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About this Manual

We’ve added this manual to the Agilent website in an effort to help you support your
product. This manual provides the best information we could find. It may be incomplete
or contain dated information, and the scan quality may not be ideal. If we find a better
copy in the future, we will add it to the Agilent website.

HP References in this Manual

This manual may contain references to HP or Hewlett-Packard. Please note that Hewlett-
Packard's former test and measurement, life sciences, and chemical analysis

businesses are now part of Agilent Technologies. The HP XXXX referred to in this document is
now the Agilent XXXX. For example, model number HP8648A is now model number Agilent
8648A. We have made no changes to this manual copy.

Support for Your Product
Agilent no longer sells or supports this product. You will find any other available
product information on the Agilent Test & Measurement website:

www.agilent.com

Search for the model number of this product, and the resulting product page will guide
you to any available information. Our service centers may be able to perform calibration
if no repair parts are needed, but no other support from Agilent is available.
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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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Microfithe Part No, 00430-9J071

) Copyright Hewlett-"ackard Company 1966 |
P.O. box 301, Laveland, Colorado 80539
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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 shipment [,except that in the case of certain components listed in Section [ of this manual,
the warranty shall be for the specified period]. During the warranty period, Hewlett-Packard Company will, at its

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 Office Adiresses are provided at the back
I .

of this manual. '

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

i

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 substitute 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,

Pratective conductor terminal, Indicates the ficld wiring terminal that must
be connected to carth ground befare 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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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
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SECTION 11
- INSTALLATION ;

2-1. INTRODUCTION,

2.2, Ihis section contajns infoymation and instruc-
tions necessaty for the istallation and shipping of
the Model 400E and J00EL Voltraeters, 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 operated from any

‘source of 115 or 230 volts at 48 1o 440 Hz or frony

two 35 1o 55 volt batteries connected 1o 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 number
directly below each drawing 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

- mearest +hp- Sales and Service Office and a replace-

ment vord will be provideéd,

1

29. GROUNDING REQUIREMENTS,

210 To protect operating personnel, the Natioma)
Eléctrical - Manufacturers”  Assoviation {NEMA)
recommends that the instrument panel and eabinet 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,

i

1]
'

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
temperature exceeds 55° C (131° F) or the relative
huntidity exceeds 957,

213, BENCH MOUNTING.

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. 5060-0797).
The adapter frame is a rack frame thar aceepts any
combination of submodulur units. it 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 submodudar units by usine a
Combining Case thp- Model 1051A ur 1052A). The
(?cutllbirii_qlg Case is 3 tull-module uni* wheeh accepts
various combinations of suhmodular units. Being a
full-module unit, the combining case can be bench or
tack mounted wxd s w.atogous o aay full-module
i instrwment. '

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-
Packanl for service or repair, attach a tag ro the
instriement identifying the owner aind indicating
the servize or repair to be aceomplished;
dnchede the model monber und fidll 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 origine' container is not availu
ble. o suitable container can be purchased
frum your nearest -hp- Sales and Service
Olfice.

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.

~

freavy carton 'or wouden box and seal with

Place instrument and inner container in o
strong tupe or metal bands. .

d.  Mark shipping container with “DELICATE
INSTRUMENT,” “"FRAGILE,” ¢te,
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Section 11
)

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, LOCATION 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

0.033 0.003 "
0.168 0.167
0.338 0.328

, 0.687 Q.667

0.020 0.020
0.101 0099
0.205 0.195
0420 i.380

* Depends on phase relationship between
harmonic and fundamental.

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 voltge 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 Tinear, and |

v voltage scales are  logarithmie. - This
arrgngement allows bette, . sulution for JB
rcnding. OdBm = ImW in 600 olims.

(@) AC INPUT: BNC input juck conieets su,nal
to be measured.

(O REL. REF Adjust (Option 02}: ‘Varies
indication on 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 '
uf prim.:ry power, 1 -

! @FUSL HBA. Protects ]inslrhmcnl apalnst
current uvcrhmd _

'
4\

®! ISP30 anl Slide Switch; Selects IIS ot
230 mlls ae Ior Inpc uperatmn

Q I’RIM.-\RY POWER CONNECTOR: Line
vnh.q,e is upplied lhruubh this connector,

@ AC OUTPUT Ac amplifier output, Output
nn;nd.nzw is 50 ohms.

@) n¢ 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,

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

voC vDC

| | ||>—l—-j|,>—{

' Yy -
(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 seale is culibrated in JBm.
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

[ Y DR SRR S DU S

. . ' . ; . .
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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 J0CEFEL. This adjustment allows z 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 IV
THEORY OF OPERATION

4-1. GENERAL,

4.2, The 400E/EL is a solid state,  average
responding, rms calibrated voltmeter. It also hos
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 Attenuator asttenuates 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, 8MHz inpuwt 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
A2C33

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.




Mudels $GUE/S00EL

4-14. The ontput 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 1o use part of the meter bridpe
output as the rear terminal de output, the meter has
to be referenced 1o ground. Transistor A2Q14
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 tums vn A2Q14, and the current
from A2Q14 goes through A2RS54 and A2CRI6 1o
the amplifier. Again the curremt through the meter
cquals the current through A2R54, and the current
into the bridge equals the current out.

Section [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.ac output cireuit isolates the meter bridge
and amplifier from the ac output load, It consists
of two emitter tollowers (A2QI15 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 current through A2QI, the regulator,

4-25, The negative regulator, A2Q3 and A20Q4, tses
the + 26 volt output as a reference. Consequently,
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 10 record the performance test results. The
Tests, Calibration Procedures, and Troubleshooting card may be used as a permanent record and may
Procedures. be reproduced withow 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%

Thermal Convurters a. Input; 3V rms a. HP Model 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 adjestment  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

52
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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

'
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7
o
v
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AC CALIBRATOR
FLUKE MODEL 5200A

ooocoGo0o O

oopoooc O

O0000 33

MULTIMETER
HP 3468AJ3478A
HP 400E/EL
g * 9250000
© QUIPUT OHRCAA
o °I T00¢

A

Figore 5-1. Accmacy Test Setup.

Set the HP 300E/EL to the 3V range and
setup the ac calibrator for a 3V ar JO0Hz
output. Setup the digital nultimeter (o
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
1o 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 5-3.

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 und 5-3,
use the “‘Accuracy Graphs' in
Table 5-4, Obtain the aecHracy percen-
tage from Table 1-1 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~

O- QO = b ;
(AN N ] AN Ral [N - 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 = 0.01
0.50 ¢+ 2% 0.50 « 0.00
0.30 : 3.3% 0.30 + 0.00

300 = 1% 0,949 : 0.010
200 = 1.5% [ 0.633 + 0.010
1.00 ¢ 3% 0.316 + 0.010

oo~

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

3 00 = 5% 0.948 = 0.0475 . . 5% 005
2 00 ¢+ 6.5% | 0.633 « 0.0411 . . B'% . 0.04
1 00 & 15% 0316 : 0.034B . o 12% . 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 Millivolt 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)
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Figure 5-2. Frequency Response (and Optional Accuracy) Checks.

~5-1B. Frequency Response Checks from 110kHz to
1

Mz
i
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 tevels befow 195,
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

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{;

of a function generator/os.illator with
higher distoriion levels.

j

2. Sctup the test equipment as follows:

DC Standard - 3V Qurput wiih Output
Ofi

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,
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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 5-2 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,

)

5-28. This test.can be used if an oscillator is used

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

The ac calibrator and digital multimeter 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.

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 and 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
J0Hz output. Set the HP JOOE/EL 1o the
IV 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
capagitance 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 TO 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 output im-
pedance of 10 ohms + 5§05,

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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§-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%, Change the trequency on the
function generator from 10H 2 to 4N Hz
and make sure the output voltage remains
within the specified limits,

¢, Repeat steps a through d for the 100mV,
' 10mV, and 1mV ranges. For the tmV
range only, the ac voltmeter should read

105mVY + 10%,

. 5-30. ALIGNMENT AND CALIBRATION PROCEDURES.

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

L., &

Section V

are made with the instrument’s covers removed, If
unable to correctly perform any adjustment, go 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 screws at the rear of the covers. Then slide
the cover off abour one inch to 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 [
[
m) Nl oA AP
g -— : erihy _.
1 B | u
‘"":: } ‘
[ [
—. ] _—
. ‘ | s
. : P w3 — :
' ) [_..l JI}./ N J 3
- 0 P S W l
* B : —— _// { \\ T
AZRE9 A2R44 12 AZR17 N AIC2
0V ADJ 1 mV 400 Hz AD) 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. If the second pro-
cedure is used, some sections of the first procedure
must also be used for high frequency (above
110kH2) 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 0,45V thermal converter
({HP 11051 A) is also needed for calibration. Do the
following:

!
'

t
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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 Quiput '
o

Function Generator - 1V at 400Hz 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.

(]
.

