ohms
for Model 6B24A) across rear output terminals of
supply.

b, Connect differential voltmeter across OS
and CS terminals of sunply observing correct po-
larity, '

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

d, Adjust VOLTS/GAIN control clockwise
{cw) until front panel mater indicates exoctly the
maximum rated positive output voltage,

e. Differential voltmeter should indicar*z
maximum rated positive output voltage within £2%,

f. Adjust VOLTS/GAIN control in ccw direc-
tion until front panel meter reads maximum rated
negative output 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
UMNDER TEST
coM aut Ry
QO
LOAD DIFFERENTIAL
RESISTOR YOLTIMETER
CUARENT + -G
SAMPLING P
RESISTOR

Ry = 2 for 68210
w 1n for 6A2sA

Ry » 18, for EA2IA
» 49, tar EHT4A

Figure 5-3. Output Current. Test Setup

h, 3et METER switch to AMPS,

¢, Turn on supply and adjust VOLTS/GAIN
control cw until front panel meter indicates ex-
actly maximum rated positive current.

d. Differential voltmeter should read
1+0, 02 Vdc,

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

f. Differential voltmeter shouid again read
120, 02 Vde,

5-15 Load Requlation, . To check the Constant
Voltage load regulatinn, proceed as follows;

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

b. Set METER switch to VOLTS,
c, 'furn on supply and adjust VOLTS,/GAIN
control cw until front panel meter tndicates maxi-

mum rated positive output voltage,

d. Read and record voltage indicated on
differential voltmeter,

¢, Disconnect load resistor,



UNIT
UNDER TEST

coM o?
/”

Canld |
Ry NeTE:
VALUE OF By I8 §0 CHi3es
FOR MODEL £813A OR 50 OHMS
FOR MQDEL 68248,
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 mVdc for Model 6823A or 15 mVdc for
Model 68244, )

9. 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 Requlation, To check the Constant
Voltage line reguletion, proceed as follows:
11
I,
a. Connect varlable auto transformer be-
tween inpiut power source and PS/A power input,

D, ." Connect test setup shown In Flgure 5-4,

c. Adjust variable auto transfcrmer for 105
or 210 Vae {nput,

d. Turn on supply and rotate VOLTS/GAIN
control cw unti) . front panel meter indicates ex-
actly the maximum rated positive output voltage,

e., Read and record voltage Indicated on
differential voltmeter.
o f. Adjust variable auto transformer for 125
‘or 250 Vac input.

9. Reading on differential voltmeter should
not vary from reading recorded in step e by more
than 9 mvde for Model 6823A units or 15 mvde for
Model 6824A units,

h. Rotate VOLTS/GAIN control ccw to ob-
tatn maximum negative voltage and repeat nteps
d through g, .

5-17 Ripple and Noise, To check ripple and
noise, proceed 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 varlable auto transformer for 125
Vac input,

. €. Turn on supply and adjust VOLTS/GAIN
control cw until front panel meter Indicates ex-
actly the maximum rated positive output voltage,

d. AC voltmeter should read less than 2 mV
rms (Model 6823A) or 10 mV rms (Mode!l 6824A).

e. Revarse polarity of Input to ac voltmeter
and repeat steps ¢ and d for maximum rated nega-
tive output voltage,

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

a. Connect test setup shown in Pigure 5-5,

UNIT OSCILLOSCOPE
UNDER TEST & 1400
COM‘/ oyt G
? 0

__._.o_r_! 1. THIS DRAWING SHOWS

) ’ ' A BUGGESTED METHOD

' OF BUILDING A LOAD

| SWITCH., HOWIVIR,

' OTHER METHUDS COULD
BZ USED; BUCHASA
TRANSISTOR SWITChING
NETWORK, MAXIMUM
LOAD RATINGS OF LOAD
SWTTCH ARE: 3 AMPS,
300V, 230W (NOT 2500W)

2, UEE MERCURY RELAY:
CLARE TYFE HGP 1002 OR
W.E, TYPE 2768,

115V

Figure 5-5. Transient Response, Test Setup

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




¢. Close line switch ou repetitive load
switch setup.

d. Adjust 25K potentiomater until a stable
display is obtalned on oscilloscope. Waveform
should be within the tolerances shown in Flgure
5-6 (output should return to within 5 mv of origi~
nal value in less than 100 microseconds).

L

MY
- ,I 100
BSEC

UNLGADING TRANSIENT

LOADING TRANSIENT

Flgure 5-6. Transient Response Waveforms

e. Reverse input connectlons to oscillo-
scope and repeat steps ¢ and d for maximum rated
negative output.

5-19 Programming Speed. To check the unit's
programming speed, a square wave is applied to
the unit and it is operated in the amplifier mode.
This nas the same effect as rapidly programming
the unit, up and down, in the power supply mode.
To make this test, proceed as follows:

a. Connect test setup shown in Figure 5-7,

UNIT UNDER | oscriioscare
TEST # l4oa
com
N [=] . G
o d *o \LP

SLUARE WAYE
GENERATOR
§ 211A

G out

% °

Figure 5-7. Programming Speed, Test Setup
b. Set MODE switch to AMPLIFIER and turp
cn unit.

¢. Rotate VOLTS/GAIN control fully clock~
wise.

3-5

d. On pulse generator, set input frequency
to about 2 kHz and adjust amplitude to obtain
maximum rated peak-to~peak output signal on os~
cilloscope (-20V to +20V on Model 6823A and -50V
to +50V on Model 68244},

e. Adjust oscilloscope to observe rise time
of one square wave. The wave shape should be
within the tolerances shown on Figure 5-8 {output
should change from maximum rated negative value
10 maximum rated positive value in less than 50

psec).

oo}

Figure 5-8, Typical Programming Speed Waveforms

f. Check the fall time of one square wave,.
It should be almost identical to the rise time ex-
cept for inversion,

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

a. Connect test setup shown in Figure 5-8,

VOLTMETER VOLTMETER
§ 4038 § w3
INDICATES £, INDICATES E,,
go0o0 900
POWER SUPPLY OSCILLATOR
UNDER TEST & 100 cp
COM / QUT W
)"-’ W —3
X 540 MFD
L. AMA- IL
an #il .

\Ad
100 OHM

Figure 5~9, Cutput Impedance, Test Setup

b. Turn on supply and adjust VOLTS /GAIN
control until front panel meter reads +10 volts
(+20 volts for Model 6824a).




c. Set AMPLITUDE control on Oscillator to
10 volts (Ey,), and FREQUENCY contro) to 100Hz,

d. Record voltage across output terminals
of the power supply (Ep) as indicated on AC volt-
mater,

a. Calculata the output impedance by the
following formula:

2 . EoR
Ut = Emm - Eo

Ep = rms voltage across power supply output
terminals,

R= 1000

Ein = 10 volts

f. The output impedance {Zout) should be
less than 0, 03 ohm,

g. Using formula of step e cvalculate output
impedance at frequencies of S00Hz and 1 00KHz,
Values should be less than 0. 3 ohm and 3. 0 ohms,
respectively,

5-21 AMPLIPIER TESTS

5-22 Gain and Frequency Response, To check the
galn and frequency response of the amplifier, pro-

cead as follows: '

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

UNIT UNDER TEST QLCILLOSCOPE
' 8 160A
N CoMout s - G
A o %P
Ry
Ry « 40 OHMS. MODEL 68234
= 50 OHMS, MODEL §024A
LI Y
¥ -~ G
OSCILIATOR
& W0CD

Figure 5-10. Gain and Frequency Response,
Test Setup

b, Set MODE switch to AMPLIFIER,

¢. Set oscillator frequency at 2KHz and
output at 4 Vac, peak-to-peak {(Model 6823A) or
10 Vac, peak-to-peak (Model 6§824A).

d. Adjust VOLTS/GAIN control on amplifier
to obtain 40 volt peak-to-peak (Model 6823A) or
100 volt peak-to-peak (Model 6824A) reading on

oscilloscope, Reading should be within £2%
tolerance,

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

f. Waveform on oscilloscope should not be
less than 29 volts peak-to-peak (Model 6823A} or
71 volts peak-to-peak {(Model 6§824A),

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

a, Retain test setup of Figure 5~10,

b, Repeat steps b through d of Paragraph
5-22,

c. METER switch to AC VOLTS position.
d. Front panel meter should indicate rms
value of peak output voltage Indicated orn oscillo-

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

5-24 TROUBLESHOOTING

5-25 Components within Hewlett-Packard instru-
ments are conservatively operated to provide
maximum rellability, In splte of this, parts with-
‘n & unit may fail, Usually the instrument must
be immediately repalred with a minimum of "down
time" and a systematlc 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 1 with the
instrument and not with an assoclated circuit,

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

5-28 Omnce 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 connectlions, chamred components, etc,
If the trouble source cannot be detected by visual
inspection, follow the detailed procedure outlined
in succeeding paragraphs. Once the defective
component 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. ‘




B UTR BT TRV T RN A SR T IO P ey am

5-29 A good understanding of the principles of
operation is @ heipful aid in troubleshcoting, and
it is recormended 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
voltage readings shown on the schematic and the
additional procedures given in the following
paragraphs should suffice to isolate a fault to a
component or small group of components. The
normal voltages shown on the schematic are posi-
tioned adjacent to 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 circult could
affect the overall operation in many ways.

b. Feedback loop checks {Paragraph 5-32).

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

5-30 Note that the above mentioned grocedures
are applicable to both power supply and amplifler
operation except in a few cases which are 10ted
in the procedures. Generally speaking,very few

troubles that are encountered will aifect the oper~
atlon of the PS/A in only ane of Its operating
modes.

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

8. Tumn VOLTS/GAIN control fully clock-
wise and set MODE switch to SUPPLY.

b. Turn-on unit with no load connected.
. Proceed as {nstructed 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 occur,
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 racommended in the follow-
ing tables. If this occurs, 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
tabuler list of the symptoms, checks, and :fobable
causes for common troubles.

Table 5~2, Reference Clrcult ‘Troubleshooting ;

Meter Meter Normal
Step Common Positive Indicatlon Action
1 C 30 +22.1 %2 Vdc If normal, proceed ;b\*'S_tep 2.
If abnormal, check .%4,C12,
R17,CRS5, and CR6.
2 C 11 +6, 2 £0. 3 vdc If abnormal, check’VRZ. R36,
R56, VRS.
"\
3 C 10 -6, 2 0, 3 Vdc If abnormal, check VR, 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 2. Q2,Ql13, or Q14 shorted,
CR21, CR22 or CR24 open,
b, Not Blown b.I Proceed to Step 2,
2 Voltage between 23 (+) and 25 (~) | a, Less positive than +5.4V |a, CR2l, or CR22, or CR24
shorted, R61 open,
b, +5.4V to 45,7V b. Check Q10 or R22 for open,|
' Chack QI or Q9 for short,
Procead to Step 3,
3 Voltage between C and 16 a, More negative than -60V |{a, QB open, Q7 shorted,
Q6 open,
b, -56V to -60V b. Pruceed to Step 4,
4 Voltage between C and 17 a, More positive than +60V |a. Q3 open. R44 shorted,
b, +54V to +60V b, Check Q4 for short,
Check Q11 for open, CR12
for short,
Table 5-4. High Negative OQutput Voltage Tropbleshooting
Step Measure Response Probable Cause
1 Voltage between a8, More positive than +5.7V | a, CR21, CR22Z, or CR24
23 (+) and 25 (~) open,
b. 15,4V to +5.7v b, Proceed to Step 2,
2 Voltage between a, 0V or positive a, Q2,Q13 or Q14 shorted,
19and 7.8, and 9 Q10 shorted,
b. More negative than 0V b. Proceed to Step 3.
—
3 Voltage between a, Less negative than -45V a. QB shorted, Q7 open,
Cand 16 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 Output Voltage Troubleshaoting
Step | Measure Recsponse Probable Cause

Remove Q12 from circuit

Normal positive output
voltage

Low positive output
voltage

a.

Q12 shorted
R5 or R3 open or high
resistance.

Reconnect Q12 and check
Q1 or Q9 for open. If
normal, proceed to Step 2,

5-8




Table 5-5. Low Positive Output Voltage Trouble shooting (Continued)

2 Voltage between C and 16 a, Less negative than -56V | a. Opan strap between A3 -Ad,
' ‘ Check -6.2V reference for

low voltage, Check R13

for open,

Check RS2A 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 R55 for open
or high resistance, Check
Q4 for open,

Table 5-6, Low Negative Qutput Voltage Troubleshooting

Step Measure Response Probable Cause |

1 Remove Q5 from circuit a, Normal negative output a. Q5 shorted, . ' J
valtage R6 or R19 open or
high resistance,
b, Low negative output b. Reconnect Q5 and check
voltage Q2,Q13, or Q14 fur open,

If normal proceed to Step 5

2 Voltage between C and 16 a, More negative than -50V a. Opean strap between A3-Ad,
Check R52A for open.
Check +6.2V reference for
low voltage, Check R13
for low resistance,

b, =48V to -50V b.  Proceed to Step 4,

3 Voltage hetween C and 17 a. Less negative than -45V a. Check R4 or RSS for open
: or high resistance,
Check Ql1 for short, Q4

for open,
Table 5-7, Cammon 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 {s not going into curmrent 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
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Table 5-7. Common Troubles (Continued)

" Poor Stability a. Check reference voltages (Table 5-2).
b, Noisy VOLTS/GAIN control (R52A),
¢. CR25 through CR28 leaky.
d. Stage Q7 or Q8 defective,
Unit programs in a, R38 or R39 open
only ane direction b. No +6. 2V or -6, 2V re.erence source,
Zero Qutput a, R32 or R52A open
b, 52 open

Exceasive heat or pressure can lft the copper strip from the board, Avoid damage by using a low pawer 1
goldering Iron (50 watts maximum) and following these instructions, Copper that 1ifts off the board should
be cemented In place with a quick drying acetate base cement having good electrical insulating propertics.

A break fn the copper should be repaired by soldering a shore length of tinned copper wire across the break,
Use only high quality rosin core solder when repairing tched circuir boards, NEVER USE PASTE FLUX.
After goldering, clean off any excess flux and coat the repakred area with a high quallty electrical varnish
or lacquer.

When replacing components with multiple mounting pins such as rube sockets, electrolytic capacitors, and
patentlometers, 1t will be necessary to Lt each pin slightly, working around the components several times
until it is free, :

WARNING: If the specific [nstructlions outlined in the steps below regarding etched circuit boards without
eyelets are not followed, extensive damage to the etched clrcuit board wilt result,

1. Apﬁly heat sparingly to e, d of component to be 2. Reheat solder In vacant cyelet and quickly In-

replaced. I lead of component pasaes through sert a small awl to clean inside ofhole, f hole
an eyelet inthe circuit board, apply heaton com- dovs not have an eyelet, insert awl or a 457
penent side of board. If lead of component does el Trom conductor side of board,

not pass through an eyelet, apoly heat to ¢on-
ductor side of board.

