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CPERATING AND SERVICE MANUAL

HP MODELS 400F/400EL
'AC VOLTMETER

SERIAL NUMBERS ;

This manual applies to 400Es with Serlal Number Prefix 1208
and 400ELs viith Serin! Prefix 3211,

IMPORTANT NOTICE

If your instrument’s prefix/serial number is lower than
shown above, refer to Section VIII for backdating in-
tormation., If the prefix number is higher, updating in-

formation may ble on a yellow MANUAL CHANGES
supnlemeni. .

. wnhmnsl

To hely minimize the possibility of electrical fire or
sheck hazards, do not cxpose the instrument 1o rain
Or excessive moisture,

b
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CERTIFICATION

Hewlent-Packard Company certifies that thiy product met its published specifications ot the time af shipment from
the factory. Hewlett-Packard furthor certifies thu its calibration measurements are traceable to the United States Na-
tional Burear of Standards, to the extent allowed by the Burean's calibration facility, and 10 the calibration fucifities

of other Internationat Standards Oreanization nmembhers.

WARRANTY

This Hewlett-Packard instrument product is warranted against defects in materials and workmanship for a period
of one year from date of shiproent [wexcept that in the case of certain components listed in Section I of this manual,
the warranty shall be for the specified period]. During the warranty period, Hewlett-Packard Company will, at ity

aption, either repair or replace products which prove to be defective.

For warranty service or repair, this product must be returned 1o a ser ive facility designated by -hp-, Buyer shall prepay
shipping charges to -hp- and -hp- shall pay shipping charges to return the product o Buyer. However, Buyer shal)

pay all shipping charges, <uties, and 1axes for praduets returned to -hp- from another counicy.

Duration and cowditions f warrany for this instrument may be superceded when the instrument is integrated into

(becomes 2 part of) other -hp- instrument products,
Hewlett-Packard warrants that its software and firmware designated by -hp- for use with an instrume
operation of the instrument, or software, or firmware will be uninterrupted or error free,

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inadequate main enance by Buyer, Buyer-
supplied software or interfacing, unaathorized modification or misuse, operition outside of the environmental spevitica-

tions for the product, or improper site prepariation or maintenance.

NOOTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT-PACKARD Si’lf(‘ll-‘lC:\L[.Y_ IMNSCLAIMS
THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. '

EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE REMEDIES. HEWLETT-
PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSE-
QUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT: OR ANY OTHER LEGAL THEORY.

ANSISTANCE
3

Prodduct maimenance ugroements and other custonier asses tance agrevinents are availahly for Howlete-F ackard produes,

Forany assistance, comtact your nearest Hewtotr-Pa kard Sales and Service OQffice Adidresses are provided at the hack
> I I "

of this manual. '

nt will exccute |’
its programming instructions when properly ivstalled on that instrument. Hewlett-Packard does not wirrant that the

1

J‘llf&‘J
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SAFETY SUMMARY

-
The fallowing general safety precautions must be ohserved during all phases of operation, sarvice, and repair of this
instrument. Failure ty comply with these precautions or with specific warnings e!sewhare in this manus! viclates
safaty standards of design, manufacturs, and intended vse of the instrument. Hewlett-Packard Company assumes no
liatility for the cestomer’s fsilure to comply with thess requirements. Thix is o Safety Class 1 instrument.

. GROUND THE iNSTRUMENT

To minimize shock hazard, the instrument chassis and cabinet must be connected to an elec-
trical ground. The instrument Is equipped with a three-conductor ac power cable. The power
cable must either be plugged Into an approved three-contact efsctrical outlet or used with a
three-contact to two-contact adapter with the grounding wire {green) firmly connected to an
electrical ground {safety ground) at the power outlet. The power jack and mating plug of the
power cable meet Internationa! Electrotechnical Commission (IEC) safety standards.

00 NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE

Do not operate the instrument in the prasence of flammable gases cr fumes. Operation of an{r
electrical instrument in such an environment constitutes a definite safety hazard,

KEEP AWAY FROM LIVE CIRCUITS - |

" Operating personnel must not remove instrument covers. Component replacement and interna)
adjustments must be made by qualified mairitenance personnel. Do not replace companents
with power cabie connected. Under certain conditions,'dangerous voltages may exist even with
the power cable removed. To avoid injuries, always disconnect power and dischalrge circuits

before touching them. _ )

DO NOT SERVICE OR ADJUST ALONE . '
Do not attempt internal service or adjristment unless another person, capable of rendering first
aid and resuscitation, is present. ’ . ' )

. ; !

0o NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT . |
|

|
‘Because of the danger of introducing additional hazards, do not install substjtute parts or per-
form any unauthorized modification to the instrument, Return the instrument to a Hewlett-
Packard Cales and Service Office for service and repair to ensure that safety features are main-
tained. . ‘

‘DAIGEHOUS PROCEDURE WARNINGS

Warnings, such as the example below, precede potentially dangerous procedures throughout
this manual. Instructions contained in the warnings must be followad. .

Dangerous voltages, capable of causing death, are presant in this instrument. Use ax-
treme caution when handling, testing, ond adjusting.
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Operating and Safety Symbols

Symbols Used On Products And In Manuals

AC line voltage input receptacle, ,

Instruction manual symbol affixed to product. Cautions the user to refer 1o
respective instruction manual procedures to avoid possible damage to the
product,

Indicates dangerous voltage — terminals connected to interior voltage
exceeding 1000 volts,

Protective conductor terminal. Indicates the ficld wiring terminal that must
be connected to earth ground before operating equipment — protects against
clectrical shock in case of fault. , ’

Clean ground (low-noise). Indicates terminal that must be connected to
earth ground before operating equipment — for single common connections
and protection against electrical shock in case of fault.

Frame or chassis ground. Indicates eq lipment chassis ground
terminal ~ normally connects to equipment frame and all meta) parts,
H |

Affixed 1o product containing static sensitive devices - use anti-static
hanuling procedures to prevent electrostatic discharge damage 10
components.

La
ATTENTION
Stafic Setamve

NOTE
NOTE : Calls artention to a procedure, practice, or condition that requires special
attention by the reader,

CAUTION .
CAUTION Calls attenvion 10 a procedure, practice, or condition that could possibly
cause damage 1o equipment or permanent loss af data.

WARNING
- 'WARNING Calls attention to a procedure, practice, or condition that could possibly
cause badily injury or death.
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Models 400E/400EL

Section |

SECTION |
GENERAL INFORMATION

1-1. DESCRIPTION.

1-2. The -hp- Models 400E and 400EL are ver-
satile ac voltmeters and dB meters. Both models
can be used as ac to de converters or wideband
amplifiers.The Model 400E is primarily intended
for voltage measurements, whereas the Model
400EL is primarily a dB meter. However, both
meters indicate both volts and dB. The 400E has a
linear ac scale with a logarithmic dB scale
underneath, and the 400EL has a linear dB scale
with a logarithmic ac scale underneath. Since the
difference in scales is the only difference between
the two instruments, this manual will use the term
400E/EL in reference to both instruments.

1-3. Figure 1-1 shows both the Model 4XE and
the Model 400EL. Table 1-1 is a list of specifica.
tions.

14, OPTlOlS AVAILABLE.
1-5. OPTIONS 01 {$00F ONLY).
I-6. Option 01 places the dB scale uppermost for

greater resolution when making dB measure-
menis. ‘

Figure 1-1.

1.7. OPTION 02.

1-8. Option 02 adds a relative reference adjust-
ment to the 400E/EL. The REL. REF. control
allows a continuous reduction in sensitivity by a
maximum of 3 dB in order to make relative
voltage or dB measurements.

1-9. Option 910. An additional Operating and Ser-
vice Manual, Part Number GO400-90021,

1-10, INSTRUMENT AND MANUAL IDENTIFICA-
TION.

1

I-11. Hewlets-Packard uses a Iwo-section serial

number; If the first section (serial prefix) of the

serial number on your instrument does not agree

with those on the title page of this manual, change -
sheets supplied with the manual will define the dif-

fererices bétween your instrument and the Model,

400E/EL described in this manual, Some serial
nurbers may have & letter separating the two sec-

tions of the number: This letter indicates the coun-

try in which the in;;’trument was manufactured.
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Table -2, Performance Characrerisiics

Maximum Overfoad: AC sinewave vollages input
the FmVoudrougl TV rnges mnt not exeeed |
thy values shown, 1
500 ’ J
400 l ’
|
= 300 ; ’
-
a ! i
7 I :
- . | |
o i |
o 200 i
' > .
S .
a
100 f
| 2y
: : >
o | ' | ' .
r L I
20 ix -1 1on 200 L.l 40u - 5on
FREQUENCY (Huz) ‘ : '
, 420 8- taus 1
i o r AC sinewaves input to the 3V i i
! through 300 V ranges must not : . o)
exceed 500 V rms, . ‘]
The limiz of 300V de must not A
he exceeded on any fange, : '
J
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SECTION 11
- INSTALLATION ;

2-1. INTROGUCTION, L
2-2. This sectior, contains information and instrue-
tions necessary for the istallation and shipping of
the Model 400E and 400EL Voltrheters. Included are
initial inspection procedures, powtr and grounding
requirements, installation informat on. and instrue
tions for repackaging for shipment,

23. INITIAL INSPECTION, '

2-3. This instrument was carefully ins\pcc:cd buth
mechanically and electrically before s ipment. It
shouid be physically free of mars or scratshes and in
perteet electrical order upon receipt, To cohifirm this,
the instrument should be inspected  for | physical
damage in transit, Alsu check for supplied acuessories,
and test the eleerriéal performance of the ins, rument
using the procedure outlined n Paragraph 7. 1f
there is damage or deficiency, see the warranty on the
inside front cover of this manual. |

2.5, POWERREOUIREMENTS.

2:6. The Model 400E/EL can he opetated from any

“source of 113 or 230 volts at 48 10 440 Hz or frony

two 35 o 55 volt batteries connected to the rear

pancl BATTERY) terminals. The L15/230 V slide

switch on’ the reas; panel selects :he desired line
vollage. Power dissipation s 10 watls maximum,

ECAUT!ON§

Before applying ae power to the JOOE or
HOOEL, be sire it &5 st for the nroper fine volr-
age.

2-7. POWER CORDS.

2-8. Figure 2-1' llustrates the standard power plug
configurations that are used throughout the Unijted
States and in other countries. The -hp- part mmber
directly below each urawing is the part number for
a 400E/EL power vord equipped with a power plug
of that contiguration. If the appropriate power cord
is not included with the instrument, notify the

- nearest -hp- Sales and Service Office and a replace

ment cord will be provided.

1

29. GROUNDING REQUIREMENTS.

210 To protect operating personiel, the National
Electrical ~ Manufacturers’ Association  (NEMA)
recommends that the instrument panel and cabinet be
prounded.  All - Howletr-Packard  instruments  are
equipped with a three-conductor power cable which,
when plugged into an appropriate receptacle, grounds
the instrument. The offset pin on the power cable
three-prong connector is the ground wire,

{ warnING l

For operator protection during battery opera-
tion, conneet chassis tenninal {MP20) 1o earth
Rronand,

211, INSTALLATICN,

2-32. The Model JOOE/EL is fully transistorized;
therefore, no special cooling is required. However, the
instrument should not be operated where (e anibient
tentperature esveeds 557 C (131° F) or the relative
huntidity exceeds 957,

2-13. BENCH MOUNTING.

i

1]
'

214, The Model JOOE/EL is shipped with phastje
feet and tilt stand in place, ready for use a5 a beneh

" instrwment,

215, INSTRUMENT CASE.

2-16. Tiwe 400E/EL can be placed in u rupged, high
impact plastic case (-hp- 11076A). The mstrunten
can be operated, stored or carried in this splash-proof
case, A dual purpose tilt stand also SEIVES s ¢ carry-
ing handle, Storage space is located at the rear of the
case and in the front lid. :

217. RACK MOUNTING.

2-18. The Mudel JO0E/E] may be rack mounted by
using an adapter frame (-hp- Part No. 50600797),
The adopter frame is 2 rack frame that aeeepts any
combination of submodulur units. 0t can be rack
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mounied only. For additiomal information, ad Yress
inguiries to vour -hp- Saies amd Service Cllice, (See
Appendix B for office locations. )

2-19. COMBINATION MCUNTING.

2.20. The Model S00E/EL may be mounted in
combination with other submodular units by using a
Combining Case t-hp- Model 1051A or 1052A). The
Combining Case is o tall-module unis which aecepts
various combinations of submodular units. Being o
full-module unit, the combining case can be beneh or
rack mounted aid s waalogous to any Rull-module
; instrument.

2-21. REPACKAGING FOR SHIPMENT.

]
2-22, The fullowing paragraphs contain a peners!
zuide tor repackaging of the instroment for shipment.
Refer to Paragraph 2-23 if the vriginal container is 1o
be used; 2-24 it it is not, IV you have any uestions,
contact your local -hp- Sales and Service Office. (See
Appendix B fur office locations. )

NOTE

It the instnoment is tor be shipped 1 Hewletr-
Packand for service or repair, attach a tag 1o the
instriement identifying the owner aind indicating
the servize or repair to be aceomplished;
include the model mumber gnd full serial mon-

Mudel S00E/EL

her of the instrinent. v any correspondence,
identifv  the instrument by model monber,
sertal mumher, wid serial siirmher prefix,

223, I original container is to be used. proceed as
follows:

a. Place instrument in original container Y
available. IF origiane' containes is not availa-
ble. a suitable container can be purchused
fruin your nearest -hp- Safes and Service
Office,

b, Ensure that container is well sealed with
strong tape o metal bands.

224, I orignal container is not o be used, proceed
as Tollows:

a. Wrap instrument in heavy paper or plastic
before placing in an inner container.

b. Place packing material around all sides of
instrument and proteet panel face with card-
board strips.

Piace instrument and inner container in a
freavy carton 'or wouden box and seal with
strong tupe or metal bands.

~

d. Mk shipping container with “DELICATE
INSTRUMENT,” ‘ff’RAGILl':." cle,
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SECTIGN 1l
OPERATING 'INSTRUCTIONS

© 3.4, INTHODUCTION,

3.2, The Model 400E/EL is primarily an ae voltmeter
and dB mieter, but it can be used a8 an ac to de
converter or s & wide band amplifier,

3-3. This scction explains the controls of the

400E/EL and outlines the vperating procedures for
cach njode of operation,

3_-4.“i.UCgITIDN OF CONTROLS AND

INDICATORS.

3-5. Figure 3-2 shows the Jocation of each of the
400E/EL controls und explains the function of each.

3.6, OPERATING INSTRUCTIONS,
3-7. STANDARD 400E/EL.

3-8. AC Voltmeter.

Table 3-1. Effect of Distortion on Average
Responding Meter: '

% ERROR
(* Fundamenta))

Harmonic | % Distortion ,
! Max. Max.
Positive | Negalive

Any . 0.000
even ) ; 0.001

' 0.005
0.020

0.003 "
0.167
0.328
Q.667

0.033
0.168
0.338
, 0.687

0.020 0.020
0.101 0099
0.205 0.195
0420 i.380

* Depends on phase relationship between
harmonic and fundamental.

}

-www.valuetronics.com

NOTE

Since  the J00E/EL s uverage
responding and rms calibrated, any
distortion will affeet 1he accuracy
of the measurement. Table 3.1
shows  the errors caused by
distortion.

Enstiee that 1157230 V oac slide switeh on
the rear panel matehes line voltage used, and
contect power to the instrument, Mechani-
cally zero the instrament using the proce-
dure outlined in Paragraph 5.5,

To operate the Madel J00E/EL with batrery
power. conneet twao 35 to 55 volt batjeries
as shown in Figure 3-1. Since the tront panel
LINE switch has no effect during batiery
operation, the switeh in Figure 3.1 can be
used as a convepient method of diseon.
necting the batteries when the instrument is
not in use. Two 335 volr batterivs will deliver
approxinaately 75 mA and 1wo 55 wolt
atteries will deliver approximately 50 mA.

| warNING '

For operator protection during batrery opera-
tion, comeer chassis terminal (MP26} to earth
gronnd.

¢. Turn line ON toggle switch to up position,
LINE lamp will glow.

d. Select approximate range of signal to be

measured.
E CAUTION 5

o Do not apply more than 500 volts ac 1o inpur,
Do nor overload the 001 through T volr ranges,
Comnsult Tuble 1-2 for overload limits, If amv-of
these oierlogds are excecded the insrioment
may he damuaged, '
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Q) 400E Scale; Indicates nizgnitude of applied

_signal in volts and dB..Option 01 places the

dB scale uppermost for greater resolution.
‘QdBm = ImW in 600 ohms. |

(@) 400EL Scale: Indicates magnitude of applied
signal in volts and JB, DB scale is linear, and
v voltage scales are  logarithmie. - This
arrgngement allows bette, . sulution for JB
rcnding OdBm = ImW in 600 olims.

=

(@) AC INPUT: BNC input jack u)lmu.ls signal
o b-: measured. '

(O REL. REF Adjust (Option 02}: Varies
indication an meter by 3dB. Fully clockwise,
ABSOLUTE position retains  full, meter
indication. This control is used to vary meter
indication with o given input in order to
make relative readings easier.

(®) RANGE Selector: Selects full scale reading
of meter. DB reading on scale  adds,
algebraically to dB setting of RANGI:
selector,

(® Line ON Toggle Switch: Applies primary
power. !

(@ LINE Indicator. Lamp: Indicates .lpplu.u[nn '

ul‘ prilllJI’}' power, 1

@FUSL H5A. Protects instrument apainst
current uvcrhmd _

'
4\

@ } ISP30 anl Slide Switch: Selects IIS ur
230 mlls ae Ior Inpc uperatmn
}
O I’RIMARY POWER CONNECTOR: Line
vn!l.u,c is applicd lhruubh this connector.

@ AC OUTPUT Ac umplifier output, Output
nnpu.d.u:w s 50 ohms.

@ pc OUTPUT A¢ o de converter output, De
oltage s proportional to percentage of
‘meter deflection. Qutput nnpcd.mu: is 1000
ohms.

(3) BATTERY VOLTAGE Terminals: 300E/EL
may be powerea by connecting two 35 to 55
volt batteriss to these termipals.

@ CHASSIS TERMINAL: Chassis groumd con-
nection for battery operation,

© 32
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Figure 3-2. Location of Controls and Indicators
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BATTERY VOLTAGE
+ -—
35~55 J_ 35-55

voC vDC

s ;';lﬂ;'.j

(35-55v)

400E/LL~B-048)

(35~-55v)

Figure 3-1. External Battery Connection

]
'

} .
e. Con. *sipimal to be measured o INPUT

ternuils, und read the pns voltage on the
o i P
scale. Cy

1.9, DB Meter.

% To make a dB or dBm measurement. follow
steps a through € in Paragraph 3-8, and add
the seale reading to the RANGE setting, For
example: If the seale reading is +1.5 and the
RANGE is -30dB. the fina) "peastreimen is
-28.54B,

b. The 400E/EL dB scale is culibrated in dBm.
0dBm is equivalent 10 1 milliwart dissipated
by a 600 ohm load, Consequemtly, any dBm
measurements wust be made ueross a toral
impedance of 600 ohms, Measurements
across other impedances will be in di, but
not dBm,

¢. To convert a dB reading to dBny, vse the
Impedance Correction Graph ( Figure 3-3).

- For 2xample: To convert a +30dB reading
made 2eross SO ohms to dBm, locate the
load impedance on the bottom of the praph,
Follow the impedance line 1o the heavy

+ black Tine and read the meter correction at
that point. The correction for 3Q vhms is
+10.5dBm, and the corrected reading s
+40.5dBm.

Section 11

3-10. Acto l_]c Converter,

a4, Follow steps o through ¢ in Paragraph 3.8,

b. Comneci the rear panel DC OUTPUT
teemizials 10§ de measusing deviee with 3
high input. impedance. The de outp
resistance is 1000 ohms: and if it is logded.
the de outpat signal will be inaccurate,

e. The de omtput is a 0 10 1 wolt signd

proportienal to the percentage of J00LfI:L
meter d Alection,

I
3-11, Wide Ba.d Ac Amplifier.

o Folfow 1amon  steps through ¢ in
Paragraph 3-8,

b. Select approximute range of input  on

RANGE switch.

¢. Connect SIGNAL to be amplified 10 INPUT

terminals,

o
d. When using an ac power souree, grovd

loops can be climinated by cannecting the
HOOE/EL 1o an adeguate isolation transt

tormer, This will open the power line grothnd

cirenit as shown in Figure 3.3,

Figme 3-3. holation Transtormer,

NOTE
Plice a 1 kilohm shiclded load
across the DC OUTPUT. if it is not
being used, when using the AC
OUTPUT. This is especially
necessary on low ranges,

¢ The gain of the amplifier depends on the
RANGE selection. On the 0.1 volt range and
befow, the 400E/EL amplities the input: and

3.3

1,
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on the 0.3 volt range and whove. it
atienuates the input. On the 0.001 wvolt
ranges, the maximum sutput is 1C5mV. On
all other ranges. the maximum output is
150mV. Table 3-2 shows the ac amplifier
gain for cach ran_u setting.

- Table 3-2. AC Ampliier Guin

RANGE GAIN RANGEL

0.00] +30dB 1
0.003 +34dB 3
0.01 +244B 10
6.03 +14dB 30
0.1 +4dB
0.3 -6dB

d
' . H

' " [ $ e

] - [ : T

[ i DR SR SRS SO S

. . ' . ; . .

METER CORRECTION - DBM

Moodel JOOESE:L

3-12. 400E WITH OPTION 01,

3-13. Operation of the 400E with Option 01 iy
essentially the swme as operation of the standad
400E: The dB scale reads from -15 to 2 instead of
from -12 1o +2, and is placed at the top of the scule
for better resolution,

3-14. 400E/EL WITH OPTION 02.

3-15. Option 02 adds o relutive reference adjustient
o the JOCEFEL. This adjustment allows 3 meter
indication to be varied by 3dB. Use the REL. REF
adjustment 1o set the meter any convenient
reference (OdB for example) in order to make relative
readings easier. Whon the REL REF udjustment is in
the fully clockwise ABSOLUTE position. it has no
effect on the meter aceuracy .

3-16. tn all other respect:, opération of a Option 02
instrument is the same as operation of a standurd
Model 4COE/EL.
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Section IV

SECTION 1V
THEORY OF OPERATION

4-1. GENERAL,

4.2, The 400E/EL is a solid state,  average
responding. rms calibrated  voltmeter. It also hes
applications as an ac¢ to de converter and a wide banil
amplifier.  Figure 4-1 shows a simplified block
diagram of the instrument.

4.3, When rehy K ois closed. the input s not
attenuated: when K1 is open and K2 s cosed, the
input is attenuated by 50 dB, On the Q.001 through |
volt ranges, K1 is vlosed and K2 isopen. K2 s ¢losed
and K1 is open on the 3 through 300 volt ranges, The
entire [nput Attenuator assembly is shiclded, and the
relays are operated remotely by voltages applied
through the RANGE switch, Variable capacitor A1C2
is adjusted on the 3 volt range with a 3 volt 100 kH/
input in order to shape the frequency response of the
‘nput Altenuator.

44, The signal from the input attenuator is applied
to the impedance converter. The impedance converter
is a wnity pain, feedback stabilized amplifier that
matches the high Impedance of the Input Attenuator
to the much lower impedance of the Post Attenuator,

4-5. The Post Attcnuator attenuates the output of
the lmpedance Converter by 10dB for cach step of
the RANGE switch. On the 3 volt range. the Post

Atlenuator is switched back 1o the 30dB position,
and then it attenuates 1048 per step on the higher
ranges, Varizble capacitor 82C2 is adjusted on the
003 volt range with a 3mV, 8MH: input 10 adjust the
EMHz response of the 003 volt range. With a fuall
seale input on any range except the 001 volt range,
the output of the Post Attenuator should be 3mV.
On the 001 volt range. the output should be ImV.

4:6. The Meter Amplifiér is 2 fourstuge, high-gain
amplifier utilizing both ac and de feedback for gain
stabilization. The Meter Bridge. connected in the ac
feedback path of the meter amplifier, converts the ae
output of the amplifier 10 o de voltage proportional
to its average vilue. This de voltage drives the meter.
A2C28 and A2R38 adjust the gain of the amplifier so
that the meter will read rms volis, A2R38 is adjusted
at 400Hz. and AC28 is adjusted a1 {OMH..

47. The DC Output is a 0-1 volt Jevel that is
proportional to meter deflection, R2 is adjusted to
calibrate the de output. The AC Amplifier samples
the ac feedback and generates 9 to 150mV ac output
that is directly proportional o meter deflection,

4.8. SCHEMATIC DESCRIPTION.
(See Figore 7-1).

4-9. IMPEDANCE CONVERTER.

IMPEDARCE
CONVERTER

AL LB cANR
SHIELD

METET
BRIVGE

¢ AC CuTPuT .
AMP]

™ oc
L R2, X :OUTPUT
' AC
5 (DUTPUT

Figure 4-1. Simplitied Block Diagram
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>
CURRENT DURING ~~ ¢
eveves B NEGATIVE HALF CYCLE L1 1
CURRENT DURING ACRIS A3
¥ SOSITVE HALF CYCLE i
"‘ .rl' |
A2C35
METER
FROM AMPL
POST
ATTEN
AZC33

D B

A2C36

I

+—FEEDBACK

Figure 4-2. Meter Bridge

4-10, ‘The impedance converter, located on the main
voltmeter board (A2), matches the high impedanee of
the input attenuator to the relatively low impedance
of the Post Attenuator, Breokdown diodes A2CRI7
and AJCRI8 bias diodes A2CR9 and A2CRI0at + 5
and - 5 volts respe ively. A2CRY and A2CR10 limit
the input to 10 volts peak-to-peak, providing overload
protection. Breakdown diodes A2CR20 and A2CR2I
subilize the bias voltages on A2Q5. Fuse A2F!
~protects the instrument against destructive overloads.

4-11. A field-effect transistor (A2Q5) is used in the
input stage of the impedance converter because of its
characteristically high input impedance and good
frequency response, A2R17 adjusis the de bias of the

4.2

impedance converter, The output is taken from the
emitter circuit of A2Q7 und applicd to the post
attenuator and then applied to the meter amplifier.
The solid black lines on the schematic show the signal
path, and the broken lines show the feedback paths.

4-12. METER AMPLIFIER.

4-13. The meter amplifier amplifies its input signal
by a fixed gain on all ranges except the 001 volt
range. The amplifier itself is o four-stage, de coupled
amplifier with a cascadecoupled final stage (A2Q12
and A2Q13). DC feedback is coupled from the
emitter of A2Q12 back 10 the base of A2QY,
Breakdown diodes A2CR12, A2CR13 and A2CR1S
establish fixed dc bias levels in the amplifier.
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4-14. The output from the collector of A2Q13 is
coupled through the Meter Bridge and fed back 1o the
emitine of A2Q9. A2C28 in the feedback cireuit
adjusi ke -+ ount of ferdback at the high end of the
frequency sange, and A2R38 adjusts the feedback at
the low eiid, This calibrates the amplitser gain at botl;
ends of the frequency range. A2R44, 45 and 72 are
switched into the feedback circuit on the 0,000 volt
range, boosting the gain on that range. A2R44 adjusts
the gain on the TmV range with a 400Hz input.
A2R31 adjusts the de bias level of the amplifier,

4-16. METER BRIDGE.

4-16. Fipure 4-2 shows a partia) schematic of the
Meter Bridge. The wmeter bridge rectifies the ac
amplifier output and supplies the de current 1o drive
the meter. In order to use part of the meter bridge
output as the rear terminal de output, the meter has
to be referenced 1o ground. Transistor A2014
references the meter to ground.

4-17. During the positive  hall cycle, A2CRIS
conducts, Part of the current (sulid line) goes through
A2C34 ino the feedback path, and port of :he
current goes  through A2R53 and the micter 1w
ground, The current  through A2R53 turns on
A2QI4, and A2Q14 draws current from the positive
supply. The curremt from A2Q14 poes through
A2C36 into the feedback path, The current through
A2Q14 and A2C36 is equal to the current drawn
through the meter, so the current out of the bridge is
equal to the current into the bridge,

4-18, During the negative half cvele, AZCRIG
conducts and draws current from the feedback path
(dotted line). Part of the current goes through A2C36
and A2CRIG into the amplifier, and part goes
through A2R53 and the meter to gronnd. The current
through A2R53 turns on A2Q14, and the current
from A2Q14 goes through A2R54 and A2CRIG 1o
the amplifier. Again the current through the meter
cquals the current through A2RS54, and the current
into the bridge equals the current out.

Seetion [V

4-19. Trapsistor A20Q14 replaces current diawn by
the meter, so the meter bridge is kept floating waile
the meter is referenced to ground. The de outpul,
taken across A2R65 and R2, is also referenced 1o
ground,

4-20. FET A2Q18 provides a small resistance at
seale inputs and @ large resistance at full seale in-
puts, This in turn cavses the bridge 1o partially turn
oft at tull scale inputs. Any full scale readings at
10 MHz are then lowered and the ' scale readings
are increased. Any excess peaking at full seale and
xeess rolioft at Y4 scale at 10 MHz is prevented.
At frequencies below 6 MHz, the amplifier’s pain
is enough to override the bridge being partially
turned ofl,

4-21. AC OUTPUT CIRCUIT.

4-22, The.ae output circuit isolates the meter bridge
and amplifier from the ac output load, It consists
of two emitter followers (A2Q15 and Q16) con-
nected in cascade, A2R59 in the base cireuit of
A2Q15 zeroes the output de level at the ac output.

4-23. POWER SUPPLY.

4-24. The power supply produces regulated + 26
volts and ~26 volts, Breakdown diode A2CR7
established a reference voltage of 6.98 volts, Part
ol the power supply output is applied to the base
of A2Q2, and A2Q2 senses the difference between
the supply output and the reterence. If the output
voltage changes, the cmitter to base voltage of
A2Q2 will change; and the output of A2Q2 will
change the curremt through A2QI, the regulator.

4-25. The negative regulator, A2Q3 and A20Q4, uses
the + 26 volt output as a reference. Conscquently,
the negative supply is dependent upon the positive
supply,




SECTION V

MAINTENANCE

5-1, INTRODUCTION. 5-5. TEST CARD.

5-2. This section has the maintenance information 5-6. The performance test card is at the end of this
for the HP 400E/EL. Included are the Performance section 1o record the performance test results, The
Tests, Calibration Procedures, and Troubleshooting card may be used s a permanent record and may
Procedures. be reproduced withowt written permission from

Hewlett-Packard.
5-3. REQUIRED TEST EQUIPMENT,

5.7. WARM-UP TIME.
5-4. The required test equipment to maintain the
Model 400E/EL is disted in Table 5-1. Qther ¢quip- 5-8. The HIP* 4J00E/EL and the required test equip-
ment may be used as long as the eritical specifica- ment should be warmed up for at 'e¢ast a balf hour
tions are met, before doing any testing or calibration.

Table 5-1. Required Test Equipment.

Instrument Critical Spwcifications Recommendad Modal

Ac Calibrator Accuracy: 0.022% 10 0.205% Fluke Model 6200A
Voltage Range: . 1mV to 300V and Model 5216A
Frequency Range: 10H2 to 110kH:

Function Generator Frequency Range: 10Hz to 10MHz ' HP Model 3312A
{Test Oscillator} Qutput: 3V rms max,
Distortion: < 1% max.

Digital Multimoter Range: OV to 100V HP Modet 3468A
{2 Required) Sensitivity; 100 micravolts or HP Model 3478BA
Accuracy: >0.01%

Thermai Converters a. Input: 3V rms a. HP Maodel 11049A
Qutput: 7mV dc
b. nput: 1V ims b. HP Moder + 1050A
Quitput; 7mV de¢
¢. Input 0.45V ims c. HP Model 11051A
Qutput: 7mV dc

Resistors 100k, & 1% tolerance HP P/N 0767-0465
1k, 1% tolerance HP P/N 0767-0280

Termination Feed-through, 50 ohm impedance HP Madel 11048C

-} Coaxial 2. 50dB attenuation, a Weinschel

' Attenuators £.01dB toterance dc to 1OMHz Engineering

: Maodel §0-405
b. 40dB attenuation, b. Weinschel
=.,01dB toferance de to 10MHz Engineering
Madel 50-505

Wideband Frequency Range; 10Hz 10 4MHz HP Model 3403C
IAC Voltmater Accuracy: > £ 1%
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5-9. MECHANICAL ZERO ADJUST (4G0E Only).

5-10. Adjust the front panel meter to the zero posi-
tion before doing any performance tests and culibra-
tions, Do the following:

a.  Make sure the instrument has been off ar
teast a minute, or momentarily short the
meter terminals.

b. Rotate the mechanical meter adjustment
serew CLOCKWISE until the meter
pointer is to the left of zero and moving
upscitle toward zero,

-

Continue  rotating  the  serew
CLOCKWISE umil the pointer is exactly
on zero. IF needle overshoots, repeat step
b.

d. With the pointer exactly on zero, turn
the adjustment  screw  shightly
COUNTERCLOCKWISE 10 relieve any
tension on the suspension. If the pointer
moves to the left, repeat the adjustment
procedure  but  make sure  the
counterclockwise rotation is less.

5-11. PERFORMANCE TESTS.

5-12. The performance tests verify the
HP 400E/EL's accuracy specifications listed in
Table 1-1. Perform these tests for incoming and
periodic inspections, and before instrument calibra-
tion. The performance tests are separated as
follows:

Accuracy Checks from 10Hz to 110kHz
- paragraph 5-16

Frequency Response Checks from 110kHz to
tOMHz - paragraph 5-18

Optional Frequency Response Checks from
110kHz 10 10MHz - paragrapi. 5-20

Optional Accuracy Checks from 104z 1o 10MH2
- paragraph 5-22 :

Input Impedance Check - parugraph 5-24

AC to DC Converter Output Impedance Chedk
- paragraph 5-28

AC Output Voltrge Check - paragraph 5-29

5-13. ACCURACY AND FREQUENCY RESPONSE
TESTS.

5-14, Two tests are given to check the
HP 400E/EL’s performance. The first test checks

5.2
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the accuracy on all ranges at frequencies from 10Hz
to 110kHz. The second test checks the frequency
response on the 1V and 3V ranges only from
110kHz to 10MH/. You may also use the second
test to check the accuracy at 10Hz to 10MHz by us-
ing an ndditional thermal converter (.45V converter,
HP 11051A). The additional converter checks the
HP $00E/EL’s lower ImV and 3mV ranges. Since
this test is slower te perform than the first, use it
only for the frequency response test or for all tests
il the first test’s equipment is unavailable,

5-15. The first test uses an ac calibrator to check
the HP 400E/EL’s accuracy, The second test uses
thermal converters to check the response, Instead
of thermal converters, you can also use an oscillator
that is fTat in the 1kHz to 10MHz frequency range.
The absoiute output accuracy of the oscillator is
uniniportant, but it has to be flat within +.25%
from 1kHz to 10MHz.

NOTE

For HP 400E/EL Option 02 in.
struments, set the “"REL. REF"' udjusi-
ment to the clockwise ABSOLUTE'
position hefore making any accuracy
checks. :

5-16. Accuracy Checks from 10Hz to 110kHz.

5:-17. Refer to Figure 5-1. Use the recommended ac¢
calibrator and digital multimeter to check the Model
400E/EL accuracy on the .001V through 100V
ranges. To check the 300V range, use the recom-
mended power amplifier (Fluke Model 5215A) with
the a¢ calibrator, Do the following:

NOTE

Before performing any accuracy checks,
warmup both the Model 4O0E/EL und
the test equipment for at least one half
hour,

Always uprange the HP J00FE/EL
before upranging the ac calibrator and
always downrange the ac celibraror
befare downranging the HP 400E/EL,

4

'
1"
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AC CALIBRATOR
FLUKE MODEL 5200A

ooocoGo0o O

oopoooc O

O0000 33

MULTIMETER
HP 3468AJ3478A
HP 400E/EL
g * oobaoon
© TPut OHRCAR
o) 0' TO0C Qu

A

Figore 5-1. Accmacy Test Setup.

Set the HP 400E/EL to the 3V range and
setup the ac calibrator for a 3V at J00Hz
output. Setup the digital noultimeter to
measure de volts on autorange,

Connect the ac calibrator and digital
multimeter to the Model J00E/EL as
shown in Figure 5-1.

Set the ac calibrator error range to 3%
and turn the error marker to 0%,

Read the de output on the mutimeter,
Make sure the reading is wthin the
specified limits under the **DC Ourput”’
heading in Tables 5-2 and 5-3.

Use the error control on the ac calibrator
10 determine the meter error on the
HP 400E/EL. Do this by adjusting the
error control until the reading on the
HP 400E/EL agrees with the calibrator
output, Then read the error directly from
the error control scale. For errors above
3%, use the ac calibrator’s output voliage
setting to determine the error. Adjust the
output voltage until the HP 400E/EL
displays the correct voltage. Then
calculate the error from the voltzge set-

oot B I T2 e B 4o By 1A 21 ML B

s ——

>

ting. Make sure the errors are within the
specified limits under the **Meter”
heading in Tables 5-2 and 35-3.

Repeat steps ¢, d, and ¢ for each voltage
setting and range at frequencies from
10Hz to 110kHz, as listed in Tables 5-2
and 5-3. To check the ImV and 3mV
ranges, connect a precision 40dB at-
tenuator between the ae ealibrinor and
HP J00E/EL. Set the approyriate ouiput
on the ac calibrator to supply ImV and
3mV to the HP 400E/EL. If any readings
and measurements are out the specified
limits, go to parugraph 5-30 for
calibration.

NOTE

For accuracy and frequency response
checks not listed in Tables 5-2 and 5-3,
use the “‘Accuracy Graphs' in
Table 5-4. Obtain the aceuracy percen-
tage from Table 1-] and select the
ppropriate graph from the percentage,
Find the point on the curve for any poine
Jrom full scale to ¥ scale. Horizonally
select the percent of reading.
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Table 5-2. Accuracy Tolerances

3 Volt Range 1 Volt Range K

Frequency
{H2) Valtage Meter DC QUTPUT Voltage Meter 0C QUTPUT
Input 1% o reading} {Valts) Input {% of reading) {Volis}

1.00 = 5% 1.00 = 0.05
0.50 + 7.5% 0.50 » 0.038
0.30 » 10.8% 0.30 = 0.033

3.00 = 5% 0.949 : 0.047
200 : 6.3% | 0633 : 2.040
1.00 =+ 10% 0.316 : 0.032

oo~

1.00 £ 1% 1.00 = 0.010
0.50 = 2% 0.50 : 0,010
0.30 = 3.3% 0.30 = 0.010

3.00 = 1% 0.949 : 0.010
2.00 = 1.5% | 0.633 = 0.010
1.00 ¢t 3% 0.316 = 0.1

SO~

¢ OO = b ;
(AN N ] [ AN, N - [ AN e wo,mo wmo

1.00 = 1% 1.00 = 9.01
0.50 : 2% 0.50 : 0.0
0.30 = 3.3% 0.30 « 0.01

3.00 ¢ 1% 0.948 : 0.010
2,00 : '.5% | 0.633 : 0.010
1.00 : 3% 0.316 : 0.000

1.00 + 1% 1.00 = 0.00
0.50 ¢« 2% 0.50 «+ 0.0
0.30 : 3.3% 0.30 + 0.1

300 = % 0.949 = 0.010
200 : 1.5% | 0.633 : 0.010
1.00 + 3% 0.316 : 0.010

O~

1.00 = 1% 1.60 : 0.0
050 = 2% 0.50 : 0.01
0.30 0.30 : 0.01

3.00 £+ 1% 0.949 « 0.01C
200 + 1.5% | 0.633 + 0.01C
1.00 = 3% 0.316 : 0.0N0

oo~

300 = 3% ¢.949 : 0.029 . . X . 0.03
2.00 + 38% | 0.633 : 0.024 : . 52 . 0.023
1.00 ¢ 6% 0316 ¢« 0.018 . . 5% . 0.020

5% 0.948 = 0.0475 . . 5% 005

3 . s
2 . t 6.5% 0.633 : 0.0411 . , BY% . 0.04
1 . t 15% 0.316 + 0.0348 ) R 12% R 0.036

AThese tolerances can also be used on the following ranges: 10 mV, 100 mV,

Table 5-3. Performance Test Limits

1 Millivolt Range Only 1 Miltivolt Range Only

Frequency Frequency
{Hz2) Voltage Meoter (mV) DC Qutput {H2) Voltage Meter (mV) DC Qutput

Input 1% of reading) {Volts) Input {% of reading) {Volts)

10 1.00mV} 1.00 £ 5% 0.05 100 k 1.00mv| 1. ; 1.00 + 0.005
0.5my | 0.50 = 7.6% 0.036 0.5 mv . 2% 0.50 = 0.0045
0.3mV | 0.30 : 10.B% 0.033 0.3 mv .30 =+ 3.3% | 0.30 + 0.0043

DO =

H o e

0.02 1.00mv] 1. 1% 1.00 + 0.02
0.015 0.3mv . 3.3% | 0.30 + 0.0'3
0.013

1.00mV| 1.00 + 1%
0.5mVv | 0.50 = 2%
0.3mv | 0.30 £ 3.3%

SO~

g b

0.005 1.00mV| 1, 5% 1.00 = 0.05
0.0045 0.3 mv .3 10.8%| 0.30 : 0.033
0.0043

1.00mV| 1.00 ¢ 1%
0.6 mV | 0.80 = 2%
03mVy | 030 = 3.3%

i

(AN Ne) (AN Na)
6ococ 8388 8838

H

00~
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Figure 5-2. Frequency Response (and Optional Accuracy) Checks.