Turn the de standard output 0.4, Measure
the thermal converter's ouiput voliage as
read on the digital multimeter connecied
to the converter. Note this voltage,

Table 5.5. Altéma;é Calibration Procedure

1
400 E/EL Indication

Step | J00E/EL Range C'ulibrntit\niSignénl Adjustment Meter RC OQuiput )
) 0.0V 10:0V 400 He ARI | Mm¥ 2 OdmV o
' R2 1LOK + 0,005V
2 0.01v 16mV 10MH2 A2C28 IomV 2 0.5mV | 1.000 = 0.05Vde
‘3 0.003V ImV 10MH: S2C2 ImV 2 0.15mV | 0.949 = 0.047V
3 0.001V ImV $00Hz AJR44 ImV £ 0.0imV | 1000 = 0.005Vde 1
3 » W 100kH: AlC2 W £ 0,03V 0.949 « 0.004Vde c\.
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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

' 3
verter. output as Jow as possible,

d. Set the switch to position B, Adjust the
output on the function generctor 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 output
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 convearter's
output voltage is the same as rcad in step

¢ Replace the .45V thermal converter with

a3V (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,
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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-
sofute 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.

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,
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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 distoriion. This could cause from the HP S00E/EL and replace it with
a reading/calibration error. However, a SOdB precision coaxial attenuator. Set
the distortion level is less critical at high the HP 400E/EL to the .003V range. The
Jrequencies ($MHZ and above) allowing input voltage 1 the Model JOOE/EL
the use of a function generator/ should now be 3.162mV.
oscitlator with higher distortion levels,

h., Adjust 32C2 for a LOOOV 2004V

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

equipment to the following:

reading on the digiial 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 until the rewding on the HP

S00E/EL is 1.5% high with the bottom
cover removed. The reading should be
good with the cover installed. See Fipure
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 conneet it to the
HP 400E/EL at this time,

Connect the ac calibrator and digital
muitimeter to the Model 4J00E/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 40dB 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 400E/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 i¥ 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.aly slightly out of the specilica-
tion limits that cannot be corrected by calibration,
refer to Table 5-11 to select new component values,
i 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%
tolerance 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 Hogh gamn av bl fregquencies [ 4 Chech A2030 tur an open.
5. Low Full scale readings S Cliech AJCRIS and AJCRIG
o, Instrument will nol pge |60 Relay ALKD stuch i chosed pos fon,
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
adjnted propeerly chanpe 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 » in the Meter Amplifier. Refer to Paragraph 5-5:3 and
Fable 59 I voltage s constant the trouble 1o the tmpedance
Converter. Refer to Pascgraph 5-35 and Table 55,
12, Low line tamients 12 Checkh A2Q3 and Q8 ¢ an old imsteument change A2, A2RTI
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
w3V S2CR2 Chedk relays.
B4 Pehing at SMH2 £107) B blate by dsconnecting vrange wire to switch. Voltage at pin 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 AC10 and €20
L

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

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
) .,
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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 ae
signal at the wire, It should be 3mV, I 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. I 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 +R2V + RSV + LBV
Q1l LYY ¢ 1YY + 8.5V
Qi 9V + .5V 7V
QL3 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 <

QLS +0L62V
Qlé6 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*

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

Bk 1o 27k Adjuses the 10H2 and 20H 7 Frequency response onall rnges. A FE capacitor is normal-
Iy installed, ) the seadiegs are low, install o capacitor in parallel with the 158 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 AIR44 is unable 1o bring within specifications, decrease resistance of R72°.

1.21 kilohms. Adjusts frequency tesponse at 3 seade at BOMEZ, 1 v seale reading is too low ar 10MH,,
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

Joov 10 Hy 300 0.5 0949 : 0.047
400 Hy t 003 t 0.0047
100 kHy + 0.03 t 0.0047
¥ MH, £ 003 t 0.0095
a MH2 ] 009 t 0.047
10 MH» 00 ¢ 015 0.949 & 0.047

10 H, 00 010 0.316 ¢ 0.032
400 He t 0.03 + 0.0022
100 hHy £+ 0.03 + 0.0022
1 MH? t 0.03 t 0.0063
4 MH2 t 0.06 t 0,022
10 MH, 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 0.0032
100 kM, 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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5-1. INTRODUCTION.

6-2. This section coatains information for order-
ing replacement parts. Table 6-3 lists parts in
alphameric order of their reference designators and
indicates the description, ~hp- part number of cach
part, together with any applicable notes, and pro-
vided the following:

a.  Total quantity used in the instrument (TQ
columny). The total quantity of a part is
given the first time the pan number
appears,

b. Description of the part. (See list of ab-
hreviations below.)

¢ Typical manuefacturer of the part ina five-
digit code. (See Appendin A for li.vof
manulacturers.)

d. Manutacturer’s part number,

Table 6.1. List of Abbreviations.

Section VI

SECTION VI
REPLACEABLE PARTS

6-3. Miscellaneous parts are listed at the end of
Table 6-3.

6-4. ORDERING INFORMATION
6-5. To obtain replacement parts, address order or
inguiry to your local Hewlett-Packard Field Office.
(See Sales and Service for list of office locations.)
Identity parts by their Hewlett-Packard pan
numbers,
6-6. NON-LISTED PARTS.
6-7. To obrain o part that is not listed, include;
a.  Instrument model number.
b. Instrument serial number,

¢, Description of the part.

d. Function and location of the part,
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Molels 400E/400EL

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 Inc

Faitchild 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

Rado Materials Co
Semiconductor Div Sylvania Elec
Dage Electric Co., Inc

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 456401
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
Waoburn MA 02168
Frankhn, IN 46131
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Repluceable Parts

Table 6-3. Replaceahle Parts

Replaceable Parts

Reference
Designation

HP Part
Number

f=N 11
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Tahle 6-3. Replacuable Parts
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Replaceable Parts

Tahle 6-3. Replaceable Parts

Replaceable Parts
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Index/Ref
Number

P Part Number

Description
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J

P2 00 % Lt SO0 1D TS et~ S DN w1 v LA S
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5060-0703
2360-0194
2160-0322
0370-0112
0370-0113
0370-0114
2360-0316
(M00-05501
2360-0123
0040004101
SM0-4503
1510- W1
1510-0107
1510-0038
1510-00%0
2110-0564
2H10-0565
2110-0569
1450-0574
1250-01 18
1251.2387
2101-1234

Frame: Side

Serew 6-32 312 100 Deg. Povi
Serew 6-32 375 100 Leg. Posi
Knob: Bar w/one wrrow Black
Knob: 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 Poyi
Cover: 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

Conncetor: 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 vader Top Cover: 632 .5 Sheeuneta) )

1440-0048 Strap on Handle Assembly

1430-0049 Cap on Handle Assembly

1440-0050 Handle Renainer
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

u\gu_‘q—‘luc‘-—-——w—uld—usﬂmmu
it el Naialo ol R R FR T I Iy S S vy

Figure 6-2. Cabinet Parts.
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]

1 mV 3 MHZ 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/S00EN, Section VI

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

I. PARTIAL REFERENCE DESIGNATIONS ARE SHOWN: PREFIX WITI
ASSEMBLY OR SUBASSEMBLY DESIGNATION(S) OR BOTI FOR
COMPLETE 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 VALUE SHOWN. OPTIMUM VALUE SELECTED AT FACI0RY,
6. 1 REFER TO BACKDATING CHANGES IN APPENDIX C.

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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Component Locations
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of Components.
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Scction VIII

. Models 400E/400EL

SECTION Vil
BACKDATING

B-1. INTRODUCTION.

8-2, This scction has information to adapt this manual to HP 400E/ELs with serial number prefixes
and/or serial numbers below the ones shown on the title page. Ef 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. Select 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 PrefineSeesal Sumber Make Manoal Changes

SO0LZEL: 536-00101 thru $36-01000 26,24,21,22,18,16,15,12 thru |

JOUE/EL: S36-01100 thre $3601350 26,24,22,20,18,16,15,12 thru J

HOE/EL: $M-0135] thru $)602403 26,24,22.2],15,16,15,02 thru 3

JO0EZEL: 53602304 thry $36-04253 26,24,22,20,18,16,15,12 1hru 3

AOOE/EL: 536-04154 thru $36- 04854 26,24,22 thru 20,18,16,15,12 thru §

J00L/EL: $36-THRSS thin $36-05503 26,24,22 thru 20,18,06,15,12 thru 6

JUOEZEL: 51605504 thru $)6-08183 26.24.22 theu 20,18,16,15,12 thpa 7

S00E/EL: 53608384 they S36-0915) 26,24,22 thru 20,18,16,15.12 thru 8

JOOE/EL: 53609154 thre $360955) 26,24,22 thru X0,18.16,15,12 thru Y

SO0E/EL: 94909554 thru 94909753 26,24,22 thru 20,1B.16,15,52 thru 0

SO0E/EL: O949A1IB53 and Below 26,24,22 thru 20,18,16,15,12,11

SO0E/EL: All 12

SO00E: 0949A LIRSS thru 1131A12353 26,24,22 thru 20,18,16,15,13
HEL: 09490 ER53 theu 1131A12603

J00E: HISOA12354 thru 1208A12853 26,24,22 thru 20,18,16,15,13
J00EL: 1150AT2734 thru 1208A1300)

S00E: 1131A1260) and Below ‘ 26,24,22 thru 20,18,16,15
S00EL: 1131A12753 and Below

SO0E: 1208407332 and Below 26,24,22 thru 20,18,16
HO0EL: F208A1637Y and Below




Section VIII Models 400E/400EL .