CONDUCTOR
. ‘/_ SIDE

3, Bend clean tipned leads on new parr und care- 4. Hold part against board (avoid overheating) and
felly Inserr through eyelets or holes in board, golder leads, Apply heatto compocent leads on

correct slde of board as eaplained In step 1.
Jﬂ;ﬁm

In the event that either the circuit board has been damaged or the conventional method is impiactical, uge
method shown below, This is especially applicadle vor circuit boards without eyclets.

Ifecanvennyatitiinnsy soasans

1. Clip lead as shown below, ‘ . 2. Bend protruding leads upward, Bend lead of
hew component around protruding lead, Apply
solder using a pair of long nose pliers as a
heat slnk.

cLwp
/ ] W
) HERE APPLY
S0LDER

'
H
T T O T T TS

This procedure is used ip the field only as an alternate means of repair. It Is not used within thé facrory,

thebrir

i 1

Figure 5-11. Servicing Printed Wiring Boards

5-10
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Table 5-8; Selected Semlconductor Characteristico

Reference . . Suggested
Deslgnator | Characteristics & Stock No. Replacement
Ql,4,9,10 NPN Sl Power, hgg = 35 (min,) @1¢ = 1A; 1854-0250 2N3442 R, C.A.

Vop= 4V, Vg (sat,) = 1V (max.) @I = 14;
Ip= 0.1A. Vg = 1.5V (max.) @Ic = 1A; :
VgE= 4V. Power rating test Vop= 130V;

I = 500mA for 1 second.

IQ2. 13,14 PNP Ger Powaer, hfa = 40 {min,) @ BA., 1850-0407 B213002 Bendix
| BVcpQ = 160V. Pwr-Diss, = 150w, FT .
{max.) = 460 kHz,

CRS=-10,19 3i rectifter, 500ma, 200prv ' 1901-0026 1N3253 R.C.A.
CRrl11,12, 22,
25-28 81 rectifier 200ma, 15prv 1901-0461 1N4828 G.E.
1 i [l
CR13-16 Si rectifier, 200ma, 200prv 1901-0033 1N279 Transitron
VR3-5 Zener Diode, 22,1V 5%, IW. 1902-0562 1N3028 Motorola
| : } )
5-34 REPAIR AND REPLACEMENT ‘ ' characteristics of selected semiconductors. If the
‘ device to be replaced is not listed in Table 5-8,
5-35 Before servicing a printed wiring beard, the standard marufacturers part number listed in
refer to Figure 5-11. Section VI of this manual Section VI is applicable. After replacing a semi-
contains a tabular list of the Instruments replace- = conductor, refer to Table 5-9 for checks and
able parts. Before replacing a semiconductor adjustments that may be necessary.

“device, refer to Table 5-8 which lists the special

Table 5-9. Checks and Adjustments After Rzplacement of Semiconductor Devices

| Reference Function Check Adjust
Ql, Q2, Q9, .
Ql3, Ql4 Regulator/Qutput Amplificr ‘ Load regulation (Power
' Supply)
J Gain/frequency response
| : {Amplifier)
t Current limit RS and R6
Ammeter/Voltmeter track-
' ing R35/R31, R43
Q3, Q4, @6, ,
Qll Error and driver amplifiers Load requlation
Q7, Q8 Differential Amplifier - i Line and load regulation
' Programming current R38 and R39
' ! .
Q5, Q12 Current limiting transistors P Current limit R5 or R6
CRI-CP:IO . Rectifier dlodes ’ © Voltage across appro-
priate filter capacitor
VR1-VRS Develop stable reference voltages Positive and negative
: refarence voltages
Line regutatlor_\

A NS e T —
——
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Table 5-10, Callbration Adjustment Summary

Adjustment or Calibration Paragraph Contro! Device
Meter Zaro 5-38! Pointer
DC Voltmeter Tracking 5--41 . R31
AC Voltmeter Tracking 5-42 R43
DC Ammeter Tracking 5-43 R35
Programming Current $~45 R38 and R39
Current Limit 547 RS and Ré

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 cfr~
cuit and no others.. Table 5-10 summarizes the
adjustments and calibrations contained in the
following paragraphs.

5~38 METER ZERO
5-39 Procaed as follows o0 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.

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

5-40 VOLTMETER TRACKING

5~41 To calibrate dc voltmeter tracking, proceed
as follows:

a. Connect differential voltmeter across

output. Connect positive lead to common terminal
on rear of PS/A.

b, Set METER switch to VOLTS and MODE
switch to SUPPLY. Adjust VOLTS/GAIN control ccw
untll differential voltmeter reads exactly the max-
+ imum rated negative output voltage.

¢. Adjust R31 until front panel meter also
fndicates maximum rated output voltage.

5-42 To calibrate ac voltmeter tracking, proceed
as follows: ‘

a. Connect test setup shown in Figure 5-10
except remove load resistor Ry.

b. Set MODE switch to AMPLIFIER and os-
cillator frequency to 2 kHz.

¢. Adjust VOLTS/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 volt rms reading on front
panel meter.

5-43 AMMETER TRACKING

5-44 To calibrate ammeter tracking proceed as
follows:

a, Connect test setup shown on Flgure 5-3

b. Set METER switch to AMPS,

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

d. Adjust R35 until front panel meter indi-

cates exactly the maximum rated positive output
current.

3-45 PROGRAMMING CURRENT

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

e T e e, . _
- ey M e T Py




‘ a. Connect differential voltmeter across
output terminals.

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

¢. 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 so that differential voltmeter
rexds -20. 2 Vdc {Model 68237} or =52 Vdc (Model
68244).

5-47 CURRENT LIMIT ADJUSTMENT

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

'

rent, proceecd as follows:

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

b. Short out load resistor (Ry).

¢. Set MODE switch to SUPPLY. Adjust
variable transfprmer for 105 Vac input (low line).

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

e. Adjust R5 until differential veltmeter {n-
dicates +1.5 Vdc for Model 6823A or +1.2 Vdc for
Model 6824A. Set position of input polarity
switch for minus input and rotate VOLTS/GATN
control fully ccw.

f. Adjust R6 until differential voltmeter in-
dicates -1.5 Vdc for Model 6823A units or 1.2
Vdc for Model 6824A units.

2, ey saws iz
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© numerlc order by reference desig

SECTION VI
_' REPLACEABLE PARTS

6-1 INTRODUCTION
6-2 This sectlon contalas Infotrmation for ordering
replacement parts, Table 6-4 llsts parts in alpha-
tors and provides
the following fnformation:

_ 8,  Reference Designators. Refer to Table 6-1,

b, Description. Refer to Tahle 6~2 for ab-
braviations. . '

¢,  Total Quantity (TQ). Giveh 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
is listed in each assembly,

d. Manufacturer's Part Number or Type.

e, Manufacturer's Federal Supply Code Num-
ber, Refer to Table 6-3 for manufacturel’s name and
address,

£, Hewlett~Packard Part Number,

g. Recommeanded Spare Parts Quantity (RS)
for complete maintenance of one instrument during
one year of isolated service, \

h. Parts not identified by a referencs desig-
nator are listed at the end of Table 6-4 under Me-
chanlcal and/er Miscellaneous. The former Fonslsts
of parts belonging .0 and grouped by Individual as~
semblies; the latter consists of all parts not tm-
medlately assoclated with an assembly,

6-3 ORDERING INFORMATION

6-4 To order a replacement part, address ordet or
inquiry to your local Hewlett-Packard sales office
(see lists at rear of thls manual for addresses),
Specify the following information for each part:
Model, complete serial number, and any Option o
speclal modification (J) numbers of the Instrument;
Hewlett-Packard part number; circuit reference ded-
ignator; and description, To order a part not listed,
in Table 6-4, give a complete description of the |
part, its function, and its location. \

Table 6~1, Reference Designators \"-“

A = assembly E = miscellaneous
B = blower (fan) electronic part
] = capacitor F = fuse
CR = circuit hreaker |J = jack, jumper
CR = diode K = relay
S = device, signal-| L = fnductor

ing (lamp) M = meter

Table 6-1. Reference Designators (Continued)
P = plug v = vacuum tube,
Q = transistor neon bulb,

R = resistor photoc »1l, etc,

S = switch VR = zener . lode

T = transformer b X = socket

TB = terminal block | Z = integrated cir-

TS = thermat switch cult or network

Table 6-2, Description Abbreviations

A = ampere mfr = manuiacturer

ac = alternating mod, = modular or
current modified

assy, = assembly mtg = mounting

bd = hoard n = nano = 10~9

bkt = bracket NC = normally closed

9C = degree NG = normally open
Centigrade NP = nickel-plated

cd = card a = ohm

coef = coefflcient obd = order by

comp = composition description

CRT = cathode-ray 0D = outside

' tube diameter
CT = center-tapped |p = pico = 10-12
de = direct current P,C. = printed circuit
DPDT = double pole, pot, = potentiometer

double throw P=p = peak-to-peak
DPST = double pole, ppm = parts per
single throw million
elect = electrolytic pvr = peak reverse
encap= encapsulated voltage
F = farad rect = rectifier
OF = degree ms = root mean
Farenhelt square
fxd = fixed 54 = silicon
Ge = germanium SPDT = single pole,
H = Henry double throw
Hz = Hertz SPST = single pole,
{0 = integrated single throw
circuit 5% = small signal
ID = inside diameter| T = slow~-blow
tr cnd = fncandescent tan, = tantulum
k = kilo = 103 Ti = titanium
m = millt = 10-3 v = volt
M = mega = 106 var ' = varfable
B = micro = 10-6 ww = wirewound
met, = metal w = Watt

A

I '  MANUAL CHANGES
o Model 6824A DC Power Supply
Manual HP Part No. 06824-90001

TLUER

. Make all correcnonfrm the manual according to errata below, then check the following tab!e for your

! )

(N _SERIAL MAKE
.. Prefix | Number CHANGES
| . Ermata

b P L L] [

Under OUTPUT IMPEDANCE on Page 1-3, change the |

e e tisingem pey mae! e fmlimaees

powet supply serial number ard enter any Ilsted channe {s) in the manual.

Krniob: HP Pan No. 03720137, ‘ '
Modified Front Panel: kP Part No., 06824-60002.

N



Table 6-3, Code List of Manufacturers

CODE
NO.,

!

MANUFACTURER ADDRESS

CODE
NO.

MANUFACTURER ADDRESS

Q0629
00656

01121
01255
01281
01295
01686
01930
02107
02114
02606
02660
02735
03508

03797
03877

03888
040039

04072
04213

04404
104713
05277
05347
05820
06001
06004
06486
06540
06555
06666
06751

06776
06812

07137

00853.

EBY Sales Co,, Inc. . Jemaica, N.Y,
Aerovox Corp, New Bedford, Mass,
Sangamo Electric Co,
S, Carolina Div,
Allen Bradley Co.
Litton Industries, Inc,
Beverly Hills, Calif,
TRW Semiccnductors, Inc,
Lawndale, Calif,

Pickens, 5.C
Milwaukee, Wis,

Texas Instruments, Inc.
Semiconductor~Coinponents Div,
Dallas, Texas
Manchester, M, H,
Rackford, Ill,
Dover, Chio
Saugerties, N.Y.

RCL Electronics, Inc.
Amerock Corp,
Sparta Mfg, Co,
Ferroxcuke Corp,
Fenwal Laboratorles Morton Grove, Ill,
Amphenol Corp. Broadview, IIL.
Radio Corp, of America, Solid State
and Becelving Tube Div, Somerville, N,].
G.E, Semiconductor Products Dept,
Syracuse, N.Y.
Eldema Corp, Compton, Calif,
Transitron Electronic Corp.
Wakefleld, Mass,
Pyrofilm Resistor Co. Inc,
Cedar Xnolls, N.].
Arrow, Hart and Hegeman Electric Co,
Hartford, Conn,
ADC Electronics, Inc, Harbor City, Calif,
Caddell & Bums Mfg, Co. Inc,
Mineola, N.Y.
*Hewlett-Packard Co, Palo Alto Div,
Palo Alto, Callf,
Motorola Semlconductor Prod, Inc,
Phoenix, Arizona
Westinghouse Electric Corp.
Semiconductor Dept, Youngwood, Pa,
Ultronix, Inc, Grand Junction, Colo,
Wakefield Engr, Inc. Wakefield, Mass,
General Elect, Co, Electronic _
Capacitor & Battery Dept. Irmo, 8.C,
Basslk Div, Stewart-Wamer Corp,
Bridgeport, Conn,
[RC Div. of TRW Inc,
Semiconductor Plant Lynn, Mass,
Amatom Electronic Hardware Co, Inc,
New Rochelle, N.Y.
Beede Electrical Instrument Co,
Penacock, N.H.
General Devices Co, Inc,
Indlanapolis, Ind,
Samcor Div. Components, Inc,
Phoenix, Arizona
Robinson Nugent, Inc,  New Albany, Ind,
Torrington Mfg., Co., West Div,
Van Nuys, Calif,
Transistor Electronics Corp.
Minneapolis, Minn,

07138
07263
07387
07397
07716
07910
07933
08484
08530
Q8717
08730
08806
08863
08919
09021
09182
09213
09214
09353
09922
11115

11236
11237

11502
11711
12736
12615
12617
12697
13103
14493

14655

14936

15801
16299

Westinghouse Electric Corp, ,
Electronic Tube Div, Elmira, N.Y.
Falrchild Camera and Instrument
Corp. Semiconductor Div, '
Maountain View, Callf,
Birtcher Corp. , The Los Angeles, Calif,
Sylvania Electric Prod, Inc,
Sylvania Electranic Systems
Western Dlv, Mountain View, Callif,
IRC Div. of TRW Inc. Burlington Plant
Burlington, Iowa
Continental Device Corp,
Hawthome, Calif,
Raytheon Co, Components Div,
Semiconductor Qperation
Mountain View, Calif,
Breeze Corporations, Inc, Union, N.]J,
Reliance Mlca Corp, Brooklyn, N.Y.
Sloan Company, The Sun Valiey, Calif,
Vemaline Products Co. Inc. Wyckoff, N,J].
General Elect, Co, Minla-
ture Lamp Dept. Cleveland, Chio
Nylomatic Corp. Norrisville, Pa,
RCH Supply Co, Vernon, Callif,
Alrco Speer Electronic Components
Bradford, Pa,
*Hewlett~Packard Co, New Jersey Div,
Berkeley Helghts, N,J.
General Elect, Co, Semiconductor
Prod, Dept, Buffalo, N.Y.
General Elect, Co, Semiconducter
Prod, Dept, Aubumm, N,Y,
C & XK Compeonents Ing, Newton, Mass,
Burndy Corp, Norwalk, Conn,
Wagner Flectric Corp,
Tung-Sol Div,
CTS of Beme, Inc,
Chicago Telephone of Cal, Inc.
So, Pasadena, Callf,
IRC Div. of TRW Inc, Boone Plant
Boone, N.C.

Blecomfleid, N.]J.
Berne, Ind.

General Instrument Corp
Rectifier Dlv,
Philadelphia Handle Go, Inc,
Camden, N.],
U.S. Terminals, Inc, Cincinnati, Ohio
Hamlin Inc, Lake Mills, Wisconsin
Clarostat Mfg, Co, Inc. Daver, N, H.
Thermalloy Ce. Dallas, Texas
*Hewlett-Packard Cv, Loveland Div,
Loveland, Colo,
Commnell-Dubliier Rlectronics Div,
Federal Pacific Electric Co.
Newark, N.J.
General Instruinent Corp, Semlicon-
ductor Prod. Group Hicksville, N. Y,
Fenwal Elect, Framtngham, Mass,
Corning Glass Works, Electronic
Compcnents Div, Raleigh, N.C,

Newark, N.]J.