5-18. Frequency Response Checks from 110kHz to
10Mz..
5-19, Refer 1o Figure 5-2. Use the recommended de
. standard, function generator (ie., oscillator), digital
Utimeters, and thermal converters to check the
HP JOOE/EL accuracy on the 1V and 3\’ ranges.
Do the following:

NOTE ]

t
The function generator/oscillator
should have distortion levels befow 1%.
This is because the thermal converter
and an average responding circuit, like
the HP J00E/EL, react differently to
distortion that could cause a reading/
calibration error. However, the distor-
tion tevel is less critical at high frequen-
cies (4MHz and abovet allowing the use
of a function generator/os.illator with

higher distoriion levels. i

2. Sctup the test equipment as follows:

DC Standard - 3V Qurput wiih Output
Ofi

fonics.com

Function Generator - 3V at 500k Hz Sine
Wave Quiput

Digital Multimeters - DC Volts Function
and Autorange

Switch - Position A

Except for the HP JOOE/EL (it wiil be
connected later), connect the equipment
as shown in Figure 5-2, Use the 3V Ther-
mal Converter (HP 11049A) in the test
setup.

Turn the de standard outpur on, Measure
the thermal converter’s output voltage as
read on the digital multimeter connected
to the converter. Note this voltage,

ECAUTIOI{;

Turn the de standard outpur off and set
the function generator output 1o
mininnan before connecting to the ther-
mal converter. Also, reduce the function
generator ontput (o miniman before
changing the frequency. Any voltuge
above the rated input voltage of the
thermal converter can destrov the con-
verter,




te

Model 400E/400EL‘

!

1
d.  Set the switch to position B, Adjust the
output on the fi unuion generator until the
thermal converter's output voltage is the
) same as read in step C

¢, S5¢t the HP JOOE/ZEL to the 3V range.
~ Connect it to the ** T connector as shown
in Figure 5-2,

f. Kead the de output oa the digital
multimeter connected to the HP
400E/EL. Make sure the reading is within
the specified limits under the **DC Oul-
pu'’ heading in Tables -2 and 5-3.

g, Note the reading on the HP 400E/EL,
Make sure the reading is within the
specificd limits under the **Mecier”

. heading in Tables 5-2 and 5-3.

h. Repeat steps a through g to check the .

) HP 400E/EL 1V range at t'rcqucnuiu
from 110kHz to 10MHz (as fisted in
* Tables 5-2 and 5-3), Use the 1V Thermal
Converter (HP 11050A) for this test and
se! the de standard and function generator
for 1V ouputs. I any readings and
mmsurcmcms are nut of the specified
limits for both the 1V and 3V tests, go to
! paragraph 5-30 for calibration.

., 520, Optit'mal Frequency Response Checks from

110kHz to 10MH2,

)

5-25. “i'his test.can be used if an oscillator is used

that is flat within x.25% from 1kHz to 10MHz,

The ac calibrator and digital mudtimeter are also re-

quired to 'perform this test. Do the lol!u\ung.

1
a. Setthe HP 400E/EL to lhc 3\’ rangc unsl

setup the ac calibrator tdr a 3V 1t 1kHz
output (crror range o zero). Set the
dig’tal multimeter 1o de vo'ts and
autorange.

b. Setupthe oscillatoi for a 3V at (kHz out-
put. Do not connect it 1o the
HP 400E, EL at this time.

¢. Connect the ac calibrator and: digital
multimeter’ 1o the Mode! 400E/EL as,
shown in Figure 5-1.

.ww.val'uetronics.’com

v HP 400E/EL.
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d.  Read the de output on the multimeter and
note the reading, Also note the reading
on the Model SJOOE/EL,

e, Disconnect the ae calibrator from the
HP J00E/EL and connect the oscillator
to the Model JOOE/EL., .

‘ .
I, Adjust the oscillator ouipet 1o the reading
on the multimeter noted ir: step d,

g. Changce-the oscillator frequency to one
you want to check. Note the reading on
the multimeter aud the HP 400E/EL,
Determine the percent error of the

: HP J00E/EL by caleulating the dif-
ferences between these readings and the
ones taken in step d, Make sure these
readings are within the specified: limits

“under the »*DC Output™ and “*Meter”
headings in Tables §-2 and 5.3,

h. Repeat steps a through g for the
HP 400E/EL 1V range,

522, Optional Accuracy Checks from 10Hz to 10MHz.

5-23. Use the procedure in paragraph 5-18 to cheek
the accuracy on the HP JO0E/EL 1Y and 3V ranges
only. Cheek the ImV and 3mV ranges by using a
A5V Thcrmal Convertér (HP 11051A). The only
difference between this procedure and the one in
paragraph 5-18 is that the Model JOOE/EL is
checked at additional frequencies and ranges.

5-24. INPUT IMPEDANCE CHECK,

5-25. There are two tests to chieck the HP J00E/EL
input impedance. Qne checks the lllplll resistance
and the other checks the input capacitance. The tests
are as follows:

E-26. Input Resistance Check.

a.  Setup the function generator for a 3V at
40Hz output. Set the HP 400E/EL to the
3V range.

b. 'Connect the function generator to the
Adjust the functign
generator output for a full scale n..ldlm,
on the Model 400E/EL.
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Connect a 100k resistor between the
function geperator outpmt and the
HP J00E/EL input, as shown in Figure
5-3.

The HP JOOE/EL reading should not
drop more than | minor division from full
scule, This indicates a 1OM: or greater in-
put resistance,

§-27. Input Capacitance Check,

.

Setup the function generator for a 3V at
JOHz output. Set the HP JOOE/EL o the
3V range,

Conneet n 100K: resistor between the
function generator output and the
HP J00E/EL input, as shown in
Figure 5-3. Insert the resistor directly into
the connector on the HP JGOE/EL. Con-
nect the ground lead to the outer shicld
of the HP JO0E/EL connector. Do not
use ap adapict to connect the resistor 1o
the HP J0GE/EL. An adapter adds extra
capacitance to the instrument’s input.

b
Adjust the funetion generator owput for
a full seale reading on the Model
JOOE/EL.,

Inerease the function generator frequency
until the HP J00E/EL reading drops to
212V, This should occur at approx-
imately 132kHz indicating an input
capacitance of 12pF or less on the 3V
range,

Models JOOE/400EL .

Setup the function generator tora 1V at
JOH2 output. Set the HP JO0E/EL 10 the
IV range.

Adjust the lunction generator output for
a Ml senle reading on the Model
JOOE/EL.,

Increass the function generator frequeney
until the HP S00E/EL reading drops to
0.707V. This should occur ar approx-
imately 63.5kHz indicating an input
capacitapee of 25pF or less on the 1V
range,

5-28, AC TG DC CONVERTER OUTPUT IMPEDANCE

CHECK.

i

Setup the function generator ©-a IV o
100kHz output, Set the HP J00E/EL to
the 3V range.

Cunueet a digital mulimeter to the de
output of the Model JO0E/EL, Sei the
mudtimeter to de volts and autorange.

Connect the functien generator through
a 50 ohim feed-through resistor 10 the
HP 400E/EL. Adjust the function
generator output for a 100000V reading
on the digital multimeter,

Place a 1000 ohm resistor across the de
output of the HP J00E/CL. Make sure
the de output voltage is between 475V
and .525Y as read on the digital
multimeter, This shows an owtput im-
pedance of 1000 ohms + 5%,

FUNCTION GENERATOR
HP 3312A

goocOopoODOoOoQOoDOODO0DO0OD

@ ©0 OO0

O @ ©® o0 ©

HP 400E/EL

Z\

®
8 T o

Figure 5-3. Input Impedance Checks.
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5-29. AC OUTPUT VOLTAGE CHECK.

i, Setup the function generator for a 1V at
10H2 owput, Set the HP J00E/EL to the
IV range,

b. Connect 2 digital a¢ volumeter to the ac
output of the Madel JO0E/EL..

¢ Connect the function generator through
i 50 ohm feed-through resistor 1o the
HP 400E/EL. Adjust the Tunction
generator output for a full seale reading
on the Model J00E/EL.,

d. The ae voltmeter should read 150mV
£ 10%. Chahge the frequency on the
function generator from 10H 2 to 4MHz
and make sure the output voliage remains
within the specified limits.

¢, Repeat steps a through d for the 100mV,
10mV, and imV ranges. For the ImV
range only, the ac voltmeter should read
105mV i+ 10%,

5-30. ALIGNMENT AND CALIBRATION PROCEDURES.

3-31, Refer to Figure 5-4 for the alignment and
calibration adjustment locations, The adjustments

f ... &
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are made with the instrument’s covers removed, 1)
unable to correctly perform any adjustment, co to
pargraph 5-51 tor troubleshooting.

NOTE

For HP JOOE/EL Option 02 in-
Strivments, set the “REL. REF cdfust-
ment 1o the elockwisc ABSOLUTE
pusition bhefore calibration. Also, always
set the bias level first (see paragraph
5-36) before calibration.

5-32. COVER REMOVAL.

5-33. Remove the top and bottom covers by remov-
ing the serews at the rear of the covers. Then slide
the cover oft abour one inch 1o the rear and lift if
off. To replace the cover, use the removal procedure
in reverse. The side covers are removed by remov-
ing the four screws securing the covers in place.
Then Litt the cover off.

5-34. CHECKING POWER SUPPLIES.

5-35. Before doing any cahbration, cheek the HP
JO00E/EL's power supplies. Using a digital
multimeter, cheek tor + 26V £ 2V at TPI and -26V
2V at TP2, IF any voltage is wrong, go to
paragraph 5-51 for troubleshooting,

AZR38 A2C28 AZR31 5202
400 Hs ADJ 10MHz ADJ  BIAS ADY 3 mV 10 MH: AD)
\ / {ADJ FROM SIDE)
yd
- AN 7 7 [
I
m) Nl oA AP
- ' [ 4 —
[—“-‘I i D
- } | -
| (
S —
‘ } ’
4 w3 "
Bl |
- DU S W l
— i —/ 1l \\ .
AZRE9 A2R44 12 AZR17 N AIC2
0V ADJS 1 mV 400 Hz ADJ DCOUTPUT ADJ  BIASADS 3V 100kH:z ADJ
{ADJ FROM SIDE) (ADJ FROM SIDE)

Figure 5-1, Location of Internal Adjustments
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5.36. BIAS ADJUST.

5-37. Connect a digital rhultimeter to TP3 and ad-
just A2RI17 for -6.0V +0.25V de. Connect a digital
multimeter to TP4 and adjust A2R3) for + 10,0V
=1V de.

5.38. AC OUTPUT ADJUST.

5-39. Connect a digital muliimeter to TPS and ad-
just A2R59 for 0V +0.05V de,

5:40. CALIBRATION.

5-41. Two main procedures are given to calibrate
the HP 400E/EL. The first procedure uses thermal
converters and associated cquipment, The second
procedure uses an ac calibrator. I the second pro-
cedure is used, some sections of the first procedure
must also be used for high frequency (above
110kHz) calibration. You can, however, use an
oscillator that is flag in the 1kHz to 1OMHz frequen-
cy range instead of the first procedure, The absolute
output accuracy of the oscillator is unimportant,
but it has to be flat within +.25% from 1kHz (o
'OMHz. The adjustment order for both procedures
are given in Table 5-5. |

r
§-42. Accuracy Calibration using Thermal Converters.

5-43, Refer 1o Figure 5-2. Use the recommended de
standard, iunction generator (ie., oscillator), digiial
multimeters, and thermal converters to calibrate the
HP 400E/EL. A 045V thermal converter

(HP 11051 A) is also needed for:calibration. Do the |

b
'

!

Models 400E/400EL.

NOTE

The function generator/oscillutor
should have distortion levels below 1%.
This is important because the thermmal
converter amd an average responding cir-
cuit, like the HP 400E/EL, react dif-
Jerently to distortion. This conld cause
a reading/ealibration crror. However,
the distortion level is less critical ut high
Jrequencies (4MHz; and above} alfowing
the use of o function generaior/
oscillator with higher distortion levels.

4, Sctup the test equipment as follows:

DC Standard - 1V Qutput with Output

off

Function Generator - 1V at J00Hz Sine

Wave Quiput

Digital Multimeters - DC Volts Function

and Autorange
Switch - Position A

b. Except for the HP 400E/EL (it wil} be

connected laer), connect the equipment
as shown in Figure 5-2. Use the 'V Ther-
mal Converter (HP 11050A) ia the *est

setup,

(]
.

to the converter. Note this voltage,

following: |
' ]
Table 5-5. Alternate Calibration Procedure
T
400 E/EL Indication
Step | 400E/EL Range C‘ulibmtiun.Signal Adjustment Meter DC Quiput
AJR3S 10mV = 0.1mV
) 0.01v 10:V 400 Hz d LS
R2 1O =+ 0.005Vd
2 1X11}'s 10mV 10MH, AC2B Iomy + 0.5mV 1000 = 0.05Vde
3 0.003V ImV 10MHz $2C2 imV = 0.15mV | 0.949 = 0.047Vde
3 0.001V ImVY 400H2 AR ImV £ 0.0imV | L000 = 0.005Vde
5 v W I00kH AIC2 W o= 0,03V 0.949 + 0.004Vde

Turn the de standard output 0.4, Measure
the thermal converter's ouiput voliage as
read on the digital multimeter connecied
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Turn the dc standard output off and ser Check and make sure the HP 400E/EL

, acarracy is good at SMHZ and 6MH:.
the function generator output !0 i ; . ) i
mininuen before connecting to the ther- 1{{,'" ;;::‘gf::;dfii,‘?ﬁe ﬁ;;engg' 'if};g;
mal converter. Also, reduce the function tovether
generator outpul to minimum hefore & )
changing the frequency. Any voltage . oy i
above lfre ml{d ?npm vclla;c of the n. 3“ 'hc(i“'l:fh to posmgn‘A "\‘,'d Sset l:c
¢ standard output to 0.3162V. Set the
» L » 1] - . .
thermal converter can destroy the con function generator to 400Hz and set its

' .
verter, output as low as possible.

d. Set the switch to position B. Adjust the
output on the function generstor until the
thermal converter’s output voltage is the
same as read in step c.

Repluce the 1V thermal converter with a
45V (HP 11051A) converter.

Measure the thermal converter's outpug
voltage as read on the digital multimeter
connected to the converter. Note this
voltage,

Set the HP 400E/EL to the .01V range.
Connect a precision 40dB coaxial at-
tenuator between the HP 400E/EL input

[ X% ol »
and the *“T"" connector. Set the switch to position B. Adjust the

output on the function generator until the
thermal converter's ouwput voltage is the
same as read in step o.

Adjust A2R38 for a 0.01V x0.1mV
reading on the HP 400E/EL.

Adjust R2 for a 1,000V 20.005V dc .
. . . . Adjust A2R44 for a 1.000V £ 0,005V de
reading on the digital multimeter con- reading on ‘he digital multimeter con-

nected to the HP 400E/EL output. nected to the HP 400E/EL output. Then
~emove both the 50dB precision at-
tenuator and the HP 40uE/EL from test
equipment.

. Set the output voltage of the function
generator as low as possible, Then set the
outpul frequency to 10MHz.

Set the switch to positicn A, Set the func-
tion generator to 100kHz and set its out-
put as low as possible,

Adjust the output on the function
generator until the thermal convarter’s
output voltage is the same as read in step

< rReplace the .45V thermal converter with

a 3V (HP 11049A) converter. Then set the

Adjust A2C28 for a L[.COOV +0.04V d¢ staudard output to 3V,

reading on the digital multimeter con-

nected to the HP 400E/EL output. Measure th2 thermal converter’s output

voltage as read on the digital multimeter
connected to the converter. Note this
voltage.

Remove the 40dB precision attenuator
from the HP 400E/EL and replace it with
2 50dB precision ¢coaxial atteavator. Set
the HP 400E/EL to the .003V range. The
input voltzge 10 the Model 400E/EL
should now be 3.162mV.

Set the switch to position B. Adjust the
output on the function generator until the
thermal converter’s cutput voltage is the
Adjust S2C2 for a 1.000V +0.04V same as read in step t.

reading on the digital multimeter con- )
nected to the HP 400E/EL output. -+ Set the HP 400E/EL to the 3V range and
connect it to the **T" connector,

o e oAt B e b AT LT 770 1 ot b AN T AL S
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w, Adjust AIC2 for a 0.949V + 0,004V d¢
reading oan the digital multimeter con-
nected to the HP J00E/EL output,

Remose all equipment from the thermal
converter. This completes the HP
J00E/EL calibration procedure. Ifupable
to perform any calibration, go to Table
5-11 and determine il some factory
selected components may need changing.

NOTE

The bias voltage at TP can affect the
Jrequency response at low frequencies
tie., 1OHz and 20Hz, erc.). The readings
at IGHz and or 20Hz are low, decrease
the voltage ar TP4 bur remain in the 81
to 12V de limits. Make sure the high and
low frequency response is good after
reacljusting the bias fevel,

5-44. Calibration Procedure Using an AC Calibrator.

5-45. This procedure uses an ac calibrator for
calibration. However, since the calibrator frequency
response goes only to 110kHz, use thermal con-
verters to check and adjust in the SMHz to 10MH 2
frequency range, If the thermal converiers are
unavailable, an oscillator that is tlat in the 1kHz
to IOMHz frequency range can be used. The ab-
solute output accuracy of the oscillator is unimpor-
tant, but it has te be flat within +.25% from 1kHz
to 10MHz.

5-46. Calibrate the HP 400E/EL using the calibra-
tion points and adjustments listed in Table 5-5. Do
the foliowing:

a. Set the HP JOOE/EL 1o the.010V range
and setup the ac calibrator fora 10mV at
406Hz output. Setup the digital
multimeter to measure de volts on
autorange,

Refer 1o Figure 5-1. Connect the ac
calibrator and digital multimeter to the
HP400E/EL as shown in the figure,

Adjust A2R38 for a 0.01V 1 0.ImV
reading on the HP 400E/EL.

N

Model J00E/400EL

Adjust R2 for a L.O0OOV £0.005V de
reading on the digital muliimeter con-
nected 1o the HP J00E/EL output.

Disconneet the ae calibrator from the
HP J00E/EL and calibrate at 10MHz
next. if you plan to use thermal con-
verters, use the provedure in paragraph
5-47. If you plan 10 use an oscillator, use
the procadure in paragraph 5-49. Once
the HP J00E/EL has been calibrated at
10MHz, continue with the following
seps.

After the 10MHz calibration in cither
paragraph 5-47 or 5-49 huas been per-
formed, set the HP J00E/EL to the .001V
range. Set the ac calibrator for a 1V a1
400Hz output.

Connect a precision 20 dB atenuator bet-
ween the ac calibrator and HP JOOE/EL.

Adjust A2R44 for a 1.000V + 0,005V de
reading on the digital multimeter.

Remove the J0dB attenuator from the
HP 400E/EL. Set the HP J00E/EL 1o the
3V range and setup the ac calibrator for
a3V at 100kHz output. Reconneet the e
calibrator to the Model 400E/EL.

Adjust AIC2 for a 0.949V +0.004V de
reading on the digital multimeter con-
nected to the HP JO0E/EL output.

Disconnect the ac calibrator and digital

multimeter from the HP J00E/EL. This

completes the HP J00E/EL calibration
procedure. [f unable to perform any
calibration, go to Table 5-11 and deter-
ming if some factory selected components
may need changing.

NOTE

The bias voltage at TP4 can affect the
Jrequency response at low frequencies
fie., I0H: and 20Hz, et.). If the
readings at 10Hz cnd/or 20Hz are low,
decrease the voiiage at TPS but remain
in the 8V to 12V dc limits. Make sure
the high and lo'v frequency response is
good after readjusting the bias level,

R St S A -
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d. Set the switch to position B, Adjust the
output on the function generator untit the
thermal converter's output voltage is the
same as read in step ¢,

5-47. 10MHz Calibration Using Thermal Converters.

5-48, This procedure can be used to calibrate the
HP 400E/EL at 10MHz while using the procedure
in paragraph 5-45 to calibrate at J00Hz and
100kHz. The 1V (HP 11050A) thermal converter e,
is required for this procedure, Do the following:

Set the HP 400E/EL to the .01V range.
Connect a precision 40dB coaxial ar-
tenuator between the HP 400E/EL input
NOTE and the T connector,

The function generator/oscillator . Adjust A2C28 tor a LOOV 0.4V

should have distortion levels helow 1%,
This is important because the thermal
converter and an average responding cir-

reading on the digital multimeter con-
nected to the HP J00E/EL output.

cuit, like the 1IP 400E/EL, react dif- g. Remove the 40dB precision atrenuator
Jerently to distortion, This could cause from the HP S00E/EL and replace it with
a reading/calibration error. However, a 50dB precision coaxial attenuator, Sct
the distortion level is less critical ar high the HP 400NE/EL to the .003V range. The
Srequencies ($MHZ and above) alfowing input voltage tc the MNModel JO0E/EL
the use of a function generator/ should now be 3.162mV.
oscitlator with higher distortion levels,

h. Adjust 52C2 for a LOOOV +0.04V

a. Refer to Figure 5-2 and sctup the test

equipment to the following:

reading on the digital multimeter con-
nected to the HP 409E/EL output,

DC Standard - 1V Quiput with Quiput
Off

Function Generator - 1V at 10MHz Sine
Wave Quiput

Digital Mulumeters - DC Volts Function
and Autorange

Switch - Position A

NOTE

Check and make sure the HP SJ00E/EL
acctiracy is good at < TFIZ and 6MIHz,
The amplivude can be .owered at SMEH:
by moving A2CII and C13 closer
together.

b. Except for the HP JOOE/EL (it will be The ImV range at 4AMFz can also be ad-
connected later), connect the equipment Justed by dressing the white/orange:
as shown in Figure 5-2, yellow wire connected hetween the se-

cond attenuator and meter amplifier in-
¢. Turn the de standard output on, Measure put. Moving the wire towards the deck

the thenmal converter’s output voltage as
read on the digital multimeter connected

lowers the response. To adfust, dress the
wire untit the reading on the P

SO0EZEL is 1.5% high with the bottom
cover removed, The reading should be
good with the cover installed. See Figure
6-3 for the location of the wire.

to the converter. Note (his voltage.

Turn the de standard output off and set i,
the funciion generator output (o
minimum before connecting to the ther-
mal converter. Also, reduce the function
generator owtpul to minimum before
changing the frequency. Any voltage
above the rated input voltage of the
thermal converter can destroy the con-
verter.

Remove the test equipment from the
HP 400E/EL. Continue with step ¢ in the
procedure in paragraph 3-46,

5.49. 10MHz Galibiratinn Using an Oscillator.

5-50. This procedure can be used to calibrate the
HP 400E/EL at 10MHz while using the procedure

5-13
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in paragraph 5-45 to calibrate ar 400Hz and
100kHz, Do the following:

a.

e,

Sct the HP J00E/EL to the 1V range and
setap the ae calibrator for a 1V at 1kHz
output (error range to zero). Set the
digital multimeter to de volis and
autorange,

Setup the oscillator for a IV at 1kHz
output. Do not connxct it to the
HP 400E/EL at this time,

Connect the ac calibrator and digital
mudtimeter to the Model JOOE/EL as
shown in Figure 5-1,

Read the de output on the multimeter and
note the reading,

Connect the oscillator 10 the HP
J00E/EL,

Adjust the oscillator output to the reading
on the multimeter noted in step d.

Set the output to 100MHz,

Conncct a 40dB coaxial attenuator bet-
ween the oscillator and the Model
JO00E/EL. Then set the Model 400E/EL.
to the .01V range.

Adjust A2C28 for a 1.000V =004V
reading on the digital multimeter,

Remove the 40¢B precision attenuator
from the HP 400E/EL and replace it with
a 50dB precision coaxial attenuator. Set
the HP 400E/EL to the .003V range. The
input voltage to the Model J00E/EL
should now be 3.162mV.

Models J00E/400EL

k. Adjust S2C2? for a 1.000V *x0.04V
reading on the Jdigital muliimeter con-
nected to the HP J00E/EL output,

. Remove the test equipment from the
HP J00E/EL. Continue with step ¢ in the
procedure in paragraph 5-46,

5-51. TRGUBLESHOOTING.

5-52. Use the following procedures it unable to test
or calibrate the HP 400E /EL according to the per-
formance test and calibration procedures. If the
Model JOOE/EL is c.ly slightly out of the specifica-
tion limits that cannot be corrected by calibration,
refer to Table 5-11 to select new component values,
It the HP 400E/EL is inoperative or completely out
of the specification limits, try the following:

a. Check the instrument for any evidence of
failed components, like burned com-
ponents. Check for cracked printed cir-
cuit boards or broken traces on the
boards. Check for loose or broken wires.

b. [Isolate the failure to an area by using the
instrument’s block diagram in Figure 4-1
and schemaiic in Figure 7-1. Then go to
the appropriate troubleshooting pro-
cedure for that area. Use Table 5-6 for
some probable causes of specific
symptoms.

NOTE

Unless otherwise noted, allow a 10%
rolerance for the rest voltages noted on
the schematic and troubleshooting pro-
cedures.
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Table 5-60. Troubleshooting Tips

Seetion V

SYMPIOM PROBABLY: TROUBLY
1 Nurespume toompot signat I buse AZED open Chech power supply voltages, Cheeh AT sipnal
aveording to Paragraphs 553 through § 55 o nolate the area ot
trouble.
2 Low Beosoltage at T oo bow | 20 Diconneet pemper wire: Measure resstaniee to pround at both
B- soltage at T e tersunabs. BF 10 ohan o the meter side, Clo oo O
shutted. of 100 ohms, €35 or C2% 1 oshorted b 2ero Oh oo Q4
stutted Docmmeet R and RIS 10 solate the Impedaice
Conserter. I low resistaace noon pawer supply side tefer to
Parapraph 5-51 and Table 5-7
3 Luw gn at high beguenaies 3 Chech AXC2X Tur open ot FOFF Jow, Lift A2C39 and chech Ty
weillatons, 1f s oseillations check AJQES and 16
4 High gam ar hgh frequencies | 30 Cheek A2C30 1ur an open.
5, Low Full scabe readings S0 Chech AJCRITS and AXCRIG
o, Instrument  will nalosange | o6 Relay AFRD stuch s chosed pos tion.
abuwe ) volt but works UK a1 )
volt and below
7. bstrument wili ot ganee | 70 Relay K2 stuch i closed postion
betuw 3 yuls but warhs OF, on
3 wolt range and above
X, CTPY wvoltage can not be] 80 Eatreme condition: chech AZQS, Qo and Q7. Small supration
adjusted properly change value of AZRIS® {Refer to Table 5.11).
9. TPS velage can oot bef . AC ontput coremt. Chech A2IS and Q6. Reter to Paragraph
adjusted propetly 5-58 und Table 5.4
1O, T4 weltape can not be| B0 Meter Amphbier Cirewt, Chiech A28 thra Q13
adjusted properly
1B TP volage vories and meter [ 11, Dolate by shorting AZCET to ground. IV voltage at TP sbll vanes
needle wobbles the trouble 5 in the Meter Amplitier. Refer to Paragraph 5-54 and
Fable 59 I voltage s constant the trouble 1o the tmpedance
Converter. Refer to Pascgraph 5-35 and Table 55,
[, Low line tramients 11 Chech A2Q3 snd Q4. (00 an old sstroment change A20Q3, A2RT3
and R74 te cutrent part pumber). Chech AJCR20 and CR21L.
13, Transients on gange change {1V ] 15 Match reserse resitance of A2CRY and CRID. Chech S2CRE and
1w 3V) S2CR2 Chedk relays.
B4 Pehing at SMH2 £107) I Balate by disconnecting viange wire to switch. Voltage at pim 21
should be saime as inpot. Reler to Paragraph 555 ot 5-56
15, Volrage shghtly low on dmV| 15, Change value of ATR72* (refer 1o Table 5-11)
range
1o, Low voltape (10 and 20U )6 Cheeh AJQEZ Change waler of A2C3E* (Table 511 Check
near full seale A0 and €20
L

5-53. POWER SUPPLY. Table 5-7. Power Supply Voltages

5-54. Check with a digital multimeter at TP1 and COMPONENT | VOLTAGE

TP2 for + 26 volts and - 26 volts respectively. If

the TP voltages are improper, check the voltages Coltector 0! + _3'9" )

listed in Table 5-7. If the voltage for a given com- %:l""'l‘t‘:’:)?' :;”9::

ponent is wrong, the trouble is probably in that Base Q3 0.6V

component or its associated circuit. Cotlector Q3 - 235V

Collector Q4 - 39V
5-15
’ L] =
) .,




Section V

5.65, AMPLIFIERS.

5-56. Set the 400E/EL 1o the 1 volt range, and con-
nect a full scale input. With a sensitive ac voltmeter,
monitor the ac amplifier output at the negative side
of A2C34 or A2C36. The output should be 150mV.
Ifit not 150mV, measure the ac voltage at A2 pin
22, The voltage at pin 22 should be 3mV, IF these
two voltage readings are correct, the meter amplifier
and meter bridge are operating properly,

5-57. If the voltage at pin 22 is low, pull the
wht/orn/yel wire from pin 22, and measure the ac
signal at the wire, It should be 3mV., If the voltage
on the wire is proper, the trouble is in the meter
amplifier, If it isn’t correet, the trouble is either in
the Post Attenuator or the Impedance Converter,

5-58. To check the hmpedance Converter, measure
the ac voltage at its output (A2 pin 21). The output
voltage should be very close to the input voluage
since the Impedance Converter is a unity gain
amplifier. With a 1 volt input, the outpur should
be 0.98 volts +0.02 volts.

5-59. Both the Impedance Converter and the meter
amplifier are internally de coupled, If the de
voltages anywhere in the amplifier are incorrect, the
amplifier won’t operate properly, Consequently a
check of the de voltages is a good check of the
amplifiers.,

5-60. Tables 5-8 amd 5-9 contain the de voltages on
all of the transistors in the meter amplifier and the
Impedance Converter. H the measured voliage on
a given transistor is wrong, the trouble is probably
in that transistor or its associated circuit,

NOTE

Meuasure ihese de voltages with the input
shorted. A dc voltmeter with low inpui
capacitance and very high input resistdaiice
must be used. The HP Model 34508 is recom-
mended. All de voltuges are +10% except
where otherwisc stated,

Model J00E/400EL

T-itde 5-8. Impedance Converter Voltages

FRANSISTOR I B C

Qs {5) - 6V 14.6V
Q6 - 153V - 4.6V STV
Q7 S NAY - - 2.8V

*Cannpot be measured,

Table 5-9, Meter Amplifier Voltages

TRANSISTOR k i

Qs SI9V 2 0% £ 195V £ 20|+ 2.5V
09 0.0V 057V + 8.5V
QLo + K2V + K5V + LBV
Q1l LYY R + 8.5V
Qi 9V + B8V 7V
Q13 OOV 0 - 4.6V
Q3" Y L5V v 26V

*In bridge circuit,

5.61. AC OUTPUT CIRCUIT.

5-62. To check the ac output circuit, measure the
de voltages at the points shown in Table 5-10, If
a given measured voltage is incorrect, the trouble
is probably in that componem or its associated
circuit.

Table 3-10. AC Voltage Output Circuit.

TRANSISTOR E B <

Qs + .62V

Qlé 0

\.

lable 5-1° describes the function of the factory
selected components and gives instructions for their
selection, Normally, these components do not need
1o be changed unless another associated compon it
is changed. Replacement of a transistor, for exam-
ple, may require the changing of a factory selected
cumponent,
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Table 5-11. Factory Selected Components.

COMPONENT

FUNCTION AND SE)ECTION

ATR4

AlCE

AJC32

A2RIB*

AJRSO*

ARSE

AIRT2*

A2RTT

29 vhms 1o 45,3 chms, Adjuses highs frequency response on the 3 volt cange, I reclings are low, increase
resistine,

None 1o Mpl Adjusts the 8MH2 and TOMH frequency respomse, Normally not Joaded but add o in-
crease the rewdings an BN and TONEL,

i UaD-0763
12p1 400208
Mpt 0160-0096

P-Bpk 10 2.7k Adjusts the 1042 and 2007 Frequency response onall ranges. A FgF capacitor is normal-
Iy installed, 1§ the readirgs are low, install a capacitor in paraliel with the 1538 capacitor.

LEaF  OLE0-010)
T D X 333
2 O)RG-0H 17

I5aF  OVR-1746

39pk o none. Changes the 10MBZ frequency response.

36 hilohms 10 68 hilohms, Adjusts the bias level at A205 due to sariables in the FET, 15 unable to adjust
the bias at TP 10 -6 ol (ie., voltage too negatise), increase value of resistor RIX®.

549 obms. Adjusts Frequency sesporse it IME2. IF readings are low, decrease vatie of R22,
453 ol 06983510
402 ohms  (698-3453
30 ohmn  06YS-445)
2 ohims  0AYE-3448

2320 chmys 1o 3320 0hms, Adjusts fow freque iy response on the BV and 3mVY ranges at 10k and 20k,
W readings are high, decrense value of R30=. May affect Tigh freguency esponse,

133 ohms to 187 ohns. Adjusts frequency response al F10MH..

E1 ol to 182 ohims, Adjusts the range of the ImV s 40012 adjustment (AZRS4), 1 reauding is low
and AZR44 is upable 1o bring within spevifications, decrease resistance of R72%.

1.21 Kilohms. Adjusts frequency resporse at v seade ar FOME2, 1y seale reading is too tow ar TOME .,
decrense value of R77¢,

T1S ohims  06Y8-3700
J0) ohtns 07570410

1.2pF 1o 24pF. Adjusis high frequency response on the .01V and 3V ranges.
B-50pF or 5-25pF. Adjust the Frequeney response on the 003V range at 10MHy,

L.Bub 10 6.8,F, 35Vde. Adjusts JOH, frequency response on the bmV and ImV ranges, if reading is low,
increme capacitsnge,

563. ADJUSTMENT OF FACTORY SELECTED COM-

PONENTS.

pensate for slightly varying cirenit paranseters.

5-64. Certair_l components within the Model These components are denoted by an asterisk (*)
400E/EL are individually selected in order to com- on the schematic, and the typical value is shown.
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PERFORMANCE CHECK TEST CARD

+hp- Model 4Q0E/EL Test pertormed by
AC Voltmeter Date.
Sengl No.,

¥ Accuragy Chegk

INPUT SIGNAL SPECIFICATION INDICATION
Valtage Frequency Meter V) DC Qutput (V) Metcr DC Quiput

v Joov 10 Hy 300 1016 0949 ¢ 0.047
400 Hy £ 003 t 0.0047
100 kHy + 0.03 t 0.0047
T MH, 003 t 0.0055
3 MH2 ] ¢ 009 t 0.047
10 MH: t 0.15 0.949 1 0.047

101, 00 010 0.316 ¢ 0.032
400 H £ 0,03 £ 0.0032
100 kHr £ 0.03 + 0.0032
1 MK t Q.03 t 0.0063
4 MH2 t 0.06 t 0,032
10 MM t 016 0.316 ¢ 0.032

10 He 00 ¢ 005 1.00 005
400 H: £ 0.0% t 0.005
100 kH7 1 0.01 t 0,005
1 MHz + 0.01 t 0.010
4 MH; t 0,03 ] :005
10MH, t 005 00 2 0,05

10 H2 + 0.032 30 :0.023
400 He t 0.0V + 0.0023
100 kH: t 0.0 t 0.0033
1 MH: 00 + 0.0065
4 MH; | 002 J £ 0.033
10 MH? 0.30 £ 0.032 0.30 : 0033

10 Hy 0301 015 0.949 : 0,047
400 Hr .003 + 0.0047
100 kHy .003 + 0.0047
1 MH2 003 + 0.0095
4 MH; 009 Y :0047
10 MM, . 015 0949 : 0.047

10 Hy . )] 0.3t6 2 0.032
400 H, .003 t 0.0022
100 kH, 003 t 0.0032
1 MHy 003 + 0.0063
3 MH; 006 t 0032
10 MHz 100 .01 0316 : 0.032

INPUT SIGNAL SPECIFICATION INDICATION

Voltane Frenucacy Meter Reading (V) OC Quiput {V) Meter i OC Qutput

o.lo0v 10 H: 100 £+ .005 ‘60 DWW [
400 Hz +.001 + 0.005
100 kH2z .00 t 0.005
T MHg 1 .007 + 0.010
4 MH;, t .003 t 0.05
10 AtH2 100 ¢ 005 1.00 005

10 Hy .001 2 00005 1.00 = 0.05
400 H: 1 £ .0000) £ 0.00%

100 kM2 1 00001 t 0.005
1 MH; 1 .000056 t 0.02
A MMz .007 & 00005 t 0.05

T10H, 0003 £ 000032 : 0033
400 Hr 1 00001 + 0.0042
100 kMz J £ ,00001 t 0.0043
¥ MHz t .000032 t 0013
4 M 0003 1 .000032 £t 0013
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SECTION VI
REPLACEABLE PARTS

6-1. INTRODUCTION. 6-3. Miscellaneous parts are lisred at the end of
Table 6-3.
6-2. This section coatains information for order-
ing replacement varts. Table 6-3 lists parts in 6-4. 0RDERING INFORMATION
alphameric order of their reference designators and
indicates the description, -hp- part number of cach 6-5. To obtain replacement parts, addeess order or
part, together with any applicable notes, and pro-  inquiry to your local Hewlett-Packard Field Office.
vided the tollowing: (See Sales and Service for list of office locations.)
Identity parts by their Hewlett-Packard pan
a. Total quantity used in the instrument (TQ numbers.
columny). The total quantity of a part is
eiven the first time the pant number 65, NON-LISTED PARTS.
appears,
6-7. To obrain o part that is not listed, include;
b. Description of the part. (See list of ab-

hreviations below.) a.  Instrument model number.
¢, Typical manufacturer of the part ina five- b. Instrument serial number.
digit code. (See Appendin A for li.vof
manufacturers.) ¢, Description of the part.
d. Manutacturer’s part number. d. Function and location of the part,

Table 6.1. List of Abbreviations.
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. w0 e by R T T PP P AR
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- bt g LY T
vy prerery ay g e it pacterpin 1) e b » e
ot Ay e b TR e Fre rm bLE R . B RErg Cur Bl o by b
[y A Y ae e - acnarerb g T3 eyt - sty
: Mg LI Y PR #e [ [T LRI I o
- gy oy L L VIR L P -y Pl ERry
ey g st et i hum Py Pt LY Fyy
- ——tmbep g T -tn
’ LT TUNE e e EHINLe bt my by P L
ny Pirked s 1 b gkl -y e Ry e P ban A e P T - P
tea [y -y B L I Wy e gty B P B . P
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Gaky Woim premie  ab ~ s B kb
Gy wuarey - W S aey, - LT SYRNEEL T L ey - [N
- i -y Ve b [ Sunid b ke . LBES Syl TR W R
Ly - o taey O LB PR et iy b It
P wourihe nA e Y e ] [ Y i L b g B
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W [er—- N rem ol 1 bom
[os P ) ey e e [os B Ot o ey
ML ERN
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Teble 6-2. Cods of Manufacturess.