Table 8-1, Manual Changes (Cont’d).

Instrument 1sefinsSerial Number Make Manual Chapges

SE: DYMAIIGL L thro JXIRAIRISY 26,24,22 thrs J0,48, ¥

SOOE: 1208A 15968 and Below 6,24 22 thru 20,08
HOOEL: 1LOBALSEGR and Below

AOOE: DEIEA L2608 thri [HNAZDI6H 26,24,32, 21,19
JO0EL: DI3IAIXIS thre
1208A 20319

A0OE: FIYIALZ608 thry | 208AXIS48 2%,24,22 thru 20
JOOEL: 1IMAL2754 thiu
FX08A 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 x 5% Fixed Capacitor

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

Change the value of S2C2 to a 30pF fixed capacitor.
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CHANGE 2

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

and Figure 7-1.
Section VI, Table 6-3 Changes.
Do the changes in Table 6-3 as shown in Table 8-2.

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

Section Vil

Reference HE Pan L
Designation Numbier )] Deseription
Belere:
AJC44 500050 ¥ | CAPACITOR EXD) 1000P) 60VDCW ¢ ER
AJCRI0 1902.3322 9 | DIODE-ZNR 17.4C = suy
AJCR2) 19023222 Y [ DMODE-ZRR 17.4C & 5%
A2CR22 1901-0025 2 | DIODE.GEN PRP 1KV 200MA 10-7
ART2 7570402 P | RESISTOR 110 199 . 125W
A2R73 0681525 4 | RESISTOR 1500 5% ,25W
AR 06831525 4 | RESISTOR 1500 5% .25W
Change:
A2Q3 1853-0016 | 8 | TRANSISTOR PNP 2N3638 S)
A4 > $50-0064 B | TRANSISTOR PNP IN1IR3 GE
A2RIG 0683-8235% 7 | RESISTOR 82K 5% .25W
AJR44 0757.0284 7 | RESISTOR 150 19 .125W
A2R67 O683-3915 O | RESISTOR 390 5% ,25W

Section VII, Figure 7-1 (Schematic Disgran:) Changes,
Delete: A2C44, A2CR20, A2CR21, A2CR22, A2R72, 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 2 5% Capacitor

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

Section VII, Figure 7-1 (Schemalic 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 00400-66502 had ditterent locations for A1K1 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 nnd 0490-0196, respectively, are no longer available, If your Al assembly
needs apy of these relays, replace the complete Al assembly (HP Part Number 00400-66522),

o o o Q
{Relay Bottom View)
0 0 o ] *No longer avalable
K1 Kt K2 K2
0490-01956* 0490.0478 0490-0196* 0490-0343

Figure 8-1. AIKI and K2 Part Number {Change J).
CHANGE b

This changes the part numbers of A2Q5 and A2R16. It 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 Q5 is required, us the part numbers preseitly in Table 6-3

Rel. Das. ‘ HP Part Number ]I g ' Dascription
A206 I 1B56-0068 | 4 ' FET
AZR16 0683-8326 | 6 | B2k ohm : 6% Re. istor
Seetir 1 VH, Figure 7-1 (Schemutic Diagram) Chanpes. y
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 instruntent
replace the resistor values with the one presently in Table 6-3.

L]

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 ’ Rescription
A2R73 0683-4726 2 , 4.7k ohm = 5% Resistor
A2R74 0683.4726 2 | 4.7k ehm = 5% Resistor
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Sectier VI

Section VI, Figure 7-1 (Sehematic Disgram) 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 Changes,
Delete A2R75
CHANGE B
Section V1, Tuble 6-3 and Section VII, Figure 7-1 Changes,
Delete A2Cas
CHANGE 3
This changes the rear panel part number, power cord, and power cord connector,

Section VI, Table 6-3 Changes.

C
Ral. Des. l RP Part Number | D l Description
J& 1261.0148 1 | Power Card Connecter
w1 81200078 6 | Power Cord
MP10 00400-00202 | 4 | Rear Parel

CHANGE 10
This changes the rear panel DPDT 115V,7230V voltage selector switeh,

Section VI, Table 6-3 Changes.

}

c
HP Past Kumber ! ] I Description
I
s3 | 31010033 |

B I Slide Switch

CHANGE 11

This changes the A2 assembly part number 10 00400-66501, It 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.
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Section VII

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

Model 400E/2001

Referenve HP Part ¢
Designation Number 3] Desription
Chatnge:
A2 OO400-66500 4 | MAIN PC BOARD ASSEMBLY
A2C2R 0130-0016 5 | CAPACITOR-V 5§25 PF CERE
AXRI7 2E-D09) 7 | RESISTOR-TRMR 20K 3 209 COMP
AR 2100-082 6 | RESISTOR-TRMR ICK + 20% COMP
A2RIR 2100-0277 Y [ RESISTOR-TRMR 100 =+ 20% COMP
A2R4S JHN)- 1830 8§ | RESISTOR-TRMR 100+ 20% COMP
Add:
MP27 (K- (060 3 9 | PC BOARD SHIEED '

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

Change:
32 to HP Part Number 00400-66501
A2C28 to 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.

N .
e i;:l "' =y
b e -
car S 1y ek -
e “ )
ROV . Ao
wiy
RIS . AN SR R
: e iy s . [ -, . .
“
; LTS Lot Ay '
N ' “ .
. LT + .t .
L) ——e—p s -

A2
Bp Part Now 0040066501
Rev F.

Figure 8-2. Componens Locator for Change 11. |
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‘This changes the color of the instrument cov

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

ers, panels, and trims. The older 300 series had blne covers

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

Reference HP Pant C
Designation Number D Description
Change:
MP1L 00400-0L. 01 3 | PANEL: FRONT (400E AND JO0E QOPTION 01)
M K00-00203 5 1 PANEL: FRONT (J0CGEL AND JOOEL OPTION (H)
MPY) OO400-00204 6 | PANEL: FRONT (400E OPTION 02)
MBI O0400-00205 7 | PANEL: FRONT (400EL OPTION 02)
MPR2 5020-5388 6 | METER TRiM: ' MODULE
MPI3 OO400-64 102 7 | COVER: TOP WIIH HANDLE
MY S000-0701 7 | COVER: 5iDE
MP22O0 5000-07[1 7 | COVER: BOTTOM

This changes the A2

replacement board present

CHANGE 13

assembly part number to 00400-66511. If the board is 10 be reriaced, use the

Section VI, Table 6-3 Changes.

Ref. Des. l HP Part Number ' D

ly listed in Table 6-3.

| o

Description

A2 I 00400-C

*H11 1 6 l A2 Assemidy

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

Use the component locator in Figure 8-3.
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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 output 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 de ae, make sure C37 is at the value and part number
presently listed in Table 6-3,




Models 400E/400EL

This changes the Al assembly part number to 00400-66502 and the A2 assembly to part number
00400-66511, 11 the boards are to be replaced, use the board part nubtbers presently listed in Table 6.3,

Section VI, Tabhle 6-3 Chunges.

CHANGE 15

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 HP Pan &
Destgnation Number 3] Deseription
Change:
Al OH-665D2 51 INPUT ATTENUATOR PC BOARD ASSEMBLY
A2 OO4E0-6651 1 6 | MAIMN PC BOARD ASSEMBLY
ALCY GI21-4807 Y | CAPACITOR.Y 0,.7.3PF 5%
AlCY 00149 6 | CAPACITOR-FXD 3TOPF 5% MICA
AIKI (H90-0)94 2 [ RELAY-REED
AlK2 M%0)-0066 0 { RELAY-REED
AR 0648-3510 2 | RESISTOR 353 105 128\
Drelete:
$2C1 0160-0208 | 7 [ CAPACITOR-EXD 10PF S0V
52073 600208 T ] CAPACITOR-FXD 1OPF 500V
Add:
AICS 015040043 0 | CAPACITOR-FXD OUF CER
AICH 01 50-0093 O | CAPACITOR-FXD .MUF CER

Section VII, Figure 7-1 (Scheo:»' : Diagram) Changes,

Change:

A1C2 10 0.7-3 pF variable capacitor
AIC3 to 470 pF capacitor
ALCRI and CR2 1o AICRS and CR6 .01 MF capacitors, respectively
AlR22 to 453 ohms

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

Use the component locators in Figure 8-4,

T
l Ak

EoOCh 4 B iSR

hp

Figure 8-4, Component Locators for Change 15,

l
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Section Vil
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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 g ’ 120 ohm Resistar

Section VII, Figure 7-1 iSchematic Diagram) Changes.

Delete AZR12 and connect the collector of A2Q6 directls to the base of A20Q7.
CRANGE 17

Section VI, Figure 7.1 iComponent Locator),

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

Tais changzes the tinding post assembly hardaare.

Section VI, Table 63 Chanzes.

Do the changss in Takle 6-3 25 shown i Taole §-6

F.16
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Section VIII

Table 8-6. Make Changes to Table 6-3 {Change 18).

| Reference HP Parr C ‘

Designation Number n Deserintion

Change:
MBPY S060-0634 ¥ | BINDING POST ASSEMBLY: RED WITH HARDWARE
\PS S060-0638 0 | DINDING POST ASSEMBLY: BLACK W FH HARDWARL
M2 0340-0090 0T INSULATOR: FRONT DOUBLE
MP22 0340-0056 4 | INSULATOR: REAR DOUBLE
P23 0340-009) I [ INSULATOR: FRONT TRIPLE
MP24 03400087 5 1 INSULATOR: REAR TRIPLE

Section VI, Figure 6-3 Changes.