*Use Code 28480 assigned to Hewlett-Packard Co,, Palo Alto, California
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Table 6-3, Code List of Manufacturers (Continued)

CODE
NO.

MANUFACTURER ADDRESS

16758
17545

17803

17870

18324
19315

19701
21520
22229

22753
23936
24446
24455

24655
24681

26982
27014

28480
28520
28875

31514

3iez7
33173
35434
37942

42190
43334

' 44655
46384

47904
49956
55026

56289
- 58474
58849

59730
61637
63743

Delco Radio Div, of General Motors Corp,
Kokomo, Ind,
Atlantic Semiconductors, Inc.
Asbury Park, N.J,
Pairchild Camera and Instrument Corp
Semiconductor Div, Transducer Plant
Mountain View, Calif,
Daven Div, Thomas A, Edison Industries
McGraw-Edlson Co, Orange, N,J.
Signetics Corp, Sunnyvale, Calif,
Bendix Corp. The Navigation and
Control Div, Teterboro, N.],
Electra/Midiand Corp,
Mineral Wells, Texas
Fansteel Metallurgical Corp,
No. Chlcago, Ill,
Union Carbide Corp. Electronics Div,
Mountain View, Calif,
UID Electronics Corp, Hollywood, Fla,
Pamotor, Inc. Pawpa, Texas
Genoral Electric Co, Schenectady, N, Y.
General Electric Co, Lamp Div, of Con-
sumer Prod, Group
Nela Park, Cleveland, Chio
Geperal Radlo Co, West Concord, Mass,
LTV Electrosystems Inc Memcor/Gom-
ponents QOpcrations Huntington, Ind,
Dynacool Mfg., Co, Inc, Saugerties, N.Y.
National Semiconductor Corp.
Santa Clara, Calif,
Palo Alto, Calif,
Kenllworth, N,T.

Hew!ett-Packard Co,

Heyman Mig, Co,

IMC Magnetics Corp,
New Hampshire Div, Rocherter, N, H,

SAE Advance Packaging, Inc,

Santa Ana, Calif,
Ramona, Calif,
Owenshore, Ky,

Chicago, Ill.

Budwlg Mfg, Co.
G.E, Co, Tube Dept,
Lectrohm, Inc.
P, R. Mallory & Co, Iac,
Indianapolis, Ind,
Muter Co, Chicago, Ill,
New Departure~Hyatt Bearings Div,
General Motors Corp. Sandusky, Ohio
Ohmite Manufacturing Co, Skokie, IlI,
Penn Engr. and Mfg, Corp,
Doylestown, Pa,
Polarold Corp, Cambridge, Mass,
Raytheon Co Lexington, Mass,
Simpson Eloctric Co. Div, of American
Gage and Machine Co, Chicago, I,
Sprague Electric Co, North Adams, Mass,
Superior Electric Co, Bristol, Conn,
Syntron Div, of FMC GCorp.
Homer City, Pa,
Philadelphia, Pa,
New York, N.Y.

Thomas and Betts Co.

Union Carbide Corp,

Ward Leonard Electric Co,
Mt, Vemon, N.Y.

*Use Code 71785 assigned to Cinch Mfg., Co., Chlcago, Il

CODE
No, | MANUFACTURER ADDRESS
70563 | Amperite Co. Inc, Union City, N.J.
70901 | Beemer Engrg. Co. Fort Washington, Pa.
70503 | Belden Cormp, Chicago, Ill,
71218 | Bud Radio, Inc, Willoughby, OChio
71279 | Cambridge Thermionic Corp,
i Cambridge, Mass,
71400 | Bussmann Mfg. Div, of McGraw &
Edison Co, St, Louls, Mo,
71450 | CTS Corp, Elkhart, Ind,
71468 | I, T. T. Cannon Electric Inc,
Los Angeles, Calif,
71590 | Globe~Unlon Inc,
Centralab Div, Milwaukes, Wis,
71700 | General Cable Corp, Cornish
Wire Co. Div, Williamstown, Mass,
71707 | Ccto Coll Co, Inc. Providence, R.I,
71744 | Chicago Miniature Lamp Works
Chlcago, I,
71785 | Cinch Mifg, Co. and Howard
" B, Jones Div, Chicago, Ill,
71984 | bow Corning Corp, Midland, Mich,
72136 | Electro Motive Mfg. Co. Inz,
Willimantic, Conn,
72619 | Dialight Corp, Brooklyn, N,Y.
72699 | General Instrument Corp, Newark, N.]J.
72765 | Drake Mfg. Co, Harwood Helghts, Ill,
72962 | Elastic Stop Nut Divy, of
Amerace Esna Corp, Union, N.J.
72982 | Erle Technological Products Inc, Erie, Pa,
73096 § Hart Mfg, Co, Hartford, Conn,
73138 | Beckman Instruments Inc,
Helipot Div, Fullerton, Galif,
73168 | Fenwal, Inc, Ashland, Mass,
73293 | Hughes Alrcraft Co. Electron
Dynamics Div, Torrance, Calif,
73445 | Amperex Electronic Corp,
Hicksville, N, Y.
73506 | Bradley Semiconductor Corp,
New Haven, Conn,
73559 | Carling Electric, Inc, Hartford, Conn,
73734 | Federal Screw Products, Inc.
i Chicago, 111,
74193 | Heinemann Electric Co, Trenton, N,]J,
74545 | Hubbell Harvey Inc, Bridgeport, Conn,
74868 | Amphenol Corp, Amphenol RF Div,
Danbury, Conn,
74970 {E, P, Tohnson Co. Waseca, Minn,
75042 [ IRC Div, of TRW, Inc,  Philadelphia, Pa,
75183 | *Howard B, Jones Div. of Cinch
Mifg., Cortp, New York, N.Y.
75376 | Kurz and Kasch, Inc, Dayton, Ohio
75382 | Kilka Electric Corp. Mt. Verpon, N, Y.
75915 | Littlefuse, Inc, Des Plaines, IlI,
76381 | Minnesota Mining and Mfg, Co.
St, Paul, Minn.
76385 | Minor Rubber Co, Ine,  Bloomfield, N, I.
76487 |James Millen Mfg, Co. Inc,
Malden, Mass,
76493 []. W, Miiler Co, Compton, Calif,
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Table 6-3,

CODE
NO.

MANUFACTURER ADDRESS

76530
76854

77068

77122
77147
77221

77252
77342
77630

77764
78189

78452
78488
78526

78553
78584
79136
79307
79727

79963
80031

802954
81042

81073
81483

81751
‘82099

82142

82219

82389
82647

B2866
82877
82893
83058
83186

83298
83330

83385
83501

Vector Electronic Co.

Cinch City of Industry, Calif.
Gak Mfg, Co, Div, of Qak
Electro/Netics Corp, Crystal Lake, Iil,

Bendix Corp, , Electrodynamics Div,

No, Hollywood, Calif,
Palnut Co, * Mountalnside, N,J.
Patton-MacGuyer Co, Providence, R.I.
Phaostron Instrument and Electronic Co,
South Pasadena, Callf,
Philadelphla St:el and Wire Corp,
Philadelphia, Pa,
American Machine and Foundry Co,
Potter and Brufnfield Div. Princeton, Ind.
TRW Electronic Components Div,
Camden, N.J,
Resistance Products Co, Harrisburg, Pa,
Illinois Tool We¢iks Inc, Shakeproof Div,
Elgin, Iil,
Everlock Chicado, Inc, Chicago, Ilt,
Stackpole Carbon Co, St. Marys, Pa,
Stanwyck Windisg Div, San Fernando
Electric Mfg, Co. tuc. Newburgh, N,Y.
Tinnerman Product', Inc, Cleveland, Chlo
Stewart Stamplng Corp, Yonkers, N.Y.
Waldes Kohincur, Inc, LLC,, N.Y.
Whitehead Metals Tic. New York, N.Y,
Continental-Wirt Electronics Corp.
. ) Philadelphia, Pa,
Zierick Mfg, 'Co, Mt. Kisco, N.Y,
Mepco Div, of Sesstons Clock o,
Morristown, N.J.
Boumns, Inc. Riverside, Calif,
Howard Industrles Dlv, of Msl Ind, Inc,
Raclne, Wisc,
Grayhi.l, Inc, La Grange, IIl,
International Rec’ ;lficr Corp.
: El Segundo, Calif.
Columbus Electronics Corp, Yonkers, N.Y.
Goodyear Sundrles & Mechanical Co, Inc,
New York, N,Y.
Alrco Speer Electronlc Components
Du Bois, Pa,
Sylvania Electric Products Inc,
Electronic Tube Div, Receiving
Tube Operations Emporium, Pa,
Switchcraft, Inc. Chicago, IlI,
Metals and Controls Inc, Control
Products Group Attleboro, Mass,
Research Products Corp. Madison, Wis,
Rotron Inc, Woodstock, N.Y.
Glendale, Calif,
Carr Pastener“f}o. Cambridge, Mass,
Victory Engineering Corp.
Springfield, N,],
Bendix Corp, Electric Power Div,
Eatontown, N.J.
Herman H. Smith, Inc. Brooklyn, N.,Y.
Central Screw Co, Chlcago, Il

Gavitt Wire and Cable Div, of
Amerace Esna Corp,  Brookfield, Mass,

aal i
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Code List of Manufacturers {Continued)

CODE
NO.

MANUFACTURER ADDRESS

83508
83594

B3B3S
83877

84171
84411
B6684

B6838
87034

87216
87585

87929
28140
88245
90634
50763
91345
91418
51506
91637
91662
91929

92825
93332

93410
94144
94154
94222
95263
95354
95712

95987
96791

97464
97702
98291
98410
§8978

95934

Grant Pulley and Hardware Co,
West Nyack, N.Y.
Burroughs Corp, Electronic
Components Div, Plainfleld, N.]J.
U, 8, Radium Corp, Morristown, N.J.
Yardeny Laboratories, Inc,
New York, N.Y.
Arco Electron.cs, Inc. Great Neck, N.Y.
TRW Capacltor Div. COgallala, Meb,
RCA Corp, Electronic Components
Harrison, N.J.
Rummal Fibre Co, Newark, N.J.
Marco & Oak Industries a Div, of Qak
Electro/netics Caorp. Anaheim, Calif,
Philco Corp, Lansdale Div, Lansdale, Pa.
Stockwell Rubber Co, Inc,
Philadelphia, Pa,
Tower-Qlschan Corp, Bridgeport, Conn,
Cutler-Hammer Inc, Power Distribution
and Control Div, Lincoln Plant
Lincoln, I,
Litton Precisicn Products Inc, USECO
Div, Litton Industries Van Nuys, Calif.
Gulton Industries Inc, Metuchen, N.J,
United-Car Inc, Chicago, Il,
Miller Dial and Nameplate Co,
El Monte, ZJalif,
Chicago, Ill,
Attlehoro, Mass,
Dale El:ctronics, Inc, Columbus, Neb,
Elco Corp. Willow Grove, Pa,
Honeywell Inc. Dlv, Micro Switch
Freeport, Ill,
Whitso, Inc, Schiller Pk,, I,
Sylvania Electric Prod, Inc, Semi-
conductor Prod, Div, Wobum, Mass,
Essex Wire Cor», Stemco
Controls Div, Mansfield, Ohlo
Loytheon Co, Components Diy,
Ind, Components Oper. Quincy, Mass,
Wagner Electric Corp,
Tung=-Sol Div,
Southco Inc,
Leecraft Mfg. Co. Inc, LLC., N.Y.
Methode Mfg, Co. Rolling Meadows, [ll,
Bendix Corp. Microwave
Devices Div,
Weckesser Co, Inc,
Amphenol Corp, Amphenol
Controls Div, Janesville, Wis,
Industrial Retaining Ring Co,
Irvington, N.7J,
IMC Magnetics Corp, Eastemn Div,
Westbury, N, Y,
Sealectro Corp. Mamaroneck, N.Y.
ETC Inc. Cleveland, Ohlo
Intermnational Electronic Research Corp,
Burbank, Calif,
Boston, Mass.,

Radio Materials Co,
Augat, Inc,

Livingston, N.J.
Lester, Pa,

Franklin, Ind,
Chicago, Iil,

Renbrandt, Inc.
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Reference MIfr. Part # Mfr, &
Designator Description Quantity or Type Mfr, Code Stock No, RS

. Cl, 2,6 fxd, elect 10uf 100vde 3 30D106F100DC2 Sprague 56289 0180-0091 1
C3 fxd, film , lpf 200vdc 1 192P10492 Sprague 5628% 0160-0168 1
C4 fxd, Mica 390ppf 500vdc 1 RCM15E391] Arco 04062 0140-0037 1
C5,9 fxd, Mica 150ppf 500vdc 2 RCM15E1517 Arco 04062 0140-00867 1
c7,8 fxd, Mica 100upf 500vde z RCMI15EL101) Arco 04062 0140-0041 1
Cl10,11 fxd, elect 3000pf 80vde 2 D42492 HLAB 09182 0180-1987 1

"Cl2,13 fxd, elect 200uf 85vdc 2 D3l642 HLAB 09182 0180-1854 1
C14,15,158,

17 fxd, ceramic . 05uf 500vdc 4 33Cl7A Sprague 56299 0150~0052 1
Cl18,19 fxd, film , 0022pf 200vdc 2 192P22292 Sprague 56289 0160-0154 1
CR1-4 Rect, si, 3A 200prv 4 MR1032B Motorola 04713 1901~-0416 4
CR5-10,19 Rect., si. 500ma 200prv 7 IN3253 R.C.A. 02735 1901-0389 6
CR11,12, 22,

25-28 Rect, sf. 200ma 15prv 7 HLAB 09182 1901-0461 6
CR13-16 Rect, sf, 200ma 200prv 4 HLAB 09182 1901-0033 4
‘CR18 Rect, si. 70V 100prv 1 1N9] G.E. 03508 191}1-0001 1
CR21,24 Rect, si, 2, 4V 150ma 2 HLAB 09182 1301-0460 2
Ds1 Lamp, Neon part of Sl ass'y Ref, HLAB 09182 2140-0244 1
F1 Fuse Cartridge (AC)

3A @ 250V 3AG 1 312003 Littlefuse 75913 2110-0003 5
P2 Fuse Cartridge (DC)

2A @ 250V 3AG 1 312002 Littlefuse 75913 2110-0002 5
Ql,4,9,10 Power NPN si. 4 HLAB 09182 1854-0250 4
Q2,13,14 Power PNP Ger, 3 HLAB 09182 1850-0407 3
Q3 S5 NPN sli, 1 40422 R.C.A, 02735 1854-0253 1
Q5,11 S8 PNP si. 2 2N2907A Sprague 56289 1853-0099 2
Qb S5 PNP si, SELECTED for