Mir. Nu.

Marufscturer Nsme

Addrass

00BE3
o2
01281
03292
03877
03888
04062
04200

05820
06486
07263
07910
11236
14433
16299
18701
24436
26365
28480
56229
70563
70903
71400
72136
72982
73138
75042
76918
78189
78553
81866
82142
82389
833856
B66B4
90201
914318
93332
95712

04733 .

Sanpamo Elec Co
Allen-Bradley Co

TRW Semicanductors, Inc.
Corning Glass Work
Tronsitron Electric Corp
Pyrofilm Resistor Co, Inc
Arco Electronic Inc
Sprague Electric Co

Motorola Semiconductor Prad Div

Wakefleld Engineering Inc
Kaurz-Kasch Ing

Fairchild Semiconductor Div
Continental Device Corp

Cts of Berne, inc

ITT Semiconductor Div

Elec Component Div
Mepco/Elecira Corp

General Electric Co

Gries Reproducer Coip
Hewlett-Packard Co

Sprague Electric Co

Amperite Co, In¢

Belden Mig Co

Bussmann Mig Div
Etectro-Motive Mfg Co Inc

Erie Technolagical Products, Inc
Beckman Instruments Helipot Div
TRW inc Philadelphia Div
Littlefuse, Inc

inois Tool Works Shakeproot Div

Tinnerman Products, Inc
Kemlite Labortories
Jefters Electronics Division
Switchcraft, inc

Central Screw Co

RCA Electronic Corp & Devices Div

Maliory Capacitor Div

Radio Materials Co
Semiconductor Div Sylvania Elec
Dage Electric Co., In¢

Pickens, SC 29671
Milwoukee, Wi 53204
Lawndale, CA 90260
Bradford, PA 16701
Wekefield, MA 01880
Whippany, NJ 07981
Great Neck, NY 11022
North Adams MA 01247
Phoenix AZ B5062
Wakefield, MA 01880
Daton, OH 45401
Mountain View, CA 94042
Hawthorne, CA 90250
Berne, IN 46711

West Palm Beach FL 33480
Raleigh, NC 27604
Mineral Walls, TX 76067
Schenectady, NY 12305
New Rochelle, NY 10804
Palo Alto, CA 94304
North Adams MA Q1247
Union City, NJ 07083
Chicago, IL 60622

St Lows, MO 63121
Willimantic CT 06226
Erie, PA 156512
Fullerton, CA 92634
Philadelphia, PA 19108
Des Plaines, IL 60016
Elgin, IL 80120
Cleveland, OH 4414
Chicago, IL 60622

Du Bois, PA 16801
Chicago, IL 60630
Chicago, L. 60622
Harrison, NJ 07029
Indianapolis, IN 46206
Chicago, IL 60622
Waburm MA 02168
Frankhn, IN 46131
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Table 6-3. Replaceahle Parts

Replaceable Parts

Reference
Designation

HP Part
Number

f=N 11

Mfr Part Number
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Tahle 6-3. Replacuable Parts

Replucenble Parts

Reference HP Part

Designation | Number [o| QY Description

on

Mfr Part Number
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Index/Ref ’
Number ; P Part Number

Description

5060-0703
2360-0194
2160-0322
0370-0512
0370-0113
0370-0114
2360-0316
(0400-05501
2360-0123
O400- 03101
SM0-4503
1510- W1
1510-0107
1510-0038
1510-00%0
2110-0564
2H10-0565
2110-0569
LI0-0574
1250-01 18
1251.2387
2101-1234

T M ALt e b

o
R T R PN

.—_.,,—.....———.qtg—_m—:.——-_;_—rg

Frame: Side

Serew 6-32 312 100 Deg, Pori
Serew 6-32 375 100 breg. Posi
Knob: Bar w/one srrow Black
Kaob: Bar (for Option 02 only)
Knob: Round Red (for Option 02 anly)
Serew 6-32 .25 100 Deg. Posi
Shield Box: Attenuator

Serew 6-32 625 Pan Head Posi
Cuover: Shield Box (Attenuator)
Grommet: Insalxor Plastic
Bdg Post-Asy {CGrey/Red)

Bdg Post-Assy (Grey/Blach)
Bdg Post-Single |
Bdg Post-Aswsy (Grey)
Fuscholder Body

Fuschoilder Cap

Fuseholder Nut

Pilot Indicator

Connevtor BNC

Connector: Power Cord
Switch: ™ower Selector

Figure 6-1. Chassis and Mechanical Parts.
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S ——

Handle include-
with top cover.

IndensRe
Number

...
L

4

et

HP Part Number Deseription

S000-8565 Cover: Shde

2160-0193 Side Cover Screws: 6-32 .25 100 e, Posi
O0400-64 103 Cover: Top with Handle

2360)-0194 Top Cover Serews! 6-32 312 100 Deg. Posi

05%0-0052 Nut under Top Cover: 6-32 .5 Sheetmnetal )

1440-0048 Strap on Handle Assembly

1430-0049 Cap on Handle Assembly

1440-0050 Handle Retainer
000060203 Panel: Rear

5060-0703 Frame: Side

5020-6852 Merer Trim
H00-00217 Panel: Front (300F, and J00E Option 01
OC400-00220 Panel: Front (400EL, and 400EL Option 0))
O400-00219 Panel: Front (400E Option 02)
00400-00321 Panel: Front (400EL. Option 02}

S040-0700 Hinge: Tilt Stand

1490-0031 Stand: Til

5060-0727 Foot Asembh

SD00-8571 Cover: Bottom

2360-0194 Por. Cover Screw: 6-32 312 100 Deg. Posi

05490-0052 Nut under Bottom Cover: 6-32 .5 Shimeral )

=Rl IR - N - N NS

WD s nF e o] Gt SR G e TA FD e G AT OGS U
TR v e 1 12 B e e Ter = 2 b2

Figure 6-2. Cabinet Parts.
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1 mVv 3 Mz Calibration
Refer to Paragraph 5.4 Ma).

| J I —— *———'———.'I.
I

AOLTIEL-B-0a%Ca

Figure 6-3

. Chassis and Switch Components (Bottom View),
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Models JOOE/S00LN. Section V1)

SECTION VIi
CIRCUIT DIAGRAMS

7-1. INTRODUCTION. Byour to e wsed tor mamtenence and operstion of
the 400 L EL.

7220 Thiy section contams a0 sehematic diagiam, 73 A explanation of rerms and symbhols ased as
component locator, and i PC board - component reterenee designaton i given in the Schemane Notes.

SCHEMATIC NOTES

1. PARTIAL REFERENCE DESIGNATIONS ARE SHOWN: PREFIX WITI
ASSEMBLY OR SUBASSEMBLY DESIGNATION(S) OR BOTII FOR
COMPLETL DESIGNATION.

2. COMPONENT VALUES ARE SHOWN AS FOLLOWS UNLESS OTHERWISE
NOTLD:

RESISTANCE IN OIMS
CAPACITANCE IN MICROFARADS
3, — - —— ) ENOTES ASSEMBLY.
—— ——eseammas |)ENOTES MAIN SIGNAL PATEHL
_————— e — i — e —am | JENCOTES MAIN FEEDBACK PATHL

. ALL DXC VOLTAGES ARE $102f EXCEPT THE BASE AND EMITTER OF
Q8 WHICH 1S +2074.

5. % AVERAGE VALLE SHOWN. OPTIMUM VALUE SELECTED AT FACI0RY.
6. 1 REFER TO BACKDATING CHANGES IN APPENDIX .

7. \218, DENOTES WIRE COLOR USING STANDARD COLOR CODE,
(e.g. 918 = WHITE, BROWN. GRAY)

8, == DENOTES POWER LINE GROUND,

Y, ek DENOTES CHASSIS GROUND.

10. W DENOTES CIRCUIT GROUND (ASSEMBLY').
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of Components.
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. Models 400E/400EL

B-1. INTRODUCTION.

SECTION Vi
BACKDATING

Scction VI

8-2, This section has information to adapt this manual 1o HP J00E/ELs with serial number prefixes
and/or serial numbers below the ones shown on the title page. If the component values or part numbers
in your instrument are different than shown on the schematics or parts list {Table 6-3), and are NOT
listed in this section, use the values and part numbers presently shown on the schematics and parts list,

®.3. Use Table 8-1 1o locate the change number(s) for those instruments with serial number prefix
or serial number(s) different than shown on the title page. Seleet and make the appropriate manual
changes from the change number(s). Make the highest number change first. For example, for changes
2 and 3, make change 3 first before making change 2.

Table 8-1. Manual Changes.

Enstrument refineSeeal Numbser

Make Manual Changes

S00L/EL: 536-00101 thru $36-01NX)

26,24,21,22,18,16,15,12 thru )

JO0E/EL: S36-0110L thre $36-01350

26,24,22,20, 18,316,151 thre ljl

HOE/EL: $M-0135] thru 51602403

26,24,22.21,15,16,15,12 thru 3

SO0E/EL: 53602304 thrn 33604253

26,24, 22,21,18,16,15,12 1hru 3

SOOE/EL: 53604154 thry $36-04858

26,24,22 theu 20,18,16,15,12 theu §

JO0L/EL: S36-TH855 thin $3605503

26,2422 thru 20,18,16,15,12 thru 6

JUOEZEL: 51605504 thru S16-08383

26,24,22 thru 20,15,16,15,12 thru 7

O0E/EL: 536-08384 the v 536-0915)

26,24,22 1hru 20,18,16,15,12 thru 8

JOOE/EL: 53609154 thru 536-09533

26,24,22 thru 20,18.186,15,12 thru 9

J00E/EL: 949-(9554 theu 94909753

26,24,22 shru 20,18,16,15,12 thru 10

JOOEZEL: 0949A 11853 and Betow

26,24,22 thru 20,18,16,15.12,11

SO0E/EL: All

12

S00E: O949A LIRSS thru 1131A12353
AEL: 0949A) ER53 theu 1131412603

26,24,22 thru 20,)8,16,15,13

J00E: HISOA12354 thru 1208A)2853
J00EL: 1150AT2734 thru 1208A13003

26,24,22 thru 20,18.16,15,13

S00E: 1131A1260) and Below
S00EL: 1131A12753 and Below

26,24,22 thru 20,18,16,15%

SO0E: 1208407332 and Below
HJO0EL: F208A1637Y and Below

26,24,22 thry 20,18,16




Section VIII Models 400E/400EL .

Table 8-1, Manual Changes (Comt'd).

Instrument 1sefinsSerial Number Make Manual Changes

SE: DYMAIIGL L thro JXIRAIRISY 260,24,22 thru 20,88, 7

SOOE: 1208A 15968 and Below 26,24 22 thru 20,18
HOOEL: 1LOBALSEGR and Below

AOOE: DEIEA L2608 thri [HNAZDI6H 26,24,32.21,19
JO0EL: DI3IAIXIS thre
1208A 20319

A0OE: FIYIALZ608 thry | 208AXIS48 26,24.22 thru 20
J00EL: 1IN A12784 thry
FX0RA 23598

00K 1 J0RA2R and Below
AO0EL: J208A24188 and Below

A0OE: 1208A259M3 and Below
SO0EL: 2203A29001 und Helow

SO0k TI3IA1235 thiu 1208A25943
SO0EL: FI3NABIG0E thry
2214429013

00K 1208A918R and Below
H0EL: 2214A29268 and Below

SOGE: F208AINS thry 1208A29290
A0EL: 2214729014 thru
24A 428

SOOE: 1X08A2933Y and Below
J00EL: 2214A2949) and Below

CHANGE 1

The transformer mounting and pin receptacles are different for this change, and S2C2 is a fixed value
capacitcr. If replacement of these components is required, use parts currently in [ rts list,

Section VI, Table 6-3 Changes.

Use the following part number only to update this manual for instruments requiring Change 1. If
replacement of this part is required, use the part number presently in Table 6-3.

' C
Ref. Do, HP Part Number , D Description

S2C2 I 0160-0181 I 8 l 30pF +5% Fixed Capacitor

Section VI, Figure 7-1 (Schematic Diagram) Changes.

Change the value of S2C2 to a 30pF fixed capacitor.

8-2
www.valuetronics.com




Modeis J00E/400EL

CHANGE 2

I ANY Change 2 part in the applicable instruments is changed 1o one presently listed in Table ¢-3
and Figure 7-1, chunge/add ALL of the appropriate parts to the ones presently listed in Table 6-3

and Figure 7-1.
Section VI, Table 6-3 Changes.
Do the changes in Table 6-3 as shown in Table 82

Table 8-2. Make Changes to Table 6-3 {Change 2),

Section Vil

Reference HE Pan L
Designation Numbier )] Deseription
Delere:
A2C4S 500050 ¥ | CAPACITOR EXD} 00PI° 80VDCW CER
AJCRI0 1902.3322 9 | DHODEZNR 17.4C » $9%
AJCR2) 19023222 Y | DIODE-ZNR 17.4C & 5%
A2CR22 1901-0025 2 | DIODE-GEN PRI 100V 200MA 1D0O-7
ART2 7570402 I | RESISTOR 110 1% ,125W
A2R73 0681525 4 | RESISTOR 1500 5% ,25W
AR 0683.1525 4 | RESISTOR 1500 5% .25W
Change:
A2Q3 1853-0016 | 8 | TRANSISCOR PNP 2N3638 )
A4 > $50-0064 B | TRANSISTOR PNP 2N1I83 GE
A2RIG 0683-8235% 7 [ RESISTOR 82K 595 .25W
AJR44 0757.0284 7 | RESISTOR 50 19% .125W
A2R67 0643-3915 O | RESISTOR 390 5% 25\

Section VII, Figure 7-1 (Schematie Diagram) Changes,
Delete: A2C44, A2CR20, A2CR21, A2CR22, A2RT72, A2R73, A2R74,

Change:
A2RI16 to B2k ohms
A2R44 10 150 ohms Tactory selected component
A2R67 to 390 ohms

CHANGE 3
Section VI, Table 6-3 Changes,
¢
Rel. Des. HP Part Number | D Description
Change:
\ A2C12 | 01400194 | 1 | 110pF = 5% Capacitor

Delete;
A2CR22 1801-0025 2 | Diode
A2RG7 07570413 4 | 392 ohm Resistor

Section VII, Figure 7-1 (Schematic Diagram) Changes.
Change the value of A2C12 10 a 110pF capacitor,
Delete A2R67 and A2CR22
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CHANGE 4

The Al assembly with HP Part Number 00:400-66552 had different locations for AIKT and K2 relay
connections, Check your relay connections and order the appropriate relay part number aceording
to location of relay terminals, as shown in Figure 8-1. However, the AIK] and K2 relays with HP
Part Numbers 0490-0195 and 0490-0196, respectively, are bo longer available, 1t your Al assembly
needs apy of these relays, replace the complete Al assembly (HP Part Number 00400.66522),

[ «] o o 4]
{Relay Bottom View)
0 0 o 0 *No longer avatable
K1 Kt K2 K2
0490-01956* 0490.0478 0490-0196* 0490.0343

Figure 8-1. AIKI and K2 Part Number (Change 4),
CHANGE &

This changes the part numbers of A2Q5 and A2R16. I Q5 needs replacing, replace both Q5 and R16
using part numbers presently in Table 6-3.

Section VI, Tahie 6.3 Changes.

Use the following part numbers only to update this manual for instruments requiring Change S, If .
replacement of QS5 is required, us the part numbers presently in Table 6-3,

e
Rel. Das. HP Pait Number I ]

Description

A206 ! 1B56-0068
AZR16 0683-8326

4
6

FET
82k ohm : 5% Re. istor

Sectir i Y1, Figure 7-1 (Schematic Diagram) Changes. )
Change the value of A2R16 10 82k ohms.
CHANGE 6

This changes the values and part number of A2R73 and R74, If noise is noted on the instrument
replace the resistor values with the one presently in Table 6-3.

1]

Section VI, Table 6-3 Changes.

Use the following part numbers only to update this manual | - instruments requiring Change 6. It
rerlacement of any component is required, use the part number presently in Table 6-3

¢
Ref. Des. HP Part Nushar | D ’ Description
A2R73 0683-4726 2 , 4.7k ohm = 5% Resistor
A2R74 0683.4726 2 | 4.7k ohm = 5% Resistor

T T
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Secticr VIII

Section VI, Figure 7-1 (Sehematic Dinsgram) Changes,
Change the values of A2R73 and R74 to 4.7k ohms.
CHANGE 7
Section VI, Table 6-3 and Section VI, Figure 7-1 Chanpes.
Delete A2R75
CHANGE 8
Section V1, Tuble 6-3 and Section VII, Figure 7-1 Changes.
Delete A2Cas
CHANGE 9
This changes the rear panel part number, power cord, and nower cord connector.

Section VI, Table 6-3 Changes.

C
Ral. Des. l HP Part Number | D I Description
J6 1261.0148 1 | Power Card Connector
w1 81200078 6 | Power Cord
MP10 00400:00202 | 4 | Rear Panel
CHANGE 10

This changes the rear panel DPDT 115V.230V voltage selector switch,

Section VI, Table 6-3 Changes.

fel. Des. Description

}

c

HP Part Kumber ! b
t
s$3 | 31010033 |

8 I Slide Switch

CHANGE 11

This changes the A2 assembly part number to 00400-66501, If the board is to be replaced, use the
replacement board presently listed in Table 6-3,

Section VI, Table 6-3 Chunges,

Do the changes in Table 6-3 as shown in Table 8-3.

8-5




Section VII

Table 8-3. Make Changes 10 Table 6-3 (Change 11).

Model 400E/400} 1

s,

Referenve HP Part
Designation Number Desription
Chatnge:

A2 OO400-66500 MAIRN PC BOARD ASSEMBLY

A2C2R 0130-0016 CAPACITOR-V §-28 PF CERE

AXRI7 2E-D09) RESISTOR-TRMR 20k & 20%: COMP

AR 2100-082 RESISTOR-TRMR ICK + 20% COMP

A2RIR 2100-0277 RESISTOR-TRMR 100 = 20 COMP

A2R4S JHN)- 1830 RESISTOR-TRMR 100 » 20% COMP
Add:

MP27 (K- (060 3 Y | PC BOARD SHIELD '

Section VIE, Figure 7-1 (Schematic Diagram) Change:..

Change:
A2 1o HP Part Number 00400-66501
A2C28 1o 5-25 pF
A2R17 to 20k ohms var. resistor
A2R31 to 10k ohms var, resistor
A2R44 1o 100 ohms var. resistor

Section VII, Figure 7-1 (Component Locator) Changes. ‘ !

Use the component locator shown in Figure 8-2. 0

" N . .
—— R . ! 'r‘-
[ . -, () " - ‘
R . . Ty - N .. SR -
. ) oy
—bt e wa TR d B ]
1

. (' -
RN ‘»‘3 S TR el IR s
e S -t BN 1 B

o | e
Lt =) - Wt - -
b "t:"s‘ @ ——@—M v v -y ' \(r:‘)**' o ot l ’
RN : - ) e !
A2
Bp Part Nos 00400 6650
Rev F.

Figure 8-2. Componens Locator for Change 1. |
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‘This changes the color of the instrument covers,

and light grey panels.

Section VI, Table 6-3 Changes.

Do the changes in Table 6-3 as shown in Table

CHANGE 12

for the older instruments with blue and light grey colors.

Table 8-4. Make Changes to Table 6-3 (Change 12).

Section VIII

panels, and 1rims. The older J00 series had biue covers

R-4. Table 8-4 lists the covers and panels part numbers

Reference HE Part C
Designation Number D Description
Change:
MBI 00400-0L. 01 3 | PANEL: FRONT (400E ANL SO0E QPTION 01)
M K00-00203 5 1 PANEL: FRONT (d00EL AND JOOEL OPTION 1)
MEPL) 00400-00204 6 | PANEL: FRONT (4001 OPTION 02)
MBI O0400-00205 7 | PANEL: FRONT (400EL OPTION O2)
MPI2 5020-5388 6 | METER ThiM: ' MODULE
MPI3 OO400-64 102 7 | COVER: TOP WITH HANDLE
MY S000-0701 7 | COVER: 5iD)E
MP20 S000-0711 7 | COVER: BOTTOM

This changes the A2 assembly

CHANGE 13

replacement board presently listed in Table 6-3.

Section VI, Table 6-3 Changes.

| o
Ref, Des. l HP Part Number | D l Deseeiption

A2 I 00400-C "511 l 6 I A2 Assemily

Section VI, Figure 7-1 (Component Locator) Changes.

Use the component locator in Figare 8-3,

part number to 00400-66511. If the board is 1o be reriaced, use the

8-7
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Figure 8-3. Component Locator for Change 13,

CHANGE 14

The instruments for Change 14 had a 500 MF capacitor (C1) across the ontput terminals with some
instruments having an 470 M capacitor for A2C37. Capacitor C1 is not necessary and can be removed

(it caused a slow meter response). I this is dec 2e, make sure C37 is at the vadue and part number
presently listed in Table 6-3,
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CHANGE 15

This changes the Al assembly part number to 00400-66502 and the A2 assembly to part number
00400-66511, 11 the boards are 1o be replaced, use the board part numbers presently listed in Table 6-3.

Section VI, Tabhle 6-3 Chunges.
Do the changes in Table 6-3 as shown in Table 8-5,

Table 8-5. Make Changes to Table 6-3 (Change 15).

Reference HI® Fan
Desipnation Number D Description
Change:
Al H00-66507 51 INPUT ATTENUATOR PC BOARIY ASSEMBLY
A2 O0EX-6651 | 6 | MAIMN PC BOARD ASSEMBLY
AlC2 O121-0407 Y | CAPACITOR.V 0.7.3P) $%
AlCY 010149 6 | CAPACITOR-FXD 47011 5% MICA
AlK] (H90-0)94 2 [ RELAY-REED
AlK2 5i)-0366 0 { RELAY-REED
A2R2 0698-3510 2 | RESISTOR 453 pou (25w
Drelete:
82C) O160-020% T | CAPACITOR-FXD HPF SO0V
52C3 600208 T | CAPACITOR-IFXD OPE 500V
Add:
AICS 015040043 O | CAPACITOR-EXD 0IUF CER
. AICH O150-0093 0 | CAPACITOR-FXD .OIUF CER

Section VII, Figure 7-1 (Schea:': Diagram) Changes,
Change:
A1C2 10 0.7-3 pF variable capacitor
AIC3 to 470 pF capacitor
AICRI and CR2 1o AICRS and CR6 .01 MF capacitors, respectively
AlR22 to 453 ohms
Section VI1, Figure 7-1 (Component Locator) Changes,

Use the component locators in Figure 8-4.

T - .
P Nr P
N — ", —

b

coch. . RS

Al
hp Pari No. 00400-66502

Figure 8-4, Component Locators for Change 15,
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CHANGE 16
Section V1, Table 6-3 Chanpes.

Delete the following component from Table 6-3.

: ¢
Ref. Des. HP Part Number ' D ] Description

A2RTZ l Q685 1215 I 9 ’ 120 ahm Res:star

Section VII, Figure 7-1 ¢Schematic Diagram) Changes.

Delete A2R12 and conaect the collector of A206 directls to the base of A2Q7,
CRARGE 17

Section VI, Figure 7-1 iComponent Locator),

Delete the blue (6) jumper from the Al camponent locator.
CHANGE 18

Tais changzes the tinding post assembly Rardaare,

Section VI, Table 63 Chanzes.

Do the changss in Takle 6-3 a3 shoan i Tadle 545

F.16
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Table 8-6. Make Changes to Table 6-3 (Change 18).

| Reference HP Parr o

Designation Number 3] Deserintion

Change:
MBPY S060-0634 2| BINDING POST ASSEMBLY: RED WITH HARDWARE
\PS S060-0638 0 [ BINDING POST ASSEMBLY: BLACK WITH HARDWARG:
M2 0340-0090 0 | INSULATOR: FRONT DOUBLE
MP22 0340-0056 4 | INSULATOR: REAR DOUBLE
P23 0340-009) P [ INSULATOR: FRONT TRIPLE
MP24 03400087 5 FINSULATOR: REAR TRIPLE

Section VI, Figure 6-3 Changes.

Use Figure 8-5 in place of Figure 6-3.

| MRE; MEZY MP24 MP25 NE2E

_/f_ [ /

y An— / \\\
Qo ¢

|
IlL'

MPg

Ja& PR

4,

[

H
“‘If;;
\

MPa ~— r =3
X r
i¥d "//di L-l \\\ gree ey - Ea
Mp5 Y X - - » 4
/ \\ N
L IR Y
MP2 MP2Z 43 MP27 WP}

Figure 8-5. Make Changes to Figure 6-3 (Change 18).

CHANGE 19

This changes the part number of the Al assembly 10 00400-66512, Since the
in Table 6-3 is interchangeable with the 66512 board, use the part numbe
listed in Table 6-3 for replacement.

board presently listed
r for the board presently

CHANGE 20

This changes the part numbers of the AIKI and K2 relave, I K2 needs replacing, use part number
presently in Table 6-3. The older K1 with refay part number 0490-0194 and coil part number 0490-1028

is no longer available. If your Al Assembly needs K1 with these part numbers, replace the complete
Al Assembly rwith HP Part Number 00400-66522)

.

Section VIl
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Section Y1, Tuble 6-3 Changes,

Use the following part number only to update this manual for instruments requiring Change 20, 1f
replacement of K2 is required, use the part number presently in Table 6-3. 1f replacement of K1 is
required, replace the complete Al Assembly (with HP Part Number 00400-66522),

c
0

Ral. Des. HP Part Rumber Description

Change: ‘ .
AlK1 0480-0189 Relay
ATK2 0490 0356 Relay

Add:
04901028 Retay Cou

CHANGE 21
Section V1, Table 6-3 Changes.

Change the following components in the 1able.

c
Rel. Des. l HP Part Number Description

A2C18 ' 0180-0:01 ' 1.8 MF Capacitor
A2R29 0683 3915 390 ohms Resistor

Section VII, Figure 7-1 (Schematic Disgram) Changes,
Change:
A2CI8 to 1.8 MF
A2R29 1o 390 ohms.
CHANGE 22
Section VI, Table 6-3 Changes,

Change the following component in the table.

Red. Des. , HP Part Number I Description

I 00400-61602 I Power Cable

CHANGE 23

This deletes a FET, a PNP transistor, and threc resistors from the meter bridge circuitry of the A2
assembly. This change applies to 00400-66521 boards, Revision E and below, !

Section IV, Paragraph 4-20 Changes.

Delete paragraph 4-20 from the mar uai,
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Section IV, Figure 4-2 (Meter Bridge) Changes.

Delete A2Q17 and QI18, and A2R76 through R78 from the figure.
Section VI, Table 6-3 Changes.

Do the changes in Table 6-3 as shown in Table 8-7,

Table 8-7. Make Changes to Table 6-3 (Change 22),

Reference HE Part C
Designation Number 3] Description

Delete:
AQ17? 18530010 TRANSISTOR PNP
AQIS I855-0093 TRANSISTOR JFET N CHANNEL
AJRT6 06Y8.3458 RESISTOR 100K 5% .25\
A2RTT 0698-3458 RESISTOR 348K 190 . 125W
AJR7B 06Y98-4311 RESISTOR 140 190 1 25W

Section VII, Figure 7-1 (Schematic Diagram) Changes.

Figure 8-6. Make Changes to Figure 7-1 (Change 23).
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I CHANGE 24

This changes the value of resistor A2R63, If any one of transistor A2Q14, Q15, or Q16 is replaced,
check the instrument’s frequency response at 8 MHz, I the instrument is out of 1olerance, try replae-
ing A2R63 10 the value presently listed in Table 6-3.

Section VI, Table 6-3 Changes.

Use the following part number to update this manual for instruments requiring Change 24,

¢
Ref. Das. , HP Patt Number | D Description

e

A2R63 l 0757-0401 I 1 !Change to: 100 chms Resistor

Scction VII, Figure 7-1 (Schematie Diagram) Changes.
Change A2R63 to 100 ohms.
CHANGE 25

This change deletes capacitor A2C47 from the A2 assembly. This change applies to Revisior F boards
anly. )

Section VI, Table 6-3 Changes.

. Delcte the following component fron the rable,

[
Ref, Ces. l HP Part Number | D Description

A2C47 I 0180-0100 I 3 ld.?MF 35V Capacitor

R Section VII, Figure 7-1 (Schematic Diagram) Changes.
Delete A2C47 from the figure.
CHANGE 26
This change deletes C5 and R15 from the S2 switch assembly. If non-lincarity above 1 MHz is noted
on the .003 V range, add C5 and R15 to S2 as shown in Figure 7-1, Use part numbers preseatly in
Table 6-3.
Section VI, Table 6-3 Changes,

Delete the following part numbers to update this manual for instruments requiring Change 26.

c
Ref. Das. ' HP Part Number , o , Description

S$2C5 I nN15Y-2257 ' 3 ’ 10 pF 500V Capacitor
S2R15 0683-3035 5 | 30K ohm 5% .25W Resistor

8-15
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Section VII, Figure 7-1 (Schematic Diagram) Changes,

Delete S2C3 and S2R15 from the figure only to update this manual for instruments requiring Change 26,

8-16




[/ MANUAL CHANGES

-hp- MODEL 400E/EL
AC VOLTMETER

Manuai Part Number 00400-90021
ABDERDUM
Add the specifications table iTable 1-1} to the menual.

Use table shown in Table CS-1.
Tabie CS-1, Specifications

|
Muodels $00E/400E),

Cutput Resistance 1000 uhms £59
Response Time: | second to within 1% uf finat
value war a step change.

Vultage Range: 1V full seale 1 300V full seale in
12 ranges: dB scale <10 to +2dB, 10dB between
ranges.

AC Power: 115 0r 230 volts £ 1077, 45 10 440 173

Frequency Range: J0Hz 1o [OMHa.
10 wans.

Calibration: Responds to absvlute - erage value of
applied signal, calibrated in rms wolts, Temperature Range: 0 to +5§° C (except where
- d Iy + 1| X
Input Impedance; 10 megohims shunted by fess than cted on aceuracy chats)

I5pF un the ImV-IV ranges and 10 megohms
shunted by less than 12pF on the 3V.300V
ranges,

Amplifier AC Output: 150mVY rms for full scale

External Battery Gperation: Terminals are provided
onorear panel; posicive and nepative voltages
between 35V and 55V are required . cusrent drain
from 50 to 15mA,

meter ndication; output impedance 50 vhms,
1017 10 10MHz (105mV on the ImV range).
Accuracy: £10%, 10Hz to SMH2.

Weighr:
Ner: 6 Lbs, (2,7 kg).
Shipping: 8 lbs. (% kg).
ACDC Converter Quiput: 1Vde output for full

scale meter deflection (linear output for Model | Dimensions: 6172 in. gh. 5.1/8 wn wide, 1)

JQCE/EL), deep (165, 1 X 130, 2 x 279, 4 mm).
Modals 400E/400EL
Accuracy: * (% of full scale + % of Resding)
Frequency

Range 10 Hz 43 Hr 5oolm.- 2r1m 4 MHz 10 MHy

00Y vt t 125+ 28) AT 1 (25 + 2.6) 7777

003 vV t 125 + 26} t {1 +0) t 11.5+1.5) t 2.5 + 2.6)

O1v=-3v 2 25+ 25) t {140} t (1.5 1,5 t {30+ 20)*"

1WV-30V t 12,6+ 2.5) t {120 t (1.5 ¢ 1,5} t 13.5 +3.5)

100V - 300V t 125426 TR t 05181 Y

**Accuracy for the 3 ¥ range at 143 tull scale and balow, 6 MHz 10 10 MHz 1: ¢ 13.76 » 378}

FAccuracy applies to 143 fui) seale to full 1cale only.
AC to DC Converter Qutput
Fraquancy

Aange 10 He "M H: 100 Mz 50Q kH: 1 MHz S MH2 10 MHy
001 vf 2025+28) | stien) | 2 i0acgn)” t i1 +1) Y (2.5 + 2B} Y7777 777
003 v 2126¢28 ] 11 +0) | t1025+025° | rin5eon) £ 125+ 25)
0Vv-3yv $125¢28) | sty en) | +102500268°] +106+05) | t 12525 | = (3.0 200
WV -30V $U25+280) etv+e1) | 2 (02540250 | + (064080} (26525 | s (3.6¢35
JOV-300V ) 1254250 +i1+1) | +(0.25+025 | £ {05+08 | £126+23) I,

" Accurscy appiies lar 8 temparature of 15°C 1o 40°Con the I mV 10 ) V ranges only.

Supplement A for 00400-90021

11 June 1986 .
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‘ o : SAFETY SUMMARY‘- o =
The lalluwmq general salety precautions must be nhservad during all phases ‘af aperation, service, and repair ul this
instrument. Failure to comply with these precautions o with specitic warnings elsewhere in this manual viafates.
! safety standards of design, manulactuce, and intended use af the instryment. Hewlen Packard Company assumes po
‘ lnabllny for thP cuslnmer 5 fmlure o comply with these requirements.

.GROUND THE INSTRUMENT. '

Fo minimize shock hazara, thc mbtrumem chassis ana cabmet rrm‘st he connected to an elea-
trical ground. The instrument |5 euumpe:l with a three-conductor ac powar cable, The power
- cable must either be plugged into an approved three- -contact electrical outlet or Ubecl with o
thiee- contact to two-contact adapter with the grounding wire (green) firmly conrm(.wd to an

powes cabie meet International Electrotechnical Commission (IECH saety st.md.ircts

1

a DO NOT GPERATE IN AN EXFLUSIVE ATMBSPHERE |

i

Do not apérate the wmtmmunt mm the prosence of fammable gases o tum»u, Operation ol any
electrical instrument in such an envirgnment consututes o definge safety hazond
1

y | KEEP AWAY FHOM llVE CIRCUITS.

Opemtmg ;wrsnnrwt IUST NOT FRMOVE INSIrument covers Companent rvpl.nuum*nr ang mrern.

) m'hu::tmﬂnh must be mode by gquabbod my BRtenange: personnel. Do not r!'|.)nl( ¥ u;mpmwma
with power cable connected, Under certinn conditeans, dangeraus voltiages iy exist even with
the power cable removed. To avord murnes, always cisconnect power and dischirge ircings
hefore touching them,

i

D(} NUI’ SERV!CE OR ADJUST ALONE,

1 : ) i

i
! Dn pot mempt internal sV OF lnl]u‘,tm-'ut urm“n .mutlu'r purson. capable ot run:ir'mu; birst
ac! and n*su’sumtlon s prvwnl

DD NUT StIBSTIYUIE PARYS OR MODIFY INSTRUMENT. !

dew lmw ()f tlw danger’ nf mlrm!n(mc; Widditional hazards, L!n notinst |!I subshitute n ITts Or prer
“form hny unautharieed muditication o the nstruntent. Retarn the mstrument o d Howlett
Py IL,'\.H’IH Saley .n‘d Service pHn e tur service and FELME T 2nSuee llm[ satety teatures e muam

H

mlnutl "

! \ i | ; n ! !

1 \ fy ' } i

C nnucenuus PRUCEDURE WARNINGS. ‘ i
\ ‘

Wdrnlmja SUEC h as tha ummplv below | prec vdv p:)lmm.alls, i dngerous prnuuluro-, thmm;huut

this r'l,hnml Instruchons' contained i the Warngs must ber hrllowmi

1 H : .
I : i

. . . ' : 1 .
! CO : 1 . o
ot

1 [ wakning I? L

Dnngeruus vu[mgvs capabie u! c.msmg dr..nh are preseni i !hls ms(rumenl Use ex: i

teeme caution when handling. testing, and dd]usnng iy . ; ¥

! 1 . ‘ : ! A

— . —aa ¥

electrical ground (safety ground) at the pcwer outlet. The power jack and mating pluq ‘of the

.www.valuetronics.com L
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l 1. DESCHIPTIDH e o :
I 2. The -hp- Models 400[.' and 400EL are ver-
satile ac voltmeters and dB meters, Both models
can be used.as ac to de converters or wideband
+ - amplifiers.The Model 400E is primarily intended
for voltag‘- measuremenis, whereas the 'Mode? -
. 400EL is pnmanly a dB meter, However, both
meters indicate both volts and dB, The 400E has a
linear ac scale 'with a logatithmic dB scale
underneath, and the 400EL has a lincar dB scale
with a- Iogamhmlc de scale underncath, Since the
‘diffecence in scales is the only d;ffcrcm.c between
the two instruments, this manual will use the term
400E/EL in reference to both' instruments.

' 1-3, Fiéurc 1-1' shows both the Model 400E and
the Model 400EL, Table 1-I is a list of Spu.iflul-
tions. , {

) ) 1.
| 1-4. 'OPTIQHS AVAILABLE.
' ‘I-S. OPTICKS 01 (400E ONLY).

1-6. 'Opiion 01 places the dB seale uppermost for

greater ' resolution whm making: dB measure-
ments,

)

v

Figure E-1

www.valuetronics.com

) - Section |

T secmon 1.
e GENFRAL’ INFORMATIO"J .
-17 UPTIUN 02 "

I- 8 Opucn 02 ndds a refative reference adjust-
ment to the 400E/EL. The REL. REF. control
allows o,continuous reduction in sensitivity by a
maximum of 3 dB in order to make relative
voltage or dB measurements, ‘

1.9. Option 910. An additional Operating and
Service Manual, Part Numbcr 00400-90020,

110 INSTRUMENT AND MAHUAI. IDENTIFICA-
TION.

H
|

1+11. Hewlett-Packard uses a two-section serial
number. If the first section (serial prefix} of ‘the

_serial number on your instrument does not agree
.-with those oi. the title page of this manual, change -

sheets supplied with the manual will define the dif-
ferences between your instrument and the Model
400E/EL described in this manual, Some zerial
numbers may have a letter separating the two sec- -
tion:. of the number. This letter indicates the coun-

“try.in which the instrument was manufactured.