Use Figure 8-5 in place

of Figure 6-3.

l MR ME2Y MEZ 4 MP 2% NR2E
| A / / AN
o —~ — A N—
’lL / X
mp —
=1
Jad wes [
D . :
MPa . . [Sow]
, == s ~
? Mp:.//‘;jf:lflr..&\ \‘ o 2]
| \ ~ AY
MP2 M\PZ! \u Mp27 MP3

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

CHANGE 19

This changes the part number of the Al assembly 1o 00400-66512. Since the board presently Tisted

in Table 6-3 is interchangeable with the 66512 board, use the part number for the board presently
listed in Table 6-3 for replacement.

This changes the part numbers of the AIK1 and K2 relays. If K2 needs replacing,

CHANGE 20

use part number

presently in Table 6-3. The older K1 with relay part number 0490-0194 and coil part number 0490-1028

is no longer available. If y

Al Assembly rwith HP Part Number 00400-66522)

‘our Al Assembly needs K1 with these part numbers, replace the complete

.
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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. 17 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 04500189 Relay
ATK2 0490 0356 Retay

Add:

0490-1028 Relay Col

CHANGE 21
Section V1, Table 6-3 Changes.

Change the following components in the table,

c
Rel. Des. l HP Part Number | D Description

A2C18 ' 0180-0101 ’2 1.8 MF Capacitor
A2R29 0683 3915 0 | 390 ohms Resistor

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

A2CI8 1o 1.8 MF
A2R29 1o 390 ohms,

CHANGE 22
Section VI, Table 6-3 Changes,

Change the following component in the table.

.
Re!. Des. , HP Part Number | D l Descriptian

I 00400-61602 I 8 I Power Cable

CHANGE 23

This deletes a FET, a PNP transistor, and three 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,




Section VIII Models 400E/400EL

Section IV, Figure 4-2 (Meter Bridge) Changes.

Delete A2Q17 and QI18, and A2R76 through R78 from the figure.
Sectian 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 HEP Pan C

Designation Number )] Description

Delete:
AQ17? I853-0010 TRANSISTOR PNP
AQIS [855-(K193 TRANSISTOR JFET N CHANNEL
AJRT6 06Y8-3458 RESISTOR 100K 5% .25\
A2RTT 06Y8-3458 RESISTOR J4EK %% .125W
AJR7B U6YR-J441 | RESISTOR 140 )19 125W

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

METER BRIDGE

Figure 8-6. Make Changes to Figure 7-1 (Change 23).
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Models 400E/400EL Section VIII

i CHANGE 24

This changes the value of resistor A2R63, If any one of transistor A2Q14, Q15, or Ql6 is replaced,
check the instrument’s frequency response at 8 MHz. If the instrument is out of tolerance, 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 l Description

."!-u_.,t

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

Section 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.

. Delete the following component fron the table,

c
Ref, Ces. l HP Part Number | D , Descsiption

A2C47 I 0180-0100 l 3 |4.7MF 35V Capacitar

R Section VI, 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 I MHz is noted
on the .003 V range, add C5 and R15 1o S2 as shown in Figure 7-1. Use part numbers presently 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 , 1} , Description

S$2C5 I n1Cy-2267 , 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,
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[/ MANUAL CHANGES

-hp- MODEL 4Q0E/EL
AC VOLTMETER

Manuai Part Number 00400-90021
ABDERDUM
Add the specilications table iTable 1-1) to the menual.

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

|
Models $00E/400ES,

Qutput Resistance 1000 uhims £5%
Respupse Time: 1 secand to within 1% of fingl
value .or a step change.

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

Frequency Range: )0Hz to [OMHz. AC Power: 115 0r 230 volts £ 105, 48 10 430 e,
10 wants.

CGalibration: Responds to absolute - .erage value of

applied signal, calibrated in rms wolts, Temperature Range: O 1o +55° C {except where

Input Impedance; 10 megohims shunted by fess than ncted on uccuracy charts).
I5pF un the ImV-IV ranges and 10 megohms
shunted by less than 12pF on the 3V.JoOV
ranges,

External Battery Operation: Terminals are provided
v rear panel; posicive and negative voltages
between 35V and 55V are required. cusrent drain

Amplifier AC Output: 150mV rms for Full scale from 5010 25mA,

meter ndication; output impedance 50 ohms.,
101z 10 10MHz (105mV on the ImV range).
Accuracy: £10%, 10Hz to SMH2.

Weight:
Ner: 61bs. (2,7 kg).
Shipping: 8 tbs. (4 kg).
ACDC Converter Qutpur: 1Vde output for full

scale meter deflection (linear output for Mudel | Dimensions: 61/ in, high. 5.1/8 m wide, 1) 1n

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

Range 10 Hz 43 Hr mlam zwfnz 4 MHz 10 MMy

001 vi t 125 + 2.5) e 1 +0) |  t126+25) 777

003 vV t 125 + 26} 11 + 0} t 1.6+ 1.5) t 12,6 + 2.5)

O01v-3v 2 2.5+ 26) £ 11+0) t (LB s 130+ 201"

WV -~-Jov t 12.5 + 2.5) t (1 +0) t 1.5+ 1.5) + 13.5+3.6)

100V - 300V t 12,5+ 25 t1is0 X 7/ /002,

**Accuracy far the 3 V range at 143 tull rcale and below, 6 MHZ 10 10 MH2 1 ¢ {3.76 + 3. 75}

FAccuracy applies to 143 full seale to full Icale oy,
AC to DC Converter Qurput
Fregquency

Range 10 He C 0 Hz 100 He 50Q kHz 1 MHz -uimz 10 MH:
001 VT t126+28 ] T tien) | ri04s00)" ATEXT] v (2.6 v 28) Y7
003 v 2126¢28 ] 11 +0) | ci025+0250 | 10508 t 125+ 2.5)
ov-3y $125¢28) | sty o1l | +1025¢0.260%] ¢ 108208 [ ri25+250 | z 130+ 200
WV -30V $U25+280) etve1) | 210254025 | 2 i06+061] t(26v28 | 2 (35435
JOOV-J00V ) £126425H] sliet) | +(0.25+035) | 1 (0.5+08) | £126+2.5) T

® Accurscy appiies lar 8 temparature of 15°C 1o 40°C gn the I mV 10 ) V renges only,

11 June 1986

'

Supplement A for 00400-90021
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. ; | CERTIFICATION

ard Company vertifivs that this product mer s pubiished ypecifications af the finwof shipmoent from the
lotr-Puackard further cestifics that ity cuhtbratin measuroprents are traceahle 1o the Umiter! States Nu-
extent altowed hy the Bureau's Cultbranion facitity, und to the calibration facititicy
af other Inpernational Stanasrds Organization members. S

1 : : | L

1
'

Hewlen-Puck
Sacrory. Hew

| , 1

L WARRANTY

I
L

i . P ] .
This Hewlett-Packard product bs warranted agiinst defecty in whatertal and workmanship for' a period of one year
from date of shipment f.except that in the cise of certain componentstlisted in Section’t of this manual, the warranty
shall be for the specified period] . During the wirranty period, Hewlbte-Packhrd Company will, at irs unrjun, either
repair or replace producis which prove to be defeetive. ! ) ' P ‘
i .
ar repair, this product misy be returned Lo a sersice fugility designated by hp-, Buyer shali
- and -hp- shill pay shipping charges 10 veturnithe produet to Buyer, However, Buyer
duties, and taxes for products returned fo -hp Trom another country. '
. 1 : ! 4

" For warranty service
prepay shipping charges to -hp
shall pay all shipping chiteges,

. ' ca I‘ . . . ' ) . ' .
Hewlett-Packard warrants that its software and firmware Uesignated by -ip- for use with an isstrueient wilbesequte ity
programming instructions when properly instalied on thitt instrument. Hewhetr-Packard does pot warrant thit the
aperation ol the instroment, or software, or i;irmw;uc will be uninterrupted or error bree. ‘
LIMITATION OF WARRANTY )
i | ! X N
The foregoing wiarranty shall pot apply 1o detects resulting framm impraper or iadeyuite nr.tin‘tutmltwc by Buyer,
Buyer-supplicd sotoware o interfacipg, unnuthorized maoditication or ngisise, gpesition oulside of the environment g
.o v " I . ¥ v N B t
speciligations for she provduct, oF inproper site Prepartiion ur mdinieniee,

PRESSED OR IMPLIED. HEWEETT-PACKARD SPECIFICALLY
NERCHANTABILITY AND FITNESS FOR A PARTICULAR

NGO OTHER WARRANTY IS EX
DISCLAIMS THE IN(PLIED WARRANTIES OF
PURPOSE. -

|
i

!