Bycer > 100V 1 40362 R.C,A. 02735 1853-0041 1
Q7,4,12 S8 NPN si, 3 2N3417 G.E. 03508 1854-~0087 3
R1,2,12,

19,58,59 fxd, ww 1. 0n 5% 6 Type BWH ILR.C, 07716 0811-1672 2
R3, 4 fxd, ww ,51a £5% 2 Type BWH ILR.C. 07716 0811-0929 1
RS, 6 . Var, ww 5a 2 Type 110-F4 C.T.5. 11236 2100-1821 1
R7 fxd, film 27,4K £1% /8w 1 Type MFS5C T-Q Electra 19709 0757-0452 1
R8 fxd, ww 39, £5% 1 Tyoe BWH I'R.C, 07716 0811-2244 1
R9 fxd, comp 91Kn £5% w 1 EB-9135 A.B, 0112} 0686-9135 1
R10, 64 fxd, comp 27a £5% 4w 2 EB-2705 A B, 01121 0686~2705 1
R11 fxd. ww , 244 5% 1 Type BWH ILR.C. 07716 0811-1758 1
R13, 36, 37,

56,60 . fxd, comp 510A £5% }w 5 EB-5115 A B 01121 0686-5115 i
R14, 24,57 fxd, comp 5.1K. 5% w 3 EB~5125 A.B 01121 0685-5125 1
R15,17,55 fxd, ww 1K 5% 5w k] Type 5XM W.L 63743 0812-0099 1
R16 NOT ASSIGNED - - - - - -
R18 fxd, comp 50, +5% Sw 1 243E5005 Sprague 56289 0811-1854 1
R20, 21 fxd, met, ox 47K, +5% 2w 2 Type C428 Coming 16299 0764-0031 |
R22 fxd, comp 4.7~ 5% iw 1 Type EB A, B, 01121 0698-0001 i
‘R23 fxd, comp 6,8Ka 25% dw 1 EB-6825 A, B, 01121 0686-6825 1
R25,62,63 fxd, comp 100a 25% dw 3 EB=1015 A. B, 01121 0686-1015 1
R26 fxd, comp 13Kn 5% tw 1 EB-1335 A B, 01121 0686-1335 1
R27 fxd, comp 4,3Kn +5% w 1 EB-4325 A.B, 01121 0686-4325 1
R28 fxd, comp 11Ka 25% dw 1 EB-1135 A, B. 01121 0686-1135 1
R29 fxd, comp 5.6X. 5% dw 1 EB-5623 A B, 01121 0686-5625 1
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Reference . Mfr. Part # Mfe.
Designator  Description Quantity or Type Mifr. Code Stock No. RS
R30 fxd. w7 ln 5% 5w 1 Type 5XM Ww. L. 63743 0811~-1340 1
R31,43 var. comp .25Kn Series 70 2 HLAB 09182 2100-1534 1
R32,41.42 fxd, met. film 2. 74Kn 1% }w 3 Type MF6-CT-O Electra 19707 0757~0742 1
R33 fxd, comp 100Kn £5% 3w 1 EB-1045 A.B. 01121 0686-1045 1
R34 fxd, comp 2.2Kn 25% -}w 1 EB-2225 A.B. 01121 0686-2225 1
R35 var. ww 250a 1 Type 110-F4 C.T.S. 11236 2100-0439 1
R38,39 var., ww 1Ka 2 Type 110-F4 c.T.S. 11236 2100-0391 1
R40 fxd, co.np 1 MEGA £5% -}w 1 EB-1055 A.B. Ql12l 0686-1055 1
Rd4 fxd. ww 10Kn £1% Sw 1 HLAB 09182 08l1-1866 1
R4S fxd, met. film 3Ka 1% 1/6w 1 Type CEA T-O I.R.C. 07716 0757-1993 1
R46 fxd, comp 15Kn £5% 1w 1 GB-1535 A.B. 01121 0689-1535 1
R47 fxd, met. film 600n £1% /6w 1 Type CEA T-O I.R.C. 07716 0757-1100 1
R48 fxd, met. film 3.01Kn £1% jw 1 Type MF6-C T~O Electra 19708 0757-0339 1
R49 fxd, met. ox 5.1Kn 25% 2w 1 Type C428 Corning 16299 0690-3644 1
R50,65 fxd. ww 1.5K 5% 5w 2 243E1525 Sprague 56289 0B11-1863 1
R51 fxd, comp 33Kn 5% iw 1 EB-3335 A.B. 01121 0686-3335 1
R52 var. ww DUAL 5K -25K 1 HLAB 09182 2100-1805 1
RB3 fxd, comp 1.8Kn 5% }w 1 EB-1825 A.B. 01121 0686-1B25 1
.R54 fxd, comp 1Kn 5% iw 1 EB-1025 A.B. 01121 0686-1025 1
R61 fxd. ww 10K £5% 3w 1 242E1035 Sprague 56283 0B8l11-1816 1
sl Switch (Pilot Lite) ON/OFF 1 54-61681 - 26 AlH OQak 87034 3101-0100 1
52 Switch, Wafer Mode 1 HLAB 09182 3100-1917 1
83 Switch, Wafer-Meter 1 HLAB 09182 3100-1916 1
T1 Power Transformer 1 HLAB 09182 9100-1895 1
VRI,2 Diode zenor 6 2V £5% 2 1NB21 N.A. 06486 1302-0761 2
VR3,4,5 Diode zener 22.1V £5% 1w - 3 HLAB 09182 1902-0562 3
Chassis-side formed (right) 1 HLAB 09182  06B824-00001
Chassis-side formed (left) 1 HLAB 09182 06824-~00002
Panel - front 1 HLAB 09182 06824-00003
Chassls - rear 1 ELAB 09182 06824-00004
Heat sink 1 HLAB 09182 06824-20002
Bracket - P. C. Board 2 HLAB 09182  06824~00005
Cover 2 HLAB 09182 500G6-6092
Angle Guard 1 HLAB 09182 06824-20001
5 Way binding post {(maroon} 2 DF21 Mn. HLAB 09182 1510-0040 1
5 Way binding post {black) 3 DF 21 BC Superlor 58474 1510=-0039 1
Line cord plug PH151 7} ft. 1 KH-4096 Beldon 70903 8120-0050 1
Strain relief bushing 1 SR-5P-1 Heyco 28520 0400-0013 1
Knob } Insert pointer 2 HLAB 09182 0370-0084 |
Knob 17/64 insert pointer 1 HLAB 0s182 0370-0101 1
Knob 3/16 1 HLAB 09182 0370-0179 1
Jumper 4 422-13-11013 Cinch 71785 0360~1143 1
Barrler strip 1 HLAB 09182 0360-1285 1
Rubber bumper 4 MBS0 Stockwell 87575 0403-0088 1
Rubber bumper 6 4072 Stockwell 87575 0403-0086 1
Delrin standoff % Dia.
5/8 long 8-32 tap 3 HLAB 09182 0380-0701 1
Phenolic standoff } Dia.
5/8 long 6-32 thread 2 $694-PH 0632 Amatom 06540 0380-0702 1
Bezel + MOD 1 HLAB 09182  4040-0294 1
Fuse holder 2 342014 Littlefuse 75915 1400-0084 1
Lockwasher 1 1224-08 Shakeproof 78189 2190-0037 1
Nut 1 903-12 Littlefuse 75915 2950-0038 1
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Reference Mfr. Part # Mfr. !
Designator  Description Quantity or Type MIr. Code Stock No. RS
| Meter H/P 3}" size n
0-60V 0-1. 2A zero center 1 HLAB 09182 1120-1124 1
Spring 4 HLAB 09182 1460-0256 2
Fan Motor 1 HLAB 09182 3140-0010 1
Fan Blade 4 inch dia. 1 4RHB163B P. M. Motor NONE 3160-0028 1
Fastener 10 CB091632-24B Tinnerman 89032 0510-027% 2
Captive nut 10 CLA-832-2 Penn. Eng. 46384 05%0-90 395 ?
Spacer {br. cad. pl) 2 #6x 1lg HLAB 09182  (0380-0716 ]
Swage nut (NI Pl
6-32 x 3/16 Lg) 4 110211 Fed. Scr 73734 0380~0390 1
Mica Insulator 2 734 Rellance 08530 0340-0174 1
Insulator, Transistor pin 10 HLAB 09182 0340-0166 2
Insulator 10 HLAB 09182 0340-nl168 2
Transistor Socket 5 HLAB 09182 1200-0044 5
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MANUAL CHANGES
Model 6824A DC Power Supply
Manual HP Part No, 06824-80001

1
H

! 3

_SERIAL MAKE ;

Prefix_ - Number { CHANGES
ALL - Errata

6F . -]’ 0310710 {1

6F 07110760 -~ |1,2

6F 0761-c880 1,23

6F ‘ 0881-1060 1,2,34,

6F . 1061-1100 1thru b
‘8F . N01-1140 ., |1thruB
1026A 1105,1123 ¢ |1thru 6, and 9

) 1128, 1135,

: ' 4138, 1137 o
oc 1141-1180 Tt ?
1026A 1181-1220 1thru8
1027A 1221-1380 1thru 8
1027A 1361-1640 - {1thru 10
1027A 1641.1670 1thru 11
1027A 1571-1660 1 thru 12
1027A 1661-2340 {1 thru 13
1027A 2341.240n 1 thruv 14 -
1706A ., 2401-2430 1thru 16 .
1716A . /. | 2431-2700 1thru 16
1914A 2701-2709 1 thru 18
1814A 27102730 |1 thru 12
1932A 2131-2700 1 thru 18
1946A 2791-2820 1thru 19

.2001A 2821- 3190 [1thru20,21%
2205A 3191-3220 | 1-21,22t °
2227A } 3221-up 1-22

ERRATA:
in the replaceahte parts list snd on the schematic diagram,
make the following changes:
- G5, 11: Change to SSPNP Si,, HP Part No.
1853-0098.
R10: Change value on schematic to 2792, Valuein
parts list is correct.

R1, 2, 12, 18, 68, 69: 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 sccuracy in setting the
supply/amplifier output. The optién consists of changes |
in the foltowing parts {1 each):

RA52A (Volts Gain): BkS2, 25%, 10-turn HP Part No.
2100-1865.

R528B {Fine Zero): 25k$2,25%, HP Part Na. 2100-1362.

Make al} corrections in the manual according o errata below, then check the following table for your
power supply serial number ard enter any llsted change {s) In the manual.

L4

Knab: HP Part No. 0373-0137.

Modified Front Panel: F'P Part No. 06824-60002.
Under QUTPUT IMPEDANCE on Page 1-3, change the .
last sentence to read as follows:

. *Less than 362 from 1kHz to 10kHz and less than 30Q2

» from 10kHz to 100kHz.”

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

_In Table 1.1, make ths following changes:

PROGRAMMING SPEED: '

Less than B0usec are required to program between -25V .

'+26V, Less than 17usec are required to program between
10% and 90% of the half-voltage span.

Lass than 126psec are required to program betwean -50V
and +50V. Less than 26usec ara required to program
batween 10% and 80% of the maxlmum \mltage span,’

FREQUENCY RESPONSE:

DC to 20kHz {+3dB} at half-rated output (1'25\/ 5oV
p-p)

DC to 10kHz {*3dB) at full output.

DISTORTION: :
' Qutput distortion is less than 0. 02% at 1kiiz and half-
rated output.
MAXIMUM PHASE SHIFT (at Haif-Rated Output) ’
(No further chnnges )
CHANGE 1:
n the replaceable parts table, make the foliowing changes:
Q8: Change to 5S PNP Si., 552108, Motorols, HP Part

No. 1853-0037.

Fan Motor: Changa to Howard 1176-06-4 155, HP Part

No. 3140-04086.

Fan Blade: Change to Howard 6 128-125, HP Part No.

3160-0098.

CHANGE 2:
In the replaceable parts table make the following changes:
C10,11: Change to HP Part No. 0180-2183..
Clamp (C10,C11): Add 2, HP Part No. 0160-2149,
CHANGE 3:
In Section |1 of the manual, add the following note to the

, instructions for rack mounting two units:

: NOTE
Whan rack mounting twoe units, attach the sides of
the units tagether using the 6-32 screw {supplied
with the 14525A rack kit) and thg threaded insert
nut attached to the right side of each unit undcr
the heat sink. Disregard the 6-32 hex nut/icckwasher
supplied with the rack mounting kit.
CHANGE &:
In the replaceable parts table make the following changes:
Q3: Change to 2N4240, RCA HP Part No. 1854-0311.
CHANGE 5:
In e replaceable parts table snd on the schematic




. i
diagram, make the: following changes: i
R20, R21l: 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 chms, HP Part No. 2100-0328,

CHANGE 7:

The serlal number prefix of the Instrument has been
changed from "6F" to "0C,”

In the replaceable parts table and on the schamatic

dicgraln, make the following changes:

R40: Change to 510k, HP Part No, 0686-5145,
CR11: Change to HP Part No, 1901~-0460,

CHANGE 8;

In the replaceable parts:list and on the schematlc
diagram, make the following changes:
R38, 39: Change to 390a, #5%, 3W HP Part No,
0B811=-1799,
R66,67: Add, selected valve, %1%, 1/8W, con-
nected in parallel with R38 and R39 respectively,
R32: Change to 2, 67ka, $1%, 4W, HP Part No,
0811-1941,
R4l,42: Change to 143ka, 1%, «}W. HP Part
No. 08Bl1-1937, °
R27: Change to lSkn. 1%, 1/8W, HP Part No.
0757-0446,
" R28: Delets and replace with jumper,

. R24; Change to nominal value 100, 5%, W,

1

"+ HP Part No, ¢ 95-1015,

(o1} _(;hanqe_‘o SIOpF. 500vdc, HP Pari No,
0140-0047.

CR1):l Replace with zener diode (ancde cinnected
to emitter of Q6) VR6, 65,19V, 400mW. BP Part
Ne, 1902-0049,

‘CR29: Add, cathode connectrd to emttter of Q6
and anode ¢onnected to hase of Q6; 15prv,

- 400mW, HP Part No, 1901-0461,

Q7 8: Change to single=-housing dual differentlal
amplifier, HP Part No, 1854-0221; '

VR1, 2: Change to 6,2V, £5%, 250mW, HP Part
No, 1902-1221,

7 R23: Change to 5.6ka, %5%, $W, HP Part No.

Lockwasher, HP Part No. 2190-0037: Delete,

Nut, HP Part No, 2950~003B: Delete,

Chassis, rear: Change to HP Part No, 06824~
00007,

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

CHANGE 9:

In the replaceable parts list, make the following
change:

P,C. Board Assembly: Add HP “art No, 06824-
60021, Assembly amitted froin original parts
list In manual; this new P, C, Board Assembly
number reflects changes 1' through 9 inclusive,

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

CHANGE 10;

In the replaceable parts list and on the schematic
dlagram make the following changes:
R20,21: Change to 15k, #5%, 5W, HP Part No
0Bl1-1867,
S1: Chanye to new type pushbutton switck, HP
Part No, 3101-1248,,
R&l: Change to 10ka, £5%, 1W, HP Part
No. 0689-1035.

CHANGE 11:

In the replaceable parts tist and on the schematlc,
meke the foilowing change:
C8: Change to 56pF, HP Part No. ¢140-013].