. Models 400E and H00EL, AC Voltmeters
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© INSTALLATION', - 0
; IR T iy v
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“1o 21, INTROBUCTION, ¢ : A T T
¥ . . Ly, Lo . v : ‘ o . ':' t . I i . .
(2.2, This secion contains infurntion and instrue- C l-; e S e . P
Py . . v ! N 1l - . . S A Tt Ao '
tions necessary Tor the installation and shipping ol ST TN ( s NURE NG S § '
the Madel $00L and J00EL Voltmeters, Inchuded are = ™0 {(‘«f w3 L’{ .;..1-_1, Y AN : )
e N . v ey AL L < e ° b N z .
initial inspection procedures, power il grounding S o : N o » :
. sequirements, installation information, and insti: g P
. N , - ; ’ S . 120-0696 ‘B1201-1692
tons Jor repackasing for shipme, ‘ 8120-1703 T
. I . } :
i , i ‘ |
‘ 2-3. |NITIf\bII\!SPECTION. S I _\,m__w D N sy,
o i L ) ; " .
] . ) , ~ ) B
2.4, This Instrument was carefully inspected hoth ({’ N S ash
mechanieally and electrically  before shipment! v ) R A P! |
should be physically free of mars or scratches and in . B120-152). ' 81200898 - i !
['Jcrl‘t'l.'( L'IL'L'll'iL‘.‘t arder upan rcuciln' To l.'ﬂl'lﬁl'l'll lhis_ UL LISTED FONUSE IN TMIE UNITED .':IAI‘IIS()f AMERICA ) ) 1 :
the instrament should be inspected  fpr physical i 2] ower Corda. ) ‘
damape in transit, Also check for supplied aceessories, Frgrei 2ol Fower unds,

. ! - . »
using the procedure outlined in Paragraph 5.7, 1t
there is damage or deficieney, se¢ the warnnty on the
inside front cover of this manuwal, , v

and test the electrical perforninee of the instrument * 2.9, BROUNDING‘B‘EQUIREMENTS. |

200 To protect opecating personmel, the Nationaf
C Fleetrical  Manufacturers” Assoeintion” (NEMA)
2.5. ' POWER REQUIREMENTS. : recormmends that the mstrumens panel und cabinet be

. ' grovpded, Al Hewlert-Packand  instrmments ! e
equipped witha lllrcc-cumluqinr pov.xer wable which,

© 26, The Model HGOE/EL cun be vperated from any e ; ) S,
when pligpad into an appropriste h.‘\.l.pl'.l'ulL,gm\ll!\i,\

sotree of 115 or 230 volts ar 48 to 430 Tz or from

two 35 to 55 volt battéries connected to the rear the instrument, The ofset pin on the powe,! cable noh
A R % b u ) oo A +

panel BATTERY terminals. ‘The 115230V slide three-prong conpector is the ground wirg, 0

switch vn the rear panel seleets the desired line : ' , \

b

voltage. Power dissipation is 10 watts maximim. A ’
WARNING | ,
y 0 ' ... . . . ‘ ' vl
. CAUTION For operator protection during hattery opera- \

. ! tion, comnect ehassis terminal {AMP20) to varth
Before applying ac power (o the A0 or - ground, : '
, JO0DEL, be surl it is et for the proper ne volt- ‘ :
age, ' K g 2-11. INSTALLATION. S
2-7. POWER CORDS. ) © 12 The Mudel HOOE[EL s Tully transistorized: K
‘ \ v : S Jeretore, no special cooling is reguited, Bowever, the :
2.8, Figure' 21 illustrates-the standard power plug nstrutient shontd not be operated where the ambient !
configurations that are wsed throughout the United tumimrnmrc exceeds 53° C (1317 F) ur the relative ool
States ad in other conntries. The -hp- part numhet humidity exeeeds 935 . -}; ;
direetly below each dywing is the part numher for _ | R
a SUOEJEL power cord equipped with a power plig 213, BENCH MOUNTING. : !
of that contiguration, 1 the appropriate power cord - r o .
D is not lincluded with e instroment. oty the 211 The Model S00E/EL s shipped with plastic
. nearest hp- Sates and: Service Ofpfceand o, replace- - foet and til stand i place, ready for use as o bench
.ncnt c]uhl \yill be provided. O instrument, ‘ . o
i ! :
; o ‘ : oo . Xl




Scctinll "

_ 2 15. INSTHUMENT CA.;E

2100 The 40()1 /l L. cnn l‘c p!.sml T l’liLbu! Ilu,l:
jinpact plastic ease CGhp- 11076A). The fnstrument

o dase, A dual purpose tilt stand also seyves i o Gillry-
g hanle, Storage space is'toeated at the rear of the
dease und . ll!c Unnl lid, -

", ] !
217 HNZK MﬂdNTING

Qb Ih» \h:dcl 400K {EL may be .ul\ muunlcd by

ua[nb an .|d.1plcr lr.unc t-hip- Part No. 5060:0797),

. L The adapter frame i57 rack: frame that’ nacepls any:

| cumbination of >.ubmudul.|r units, 1 wan be rack

_ mounted only, Four additional irformation, address

v inquiries to your hp- Sales and’ Serviee Offiee! (See
o Appendix B for office Jocations,)

2:19. COMBINATION MOUNTING.

0. The . \I."J'il t(]()! llL m} h"lllt()!lllll.'ti

Combining Case (-hip- Mudel 10SEA or 1052A). The

can be. operated, stored or carried in lhn..hpl.h!l proof

contbimation with other subtodalae. units by using » ,'}

1

Ui instrument kdentifping the owner aid indicating

(mnhmmh Case 'is u fllmodule it which .Ju.l.‘pl\

" various combinations of submodular units, eing a

- Aull-mundale unit, the contbining Gise can be bench oy

rick mounted and s .m.lluwll-. o any lull n.mlu[c
instrumeént.

221, REP{\CKAGING]FDBSHII;MENT.

2:22, The J'u]luwi:u, paragraphs contain » peneral

[ A

puide For pepackaging of the Instruthent for shipment.

Refer to Paragraph 2-23 01 the wrigingl container fs 10
“he used: 22249800 s not. IFyou have any questions,
colbaet your local -hp- Sales and Serviee Oftice. (‘uc
Appcndlx B for oifice locatjons, )

22

valuetron

I

igs.com_, o

!

NOTE.,_ -

] . 1 ‘}‘-

E F]‘ T
S the m\mmu’m n o he ahn)pn! b Hewlor
Packard for servick or repair, attach a tag 10 the

rhc serviee or repair e ‘he acconpplished;
“inelude the mdel m:mbcr @i fill serial nion-
h;-r off the insiniment. I ny eoprespolienee,
ilentify .r!ru msmmu'nr lw madel number,
s<hat nuumcr. anil serial ;umrbc rpn'j:r
| .
223000 unpn.d LUIHUNI’I is 1o be usui, proceed as
lnlluws. " L :

.
|

[Phace instrument in nn;.m.:l umlmnu:il

Lavailable, I original container is not availa-

Sble, a suitable coptainer can be purchased

fro 0 from youdr begrest hp- Salesand Serviee
o Uffiee,

i,

¥
|

Ensure that eontainer 'is well sealed wnh‘
stedng tape or el .|| hands. |

[ i '
2224, I origina! mnl.l..'lcr i nol to be nsed. pmu:ul
as Tollows: : v

’ .
V

"Plave packing: material around all sides of

b.
mstrament mid protect panel face with card-
v hoand -.Inps. ' i r S
il ¥ i
¢ Place iustrumenmt and mncr ‘,um.uncr ina
. heavy carton or wooden box and seal v, (h
Ssirong tape ormetal bandy,
. I
sl Mark shiipping contdiner with “DELICA T
. INSTRUM ENT,” “"FRAGILE, ete.
’ g ! ;
j | i N ‘ 1 Fl
' ¥
! e ' o
} 1 '
! ' ! N jl
BE | ;
Vo 1.‘) ) ) ‘ !:’
. : ' ) )t\}:
s f : r )
. o i '

. Wrap instrument in heavy paper or plistic
before phcing in an inner contairer.
A :
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| UPEBATING INSTRUCTIUNS col

- 31 INTRODUCTION AT No*rr;"
| ’ L Since the J00EIEL s average!

3:2. The Mox,lul AOUESEL i prun.mly an g yoltmeter
: : i any
and 1 meter, bat it can be used as an acjo de _ responding and nns ealibrated, any
: distortion will atfect thc aceuraey
u)nvcrtcr or as 4 wide band amplitier. . ;
ot : A b . of the measurement. Table 3
1 P . -
o : © shows  the erpors  caused . by
3.3, This sectiop , explains  the . wontrols of the . ':lti‘;lb::iun e TR ol by
, JOOE/EL and butlines the upumtuq, procedures tor ; R '
»r ) (v ’ \J . i ! C : .
""’h nu de nhpu.mun ' Y P oa. Ensure that 115/230°V ag slide switeh on .

the rear panel matehes line voltage used, uid

"-_“34 LOCATION. OF commms AND

L. conR et power to the instrument, Mecjlni-
DI RS ' . o
LN__[:,I_\I_O___ _ , : ceal'y séro the instriment \mm the proce-

|' N R )
3.5, Figure' 3-2shows the Toeation of cach of the dure ”'"l"”‘d in Paragraph 5-5. '
\ h 4001 [EL mnlml-. and c\plams the funetion of each. b To sperate the Madel 1001 '.\nh hitery
H . 1 i +
- N v S power, coniect o 35 1o 55 volt harberies
3 6 OPERATING |NSTRUCT|0NS L _ oo as shown in Figure 351, Since the front paiiel W
o R ' LINE switeh Im no eites lllllll'll. bantery
37 STANDARD 4GBEIEL e L vperation, the switeh in Figure 350 qan be
‘ oy - e S, uswedus oo umvcmpnt ametiwod of diacons
38. AC Vahmeter. = o o L pecting the battedes when the instrument is
_ ‘ not in use, Fwo 35 volt b iteries will deliver
, JTable 31, ltfu.l of Distartion Q Av'.r.sbc 2 approximately 7S mA and two 55 volt
Respondin Muc batteries will dediver approximately 50 mA.
_ P K b o . ne P ¥
, . ] ) i : . . )
S A % ERROR Lo : : AR
B o {* Fundamentat): ' . Tl WAKNING A
4y | Harmonic | % Distor*ton . P : ‘
R T ‘Max. Max. I . : Vo
b T : “Positive | Negative . Foi operator profection durmg'hafu‘n' opers \ L
: | L tion, connect Lhaws tenninal (JH"‘Mlm carih b :
i . A'ﬂy ) 0.l 0000 : Kn;"”d , o ;’ f
i even 05 0.001 X " : : . b
- 1.0 0.005 "1 - , _ 5 _ ’
20 0702_0 : ¢, "Turn line ON togele switch to up pos'ron. '
Thil‘d 0'1 ‘ . 0‘033 ‘ 0‘003 Llh['. ll”np Wlﬂ g[u\v- | : }
T :
0.3 O'lﬁsl 0"2' d. Seleet approximate xange ol signal o be
Vo _ 1.0 0.338 0.328 L easured : -
. 20 0.687 | 0667 | meastred. o
vy o | Ffh 0.1 | co2 | o020 | ‘ p w
. | os 7| otor | oo | oay NN 3
. J " 1.0 0.205 0.195 v
S 20 0420 |- 1.380 Dy nor apply hore rfnu- SO0 volts ac mm,mrr
Do nor averfowd tre 001 rhmucit {veldi ranges.
¥ De nds on phase relationship between st Table 1-2 for overtoad Timits. If arv of
pe P ¥ these overfoads are exceaded, the insironent
. harmonic and fundamental, - iy be damaeed _

i A4
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Model SO0E/EL .

Wi

* TR T

[y TR '
t ) | ;
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biae

AU QPR | EES FRE

i A\
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J
»
b [ .
’ T
.'1. ‘,.‘ M L
o mimy s
. v 8
* pron i .. bbb
L A e s

& FTaL

[N ET

‘, L w

[ryResTTY

-ty

'-.\ ..m.‘. 6& D

Q) 4ONE Scade: Indicates magnitude of :lpnli?tl
signal in volts and 4B, Option OF places thh
di3 seale, uppermost for preater rcsululun.
Odlim = [mW in 600 nhnh

@ 400EL Seate: Indicatiss magnitde of .lpphul
sigmal in valts and dB, DB scale is Jinear, and
voltage scales are  logarithmic,  This
arrangement allows better resolution tfor Ji3
. re xdm;. Odl)m— ImW in 600 vhims,

)

@ AC INI’UT BNC mput jack connects sipwal

{u be mc’vurml )

: ! !
@) REL.

i

. ]
,R[il-" Adjust (Uption 02): Varies
_indication on meter by 3dB. Fully clockwise
ABSOLUTE  pusition retains  full meter
indication, This control is used to vary meter
indication with o given input in onder to
make relative !L‘athllp casier.

® RANGE SL‘lu,lur‘ Selects full \ulc rea g
of “meter, ' DB reading on seale  udds

'<£ T4

(@ LINE luduamr L.unp' Indu..no Jppllwlu)n
ol primary pnwc i

@!US&‘ IISA yotects wstrument against

current overfoad.

@ 115/230 Vol Slldc Switch: bululs 115 ur

230 volts ac For line operation.

PRIMARY POWER CONNECTOR! Line
vullugc H uppliud through this connectoy,

@ AC OUTPUT; Ac amg [mcr vutput, Outpul
impedance is 50 ohms,

@ ne OUTPUT: Ac 1o lh. converter output, De
wltage is’ proportional to percentage of
meter deflection. Qutput impedance is 1000
ohms.

1 . o
.(3) BATTERY VOLTAGE Terminals: 400E/EL

may be powered by connecting two 35 to 5§

a[hd.umcully o dB - setting - of RANGE vult batteries to these terminals. .
selectar, ‘
(®) Line ON Togle Switeh: :\pphcs primary’ D CHASSIS TERMINAL: Chassis ground con-
power, ‘ nection for batjery vperation, '
R . Figure 3-2, Lovation of Controls and Indicators >
32 : ‘
w.valuetronics.com - |




AQQE/EL ~P~QABN

. 4+
. | I N ]
] . ] 1
Model 400E/EL s o
; A i . . ' it
BATTERY JOLTAGE
+ i -
36-55 | (35-65
" yDe, VQC

. EI ' i : “ '
i),

)
{35~55V) _(35-55\/)

(LN

KR

f

7

39. DB Meter.

Figure 3-1. External Battery Connection

Connect signal to be measured 1w INPUT
terminals, and read the pos wltage on the
scale,” o

1

To make a dB or dBm measurement, follow

steps a through ¢ in Parugraph 3-8, and add’
the scale reading 1o the RANGE setting. For

example: If the scale reading is +1.5 ano the

:RANGE is -30dB, the final measurement is

-28.5dB.

The 4C0LE/EL dB scule is' calibrated in dBm.
0dBm is equivalent to 1 millivatt dissipated
by a 600 vhm foad. Consequently, any dBu
measurements must be made across o total
impedance  of 600 ohms. Meisurcments
acras  other impedanees will be in JB, but
not dBm. ‘

i
To convert a dB reading 1o dBm. use the
Impedance Correction Graph »(Figure 3-3).
For example: To convert o +30dB reading
made across 50 ubms o dBm, locaté the
load impedance on the buttam o} the praph.
Follow the impedance line to the heavy

black line and read’the meter correction a’. |

that point. The correction for 50 ohms i
+10.5dBm, and the corrected reading s
1-40,5dBm.

i

Seetion 1

3-10. Ac to Dc Canverter.

.

“Follow steps s through ¢ in Paragraph 3-8,
1

) 1

bh. Connect  the rear panel DC OUTPUT

[\

tepmipals to o de measuring deviee with a
high input impedance: “The de output
resistance is 1000 olims: and jF it is loaded,
the de output signal wul be inaccurate,

) )
"The de outpul is o 0 1 1 vl sigpal

proportional to the percentage of 400E/EL .

meter deflection, ,
i

' 3-11, Wide Rand Ac Amplifier.

.

. Select

tollow turmnon steps a theough c in
Paragraph 3-8. '

: '
1

approximate  mmge of input o
RANGE switch,
oo '

Connect SIGNAL to be amplified to INPUT
teriminals. ! .

. When using anae power source, gromd

luops can Le elimingted by connecting the
JOO0L/EL to an adequate jsolation jransk-
former. This will open the power line ground
cirenit as showns in Figure 3-3.

v,

Frpure 3-3. Bodation Transformer,

NOTE
Place a1 Kkilohm shielded load
acruss the DC OUTPUT, it it is not
being used, wherr using the AC
QUTPUT. This is especially

-necessary on low ranges.

The pain of the amplifier depends on the
RANGE selection. On the 0.1 volt range wnd
betow, the 400E/EL amplities the input; and

. 33

o



Section HI

[N

)
1

S on the 0.3 vol mnge and -u!]inv'c. it

c . attenuates the inputc On the D001 wlt
ranges, the maximum outpit 3 105mY, On

Cull other ranges, the maximun output s
E50mV. Table 3-2 shows the ae wmnplitier

pain for

Table 3-2, .AC Amplifier Gain

cuch range setiing.

CRANGE | GAIN | RANGE | | GAIN
0,001 041 " 161
0.003 F341 3 263
0.01 F2IB 10 3648
0.03 +hdiy 3, -0 B
0.1 A 100 3648
0.3 odB 300 06413

) +

i
:
¢
!
1
|
{ .
: [

IMPEDANCE

e Figare 3-b Impedance Correction Graph.

'3-14, J00E/EL WITH OPTION 02.

Mudel 4OOL/EL

)

'3-12, 400EWITH OPTION 01. ;

3-13. Qpenatton . of the 4001 with Option 01 s
essentially the same as operation of the stapddes
AN0E: The dB scale rpdd from =15 to +2 instead of

Arom -12 to +2, and s placed ot the top of the sele
|

10r better resolation. S

Y

ML !
315, Option 02 dds !.] relative refesence adjustment
to the J00E/EL. This adjustmant Atlows o meter
indication to be varied by 3dB. Use the REL, REF
adjustment 1o set' the meter at any  convenient?
reference (OdB tor exmnple} in order to make reletive
readings casier. When the REL. REF adjustment is b,
the fully clochwise ABSOLUTE position. it Das no
effect on the meter sceuracy.

3-16,, 1 all other respects. opiration of a Option 02

instrument is, the same s operation of o standard

Model $00E/EL. i

E T} sy
. 1, .

< OHRY
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Models 400E/400EL

i . 4.4, GENERAL. :

el ALl ey

4.2, The 400E/EL §s a solid state, average
applicstions as an a¢ to de converter and o wide band
“amytifier. Figure 4-1 shows o simplitied block
ding cam of the instrament, ‘

!

t
© '3, When relay KIois closed, the input is not
attenuated: when K1 is upen and K2 is closed, the
input is attenuated by 50 4B, On the 0,008 through 1
volt ranges, K1 is closed and K2 is open. K2 ks closed
and K1 is open on the 3 through 300 volt ranges, The
entire Input Attenuator assembly is shiclded, ond the
relays are operated remotely by voltages applied

is adjusted on the 3 volt range with a 3 volt 100 kilz
input in o1 .1 to shape the frequency response of the
Inpul Atrenuator,
1
. 4<%, The signal Ffrom the input attu.aator is applied
to the impedance converter, The impedance converter
is u unity pain, feedback stabilized amplifier that
matches the high Impedanee of the Input Attenuator
to the much lower impedance of the Post Attenuator.
!

4.5. The Post Attenuator attenuates the vutput of

the RANGE switch. On the 3 volt range, the Post

respanding, rms * calibrated  voltmeter. It also has:

through the RANGL switeh, Varinble capacitor AMc

" the Impedance Converter by 1048 fur cach step of”’

Section 1V

L 'SECTION IV |
'THEORY OF OPERATION | '

Adtenuator Is switched back to the 30dB position, -
and then it attenuates 10dB per step on the higher
ranges. Variable capacitor S2C2 is adjusted on the

| .003-volt runge with a 3mV,; 8MHz input to adjust the

$MHz response of the 003 volt range, With a full
scale sput on any rnge except the 001 volt range,

“the wrput of the Post Attenuator should be V.,

On th 001 volt range, the output should be 1mV,

2.6, The Meter Amplifier is a foerstage, high-gain
smplifier utllizing both ac and de feedback for gain
staldization. The Meter Bridge, connected i the ac
feedback path of the meter amplifier, converts the ac
output of the amplifier to a de voltage proportional
to its average value. This de voltage drives the meter.
A2C28 and A2R38 adjust the gain of the amplifier so
that the meter will read rms volts. A2R38 is adjusted
at 400Hz, and A2C23 is adjusted nt 10MHz.

4%, The DC Output is a 0-F wolt level that is
proportional to- meter deflection. R2 is adjusted to
ealibrate the de output. The AC Amplifier samples
the ne feedback and penerates 0 to 150mVac output
that is directly proportional to meter deflection.

4.8. SCHEMATIC DESCRIPTION,
{Sce Figure 7-1). !

4.9, \MPEDANCE CONVERTER.

IMPEDANCE
CONVERTER

POsT
ATTEN

METER
AMPL

METEH

BRIDGE
1 ¥14-4 ]
,.n'j 1 /
A2HIH '

AC QUTPUT
awpL 'L

™ pe
(OVTRUT

v Fipure -1,

‘III' ! 1
: 1

1

vww.valuetronics.com
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Simplitied Block Diagram



Section IV

sessrep= CURRENT DURING NEG HALF CYCLE.
——— CURRENT DURING POS HALF CYCLE,

" —

. LAY !
LN\, AZCRIS ‘ . A2C34
ko : +26V
' A2R52
s . R
ML ;5A2035
FROM
POST .
ATTEN 4 4 A20Q14
A2C33 .

-feseve

b XTI YN T T Y)Y 2
&
-
-

bod
n
s
w
H

1 ae

UTPUT
: A2RE5 ﬂgL<° ’
' ! R2 . l
L “.. A2CRIG - A2C36
' i ::‘ 1L
| E ' (Y

ADOE/EL-B-0623%-A

-+— FEEDBACK k

i Figure 4.2, Meter Bridge

4-10, The impedance co wrrter, Jocated on the main
voltmeter board (A2), matches the high impedahee of
the input attenuator o the relativedy low impedance
ol the Post Attenuator, Breakdown diodes AJCRI7
and AJCRIS bias dodes AZCRY and A2CR10at + 5
and - 5 volts w2apetively, AZCRY and A2CR10 limit
the input to 10 volts peak-to-peak, providing overload
protection, Breakdown diodes AZCR0and A2CR21
stabilize the bias voltages on A2Q35, Fuse A2F]
protecs the ustrument against dest.uctive overloads,
i .

Job L. A field-effect treasistor (A2Q5) is wsed in the
input stage of the impedance converter because of its
characteristically high input impedance . and good
frequency response, A2RI7 adjusts the do bias of the

42

vww.valuetronics.com

¥ .
ipedanee converter. The output-is taken from the
emitter circuit of A2Q7 and applied o the post
attenuator and then applicd (o the meter amplifier.
Thesolid black lines on Lie schematic show the signal
path, and the broken tines show the feedback paths.

4-12. METER AMPLIFIER. K

7

A-13, The meter amplilier amplities its input signal
by a fixed gain  n all ranges except the 001 volt
range. ‘The amplifier itself is o fourstage, de covpled
amplifice with a caseadecoupled final stage (A2Q12
and \2Q13), DC feedback is coupled from the
emitter of A2Q12 back 1o the base of A2Q9.
Breakdown dindes A270E2, A2CRI3 and AZCRIY
establish fixed de biys lewels in the amplifier,

/




Mudels S00LH00EL ‘ L

4o14, The ontpt from the collector ol ALY s
coupled through the Meter Bridpe and fed bick to the
emitter of A209. A2C28 in the Feedback: cireuit
adjusts the amount of Teedhack ut the high end of the
frequency. range, and A2R3B adjusts the feedback at
the low endThis calibrates the amplitier gain hoth
ends of the Trequency range, A2, 45 atd 72 are
switched fnto the feedback cireuit on the 0,000 volt
range, bouosting the gain on that wauge. A2R:b4 mljusts
the pain on the ImV runpe with » 4001 input.
AIR31 adjusts the de bias level of the snplitier.

4.15. METER BRIDGE,

L

410, Figire 42 shows o partial schematic of the
Moeter ridpe. The meter brige rectilies the e

aumplificr output and supplies the de enrrent to drive
the meter. o order 1o use part of the meter bridye

output as the vear terminal de voput, the meter has
v be referenced 1o prownd. Transistor A2014
yeferences the meter to ground.

317, During the  positive hall cyele. A2CRIS

conduiets, Part ol the current (solid fine) goes through
A2C3 it the feedback path, and part of the

current poes Hhrough ARSI and the meter to

ground. The  current  through A2R53 s on
A0S, and A2014 draws cuerent from the positive
supply. The current fronu A2014 poes through
AC36 into the feedback path, The current through
A201E and A2C30 s equal 1o the current drawn
through the meter, s the current out of the Dridge s
equal to the current into the bridge,

-

J-18. During  the negative . balt cyele, ACRIG
conducts and draws ciorent Trom the feedback path
(doved line). Part of the currgnt goes through A2CI0

|

vww.valuetronics.com

b ' Seetion IV
and” AXCRIG Linfo the amplifier, und part goes
throngh AZRS3 and the meter 1 ground. ‘The current
throngh A2RS3 s on A20) and the cuprent
from AV poes tirough AZRSS und AICRIO
the amplifier. Again the current through the peter
equals the current through ARS4, ond the enrremt
nto dhe bridge equils te aurent out, D '

419, Transistor A20L4 replaces current drawn by
the meter. so the meter bridge is kept Noating while
the meter s referenced to ground, The de output.
taken across A2R6S and R2, is also referenced 1o
pround,

4-20. AC DUTPUT CIRCUIT,

4-21. 'The ae output dreuit isolates the meter bridge
and amplifier from the ac vutput Joad Tt consists of
two emitter followers (A2015 and Q16) connected in
cuscade, A2ZRSY in the base cireuit of A2QT5 zeroes
the output de level at the pe vwiput,

4-22. POWER SUPPLY.

4.23. The-power supply produces repututed 26 volls
and -26 volis. Breakdown diade A2ZCR7 establishes o
reference voltage of 698 volts. Part o the power
supply sutput is applied to the base of A202.
A202 senses the difference between the supply
output and the reference, 10 the output voltipe
changes, the emitter 1o base yoltage of A202 will
chiange: and the output of A2Q2 will change the,
eurrent through A2Q1. the repulator. .
24, The nepative repulasor, A203 and AZQH, uses
the +20 volt output as a eference. Consequently, the
negative supply is dependent upon the positive

supply.

4-3/4-4
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WARNING
' i
Maintenance described herein is performad '
with power supplied to the instrument, and pro-

tective covers removed. Such ‘maintenance ' !
shoulc be performed only by service- -trained

persor 2l who are aware of the hazards in- j
volved (for example, fire and electrical shock). |
Where maintenance can be performed without ,,
power applied, the nower should be removed.

ww.valuetronics.com



Sectiun V

Tuble 5

-1, Required Test Exquipment

Madels J00E/HO0L],

INSTRUMENT

T
i

REQUIRLD

_l{li('(),\l.\l!:NI)I:I) MODEL

TYPE SPLECIFICATIONS .
: AC Calibrator Aceuney: (00220 w0 01,2055 Jip- Madel 735A/740A
Voltape Radges: 0,10V 10 300V AC Calibrator
_ Frequeney [amge: 1012 10 TTORHY
i 1 Test Oseillanr Frequency Range: 10H2 10 JOMBZ dip- Model 05TBor 652A
Output: 3.0 volts nos pr. Test Osellutor :
J Dhistortion: fess tha 17 ,
Frequency Response: adjistable
] 0250 “]r, f\) . )
S ACIDC Voltmeter Ranpe: U o TUG volts e Maded 34508 Mului-Function,

“Sensitivity s FOO mictovolts
Aveurey s greater Jhan O 1

Meter with Option U1

DC Null Meter

Ranpe: £3 mierovolts full seale
tw bomY l'ull seithe
Acenaey: Rt tull '-L.llc

Therm
Converters

e o TE PR

ne ‘_Slzim'l'.ml

a. - dnput: 3 volts o, R
200 ohims/voll
o Ourput: TV de :
b bnput: §ovolt el 06ES volt
v Oapm: rmVede '
“Avcuniey 0.0 o better
Frequeney Range: de to 1OMLE,

Oulpit: Adjustible to 045V TV md W
AveuneyJE or better

dip- Model 7108 DE Standand

dip- Model 419A DCNull
Valtieter

I s T

TTOH9A (600 chis inpit)

b, hp- Model 1ID30A
and 11051 A Thernd
Converters (50 uhms iput)

nrferential Voluneter

0L MY

See Figure 5-2 tor schenlbic,

T

. -hp- Part No, 08110292

Refprience 4. Resistor; Pad, 0500 oluns v10
Supply B Resistor s vae, 500 ohns £53°5. b, hp- |‘tr: No. 21000324
).r-j'= A0t0m ‘
A ¢ Resistor; var) 30 ohins £5°7, ¢ chpe l'nrt Mo 2160 18]
Sy 10-tuin E
Pk A, Battery: L33 volrs Sab Mallory RM=1IR
ACIDC Voltmeter Avenragy o v ADip- Model $10C
it Olimmeter Input Capacity . L3 pl Flectronic Voltmerer
P !n;nn Impu! mee: T T :
Y ) Resistors l\ul Il)() hilorhus $100 ap- Part No. 07570403
Fad 1 Kilobm el , Cohp- Part No, 07570280
‘ Var, 15 kilohms, ww 30 T8-tum hp Part No: 2i00-0890
) Voltmeter Voliape Aveuriey s 22570 ai 000, gy Model 735UR Vulumtu i
N Calibrator Output: O to 3 volls Calibrator
‘;) «| Termination. Feed-throngh, 50 ohm impedance -hp- Madel F1048C 50 alm
' o ' Feed-throvgh ‘Termination
Coaxial ' SB arenuation s Q01 dI3de 1o 10 MIE Wemschel Engineering
Atléguators N)\ill attemtion + 0.1 GBde 1o ML Mudels 50-3085 and
; . L ‘ 50508 Couxind Attemutors
R | Wideband Frequency Rapge 10 Hzro - MHz - hp- Model 3303C _
P TAC Valtmwerer Acoraeys Greater than & 1, Lrve RMS Volrmeter

D5
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Section V
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-

SECTION V

1

5.1, INTRODUCTION,

5.2, "Fhis section contains information necessiry fo
maintain the: Model  SO0EEL, The following
paragraphs  describe
Calibration  Procedures. and the Troubleshooting
Procedures,

63. BEQUIRED EQUIPMENT,

(5.3, Tuble 5-1 is o fist of'the cquipn]\cnl pecired to

properly maintuin the Muded S00L/EL, I the muodel
recotnmended  in Table 5-1 B not available, 2
substitute may be used “us lonp, as it meets the
required specifications. '

5.5. MECHANICAL ZERO ADJUST (40CE Only).

5.6, Before any perforpanee checks or calibration is
begun, complete the medhunical zero adjistiment in
the foltowing steps:

. Be stre the merer has been off for at deast
one minute, ur momentatily short the meter
termminals, .

b. Rotate  mechanical  adjustment serew

. CLOCKWISE until midter pointer is to the

5left of zero and moving upscale oward zero,

ce Continue o motare adjustiment serew
clockwise., STOP when noedle is exactly on
seru. 1 necdle overshe..s, repeat step b,

d. When pointer is exactly over zer, rotate
adjustment screw shightly
COUNTERCLOCKWISE to relieve tension
on suspension. If the pointer moves o the
left, repeat whole procedure, but  make

, countercjockwise sotitiop less.

5.7. PERFORMANCE CHECKS.
5.8, The perfornunee checks arg “in cabinet” tests
that compare the JOOE/EL with its spevifications.
These procedures can be used buth for incoming
inspection and perdodic fuspection. The perforiance
cheeks should be conducted belure siny attempt [
Cmade to calibrate the instrument. A Performuance
Check, Test Card is provided at the end of this section
Tor recording the performance of the strument
during ‘the performgnee cheeks, The card can be
removed from the manual and wied a8 @ permianent

record of the ipcoming inspection o wf A outine

. 1
... performanee cheek. ;

.
v
o ,

MAINTEN

the Performanee Checks, the -
cspecifications.Three  methody are given in

Caeewiaey B rom 00225

ANCE
5.0. ACCURACY AND FREQUENCY RESPONSE

- TESTS.

500, The asecuraey and Frequency response tests
compare the Mudel SO0E/EL with 15 seeuracy
the
following  paragraphs. -Any - one uf the  three
procedures can be used dependent upon the test
equipment asailable amd the desired pecurey o
which the S00E/EL is to be checked. The procedure
using the -hp- 7454 AC Calibrator and the THOA
Amplifier is the simplest and most aecurate tor bl
voltages at frequencies from 102 to 110kHz, From
L10kHz 1o 10MH2, the 652A Test Oscillator can be
used tor the 3 and 1 oyolt ranges with an accuraey of
0.25% 107570 tor lower ranpes). The Thermal
Canverter Method 35 more  Line consuning and
subject o bumoutl but it has  an o accursey
uncertainty of 0.047 o .18, The FO2-7358R con
be used to check all raiges at 0012 1w miniinum ol
3 millivobts. The accurrey at 00 is 0,27 at 300
volts and 0.34 wing the attenuator, ‘The frequency
response can be checked with g maximum of 3 vults
with the 052A Test Oscillator, The 654A Test
Oseillator ean be wsed befow 1 volt output from 1012
ro [OMHZ with a Ratness of 0557 This Mutess is
without adjusting the amplitnde at vach change uf
frequency.

511, Accuracy Check from 10Hz 10 110kHz.

5-12. The test setup in Figure 5-1 uses the 454 AC
Calibrator iSystem. This calibrator can produce any
vultage fevel from 0.1mV to 100 volts i o seven dipit
resdout Tor frequencies from 1012 to FTHOKHL The
to G054 The TH0A
Amplifier can be used for voltages above 100 volts
with the same seeuracy.
NOTE

For uptimum performance. let the

JOOU/EL  and  the. TASA/TI0A

warmup for at_leust one-hall bour.

2. Place’ the SOOE/EL un the 3 volt range and
position the 745A to read 300000 valts at
JU0H. '

b. Conneet the test setup as shown in Figure
5-1. Set the 74SA SENSE swirch to LOCAL
of i more acenracy is desired place the
SENSE switeh to REMOTE und connect the
sense terminals to the mput of the JOUE/EL.
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Figure §-1. Accuracy ‘Test Setup

¢ Set the error range o X1 oard e the
marker to zero position, Read re de output
on the digital voltmeter, The de output
should read within the tolerances Jisted in
‘Table 5-2, With some test setups, it puy be
pecessiry 1o comeet 1 SO0 mierofan wl eapas
citor acrosy the SOOLEIEL vutput 1o obigin
the required resolution at 10 He.

d. Adjust the T45A enror control until the
il]()l.ll.l, rewds exactly the applied voltage,
Read the 400LEL error direetly in »7 from
the IlISA Where the meter error exveeds
L '.L return the 745A error contol to
zerof bring the SUOE/EL o the required

reading with the 745A voltage controls and
calilate the error, Any e shoutd be

wnlh nothe tolesance listed in ‘Tuble 5.2

under Meter,
e, Replat steps ¢ and d for each TH5A fre-

ey and voltage Tisted in Table 5-2 and

53 fnnnul the precision . I mcnu.nnr
betsfeen the 745A and’ the JOOL/L
calibrate the 1 mV and A mV ranges. If tl:c
JOOE/EL i not within the wlerances Hsted
i Table 3.2 and 5-3 refer w Porapraph 5-32
.'\|I[.,1llllt‘nl and Calibration Procedure,

5- 13.. Frequencv Response Check from 110kHz to
10Ml:|z.

a. For frequencies from POk TOMEL
adjust the 052 Gising the 50 vlim output
and o 50 ohm fead) (o the same reading on

the SOOLJEL st TkEz as read with the 745A
3 oand | ovolt only can be used on the,

expanded seale. (3 and -1 bt can be

atter dated by the 632A ranpe switeh less :

CCURICY.)
b, Turn the 65274 1o the expanded seate and
adjust the REF SET control Tur O or OdB.

3.0

»

§-14. Accuracy Check Using Thermat Converters.

¢, Change the Frequency to those in Table 5-2

and 5-3. Adjust the 052A AMPLITUDE
control until 1 s read on the expamded seale
of the meter, The de output of the JOOESEL
should be within toleranees hsted in Table
5-2 or 5-3 for mage. veltage and freguencey
settings, Change the fine adjust vp the 652A
untit the HOOEJEL meter reads éxactly the
voltage applicd. Read errar on the 652A
Meter, Where the meter error exceeds
X250 readjst the 032A AMPLITUDLE
conteol For U op the expandad seale' ol tre
meter s read’ the epror on the HOOE/ELL
The ervor should be within the tolernees

Tisted in Table 5:2 and 3-3 for ringe, volbge

and frequency settings, I out of tolermee
efer o Paragraph 532 Alignment amd
Calibration Procedure.

NOTE

For aceuracy of soltage tracking
not Fisted in Table 522 and 5-3 reter
o the Aveuracy Graphs Table 5-1
Obtain the pereentupe of aveuney
from the specitications Table 141,
Select the proper praph for the
percentage of aecuraey. Find the
point o' the cueve for any tiwhing
poist Trom Rl seale to less than
143 full seale, Horizontally locate
the exsor in percent ol reading,

i
+

CThe test sefup in Figure 5.2 uses o thenmal

Lnnwr!cr with 3 null circuit to adjost the frequency
mpmhc of the test oseitlator o within 0,297 vver ity

entire hand. Comstruct the O to 10mY Referenee

Supply shown in Figure 5.2 and altow it at Jeast 24
hours to stabilize.




Models 400EMO0LEL

Table 5.2, Acetraey Tolerances

S,cclinn \Y

Co [ . 3 Volt Bange 1 Volt Range &
Frinjuency
1H2) Voltage Muster DCOUTPUT | Valtage Mater DG QUTPUT
fopur | 4% of reading}, . {Volts) input | (% of readieg) (Volrs)
10 K] 3.00 £ 6% 0.949 + 0,047 1.0 1.00 ¢ B% 1.00 £ 0,05
2 2.00 ¢ 6.3% | 0.633 & 0.040 06 | 050 t75% [050 0038
1| roo 19w | 0316 20032 0.3 | 040 :308% | 0.00 £0.033
40 3 300 ¢ 1'% 0.949 £ 0.010 1.0 1.00 V% 1.00 £ 0,010
2 2,00 £ 1,6% | 0.633 £ 0.010 05 | 0.E0 2% 0.60 ¢ 0,010
1 1.00 ¢+ 3% 0.316 £ 0.0% 0.3 | 030:33% |030:0000
!
100 3 300 3% 0.949 & 0.010 1.0 1.00 ¢ 1% 1.00 £ 0.0 g
, or 2 b 200:18% | 0633 0010 06 | 0BO 2% 0.50 : 0.1
, 400 1 100 ¢ 4% 0.316 £ 0,010 03 | 030 :33% |030:001
B0k 3 300 1% 0949 : 0,010 1.0 100 £ 1% 1,00 £ 0.01
2 200 £ 1.6% | 0633 £ 0010 056 | 0.50 £ 2% 060 £ 0.01
1 1.00 ¢ 3% 0.316 t 0.010 03 | 030:33% [030:00}
1M 3 3.00 £ 1% 0949 £ 0010 10 100 1% 1.00 : 0.01
2 200 £ 1,6% | 0633 2 0.010 05 | 050t2% | 050:00
1} 100 3% 0.316 : 0.010 0.3 | 030 1233% | 030:00
am 3 3.00 ¢ 3% 0.849 t 0.029 1.0 1.00 £ 3% 1.00 + 0,03
2 200 t 38% | 0.633 £ 0024 05 | 050:45% |050:0023
1 1,00 £ 6% 0.316 £ 0.019 g2 | 020 +65% ! 030 +0020
10M 3 3.00 & 6% 0949t 00476 1.0 1.00 & 5% 1.00 & Q.05 -
2 2,00 6.5% | 0.633 ¢ 0.0411 0.6 0.50 * 8% 0.50 & O.
| 1.00: 15% | 0.316: 00348 0.3 030t 12% | 0302 0.036

A Hhewe tolerances carr also he used  on
the tollowitey ratiges: 10.mV, 100 mV,

NOTE

VIhe test oscillator used must have
very low distortion (less than 19).
A thermal converter and an average
respondine cirenil react difterently
to distortion, and any distortion
present would create o calibration
CLror. o

5-16. Refercuice Supply Calih]r'ation.