EXCLUSIVE REMEIIES

THE R:EMEDIESII’R()VIDED PIIERIEIN ARE BLYER'S 501 E AND E.‘(C[:US!\'E RliM[i[)'.li.{ HEWLETT-

PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL. INCIDENFAL, OR CONSE-

FIQUENTIA[. DAMAGES, WHJF.'I'“F.R BASED ON CONTRACTE, TORT, OR ANY OTHER LEGAL THEORY,
v | | i o

| !

ASSISTANCE

Product  maintenance agreements and

H 1
orther customer dssisignee agrecments ore dvaifable
for Hewlett-Packard products. : : : '

[
!

: P i
rd Sal-\l:s and  Serviee Office.

- For o any assisfance, (‘cmﬂdtt your nearest "Hewlett-Packa
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| KEEP AWAY FHOM llVE CIRCUITS.

oL oL s SEETY summny_ IRV

The lalluwmq general salety precautions must be nhservad during all phases 'of aperation, service, and repair ol this

instrument. Failure to cnmply with these precautions of with specitic warnings elsewhere in this manual viclates
safety standards of design, manulactuce, and intended use af the instryment. chlen Packard Company assumes na
lnabllny for thP cuslnmer 5 fmlure o comply with these requirements.
. GROUND THE INSTRUMENT. - ‘ ,
Fo minimize shock hazara, thc mbtrumem chassis ang cabinet md-ﬂ he connected to an elec-
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 used with a
thiee- contact to two-contact adapter with the grounding wire (green) firmly connecwd to an
electrical ground (safety ground) at the pcwer outlet. The power jack and mating rzluq ‘of the
powes cabie meet International Electrotechnical Commission (IEC) salety st.md.nda

1

DO NOT GPERATE IN AN EXFLUSIVE ATMBSPHERE |

Do not apérate the wmtmmunt m the prosence of Hammable gases or funws Operation ol any

electrical instrument in such an envirgnment consttutes o defimte safety hazond
1

f

'

1 : ) ' ) 1

Opemtlng ;wrsnmwt IUST NOT FRMOVE INSITUMeNt covers Component n'pi.su'mvm and nrernal

)
‘ admstrrwnta rmust be made by gquabfd s BRtenanGe personnel. Du not repiace Lmn;mrwnts

with power cable connected, Under certinn conditians, dangerous voltages may exist eve with
the power cable removed. To avord imunes, always disconnect power and discharge circints
hefore touching them,

i

DU NUT SEﬂVlCE OR ADJUST ALONE, ;

i
Dn not mempt internal sefviee or lnl]u‘,tm-'ut urm‘s, .muthur persun, capabile of rumhlnnq hist
ac! and n*su’sumtlon s prvwnl :

DD NUT StIBSTIYUIE PARYS OR MODIFY INSTRUMENT. ,

dew lmw ()f tlw danger’ nf mlrm!n(mc; Widditional hazaedy, l.hl not nst III sulishtute ;) IS Or per
“form hny unautharieed muditication o the instrument. Aetuen the INSLent o b klvwh'n
Py IL,'\.H’IH Saley .n‘d Service pHn e tur service and repE T ensuee that L..nhity Features e

mlnutl o :
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nnucenuus PRUCEDURE WARNINGS. ‘ - i
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Wdrnlmja SUEC h as tha ummplv below | prec vdv putentlly o nn;nrnux |.1rm edures thmm;huul
this r'l,hnml Instruchons' contained i the Warungs must be I‘ulluwmi
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Dnngeruus vu[mgvs capabie u! c.msmg dr..nh are present in lhlS |ns|rum¢nl Use ex i
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F T
Calibration: Responds to absaluse aberage salue ol

C . ]
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. ' ‘ . . . . "‘- !
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1 1. osscmpnuu PR
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. imcndnd
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 1-1 is a list of specifica-
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

, o Secting. |

R SECTIUNI e
Coh GENFRAL’ INFUBMATIO“J g

17 upnuu 02. ' '

I 8 Opucn 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
Service Manual, Part Numbcr 00400-90020.

liﬂ INSTRUMENT AND MAHUAI. IDENTIFICA:
TION.

1
1

1+it. 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 i the title page of this manual, change
sheets supplied with the manual will dcfmc the dif-
ferences between your instrument and the Model
400E/EL described in this manual, Some cerial
numbers may have a letter separating the two sec-
+ tions 'of the number, This letter indicates the coun-
h try.in which the instrument was manufactured.

. Models 400E and H00EL, AC Voltmeters
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Mol JO0EfEL

}. | | |
i . : . : :
N 1

‘s 2.1, INTROBUCTION.

220 This seeidon contiins infurmation and insraie-
tions necessary for the installation and shipping of
the Model 4008 and JOGEL Voltmeters. Inchuded are

initial inspection procedures, power and gronndiig

; requirements, installation information, and instrig-

Lions Tor repackasing for shipmen.
2.3, iNITIAL INSPECTION.

LA
24, This Tstrument was carefully inspcctcdumlh
mechanteally and clectrically  before shipaent! It
should be physically free of mars or scratches and in
perfect electricel vrder npon receipt, To contirm this,
the instrament should be inspected  fpr physical
damage in transit. Also cheek for supplied ACCessOFiLs,

. ! - . »
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

2-5.'POWER REQUIREMENTS.

+ 2:6. The Model JOOE/EL can be aperated from gy
souree of 115 ur 230 yolts at 48 1o 440 Hz or fron
twa 35 to 55 volt batteries connected to the rear
panel BATTERY  terminals, ‘The 115230V slide
switeh un the rear panel selects the desired line
voltage. Power dissipation is 1) watts maxigam.

: I ECAUTION; '

}
Before applying ac power (o the A0 or
JO0DEL, be surl it is et for the proper ne volt-
age, ‘ .

2.7, POWER CORDS. ‘l"l
3 t 1
2.8, Figure' 21 illustsates - the stansdard powey plug
cmbigurations that are nsed throughout the United
States and i other countrtes. The -hp- part numhet
direetly below each dywing is the part numher for
a SUOEJEL power cord equipped with a power plig
of that contiguration, 1 the appropriate power cord
D is not lincluded with e instroment. oty the
nearest hp- Sutes and: Service Ofpleeand o, replaee-
.ncnt cjnhl \yill be provided., o
. 1

! 1

and test the electrical performance of the instrument

SE(':fI,(J]N-IIA Chg i
© INSTALLATION™, ~ o

. R "
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, Sy N R T I
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'ULLIﬁI’Ef)_I(J"USEIN THE UNITEDSTAT(SUFJ\MERIC’“ ) { o
l|‘ 1 - : J‘
: Figurd:2-1, Power Conls.’ k
f . B

2.9. GROUNDING REQUIREMENTS,

200 T protect opeating pensonnel, the Nationaf
. - > » v by :
Fleetrical 1 Manufacturers”  Assogintion ENLMAY

reconmends that the mstrument paneland cabinet be

prowded,  All Hewlert-Packard instrments b e
eyuipped witha three-condustor pover vable whivh,
when plugged into an appropriate receprache, provids
the instrument, The oafset pin o the powe cable
three-prong connector is the ground wirsy,

1

' L)

|-wnnmuq‘-‘| o

For operator protection during hattery opere-
tion, conneet chassis terminal (AIP20] tor curth
fgrowmnd, ! '

211, INSTALLATION. L

112, The Model SO0L/EL s tully lrunsi;inirifcd;

herefore, no special cooting is requized, However, the

mstruent shonld not be operated where the ambient
temperature exveeds 53° C (1317 F) or the relative

Busiidity exeeads ‘J5',f'.
2-13, BENCH MOUNTING.
204, The 'Mc;th;'! JOOE/EL is shipped with plastic

feet and tilt stand i place, ready foruse as a bench
instrument. - o |

2.1

. N : et » B .
t_.‘. Ltt.lo-....l Lk EEX S P A Y F p




Scctinll "

_ 2 15. INSTHUMENT CA.;E

2100 The 40()1 }l k. cnn l‘c p!.su'tl T l’liLbL‘d luj,lt
jinpact plastieeake Ghps 11076A). The instrument
. ambe operated, stored or curried in this splash-proof .
L duse, A dual purpose tilt stand also seyves as o caury--

- ing handle, Starage space is Tocated at the rear of llu:

dease und in, ll!c Unnl lid,
1

217 nncxmoamnwc )

Qb Ih» \h:dcl 400K {EL may be rack mnunlcd by
ua[nb an .|d.1plcr lr.unc t-hip- Part No. 5060-0797).
; The sdapter frame 157 rack: frame that'n eepls any
'’ combimation of >.ubmudul.|r units, Jt wan be rack

: mounted only, Four additional irformation, address
v inquiries to your <hp- Sales and 'mvu.c Otliee:, (Sw

y u\ppcmlix B for uftice Im.ttmus )

219, comamn’nnw Moumnmﬁ.
H ‘|:
0. The . \Ivdll !0()! /l L na} h-f ‘monnted in’
conibination with other submodulat. units by using # !
Combining Case (-hip- Mudel JOS1A or 105 2A). The

(mnhmmh Case 't o full-module unit which .n.u.'pl\ g

- warious. combinations of submodular wnits, Being u'.
- fullewndile unit, the coinbining case can be beneh or

rick mounted and s .m.lluwll-. o any Iull nmdulc

instrumeént.