CHANGE 12-

The standard colors for this instrument are now
mint gray ffor front and rear panels} and olive gray
(tor all top, bottom, side, and other external surs
facer). Qption X95 designates use of the former
colur scheme of light gray and blue gray. Option
ABS designates use of o light gray'front panel with
olive gray used for sll cther external surfaces.
New part numhers are shown below, .

CHANGE 13-
In the replacesble parts list and on the schematic.

make the following change:
R33: Chernge to 110KA = 1%, 1/8W, HP Part No.

757-C466.
0686-5625, 0757-64%6
Fe: Replace with short circuft,
, Fuse' Holder. HP Part No. 1400- 00B4: Delete,
g ' HP PART NO.
f , DESCKIPTION
STANDARD OPTION ASS OPTION X95
Front Panel 06824-00010 | 06824-00003 | g———
Chasslis, Right Side 06824-00008 | ¢—e 06624-000014
Chassis, Left Side . :06824-00009 | - 0682400002
Chassis; Rear 06824-00011 | ¢——nu 06824-00007
Covar 5000-9419 — 5000-6016
Rac¢k Kit, 1 unit {accy) 14515A 14515A-ABS B
Rack Kit, 2 units " 145254 145  .ABS -—
; -
] 1]
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Manual Changes/Model 6824A
Page - 3 =

ERRATA:
Add to the parts list the replacement lamp for
luminated switch 3101 -1248, which 1s used in
those supplies that include Change 10, The HP
Part No. of the type AlH lamp i5 2140-0244,
CHANGE .14:

Add to paragraph 2-18 and to the parts 1ist the
correct fuse (F1) for Option 028 {230Vacj instru-

, ments. Fuse F1 should be & 1A slow-blow type

HP Rert No. 2110-0007.
ERRATA:

Effective January 1st, 1877, Option 007 (10-turn
volta-gain control) has beun redesignated Option
009. Make this change wherever Option 007 is
mentioned in the manual,

, CHANGE 15;

Add to the parts list on page 8-7 one fussholder spacer, HP
Part No, 5020-2568. This plastic specer had been added to
fuseholder 1400-0084 outisde the rear panel to increasa
the distance between primary and secondary circuits for
increesed safaty,

CHANGE 16:

"On page 66, and on the chematic, change the resistan- .

value for R31 and R43 {in the mater circuit) to 20%21
change their HP Stock No. 1o 2100-0558,

) K CHANGE 17:.

On page 6-8, change tha HP part numbers for the
front pane! + snd — binding posts to: 1610.0091,
red, qty 2, Change the HP part number for the front
panel GND binding post to 15100107, black, gty 1.
Add the HP part number for nyion nuts:
20960-0144, gty 3.

4970

CHANGE 18: ., .
In the replacesble parts list and on the schematic, delete
Q2 and R1. Change Q13 and Q14 to silicon trnasistors, HP
Part No. 1853-0485; change CR 18 to sllicon, 1801-0327;
change RB to 30 ohm 26%, 2w, 0764-0041; change RE1 to
7.5k 15%, 3w, 0811-1815, :

CHANGE 18; :
In the replacasble parts list, chenge switch S1 to MP Part
No. 3101-2287, On the schematic disgram, change switch

- 51 to show two switch sactions, one which breaks the AC line

(s shown).

- The nther braaks the ACC line.

" I (T ' . | Lo

CHANGE 20:

In the replaceable parts list, change C3 to 0.1uF,
600Vdc, HP Part No. 0160-0269, Add C.S.A,
{Canadian Standards Association) identification
label, HP Part No. 7120-8572, The Model 8824A
Is now C.S.A. certified for laboratory equipment.

ERRATA ¢

For all instruments delivered on or after July
1, 1978, change the HP Part No, for fuseholder
from 1400-0084 to fuseholder body 2100-0564
and fusrholder carcier 4100-0565. Change the
HP Part Bo. for fuseholdwr nut from 29500038
to 2110-0269, If old fuseholder must be re-
placed for any reaton, replace complets fuse-~
holder and nut with new fuseholder parts. Do
not replace new parts with old parts.

In the replaceable parts list, jpage 6-5,
change 02,13,14 to HP Part No, 1853-0485,

n page 1-3, change the Qutput Impedance
specification to read as follows: "Lese
than 30 ohma from 1000Hz tc 1COkHz."

On pag2 5-6, chonge paragr.ph 5-20g to
read as follows: "Values should De lass
than 0.3 ohm and 30 orms respectively.”

CHANGE 21
In the replaceable parts list, page 6-5, add
€22, 56pf, 100V, Mica, HP Part No. 0l40-012l,
gty. 1. On the schematic, €22 ig zdced be-
tween the base and collector of Qi2.

*This change also applies to the following
serial numbers:

2001A 3149 2001A 3173
3153-3155 3178,3179
3157 3181-2108
3162,3163 3190 .
un : 3198
CHANGE 22:

In the replaceable parts iist, page §-5,
change C22 (added in CHANGE 21} to 270pf, 300v,
Mica, HP Part No. 0140-0210, gqty..l,

1This change also applies to the following
serial numbers: 2205A 3211-3220

9-24-82
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P.0. Box 557
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Tab 255503255950
Tolex: 84410

P
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PO. Box 648
ALY

Tol: 258123

Talox: 8550 WAEL BN
ME

BELGIUM

Hewiett-Packard Beighm S.AM.Y.
BNvo de Ia Wolrwe, 100
Wolswedal

B-1200 BAUSSELS

Tet (02} 762-32-00

Telex: 23494 peioben bru
ACHCMCSEMP P

BRAZIL
Hewleti-Packard do Bras? l.e.C.
Ida.

L

Nameda Rio Negro, 750
Aphavile 06400 BAMER 5»
Tk {11) 4210311

Telex: 01 133872 HPER-BR
Cable: HEWPACX 520 Pauio
AChMCSENP

Hewsiit 204200 do Brast 1.0.C.
Lica.

Avonida Epitscie Pessoe, 4664
22471 00 DE JAMERO-R
Tek (21) 2880237
Talex: 021-21905 HPBA-BR
Cabis: HEWPACK Rio de Janewo
ACHCMEMS P

CANADA

Alberta

Hewiett-Packard {Canads) Lid.
210, 7220 Fisher Street S.E.
CALGAXY, Aerta T2H 2HB
Tek: (403) 253-2713
ACHCME* MsS p*
Hewlett-Packwrd (Canada) Lid.
11620~ 566 Stra
EDMCHTON, Aberta ~ " 3T9
Tolk: (403) 452-3870
ACHCM.C3E Ms.pe

British Columbia
Hewlett-Packard (Jwiada) LId,
10621 Sheltridge Way
RICHLD,

British Columbla VeX 2W7
Tek (604) 270-2277

Tolex: 610-922-5050
ACHCMCS E* s -

Manitoba

Hewlelt-Packard (Canads) Lid.
80-550 Cendury Street
WINPEG, Manitoba R3H OY )
Tek (204) 788-8701
ACHOMEMS P*

New Brunawick
Hewdett-Packard (Canada) Ld,

37 Shesfac Road

HONCTON, New Brunswick E28 2v0
Tex (306} 855-2841

m- .

Nova 8cotia

Hewlett-Pachard (Canade) Lid.
£.0. Box 931

900 Wincmdl Road

BAXTMOUTH, Nova Scotia B2Y 328
Tek: (902) 480-7820
CHOM.CS,E* MS P*

Arrangad Alphabetically. by Country

Ontarlo
Hewlelt-Packard (Canada) Lid,
552 Newbold Sreel

| LOMOON, Oniario NGE 265

Tel: (510) 885-0181
ACHCULE" WS p*
Hawieit-Packard {Canada) L1d.
6377 Goreway Drive

L4V 1M8

MISSISSAUGA, Oniariy
Tel: {418} 676.0430
ACHOUCSEWNPP
Hewlell-Pockard (Canada) LId,
2670 Queensview Or.
CTTAWA, Ontario K28 £}

Tel: (613) 820-5483
ACH,CMLCS E* s p*
Hewleit-Packwd (Canada) Lid,
220 Yorhlend Bivd,, Unit #11
WLLOWDALE, Oniavio M2 1RS
Tek: (410) 499-6333

(>}

Quebec ‘
Hewlstt-Packerd (Canade) Lid.
17500 Soulhy Service Road
Trans-Canacs Hghway
KIRKLAND, Quebes HGJ 248
Tek (514) 897-4232
ACHCMCSEMP P
Hewletl-Packard (Canace) LI,
Les Galecies o Yalon

2323 Du Versord Nord

§TE FCY, Quedec GIN 402
Tel: (418) 8874570

(»]

CHILE
Joge Cakeagd y Ca. Lichs,
Aro Butve 065

Casis (8475
&NTUGO 9
Tt 2220222
Telex: Public Booth 4400071
ACUEM
A Mm poom 1045
v. ya
Cre"g 256.¥
BNTHGO 21
Tet 2.25-50-44
Tolex: 340-832 O WP (X
CHCSP
NA, ¥
E’Il People’s Republic

A Larwt 2, Luchang S
Beiwel Rdl, Xomwu Disrict
LG

ot 33-1947, 33-7426
Tolex: 22601 CTSHP (N
Cadle: 1920
ACHOMCSEP

COLOMBIA
hstumentacién

K A Langeback & Kier S A,
Caere 7 Ko, 43.75
Apartado Aereo 8287
KGOTL 1, DE,

Tk 2878877

Telex; 44400 NST CO
Cable: MRS
ACUEMPSF
COSTARICA

Cendica Costamicense SA,
Averdda 2, Colle 5

San Pedro de Morves de (s
Aowrtaco 10159

S Josz

Tet 243820, 24-08-19

Telex: 2367 GALGLR CR
CUEMSP

w1 P ]

O

CYPRUS

Telersxa Lt

FP.0. Box 4809

14C Stassinos Averue
aosu

Tel 82658
Telex: 2804 LEVIDO CY
EMP

DENMARK
Hewlet!-Packard A'S
Datavej 52

DK-3450 Bikered

Tel: (02) B1-88-40
Telex: 37400 hpas dk
ACHCMCSEMS P
Hewlelt-Packerd A’S
Navervej 1

D-5600

Tek: (08) B2-71-86
Telex: 37409 par ok
CHE

ECUADOR

CYEDE Cia. Lida.
Avenide Eloy Ataro 1749
Casile 5423 001

oury

Tel 450975, 243082
Talex: 2548 CYEDE ED
ACMEP

Hospitslar 5.A,

Robies €25

Cagily 3550

ouro

Tok 545.250, 845122
Telax: 2485 HOSPTL ED
Cable: HOSATALAR-Gulto
7]

EGYPT

Tel: 23829, 21841
Telax: EA UN 03830
CHCSEM

formade For Systems
22 Talast Nard Streot
oARe

T 759006

Telox: 93933 FRANK UN
CHCSP

Egypiian inernations! (e
for Forsign Trace
P.OBox 2553

CARO

Tel: 650021

Telex: 93337 LGPOR

P

EL SALVADOR
PESA de £ Sahvador SA
29 Avenide Norte 12165
SAN SALYADOR

Tol D6-6858, 26-6368
Teiex: Public Boom 20107
ACHCMCS.EP

FINLAND b
Hewlel-Packard Oy
Revontientie 7
5F-02100 ESPOO 10
Tel: (90) 455-0211
Telex: 121583 hewpa of
ACHCMCS.EMSP
Hewletl-Packard Oy
Aatokserkcaty 10-C



[

[]
G

Ta N APM Gas aay e by

BF-40720-72 I A3XYLA
Te.1041) 216318
m .

KewlettPackerd Oy
Keinvunte 1

§F-90140-14 0L
Te: (30 320785

FRANCE
Hewlett-Packard France
L1 Meccrs B

Rus Berhelot

F+13763 Les Mies Cadex
ALLENPROVENCE

Tol: (42) 59-41-02
Telex: 410770F
ACHEMS P

Hewletl Packard France
Golle Poatals No. 503
F-25020 BESANCON

28 Rue de la Ropubliue
F+25000 BESANCON

Tel: (81) 83-18-22

M

Hawlet!-Packard France
Bures de Vente de Lyon
Chemin des Moulles
Bolte Poslale 162
F-69130 ECRLY Cédex
Tol (7) 833-81-25
Telex: 310817F
ACHCSEMP
Hewlett-Packard France
Immeubie France Evry
Tou Lomaing

Bouevard de France
F-81005 EVRY Cédex
Tel: (8) 077-06-80
Telex: 892315F

E

Hewlett-Packrd France

&t Avenue Raymond Chanas
F-38320 EvBENs

Tk {78) 25-87-41

Telex: 950124 HP GRENOB EYBE
CH

Hewlelt-Pachard France
Contre 0'Altaire Paris-Nord
Blitment Amplre 5 etage
Ruc de i Cominune de Pais
Boite Postale 300
F-83153 LT BLANC NESNL
Tek (01) B85-44-52

Telex: 211032F
CHCSENS
Hewlett-Packard France
Parc d'Activites Cadera
Quartier Jean Marmoz
Avenue du President JF Kennedy
F-33700 MERGNAC

Tat: {56) 34-00-84

Telex: 830105F

CREMS

Hewhdit-Packard France
32 Rue Lothaira )

F-57000 u2T2

Tol: (8) 765-53-50

(>}

Hewlet-Packard France
omuebie Les 3 B

Nouveau Chemin de la Garde
ZAC. de Bols Briand

F-44085 MANTES Cadex

:: {40) 50-32-22
Hawlett-Packard France

Zors Indstriele de Courtaboeul
Averon des Tropiques

F-01047 Les ks Choex ORSAY
Tek (8) 007-78-28

Telex: 800048F
ACHCMCSF L

Hewlet-Pacuard France
Parls Pong-hls™

15, Avenue D, _ Aminaf Brulx
F-75782 PARS 18

Tek (1) 502-12:20

Telax: 13683F

CHMS P

- Hewlett-Packard France

2 Aliee de I Bourgoneita
F-35100 RENNES

Tol: (00) 51-42.44

Tolex: 740912
CHONENS P
Hewleft-Packard Frwce
98 Averue de Bretagne
F-76100 MOUER

Tel: (35) 63.57-88 CH** (S
Hewlert-Packard France

4 Rus Thomas Mamn
Boila Postale 56
F-87200 STASSOURG
Tel: (88} 28-54-48

Telax: 80014 1F
CHEMSP*
Hewlett-Packwd France
Pericenire da la Cépitre
F-31081 TOULOUSE Cedex
Tet: (61) 40-11.12

Telex: 531830F
ACHCSEP®
Hewlelt-Pachard France
Immeuble Péricentre
F-50658 YALLENEUVE 0'AS00 Cedex
Tel: (20} 91-41-25

Telex: 180124F
CHEMS P

GERMAN FEOERAL

REPUBLIC
Hewlett-Pachard GmbH
Techmizches Blro Berin
Keithsbasse 24

- 0-1000 BERLK 320

Tel: {030) 24-00-86
Telex: 018 3405 hpbin d
ACHEMP
Hewlett-Peckerd GmbH
Technisches Biro Bobingen
Hetrenberges Syasse 110
D-7030 BOBUNGEN