5.17. Use the fullowing piocedure to calibrate the

thermal converter and reference supply.

v er s
4. /Connect the de standard, the J0OE/EL. e

sensitive

Figure 5-2. Set switch S1 to position A
conneeting the de standard output to the
thermal  converter input,  ‘The  reference
supply und the thermal converter  are
to  varistions in ambient
temperature. ¢ Ensure  that the  ambient
" temperature variations are luss than $2.0° €.

: NOTE-—=-
1t a SOOL/EL Option 02 instrument
is used, set the REL. REF

~adjustment to the fully ¢lockwise

ABSOLUTE position

helfure
making accuraey check. '

pull voltmeter, the reference supply. and a 3
volt  hermal converter (HO2-E1049A with
600 ohm input impedanee} as shown in

b. Set the de standard output to +3.000 volts

de,

'
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Figire 5-2. Accoriey pnd Frequeney Response Test Setap
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: ‘\ ‘Table 5-3. Calibration Tolermiees
. ! .\lilli\‘dh Ranpe Only. i F Millivolt Range Only, ‘
Fregquency Frequeney .
(Hz) ' Voltge \h.lcf mv) | DC Ontpur (HY) Voltage | MetertmV) | DC Onrput
Enput 4oof ll.‘.ldlllb) {Volts) Input st of reading) {Yolrs)
10 l.lﬁ)_mV 100 + 5%, 100 £ 005 TOUK LOumv | 1oo kv 100 £ 0.005
: 0.5mY | 050+ 781 [0.50 1003 | 0.5mV | U0 2 (1L50 £ Q001
0.3mV | 0.30.¢ 1017 0.30 £ 0.033 0.3mV | 030t 539 [0.30 £0.0043
40 ooV | 100 ¢ 1R =['?' 100 £0.02 S00h | LoomV]| 100 EIG 100002
053mV | 0504+ 20 '\ l‘ 050 £ 0015 tamV | 050127 (.50 £ OIS
BImV | 030t 3.3',.1‘ 030+0013 03mV | 0304330 03020013
100 FOOmV ] 1.00 ¢ b7 1.00 ¢ G005 SM 1.00mV ] oot 50 1.00 + 005
0.5mV | 05020 {1.50 & 0.5 05mV | 050700 0S50 L0088
0.3mV | 030330 (0301 G003 Q3ImV [ 03021087 10300033
i
MEFON i Vi e g B

-~



Models 400E/400EL. . | Section V

2{1/4% FuSe +1/4% READING) £{1%FoSs 1% READING)

‘ R RN ;;_

o
o
E % . 3 Soml aa -‘:
(%] a - - W Y e ') SN DS S S [
z Lo ] - .
= S i " :
Y N . 1 - % oo .
™~ JUNIRN SRS S //”_‘ v b ...}.._k - - . .
# L ..[ L. il (RO SO B RO S e e l‘:g [5)) SEIE] Iy S i
q 1’3 72 HA Fols a I .
I
L} [ -
. ! LS PRV
2{0e4 %FeSe+ Qel % READING) Y .

i\

[T
|
1o
i
!

\ U DS AR Y T B R 7_.7 R e
R ]
g o A ‘.___.,,.AL.W.._ L.... ¥
N ’ o we 12 2/3 Fols

ool

% READING ERROR

i

[
bR

|

010 1 O A~ i 0 8

B . 3 L IR

: i )
#1,/2%FeSe +1/27% READING)

[ R SR P R

% READING ERROR
f=
i
|

[ T TV (SN S

W LA
0

173 e 203 FeSs

P T e Bt plil

Y S D ! o

*% READING ERROR
[=]
f

|l ) . |

i .

T g e 2{2e5%FeSs+ 2.5%READING)
- . B} e e et e e g ey

IO oot S SO SO N ) I A I;X [ SN SR I POV

[0 ST (OO S R
SN TR AN [T R B B N R R ! [N U GHD PP h‘."\.,‘\._n-
0 1),? (T8 241 Fein ' e I [

1.0

[T NN SURNGY NP S

1 1 ! Ry R Tl St SEUE
{ 1 :
/- #{1%FeSae+0%READING)

T N

[+ 4
(=]
[+
m an. B
/ g . i .
, R b o 1 ! g Q pomo o ——
B 4 JRUUEE UGN D S, S g0 N o R T S S ! = - e e
. x L Ly ?-‘h"“"“—-—. o a8 L
@ i N T : T — o 2 - [ —
74 ij [ R ! ' B & i =
woo i S o L Ve e
v o}~ B T N iy s oo S -
- Lok .. ! L s .
-]
o
It
@
&

i SPUESE F S OV A o
f i et 1 )
- ! R St e e AR B X R raRnt




5-6

c. ‘J\'iflg
reference supply until fts output is within.
+1.5 micravalts of the thermal converter

Section V

the  null  voltmeter, adjust  the

output.

5-18. 3 Volt and 1 Volt Accuracy Test.

5-19. Check the J00E/EL accuracy and freguency
response on the 3 volt and 1 volt ranges according to
the following steps.

!Ecnunoui

SET TEST OSCILLATOR
QUTPUT TO MINIMUM BEFORE
"CONNECTING. REDUCE
OSCILLATOR QUTPUT BEFORE
CHANGING FREQUENCY
RANGE. DO NOT ALLOW
OSCILLATOR OQUTPUT 10
EXCEED RATED INPUT OF
THERMAL CONVERTER. ANY
OVERLOAD MAY DESTROY
THERMAL CONVERTER.

)

. Set switch S1 in Figure 5-2 1o position B,

connecting the test oscillator’s 600 vhm
output to the. thermal converter input,
Connect  the digital wolimeter to the
S00E/EL DC OUTIUT terminals,

. Set the 400E/EL Ruange Switch to 3 volts

and set the oseillator frequency to [0z
Connect the BNC T connector direetly o
the 400E/EL INPUT.

. U‘illl}, the oscillator Jlllplltlldt. control as

coarse udjustment and resistor R4 {Figure
5”’) as  Fine  adjustment,  increase  the
oscillator amplitude  ontil  the  thermal

©converter output nulls the reference supply.

¢,

Obseryve the J00E/EL metsar indication and
de vutput.

. Repeat step ¢ for cachit':cqucncy listed in

Table 5-2. If the A400E/EL is  within
specifications, the meter indication and tie
de output wilk be within the tolerances listed
in Table 5-2, :

Recalibrate  the 1GmV  reference supply
aceording to the procedure in Paragraph
5-17 using a 1 volt thenm: b converter and a |
volt output from the de standard.

e

A \ !
Loy
Iy
Repeat :sp.\ A through d in this paragraph
using the one volt thermal converter und the

50 ohm ottput of the test vscillator. Set the
J00L/EL to lhc 1 volt range.

Models 400E/300EL

520, Range Trackiny Thst

521,

the JOOE/EL with a

\'i \\

The range lmkn test checks the .lv.t,ur..u.y of
31 sulq mput over its entire

frequency range.

5-22. After verifying the fu!l seale calibration with
the sccursey test.in P.ir.abraph 5-19, cheek the range
tracking with the tollowing procedures.

a. Recalibrate the 10mV  reference supply

b. Set Si

gecording to the procedure in Paragraph
5-17. Use a 600 ohm input, 3 volt thernal
converter and 3 volt output from the de
standard.

v'v'rvvrvv

ECAUTIONS

ALAAMLLBANA,

SET TEST OSCILLATOR
OUTPUT TO MINIMUM BEFORE
CONNECTING. REDUCE
'OSCILLATOR OUTPUT BEFORE
CHANGING FREQUENCY
JRANGE., DO NOT ALLOW
; OSCILLATOR OUTPUT TO
EXCEED RATED INPUT OF
THERMAL CONVERTER. ANY
OVERLOAD MAY DESTROY
THERMAL CON* 'RTER.

in Figure 5-2 10 position B,
connecting the test oscillater 600! ohm
output to the thermal converter input,
Connect the digital voltmeter to  the
J400E/EL DC OUTPUT terminals.

¢. Set the 400E/EL switch to 10 volts and the

vscitlator to 10Hz. Connect: the BNC “T"
connector directly to the 400E/EL INPUT.

d. Using the oscillator amplitude control s

cuarse adjustment and resistor R4 as a fine
adjustment, set the oscillator output so that
the - thermal converter output nulls  the
reference supply output,

. Repeat step d for each frequency listed in
Table 5-2. If the J4OOE/EL is within
specifications, the meter indication and the
dc output will be within the tolerances listed
in the table,
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Figure 5-3. Dyt lmp‘cdahcc Check

f. Repeat steps a throupgh ¢ in this paragraph
using & 30 ohm input. 1 volit thenmal
converter and a +1.000 volt de output from
the de standard. Set the SOOEJEL to the 3
voit range and use the 50 ol output of the
test, oscillator.

523, 3mV and 1mV Range Accuracy Test.

a. Recalibrate  the 10V reference supply
according to the procedures in Paragraph
5.17 using 2 0.45 volt thermal converter und

" (.3000 volt autput from the de standard.

.' b. Set 81 in Figure 5-2 1o position B,
‘ + connecting the test oscillator output to the
thernal converter input. Conneet the digital
voltmeter to the 400E/EL DC OUTPUT
terminals,

‘ +CAUTIONS
SET TEST OSCILLATOR
OUTPUT TO MINUMUM BEFORE
TCONNECTING, REDUCE
OSCILLATOR OUTPUT BEFORE
CHANGING FREQUENCY
RANGE., DO NOT ALLOW
OSCILLATOR OQUTPUT TO
EXCEED RATED INPUT OF
THERMAL CONVERTER. ANY
OVERLOAD MAY DESTROY
| . THERMAL CONVERTER.

c. Set the 400EJEL RANGE switch to 3
millivolts (.003 volts) and the oscillator to
10Hz. Connect a precision 40dB coaxial
‘attepvator between the BNC T connector
and the 400E/EL INPUT.

d, Using the oscillator amplitude control as
. coarse adjustment and resistor R as a fine

www.valuetronics.com

1

h.

adjustment, set the oscillator output so that
the thermal converter output nulls  the
reference supply output.

. Repeat step d for cach I'rcqucncy listed in’

Table 5-2. IF the J00E/EL s within
specifications. the meter indication and the
de output will be within the toleranues listed
in the table,

Recalibrate  the 10mV  reference supply
necording to the procedures in Paragraph
5-17 using a 0.45 volt thermal converter and
3 0.3162 volt output from the de standard,

vivv"vvvrv

-cnunon-l

PAAAAAAAAALN

SET TEST OSCILLATOR
OUTPUT TO MINIMUM BEFORE -
CONNECTING, REDUCE
OSCILLATOR OUTPUT BEFORE
CHANGING FREQUENCY
RANGE. DO NOT ALLOW
OSCILLATOR OUTPUT TO
EXCEED RATED INPUT OF
THERMAL CONVERTER. ANY
OVERLOAD MAY DESTROY -
THERMAL CONVERTER.

. Set the J00E/EL RANGE switch to 001

volts and set the test oscillator to 10H2,
Connect o precision coaxial 30dB attennator
between the BNC “T™" and the JOOE/EL
INPUT.

Using the oscillatoe amplitude control as
coarse adjustment and resistor R3 (Figure
52y as  fine .:djuslmem. increase  the
oscillater — amplitude " until  the  thermal
converter output nells the reference supply.
Observe the JOOE/EL meter indication and
de output,

: 5-7.
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RLI)EI[ step b for ench Trequency listed in
"I‘ahlc 53, If the S00LJEL is  within
specifications, the meter indication and the
]du., output will be within the tolérances listed
in Table 5-3,

j. Mace the JO0E/EL RANGE switch 1o 003V
©and repear step hoat 1/3 seale osing the
frequencies listed in Table 5-2.

o NOTE
Refer to pamgraph 546 for un
afternate  calibration  accuraey
check.

'5.24, INPUT IMPEDANCE CHECK,
8.25. Input Resistance Check.

a, Connect the 50 ohm output of the test
oseillator to the input of the JO0E/EL.

b, Set the test vscitlator and the SOOE/EL to
the 3 volt ranpge. Set the oscillator output to
40H2, and adjust the output for a full seale
indication,

Connect a 100 kilohm resistor between the
test oseillator output and the SJ00E/EL input
as shown in Figure 5.3,

-

)

d. The $00F/EL indication should not drop
more than ope small scale division fromy' full
scale. This verities an input resistance of 16
meguhims.

i

5-26. Enput Capacnty Check

t

5-8

a, (unnu.( 4 test muii.ntur a 100 Kilolun
“pesistor, and. the JOOE/EL as shown in
Figure 5-3. traert the resistor lead directly
into the BNC connector on the J00E/EL,
and ‘conneet the ground lead to the ovuter
shield of the JOOL/EL input comiector, Do
not use an adapter, as any adapter will add
cinput capacity, |

b. With the 4()0!1:_/[-11_.011 the 3 wvolt range,
adjust the test vscillator for 3 volt veading
on the J00E/EL at 10, S

¢. Inerease the test oseitlator frequency until
the 400E/EL indication drops o 2.1 wlts,
This, should vecur' at a frequency of 132k
or greater. verifying an input capacity of
12pE or fess va the 3 volt range.

i ’

| © Mudels J00E/400EL

d. Repeat steps o ond b with the J00E/EL on
the | volt ringe,

¢. Increase the test oseillator frequency until
the JOQOE/EL indication drops to 0.707
*wolts. This should veeur ot a frequency of
63.5kH2 or greater, verifying an Input
capacity of 25pFror less on the | volt ranpe.

5.27, AC TO DC CONVERTER OUTPUT

'IMPEDANCE CHECK.

5-28, Proceed as tollows:

a. Conneet an -hp- 05IB or 652A Test
Oscillator through o 50 vhm load 1o the
input of the'JOOE/EL,

b. Connect a de digital voltmeter to the de
output of the 400E/EL located on the rear
panel. Set the 400E/EL 10 the 3 volt
RANGE.

¢. Set the oscillator frequency to 100kH2 and
the QUTPUT ATTENUATOR to 3 voits,

d. Adjust the oscillator amplitnde  to rclul
1.000 vol*: o the digitad voltmeter at the de
outpul. ‘

¢. Place.a 1000 ohm 1% metal film resistor
{-hp- part number 0757-0280) ucruss the de
ontput of the J00E/EL. The voltage should
read between 0475 and 0.525 wolts, This
varifies that the de output impedanes is
1000 ofuns £55%.

529, AC OUTPUT VUI.TA(\EE CHECK.
5.30. Progeed us follows:

a, Connect an oscillator (6318 or 652A) 10 the
input of the JOOE/EL through u 50 obin
load, Connect an ac digital voltmeter (-hp-
{3303C) o the ac ontput of the HOOE/ELL

b, Place the JOOE/EL und the oscillator on the
‘une volt range,

, .

e Adjust the oseillitor’s amplitude for full
scale detlection on the JOOE/LL meter, The
ae digital rvolometer should read 150 mV
2104 tram 10 Hz o 4 Mile,

d. Decrease the range of the oscillator and
' JUOE/EL to 100mV and 10 mV, repeating
‘ Step ¢ for eack voltuge,
J




Mudels 400E/400KL

¢. Place the uscillator and the A00E/EL on e
ymV range, increase the. oscillator’s
amplitude For full scale dellection on the:
AQOE/EL meter. The se digital voltmeter
should read 105mV $10%. ;

5-31. CONCLUSION OF PERFORMANCE
CHECKS. ! ‘

NOTE

When the JOOE/LEL bas passed these
. " cheeks it has met its specificutions
listed in Tuble -1,

r

5.32, ALIGNMENT AND _CALIBRATION
PROCEDURE,

! NOTE

CThe Joeation of udjushncﬁts ot A2
’ depends on the applicable hoard
revision (see Pages 7-2 and 7-3).

5.33. The calibration adjustwents are “cover oft™

y procedures to udjust the JOOESEL tovits perfurinance
. + specifications. If the instrument cannot be properly
adjusted, refer, to the ‘Froubleshooting Procedures '
(Paragraph 5-1R). Figure 5<4 shows the Joeation of 4l

.
A

-7 L~

Section V

534, COVER REMOVAL, -

535, To remove the top or hottom covers, Tenove
the Phillips screws holding the cover, stide the cover
about | inch to the rear, and lift it off, To replace the

cover, reverse the removal procedure, 1Lt §s necessary

lo remuove a side cover. remove the four Phillips
serews and Bt bt o, bt

NOTE—
Connect u de yoltmeter to TP The
voltage shonld be ¥l £2V.
Connect a de voltmeter o TP The
Cvoltage showld read -26 0y, I
these voltages are not correct refer
to Troubl.shooting Paragraph 5-18.
5-36. BIAS ADJUST. o :
5.37. Conpect u de voltmeter to TP3 and adjust
A2RI7 for 6.0 10.25Vde, Connect 8 de voltmeter to
‘TP and adjust A2R31 for +10.0 HVde.
?
5-38. AC OUTPUT ZERD,

1

5-39, Connect a de voltmeter o TS :md,udjusl

CA2RSY fur 0.0 $0.050Vde.

5-40. CALIBRATION.

NOTE— : o

the internal adjustments. ! ! I o 400E/EL Option 02 is to be
A2R38 A2C28 AZRIN 52C2
400 Hz ADJ 10 MHz ADY BIAS ADJ 3mV 10 MHz Al
{ADJ FROM SIDE}
g ;
L. 7 . v

h

74

I

\\
iy

g f

ov N;‘.J

[ADJFIROM SIDE)

L1
L > ll . T
AZREY " A2HA4 ‘02 AZR17 \mm
1 mV 400 Hz ADJ DCOUTPUT ADY  BIASAD) 3V 100kHzAD)

{ADJ FROM SIDE}

Figure 5=}, Locatjon of Internal Adjustments ‘ R
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. .
calibrated, ser the REL, REF
adjustment to the fully dockwise
ABSOLUTE pnailinn beture
beginning the eolibration, Always -
cheek und set the blas lewels first
befure culihmlinn.

v

541, Accuracv and Frequenc\r Response Calihration.

5-10

L

-~

-

=

.slihr.uc the rcicrcnu: supply in Fignre 5-2
with a 1 volt thernpl converter secording to
the steps In Parageaph 5417, '

. Disconnect the standard pnd connect the

test oseillator, the SJ00EFEL, und the digital
voltmeler oy shown in Figure 52, Cuonnect o
preciston J04B coasial attenuator between
the BNC ™I connector and the JO0E/EL
INPUT, When' the thermal converter and
reference supply outputs are nulled, the
input 1o the J00LE/EL will be 10mV. Set the

oseillator - frequency - to 001z and  the

SJO0E/EL to the 0,01 volt range. Using the
amplitude coptrob as coarse adjustment and
Beb as fine adjustment, increase the useillstor
output until the thermal converter output
nills the reference supply.

Adjust - A2RIB Yor a -HOE/E metcr nc.ulnnc
of HomVy +(} IV or fess.

» Adjust RX for a digital voltmeter dl\pl.l} of

1,000 $0.005Vde or less,

Lower test  oscitlater  output  and set

frequency  to. LOMHz. Readjust  wseillator
amplitude until thermal converter ontput

“nnlls reference supply,

Adjust A2C28 Tor digital volrmeter display
of 1000 0.0 or, less,

Lower.pest useaitor output aml set the fre
quency to 10 MHZ, Disconneet the precision
JOJB attenapor anl cannect i precision
5048 atteauator in ity place; When the

Sthermal comverter wmd the relerence supply

are nutted, the input to the JO0E/EL will be
Jio2mV, Set the JOOE/EL RANGE 10
0.003 volis, .

Using the amphitude control ay n coarse

adjusiment and R4 (Fipure 5-2) as a lne
mdjustment, increase the - oseillitor vatput,
untit the thenal converter exactly nulls the
reference supply vurpup.

)
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i Adjust. S2C2 for . digital voltmeter
fdbention of 1,000 $0.04Vde, The 400E/EL
showdd read 3,16 ;().lSBmV.

NOTYE
Check at 6 .md dMHz. Amplitude
can be Jowered at 4MH2 by moving
A2C1LT and C13 closer.together,

§. Lower the test oseillator output and set the
frequency to 400Hz, Replace the 1 wolt
thermal converier with o 045 volt thermal
canverter, and calibrate it according to the
procedure in Paragraph 5-17 using o 0.3162
volt output from the de standard.

'

k. Disconneet the de stapdard and conaect the

Atest oseillator e the thermal converte; as

shown in Figure 5-2, Set the J00E/EL eanpe

switeh-to 3001 volts, Using the amplitude

control us a course adjustment ond R as a

fine  adjustment, inerease  the  vscillator

vutput until the thermal converter output
exactly nulls the reference supply vutput, At

null. the input to the 400E/EL will be IV

at HO0H., ' ;

n

=

. :\djml AR l fura l]lbll.l[ valtsnety dtspla}
of 1.000 +0.005Vde,

NOTE

The ! voltapei st T8 F affeets fre-
queney trespovse, Ithe frequency
response is Tow ot 10 and 20 1y
decrease voltage wt TP {extreme
lmits 8 to 1 2vohis). After changing
voltage ar TR, check high and low
frequency respune, N
. M the aceuracy and frequency response ean
not be hrman into specilications with the
preceeding adjostments, refer to Table 5 1
Factory Selected Components,

542, Calibration Procedure Usmg hp 745A/746A
Calibrator.

i

!
5-13. Culibrate thc'-l(i(ll/ll for tu.pwnuu from
FOHZ to TIOKHZ with the test \clup shm\,u in Figurd

31,

o Set the M3A o the voltpe fevels and
I'rcqll)tcncics Bisted in Table 5-5. Alternate
Calibration Procedure (omit steps 2 and 3).

select the proper SOOESEL runge. .



)

. For steps 2 and'3 the adjustment procedure
in Paragraph 5-41 or 547 must be used
becsuse ui frequency. h

' 0 o X i
CJF the aecitsicy can not be brought into
i specifications refer to “Table 511 Factory |
+ Seles ted Components. =

S o

1 5.4, Atteruator Alignment,

L B o ' . .

. “it, Use the s'ctu;‘) shown in Figure 5-2 to aligh

- . - the attenuator.  Calibrate  the  reference
’ supply aceording - to. the procedures in

. Paragraph 5-17 “using a3 wolt thermal

R converter. ‘ R

. B P
b. Disconnzet the de stundard and connect the
Cost caciilator and JQOE/EL a5 shown in

oo 'Figire 5-2. Set the oscillator frequency to
T 100kHz and . the 400E/EL to the 3 woit
e .7 range, Using the amplitude control as coarse
W fadjustment and R4 as fine adjustiment;
v inenease the oscillator output  uotil ‘the

o shoplye

[ R

-L!‘.H"Jhc”g\t|3ulsl A2 !
Lo peading off 3.00 40.03 volts or fess.
. [ I o [ . . L ’

(R R . . N N
W ' 545, Alternate Calibration and Performance Check.
. ' X AR f; ‘\ w :: a ; ',\-' . . l'.

P 530, The Tollowing aliernate prodedure ear be used
for hulh4:|;i’cr.t'urin;n§qc‘(.‘_Iwgk’-a;M tor valibratton.

thermal converter output pulls the referende

RN

S solimetbr calibtator to gentrate a J00 Lz signal from

.

o b tords 020 at 300 volts it 0.3 nsing [the arrenua-

ST jor, For greater pecuraey e calibrator ouput can be
I3 " . RS . Vol f
. monitdred by ‘the ue differential vpltmeter amd the
g s s R
: ( H | i
: A oy 1 . |
\ : i . . ]

| Lo
| 1

ww.valuetronics.com

in the 400}&[15[, for 2 meter ‘ ,

e alteitgte procedure ises i hp- Madel 735BR

300 volts tih-3amillivolts. The aceuracy of this calibrea- =

- E , SRR
-+ Models 400E/400EL’ A _.\ScctionV i
. ' : Tuble 5-5. Alternate Galibsation Procedure ' S '
: e g e AO0E/EL INDICATION
STEP | J00E/EL RANGL CALIBRATION SIGNAL [ ADJUSTMENT / — - ,
' ‘ o | METER he OUTPUT
YT 1OmY 400Hz AJR38 Lomy };U.IIIIY i Lo .ii ‘
, - R2 | 1,000 $0.005Vde"
2 0.0V 1OmY 10MHz A2 [lomv20.5mv 11,000 10.05Vde
3 0,003V SV 10 st 522 [3mV 005V 0949 40.047Vde
s | oomyv | ImV sl CATRM [1mV0.01mV |1.00010.005Vde
5 kAY 3V 100k ALC2 3V 10.03V . 0.949 $0.004 Vde
b. With the ﬁ&juslmcut components Fed in ;\(f'lN'l'iiiiN;\=L L?AUBR:\'“ON'udjusuncn; giu e
Table §-5 adjust‘within the specified epror,  wsed 19 wljust the calibrator output 1o the RUTAINY

. of the ae ditterential voltmeter, Eaeh time the calibra-

tor valtage range is ¢hanged the owput must be moni-
tored and adjusted. Do not readjust the caljbrator

up tae 652A for a Srquency responsejtest frmm

~helow the 50 millivolt range, .

5417, This 200 1z voftaee is used as a rcl'crfhcc b set

H
1

¥

FO Fl2 to 10 MELZ ag voltages up to 3 vults.i,ff )

Y

il

b,

. c d

d,

e,

t

1

f.

3

Connect the circuit as in Figore/5-5 psition |
A Place the e differential voltmetes 10 300
yolts (maximum sensitivity) up'd place the
calibrator to 400H2 rms. 300 {Wy}lls. '

Adjust the. AC INFERNAL CALIBRATION
for an_exact . reading' on {he differential .
voltmeter. 7 i
| i ‘
Comneet the cisevit as in Figire 555 position
B. The 4Q0E/EL should read 300 volis £1%
or 3 valts. The de’ vutputshould be 949
100047, N
Change the calibrator ang e differential
voltmeter to 100 valts, C{jfmcut as i Figure
5.5 position A. Adjust the ACINTERNAL
CALIBRATION for an exict reading on the
differentinl voltmeter. :;"fj ' ‘ :
. i

f |

. T . i § !
Comnect the circuit as jjposition B with tile
JOOE/EL on the 300V ihnge. The J00L/EL

meter and de output shpuid read within the '

tleranees in Table'S:f for 1 volt' input on
the 3 volt range. do AR

Change ‘the JOOE/EL fo the 100 volt range.
Use the tolerances uf Table 5-2 for 1 volt
input an'the 1 volt rojee. : ’

i
|



bl

ER cnuaﬂmon A VOLTMETER o , o

VOLTM

g 1 'hp73eeR Fol00E/EL "+ . MULTI-FUNTION METER'
: ; - v hp 3450/ ) s
: R TT : ,J,,.._'\, ' et —
4 W Y N |G ' RS R ®
b @ (()l A ) . 11 . Cojored nrtie? B
N . ) Ve o vl B eo U
. Y Tyt ) : . (I,}J & '¢"i'-‘"'- N TR L rhil
. ‘ P 9 ;?5 Q& N 1o ! S o
) . T, o, ; ! ne oUTPUT , . .
; ! QN REAR

— ”'_

Ipas.u'rf.non ] 2
! T h P
i l : } | ; : ) , ! ) ' " ; L . 1
, :‘1 'POSIYIGN n B , Lo mw C | "t]:]ﬂﬂ;-——-'-——\ !
! . . R . R g AU - — s - L
. - ~ {OPTIONAL) , ‘ : S bon FEeo-THRU ! |
L DC DIFFERENTIAL . N RATION |
. |~ VOLTMETER/DC STANDARD .; C Thpoase i
: : ‘ “hp 40P : . TEST 10SCILLATOR
! [N | ORI~ o . o
5 ] - : () 39 L ( ) \ (t) _.__J (t ‘) I
i I} ﬂ t:{: _.Q A:F M I:[ _ti {{ :i |3_ { C . . ‘\ ‘ X ) -/
g Lo L 3 Rt Al s - @ w3 ’f_r)“ S

Fipure 5-5. Alternate Calibration and Frequency Test Setup ©

the calibrator is more accurate: than the
ditferential voltmeter at these low voltages,

g Repeat 'slcps d and ¢ for each range of the'
JOOEJEL cheeking Full scale amd 1/3 t'nl’
seale fnr each deccending range, |

p. For cheeking the accuraey of the ImV Range

I -On the 3 volt range record the reading uh of the J00LfEL use 1oleranees isted in
the SO0E/EL meter and de output, - ., Table 5 5-3, :
i. Conpeet the cirenit-as in Figure 5-5 pc)siliZm $o T mV o M2 s ealibrated by dressing the
C whiteforange/yellow  jumper wire between N
. v ! !‘ the secomd attenuator and input o the
§. Adjust the amplitude of *he test vscillator at meter amp, Moving the jumper wire towards
400[!1 to the v.liuc recorsed in step h. | the  Juck  lowers  the  response,  Set
RESPONSE  1,5% high with the bottom
k. Set the tost uaul!amr 1o the EXPAND sult. cover olf, The installation of the cover will
. position and adjust the REE, SET Tor o 0% fower the response by 1.5%. See Fipure 642
wr 0B rc.ldmb o lhc meter, for location of the  whitgforange/yellow

; f jumper wire, C
m, Change the Iruquency to thuse in Table 5-2 Co

and h..ldjllal the oseillator AMPLITUDE to | £ I the JOOE/EL s out of specificajions at a
; 0% or 0dB. "She JOOE/EL de ontput hould - frequency, djust she component listed ju
read within the toberance for that frequency, _ ' Table 5.5 for a JOOE/EL meter and de ow-
range and’ woltage input.  Adjugt  the put reading within e proper tolerasee,
vseillatog’s ‘fine controb for an exact meter Use the range specilied Tor mdjustiment, ‘
reading. wi the J00E/EL. The % reading on’ !
the oscillator’s  meter should be. within NOTFE -
toleraney; : ! The 654A ‘'Test Oscillator can be \'
; ased i place of the 652A Test
~ n. Repeat steps h thri m for descending —nges Oscitlator for an output of 1 volt ur
‘ at full seale and 1/3 full scale/using the less. The accuracy is 0,39 without
oy apprapeiate tables for tolernges.  Below readjusting  the amplitude at ecach

change of frequency.

. 5OmV do not use Figure 5-5 position A as
I t

yww.valuetronics.com
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Table 5-6. Troubleshooting Tips

. SYMPTOM

'PROBABLE TROUBLE

-~

8.

CTP3
tadjusted properly

. TP

No response to put signal
fow Br voltage 0t TP or Low
B- voltage at T2

i

Low gain at high frequencics

High gain at high frequencies
Low {ull scale readings

Instrument  will  not  range
above 1 volt but works OK at ]

~volt and below

Instrument  will not - range
below 3 vults but works OK on
3 volt iange and above
voltage ¢an not  be
TPS 'vollage can not  be
adjusted properly

voftage  cun
adjusted properly

nut  be

TP voltage varies and meter |

needie wobbles
I .
pr line transients

Fransients ug range change (1Y

to 3V)
Peaking at SMilz{10%)

. Veltage slightly low on Imy

range

. Low “plage (10 und 20H2)

near full scale

. Meter Amplitier Cirenit, Cheek A208 thru Qli.. ‘

. Cheek A2Q3 and Q4. (5 on old instrument change A2Q4, A2R73

. Isulate by disconnecting vrange wire to switch, Voltage at pin 21
. Change value of A2R72* (refer to Table 5-11).

_Cheek A2Q13, Change value of AXC31Y {Tuble 5-11). Check

Fuse A2F1 open. Cheek power supply voltages. Check' AC signal
aceording to Paragraphs 5-53 through 5-55 to isolate the area of
trunhle,

Disconnect jumper wire, Measwe resistance to pround at both
jumper tenminals. IF 10 ohms on the meter side, C16 or C19 s
shorted, if 100 vhis. £35 o1 C29 s shorted: if 2ero, C8 or €9 is
shorted. - Disconneet R20 'and "R28 10 isolate the Bwpedance
Converter, IF low resistance s on power supply side refer 1o
Paragraph 5-51 and ‘Fable 5-7. '

Check A2C22 Jor open il 10% low, Lift A2C39 and check for
wseillations: it no vseillations check A2QI 5and 16, ‘
Check A2C30 for an apen.

Check A2CRLS and A2CRI6,

Relay AYKE stuck in elosed position.

Refay K2stuck in <Josed position,

Extreme condition: check A2Q5. Q6 we' Q7. Sl variation:
change value of A2RIEB®. (IRefer to Table 5-11), :

AC output circuit. Check A2QIE5 und Qit, Refer to Paragraph
5.58 and Table 5-11, :

Isolate by shorting A2CL7 to ground. I voltage at TS still varies
the troubse is in the Meter Amplitier. Refer to Paragraph 5-54 and
Table 5-9. If voltage is constant the trouble is in the Lmipedance
Converter. Refer to Parugraph 5-55 and Table £3.

and R74 to current part number). Check A2CR20 and CR21.
Match reverse resistance of AZCRY and CRI0. Check S7CR] und
SICR2. Check reluys. -

should be same as input. Refer to Paragraph 5-55 or 5-50.

A2C10 and C20.

4

548, TRUUBLESHOOTING.
_ = |

5.4, These' procedures should only -be performed
when the 400L/EL can not be calibrated aecording to
. providures in Paragraphs 5-32 through 5-47. 1f the

ww.valuetronics.com

SUOL/EL is slightly vui of specifications and can not
be corrected by the proper adjustment, refer to Table
5-11 Factory Svlected Vatues. IF the JO0E/EL s
inoperative _or completely out of specifications
proceed s follows:

' ‘ 513



Sectiop V!

m. Check  the bstrument fur oy obyious
evidence of trouble, such us fowse ur hroken
wires or broken conectors, Clieeh lor busn
or foose Cmpunents or separations or ciichs
in the printed cineuit hoprds, Ensupe that ol
pins re clean,

! !

b. Iselate the tronble 1o o particblir chrend
using theblock diagrom Fipure J-1 and the
schematic Fipore 741,
toubleshouting steps for that cireuit, Tuble
5-0 gives some probable troubles for wct.ilu.
SYImptoss.

NOTE

Test voltages in s section aind ont the selemg-
tie are woninal. ) toleranee of 2 10 s uh’nw
abde wd miowe when stared.

- 6-60, POWER SUPPLY.

5-51, Cheeh with o de yolpmerer G508 10 ol
P Tor b 2o soliy and - 2o volos sespectively, I the
TE voliages are improper, check the voltages histed in
Table 3-7. 11 the volrage for g given comnponent s
wrong, the trouble is probably in that component or
ity assovciated cirenir,

Table 5-7. Power Supply Voltages

Then refer o the,

 COMPONENT VOLTAGE

Collector QI IRVAY
Cuollector 32 0.5V
Emiter Q2 FOLURY
Base Q3 0.0V
Collecror Q3 235V
Collector () RIAY

5-52. AMPLIFIERS,

583, Set the SOOEEL 1o dhe 1 ovelt nimge, and
comneet ol sealy input, With o sensitive s
vultmeter, mdnitor the ae semplilier output ot the
segative side of AZCH or A2C36. The vutpu should
be 150mY. 1 it is ot 150mV, measure the ae voltage
st A2 pin 2L The vottage at pin 22 shoutd be JmV, 1Y
these two voltage: readings are correets the meter
amplifier and meter bridge are operaiing properly.

550 0 the voltape at pin 22 s dow, pall the
whtforn/yel wire from pin 22, and messwre the we
signal ar the wire, Bt shonld be 3mVo IV the voltage on
the wire is proper. the trouble is in the meter

3.1+

w.valuetronics.com
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splitier. 1A sn't correet, the rouble is either in
the Post Attenor ur the Iinpedanee Cupverter.

5-55, Tu check the Tmpedanee Converter, mwsistire
the e voltage at fts onrpat (A2 pin 21). The ourput
yoltage showld be very close to the input voltage sinee
the Impedance Converter s nounity gain wnplifier,
With a1 volt input, the vutput should be 0938 volts
F.802 vults,

5-36, Botb the Impedanee Converter and the meter
amplifier are bternally de coupled. 1§ the de voltapes
anywhere in the amplifier are incorrect. the amplifier
won't uperate properly, Consequently. u check of the
de voltages is 1 pood cheek of the amplifiers,

5-57. Tables 5-8 and 59 contain the de voltiges on
allof the wunsistors in the meter amplifier wnd the
hinpedapee Converter, 3 the measured voltage o o
given transistor is wrong, the trouble is probuably in
that transistar or its associated cireant.

NOTE

Measnre these e yoltages with the inpint
sormd, o de volimeter with low ingin
capacitanee and vory Ligh impat resisianee must
he wsed. Mhe -hp- Mewdel 21308 i recom-
meide,, ANl de ovoltaees are v HF exy
copt where athenwise Stated,

1
Table 5-8. hopedanee Converter Volipes

TRANSISTOR 3 B ¢
05 (S)-oV (G)* (M -LhoV
06 153V 140V TAY
Q7 ' 0.7V Y RAY o Y
*Cinnat be measured.

Table 59, Meter Amplifier Voltapes

TRANSISTOR| ' & _ B C
Qs HIOV 2000 B9.5V #2000 | #2155V
W HL02V 1057V +5.5V
Qlo 8.2V +3.5V HLSV
Qr 109V +H1.OV +8.5V
Q2 WV 8.5V HLTV
Q13 0.7V 0 -1oV
Ql4* IV +3.5V +20V
*In bridge circuit.




' Models J00E/400EL

6.58,'AC OUTPUT CIRCUIT,

5.59, ‘To check the ac output chcojt, measure the
de voltages ht the points shown in Table 5-10. If o
given measured voltage is Incoprect, the trouble s

Section V

5-60. ADJISTMENT OF FACTORY SEllECTED COM-
PONENTS.

5.6), Certain womponents within  the  Model
J00E/EL are individually selected in order to com-
pensate for slightly varying ciredit parameters.

cuit,

Table 5-10. AC Voltuge Quiput Circuit,

probably in thit component or its assoclated cir-

These components are denoted by an asterisk (*)
on the schematic, and the typlical value s shown.
Table 5-1F describes the function of the factory

' selected components and gives instructions for
TRANSISTOR E B C their selection. Nonnally, these components do
. , not need to be changed unless another associated
. L CQLS +0.62V |13V f+5V component b changed, Replacement of a tran-
\ P L Qe 0 r0.62V |+5V sistor, for example, may require the changing of o
. L factory selected component, ,
Pl '
i : .
' y L Table 5-13, Factory Selected Components.
. t COMBONENT FUNCTION AND SEI ECTION
, AlRS® 29 to 45.3 ohms, Adjusts high frequency response on the 3 volt ringe, For low readings
: ‘ on the 3 volt range at high frequencics, increase resistance,
A2CLA 0 1o 24 pF. Adjust 8 and 10 MHz trequeney response. Normally not loaded, Used 1o
©piise response.
S nF 0150-0763
12pF  0140-0201
24 pt (H60-0196
A2C31*! I8 10 22 pF. Adjusts 10 and 20 Hz frequency response on alk ranges. Increasing the
: cipacitance increases the response. '
1) .
i ¥
A2C32* . 39pF to ero. Affects 10 MHz response,
A2R1E* 36 kilohms to 68 kiluhms.:z\djusts the bins level a8 A2Q5 due to FET variables, When
A2R17 will not adjust voliage 2i TP3 to — 6 volis. {1 the voltage at TP3 is oo negative,
ipcrease the resisipnee of RIB®,

i ' I

A2R22* 294 ohms. Adjust high frequency response at 4 MHz, For high readings a1 4 MHz in-
: crease the resistance of R22.