; ] ,
2-21; REP'ACKAGING FOR SHIPMENT,
222, The J'u]luwi:u, paragraphs contain a pendral

puide for repackaging of the instruthent for shipiment,
_ ~ Refer to Paragraph 2-23 i the origing) container is to
v Che useds 2224080 is not. I you have any questions,
o cortact your local hp- Sales aml Serviee Office, (S-.c
Appcndlx B for oifice locatjons, )

1

=)
Y

i

3

Y

NOTE

b 4

] ’JI t
A the m\mmu’nt u o hv s!u,)pnl fo !Ic'w!m-
Packard fir servick of repair, attach @ tag 16 the

N instrament identifying the owner and un!rm:mp,

I

the service or repair ey ‘he acemnplished;
Chrelude the mdel nmnhcr and fill seria nim-
hcr of the insimument. In any corresponieice,
hdentify rhu msmmuwr lw medel number,
AJ’!:JI mmmcr. il serial uumlmrprc']:r
) ‘
203000 unyn.:l Cuntain e is torhe ll\ul, proceed s
hﬂlnwx. 1-, | ‘

i , .

Phace fstrument in urq_m.:l umlum;r:ir
‘available, IF original container is not availa-
ble, u suitable container can be purehased
© o from yodr nearest Ghpe Salesand  Service
Ui,

.

b
|

b, Ensure that container s well sealed with
;o swdng pe or met .1! hamds ., .
'y e i ,
2-24, I origin! u)nl.l.ncr i ol to be nsed. prmcul
as follows: "
o . , ;
s Wrap instrument in heavy paper or plisti
.hlcl'urc lacing in an inner contair.
b. ' Pleee packing: material around all* sides of
mstrwment and proteet papel face with eard-
S0 hoard stup:s. ‘ j T U,
] . H
¢, Place instrument and mncr wm.nncr in a
o heavy carton or wooden Do nd seal v, -(h
strong tape or metal bands, -
. . ¥
. Mark shiipping contdiner with “DELICATE

cle.

INSTRUMENT.” "FRAGILE,”

' : ‘L \
. [ 1

c‘







31 INTRODUCTION

)
3 2. The Mol,ld AOUESEL i prun.mly an g yoltmeter
and dB meter, bt it can be used us an ac jo de
u)nvcrlcr or as a wide band amplifier, .
3.3, This sectiop , explains  the . contruls of the
JOOE/EL and vulines the upumtuq, procedures lor

mich nmdc of uperation.

'34 LOCATION. OF commms AND
mmcmons o

. v
3.5, Figure' 3-2 shows thc Jocation of cach of the
4(}0l {EL umlmh and c\plams the function ut c.uh

y

36 OPERATING INSTRUCTIONS o

3? STANUARD 4GUE/EL
38, ACVuhmeter. R : | . :

JTable 3.1, l ffect uf Dl\ll)l‘llt)ll an Av;rdbc

mspundlme Meter
- ;1
' % ERROR
: : , {* Fundaymuntal):
Harmonic | % Distor*‘on .
’ Max. Max.
“Positive | Negative
Ay | od 0.000
even - 0.5 0.001
- 1.0 0.005 -
20 0.020
“Third 01 .| 0033 | 0003
0.5 0.168 0.167
1.0 0.338 0.328
20 0.687 0.667
Fifth - 0.1 0020 | 0020
| o5 | o101 | 009
10 0205 | 0.195
2.0 0420 |- 1,380
C* Dcpmds on phase relationship between

¢ harmonic and fundamental. -

R SECTION |
;o | UPEBATING INSTRUCTIUNS L

T

.-1,'£ : {!I =l‘, ‘WARNING JI :“_ :}.“ '

Crion, comhect lews tenninal (Ml’“hjlm carife 1

Section

it
T .

i
Ill i !

NOTE "

CSince  the SO0OEIEL i averape:
yesponding and rms calibrated, any
distortion will atfect thc aceurney
of the measurement. Tuble 3
shaows  the erpors caused - b
distortion, R

. LEnsure that 1157230V av shide switechhon
‘the rear panel matehes line voltage used, asal
AOHD St power to lhcmmrunwnl Muecqluni-
cal'y 280 the hstrinent using the pruve-
dure uutlul;.d in Paragraph 5-3 !

b!" To vpérite the .\lmlc J00LE/EL with ivery - o
S power, conbeet two 3510 35 volt biteries ah
as shown in Figure 351, Since the front pairel
LINE switeh lm no eifect dunm. bantery
operation, the switeh in Figure 30 an be
used, a5 - eopvenient metiod of diacon.
IIL'LHIIL the batteries When the instrument is
nat in.use, Two 35 volt batteries will deliver
approxinntely 75 mA and two 55 voht
bateries will deliver approximately 50 mA.
! : ! .

For aperator pmm tion dunng"hm‘un' npm. \ Lo

gmm:d , R R o

¢. Turn line ON topple switch toup |K|5:|[i\![!.
LINE lamp wilk glow. ' i

d. Select approximate rmge of sipnal 1o be

‘ mcusurcd.
1
ECAUTION i

Do not apply ore thar St volrs ae mmpur
Do not overlowd the 0,4 !hrrmuh I vols rees.:
Constlr Table 1-2 for overldad Timies. f arv of
these overfoads are excecded, e isiranent
may be dimaped, ;

H kN
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Seetion 11 - S . j"lj‘.fh ' ‘ 1 ; _ \ ‘ ) Model 40‘)'”[.
J.‘ . : u o :
1\ \ ‘ ' I
! ' ' [TN IR n—':‘w—'. L I!Ihu-—' i |
2 Fol ,
o ! e . . '
I: R > TS NI !
I AL EcE MEERS TRLE ' . ) R %
i > ' : ‘
pegm \-- e ST R o menATTGy rareay] \ A }
LS Bl . : :" " ...l.l'"l’ BhRIRY w0 TRl
. NN i ’ l‘i' o
. v, J Vl S » i : .
R e mimy . [ v . 4
Lm,;ﬁ;xl"""j""" IR {
& -u:l-mmun . ke v AR l, e i [P
RV SR R
. LN LR T)
i smerr |
| !
! !
Q) HONE Scale: Indicates magnitude of :lpl)li%‘d @ LINE Imlu..nur Lunp' hidicates .lppln..mun
_ signal in volts sand dB. Option OF places tike , © 7 of primary puwc ;
’ dB3 seale, uppermwst for preater rcsululnm‘.
_ OdBim = ImW in “00”!""‘ ; @®F USk: IISA Protects nstruwent apainst S
current overload. ' '
@ JOOEL Scale: Indicaties supnitude of .lpphul !
. signal in volts and dB, DB sealeis linear,ond N Cew
o voltage scales are logarithmic, ' This ®L;(b)l\1?l? V":' Stl'd': :"m;h' Selects 115 or
arrangement allows better rcsulunon! for Jid sac for line operation.
T xdm;. Odl)m— ImW in. 600 vhins, ‘_ _ , ; "
' ) PRIMARY POWER CONNECTOR!" Line .
@ \C INI’UT l!’\’( mput jack conneets ssgn.ll vnlt:lgc is :lpplicd through this conpector, - | |
{u be mc’vurml . ' -
; _ Co - @ AC OUTPUT: Ac am;hhcr outpt, Output
' @ REL, ,R[:l-" Adjust (Uption 02): Varies 7 jmpedance is 50 ohms,
_indication on meter by 3dB. Fully clockwise :
' ABSOLUTE ~position  retains - full - meter @ DC OUTPUT: Av 1o de converter output, De
indication, Thlsmnuul is used to vary meter whiage s proportional to percentage of
indication with g given input i ander to meter deflection. Qutput impedance is IOOO
make relative !L‘athllp casier. _ ahims.
RANGE Selectonr! Selects full scale realing \ TACE Tt
® RANGE Seluctan Seleets full scale realing @ BATTERY VOLTAGE Terminals: 400E/EL
of meter. ' DB reading on - sale udds may be powered by connecting two 35 1o 55
algebrsically 1o dB setting of RANGE y ool . y_ Ik
; volt batteries. to these terminals., ;
selectar, :
(®) Line ON Togle Switeh: :\pphcs primary @ CHASSIS TERMINAL: Chassis ground con-
U ‘ nection for batjery operation, i
P Latjery v}
R . Figure 3-2, Location of Controls and hndicators C .
| ‘
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(LN

KR

f
1.

7

Figure 3-1. External Battery Connection

Connect signal to be measured 1w INPUT
terminals, and read the pos woltage on the
scales o

1

39. DB Meter.

To make a dB or dBm measurement, follow

steps a through ¢ in Paragraph 3-8, and add

_the scale reading (o the RANGE setting. For

example: I the seale reading is +1.5 ana the

‘RANGE s -30dB, the final measurément 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 dBin
measurements must be made across o total
impedance  of 600 ohms. Medsurements
acras  other impedanees will be in JB, but
not dBm. '

i
To convert a dB reading 10 dBm. use the
Impedance Correction Graph »(Figure 3-3).
For example: To convert o +30dB reading
made across 50 ubims t dBm, locate the
load impedance on the buttam o} the praph.
Follow the impedance line to the heavy

black line and read’the meter correction as,

that point. The correction for 50 ohms is
+10.5dBm, and the corrected reading s
140,5dBm.