Tet: {07031) 887-1

Telax: bn o
ACHOMCSENP P
Hewielt-Packard GmbH
Tochnisches Blro Dussekdort
Emanuel-Leutze-Stasse 1
D-4000 DUSSELDORF

Tek (0211) 567141

Telax: 085/86 533 hpds d
ACHCSEMSP
Hawleft-Packud GmbH
Vectricbazenirale Frackint
Bomes Strazse 117
Postiach 560 140
D-5000 FRANKFURT 55
Tel: (0617) 50-04-1
Telax: 04 13240 holim d
ACHOMCSEMPP
Hawlett-Packard GmbH
Techrisches Blro Hamburg
Kapstading 5

D-2000 HANBUAG £0

Teok (040) 83804-1

Telax: 021 6 032 hohh
ACHCSEMSP

D-3000 NANNGYEA 01
Tek: (0511} 48-80-01
Tolex; 092 3259
ACH.CMEMS P
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Tok: (0821) 70050

Talex: 462105

ACE

Hewleit-Packard GrbH

Technisches Blko Neu Um
trasse 7

D-7910 MY LM

Tol: 0731-70241

Telex; 0712816 HP ULM-D

ACE’

Tel: {0911) 52 20 83.87
Tolex: 0623 860
CHIMEMS P
Hewfett-Packard Gmbi
Techisches BUro Minchen
Eschensirasse 5

0-3028 TAUFACHEX

Tel: (080) 61171

Telex; 0524085
ACHCUE NS P

GREAT BRITAIN
Hewlett-Packard Lid.
Tralsigar House
Kavigation Road
ALTRINCHAM

Chesire WATA 1NU

Tel: (081) 028-8422
Telen: 883068
ACHCSEM
Hewietl-Packard Lid.
Cakfeid Housa, Gukfield Grove
Chiton

BRSTOL BSB 26N, Avon
Tet {027) 38605

Telex: 444302

CHMP

Hewiatl-Packard LA,

Nine Mie Ride
EASTHAMPSTEAD
Wokingham

Berkshire, 3AG11 3LL
Tel; 3446 3,00
Telex: B4-88.05
CHCSE
Hewleit-Packard Lid.
Fourles Housa
257-263 Hgh Street
LONOON COLNEY
Herls., AL2 1HA, 51, Aarts
Tol; (0727) 24400
Telex: 1-8852718
CHCSE
Hewlett-Packaed Lid
Tracax House, St Mary's Wak
MACENHELD
Berkshire, SL8 1ST
Tel: (0828) 39153
CHCSEP
Hewleft-Packard Lid.
Quedk

wngle
T08-118 Station Road

MEDHRLL, Surrey

Tk (07:37) 62855
Tolex; 847234 CHCS £
Hewlett-Packard Lid.
Avon House

435 Siratford Road
SHALLY, Solhul

West Midlands B9Q 4BL
Tel: (021) 745 R3O0
Ll:u: 339105

-y wr v e

Hawlett-Packard Lid,
Wes! End House 41
High Svest, Wesl End
SO0 HAMPTOM
Hamgshire 503 200
Tel: (703) 866787
Telex: 477138

CH

Hewlett-Packard L\,
King Skee! Lane
WINERSH, Wokingher
Bockshire RG11 5AR
Tek {0734) T4774
Telex: 847178
ACHEM

GREECE

Kotias Kersymris S.A,

8 Omirou Sevet

ATNERS 13

Tet 32 30 303, 32 37 371
Talex: 215562 FXAR GRY
ACHCUCSEMP

PLAISO SA,

Toi: 36-11-150
Tolex: 221871
P

GUATEMALA
FESA

Avenkds Retorma 348, 2ona @
GUATERALA CTY

Tek 316827, 314758

Tolex: 4192 TELIRO GU
ACHOULSEMP

HONG KONQ
Hewlett-Packard Hong Kong, Lid.
G.P.0. Box 745

Eth Ficor, Sun Hung Kal Cenire
30 Harbour Rosd

" HONG KOKG

Tek: 5-8323219

TYelax: 68578 HEWPA HX
Cable: HEWPACK HONG KONG
ECHCSP

CET LM,

1402 Tung Way Mansion
199-203 Harvessy Rd.
Wanchis, WOWG KONG
Tok 5.729378

Telex: 85148 CET WX
o

Schmict & Co. (Mong Kang) Lid.
Wiy On Cwndre, 28 Floor
Comaught Road, £,

NONG KNG

Tob 5455844

Tolex: 74768 SO HX

Aj

ICELAND

Oding Trackng Company bhe.
Nakamvol-Trypovagoks
PO, Box 895

1S-REYRIAYK

Tat 1-58-20, 16300

M

INDIA

Bam Star L1,

Sabvi Compiex 1 Floor
24 Residency Ro.
EANGRLORE 550 (25
Tal 55580

Telex: 0845430
Cadle: BLLESTAR
ACHCMCSE

Be Siw L,
Band Box House
Frabhadevt
BoiAY 400 025
To: 422-3101
Tedex: 0113751
Cadde: BLLESTAR

AM

Bl Star L1

Sahas

A 14,2 Vir Savarkar Marg
Frabhacevi

BONEAY 400 025

Tol 4228155

Telex: 0114033

Calde: FROSTBLUE
ACHCMESEM

Bl Star Lid. .

Kalyan, 18 Vishwas Colony
Alkapuri, EOR00A, 390 005
Tal: 85235

Cable: BLUE STAR

A

Bue Siw L,

7 Hare Stset
CALCUTTA 700 00}
e 1201-31
Yelex: 021-7655
Cable: BUESTAR
AM
Ble Star L.

133 Kodambakkam High Road
HADRAS 500 034
Tal: 82057
Tolex: 04 1-378

Cadie: BLUESTAR
“AM

Bl St L)d
Btancia House, W5 Floors
871 Netvu Prace

MNEW DELHE 110 024
Tl 882547

Takx: 6212463
Caide: BLUESTAR
ACHCMCS.EM
Bl Star LI,
1916 Welesiey fd.
PORELTY Ot

Ted 22775

Cabie: BLUE STAR

A

Blow Star Lid,
2:2.4)/1108 Bolarum Rd.
BRECUNMRARAD 500 003
Tak 72057

Tedex: 0155459

Cable: BULEFROST

AE

Ble Siar Lid

T.C. 7/603 Poornima
Marobhankuzi
TAYANONUM 655 013
To:: 85759

Tolex: 0884.259

?&: BLUESTAR

INDONESIA

BERCA hdonesiy P.T,
P.O.Box 495/X7.

J Abold kis 62
JAKARTA

Tet: 373009 .

Tedex: 46748 BERSAL 4
gm.-afm JAARTR
BERCA ndonesia F.T.
Wisma Aniwa B, 17 oo
JAKRATA

ACSEM

BERCA Indonesia P.T,
P.Q. Box 174/58Y.

X Kudel No. 11
SMRAYA

Tet 88172

Tolex: 31148 BERSAL S8
Cable: BERSAL-SURLB YA
ACEMP :



H
{
1
1
1

Mrmrmﬁu
Service Operation
A Mansoor City 08/V7

- SAGHDAD

Tek £51-49-73
Tolax; 212-455 HEPARAD K
CHCS

IRELAND
Hewlatt-Packard ndand LA,
82/83 Lower Leeson BL.
DUSLN 2

Tek: (1) 83 68 00 "
Telex: 30439
ACHCU.CSEM P

Lardiac Services Lio,
Kimore foad

Artane

DN S

Tet (01} 351820

Tolex: 30439

o

ISRAEL .
£bin Becronic insirument Lid.
P.0. Bax 1270
JERUSALEM 91000

18, Ohaday 51,
ERUSALEM ped87

Tol 533 2271, 553 M2
Talex: 25231 ABPAXRO R
A

CHOMCS EMLy

ITALY
Hiwlell-Pachard Nadana S.0.A.
Traversa 00C

Via Gidio Petroni, 19
E70124 BN

Tek: (080} 41-07-44
M

Hewlett-Packard kakana S.9.A.
Ve Martin Luther King. 38/111
HO132 BLOGIA -

Tk (05 1) 402304

Tolex: 511850

CHEMS

Hewlett-Packard Kakena S.p.A,
¥ia Princios Mok 430/C
FG5126 CATANA

Tek: (003) 37.:0-97

Tolx: 970291

cP

Hewlelt-Packard Rakana S.p.A.
Va & D Wiio ©

$20083 CEANISCO B0 NAVIGLIO
Tol: {2) 903801

Tolax: 334432
ACHCUCSEMWP P
Hewlett-Packard Radana S.p.A
Via Huova San Pocco a
Capodimonde, 82/A

80131 NAPLES

Tak: (081) TA12544

Tolex: 710698

ACHE

Hewlatt-Packard Xalana S.p.A.
Viele 8. Modugno 33

F18158 GENOYA PEGU

Tek: (010) 88-37-07

Telex: 215238

EC

Hewleit-Pachard Ralana Sp A,
Via Tuazna 14

35100 PADOYA

Tok: (040) 884889

Telex: 430318

ACHEMS

Hewlett-Packard Redana Bp.A.
Visle C. Pavess 340

HOO144 ROMA

Tek (04) 84831

Tolex: 010514
ACHQUCSEMS P
Hewletl-Packrd kalans b.p.A,
Corso Svizzers, 184

F10149 ToMNO

Tk (011) 74 4044

Telex: 221079

JAPAN
Yokogaws-Hewiet-Packard Lid.
hove

Buidng
1-21-8, Asahi-cho
ATSUGL Kanagaws 243
Tak (0482) 28-0451
QcE
Yohogawa-Hewitil-Packad Lid,
Tows Buldng
2-2-3, Krigandod, Chuo-ky
ROSE, 850, Hyogo
Tel: {078) 3924781
CE

Yokogaws-Hewlell-Peck wd Lid.
Kumagays Asahi Yasop Blog 4F
3-4 Chome Teukuba
KUMAGAYA, Saltama 360

Tok (0485) 248563

CHCME
Yokogewa-Hewlell-Packard Lid.
Asah Shinbun Dal-ich Seimel Bidg.,
s ,

4-7 Havabale-cho
KUIAMOTO-0,660

Te!: (0043) 54-7319

Gtk ' \

" Yokogaws-Hewlet-Packrd Lid,

Yokogarra-Hewitlt-Packard L,
Mito Mitsu Bukding -
1-4-73, Sanno-mery

WTO, baragi 210

Tok (0202) 25-7470

CHOME
Yokogawa-Hewen-Packud L\,
Sumilomo Seimel Nagoya Bidg.

NAGQYA, 450 Aichi P
Tek: (052) 5715171
CH.CMCSE NS
Yokogawa - Hewletl-Packard Lid,
Chuo Bidg., 4% Floor

5-4-20 Nishinakjima,
Yodogawa-ku

OBAXA, 832

Tul: (06) 3048021

Telex: YHPOSA 523-3824
ACHCMCSEMP P
Yokogawa-Hewlat-Pachard Lid,
1-27-15, Yabe,

SAGAMARA Kanagawe,

Tok 0427 531311
Yokogewa-Hewet!-Packad Lig.
Shinjuku Drbichi Saimel &7
2:-7-1, N Shinjuky
Shingku-ku, YOKY0 160

Tel: 03-348-4811-5

CHE

Yokopaws-Hewlett-Packard Lid,
32921 Tk

Sughami-ku TOKYO 183

Tek (03) 3318113

Telex: 232.2024 YHETOK
ACHTMCSF P pe .
Yokogawa-Hewlett-Packard L,

T .
Tet: {0268) 25-7158
08 E

 Yokogaw-Hewlet-Packard Lid,

Yut_muhu Yokohams

Bidg.
3304 Tauvyache

Kanagawa-ku
oK wi, 221

OHANA, Kanaga
Tok: (045) 312-1252
CHOME

JORDAN
Moussher Cousing
P.O. Box 1387
ARMAN

Tet 24907, 39907
Tolex: 21456 SASCO )
CREMP

KENYA

ADCOM LK, nc., Kenys
POBox 30070
Ao

Tol 331055,

Teler; 22639

EM

KOH!AMM’
Samsung Compuler

76581 Yeoksam-Dong

Kangram-Xu

CP.O. Box 2178

srole .

Tol: 555-7555, 555-5447
Telex: K27364 SAMSAN
ACHCMCSEMP

KUWAIT

A Xhaidys Trading & Coniracting
P.O. Box 830 Saia} ‘
e T g

Tok 424816, 411728

Tolex: 22481 Arwog kit

CHEM

Frolo & Cine Equipment

P.0. Box 270 Satat

e 7T g

Tek: 42-2848, 42.3801

Tolex: 22247 Matin KT

P

LEBANON
G Doknackan
Aciraleh

POt Box 185.187
'l
Teb 290293

=wn

LUXEMBOURG
Hewlett-Packard Beigium S.AM.Y.
Biva de lu Wolswe, 100
Woluwedal

B-1200 BAyssELS

Tk (02) 762-22-00

Telex: 23434 paloben by
ACHCMCSENP P

MALAYSIA
Hewleil Packard Sales (Malaytia)
Sdn. Bnd.

fst Foor, Bangunan British
Amecican

Jaan Semantan, Damansara Heights
KUALA LLWPUR 23-03

Tl 943022

Telex: MAI101t
ACHEMP*

FProlel Enpineertyy

Lot 313, Satok Roed
P.0.Box 1917

Kuching, SARAWAX

Tek 53544

Tedex; MA 7094 PROVAL
Calds: PROTELENG
AEN

MALTA :
PHIg Tolech LS
Notgbie fid

o

Ta: 447 47, 455 66
Tolex; 549 Liscka M
P

MEXICO
Hewlett-Packard Mexicans, SA. de
CV.

Av. Periferico Sur No. 6501

Tepepan, Xochimico

BEUCODF. 16020

Tek: 6764800

Telex: 17-74-507 HEWPACK VEX

ACHCSEMSP

Effective Novembar 1, 1082;

:ﬁcthd Mexicana, S.A. de
v

Hewlett-Packard Mexicana, 5.A. de
cv.

Fio Voiga 600

Pla. Coloria del Valie

MONTERREY, NL.

Tek 78-42.03, 784240, 73-42-41
Teiex: 0382410 HPITY ME

H

Effecites Koy, 1, 1082

Ave. Colonis ol Yale 5409
Col. ol Vale
huricinlo o guzs garcie
MONTERREY, Y.