. "A2RS0* 2320 10 3320 ohms, Adjusts low frequence response on the | and 3 mV ranges, For high
readings at 10 und 20 Hz on the | and 3 mV ranges decrease the resistance ol R50. Also
affects high frequency response. :

, A2RS51*® 133 to 187 ohms, Adjusts frequency response ar 10 M2,
| 1
$2C1* | WpFlo24 pF S0V, Adiusts the high frequency response un the .01 ¥V and 3 V ranges. ‘
1 S203+ 5 pF or 10 pF 500 \’ Adjust the high frequency response oithe |V and J00 V ranges,
: ' A2R72* 110 - 182 ohms, Adjusts to range of the 1 mV, 400 Hz adjustment, A2R44, If readings
' are low and A2R4$ will not bring the amplitude within specifications, decrease the
resistiance of R72, . ' - '
$204* 1.8 to 6.8 uF, 35 vdew, Adjusts 10 Hz frequency response on the 1 mV and 3 mV
ranges. Increasing capacitonce increases response. ;

'
'

k
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. i i ' Coy . . i
ey, i o
FEHFG}RMANCE CHECK TEST CARD
. L
‘hp- Mouek A00E/EL dE Test performed by:
AL Volimeter ‘ ) v Date:

; Senal Mo. .
! b, Accuricy Chech

T 1
INPUT SIGNAL SPECIFICATION INDICATION ;'
! / Frange Voltwpe Frequency Metr () DC Qutput 1V} Muter 0C Quiput N ‘
v " 3eov 10 Hr 300: 016 0942 ¢ 0,047
| ! . A0N0H: ] t003 t 0.0047
{ | eowne 'l ro03 £ 0.0047 :
) ' 1 MHy o ro03 1 0.6095 P
/] . 4 M2 r :0.0% r 0.047 i
. ‘ ] 10 MHy am e 0.3s 0.249 ¢ 0.047 .;5-‘1‘
- [l
v tooy W0Hr L0 s 010 62316 £ 0032 e
l 400 M £ 0.03 + 0.0032 Y
100 kH r0.03 t 0.0032
] 1 MM, ) + 003 : 0.0063
4 MH; 1 f 006 + 0.032
. l y 10 MHy TN £ 005 0.316 1 0.032
. (RY Loy 10 H2 1.00 » 0.05 1.00 005
| A0 Hs K EQO) t 0.005
I 100 kN2 | ] 100 £ 0.005
1 Mbts l + 0.01 £ 0010
l 4 M2 | t 0.03 t 0.05
TOMH, 1100 005 1,00 :00%
(R gio v 10 Hy {{ o3oroo32 030 :0033
A00) H r 001 t 0.0033
YOO kH LR + 0.0033
’ : r Miir i + DO r 0.0065
A MKy I 002 t 0.033
' * ] 10 MHz 03020032 | 030 0033 :
a3V 030V 1O b 030t .06 0.949 t 0,047 ‘
SO0 Hy - 003 t 0.0047 :
10U kHy ) ' { + 003 ‘ t 0.0047
1 MHz " i r 003 t 0.0005
, A MHy ] I+ .009 [ 20047
y 10 MH, | . 030+ .016 0949 » 0.047 \ ;
N Iv o nDwv 1y : 001 .1 0315 ¢ 0.032
" AQ0 Hy | t 003 't 0.0032
100 kHs 4 1 .003 t 0.0032
1 MY, . + 003 + 0.0063
3 MH ) r 006 Y L0032
1 10 MH, ! .‘suc t .01 0316 ¢ O 2
: ‘.‘
i
INPUT SIGNAL [ SPECIFICATION INDICAFION
Rang Volrape Frovuenry Moryr Flowmbing 1) DC Gutnet (V) Metrr DT Quiput
AV 010V Wk, 1100 £ 005 J OO :00L
400 H: ' |t 001 r 0005
100 kitr t 008 r 0.00%
T MHr t .00 + 0010 '
3 MMy t 003 f 005
: HIMHr 100 ¢ 005 (IR L '
00 v 0.00% v 10 e 001 + 00005 | ).00: 0.09%
100 M : t 00001 £ D005
HOZYR l + 00001 t 0.005
. M, t 00005 t 002
T MH 07+ 00005 t 005
00tV 00CO3 V 04, .0003 ¢ 000032 | 0200033
A00 by ) t .0000) t D.U043
100 %H 2 ; j t .000OY 200033
P MH: Uy t 000032 L1 K]
4 My .0003 + .000032 |+ 0 DAY
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Mudels SO0EMO0LEL

- rqnducnunf

1

6-2. This scetion comaine information for ordenng

replacement parts, Jabis 6-3

lists parts in nlphameric

order of their refereice designators and indicates the
description, -hp- part number of cach part, together
with any applicable notes, nnd provides the, following:

HN

Total quantity used in the instrunient (TQ col-

umn). The total quantity of u part s given the
first time the part number appears,

tions below,)

Dcsériplion of the rart. (See list of abbrevia-

Typical manufacturer of the part i a five-digit

cade, (See Appendix A for fist of manufoe-

turers.)

d. Manufacturer’s part pumber,

SECTION V!
REPLACEABLE PARTS

- 6-5. To chiain replacement parts, nddress

Section Vi

}

i .
6-3. Miscellancous parts are listed at the end of Table
6-3. T | : '
] H

&4, ORDERING INFORMATION -
arder or ‘n-
quiry o your toenl Hewlett-Packard Field Office. (See
Sales and Service for list of office locaticns.) identif'y
parts by their Hewlett-Packard part numbers,
6.6. NON.LISTED PARTS. .

67, To obtajn o part that is not listed, inciude:

instrument model number,

-—

1.
b,
. Deseription of the p:!rl..
d.

Instrument serial number.

L]

Function and location of the part,

Tabte 6-1. Standacd Abbravistions,
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Table 6-2. Code of Manufaciurers.

Madels 400E/400EL

Mir. No,: Manufscturer Name Address
00BBE] Sangomn Eloc Co Pickens, SC 28671
o Allen-Bradley Co Milwoukeo, Wi 53204
012B} | TRV! Semicenductors, Inc, Lawndale, CA 90260
N3282 | Coming Glass Wark Bradford, PA 16701
;03877 |iTransitron Electric Corp Wakelield, MA Q1BBO
038RB Pyrolilm Resistor Co, Inc Whippany, KJ 07981
04062 { Arco Elertra,dc Inc Great Neck, MY 11022
04200 | Sprague Electric Co Narth Adams MA 01247
04713 Motorola Semiconductor Prod Div Phoenix AZ BE0B2
06820 Wakofield Engineering Inc Wnkaf[uld. MA 01880
06486 Kourz-Knsch Inc Ddton, OH 46401
07283 | Falrchild Samiconductor Div Mauntain View, CA 94042
0810 Continertal Device Corp Hawthorne, CA 80240
11236 | Cis of Buwrrn, Inc Barne, 1IN 46711 -
14433 ITT Semiconductor Div Waest Palm Beach FL 3”480
16299 Elec Component Div Ralelgh, NC 27604
18701 Maopeo/Elactra Corp Mineral Walls, TX 76067
24446 | General Electric Co Schenectady, NY 12306
265365 Grles Reprcducer Corp Noew Rochelle, NY 10804
28480 Hewlett-Packard Co ' Palo Alto, CA 943G4
56289 Sprague Electric Co North Adams MA Q1247
70563 Ampuiite Co, Inc Union City, NJ 07083
70903 | Belden Mie Co Chicago, IL 60622
71400 | Lussmann Mig Div 5t, Louis, MO 53121
72136 Elactro-Motive Mig Co Inc Willimantic, CT 06226
72982 crie Tac) ‘ological Products, Inc Etle, PA 16b12
73138 Beckman Instruments Helipot Div Fullerton, CA 92634
75042 | TRW Inc Philadaiphio Div Phitadulphio, PA 18105
75915 | Linlefuse, Inc - Des Plaines, IL 60016
78189 Minois Tool Works Shakeproof Div | Elgin, Il 60120
78663 Tinnarman Products, inc Claveland, L4 4414
B1B66 Kemlite Lobortories Chicago, IL 6U622
B2142 Juifers Electronics Dnv.slon Du Bois, PA 10801
B2389 Svtcheraft, Inc Chicogo, iL 60630
83346 | Central Screw Co Chicago, 1L 60622
B66B4 RCA Efectronic Corp & Devices Div | Harmison, NJ 07029
2020 Mallory Capocitor Div Indianapolis, IN 46206
91418 1| Radio Materials Co Chicago, iL 60622
93332 | Semiconductor Div Sylvania Elec Waburn MA 02158 ;
96712 Dage Electric Co,, Inc Franklin, IN 46131




Models 400E/400EL

Tuble 63, Repluceable Purts,

Sectbon Vi

‘ REFERENCE - . e R LON : e AR N
Al 0040866521 | 1 PC Board Ass’y:hap’ut uttenuator hp-

Rt

n2

R3
n4*
R5N6

K1
K2

A2

[of Jow)

c3

[of})
h

c?
eB,Cco
cio
ci
(i

c1d
cid
C16
| ' c16
c7
cis*
€19
cr0
caA

o c22

c23
caar
€25
cl6
c27
c2y
c79

cive
caet
c33
ca4
cih

cl6

0150 0024
L FIRTEL
H1G-2708
01400108
016 AT

0683 100%
0601 4128
a6us 4129
07674388
0aBADN

0A%0 1206
0490-1203

00400-66521

018D 0149
0150 005}
MB0 0142
0180 0061
G110 0100

D180 0142
0180 M
0150 0013
71800119
01400143

omom
0140 00459
0140 0190
0IBD 173b
(B0 1780

01800373
0150012}

01RO 1793
U160 HOYI

G3BGOIH)
(R AN I

0160 0015
0150 003

012) 0046
0180 0100
140 0202
018G 19
0110 0203

0180 1779
01400364
01500043

0180 0354
0180 0137

TINT - —

L R N a4

—

- ——

© Switch Assy: Reed ond Coil

L A

C: o Toelect 10066

- fugd cur 20,000pF VB0 - 20N 600duw
Swar 0,25 - 1.5 pF 00 Videw
-t ey 330 pF By
il mica 2000F £5%
Db DAY RF H100 0% 26 vilow

ooonn

H: Dard comp $0 chins 1B% 1/4W :
e Dl oo met Hlin 100 meqobim $iA% W
W bxd prec et S 3V ohms 1005 1w
FE: ot Blon 30,0 ahoyp ¢ ¥ 1BW w

L b comp 1000 ohms # \Ill'!n (LA

Switch Assy: Rewt ond Coil

f

PC Board Ass’y

C Fxad A etect GBOF #1000 100 Gl vt
¢ el cer VEHORF 600 vy -

G buk At elere 200F #100% <106 2D veow
¢ hat elect 1000F 100N 100 10 vibiw
C bt Toelect 4 7ufF £20% 3B vdow

G beal Adotect 200F #100% -1 Db vilowy
. bl Toedect § HoF £207% 30 wlawy

¢ Iacheer DL3uF eBO 200 90 vy

C- wedotent TuF H205% - 10% V6 wicw

¢ D) mica B2pF £5%

20 10 wiew
G Pued wlecr SOUF ¢ 10U - 30PG 25 vy
€ b pco 39pF 15%

G ind Tpelect O 22uF 0 10% 3B wlew

© faed A) elect BOOUF 760 100 Y vidow

C: Ixd To wlect 6B s ¢ 10% Jbvdew
C:Ixd cor, 0.1 gF + BO 20% BO vdew
C taud Alelect AD0GF ¢ 0% -1 3wdow
C. bxad cir dures costr. dse DOUF
FROPG - 20H 80 e g
C. bl Fuelect 4.70F £10% Jb quIJ
C: bl e JUQPE 1L
Lo Table B 11
¢ bl TIO 22pF 23 HUO witiw
C: b cer durey coated dhse 0 07T0F
RO 20 100 vidow
Naot assigred N
var cer 5 -l pF '
xd Yaetect 4 JuF £10% Sbhowide sy
baad g YhpF 5%
Fard Foelect Y8 uF 36 wiew
2 baed e JOpF 1D B wilow

seo0

-

Ctwed Taeleet YHuF 35 widow

Ctandd Taelect J0uF tB% 10 vaow
Excd our dures coated dise 0 O1uF
R 20 100 wlew

bt Taelect ADUF $9% 10 vdew

;) Tawdees 1PGur p2Uh 10 vdow

no oo

72942
7087
72136
0odh.d
hp-

Q11
0anss
19703
A
Bia Vs

28480
28480

HE5Y
01281
B4
LEIHY
14433

bG2Y
14433
T2
b6
01062

HIRNG
BHAD
00dext
H678)
LD

04200
56289
BOD

LGN
33

GuBhHa
B2Ve2
Gy
7942
14433
0oRs3
B6IEY
FEARIE
b6289
56281

04062
6789
blho6

BA1-000 05 7032
NN

olnd
HOMISF 20030
QY60 387 !

criann |
PMETD
MFBL T3
Q/57 D
cBI

3131}
ubil

Q490 1205
045012021

Type JOL IG5 8
Type E

Type 400D 136039
300 307GOILDDA
Sh4 INF

olnl

Type JOL DIHOMY
SM3 BNF

BaY 222vHV01047
00D 106GO7HB AL DGM
HUOMISEBR20JIC

K004 108
300106G0258104
ADMIBE U 3C
1O 2AXY0IRAL
BINHOTGOIDE L4
150DEBIXDYIBAZ
6CHOBIS CML
605455 DuM

TA obd
ShYINF

HOMILE 2180

Typnr JM ahud
A obiet
538 006G b6 - 18

LM INF
HOMIGCIHOIHT

TH0D THGXRIGH? )
OMILE JHMLESIWY TCR

1500 186 X0036H2
FE0DA06X501082

ROMISEB2043C
1500406 X501082
K100 3!




Section Vi ' Models 400E/$00EL

N
Table 6-3. Replaceable Parts (Cont'd).

RLEFERENCE ip-

cis (LT A1) ¢ Faed Taelect . 7uF £ 10% 36 wilew 14433 | SMALINF

€3 D10 0155 sl Tawleet 2 2uF £20% 20 wilew BEZHY | 1BDD226X0020A2
(o 11] 0160 0064 s Dol gteet 30uF 91000 10N G wilow 6E289 | A0DIA6GOOEBEA
[ 3] DIRO 0100 sl Toeloct A 7uF £ 3005 36 vilow 144233 5M4. INF

©42,C40 mboMmM22 > bwid cer 2000pF 2200 GOO wiow 130n2 B01-000- Y65 2020

Cad 0350 0QLG s ined cer N}(]OpF. GO velew 1 mam Type E ahd
[ L% NELDIH] > bad milca 240 pF B Qo353 nhid
£t ' o0 DM S 12 pF G500 v . INae ulnd

CHI thru CHE 1901 G033 Disnde $) 100mA gt 1V 180 wiv 13pF 83332 | DG238
Ch? 1902 3125 Qiode: 5) hreakdown 693V £ 2% 400mW 0G4%6 ob
2] 1196 1S Dide: Si 100inA ot + 1V 100 piv 12pF B3332 | 03072
CICHIO ’ 1303 90ad Dhopdn: 51 J0mA ot 1V 10mA ot - 10V 60 wiv 2pF 0IMo | SF42 nhbd
[GIR8) 14903 0025 Diocde: Si 100mA at 1V 100 piv 12pF 93332 | D3072

CH1Y Y2 3227 3 Diode: Sihrephdown 124V 2B% 400mW 06486 | 5210939-25)
cly 1002 0182 Motle: Breghdown 20 BY 1B ADOMW DGARG '
CRid 1902 WM Diode- 5i brakdown 11 BV 26% A00mW 06486
CRIHLHIG 1O W33 [hode SE20mA at LIV 16pF hp
CHIPCHIN 1962 30790 Dhoda: tgakcdown 4 05V 04713 | 521093994

o1 10902 0617 {hode breakdown 16V £6% 300pF 400mW 027263 | F21641
CHIOCHM $5032 3022 Digde: bhreakdown 174V 16% 063496] 5210939261
[ Tiegd 1901 NG 6 Diodhe: 51 10GmA ot 1V 100 piv 12pF 91332 03072

21100303 Fuse, . 126A 126V 2110-0301

ot V% ONX2E) © FETR. 5 NPN 2ZN3053 2N3063
1205 0033 Heat tisapator serdconductos for A201 NF 207
Qa2 1354 0033 TSTH: 5 NPN 2N33H N30T
03 153 N06G2 TSTH- 51 PNP 2NIGAL . 2N3G45
aa : 1853 0Q0G TSTR: SiPNP 2NI34. 2N3134
1205 GQ33 Heat Wisapator suniconductor for A204 | NF-207

[¢E] 1855 0082 TSTH: 5 FET P-Channel
16 1854 0013 TSTR: S5s NPN 2N3478 IN3ATS
1853 0009 ISTH: 5 PNP**
12056 00IB Heat disopator sermiconductor for A2Q7 NF-203
[$1:4 1564 0033 TSTH: 51 NPN 2N3391 N33

Ql 1854 0272 TSTR: Si NP "
oo 1853 0009 ISTR: SiPNPT . -

an 1854 0073 TSTR- Sr NPN IN3478 N3AM
012,03 1863 0030 TSTH: 51 PNP® " )

M A thry Q16 1854 0057 f TSTR:SENPN""

R n767 0T M R: fad prec met fhn 68 1 ohins £1% WIW CEATO
R2H3 ' 06y 2026 B faud eomp 2000 Ghims 259% VAW CB2026
R4 0683 6826 R: fxd comp BROC ohms ¢BYX 1/AW ' CBGHIS
Rb 0698 A1 R: fad prec imet Bm VE3 kitohms £1% WVBW MFEBC T.1)
RG 067.7.3.:565 R Ead prec met B AGAD ohins £17: 1/BW CEA T.0

R2,RB . 0683 2026 I 7Rt eomp 2000 chips 16% 1AW . CB2026
[312] 0670794 K fxd prec met flim 68,1 ohms £1% 12W CEATO
R10 0757 0147 ! H: faed proc met  m 10,2 willbons £19% 1/HW CEnY O
11 31 0693 1156 A2 Exd prec met imy 14.7 kilohms £ 1% 1/8W CEATO
H12 UGKY YHB H: ol 120 0hms £5% W cBIng .
‘A3, A1t ; ' Nut g ‘ o ’
1135 : U698 534t B dwd pra met Feo 300 ohins £ 1% 12 W

16 0683 68.15 H: tabcomp B8 slohms 1b% 1i6W CHEBIG
K17 NOG-2030 EE: owvae comp pot b 20 kitshing !r‘ilt)"h 112w G

Rig* " OBB3 413G Re Ead camp 37 Kilohms B 54 W CHA7IS
B1d Q6HG 2265 W bt coimp 22 nunohiesy £65% 12 W En2265H
R0 06841003 1 el oy 30 ol 2 10N 1AW CRION
n2 07657 4824 B baed prec mey Hm 2000 ohms 2 3% 12 W CECT-O
R22* 0698 4348 e fxad 20 ohis 14 18 W ) C4.1/8 TO 2941-F

64




Models J00E/400EL

Tuble 6-3, Replacenble Parts {Cont'd),

REFERENCE Dy . E TV RN . ;
DESIGNATOR | PART NO. DESCRIPTION MER. | MER PART NO.

R23,R24 07570434 © Faed pree met Qi 3660 ohms £17% 1/aW 45042 CEAT-O
R26 0GB3 3816 - bxab ey 300 vhins 6% 1AW 01121 1 CBING
R26G 06ag-4123 sl prec met fim 499 ohms 2126 VBW 19701 MFFCT-O
H27 0GH3 2215 : I gonp 2200 ohms £6% W iRk CR222%
128 - {684 1001 : Tl comp 10 ohins £10% 114N oHNn cBwot

¥
R28 06098-4422 s Ixil camp 1270 ohms £ 5% 1i4W 03292 CA-13-TO-1271-F
R30 0698-2353 - {yet met Bm 196 kilghm £ 1% 1/BW 760421 CEA ]
A3 2100-2627 o war pat i B kilohms £ 200% 12 W . 7338 622211 ok
ni2 0634 47N ¢ fael comp 4700 o £/ 100 3/AW av CB4T2Y
R33 067} 0442 eyl et Al Y0 kilohis 1% VAW : 15042 CEATO ol

134 0898 3200 - bk mat T 464 kilohms F3% 1/0W 16042 CEAT-O ‘obit
Ri5 Q17 0401 s el ot flm 300 obans 2306 1/BW TH042 CEATO obi)
1315 0698 3118 © fued gk M 2560 ahans & 16 1/BW. 76042 CEA T:Q. ol
137 noB4- 1M : Dl comp 100 ohms 1006 1AW 03128 celon

R3B 2VH)- 26372 S var pot lin 100 ohms » 10 % 12W 73138 622231 obul

RID 0757 0346 Paeh et Hiv 10 ghms 5376 1/BW 13108 MFBG T-0O [L130]

A} 0nGHs 3434 - xil et Hm 3443 shms 3% 1RW TH04A2 CEATO uknd

R43 noon 147 s fd gk Bl 193 ohms k1% TEW 16042 CEA ohied

LY 0698 4126 < bl g fin 35,3 ohme £1% 1/BW 19701 MFICT.O ohd

RAZ 0643 3262 St et len 402 ohins £17% 1/8W 75042 CEA T.0 ot
1

144 ) 2102632 ©ovar fin 180 ol £ 1O 12 W T3 | 62220,

145 0767 0381 s Dl met i 15 ahima £3% 1/BW s0A7 | {CEAT-O otnd
H46 01670273 bt fim 3010 ohmes £1% LW 15042 | CEA ol
HA? 07570410 s bk met 1l 303 phms 2140 HBW 76042 | CEAT.C ot
H4H 0757 0407 - el met flin 200 ohims £1% 1/3W THE 2 CEAT-O otul

R49 07510273 » b et B 3030 ohins £1% 1/0W ’ 16042 | CEATO ob
H&0* 0GOB 4434 < facd otk thin 2320 ohms £V 38W 76047 | CEA obd
HB1* 0767 0284 : bxdd ek flen TBO ghms £ 306 HHW 15042 | CEA obnt
R52 . 0GR 101 . Rt comp 100 ahms £10% V1AW 0112t CHI10%)

H53 Q670283 e Faad met Hm 2000 ohims £1% 1/BW E042 1 CEA . abid

112 nNGo8 3168 e Dad met Ty 1000 ol &% 1/8W 75042 | CEAT-O abul
R&YH 0682 2024 R tad comp 2000 ohms (5% 1AW o ¢R2025
1H6 o6onE 4407 W ixbmet B A7 kilohms £3% 3/BW 19708 | MFGCTO | b
R57 0767 0428 1 A bud mit e 1620 ohms £1% 172W ‘ 76082 | CEAT.O ohid
131 06GB3 1035 £ fad comp 10 kilohms £5% HAW onn cHIn3G

5T} 2100 0062 K- var comp pot lin 3000 ohimg §30% 1/4W 10201 MIC1 ol
RGO 0757 0469 B dvid met Hhin 56 2 kilohms k3% $HEW 19 MFAC otut
6D 0GB3 3335 R: {ad comp 33 kilohms £5% /AW 01121 €H83335 -

HG2 0767 0393 i Bk amet thm A7.H ohim £9% 1/BW . 15042 CEA T-0 ukul
HE3 0157 0401 R Pxed et iim 1O ohins 115 1/HW 75042 CEATO ol

RGA 0757 0824 F faud et 1l 2000 ohees 215 1720 15042 CECTO oiut
RG5H 0G93 4126 1 fxal met Fim 953 chis £ 1% 1/BW 13701 | MF5CTO abni
AG6 0767 0400 R: Dad mat B D02 ohims £1% 1/BW 042 | CEATO obd
a6 | 0757 0413 H: Ene! met Hin 302 ohims £33 /HW 19708 | MFAC abed
RGR,AGD 06B3 4325 i ind comp 4.3 kilohms £5% §/4W min CBA32H

R70 0/67 0457 ' R: Exad met fim 416 kilohms LT 1BW 16042 | CEAT-O otul
RN 0767 045D H: b et B 662 kilohms 1% 1/BW -1 16042 | CEATD © bt
w2 07157 0402 - bl et Hm 1H0 okins £3% 1:HW 19703 MFAC ol
R73,H1A 0683 1525 2 B fxud comp 1500 ohms £5% 1/4W onanl B

RS QGHA-101L B Eaed eomp WO ghis 1070 1AW oy2s | CBIOM

BI50-33/b : Shorbin Wire: 22AWG, FORMED 76042 | 4EROHM

' CHASSIS MOUNTED COMPONENTS
VIBO- 2151 € bult BOOWF + 1B % - 10 % 66289 | ANDIGI0
1450-0574 DS: pitot indicator NE-2E neron in white 28480} 14500574
plostic body

21100318 Fuser 0120 A 260 V slow blow 7W00 1 MDLE VB




Section VI

Tuhle 6-3, Replaceable Parts (Cont'd),

i

Madels 400E/400EL

REFERENCL - T o ‘ M ; N
N fi ( SCRIPTION - R MER PART NO.
DESIGNATOR [ pART N0, | 19 DESCRIPTION MER.L - MER.;
N 1250 015 2 Connuctor: BNG input front pane) 0512 | 303849
42 Conmtor: DC autprsname Figure 6-F lor parts)
J3 12600118 Cannucibyr: BNC AC output rear panel 05712 | 103244
4 Connector: buttary {See Figure 6-5 for purts)
J5 1261.2357 1 Connkclor: pawer cort) #2389 | EAC.I
M 11200010 1 Metus; Log (AQDE L and 400EL Option 02) -hpr
MY 1120 0202 1 Mutrs: Lineor $400E o 400E Opton 02} +hp-
Mt 11200008 | Mut., Linear 400E Option B only} hpe
i3] 0GB} 333t “R. Ixtd comp 33 kilohms +10% 1/2W 4 NN EHIII
H2 2100 001 f: vor ww 100 ohims +20% 1-1/2W 1236 | 132 . ol
51 :3101.2%47 1 5: tog SP5T 3A 260 V pe-de ; M4B0 | 33101.2147
52 00400-61901 * Switvh Ass'y: RANGE hp-
ci* D160 0206 Ctnd 10 PE LV 72136 b ulud
c2 D130 0014 G vor cer B 26p ", ! 12982 | 667062 COPO 30H
c3* 03160.0205 C: Ixgt 10pF OOV ! 72138 obd
car Q31B0-0100 C: Mt Towlect 4.7 uF + 1G% 36 vdew 14433 | SM4A.INF
CRI,CA2 101 004G Dinde: 30mA ar vV 30 piv 2pF 2ns 037 56060
[13] arB? NG R Ixd met Im 160 ohims 2% VAW 76042 | CEATO ohil
Az . i | 7670069 RB: fad met 1 120 abms £1% 1/4W 1042 | CEBT-OQ ohitl
A3 Bromn R Fuad e i 100 ohnw £17% 1AW 165042 CEBT-O abul
R4 0608 4119 R: Ixdd mey fhim M0.26 ohims 0.7 1AW 191 MFEC T-3 ohd
Rb 060834318 R fued by Bm 227 Ab ohms £0.1% 174W 8042 | CEATO obd
R6 oGO8 4110 o R bxgmet Hm 41026 Dhﬂi\‘i 10.9% 1/4W 19701 MFGCT-3 oh)
R? Q698 4118 B Exik st i 27748 ohing :0.1% 1AW 75042 { CEATO oind
A8 0698 4119 B el met i 430,26 ohms £0.1% 1/4W 19701 MFEC 7.3 obd
R9 0653 4118 B Dad et 1lm 277,48 ohims 1017 1140 16042 § CEA TQ ol
RO 0698 4119 B Dud'mat Bm 410,26 ohros 20G.1% 1/4W 19708 | MFGC T3 ‘ aby
R 0658 4118 R Pxebmer Bim 27'.".43 ohms £0.1'% 1/AW 78042 | CEATO obd
R12 0608 4119 R Exed et him 470,26 ohms £0.1% 1/4W 19701 MF6C T-3 ohixl
RIZ 08 M7 CAt Db met im 1372 ohms LO.TS VAW 6042 | CEATO obied
B4 06834736 ¢ 1 bod comp 47 kllahms +BY § AW 01121 | CBAYIG !
82 00400-61902( 1 Switch Ass’y: BANGE (for Option 32 anly) | hp-,
: (St as 00400 GI1VOT with 54 achhed)
) . .
53 31001224 1t Switch: siide DPDT 115/230 V: - 82389 HALI'.M?A
ritetd GA 759 VAC .
1§ E .
s4 PIO 040061902 mt'y -
Ry 21001723 R: var 200 kitohms :20% log uB toper )
{Optiop 02 only) ! 0N | TypeV obd
sl
66 . '
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Models 400E/400EL

Table 6-3, Replaceable Parts (Cont'd), '

Section VI

REFERENCE D . . .
i w eI 3 : T PART NO.
T SBon3 Transformer; line -hp‘r
1
W 831201348 Il Assy: coble AC povier cord sey 0003 | Kns.7041
| .
MECHANICAL PARTS
{5 Figure - 1)
3
H ! 1 l
MP) 030 0112 1 Knob: b wione onow black o
MP? 0370112 1 Knot: bar {Option 02 onlyl 314 inch diam black by
MP3 031n.0134 1. Kna: posimd gedd (Opan 02 anky} BB inch et hy
MPA Nor assnpund )
MPE Nut pssisgrnl
\ .
MPG 1400 00}?4 1 Hohler: Faae axtrocior pest type Hlack 160163 342014
MpP7 00400 05601 3 Shield hox: otienuator s hp-
MPB 5040 4503 1 Grommet. insufutor plastic . shpy i
MP9 1480 0031 1 G, b 113 module by hpy
MP1O 00400 QU213 ! Punel. rear -hpy
MP1Y 00400 00247 1 Pia!nulz front (ADDE onit 400E Opli:::m 01y “hpe
MPI1 (0400 00220 [} Panel ron® (A0UEL onid AU0EL Opt 91) ‘hp
MP11 B0ADD 021D 1 Panet. front HIDOE Opt 024 by
MPE3 00400 D022 |} Panet: front (SUNE L Opr 02} ‘hir
MP12 BO20 GBEZ 1 Metar Trimy: 113 module “hpr
MP13 . 000004101 1 Coyer: shield box latrenwator) ey
MP14 5060 0703 7 Frame: G X 11 sub module -hp
MP3Ib BOGO 0227 ? Fuot Ass'y: 1713 module hpy
MP1G 0590 Q062 7 Nut: Tinnerman FH863 | CBO20 632048
MP17 6000 5838 2 Brochut: cover retainer -hpr
MP18 U400 64103 1 Cover, top with handie hp
MP3Y) BOG-BHGH 2 Cover, side 6 X 11 5M “hpy
MP20 BUOUD- BB 1 Cover: batiom 5 X 11 5M “hip
MP2Y, M2 1610 Q091 1k Post-Asy {ureyireg} Ay
MP23, MP2 16510 0107 Wby Post-Assy lnreyshilick e
MP2B 1610 DOHO il Post-Assy lgsey hp
MP2i3 510 DOJR Baliy Pist Soie -hir
. i
MP27} Nor Assuinet)
MPy EQAG 0100 i Hinge: 1il staned 13 mondule -hgr
MPIS 21000047 2 Lok washer: top cover i 78189 | 1506 00
MP30 23700013 A Sciuwy: Top ond bt tom eaver phillips head G 32 HB338% abd
i
MISCELLANEDUS
{1340-15612 L] Insulator: teed thry 28480 0340-1'512
0380.0059% 5 Spacer: coptive tor PC board) 28480 | 03B0C-00569 .
| 0360-04B0 Terminal: pin matchas with $1200-0162 70563 1 61038-1
4330-0496 10 Beads: seed component standoft QQQLP | 2168 .
1200-0162 Connector: pin rgceptical 70663 | 60804-1
no400 0201 1 Groundk stragy, iy
0010061602 1 Cabte power “hyy
G400 64101 4] Kot: tar cover with hardle finchudes hardwargl - hp
[ naasoy ! ¥ Ltk Wanrmieg “Warning far Operator Protectisn hp-
2950 0144 3] MNat Heex-Dal Cham ; 265365 913 89

t
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Figure 6-5. Mechanical Parts
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Models 400E/400EL Section VI
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| 1 .
- 7-1. INTRODUCTION.

! J
7-2. This section contains a schematic diagri.
component Jocator, il a PC hoanl component

Mocels 400£/400EL

SECTION VII
CIRCUIT DIAGRAMS

e =00 EfEL, '

i
Jayout to he msed 1or nrintenonee and operation vl

7.3 An explanation of terms sl symbols used oy
seference desipnators iy given in the Schematic Notes.

A

4,

O,

¢ S'

 SCHEMATIC NOTES

. PARTIAL REFERENCE DESIGNATIONS ARE Slrl()\\"" PREFIX WITH

ASSEMBLY OR SUBASSEMBLY DESIGNATION(S) O1..°0T11 FOR
COMPLETE DESIGNATION. ‘

_ COMPONENT VALUES ARE SHOWN AS FOLLOWS UNLESS OTHERWISE

NOTED: |
~RESISTANCI IN OHIMS

CAPACITANCE IN MICROFARADS
—— o e DENOTES ASSEMBLY.
——————— |);NOTES MAIN SIGNAL PATH,

I D — S — S — S S — S BENOTES MAIN Fli_lfl)lh\(.'[{ PATLL
1 N

ALL DC VOLTAGES ARE $104 EXCEPT THE BASE AND EMITTER OF
Q8 WHICHL LS £330,

% AVERAGE VALUL SHOWN, OPTIMUM VALUE SELECTED AT FACIORY,

b REFERTO BACKDATING CHANGES IN APPENDIX C.

. 918, DENOTES WIRE COLOR USING STANDARIY COLOR CODE.

(e.z. 918 = WHITL, BROWN, GRAY) '

<L DENOTES FOWER LINK GROUND.

Y. enbem DENOTES CHASSIS GROUND.

. 10, W DENOTES CPRCUIT GROUND (ASSEMBLY).

ww.valuetronics.com




Sectivn VII ‘ ' . Models 400E/400EL
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Models 400E/400EL

-- SECTION VIl

§cctioh Vl‘ll

MANUAL BACKDATING CHANGES

v

This manugt backdating sheet raakes this manual applicable to earhier instruments.
fastrument-component values that differ from thase iy the manal. yet e not listed in
the backdsting sheet. should be replaced using the part mpmher giver in the muanoal,

nstrumaent Serint Prefix Make Manuol Changes Instrument Setial Pratix Make Manual Changes
]
$36-00101 to ~ 01100 I thru 12, 14 All . 1
536-0110! to — 01350 2 thru 12, 14 ) 1150A02354 to 1208212853 i3
536-01351 10 — 02403 3 thru 12, 14 | 1131A1260) and Earlier 14
536-02404 to — 04233 4 thru 12, 14 400E 120BA07332 & Earlier 15

S00EL 120RA16379 & Earlier

: 536-04254 to - 04854 Sthn .2y 1n 1208A 18153 to 1131A12604 16
. 536-04855 to - 05503 6 thru 12, 14 - 1208A18968 & Earlier .n
536-05504 10 - 0835) 7 thru 12, 14 400E 1208A21368 & Earlier 18

400EL 1208A21319 & Earlier

536-08354 10 ~ 09133 8 thru 12, 14 400E 1208A21489 thru 23849 ‘ 19 ,
: 400EL 1208A21549 thru 23898 :

536-09154 10 — 09553 9 thru 12, 14 J00E 1208A23848 & Earlier 20
AQUEL 1208A23898 & Earlier :

- 09753 10 thru 12, 14 S00E 1208A24068 & Earlier 21

949.09554 0
J00EL 1208A24118 & Earlier

Loz, ‘ 400E 1205A24128 & Earlier 22
' JO00EL 1208A24168 & Earlier

0949Mls.§3 & Earlier

CHANGE NO. 1 Transformer mounting end pin receptacles are different but current parts
should be used.

Section V1 Replaceable Parts and Figure 7-1 Schematic [)in‘gmm:l _
Change'S2C2 10 C: fxd 10 pF ' 5%; -hp- Part Number 0160-0181.

CHANGE NO. 2 Section VI Replaceable Parts and Figure 7-1 Schemutie Diagram:
‘ 8-1 '

vww.valuetronics.com | |




Section VIl

‘ Models 400E/400EL
NOTF

If any of the paris listed in Change 2 are changed fo values shown in
Tahle 6-1 and Schematic Figure 7-1, upp parts should be changed.

CHANGE NO. 3

CHANGE NO. 4

Change A2R44 to R*: fxd met fim 150 ohms = 1%; -hp- Part Number
0757-0284,

Change A2R16 to R: fxd comp 82 kilohms = 5%; -hp- Part Number
0683-8235.

Delete A2R72, A2R73, A2R74, A2CR20, A2CR21, A2C44,

Change A2Q3 to TSTR: Si PNP 2N3638; -hp- Part Numbcr 1853-0016,
Change A2Q4 to TSTR: Ge PNP 2N1183; -hp- Part Number 1850-0064.
'Change A2R67 to R: fxd comp 390 ohms  5%; -hp- Part Number 0683-3915
and delete A2CR22.

Section VI Replaceable Parts and Figure 7-1 Schematic Diagram

Detéte: A2R67 and A2CR22,
Change A2C12 to C: fxd 110 pF + 5% -hp- Part Number 0140-0194,

Section VI Replaceable Parts
00400-66502 printed circuit board has different location for relay connections:

AIK] and A1K2. Check configuration of relay connections and order part
numbers shown according to location of relay terminals.

CHANGE NO. 5

CHANGE NO. 6

CHANGE NO. 7

CHANGE NO. 8

CHANGE NO. 9

lwww.vluetroni

[+ Q =] e o )
1 I
| ‘ @
o A o 0 ol -
0490-0195 ' 0490-0478 0490-0196 0490-0343

RELAY BOTTOM VIEWS ' 1
Table 6-1 Replaccable Parts and Figure 7-1 Schcmntiic: '
Change A2QS 1o -hp- Part Number 1855-0068 and A2R16 to 82 kilkohms‘ +

5%, -hp- Part Number 0683-8325. If AZQ5 should be defective, replace both
A2Q5 and A2R16 with latest part numbers to reduce noise. |
Table 6-1 Replaceable Parts and Figure 'I-lj Schematic }

Change #2R73, R74 to 4.7 kilohms, -hp- Part Number 068-4725. Képlace
with ;atest part numbers to reduce noise produred by A2CR20 and CR21.

Table 6-1 Replaceable Parts and Figure 7-1 Schematic.
Delete: A2R75. '
Table 6-1 Replaceable Parts and Figure 7-1 Schematic.

Delete:A2C45,

Table 6-1 Replaceable Parts. I

Change J§ - nnector power cord to -hp- Part Number 12510148,
Change Pi.act rear to 00400-00202. , “
Change Cord Assy power to 8120-0078.

DI -
. w




Models 400E/400EL

. " CHANGE NO. 10 -

CHANGE NO. 11

CHANGE NO. 12

-

' CHANGE NO. 13

1
 CHANGE NO. 14

" CHANGE NO, 15

CHANGE NO. 16

t

. '
|

Section VI

Table 6:1 Replacgﬁble Parts.