7

Seetion 1

3-10. Ac to Dec Converter.

a.* Fullow steps o through ¢ in Paragraph 3-8,
)

! 1

b, Conneet the rear panel DC OQUTPUT

terminals to o de measueing device with a
Nigh input impedanee: “The de output
reststance is 1000 ohms: and i it is loaded,
the de output signal wal be insceurate,

2 i
¢./The de output is o 0 10 1 wolt signal

proportional to the percentage of 400E/EL .

meter deflection, ,
i

© 311, Wide Band Ac Amplifier.

u.

if{'ﬂluw tuman  steps a through ¢ in
Paragraph 3-8.

: '
1

b. Select approximate nnge of input o

RANGE switch, !

. Connect SIGNA‘L to be amplified o INPUT

terminals. I

. When using anae power source, gromd

loops can Le eliminated by connecting the
JUOL/EL to an adequate jsolation jrnsk-
former. This will open thy power line pround
cirenit sy shown in Figure 3-3,

i

1] _

I ?

hi ‘
A .

= e
d

v,

Fipire 3230 Iolation Transtformer, "

NOTE
Place a 1 kilohm shielded load
‘seross the DC GUTPUT, if it is not
being used, whelr using the AC
OUTPUT. This is especially

SneCessary on fow ranges.

The gain of the amplitier depeads on the
RANGE selection. On the 0.1 volt range and
below, the 400E/EL amplifies the input: and
. Il 3'.5

!



Seetion HI S )
[ 3 .
S on the 0.3 volt mnge and ullinv'c it
v attenuates the input. On the 9,001 wolt
ranges, the maximom outpit is 105mV. On
Cull other ranges, the maximum output is
150mV. Table 3-2 shows the o wmplitier

from 12 1o +2,

Model J00E/EL

i

3-12, ADOEWITH OPTION 01, ;

3-13. Operatton . of the 400 with Option 01 s
essentially the same as operation of the standde?
4NGLE: The dB scate rpdd from -15 to +2 instead of
and is placed at the lup of the seule
ibr better run'.mun

3 14 A00E/EL WITH OPTIGN 02.

3 15, Nption 02 ddds .a relative reference :ldjlhlllll.lll
to the leOlIll This adjustiant illows o meter
indication to be varied by 3dB. Use the REL, REYF
adjustment to set’! the metér at any convenient’
reference (0dB tor exmnple) in arder to make reltive

Y

readings casicr, When the REL. REF adjustment s I,

the fully clochwise AIHOLU TE position. it has no,

effecy ot the meter Faceuracy.

3-16., In all other respects, upumuun of o Oplmn 02
nstrument i, the same as npcruum of o standard

)y

L

gain For cach range setting.
Table 3-2, .AC Amplifier Gain
© RANGE GAIN RANGE | - GAIN
ooor | vods | 1641
0.003 +34d1 3 2eed3
001 FRB 10 el
0.03 +hdiy 3, -0 B
0.1 S 100 -%(nlB
0.3 odB 300 06413
; i -‘. -
1
! i
.7 y 1
LA g ¥
(&}
]
%
=
| ]
) 1ad
" ir
i m
i Q
(&)
’ 14
LTV
}_
§a)
)
1
Ill
3 .
h
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. , INFEQANCE
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Models 400E/400EL

Su;clion' v

L ISECTION IV

4-2, The 400E/EL §s a solid state, average
responding,’ rms * calibrated voltmeter. It also has: .,
applicstions as an a¢ to de converter and v wide band i
“amytifier. Figure 4-1 shows o simplitied block
ding, cam of the ins}trumcnt. ‘

t
'4-3, When relay K1 is 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
through the RANGL switeh, Varinble capacitor AMc
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 o 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 Impedance Converter by 1048 fur cach step of”’

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

THEORY OF OPERATION

Attenuator is switched back to the 30dB position,
and then it attenuates 10dB per step on the higher -
ranges. Variable capacitor $2C2 is adjusted on the
003 .volt range with a 3mV, 8MHz input to adjust the
SMHz fesponse of the 003 wit range, With a full
scale syt on any range except the 001 volt range,

‘the anrput of the Post Attenuator should be IV,

On the, 001 wolt range, the output should be 1mV,

4.6, The Meter Amplifiér is a four-stage, high-gain
amplifier utilizing both ac and de feedbaek for gain
stallization; The Meter Bridge, connected invthe ac
feedback path of the meter amplifier, converts the ac
output of the amplifier to a de voltage proportional
to its average value, This dc voltage drives the meter.
A2C28 and A2R38 adjust the gain of the amplifier so
that the meter wilk read rms volts. A2R38 is adjusted
at 400Hz, and A2C238 is adjusted at 10MHz.

4%, The DC Output Is a 01 wolt lewel that is
proportional to- meter deflection. R2 is adjusted 10
culibrate the de output. The AC Amplitier samples
the ne feedback and penerates 0 to 150mV ac output
that is directly propostional to meter deflection.

4.8. SCHEMATIC DESCRIPTICN,
(See Figure 7-1). f

4.9, IMPEDANCE CONVERTER.

___________ T IMPEDANCE METER
1 CONVERTER POsT AMPYL
t : ATTEN
| .
! S
]
H .
i i
| 3 METEH
! BRIDGE
: A?;Fz.s _
: . ' /
, | b 2 U |
| TN =" b H AR H pe
: N L & ‘o ouTPYT
WCHL R Gshea SHIELD 5‘( }
) AC
i (OUTP‘UT
‘ v

v Fipure -1,

Simplitied Block Diagram
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sessrep= CURRENT DURING NEG HALF CYCLE.
——— CURRENT DURING P0OS HALF CYCLE,

» |

Aaczw;!;l
! U?SL'T
AZR65 ﬂ;L<° !

A.:-‘*";r : AZCR|5 l

: ~ METER

AMPL
FROM A
POST . :
ATTEN - A2Q14 ¢
AZR53 :
A2R54 Y

. A R2 ) l_
L | % Azcrie - A2C36
\ i 1 ¥4
) . . [‘ [ AY

ADOE/EL-B-0623%-A

-+—— FEEDBACK ,

;o Figure 4-20 Meter Bridge

4-10, The impedance co werter, Jocated on the main
voltmeter board (A2), matches the high impedahee of
the input attenuator o the relatively low impedanee
ol the Post Attenuator, Breakdown diodes AJCR17
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 AXCR21
stabilize the bias voltages on A2Q35, Fuse A2FI
protecs the iustrument against desrouctive overloads,
i .

Sb b A field-efect trsistor (A2Q3) is wsed in the
input stage of the impedance converter because ot its
chiaracteristicallv high  inpat impedance and good
frequency response, A2ZRI7 adjusts the du bias of the

42

} .
impedanee converter. The output is taken from the
emitter circuit of A2Q7 and applicd to the post
attennator and then applied o the meter amphiier.
The-solid black lines on Lie schematic show the signal
path, und the broken lines show the feedback paths.

412. METER AMPLIFIER. K

413, The meter amplifier amplities its input sipnal
by a fixed gain o all ranges except the 001 volt
range. The amplifier itsell is a fourstage, de conpled
amplitier with a cascadecoupled final stage (A2012
and v 2Q13), DO feedback is coupled from the
emitter of A2Q12 back 1o the base of A2Q9.
Breakdown dindes A27RE2, AZCRIZ and A2CRI4
establish fixed de bias lewels in the nmplifier,

/




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 o the feedback cireuit on the 0.00) volt
range, bouosting the gain on that wauge. AR wdjusts
the pain on the ImV runpe with » 4001 input.
AIR31 adjusts the de bias level of the snplitier.

4.15. METER BRIDGE,

410, Figire 42 shows o partial schematic of the
Meter Bridpe. The meter bridge rectifies the we
aumplificr output and supplies the de enrrent to drive
‘the meter, In order 1o use part of the meter bridye
output as the vear terminal de voput, the meter has
o be referenced to pround, Trmsistor 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
A2C36 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

Section 1V
and - ACRIO Linjo ghe amplifier, and part goes
through AZRS3 and the meter o ground. The current
throngh A2RS3 turhs on A2004, and the corrent
from A0V poes thiough A2RSS ind AZCRIG to
the amplifier. Again the curent throagh the meter
eqquals the current through A2RS4, ond the earremt
into dhe bridge equals the current out. . ‘

319, Transistor A204 replaces current drawn by
the mieter. so the meter bridge is kept Routing while
the meter s referenced o ground, The de oatput.
taken across ARG5S und R2, is also referenced to
pround,

4-20. AC OUTPUT EIRCUIT,

3-21. 'The ne output circuit isulates the meter bridge
imd amplifier from the ac outpnt Joad., consists of
two emitter followers (A20Q15 and Q16) connected in
cascade, AZIRSY in the base circuit off A2Q15 2eroes
the output de level at the pe output,

4-22. POWER SUPPLY.

4-23. The power supply produces regutated 20 voils
and -26 volts. Breakdown dinde AZCRT establishes o
reference voltape of 698 volis. Part ol the power
supply sutput is applied to the hase of A2Q2. wd
A202 senses the difference between the supply
output and she reference, 10 the output voltape
changes, the emitter 1o base yoltuge of A207 will
change: and the vutput of A2Q2 will Change the
current through A201, the repulator.