£sA

Tabe 229, Piso 10
Polaco MEXCODF. 11370
Tat 250.5391

Lau- 17-72755 ECE A

MOROCCO
Dolbess

" 81 e Kerakehi

CASABLANCA

Tek X4 1-82, 306338
Tolex: 23051, 22822
E

Gorep

2 na dAgaok

Boie Fosisle 138
CASARANCA

Tat 272093, 272098
Tolex; 23 739

P

NETHERLANDS
Hewlelt-Packard Nederland B.Y.
Yan Heuven Goechartaan 121
ML 1131KK AMSTELYEEN

P.0. Box 887

ML 1160 AR AMSTELYEEX

Tek [20)47-20-29

Telex: 13218
ACHCNCSEMPP

Hewleit-Paciard Nederdend B.Y.
H

Bongerd

ML 2008VIX CAPPELLE, AD hetsel
P.0.Box 4t

ML2000 AA

Tel: {10) 518444

Telex: 21261 HEPAG ML
ACHCS

NEW ZEALAND
Hewlett-Packard (N.2) Lid.
160 Manukiu fload

P.0. Box 26-189

Epsom, AUCKLANO

Tel: 887-150

Cable: HEWPACK Aucidand
CHOMEP

Hawlett-Packard (M.2) Lid.
4-12 Cryickshank Street
Kilbirnie, WELLINGTON 3

P.0. Box 9443

Courlenay Place, WELLINGTON 3
Tal: 877109

Cable: HEWPACK Welinglun
CHOMEP

Nerthrop nstumenis & Syslams
I

369 Khyber Pase Road
P.O. Box 8602
AUCKLAND

Tal: 704-091

Tolex: 80605

AM
:kxh'opmmrsa Systoms
AL

110 Mandesvile St
P.0. Box 8383
CNRSTCHUACH

Tel: 488-928

Tolex: 4203

AN

Nortyop inssuments § Sysiems
i

Surdee House

85-87 Ghuzwee Skeet
P.O. Box 2406
NELLNaTON

Tel: 850001

Tolex: N2 3380
AM

NORTHERN IRELAND
854 -inaghy Road Scuth
BELFAST BT 10 OBY

Te: (0232) 625-566

Lﬂz: T41526

NORWAY
Hewiett-Packard Norge A'S
Fole Pemadottes vei 50
P.0. Box 3358

N-5033 FLUNGIDALEN
Tok: (05) 18-55-40

Telex: 16621 hpras n
CH.CS.E NS
Hewlett-Pachard Norge A'S
Ostemdalen 18

P.0. Box 34

N 1345 OSTERAS

Tel: (02) 17-11-80

Telex: 18621 honas n
ACHCMCSEMF

OMAN

Kniryl Rarmctes

PO Box 19

mseAY

Tet 722225, 745001

Tolox: 2289 BROKER M MUSCAT
P

B
@A




[ S L S—

“

Sl & Suxd Batvwan
P.0. Box 189 '
WSt

Tol: 734 2013

Talex: 3274 BANWAN AiB

PAKISTAN

Tel 64-2700
Telox: 34803 ELECTRON PG

ACLEMP

Tl £14323, 413703
Tolex: i Booth 25306
ACKEMP

PHILIPPINES
The Onke Acvariced Sysioms

Coponion
gm'uu.mammn

Lagasy Veage, iskay
PO Box 1510
Méero KA

Tok 85-35-87, 85-34-91, 85-32.21

Tolex: 3274 ONLINE
ACNCSEN

Blacronic Specialists snd
Proponents e,

8908 Egilaréa de los Sanios
Averce

Cubao, OUETON OTY

P.C. Box 2649 Mania

Tl §8.96-81, $3-96-82 ™%
Talex: 40018, 42000
MAoxAY BooTH

P

PORTUGAL
Muncinier
hisrcambio Murckal de Comiiio

Sant
PO. Box 2784

Av. Ankorio Agraio de Aguier 138
PUSION

ok [19) 532131, 83:21-37
Tolex: 18681 sunier p
o

Soquimica,

Av. de Lt britech, 220-2
1298 LISSON Codex

Teb 5821 81123

Tet (19) 88-60-72

- Telax: 12558

CLCSEP

PUERTO RICO

Hewlett-Packwrd Purio Rico

P.0. Box 4407

CAROLIW, Puerto Fico 00828

i e
Country

O PEDRAS, Pueria Rico 00624

Tet: (806) 7817235

ACHCS

QATAR

Nesser Trading & Conracting
P.0. Box 1383

oo

Teb 22170, 23539

Tedex: 4439 NASSER DH

M

Lompuisarbis
P.O. Box 2780
Do

Tel: 833555
Telex: 4808 CWPARB
4

Easlein Technical Sarvices
PO Box 4747

Dot

Tet: 329 953

- Tolex: 418 EASTEC OH

SAUDI ARATIA

Modem Elecironic Establshment
Hewislt-Pachars Divivion

P.0 Box 281

Thuobahy

ALKNOSAR

Toh 8644878

Telex: 871 106 WPAEEX 52
Cably; ELECTA AL-KHOBAR
CHCSEMP

Modem Licironic Establishment
Hewlelt-Pack ard Divigion

P.Q Box 1228

Redec Pur, &8 Floor
Ao

Tt 544 38 48

Tolex: 402712 FARNAS 8

Cable: ELECTA EDONY ¥
CHOSEMP

Toi: 49167 15, 4918187
Talex: 200049 MEERY 1 57
CHCSEMP

SCOTLAND
Hewietl-Pachard Lid
Royal Bank Buidings
Swan St

SRECHM, Angus, Scotand
Tel: {03542) 3101-2

CH

Hewletl-Packard L,
SCUTH GUEENSF EAIT
Wesl Lothian, B430 0GT
GB-5Scottand

Tek (031) 3311188
Telex: 72082

ACHCMCSEM

SALES & SUPPORT OFFICES

‘Arranged Alphabeticelly by Country

Hewhitl-Packard Expanioia S.A.
c/o Coe's Brave 13

Colonia Mirasiera

E-MA0R0 4 ;
Tek (1) 734-8081, [1) 734-1182
CHCSM

SINGAPORE
Hewieth-Packard SngRoore Pry)  ewiet Packaid Expaiola SA
Lid. An Ramén y Cani 19
P.0. Box 58 Alexarxdrs Post Ofice Edifcio Sevila 1,
e, 0113 ES0RU 5
6h » .um "h. -4, , 6d-41.
450452 Adrzancra Roed ;if.'mg et
SMGAPORE 0511 ALCSMS P
Tot. 831789 Hewien Packard Espatcia B0
Tolex: IPSGSO RS 34200 CRamon Golo, | ko)
kc'm"'m Singepore E-VALENCU 10
e d P Tet 3611354, 361.1358

L 05-11 Block 6 aip
preiteidivalat SWEDEN
Tot 747-8188 ""‘“am’&""’ms""b' B
T s 20283 522226 Lo

Tok (046) 136078
SOUTH AFRICA Telex: (854} 17828 (via SPANGA
Hewlett-Packard So Airica (Piy )t Ofct)
P.0. Box 120 o
Howard Place Hewlett-Packard Sverige AB
Pie Puk Cenier, Forest Orive,  Vasia Vindergaimn 9
Phelands 570044 OAERNO
CAPE PROVINGE 7405 Tet (10) 104880
Tet: 537054 Tolex: (854) 17536 (via SPANGA
Telex: 57-20006 oiice)
ACHCMENSP o
Hewleti-Packard So Akrica (Pry.) Lid.  Hewlett Packard Svarige AB
P.0, Box 37089 :mbgm 9, Kita
82 Overpost Drive .
DURAX 4087 516363 SANGA
Tel 284178, 28 4179, 204110 Vot {08) 750-2000
Teiox: 6-22954 Telex: (854} 17846
cHoM ACHLMCSEMSP
Hewlet-Packard So Akica (Piy.) Lid.  Hewlett-Packard Svarige AB
6 Linion Arcade Fratadsgatan 30
511 Cape Mosd S42132 VASTRAFAGLINGA
Linkon Grange Tet (031) 43-69-50
JORT ELZASETH 6001 Telex: (854) 17386 {via SPANGA
Tet 041-302148 offica)
cH CHEP

P.0, Box 33345 So Avica Pyl SWITZERLAND
(lenstantia 0910 TRANSVAAL Hewlet-Packard [Schweiz) AG
18t Floor East m"’::!::
Corenta Pk Rage Shopping 1 e Ba80.20
Constanta Park A
PRETORA Hewlett-Packard (Schwiz) AG
Tet 82043 u
Tolax: 32183 CH-2015 BEW
CHE g‘t {031) 362422
Hewlett-Packard So ]
Privals Bag Wm'oodm PUINE ewenpice ¢ schwa A
SANOTON 2144 AT Averwe Blanc
Tol: 802-5111, 802.8125 1202 GOV
Telex: 4.20877 Tel: {022) 32-48-00
Cable: HEWPACK Johannesburg W"-f.dn —
ALCH.OM.CS.EMS,P Hewlet ;

19 Chemin Chitess Bioc
SPAIN CH- 1219 LELGHON-Geneva
Hewiett-Packard Espafiola SA. . Tk (022) 98-00.22
o/Enlenza, 321 Teiex: 27333 hpag ch
EBAMCELONA 29 Cabie: HEWPACKAS Genya
Tok [3) 3222451, 3217354 AEMSP
Tole: 52603 hobree Hewlett-Packwrd (Schweiz) AG
ACHESEMS P Abmend 2
Hewlet-Packard Espaiola S.A. CH 8307 WoON
c/San Vicenis SN Tot{S7) 3121 19
Ediicio Abia 1.7 B Yo £3033 howg ch
E8L340 1 Cable: HPAG CH
Tk {4) 23-8308, {4) 23-8206 ACHOMCSEMS P
ACHEMS SYRIA
Hrwietl-Packard Espaiota S.A, Gareral Ewcrovic b
Colle Jorez 3 Kt Bashe
E£-MADMD 16 2.0, Box §781
Tk (1) 456-2600 DAKISELS
Telax: 23515 hpe T 332487
AGLE Taex: 1121811008 5Y

?*: ELFCTROBOR DAMASCUS

Aiddls East Elecronics
Piare Azmé

Boks Posisle 2308
bAascys

Tok 334552
Telex: 11304 SATACQ S
P

.TAIWAN

Hewlait-Packard Far East Lid,
Kaohsiung Office

2F 88-2, Chung Sheng 3rd Road
KAQHSIUNG

Tek: 241-2318, 261-3253
CHCSE

Hewdet-Packard Far East Lid,
Talwen Branch

5th Floor

2C5 Tun Hwa North Road
AP

Tel{02) 7616404
Cable: HEWPACK Taipe!
ACHCMCSEMP

ihg LB Fracing Co.

Srd Floor, 7 JervAl Road, Sz, 2
TAPE 100

Tet (02) 3948191

Cable: NGLH TAFE

A

THAILAND
Unimess

X Patpong Ave, Sweang
RANGKOK & :

Tel 234 091, 234 002

Tolex: 84439 Stronco TH
Cabils: LMNESA Banghok
ACHCSEM

Barghok Busivess Equipment Lid,
&/5-4 Dejo Roed

RANGROK

Tol 234-8670, 234-8671

Teiex: 87569-B50UPF TH
glbb: BUSIOUIPT Bangk ok

TPINIDAD & TOBAGO
Garibbeant Yelecoms Lnd.

Toh 6244213 6244214
Tolex: 235,272 HUGCO W3
ACMEMP

TUNISIA

Yirisie Elecironique
31 Avenwe os I Lo
s

Tob 280- 144

EP

Corema

1 ler, Av. de Cathage
Tows

Tet 253-821
Telex; 12319 CABAM TN
M

TURKEY

Toknim Company Lid.
ran Coddesi No, 7
Kavakiders, ANCARA
Tel: 275800

Telox: 42155 TN TR
3

EMA

Mecing Eldem Sokak No.4 118
Yulsal Cocdlesi

AN

Tet 175 822

M

UNITED ARAB EMIRATES
Emitac Lid

PO, Box 1841

SRARIN

Tek 354121, 354123

Telex: 69138 Emitac Sh
CHCSEMP




_ UNITED KINGDOM
o09: QREAT BRITAIN
NORTHERN IRELAND
SCOTLAND

UNITED STATES
Alsisang

700 Conkry Pk South
Buine 128
IRSIGUN, AL 35226
Tek {208) 822-0802
o

HewlettPackard Co.

£200 Wik e, £
MNTEVRLE, & 35802

Tok (206) 8414501
CHOMCSEM®

12208
Ig(wummm-um
Caitfornla
Hewiet-Packard Co.

99 South He O,

BISLINE, CA §4005
Tk (415) 330-2500
CH.C8 '

Hewie-Packard Co.
7021 Cancoe Averus
CANCGA PANK, CA 91304
Tk (213) 702-8300
ACHCSEP
Hewiett-Packard Co.
5060 Cinicn Avence
e, CA 03727
gtawmzm

Hewlett-Packard Co.
P.O.Bot:‘llz.'ﬂ )
1430 Eas! Orangeihorpe
RALLENTON, CA 22631
Tek (T14) 870-1000
CHOMCSEWP
Hewlet-Packard Co,
320 8. Kebogg, Sule B
QOLETA, CA G3117

Tok (805) 987-3405

LOG ANQELES, CA 000G
Tek: (213) §70-7500
Telex: §10-325-8808
CH.OMCS P

Hewleit-Packard Co,
3200 Hiview Avecus
PALOALTS, CA 84304
Tek {4135) 857-8000
CHCSE

Hewlett-Packard Co,

P.0. Box 15976 (s5813)
4244 So, Mariet Court, Siie &
GACRAMENTO, CA D5334

Tak: (916} 029-7222

AN RAMON, CA 04583
Tek: (415) 828-8000
GHCS

Hewlalt-Packard Co,
P.0. Box gao
Fulerion, CA £2631
353 Brookholow Drive
SANTA ANA, CA 92705
Tek: (714) 8410077
ACHCMCI NP

SANTA RAMIAMA, CA 83111
Tol: (8C5) 064-3300
Hewie!t-Packad Co.
3003 Scolt Boulevard
GANTA CLAAL, CA 05050
Tek: (408) 0887000
ACHCMCS EMP
Hewlett-Packard Co.
5703 Corsa Avers
WERTLAXE YRLAGE, CA 01362
Tek (213) TO8-2800

E*CH* CS*

Colorado
Hewleit-Packaed Co,

24 vemess Place, East
NGLEWO00, CO 80112

Tok (30G) 771-2458

Telex; 210-035-0785
ACH.CM.CS,EMS

Connecticut

" Hewlett-Packard Co.

47 Barmes indatial Road Couh
PO.Bax 8007
WALLINGZ 0RO, CT 08402

Tek: (203) 2657801
ACHOMCSE NS

Florida
P

0. 24210(33307)
2001 MW, 82n3 Sireet
FORT LAUDEROALE, FL 33307
Tet (305) 973-2600
CHUSEMP
Hewdetl-Packard Co.
4060 Woodcock Drive, 8132
mmx
JACKBONVILLE, FL 22207
Tak (904} 398-0683
c.inm..
Hewleti-Packerd Co.