Change S3 rear panel switch DPDT ll'S V/230 V 1> -hp- Part Number
3101-0033. ‘

Table 6-1;

Change A2 Part Number to 00400-66501.

Change A2C28 to 0130-0016 ~: var cer 5-25 pF.

Change A2R17 to 2100-0093 R: var comp 26'K + 20% 0.1 W,
Change A2R31 to 2100-0092 R: var comp 10 K+ 20%0.15W.

Change A2R38 to 2100-0277 Rt var comp 100 2 + 20% 0.15 W.
Change A2R44 to 2100-1836 R: var comp 100 0 + 20% 0.1 W,

Change MP27 to (00400-00603 '

Page 7-3:
Change the affected to reflect the above values,

The covers, panel and trim listed on Page 6-6 are for newer brown in-
struments. Parts for older blue instruments are iisted below.

MP11 00400-00201 Panel: front (400E and 400E Option 01)
MP11 00400-00203 Panel: front (400EL and 400EL Option 01)
MPJ1 00400-00204 Panel: front (400E Qption 02)

MP11 00400-00205 Panel: front (400EL Option 02}

MP12 5020-5388 Meter trim: 1/3 module

MP18 00400-64102 Cover: top with handle

MP19 5000-0703 Cover: side 6 x 11 SM

MP20 5000-0711 Cover: bottom 5 x 11 SM

Instruments that fall within this band of serial numbers have a 500 pF
capacitor across the output terminals. This capacitor made the meter response

too slow and is no longer being used.

Table 6-1

¥
H

Chiange Al to -hp- Part Number 00400-66502.

Change A1C2 to 0121-0407; C: var 0.7 -3 pF. i
Change A1C3 to 0140-0149; C: fxd mica 470 pF = 5%. '
Change AICRI, CR2 to A1CJ, €6; 0150-0093; C: fxd cer 0.01 pF. :
Change relays to: A1K1 0490-0194 Relay, Reed and AL1K2 0490-0366 Relay,
Reed, ' .

Delete coils for K1, K2.

Change A2 to 00400-66511 PC Board Assembly (see drawings on Page 7-3).
Change A2R22* to 0698-3510 R: fxd 453 ohms 1%.

Delete S2C1, C3.

Page 6-3, Table 6-1. Delete A2RI12,

Page 7-2. Delete A2RI2.

Page 7-3, Figure 7-1. Delete A2R12. A2Q6 collector is directly connected to
A2Q7 base.

Page 7-3, Figure 7-1. Delete the blue (6) jumper from Al 00400-66512 compo-
nen: locator drawing.

. | 8-3
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Section VIII | . Models 400E/400EL

CHANGE NO. 17  Page 6-6, Table 6- I Change MP4 to 5060-0634, Bmdmg post Ass'y: red with .

hardware, . -

Change MP5 10 5060-0635, Binding Post Assy'y: black with hardware.
Change MP21 to 0340-0090, Insulator: front double with locating key p/o J2.
Change MI-22 to 0340 0086 Insulator: rear double without locating key p/o
J2, 7 |

Chunge MP23 to 0340 0091, Insulator: front triple in line with locating key
p/o 14,

Challge MP24 to 6340-0087, Insulator: rear triple in line without locating key
p/o J4.

o Page 6-7, Figure 6-1: Replace Back View drawing with “igure C-1.

CHANGE NO. 18 The Al PC board Part Number 00400-66522, is a diret replacement for the
) " older Al PC board, Part Numbcr 00400-66512,

i CHANGE NO. 19  The Part Numbcr for the A1KI refay was changed from 00400-61905 to Part
i ) Numbers 0490-0194 for the rced relay switch and 0450- 1028 for the reed relay

| coil.

CHANGE NQ.,20 Change AIKI Part Number from 0490-1205 to Part Numbers 1490-0194 for
the reed relay switch and 0490-1028 for the reed relay coil. Also chanpe AIK2
from Part Number 0490-1205 to 0490-1028 for the reed relay switch and
0490-0366 for the rted relay coil.

CHANGE NO, 21  The Sl power switch Part Number 3101-0036 is replaced by Part Number
J101-2147. :

CHANGE NO, 22 Table 6-1, page 6-2. Change Ci8 to 1.8 gF -hp- Part Number 0180-0101,
Table 6-1, Page 6-4, Change R29 to 390 ohm, -hp- part Number (0683-3915.

1
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1 © SAFETY SYMBOLS
L

‘ G;n‘n:e;ral Definitions of Safety Symbols Used On Equipment or In Manuals.
v f‘ t

i Instruction manul symbol: the product will be marked with this
[ oy - »

symbol when it is necessary for the user to refer to the instruction
manual in order to protect against damage to the instrument,
y Indicates dangerous voltage (terminals fed from the interior by

voltage exceeding FO00 volts must be so mirked).

Protective conductor terminal, For protection against vieetricnl
L @ shoek in case of a fault. Used with field wiring terminals to in-
ST dicate the terminal which must be connected ground before
operating equipment. :

Low-noise or noiscless, clean grownd (earth) terminal. Used for a
£ signal common, as well as providing protection against electrical
- shock in case of a Fault, A terminal marked with this symbol must

be connected to ground in the manner described in the installation

(operating) manual, and before operating the equipment,

Erame or chassis terminil, A connection to the Jrame (chassis) of
/7‘7 on the equipment which normally includes all exposed mend strug-
fures.

Y Alternating current (power line).
pp—y Direct currem (power line),

~ Alternating or direct current (power line).

The WARNING sign denotes a hazard, L calls atention to a pro-
WARNING cedure, practice, condition or the like, which, if not vorrectly per-
formed or adhered 10, could result in injury or death 1o personnel,
The CAUTION sign denotes a hazard, Tt clly atienton to an
operating procedure, practice, condition or the like, which,if not
correctly performed or adhered 1o, could result i damage to or
destruction of part or all of the produc, :

U

ECAUTION

NOTE: ‘The NOTE sign denotes importang information, it calls attention
' 1o procedure, practice, condition or the like, which is essential to
highlight, :
)
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A MANUAL- CHANGES S

i

 CHANGE NO. § appliea to all sarlal wumbers. K

v

e ,; i Toble 51, Required Test Equipment should hn»e the fol!ow-

Ling changes made:

8. . The AC ;alihratar recommended mode!
' thoutd be & Fluke 5200A and B216A,

b. ‘_ 'I’he ACIDC Voltmeter recommended mouel
| ilhpuI‘d be an -hp- Model 3466.

The DC Standard recommended moael
should be a Systron Donner Model M107A

d. The Voltmater Calibrator should be deleted
ftom the table.

) . ‘lp E!. Figurs 5-1. Accurecy Test Setup, should be sitered
G - 10 show the use of the Fluke 5200A ACk Calbrator rather
; , than the -hp-Model 745A.

M F?urn 5-2. Accuracy ond Frequency Response
Tut Setup, should be sltered to show the use of the
‘Systron Donncr Model M107 DC Standard rather than
‘-the -hp- Model 740A.

‘Poge 511, llcun 52. Delate paugraphs 5- 45 §-46, and
oL Bal
i i

Pog 512, Delete Figure B-5, Altaznete Calibration and Fre-

' quency Test Setup. o

26 June 1984

A . -inp MODEL 400E/EL
T AC VOL'METER |
' 3 Manual Pan Number 0C*00-30020
) paga B4 Tabe B3 Replace Table 53, Calibretion . | .
Tolerances, with Table MC1 of thls Change Sheat. , :
: )
S I b
' Table MC 1.,
. 1 Millivelt Range Only | } Millivolt Rangs Only
)] ‘| Fewquaney Frequency g -
et 1y MY Valtage Mater (mV} BC Owtput {H1) Valtage Mater (n¥} pC Dutpuwt
o nput % of rending} {Volts) \ Input ™ of reading) Volts}
I 10 l1oomv|100=z6% | 1002006 | 100k '}3.00mv|100=7% |1.00= 0.006
oy 0.6mv | 0.580 = 7.6% | 0.50 = 0.038 ; 0o5mv | 0.50 =2 2% 0.50 = 0.004%
‘ 0.3mv | 0.30 £ 108%| 0.30 = 0.033 0.3mV j 030 = 3.3% | 0.30 = 0.0043
+ ' 1 ) )
! 40 1.00mv| 1.00 = 1% 1.00 = 0,02 5OC k 1.00mV| 1.00 = 1% 1,00 = 0.02
0.6mv | 0.50 = 2% 0.60 = 0.015 . 0.3mv | 0.30 = 3.3% | 0.30 = 0.093
0.3mv | 0,30 £ 3.3% | 0.30 x 0.013
: 100 | 1.00mV| 1.00 = 1% 1.00 z 0.005 4M 1.00mV| 1,00 = 5% 1,00 = 0.05
‘K ""‘ : ‘ot 0.6mv | 0.50 =z 2% 0.50 £ 0.0045 0.3mV | 0.30 = 10.8%] 0.30 = 0.033
o 0 400 |0.3mv | 0.30 + 3.3% | 0.30 z 0.0043
- _ , R EARATA,

Page §3, Table & 3 {Replacuable Pactsh. Change the -hp- Pert
Number of the A1 Assembly from "00400 .66621"' 10
*00400-66522".

CHANGE NO. 6. 400E: Applies to Scrlliﬂumhln 170820944 and

~ Ahowe,

400EL lppliu to Sarial Nurbers 1208428014 and

Adove.

Section j¥1, Tabls B3 {Reglacesble Partsh Do the following
changes in the table:

Raf. 4p- it .

Des. Number Description
A2CAT7 01800100  Add 4.74F 35V Cepecior
A2Q17 1853-0019 Add SM4713 PNP Transistor
A2018 1855-0093 Add F1748 N Channel JFET
A2R7B 06923-1045 ' Add 100K ohms 5% 1/4W Resistor
AZR7I" 075670274  Add).12Kohms 1% 3/BW Resistor
A2R77* 0698-3700  Add 715 chms 1% 1/BW Resistor
AJR77* . 0898-0410 Add 307 ohms 1% 1/8W Resistor
A2R78 0888-3458 Adg 349K chms 1% 1/8W Rasistor

Sactien V), Figure 7.5 (400 E/EL Schematic Diagram and Lecation
of Campanants). Do the iallowing changes in the figure.

Change the Meter Bridge to lhe bridge shown in Flgure
C-l. ‘

Change the :omponant locator of the A2 Assembly |- hp
Part Number 00400-86521) to the one shown in qure
C 2

Supplement A for 00400-90020




‘Page 2 of 3

g,

Model 400E/EL

MANUAL CHANGES
L]
10 " E
MISICIAICMI2 i
RE3 '
%
AN - i 7O RES .
thewn
™
S n7a * '
100K
<
i
a7
ATC )
248K
16 ‘ - 26V
AMOICID : : .
figure C-1. Schemetic Diagram Changes (Change #6)
l)‘l,'ii-i, . . J
tl'a‘f'-|-3|4|s|s|7|a
—_— R — TN
& —n2- '{EI]— ' €20 l"
A1 —n3= —ne— .
—cns-
! -Cr2- £ —Rd= . -w—t:ll— .1
. —-CR4- — - =R3}  —RIe - —A2g-
T —A30s w34 @ —— ] 4 s !
319 ey TPl -3~ tra e =CAQ - Pyl
B : —guen P40 —RN= BTG  aClle A
C o ’1 —A— -ATe- —R3%= =A3~  —CRIG- - -RT4= s
JEY P g @ 24 _am3- e
M : — —-CR2 ~CR20- -R22=- 2-
Cal =0 ™ et S o :
—_h— -cri3- —Clt— —R2m a7
8= 8. AT _pxp. TR DI S 28 L~
C ’ :c",'; —1 cr —R44~ —RAP= - A8 —m—N e
—CR3~ -l - - ~A%i = =R76- Rt T
&l oems Q —ng7- —R3Ge < =CAR= =Gl |
- o N @ s @M
—Re— _cpx; Q —RIG~ , -are— - g
iy a8
—cH— -8 —as- . “RAS —eCI9— G- -emr- IO
D —_—— w-nsr- @ ~R3T- aS2— -."_.l_ A 5
I B "'“". T i ege M- L - v
— —h82— =G a3 : A
= —-As8- v T e ] — ) e
QYN A5~ ~CR1S— —-Rgs -
_ —_—C i om —CA0— _tmig- —g3E— @ -nss-\
J E 00 01087 eg,
A2 N
L hp Part No. 00400-66521

Figure C-2. A2 Assembly Companent Lacator Changes {Change #6) -

3
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2 800E/EL f ,
1

. .
! Yo

‘ !
CHANGE KO, 7 #0OE: Applivs to AY Berist Rumbers i
. 400EL: Applios to All Serisl Rumbers )

o i«MAFUAL CHANGES ‘ page 3 of:3

Saction Y1, Tohle l?,l‘l!'llmill paris). Do the following
changes In the tebles

Section V1, Tokia §:3 Mepiacaeble Partsl. Change the value end . ay Pt
-hp- Part Number of A2R59 from 3K ohms {Part Number Des Rembar Desctiption
2100-0962} to 5K ohms {Part Number 2400-32562). A2R30 06983463 Change 10 Y96 ohms 1% VBW
, mbers Rasistor .
CHANGE NO. .I ﬁg:‘.‘”"" to Secial v 108A2834 “.‘ 52C1* 0160.2237 Change to 1.20F Capatitor
ADOEL: Appties to Serial Numbers 1200A28434 and '

Aeve

Soctian VI, Tebla §:2'Meglacasble Parusl. Do the following
changes in the table:

el 9 Port
Des.’ Nomber Duserigtien

§2CE - 0160-2257  Add WOpF 50OV Capacitor
S2R15  08B83.3036  Add 20K ohms 5% 1/4W Resistor -

Goction WII, Figure 71 (4ODE/EL Sehematic Disgram and Lacation of ' )
Compsnents). Change the 52C2, §2P2, and 52R3 circultry : : ;
1o the one shown In Figure c-3.

Big2
B 280F ,

B - gamz
¢ %00 m
AN AP 0003V

i

A
—— W —

g2¢8  samb v
. Voef o

l' el Lot
-

Figure C-3.
Schematic Disgram Changes (Change #8) _

t

CHANGE NO. B ADOE: Appiies to Sorial Kumbors 1208A20378 0 ‘ \

Abave
AB0EL: Agphins te Seriel Numbers 1208A20518 and
Absve . !

P }
Soction V1, Tobls &3 Oaplacostle Partal Do the following,
changses to the table: ‘ i '

M. Ap Pan
Des. Bomber i Descrigiisn
AZRI0*  068B-4505  Change to 71,5K ohms 1% 1/BW
A\ Resistor B
! AZR30* 0698-3453  Change to 136K ohms 1% 1/BW
‘ . Resistor S '
' AZRI0* 0757-0488 'Change 10 130K chms 1% VBW .
o ‘ * Resister ' / ]

o ) .
CHANGE RO 10, 400F: Apylies 1o Sorial Rumbers 1208A28370 and
S Ab

w o .
mll:WDWIM1MIMBM o ;
Absve !
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Product Line Sales/Support Key

KayProdust Line

A Analytical

C Components

€ Computer Bystems Sales only

CH Compuler System. Hardware Sales and Bervicas
€8 Computer Systeme Scftware Sales and Servicen
E  Elaclronic Instruments & Beasurement Systema
M Medicsl Products

WP Medical Products Primary S8R0

M5 Kadica: Products Gecondary SRO

P Persoasi Computation Products

" Sales only for specific product e

™ Support only for specinic product e

mbnrm: Thats aymbols Gesignate general product line capabliity. They do not
innore sales o support avallablity for sl products within & iine, &t &l bocations,
Conlact your locel aales tfice for information regarding locations whers B9 support

“ln avaltable tor specific products,

He dismbutors are printed i iiakcs,

HEADQUARTERS OFFICES '
¥ there is no sales oifice #isted for your area, contacl one of these
headquarters offices.

OTHER EUROPE

- NORTH/CENTRAL AFRICA
Hewletl-Peckard S.A, Hewlett-Packard $.A.
7, Rue du Bais-du-Lan P.0, Box .
CH-1217 MEYRIN 2, Swilzeriand 150, Rie du Nant-D'Avid
Tel: (022) 83 12 12 CH-1217 MEYRIN 2, Switzerland

Telex: 27835 hpse Tel: (022) 83 8111

Cabie; HEWPACKSA Genere Telex: 22488 hpsa

ASIA ' Cabie: HEWPACKSA Geneve
Hewlett-Packard Asia Lid, "~ MEDITERRANEAN AND
6th Floor, Sun Hung Xai Centre . MIDDLE EAST

30 Karbour R, Hewlell-Packard S.A.

G.P.0, Box 765 Mediterranean and Middle East
HOKG KONG Operations ,

Tel: 5-822 3211 | Alrina Cenire

o After Jar, 1, 1984 32 Kilisias Ave.

AThioor, China Resources Bidg, . Perac'ssos-Amarousion, ATHENS
26 Harbour Rd,, Wanchai Gresge

HONG KONG . Tel: 682 88 11

Telex; 66678 HEWPA HX © Telex: 21-6588 HPAT GR
Cabie: HEWPACK HONG KONG Cab'~; HEWPACKSA Athens
‘CANADA . EASTERN USA
Hewiell-Packard (Canada) Ltd. ‘:'e*’e""’m"d Co. ’

8877 Goreway Drive Choke Cherry R°a° A
MISSISSAUGA, Onlario L4V 1MB ;oamngm 2085

Tel; (416) 678-8430 : e (301) 256-2000

Telex; 610-492-4246 M!DWESTE"N USA
EASTERN EURQPE '+ Hewlel-Packarc Co,
Hewiatt-Peckarg Ges.m.b h.- » 5201 Tolview Drive

sge 1 ) ‘ + ROLRING NEADOWS, IL 50008

P.0.Box 72 ) P T (312) 2559000

A-1222 VIENKA, Ausiria i SOUTHERN USA

Tel: {222) 2365170 o ! i HEWEh-PBCk!!d Gy

Telex; 1 3 4425 HEPA A ‘ " 2000 South Park Place

i NORTHERN EURGIE *, P.0. Box 105005 '

" Hewleil-Packar¢ SA. - ATLANTA, GA 5348
Ulenstede 475 . el {404) 555-1500
‘POBox 899 : ' )

NL- 110 AZ AMSTELV Y | . WESTERNUSA '
il Hewlett-Packard Co, i
ThelNetherlands =" 1000 Lakersten Biva,
Tel: 20 837771 i PO.Box 3919 -
SOUTH EAST EUROPE LOS ANGELES, CA 91604
mmu-hgwd sl. o ) Tel: {213) 506-3700 '
7. u Beis-dw-Lan
CH1217 MEYRI 5. Sioerand ~ OTHER INTERNATIONAL
Tek(022)831212 i AREAS
Tebs: oreas hpsl S ﬁwhn-Pack;t:k Co.
e y ;| - Intercortinen adquariers
| CableHEWPACKSA Genave - B
' S PALO ALTO, CA 94304
, Loy Tel: (415) 857-1501
l oo Telex: 034-8300

, Cable: HEWPACK

)

SALES & SUPPORT OFFICES

Arranged alphabetically by country

ANGOLA
Eelecrm .
mpresa Téerica de Equpamentos
R. Barbosa Rodrigues, 411 DT,
Calka Postal 6487
LUANDA -
T;n’: 3551535516
E

ARGENTINA
Hawilelt-Packard Argenting 5,4,
Avenicla Santa Fe 2035
Martinez 1640 BUENOS AIRES
Tek 788-5735, 762-1283
Telex: 17505 BIONAR

Cable: EWPACKARG
AECHCSP

Biotron SACIM e !

Av Paseo Colon 221, Piso 9
1399 BUENOS AIRES

Tel: 30-4848, 30-18571
Telex: 17595 BIONAR

M

AUSTRALIA

Adelslde, South Australla
Office

Hewlett-Packerd Australia Lid,
153 Greenhilt Roao :
PARKSIDE, 5.A. 5063

Tel: 272-5911

Telex: 82536

Cable; HEWPARD Adelaide

A" .CH.CM, EMS,P

Brisbane, Queensiand Otfice
Hewlalt-Packard Austraka Lid,

10 Payne Road

THE GAP, Queensiand 4061

Teh 30-4133

Telex: 42133 :

Cabie: HEWPARD Brishane
ACHCMZMP :

Canberrs, Austraila
Capital Territory
Office

Hewlett-Packard gustralla Lid.
12t Wollongong Street
FYSHWICK, A.C.T. 2609

Tek 80 4244

Telex: 62650

Cable: HEWPARD Canberra
CHCMEP

Maslbourne, Victorla Office
Hewlait-Packard Austratia Lid.
31-41 Joseph Street

BLACKBURN, Victorla 3130

Tel: B95-2855

Telex; 31-024

Cable: HEWPARD
ACHCM.CSEMS P

Parth, Wastern Australia
Otfice

Hewletl-Packarg Austrake Lid.
261 Stiding

Telex: 83654
Cabie: HEWPARD Perth
ACHCM.EMS P

]

Sydney, New South Wales
Office

Hewlell-Packard Australla Lid,
17:23 Talavera Road

P.0. Box 308

NORTHRYDE, N.SW. 2113

Tel: 887-1611

Telex; 21561

Cable: HEWPARD Sydney
A,CHCM,C5.EMSP

AUSTRIA
Hewlell-Packerd Ges.m.b.h.
Groltenholstrasse 04
A-8052 GRAZ

Tel: (0316) 201 5 65
Telex: 32375

CH,E

Hawlelt-Packard Ges.m.b.h,

P.0. Box 72

A-1222 VIENNA

Tel: (0222) 2365 11.0
Telax: 134425 HEPA A
ACH,CM CSEMS P

BAHRAIN

Green Sajon

P.O. Box 557
Manama

BANRAIN

Tel: 255503-253950
Telex: 84219

P

Wae! Pharmacy

P.O. Box 548
BANRAIN

Tel: 256123 :
Tedex: 8550 WAEL BN
ECM

'BELGIUM ‘
Hewieti-Packard Balgium S.A/N.V,
Blivd de la Woluwe, 100
Woluwedal
B-1200 BRUSSELS
Tek: (02) 762-32-00
Totex: 23-404 palobey; ..
A,CH,CM.CS.E.W,\P

BRAZIL B :

Hewle!!-Packard do Brasit [e.C, Lida,
Rio Megro, 750

Alphaville

06400 BARUER; 8P

Tel: (011) 421.1311

Telex: {011) 33872 HPBR-BR

.. Cable: HEWPACK Sa0 Pauio

ACHCMLSEMP

Hewlett-Packard do Brasd 1e.C. Lida,
Avenkda Epllacio Pessoa, 4664
22471 RO DE JANEIRO-R)

Yei: (021) 286.0237

Telex: 021-21905 HPER-BR

Cable: HEWPACK io de fanelro
ACHCMEMS,P

AVAMED L C.E} Lida,

Rux Bage, 103

04012 840 PAULO

Tel: (011} 570-5726 ‘ 3
‘r,m: 021-21905 WPER.BR
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SALES & SUPPORT OFFICES
Arranged alphabetically by country

~ CANADA

Alberta

Hewlell-Packard {Canada} Lid.
3030 3rd Averue N,

CALGARY, Alberta m 617
Tet: {403} 235-3100
A!mbmlE. lusIP * !
Mewleti-Packard (Canada) Lid.
11120A-176th Streel
EDMONTON, Aberia T55 1P2
Tel: (403) 488-6665

A CHCMCS EMS,P

British Columbla
Hewletl-Packard {Canada) Lid.
10691 Shelloridge Way

MCHMOND,

British Columnbia YEX 2W7
Tel: (604) 270-2277
Telex: §10-822-5050
ACHCM.CSE® MSP*

Manitoba
Hewieil-Peckard (Ganads) Lid.

Tel: (204) 788-6701

- ACHOMEMS P

Nova Beotla
Hewlelt-Packard {Canada) Lid.
P.0. Box 631

900 Windmi Roa

ARTMOUTH, Hovn Scotls B2Y 326

D
Tel; (802) 460-7820
CH,CM,CS,E" M5,P*

Ontarlo
Hewlel-Packard tcamda) Lid.

., 3325 N. Service Rd,, Unil &

BURLINGTON, Or.tarto P3A 2A3
Tel: (416) 335-8644 :
CSN*

Hewlet-Packard {Canada) Lid.
552 Newhold Street

LOKDON, Ontario N6E 285

Tel: (519) 686-9181
ACHCME" MSP"
Heawlett-Packard (Canada) e,
6877 Gorewsy Driv
MSUSSAUGA, On!arlo L4V M8
Tel: {416) 678-5430

ACHCM CSEMPP

* Hewlet-Packard {Canada) Lid.

2670 Queensviaw Dr,
OTTAWA, Ontario K28 8K1

Tel: (613) 820-6483
ACHCMCSE® MSP*
Hewletl-Packard (Canada) Lid.
220 Yorkland Bivd,, Unil #11
WILLOWDALE, Ontaric M2J 1RS
(T::tk (418) 483-9333

Quebac

Hewielt-Packard (Canada) Lid.
17500 South Service Road
Trans-Canada Highway
KIRKLAND, Quebec HOJ 2M5

Tl (514) 6974232

ACHCMCSEMPP®
Hewleti-Packard (Canads) Lid.
Les Galerles du Vakon

2323 Du Versont Nord :
§TE. FOY, Quebec GIN 4C2

'&t (418) 687-4570

(CHILE
Jorge Cakcagrd y O, Lics.
Av, taks 634 Santizgo
Ceska 16475
SANTUGO 8
Teh 222.0222 '
Telx; Public Booth 440001
ACMEM
) Lids,

{Chie,

Av. Rodrigo de Arays 1045
Casils 256-V

SANTIAGO 2|

Ter (02) 22 55 044

Telex: 240-565 OLYMP CL
Cable: Olympiachie Santisgochie
CHCSP !

CHINA, People's Republic of
China Hewlelt-Packard Rep. Office
P.O, Box 418

1A Lane 2, Luchang SI.

Beiwei Rd, Xuanwu Disinct

BELING

7e0 33-1947, 33-7426
Telex: 22601 CTSHP CN
Cabie: 1920
ACHCMCSEP

COLOMBIA

nstumentackin

H. A, Langeback & Kiet S.A,
-Carrors 4A No, 52A-26

Apariaco Aereo 6287

BOGOTA 1, D.E,

Yl 212- 1466 .
Yalex: 44400 NST CO
Cable; AARSS Bogola
CMEM ,
Casa Humbolgh Lida.
Carrara 14, No. §8-60
Apartago Aereo 51283
BOGOTA 1, DE.
Tol: 256- 1686

Jelcx 45403 CCAL CO.

COSTA RICA

Clentifica Coslamicensa S.A.
Avenida 2, Cale 5 -

San Pedro de Monles de Dca
Mdo 10159

. fel‘ 24'38 20, 24-08- 19
Telex: 2367 GALGUR CR
CMEM

CYPRUS

Telerexa Lid.

P.0. Box 4863

14C Stassinos Avenve
NICOSIA

Tel: 62698

Yodex: 2894 LEVDO OV
EMP)

DENMARK
Hewdelt-Packard A'S
Datave 52

DK-3460 BIRKEROD
Tel: (02) 83-66-40
Telex: 37409 hpes dk
ACHCMCSEMSP
Hewielt-Packa'? &S
Rolighadsve} 32
0K-8240 MSSXOV, Ashus
Tel: {06) 17-80-00
Telex: (17408 hpas dk
CHE :

DOMINICAN REPUBLIC
Microprog S.A.

Juen Tomds Mels y Coles No, 60
Arroyo Hondo

SANTO DOLINGO

Tet: 565-6268
Telex: 4510 ARENTA DR mc.up

ECUADOR

GYEDE Cla. Lica,

Avenids Eioy Alfsro 1743
Cosiy 6423 CC

T ;
Tei: 450-975, 243-052
Telex: 2548 CYEDE ED
CUEP

Kospialar S.A.

Robles 625

Caslis 3550

ourro

Tob 545-250, 545-122
Taox; 2485 HOSPIL ED

gbk: HOSPITALAR-Quito

EGYPT

Intemational Engineering Associsies
24 Hussein Hegazl Siree!
Kasr-et-Aink '

CAIRO

Teh 23829, 21641
Telax: A LW 83830
CHLSEM

EGYPOR .
P.0.Box 2558

42 £ Zalvaa Street
CARO, Egypt

Te- 650021

: Tolex: 93 337

P

EL SALVADOR
PESA de E] Salvador SA.
29 Avenids Novte 1216
SAN SALVADOR ,
Tel 26-6858, 26-6868
Telex; 20539 PESASAL
ACHEMCSEP

FINLAND

Hewlett-Packard Qy

, Revontulentie 7

‘P24

SF-02101 ESPOO 10

Tel: (90) 4550211

Telex: 121563 hewpa 8! .
CH.CM.CS.P

 Hewlett-Packasd Oy
{Olrinksoma 7)

PL24

02101 ESPOO 10

Ted: (80) 4521022
AEMS

Hewlell-Packerd Oy
Aaloksenkaty 10-C
SF-40720-72 JYVASKYLA
'ae'l: (941) 216318

Hewlett-Packard Oy
Kainvunbe 1-C
SF-00140-14 O
Tuﬁt (681) 338785

FRANCE
Hewlett-Packard France
2). Mercure B

Rue Berthelot

F-13763 Les Mles Cedex
AX-EN-PROVENCE

Tel; 16 (42) 58-41-02
Telex: 4 10770F
ACHEMSP*
Hew'stt-Packatd France
64, roe Marchand Saiant
F-81000 ALENCOH

Tes: 16 (33) 20 04 42
Hewleit-Packard France
Botle Postale 503 ‘
F-25026 BESANCON

Te! 16 (81) B3-18-22
Hewielt-Packerd France

13, Place Napoleon B
F-20000 BREST '

Tel: 16 (96) 03-38-35
Hewle!i-Fackard France
Chemin des Mouiles

Bolta Posiale 162

F-60130 ECULLY Cedex (Lyon)
Tel: 16 (78) B33-81-25
Telex, 310617F
ACHCS,EMP :
Hewlett-Packard France S
Tour Lorraine P
Bowevid de France I
F-01035 EVRY Cedex : ;
i Tel: 16 6 077-06-80 i
;ele: 602315F a

Hewlett-Packarg France

- Parc d'Activite du Bois Briard

Ave, du Lac !
F-81040 EVRY Cecex
Tel: 168 077.8383
Tete:. 882315F

HMett-Pwhud France

5, avenue Raymond Chanes
F-38320 EYBENS (Grencbie)

Tel: 16 (76) 25-81-41

g:le:: 980124 HP GRENOB EYBE

Hewlett-Packard Fisnce
Centre d'Atfake Paris-Nord
Batimenl Ampére 5 étage
Pue de la Commune de Paris
Bolte Postale 300

F-83153 LE BLANC MESNIL
Tel: 16 {1) 865-44-62

Telex: 211032F

CHCS.EMS

Hewleti-Packacd France

Parc d'Activiiés Cadera
Quarter Jean Memoz
Avenue du Président JF Kennedy
F-33700 MERIGRAC (Bordesux)
Tel: 16 (56) 34-00-84

Telax: 550105F

CHEMS
Hewle!l-Packard France
mmueble “Les 3 B*
Noyvesu Chemin de la Garde
ZAC de Bots Briand
F-34085 NANTES Codex

a: 16 (40) 50-32-22




FRANCE (Cont'd)
Hewletl-Packard France
125, rue au Faubourg Banner
F-45000 ORLEANS

Tel: 16 (38) 68 01 83
Hewlati-Packard France

Zone Industriatle de Courtaboouf
Avenye des Tropiques

F-91947 Les tiis Cedex ORSAY -
Tel: (6) 807-78-25

Telex: 600048F
ACHCM.CS.EMPP
Hewlett-Packard Franca

Paris Porte-Mailiot

15, Avenuve de L'Amiral Bruix
F-757082 PARIS CEDEX 16

Tel: 16 1) 502-12-20

Telex; 613553F

CHNMSP

Hewlett-Packard France

124, Boulevard Tourasse
F-54000 PAY ‘

Tek 16 {58) 80 38 02
Hewlett-Packard France

2 Aée de la Bourgonnelte
F-35100 RENNES

Tel; 16 (06) 51-42-44

Telex: TA0912F

CH,CM,ENS,P*

Hewleli-Packard France

08 Avenue de Brelagne
F-76100 ROUEN :

. Tel: 16 (35) 63-57-66

CH*"CS

Hewlel!-Packnrd France

4 Rue Thomas Mann

Bolte Postale 56

F-67033 STRASBOURG Cedex

Tel: 16 {B8) 28-56-46

Telex: 890141F

CHEMS,P* A

Iilewien-Pnckard France
eP )

20, Chemin du Pigeonnier de la

e

F-31083 TOULOUSE Cedex

Tel: 16 (61) 40-11-12

Telex: 531630F

ACHCSEP

Hewieti-Packard France

9. rue Baudin

F-26000 YALENCE

Tek 16 (75) 42 76 16

Hewlell-Packard France

Carolor

ZAC Ge Bois Briand

F-67640 VIGY (Melz)
Te: 18(8) 77120 22
i+ )]

Hewlelt-Packard Fiance

- immeuble Péricentre

F-59558 VLLENEUVE D'ASCO Ceden
Tat 168 (20) B1-41-25

Telex: 160124F

CHEMSP*

GERMAN FEDERAL
REPUBLIC
Hawielt-Packard GrmbH
Geschitftsstete -
Keithstrasse 2-4

D-1000 BERLM 30

Tek: (030) 24-50-86

Telex: 018 3405 hpbin d
ACHEMP

Hewlett-Peckard GmbH
Geschiiissiele
Hertenberger Strasse 130
D-7030 BOILINGEN

Tel: (T031) 14-0

Telex:

ACH.CM,CS.EMP.P
Hewlelt-Packard GmbH
Geschilisstelle ‘
Emanuel-Leutze-Strasse 1
D-4000 DUSSELDORF

Tel: {0211) 69719

Telex: 085/86 533 hpdd d
A,CH,CS.EMSP
Hewlell-Packard GmbH
Gaschiifisslele

Schieeistr, 288

D-4600 DORTMUNRD-Aplerheck
Tel; (0231} 45001

Hewlett-Packard GmbH
Vertriebszentrale Frankhurl

.Bemer Strasse 117

Posifach 560 130
D-6000 FRANKFURT 56
Tal: (0611) 50-04-1
Telex: 04 13245 hptimv d
ACH,CM.CS EMP.P
Hewlelt-Packard GmbH
Geschiilissielie
Ausgenstelie Bad Homburg
Lovisensirasse 115
D-6380 BAD HOMBURG
Tel; {06172) 109-0
Hewlett-Packard GmbH
Geschiftsstelle
Kapsiagtring &

D-2000 HAMBURG 60
Tel; (040) 53804-1
Telax: 021 63032 hphh d
ACHESENMSP
Hewlelt-Packard GmbH
Geschitssielle

Hekieting 37-39

D-3000 HANNQYER 61
Tek: (0511) 5706-0
Telex: 082 3259
ACH.CMEMS,P
Hewle!t-Psckarg GmbH
Geschilttsslells
Rosslaver Weg 2-4
D-6800 BANNKEIM

Tel; (0621) 70050
Telex: 0462105

ACE
Hewlelt-Packard GmbH
Geschifftssiefle

" Messerschmittsirasse 7

D-7910 NEU ULM

Tel: 072170241

Telex: 0712818 HP LAM-D
ACE"

- Hewlett-Packard GmbH

Geschiiftssletie
Enhericherstr, 13

D-8500 NUANBERG 10 .
Tel: (09 11) 5205-0

Telex: 0623 B60
CHCME NS P
Hewtetl-Packard GmbH |
Geschifsslele
Eschensirasse 5

D-8028 TAUFKIRCHEN

Tel: (089) 6317-1

Telex: 0524985 _
ACHCMENMSP )

SALES & SUPPORT OFFICES [
' Arranged elphabetically by country [4']

GREAT BRITAIN
See United Kingdom

GREECE

Koslas Karaynnis S.A.

8 Omiroy Sireet

ATHENS 133

fei: 32 30 303, 32 37 371
Telex: 215962 RKAR GR
ACHOMES EMP
PLAISKD S.A,

G. Gerardos

24 Stournare Sireet
ATHENS

Tel: 36-11-160

;eiex: 221871

GUATEMALA

PESA

Avenida Relorma 348, Zons 9
GUATEMALA CITY

Tel: 316627, 314786

Terex: 4192 TELTRO GU
ACHOMLSEMP

HONG KONG

Hewilett-Packard Hong Kong, Lid.
G.P.0. Box 785 )
5th Fleor, $.a Hung Kal Centre

30 Harbour Roed

* HONG KONG

Tel: 5-8323211

Talex: 66678 HEWPA HX
Cabie: HEWPACK HONG KONG
E.CHCSP

CET LI .

1402 Tung Wah Mansior.
199-203 Hennessy Rd.
Wanchis, WONG KONG

Tet: 5-729376

g'lex: 85148 CET Hx

Schmict & Co. (Hog Kong) Lid.
Wing On Centre, 26th Floor
Comaughl Road, C.

NOWG KONG

Tel: 5455644

Tedex: 74766 SCHMX HX

AM

ICELAND
Eiding Trading Company inc.
Hamamvol-Yiypovagolu

"P.O. Box 815

KS-REYXAVY
Tei: 1-58-20, 1-63-03
M

INDIA

Computer products are sokd through
Blue Star Lid, AX computer fepalrs and
mainienance service is done through
Computer Maintenance Corp.

Give Star Lid,

Sabri Comphs.* I Floor

24 ResJency Rd.

BANGALORE 560 025

Tei: 55660

Telex: 0845-430

Cadie: BLUESTAR

Am’.mm'.f

t

Blue Star Lid.
Band Box House
Prabhacevi
BOLIAY 400 025
Tol: 422-3101
Telex: 011-3751
Cable: BLUESTAR
AM

Bive Star Lid,
Sahas

41472 Vir Savarkar Marg
Prabhadevi

BOWEAY 400 025

Tel: 422-6155

Tedex: 0114093

Cable: FROSTBLUE

ACH CHCS" EM

Bloe Star Lid.

Kalyan, 19 Vishwas Colony
Akapur, BORCDA, 390 D05
Tel: 85235

Ble SiarL1d,

7 Hare Street

CALCUTTA 700 OO

T 12.01-3¢

Telex: 021-7655

Cable: BLUESTAR

AM

Bhe Star L1

133 Kodambakkam Hioh Road
MADRAS 600 034

Tei: 82057

Teiex: 041-379

Cable: BLUESTAR

AM

Ble Starlid,

Bhandari House, 71VEth Floors
91 Nevwu Place

NEW DELMW 110024 .

Tei: 682547

Tetox: 03 1-2463

. Cable: BLUESTAR

ACH"OM LS EM

Blue Star Lid,

15/16:.C Wellssiey Ro. .
PUNELIION

Ter 22775

iuue: BLUE STAR

Bhe Star Lid, :
2.2-47/1108 Bolanm R
SECUNDERABAD 500 003

Tel. 72057

Telex: 0155-459

Cable: BLUEFROST

AE

Bue Star L1,

7.C. 7/603 Poomina

Maruthankuhi
TRIVANDRUN 555 013
Tel. 85799

Tekex; 0884-259
Clble BLUESTAR

| mmmnmmmm

"5 Sarofini Devi Road
SECUNDERARID 500 003
Tel: 310-184, 345-774
gkx.’ 031-2960

b




'SALES & SUPPORT OFFICES
) Arranged alphabetically by country

INDONESIA

BERCA indonesia P.T.
P.0.Box 496/X!.