1101 W. Hihiscass Ave., Sulle E210
MELBCURNE, FL 32001
Ift (308) 7290704

Howletl-Packard Co,
2.0, Box 13910 (32850)
8177 Laky Elenor Drive
ORAD, R 32800

Tek (308) 850-2000
ACHCW CSEMS

Hewleti-Packard Co.
8424 K Persacole Bivd,
Sulle 4, Buldng 1
P.0. Box 12826
PENSACOLA, FL, 32575
Tel: (904} 476-8422
AN

rlewieti-Packard Co,

87508 . Hoower Bivd, Sulle 123
TAMPA, FL 33814

Tak (813) £34-2282

A CHOMCS E° M

Georgla
Hewiett-Paciard Co,
P.0. Box 105005

ATLANTA, GA 20330
Tak: (404) 955- 1500
Tolex: 610-785-4800
ACHOMCIE P
Hewlett-Packasd Co,
P.0. Bax 818 (50003}
2531 Conter Wes! Parkway
Suke 110

AUGUSTA, GA 20004
Tk (404) 735-0582
M3

e
Cross
BAYANUN, GA 31401

git(ﬂlzl 25-5258

Hewieti-Packerd Co.
P.0. Box 2100

WASMER AoRaes, GA 31000
nmumoﬁn s
WANER JOSKE, GA 31

Tet (912) 0238831

E

Hawasll

Hewlett-Packard Co.
Kawaishao Piazs, Sute 100
847 South King Streel
HONOLULL, H B6813

Tek: (808) 526-155%
ACHEMS

Riinols
Hewlett-Packard Co.
211 Prospec Road, Sule C

BLOOMNGTON, L 81701
Tot 300 662.0411
CHMS*

Hewlet1-Packard Co,

1100 315t Street, Sule 100

DOWNERS GAOVE, L 80515

Tok (312) 060-5700

oies

Hewlett-Packan? Co,

5201 Tobvivw Drive

AOLLNG MEADOWS, & 80006

Tek (312) 255-5300

ACHCMCSEMP

indisns

Hewletl-Packard Co,

P.0. Box 50607

7301 No. Shedeland Avenus
N 48250

POUARAPOLSS,
Tek {317} B42-1000
ACHCUCSEMS

lows
Hewlefi-Packard Co.

1778 Zond Sven, Sube 1
WINTOLS MOMES, A 50205
Tok {315) 224-1435
CHag " .

Hewlelt-Paciard Co.
2415 Heinz Road
IOW/A CITY, A 52240
Tok (319) 3511020
CHE' A5

Kansas
Hewlett-Paciard Co,
1544 8, Rock Road
WICHTTA, KA 87207
Tok (316) 6848401
CH

Kentucky
Hewient-Packard Co,
10300 Lim Siaicn Roed
Sule 100
LOREVLLLE, kY 40223
Tak: (302) 426-0100
ACHES NS

Loulelana
Hewlgtl-Packard Co,
8126 Calais By,
BATOK ROUGE, LA 70808
Tak; (504) 4874100
‘!n’m.t
Hewlet-Packard Co,
P.0. Box 1440
KDHNER, LA 70082
160 Jarnes Dxive Easi
DESTAMAN, LA 70047
Tek (504} 4874100
ACHCSEMS

Maryland
Hewletl-Packard Co.
7121 Stancard Drive
MANOVER, MD 210768
Tel: (301) 708-T700
Telax: 710-882.1043
Efl. Dec. 1, 1042

ROCKVLLE,
Tek: (301) 9488370
ACHOUCSEMP

Massachucatis
Hewlett-Packard Co.
32 Hartwed Averg
LIDNGTON, WA (2173
Tok {817) 861.2060
ACHQUCSEMP

Michigan
Hewlett-Packxd Gy,

23853 Ressarch Drive
FANMBGTON WELS, M 48024
Tek (312) 478-8400
ACHOUCSEMP
Hewleltt-Packard Co,

4326 Cascace Roed 8.E.
GRANG RAPDS, 14 40508
Tok (516) 0571670
CHEENS .
Hewlelt-Pachard Co.
1771 W2, Big Beaver Rosd
TROY, AR 48084

Tok (213) S43-6474
cHES

Minnesots
Hewlett-Packand Lo,
2025 W, Lapeniaur Ave.
ST PALL, MN 55112
Tel: (812) 644-1100

ACHOUCSEMP

v ad
P.Q. Box 5028

1675 Lakebind Drive
SACKSON, MS 20218
.1: (601) 9426383

Missour|

Hewlett-Packard Co,
11131 Coloraco Avence
RANSAS CITY, MO 04137
Tot (816) 763-8000
ACRCUCSENS

Hewiatt-Packard Co,
£.0. Box 27207
1024 Exscutve Parkway
S7.LOUS, MO 83141
Ta: (314) §78-0200
ACHCSE P
Effecive Seplember 1682
13001 Holenberg Drive
BRDGETON, MO 53044
Nebrasks

Morcy Road
7108
Suke 101, BX Buldng
OMAA, NE 88106
Tek (402} 302-0048
M Ms

Navada
Hewlett-Packard Co,
Sulte D-130

5030 Parsciee Bivd.
LAS YEGAS, NV 80119
Tek: (702) 738-8810
mll

New Jarsey
Hewistt-Packard Co.
W120 Candry Road
PARANUS, N 07652
Tel: (201) 285-5000
ACHCMCSEMP
Hewlett-Packard Co.
50 New England Av. West
MECATAWAY, NJ 08454
Tok (201) 581-1100
ACHCMCSE

Naw Mexlco
Hawlett-Packard Co,

P.0. Box 11834
ALDUQUERQUE, Nt 87112
11300 Lomas Bivd NE.
ABUGUERCUE, NM 87123
Tak (505) 292-1330
Telex: 910-880-1185
CHCSEMS

New York

Tolex: 710-444-4801
ACHEMS
Hewiott-Paciard Co.
P.0. Box 27

0800 Muin Sireet
CLARNCE, NY 14031
Tok: (716} 750-0621
“I;:n: 710-823-1303

Hewistt-Packard Co.
200 Cross Keys Offics
FARPORT, NY 14450
Tek: (716) 223-5030
Tolex: 510-253-0002
CH.OM.CS.E S
Hewict1-Packand Co.

Tok (315) 451-1820
ACHOME NS

Hewlett-Packard Co.

No. 1 wis Paza
T

U Steel 8 Bth Avenue
MEW YONK, KY 10119
Tk (212) 971-0800
CHCSE* N*



e e g D

SALES & SUPPORT OFFICES

Arranged Alphabetically by Country

250 Wetichester Avenue
WHITE PLAS, NY 10604

* CULCHCSE

Hewlett-Pachard Co.

3 Crossways Park West
WOOORURY, NY 11757
Tet (516) 821-0300
Taex: 510-221-2183
ACHOU.CS EMS

4915 Waier's Edge brive
Sulte 160
ALDIGH, NC 27606

Tek (919) BS1-3021
CM

Hewlefl-Packard Co,
P.0. Box 26500

5405 Roanne Way
CALENSAON, NC 27450
Tek (919} 8521800
ACHCM.CSE M3

Ohlo

Hewlett-Packard Co.
0920 Carver Road
QNCBIUAT, OH 45242
Tek (512) 8910870
CHCs s .

Hewlett-Packard Co,
18500 Sprague Road
CLVELUO, OH 44120
Tok (218) 2437300
Tekex: 810-423-9430
ACHCMCS.EMS
Hewlen-Packard Co,
962 Crpoer Ave,

04 43229
mm1ﬂi
CLOMES E

Hewlett-Packard Co,

P.0. Bax 260

330 Progress Rd.
DAYTON, OH 45445

Te: (512) 859-8202
ACHONE" MS
Chiahoma ‘
Hewlett-Packard Co,

P.0. Box 32008
Oxlahoma City, OK 73123
1500 W. Gore Bivd., Suite #2
LAWTON, 0K 73505

‘T:d: {408) 2434243

Hewlott-Packard Ca.

P.0. Box 32008
ORLAHOMA CITY, OK 7312)
304 N. Merictan Avenue, Sulte A
CELANOMA CTTY, OK 73107
Tek (405) 0488409
A*CHE" Ms
Hewlett-Packard Co,

Suite 121

8920 E.“lz;ld Sireet
TRIA, OK 74145

Tek: (019) 665-3300
Aoolmcsus

Oregon
Hewletl-Packard Co.
1500 Vabey Rives Drive
Sue 30

EUGENE, O 97401
éﬂ: (503) £83-8075

Hewlett-Paciard Co,
%255 5. W. Puoneer Cout
WESOMYRLE, OR B7070
Tat: (503) 852.8000
ACHCSE* NS

Pennayivaniy
Hewle!t-Packard Co.
1021 B Avene
King of Prussia el Pack
KING OF PRUSSU, PA 15408
Tek: (215) 265-7000
Telex: 510-560-2670
ACHQUCSE P
Hewlett-Packard Co,
131 Zata Drive

PA 15238
Tel: (412) 762-0400
ACHCSE P

South Carclina
Hewlett-Packard Co.
P.0O.Box 21708
Brookside Pak, Suile 122
1 Hasbiscn Way
CoumBW, 5C 29210 .
Tel: (B03) 732-0400
CHEMS

Hewlett-Packard Co,

Koger Execulive Canis

Chetlerfieid Bidg., SuBa 124
5C 20815

GREDIVILLE, 1
Tek: (803) 748.5601
c

Tennasses
Hewleti-Packerd Co.
P.0. Box 22400

224 Peiars Road
Sulte 302
KMOXYRLE, TN 37922
Tet {815) 891-2371
A® CHuMS

Hewledt-Packard (o,
3070 Directors Row
MEMPHES, TN 38131

Tat: (901) 348-8370
ACHMS

Hewlett-Packard Co,
230 Great Circie Rosd
Suis 218

NASHYRLE, TN 32228
Tei: (§15) 255-1271
ml.

Texas
Hewlett-Packard Co,
Suite 210w

7800 Shoalcreek Bivd.
AUSTIN, TX 78757

Tek (512) 450-3143
E

Hewleit-Packard Co,

Butte C-110

4771 North Mesa

EL PASO, TX 79002

Tek: (915) 5333455, 5334480
m-ml.

FORT WORTH, TX 78106
Tek: (817) 625-6381
CHCS*

Hewiet-Packard Co.
£.0. Box 42818
HOUSTON, TX 77042
10535 Harwin Sirept
NOUSTOM, TX 77038
Tek (713) 776-8400
ACHCM CSENP
Howlett-Packard Co.
3300 871h Suwet
Suite 24

LURBOCK, TX 78413
Tet: (806) 790-4472
M

Hewlett-Packarr Co.

417 Nolana G.rdens, Sulte G
P.0, Bax 2258

McALLEN, TX 75501

Tek (512) 7813228

ones

Hewleil-Packard Co.
P.0_Box 1270
MCHUOEON, TX 75080
930 E. Campball Ad.

NICHARDSON, TX 75081

Tek (214) 231-8101
CUCSE P

Hewlelt-Packard Cn,

P.0. Box 32093

SANANTCIO, TX 78216

1020 Central Park way South

L0 AKTOO, TX 78212

Tek: {5i2) 494-0308

CHCSENS

Utah

Hewietl-Packard Co,

P.0. Box 26828

3530 W. 2100 South
GALT LAXE €1TY, UT 84119
Tek (801) 074-1700
ACICSENS

Virginia

Hewlett-Packard Co.
gbﬁhmnnmx mgsmn Road
RN, VA 23228

Tak (804) 285-3431
ACHCSEMS
Hewlett-Pa: ard Co,

3108 Peters Creek Road, KW,

AOANOKE, YA 24018

Tek {103) 583-2205
m'l

Hewiett-Packard Co.
5700 Tharston Avenue
Sule 111

VIRGIA BEACH, VA 23455
Tel. {304) 460-2471
s

Washington
Hewlelt-Packard Co.
15815 S.E 371 Street
SELLEVUE, WA $5008

Tek (208) 843-4000 b

ACHOMCS.E P
Hewlett-Packard o,
Sile A

708 North Arponne Road
SPOANE, WA G0208

Tk (300) 922-7000
ties

West Virginla

Tek: (414} 784-2000
ACHCSE W

URUGUAY

Fadio Ferando SAC. e 1.
Avensce Rads 2377

Caslla de Correo 370
SONTEYOED

Tat 802536
Tolex: Aubic Baol 901
ACUEM

Tyt
Av. a 2043
MONTIVOEG

Fet 234348, 234208, 20833
Saxmacmww

VENEZUELA
Hewlet-Packard de Venszuly CA.
3A Trangvenal Los Riices Nore
Edficio Saye

Apariado 50833

CAACAS 1071

Tek 2394133

Telex: 25148 HEWPACK
ACHCSEMSP

Codmodo SA.

Ese 2.5 21 Mo 148
Apariado 1053

CARLCAS 1010
Tel: 5713511

Tetex: 21528 COLUODY
M

ZIMBAB'YE

Fieid Techrical Sales
45 Kevin Road, Norty
P.B. 3458

saLsauny

Tel 705 231

Tolex: 4-122 Ry
GEMP

Headquarterc offices
i there Is no aalos office listac for your ares,
contact one of these headquarters offices.

NORTH/CENTRAL
AFRICA
lewlett-Packard 5.4,

7 Fue o Bos-duLan
CH-1217 mEvam 2,

Tek (027) 83-06.5 1

Telex: 27835 hpao

Cable: HOWPACKSA Geneve

ASIA
Hewiett-Packard Asia Lid,

6 Floor, Sun Hing Kal Caniar
30 HKarhor Rd,

GP.O. Box 793

HONG KONG

Tet: 5-832 3211

Telex: 64578 HEWPA K
Cable: 'EWPACK HONG KONG

CANADA
Hewlatl-Packerd (Canade) Lid,
8877 Gorewsy Oelve

MBSSISEAUGA, Onlavio LAY 1M8
Tok (418) 878.0430

*Telox: 6104524248

EASTERN EURGPE
Hewlolt-Packard Geg.mbh,
1

P.0.Box 72

A-1222 I, Auxirie
Tek 1222) 2365110
Telex: . 3 4425 HEPA &

NORTHERN EUROPE
Hewlett-Packard SA

Wienslede 475

N-1183 AG AMSTELYEEN
Tha Netherlands
P.0.6ox 999
NL-1180 AZ ASTELYEEN
The Netherlands

Tek 20837111

OTHER EUROPE
Hewinlt-Pack
7 Fue du Bois-dudan

CH-1217 METRIN 2, Svilzeriand
Tek: {022} 949651

Cable: HEWPACKSA Ganeve
{Ofices In the Word Trade Coner)

MEDITERRANEAN AND

MIDDLE EAST
Hewlelt-Packerg 5.0,
Medieranesn and Midde East
Operaticns

Arina Canire

32 Kifissas Ave,

Marcussl, ATHENS, Greece

Tk 882 88 13

Telex: 21-8588 HPAT GR
Cable: HEWPACKSA Atheng

EASTERN USA
Hewlet-Packard Co.
4 Choxe Chenry Rosd
Rocl vk, WD 204850
et {301) 256-2000

MIDWESTERN USA
Hewleti-Packard Co,

5201 Tolview Drive
ROLLING READOWS, 0. 50008
Tek (312) 2550800

SOUTHERN USA

WESTERN USA
Hewlelt-Packard Co,
3900 Lankersim Bivd.
LO3 ANGELES, CA 1604
Tek (213) 877-1282

OTHER INTERNATIONAL

AREAS
Hewlett-Packard Co,
Inleccontinental

3465 Deer Creek Road
PALOALTO, CA Q4304
Tek: (415) B57-1501
Telex; 034-8300
Cabie: HEWPACK '

15 Aug 1982 5652-6800
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