. Abold Mss 62
SAKARTA

Tel: 21-373009

Tedex: 46748 BERSAL WA
?ﬁ: BERSAL JAKARTA

BERCA ndonesia P, T.
P.0.Box 2497/ &1
Aniara Bigy, 174 Floor
M Medan Merdeca Selatsn 17
JAKARTAPUSAT
7ok 21-344-181

 Tolex: BERSAL A
ACSEM
BERCA hdonesia P.T.
P.0O. Box 174/58Y.
A Kutei No. 11
SURABAYA
Tel: 68172
Tedex: 31146 BERSAL 58
Cable: BERSAL-SURABAYA

A EMP

IRAQ '
Hewdeti-Packard Trading S.A.
Service Operation

Al Mansoor City 86/3/7
BAGHDAD

Tel; 551-46-73 '
Telex: 212-455 EPNHAO K
CHCS

IRELAND
Hewlell-Packard eland L)d,
B2/83 Lower Leeson Stresl
DUBLIN 2 :
Tel: 0001 608800
Telex: 30439
ACHCMCSEMP
Cardlac Services Lid.
Kimore Road
Artane
OUBLIN 5
Tel: (01) 351820
Tolex; 30439
M
ISRAEL
Eidan Elecironic Insirument Lid.
P.0.Box 1270 :
JERUSALEM 9 1000
15, Ohadav S,
JEMUSALEN 94467
Tol: 533 221, 553 242
Telex: 25231 AB/PAKRD L

P.0. Box 25016

TEL-AVIV 67000

Te: 388338

Telex: 33563 Mot L
Cable: BASTEL Te-Aviv
CHCMCS.EMP :

ITALY

Hewiett-Packard Ralians 5.p.A
Traversa 99C

Via Gl Petroni, 19

- k70124 BANI

Lat {060) 41-07-44

Hewiell-Packa.J takana S.p.A.
Via Martin Lithet King, 38/
I-40132 BOLGGNA

Tef: (051) 402354

Teiex: 511630

CHEMS

Hewlett-Packard Raliana S.0.A,
Via Principe Nicola 43G/C
195126 CATANIA

Tei: (095) 37-10-87

Telex: 9702081

4

Hewlelt-Packard ftallana Sp.A.
Via G. Di Vittorlo ©

20063 CERMUSCO wL NAYIGUO

{Milano)

Tel; {02) 023691

Telex; 334632
ACHCM.CS.EMP P
Hewleti-Packerd hakana S.p.A.
Via C. Colombo 40

1-20080 TREZZANO SUL NAVIGLK)
{Miiano)

Tek: (02) 4459041

Telex: 322116

CM

Hewlett-Packard Haliana Sp.A.
Via Nuova San Rocco a
Capodimonle, B2/A

1-80131 KAPOU

Tek: (081) 7413544

Telex: 710698

MCHE '

- HewleMt-Packard ankana S.p.A.

Vidle G, Mocino 33

16156 GENOYA PEGL! |

Tel: (010) 68-37-07

Telex: 215238

EC

Hewietl-Packard ftakana Sp.A.
Via Pefizzo 15

135128 PADOYA

Tel: (049) 664888

Telex: 430315

ACHEMS

Hewielt-Packard aliana S.p.A.
Viale C. Pavese 340

FO0 144 ROMA EUR

Tel: {06) 54331

Telex; 610514
ACH,CM,CSEM5,P
Hewlelt-Packard taliana S.p.A.
Via di Casefiing 57/C

50018 SCANICCHFIRENZE
Tel: {055) 753883
Hewlell-Packard Rakiana S.p.A.
Corso Svizzera, 185

10144 TORMNO

Tel: (011) 74 4044

Telex: 221079

CHE

JAPAN
Yokogawa-Hewlett-Packard Lid,
1521, Onna

ATSUGH Kanagaws, 243

Tel: (0462) 28-0451

CMGE
Yokogawa-Helwelt-Packerd LM,
Meij-Seimei Bidg. 6F

3-1 Hon Chiba-Cho

CHIBA, 280

Tek 472 25 1701

ECHCS

Yokogawa-Hewletl-Packard Lid.
Yasuda-Seimei Hiroshima Bldg.
6-11, Hon-gofi, Kaka-ku
HROSHMA, 730

Tet: 82-241-0611
Yokogawa-Hewletl-Packa:J Lid.
Towa Building

2.3, Keigan-doxi, 2 Chome Chuo-ku

KOBE, 650

Tel: (078) 382-4701

CE

Yokogawa-Hewlent-Packard Lid,
Kumagaya Asahi B2 Bidg

3-4 Tsukuba

KUMAGAYA, Saltzms 360

Tel: {0485) 24-6563

CHCME

Yokcgawa-Hewietl- Packard Lid,
Asahi Shinbun Dalichi Seimei Bidg.
4-7, Hanabata-cha

KUIIAHOTO 860

Tel: (0963) 54-7311

CHE
Yokogawa-Hewietl-Packard Lid.
Shin-Kyato Cenler Blig.

614, Higashi-Shiokof-cha
Karasuma-Nishiru

Shickoji-dott, smagy&ku
KYOTO, 600

Tel: 075-343-0621

CHE .
Yokngawa-Hewleit-Packerd Lid.
Milo hEisul Bidg .

4.73, Sanno-mary, ¥ Chome
MITO, Ibarski 310

Tel: (0292} 257410

CH,CM.E
Yokogawa-Hewlett-Packard Lid.
Sumiiomo Seimei 14-0 Bidg.
Meteki-Minami, 2 Chome
Kakamura-ky

N2GOYA, 450

Tel: (052) £71-5471:
CH,CM,CS.EMS
Yokogaws-Hewietl-Packard Lid.

Chuo Bidg.,
4-20 Nishinaksjima, § Chome
Yodogawa-ku

O8AKA, 532
Tei (06) 304-6021
Telex: YHPOSA 523-3624
ACHCM.CSEMPP"
Yokogawa-Hewletl-Packrsd Lid. -
27-15, Yabe, 1 Choms
SAGAMMARA Kanagawa, 220
Tet: 0427 58-1310
Yokogawa-Hewletl-Packard Lid.
Dalichi Seimel Bidg.
7-1, Nishi Shinuky, 2 Chome
muuu,rom 160
Tet: 03-343-4611
CHE
Yokogawa-Hewlelt-Packard Lid.
29-21 Takaido-Higashi, 3 Chome

u TOKYO 188

- Tel: (03) 331-611

Telex: 232-2024 YHPTOK
ACHCMCSEMPP*
Yokogawa-Hewiell-Packard Lid.
Daiichi Asang Bukiing

2-8, Odori, § Chome
trrswouu. Tochigi 320

_ Tel: (0286) 25-7155

CHCSE

Yokogawa-Hewielt: Pnckud Lid.
Yasuda Seimei Nishiguchi Bldg.
30-4 Tsuruya-cho, 3 Chome
YOKOHAMA 221

Tel: (045) 312-1252

CHCME

JORDAN
Mouasher Cousins Cormpany
P.0. Box 1387

AMMAN

Tek: 24007, 39907
Tetex; 21456 SABCO JO
CHEMFP

KENYA
ADCOM LI, Inc., Kenys
P.0.Box 30070

KAIROBI

Tel: 331955
Telex: 22639
EM

KOREA

Samsung Electronics HP Division
12 F1. Kinam Bldg.

San 75-31, Yeoksam-Dong

Kangnam-Ku
Yeongdong P.O. Box 72
SFOUL

Tei: 555-7555, 555-5447
Yelex: K27364 SAMSAN -
ACHCMCSEMP

KUWAIT
AlL-Khaidys Trading 8 Coniracting
P.O. Box 830 Salat

KUwaiT
Tei: 4249!0 411726
Telox: 22481 Areeg ki
CHEM
Proto & Cine Equpment i
P.0. Box 270 Safal .
KAy
Tei: 42:2846, 42'3801

;eiex 22247 A{am kit

Py
E%BANON
Achraheh
PO, Box 165,187
BEWRUT

l

© Teh 290293

[V !
Computer hformalion Systems

FP.C. Box 11-6274

BERUT

Tei: 8340 73

geln: 22259

LUXEMBOURG

Hewieit-Packatd Beigum S.AM.Y.

Bfvu de la Woluwe, 100

Woluwedal -

B-1200 BRUSSELS

Tel: {02) 762:32-00

Telex: 23-494 paloben bru _
ACH CM.CSEMPP .

MALAYSIA

hewlett-Packard Sajes (Malaysia)
Sdn. Bhd,

151 Floor, Bangunan British
American

Jalan Semantan, Damansara Heighls
NUALA LUMPUR 23-03 )
Tel: 843022

Telex: MA31011

ACHEMP®




\mvuvsm (Cont'd)
. Protel Engheerig -
P.OBox 1817

MRENEL
Tel: 447 47, 455 66
_ ;gex Medis MW 649

MEXICO ‘
Hewletl-Packard Mexicana, S.A,
de GV,
Av. Perlferico Sur No, 650)
Tepepan, Xochimico

. 16020 MEXICO D.F.
Tel: 6-76-46-00
Telex: 17-74-507 HEWPACK MEX
ACHCSEMSP

idi:séhn Packerd Mexicana, S, Iy
Ave. Colonla del Vake 409 '
Col. del Yake
Municiplo de Garza Garcia
MONTERAEY, Nusvo Leon
Tel: 78 42 1
Telex: 038 410

 CH

- ECISA
José Vasconcelos No, 218

Tol: 553- 1206
Tdu' 1772755 ECE Af

HOROCCO

Dobbesu

871 rue Karaichi ,
CASABLANGA

Tel: 304 1-82, 306838 .
;m.-zaosr,m:z !
| Goep
2 rue d'Agack »
Boite Postsle 156 Wt

Tel: 272095, 272095
Telex: 23 759 o
» ) P L 0 \||

o
NETHERLANDS i
Hewlelt-Packard Nederland B.V. -
¥an Heuven Goedhartiaan 123 !
NL 1181KK AMSTELVEEN
P.0. Box 667 o
NL11B0 AR AMSTELVEEN .
Tel: (020} 47-20-21 ’ ‘
Teler 1321GHEFANL | |
ACHCM.CSEMNP P ‘ \

o HewlettPackrd Nededand BY. . 1

Bongerd 2
H.MVKWHDML, i
P.0. Box 41

NL 2000AA CAPELLE A/D ISSEL
Tel: {10) 51-64-44

Teiex: 21261 HEPAC NL ¥
ACHCSE ’

1

SALES & SUPPORT OFFICES

Arranged alphabstically by country

PAKISTAN

Hewlett-Packard Nederiand B.Y. |

Pastoor Pelerssirant 134-136 Mushiko & Compeny Lid.
" ML BG12LVEINDHOVER I-B, Street 43

P.0. Box 2342 i Seclor F-8/1

NL 5600 CH ENOHOVEN | ISLAMABAD

Tel: (040) 326011 Tel: 510771

Teiex: 51484 hepae nd Cable: FEMUS Rawapbd

ACH" " M AEM

Mushko & Company L1d.

NEW ZEALAND

Hewktt Packara .2) LIG. mm ;

.5 {hiens Road XARACH 0302

P.0. Box 26189 Tol: 524131, 524132

Epsom, AUCKLAND N ’

Tel: £87-159 T*X.’ 2894 MUSKO PX

m c’j Evp. ‘;E-MF'

Hewsatl-Packard {N.2.) Lid. PANAMA

Electrinico Balbos, S.A,

4-12 Cruickshank Streel
Calle Samuel Lewis, Ed. Alfe

Kitbienie, WELLIHGTON 3

P.0, Box 8473  Apartedo 4929
Courlenay Place, WELLINGTON 3 PANAMA §
Tek: 877199 Tel: 636613, 65-6748
Cable: HEWPACK Welinglon Tetex: 3483 ELECTRON PG
CH.OMEP ACMEMP
Nortvop psiumenis 8 Syslems Lid. PERU
369 Knyver Pass Road Cla Eleciro Médica S.A.
:‘U%‘%mz ' Los Flsmencos 145, San tsidro
Tel: 794-091 Casita 1030

LMA 1
Toler: 60603 Tet: 41-4325, 41-3703

Totex: Pub. Booth 25306
Nordoy bsmuments & Systems i cueup "2
110 Mandevite I,

P.O. Box 8388 PHILIPPINES
CHRISTCHURCH The Onine Advanced Syslems
Tol: 485-328 corpora#on
Telex; 4203 Rico House, Amorsolo Cot, Herrera
AN  Straet
Nortvp hsuments 8 Systns L. B, 0
85,87 Ghuznae Sreet Meo KAMUA
P.0. Box 2406 Tet: 85-35-81, 85-34-91, §5-02-21
WELLINGTON Telex: 3274 ONLINE
- Teh 850-091 ACHCSEM
Telex: NZ 3380 Elmronic Speciaksts and Proponents
AM o
of anio de
NORTHERN IRELAND i g"g,ﬁ‘?”,m e s Santos Avenue
See United Kingdom ;g 9,:;6 2?1998%9682 08.96:63
NORWAY Telex: 40018, 42000 7T GLOBE -
Hewlalt-Packard Norge A/S MACKAY BOOTH
Foke Ben:g;%nes vel 50 P ‘
P.0. Box
N-5033 FYLLINGSDALEN {Eergen) PORTUGAL
Tel: 0047/5/16 55 40 Mundinter )
&bgsés’ggmpnasn gﬁrﬁmwme
wlelt Packard Norge 'S P.0. Box 2761
1emdalen 16-18 : Ay, Anforéo Auguslo de Aguar 138
P-LISBON -
P oTERls Tot (19) 53:21-31, 53.21-37
T::;r,n&%“m 20 L“EX.' 16691 muniet p
Telex: 16621 S N
ACHCMCSEMP jgmgm 202
OMAN 1298 LISS0A Codex
Khimyd Rarv das Tel: 56 21 81273
P.O.Box 19 Telex; 13376 SABASA
Tee: 3269 BROKER A AISCAT B Exetios SARL
B Fua Rodngo da Fonsecs 103
} Pwoao&f:’yMwm ﬁo.soxzsar
X -LISBON 1
 WUSCAT Tel (19) 68-60-72
Teh 734 201-3 Tolex: 12598
Telex: 3274 BAHWAN MB CHCSEF

Tekx

[+

)

PLERTO RICO
Hewlei-Packard Puerio Rico
Ave. Munoz Rivera # 101

Esq. Cake Ochoe

HATO REY, Puerio Rico 00918
Tei; (8089) 754-T800 .
Hewleli-Packard Puerlo Rico
Calle 272 Edificio 203 |
Urb, Courtlry Club '
R0 PIEDRAS, Puerto Rico

P.0. Box 4307

CAROLINA, Puerto Rico 00628
Tel; (809} 762-7255

ACHCS

QATAR
Computearbis

P.O. Box 2750
DOXA

Tol: 833555

:ebx: 4806 CHPARD

Ezstem Technical Services
P.O.Box 4747

DOHA
Tel: 229 833

Telex. 4156 EASTEC DH
Nasser Trading & Contrackng
P.0:Box 1563

oA :
Tel: 22170, 23539
Teex: 4439 NASSER DH

SAUDI ARABIA

Modem Erectronic Estabishment

Hewiatt-Packard Division

P.0. Box 22015

Thuobah

ALANOBAR

Tel: 895. 1760, 895-1764

Telex: 671 106 HPAEEK S8J

Cable: ELECTA AL-KHOBAR

CHCSEN

Modern Electronic Estabishment ‘
Hewlelt-Packard Division ' .
P.0. Bor 1228 ot
Recac Plazs, 60 Floor

JEDDAN

Teir 644 38 48

027 12 FARNAS 5

Cable: ELECTA JEDOAN

CHCSEM

Modern Ekectronic Esiabishment

Hewlelr-Packard Division

P.O.Box 22015

RYADK . :
Tel: 49197 15, 491-83 87 !
Telex: 202043 MEERYD S

CHESEM

Abckd Ghani )

PO Box 78 4o

RIYADH

Tei: 4021717

;ebx: 200 932 EL AU

SCOTLAND
See United Kingdom

SINGAPORE ' A
Hewleti-Packard Shgapote ;Sales)

Ple. Lid. |

$08-00 Inchcape House

450-2 Aexandra Road

P.Q. Box 58 Aexandra Rd. Post Office

SINGAPORE, 5115 S
Tel: 631788

* Telex: KPSGSQ RS 34208

'Gable; HEWPACK, Sh‘gnrofe
. ACHCSEMS P




s

.
O]

SINGAPORE (Cont’d)
Hiemational Lid.
05-11 Biock 6
Kolam Ayer Indusirial Esiale
SINGAPORE 1334
Tol: 747-6188
relex: RS 26283

SOUTH AFRICA

P.0. Box 120
Howard Place CAPE PROYINCE 7450
Pine Park Cenler, Foreat Csive,

K Pinelands

’ CAPE PROVINCE T405
Tek: 53-7054 , .
Tetex: 57-20006 _
ACH.CMEMS.P

Hewlelt-Packard 50 Alrica (Piy.) Lid.

P.0. Box 37089
©2 Overport Drive

DURBAN 4067 5
Tel; 28-4178, 26-4170, 28-4110
Telex: 6-22054 1

' CH,CM

Hewlell-Peckrd S0 Aica Py Lid..

6 Linton Arcade | .

511 Cape Rosd *

Linton Grange 1

PORT ELZABETH 6000 '
! E‘l 041-302148

Hewielt Packard So Aca (Pry.) L1

P.0.Box 33345

Glensianiia 0010 TRANSYAAL v
18t Floor East :
Constantia Park Riige Shopping -

Tel: 682043

Telax; 32163

CHE

.Hewdetl- Pndtud So Africa {Pty.) Lid.
Private Bag Wendywood

BAMDYON 2144 .
Tel: 802.5111, 802:5125
.t Telex: 4-20877
Cable: HEWPACK Johannesburg
.. ACHCMCSEMSP

EPAIN
Fewleh-Packurd Espariola S.A.
Calle Entenza, 321
E-BARCELOHA 29
Tel: 322.24.51, 320,73, 54
Telex: 52603 hpbee
A qi.cs EMSP
Hewlent-Packard Espanola S.A.
Cale San YiceMe SiNo
Edficic Alia I
E-BLBAO 1
Tel: 422.83.06
A,CHEMS

| ) Hewlett-Packwd Espafiola S.A.
Crta. dc- la Coruna, Km. 16, 400
Las Rozas -

. E-MADRID
Tei; {1) 637.00.11
‘ CHCSM
3 Hewlet-Packard Espaniols SA.
Avda. S. Francisco Javier, S'no
Pienta 10 Edficlo Sevlla 2.
O E-SEVLAS | "
Te:GAAA58 3
Telex: 72833
A.OS.I-":?.P ,

Hewlett-Packard Go Africa {Py) Lid,

SALES & SUPPORT OFFICES
Arranged alphabeticaily by country

Hew‘nett Pachard Espanols S.A.
Care Ramon Gordio, 1 (Entia.3)
E-VALENCIA 10

Tel: 361-1354

CHp

SWEDEN
Hewletl-Packard Svesige AB .
Sunnanvagen 14K
5.7 2226 LUND
Tel: (046) 13-68-78
Telex: {854) 178886 (via Spinga
olfice)
CcH
wielt-Packard Sverige AB
ira Tuligatan 3
§-21128 MALMO
Tel: (040) 70270
Tetex: (B54] 17866 (via SpAnge
gltce)
Bewlell-Packard Sverige AB
Visira Vinlergalan 9
§-70344 DREBRO
Tel: {19) 10-48-80
Telex: (854) 17886 (vla Spinga
office)
CH 1
Hewielt-Packerd Sverige J:
Skalholisgalan B, Kista
Box 18 :
5-16303 SPANGA
Tel; (08) 750-2000
Telex; (852) 17886
) Telelax: (08) 7627781
A CH,CM,CS.EMS,P
) Mawlett-Packard Sveripe AB
) Friftatisgalan 30
S-42132 VASTM-FROLUPCDA
i Tel: {031) 49-09-50
 Telex: (854) 17886 (via Spanqa
office) \
CHEP .
SWITZERLAND !
Hewlelt-Packard {Schwreiz) AG -

. Clarastrasse 12 i

CH-4058 BASEL

: Ial: {61) 33-60-20

- Hewlell-Fackerd {Schweiz) AG
7, rve ou Bois-du-Lun
Case Posiale 365
CH-1217 MEYRIN 2
Tel: (0041) 22-83-11-11 .
Telex:27333 HPAG CH
CH CM.CS b
Hewlelt-Packard (Schwelz) AG
Amend 2 b
CH-B967 WIDEN :
Tek: (0041) 57 312111
Telex; 53933 hpag ch
Cable: HPAC CH
ACH,CM/CS EMSP

- SYRIA

Genersl Electronic Inc.
Nuri Basha abnal Ebn Kays sm:
P.0. Box 5781

DAMASCUS ‘ ,
oL
- Tedex: 411215

Eable: ELECTROBOR DA

M

Aiccde East Ekctrm
P.0.Box 2308
Abu Rumnaneh

DAMASCUS
Yol 334 592
Tolex: 411 304 -

TAIWAN

Hewlell-Packard Far East Lid.
Kaonskng Office

2/F 66-2, Chung Cheng g Road
KAOHSIUNG

Tel: {07) 241-2318

CH,CSE

Hewielt-Packard Far East Lid,
Tllwun Branch

Bth Floot

337 Fu Hsiog North Road

TAIPE!
Tei: (02) 712-0404
Telex: 24430 HEWPACK

© CableHEWPACK Taipet

ACHCMCSEMP

g Lih Trading Co.

3rd Floor, 7 Jen-Al Road, Sec. 2
TAWPE! 100

Tel: (02) 3948191

gable INGLIM TAPE]

“THAILAND

Unimesa : ‘

30 Patpong Ave,, Sunwong
BANGKOX 5

Tel: 235-5727

Tesex: 84439 Simonco TH

Cable: UNIESA Banphok
ACHCSEM

Bangkok Business Eqnbnwnr Lrd.
&/5-6 Defo Foad

BANGKOX

Tel: 234-8670, 234-8671

Telw: 87663-BEQUPT TH
Cable: BUSKUINT Banghok

TRINIpAD & TOBAGO
Caribbewn Teiecoms Lid.
50/k Jerringham Avenue

- P.0. Box 732

PORT-OF-SP/N

Tai: 6244213, 6244214
Tedex: 235,272 HUGCO WO
CUEMP

TUNISIA
Tunisie Elecironique
21 Avenue de Is Liberte

TUNS
Tel: 280-144
£EP

Corema.
1 ter, Av. de Carthege
TUNS

Tei: 253-821
Lebx: 12319 CABAM TN

TURKEY
Toknim cmrpmyud ’
¥an Caddes! No

Ktvakldere MM
Tet: 275800 '
mx' 42155’ KN TR

ENA -
Medina Eidom Sokak No.4 1/6
Yiuksel Caddest

. ANKARA
Tel: 175 622
Tdéx: 42501

UNITED ARAB EMIRATES
Emitac Lid,

P.O. Box 2711

ABU LHABI

Tel: 82 04 19-20

Cable: EMITAC ABUDHAB!

Emitac Lid.

P.O. Box 1641

SHARJAN

Tel: 591 181
Telex: 68136 Emitac Sh
CHCSEMP

UNITED KINGDOM

GREAT BRITAIN
Hewlelt-Packard Lid.
Tralaige! House
Navigalion Road
ALTRIHCHAM - ‘
Cheshire WA 14 1NU

. Tel: 061 528 6422

Telex: 668065

ACHCSEMMSP .

Hewlell-Packard kid.

Elstree Housc, Elstree Way

BOREHANWOOD, Herls WO6 15G

Tei: 01 207 5000

Telex: BO52716

ECHCSP

Hewdell-Packard Lid.

Oakfield House, Qakfield Grove
* Clilion BRISTOL, Avon BS8 2EN

Tel; 0272 736806 '

Telex: 443302

CHCSEP

Hewtelt-Packard Lid.

Bridewell House

Bridewel Place

LONDON ECAY EBS

Tei: 01 563 6565

Telex: 208163

CHCSP ,

Hewlelt-Packard Lid.

Fourier House

257-263 High Strest

LONDON COLNEY

Herls, AL2 THA, 5t Albans

Tel: 0727 24400

Teiex: 1-8952716

CH.CS

Hewieit-Packard LG,

Pontefract Road

NORMANTON, West Yorkshire WFB 1RN

Tei: 0924 865566

Telex; 557355

CHCSP

Hewlett-Packard Lid.

The Quadrangle

106-118 Station Road
REDHILL, Surrey RHY 1PS
Tel: 0737 68655

Telex: 847234
CHCSEP

i
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_Arranged alphahetlcally by country (

4 RewdetPackerd Lid 224 E b Co
‘ House e a3t Aragon R P nnacticut , '
m%ﬁ fioad ‘ ;':ICW AZ 85706 oad 1 "*mlﬂ’admc co. Kansas .
890 ABL ]llu. , Wes! Midtands (glgg_ms 4831 a .‘!'Pro Bmao Industrial Road Soulh ° !;;g;ell Packard Co,
o msesy !  California o numérmfc; betgn WA KG ey e
s s oo+ e AL
! HewleltPackard Lid o msamm (W | | o
X CABd0OE ¢ Florida Kentuck
f,""'g:dm Tel: ms)aao 2500 ' ', Hewelt Packarg E;o_ | , Hewill-Packasd Co.
Streel, West End L CHES 2001 N.W. 62nd ' 10300 Lion '
, SOUTHARPTON - Hawieth : 50, Box 240 ) LOVISVILLE, Station Roag, 4100
Hempshis §03 300 L e, ' FORT UBERDALE, Fi & ey T S
Tel: 04218 6767 R Box 1830 G747 . 0 Teks) D;;gut FL 33307 . m,‘cszg“% 0100 o
ms: grnaa Vo — rntsuo,c,"gg{z"?m. Sule 102 cacs.sn':p 2600 Louls) S e
t ' : : : . ana ' Vo
 Hewlett-Packard Lid. g:és?g‘sgwmsz , :ihl‘;?kmu:w Go Hewtetl-Peckard Co. R
Eskaale Rd, - TR ‘ He\:lthl.lP : P.0. Box :Osumm Drive ;60 ames Diivk Eel P |
Weoersh, WOKNGHAM P.0, Bo: ackerd Co. |, ¢ ORANDO FL 10 ST, ROSE, LA 70067 ! ;
B""anﬂwz 113»0::4230 o iy [365}'3532859 _ K-O. Box 1440 . - n
Tek: 0734 696622 - e . mmﬂggﬂ&mmm ‘CHWCSEOM oo TEI?“HER,LA 70063' L
Telex: 842884 Teb (714 ,CAO2631 - Heie MS ) Ae.(scu) 467-4100
E b . Sroncatur 0 HewianPackerd Go! - AOMSENS
.m':‘mctud Lid. Hewlelt-Packard Co Po.Boe 15000 T N m m{'p';i dCo.
ahe 320 8. K Y ) YAUPA, FL 336 ‘Packard Co. _
Winnersh, WOK 1 , Kebogp, Suite B - : 1 ;3701 Koppers § ‘
: - GOLETA, CA Tek: (813) B84- - s Streel L
Tel: 0734 784?754 " L 1805)B67-3405 pcHouCse w0 e (0N 844.5600. v
Tﬂkl RATIT8 Gﬂorgl. i - Te'ﬂl 710:862+1942 .
WOHCSEMMRS Hewelt ackarg Co. Hevie: Packard Co, ' - ACHCMCSEMS
o Hoenhaey ! B M o, B, SovutPuce | 2o chuy s
) ' P.0. Box 1 AT an e Cherry Road .
Esstarpasd worbou - b2 L AN WA Ter ) eae
Bekhe SAGT L qol £s,CaB000e, el BIOT66AB Byl
| Tees: maggmo] A \ éﬁ"c’;,g'o‘m bl i ACHORCSENP 90 o, Mchswn
' CHISEP CMCSMP - 1+ o v ;! Massachusetls
b ,'-?l, ¥ nE»F: ! ot ) ) He.wle.hPaci(ud(:o S ’ ;‘.“:i:!;“ o R 1 ?;;d:u Parkard Co.
7 IKELAND 3155 Porter Oaks Drive Kaww:mw Co. . 7, D Mit.:jeman Road
: PALO AL Aoy oPlam, Sule 190 OVER, MA 01810 -
+ . NORTHERN IRELY . 10, CA 24304 £67 South K Tet: (61 : o
g G S Bt e e
c\. ’ ’ , O Tt IR R . .
., Bk PRy ka?ad m&m el Packerd Co, . cH(gc.)a) 526-1585 ggem:’,:ﬂw Co. ! o
' unﬁt';zsgzaggggg : ! X ;2044332 597 et 0901 SL‘IQA ui'l‘loll LEXINGTON, J,:fs:zeﬂsi ‘ o
Jhahezziebess . [ ScAMNTO 'ch es‘asz o o 0. Bicor ) cavéseo R
e ) Fc‘:ées)gzﬂ 7222 i Michiga
8C0 _ N gan
mwgﬁg dh " . Hewlalt-Pack l‘fd Co. $P?:I‘gﬂgg saﬁlm] ':eaggﬂ’l’ackud Co.
:,"“T“Wlwmv SRR o oo s e n. GAAKO RAPDS, Wi 40505 2
oat . P, Box . P ! ‘ y
L Tecaay e BNDIEGO,CABZI3D ':ogowpm’d“ o G
. Telec72882, ) Tek'(318) 2799200 100 315t Stree), Sute’ 00" CSMS
 CHOMCSEMR _CHCMCSEMP ., - 3 BONNERS dhQWE 60515 Hewlell-Packerd (s, -
| . . Hewlelt-Pack y oo ¢ '2’950'5 50 '+ VT W, Big Beaver R
UNITED STATES ' HewePackud o) S e . TROY, M 4B08s oed
Alsbama ' “"WMONWCAmmm? o . g‘;g"" Packud( o o Tek: (313) 6436474
Hewielt-Packard.Co. o Te: (415P 533 59“' : HOI.llli.lIGomew Drive i CHCS
- Cmmmsm s&te' 128 . HES Tel (3,2"“““-160008 ' Minnesota -
BRMINCHAN, AL 35 I *“" PBCkMd Co. ' _ TG‘-EI' 91’0?55'9300 Hewlett-Packard Co
Tel: (205) 622.5302 ;' 13008 Scolt Bouevard © ’ : 910-687 1066 L 2025 W, Larpentewr
A J T N 80557 ACLARA cxv;ég A'm'w'cslzw n fo . STLFAUL, MN ssmme'
Hewlelt-Packard Co. Ce ,T" {408) 688-7000 (a ::;’IL““' ‘:ﬂi (512) 644.1100
:.zowmmve- Iec’*&; 910-48.0586. . ), noiltn-:ackudcq; s ! CH.EN.CS.EMP
MINTSVLLE, AL 35605 CACHOMCSEM 7301 No, Shadeiadd Avere Missobiri '’ ‘
m“.rgo; 7700 ) I“'WII PuchnrdCo o oo M7 AT " Hewlelt-Packard Co, |
YILLE, AL 25607, : 5703 Corsa hyenue o " M46250 [ 11133 Colorado
Tet (205) 830.2000 WESTUKEWLLAGE CA 41362 {%{wmz-zm NN RANSAS Oy O Sa Ty
Atﬁu cSER o ' Ee‘c(ﬂz ‘%'s.{w oot " lowa CoEMs X s'kleénlem, 763-8000 kN
Mo Peckard Co v Colorado . ' Hewlett Packard éo P o “'**‘Et":’gfkizsco RIS | ‘
8089 POhte Pﬂk';y West . Hewlelt-Packard 06. o .| ;l :’ ! ;gg_gi’s“ Streel, ‘Sulte 1 f 13001 MO 5 J|
Td‘n(wzmum" Yo 24 Invernass Pisce, Eesl Tel: (51 m&!&mas "i!om ON, M mfl I ..
: (602) 23,6000 ' ' ENGLEWO00, CO 80112 | m,'us-"-” 224-1435 Te (314) ARH100 © © |
1 Tet: (303) 649-6000 - .’ . ACHCSEMP: ST
'ACHCMCSEMS © - Lot ¥ N o
a Y A L . [ “ '




SALES & SUPPORT OFFICES
(4"] Arrangod eliphabetically by country

rl;

UNITED STATES (Cont'd) Qhlo i
Ty
FawenFakad e CINCINNAT), OH 45242
e O ey Sl Yol (513) 601.9670
‘ CH,CSNS -
Tei: (402 334-1813 . Fe
CUNS i Hewielt-Packard Co,
, 16500 Spiague Road
New 'Jeresy CLEVELAND, OH 44130
lrmt—Pc:n&wRG:a- ’ Tei: (218) 2437300
' ’ 's'm 7652 ch“acuncslsl“s
- PARAM priy Hewielt-Packsrd Co.
o -Tei; (201) 265-5000 62 Crupper Ave,
IR *-T‘f"';cs's": | COLLMBUS, OH 43220
+ - Hewlelt-Packerd Co, Tel: (614} 425- 1041
.. B0 New England Av, Wesl EN: Nov. 25, 1683
P mgm‘- H ?gg“ 875 Brooksedge Br2,
U T . WESTERVRLE, OH 43081
‘“ g *.‘m.c"-cle Gl,CH.CS.E'
£ riew Mexlco Hewlett-Packa,d Co,
Hewlait-Packard Co, -330 thoqtess Rd.
13307 umas Bivd. NE. DAYTON, OH 45440
P.0, !.ox 11834 Tel: (613) 8595202
ABUQUERQUE, N 87112 ACHOM,E® S
Tl {505) 262-1330 Oklahoma
CHOSEMS . : Hewlelt-Packard Co,
New'York : 304 N. Meridian, Sulle A
Hevdeil Packard Co. P.0. Box 756800
6 Gomputer Drive South OKLANOMA CITY, OK 73147
ALBANY, HY 12205 1, Tel; (405) 946-0489
Te (518) 4581550 . . A" GHE"MS
ACHEMS . y. ' Hawiert-Packard Co,
Hewdell-Packmd Co. | 3840 5, 1530 E. Avenve, #100
0600 Main Sireet P.0. Box 5747 .
PO.BoxsC o ! wm,omnsa '
CURENGE, NV 1831 Tel:(918) 685-3300
Tei:(716)769-8821° -~ . ACYCHOSM
,g*v:ieu-Pnckud! Co. _' Y &'.‘,',:'.{’Fm,m
1200 Cross Keys Otfice Park 0255 S. W. Ploneer Court
FAMPORT, NY 14450 ) . " P.0, Box 328
‘Te: (716)2239950 ;) . . whSONVILLE, OR 67070
CHCMCSEMS Tel: (503) 682.8000
, ;ua:.nmwu q& . - ACHCSE* NS
. I 1 Harzy Loy |
' 4 : Pannsylvania
c bt LeRRooL NY 13368 - Hewlelt-Packard Co.

(o MCHCMEMS - | HTTSBURGH, PA 15238
G Hewlet-PekardCo. ' - 5| Tel: (412) 782-0400
v :g&lir:&mngnm : ’AC}ICSENP

Sl RO Hewlell-Packard Co.
., 3Ab,Street & 8 [renve ;
U WATIATRY 10110 | 2750 Mowvoe Boevad
P.0, Box 713
nar e 212) 9!““:"“ i | VALLEY FORGE, PA 16462
b CHESE'M | Tek: {215) 666-5000
IR ok R S
' mnms.ﬂv 10604 | South Carclina
S0 ) CMCHCSE | Biookside Park, Sute 122
)l '?‘)ﬁ—:ﬁ%ﬁoﬁm P.0, Box 21708
y om0, NY 19797 coLuuBiA, SC 26221
‘ ,re&(sw aeewsoo Lﬂ‘ésuoé” 7320100

o DOLMCSEMS Hewlelt:Packard C.

)" North Carcline Koger Executive Center
0 SR8 R Way e S e 12
)P0, Box 26500 Ly ki

GAZENSIONO, NC 27420 Tek 803) 297-4120

Tel: (918) 852-1800 Tennesses
Rewlett-Packard Co.

ACACUCSEMS 224 Pelers Road, Suite 102
P.0. Box 22490
KNOXVILLE, TN 37022

Tel: (615) 691-2371 -
A CHMS

Havwreit-Packard Co,
3070 Dvectors Row
MEMPHIS, TH 38131
Tel: (501) 346-8370
ACHMS - '

Toxas
Hewlelt-Packard Co.
4171 North Mesa
Sulle C-110

EL PASO, TX 76002
Tel: (915} 533-3555
CHE® M5*"
Hewlelt-Packard Co.
10535 Harwin Drive

© P0, Box 42816

nOUSTON, TX 77042
Tes; (713) 776-8400
A,CH.CM,CS.E.MP
Hewlell-Packard Co,
030 E. fampbel Rd.
P.0.Box 1270
PICHARDSON, TX 75080
Tek: (214) 231-6101
ACHCM.CSEMP
Hewle!l-Packard Co.

1020 Central Parkway South -

P.0. Box 32893

SAN ANTORIO, TX 78216
Tel: {512} 454-8336
CH.CSEMS

Utah

Hewletl-Packard Co.

3530 W. 2100 South
SALT LAKE CITY, U7 84118,

" Tel: (801) B74-1700

ACH.CSENMS

Virginia
Hewlell-Packard Co.
4305 Cox Road

GLEN ALLEN, YA 23060
P.0. Box BG69
RICHMOND, VA 23228
Tek: (804) TA7-7750
ACHCSEMS

Washington
Hewlett-Packard Co.
15815 S.€, 371h Strest
BELLEVUE, WA DB006
Tel: {206) 543-4000
ACH.CM.CSE NP
Hewleli-Packard Co.
Suite A

708 North Argonne Road
SPOKANE, WA 88212
Ted: (509) §22-7000
‘Waest Virginla
Hewielt-Packerd Co.
4504 MacCorkle Ave,
P.0. Box 4287
CHARLESTON, WV 25304
Tel; (304) 925-0452
AMS

Wiaconsin
Hewlelt-Packard Lo,
150 S. Sumny Siope Road
BROOKFIELD, W1 53005
Tel: {414) 784-8800
ACHCSE" WP

1]

- ACHCSEMSP

UHUGUAY

Pabéo Ferrando SAC. ¢ /.
Avenios ftaka 2877
Casids ge Comreo 370
MONTEVIDEQ

Tai: 80-2586

Telex: Public Booth 801
ACUEM

VENEZUELA -

Hawlelt-Packard de Venezuela C.A.

3RA Trarisversal Los Ruices Notle

Edtficlo Segre 1,283

Aparizdo 50833

CARACAS 1071

Tel; 239-4133 B
Telex: 261046 HEWPACK !

Hewielt-Packazd de Yenezuela C.A. ‘
Cale-72:Entre MH y SY No 3H-40

Edificlo Ada-Evelyn, Local |
Apariado 2645 i
4001, MARACAIR0, Estadn Zulla

Tek: (061) 80.304

CE"

Hewielt-Packard de Yenezuela C.A.

Ca¥e Vargas Rondon

Edificlo Seguvos Carabobo, Fiso 10

YALE
Tel: (041) 51385
CSP
Bioslectronica Medica C.A,
Cake Buen Pasior
Edif, Cola Mi-Piso 2 y Semi Solano 1
Boleita Noite
Apariacio 507 10 CARACAS 10504
Tei: 23984 41
Tedex: 26518

Z2IMBABWE

Field Technical Sales
45 Kelvin Road, North
P.B. 3458

- SALISBURY

Tel: 705 231
Telex: 4-122 FH
GEMP

My 1983 50526000

~ Indicales main office

HP cisimbutors ere prnted in fialcs,
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