424, The nepative regulator, A203 and AZQH, uses
the +20 voll output as a referende. Consequently, the
negative  supply is dependont uport the positive
supply. ‘

4-3/4-4







WARNING

i

Maintenance described herein is performed
with power supplied to the instrument, and pro-
tective covers removed. Such ‘maintenance '
shoulc be performed unly by service- -trained
persor 2l who are aware of the hazards in-
volved (for example, - fire and electrical shock).
Where maintenance can be performed without
power applied, the nower should be removed.




Sectiun V

Tuble 5

- Required Test Yauipment

Madels JOOE/HO0L],

INSTRUMENT

REQUIRY:D

T
i

RECOMMENDILD MODEL

TYPE SPECIFICATIONS -
: AC Calibrator Aceuney: (00220 w0 0,205 Jip- Maodel TH5A[TH0A
Voltape Radges: 0,10V 1o 300V AC Calibrator
Frequency Range: 1012 to TTOKH,
i 1 Test Oseillanr Frequency Range: 102 1o JOMH, Jip-Model 651 B or 052A
Output: 3.0 volts s prs. Test Osetllator .
J Dhistortion: Jess than [0 ,
Freguency Response: adjustable
t ) 2500 “]r, f\) . )
AT ACIDC Voltmeter Range: U o TUG valts i Model 34501 Multi-Funetion,

Semsitivity s 100 nicrovoln
Aveurey s greater Jhan € 17

Merer with Option 301

DC Null Meter

Ranpe: £3 merovolts full seale
to bomV l'ull seide
Accuraey: 2 ol full '-».tlu

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 048 volt
v Oapm: rmVede
“Avcuniey 0.0 o betier
Frequeney Range: de to LOMELY

AveuneyJ e or better

Outpat: Adjustable to GASV, TV md Y

b Model 419A DCNull

Voltineter

0. -hp- Moda) o~
11049 A (600 abms inpat)

h.

hp- Maodel THD30A
and 11051 A Thermal
Converters €50 ohims ipnt)

J

-hp- \l-nILl I»Hllk D Skpmdand
Ihiterential Voluneter

0L MY

See Figure 5-2 for schenutbic,

1

Refprience 4. Resistor; Pad, 0500 ohms #14 hip- Part No, 051140392
Supply B Resistor: vae, 500 oluas 1377, Ap- Part N, 2100-0324
).r-j'= d0tum ‘ o ‘
A ¢ Resistor; var) 30 oluns #5077, hp- Part Noo 2160 1481
Sy 10-tuin '
RE d. Battery: 134 volis “d. Mallory RM-42R
,g'f"' § ACIDC Yaltmeter Acchny e 3 hp- Model $10C
.l.l'!" ‘ Ohmmicter Inpar Capacity - 1.5 pl Tleetronic Voltimerer
PRI !n;lm Impu! mee: e 10O ALY :
Y ) Resistors l \ul Il)() hilorhuos $100 Sip- Part No., 07570403
Exd. | kilohm el . “ehp- vt No, 97570280
‘ Var, 15 kilobms, ww £545 1Q-tum Dip- Part Not 2H00-0896
) Voltmeter Voliape Aveuriey: 2257w S00H, hpy Model 735BR anumlu i
N Calibrator Output: O to 3 volls Calibrator
‘;) «| Termination. Feed-thropgh. 50 ohm impedance Dy Madel VIHOS8C 50 ahm
' o : Feed-throvgh Termination
Coaxial ' S B atenuation s 00T dEde o 10 MER Wemnschel Engineering
. AtLennators N)\ill attemtion + G.O1 JBde 1o LMY Mudels, 50-108 and
; . L ‘ 50308 Couxitd Attemuators
B | Wideband Frequency Rapge 0 Heto 3 MHz ._ahp- Model 303C
Eh AC Vaoltmwrer Acomraeys Greater than £ 17 Lrue RMS Volrmerer

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 maintain the Mudel 400L/EL, I the muodel
recompiended in Table 5.1 15 not avatlable, o
substitute may be used s Jonp, 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 1w the
left. repéat whole procedure, but make

, countercjockwise rotition 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 Cheeks, the
¢ speeificalions.

oaeenaey s from 00220

ANCE ]
5.0, ACCURACY AND FREQUENCY RESPONSE

- TESTS.

5.0, The aecuracy and frequency response fests
compae the Mudel HU0E/EL with ils seeuraey
Theee methods are piven in the
following  paragraphs. -Any - one wl the  three
procedures can be used  dependent upon the test
equipment available and the desired aecuracy W
which the J00E/EL is to be checked. The procedure
using the -hp- 7454 AC Calibrator and the THDA
Ampliticy s the simplest and most accurate fur all
yoltages at frequencies from 102 to 110K 2 From
110kHZ to 10MH2, the 652A Test Oscillator can be
used fur the 3and | oyolt ranges with an necuracy uf
0.25% 10754 tor lower mnges). The Thermal
Converter Methnd 35 more time consuting and
subject  to bum-outt but it has anaecursey
uneertainty of 0047 w0180, The EOX-7358R can
be used to check all ranges at 2007 1oy panimum uf
3 millivolts. The accuraey at H00E §s 0.2 ar 360
volts and 0.3%4 wsing the attenuator, The frequency
response can be checked with o maxinum ol 3 vults
with the 652A Test Oscillator. The 054A Test
Oseillator can be wsed below 1 volt output from 1012
v [OMBZ with & flatness of 0,547, This Hutness is
withowt adjusting the wmplitnde at each change of
frequency.

511, Accuracy Check from 10Hz to 110kHz.

5-12. The test setup in Figure 5-1 uses the THSA AC

CCalibrator 1System. This calibrator can produce any

yoltage fevel from 0.1mV 1o 100 volis i seven dipit
readout for Treguencies from 1002 1o YOk The
o G205 The TI0A
Amplitier can be used for voltages sbove 100 wolts
with the same aecuraey.
NOTE

For uptimumn performance. fet the

JO0E/EL  and  the. TH5A/TH0A

wiarmup for at least ane-half bour,

a. Place’ the SOOE/EL vn the 3 volt punge.and
position the 745A to read 300000 volts at
HO0H..

b. Connect the test setap as shown in Figure
5-1. Sct the T45A SENSE switeh to LOCAL
or §F more accuracy is desired place the
SENSE switeh 1o REMOTE and connect the
sense terminals to the spot of the S00L/EL.

541




Seetion V

Mudels JO0ESO0EL

AC CALIBRATOR
hp 7454

AC VOLTMETER

MYLTI- FUNC I’I50N METER

TR A L hp 400E/EL = '
RIS erm cal
: 1 S T 1 I«
T v (p I A e CTT
LoD LDy Lo ! _
- . ll ] SN
= 3 ne OKJOTPEH
N REAN ,
b
Figure 5-1. Aceuracy Test Setup
¢ Set the error mnge to X1 oard s the ¢, Change the resquency to those in Fable 5-2
marker to zero position, Read re de output *oand 5.3 Adjust the 652A AMPLITUDE
on the digital voltmeter, The e ourput comtrob untid 0 s read on the expanded seale
should read within the toleranees listed in of the meter, The de output of the JOOESEL
‘Table 5-2, With some test setups, it puy be shoudd be within tolerances histed in Tuble
pecessiry 1o comeet 1 SO0 mierofan wd capas 5-2 or 5-3 for mmge. voltape and fregueney
citor dcrosy the SOOLEIEL onrput 1o obtain settings. Change the fine adjust o the 632A
the required resolution at 10 He. until the JOOESEL meter reads exactly the
d. Adjust the T45A enror control until the voltage upplied. Read error on the 052A
m()l.ll.l, reads exactly the appliad voltage, Meter. Where the meter error exvewds
Read the SDOEEL eror directly in %0 from 22500, readjust the o524 AMPLITUDLE
the IlIS:\ Where the meter error exeeesds control For U op the expandad sale' ol e
3 '.L return the 7:45A error contml to meter and resd ' the error on the OBEEE.
zerof bring the SOUOE/EL 1o the required The error shoubd be \\'ililifl the woleranees
reading with thie 743 A voltage controls and ~Ii5fk'll‘ill Table 5.2 and 5-.{ for range, voltupe
'Htl.nc the epror, Any errat should be and frequeney settings. B oout ol wlernee
wnlh notie tolerance listed in Fable 5-2 refer o Paragraph 532 Aligmment il
under Meter, ' Calibration Procedure.
e, Rephat steps ¢ and d for cach TH5A fre-

ey and voltage Tisted in Table 5-2 and
5.3 fnnnul the precision . I mcnu.nnr
betsfeen the 7454 and” the SUOLJEL
calibrate the 1 mV and 3 mV nnges. If tllc
JOOE/EL is not within the wlerances listed
in Table 822 and 5-3 refer o Parapraph 5-32
.'\|I[.,1llllt‘nl and Calibration Procedure,

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

¥

a. For frequencies from FIOKHZ o TOMEL

b.

adjust the 0524 Gsing the 50 vl output
and o 50 ohm fead) (o the same reading on

the SOOLJEL st TkEz as read with the 7454

3 oand | ovolt only can be used on the
expanded seale, (3 and b volt can be

atter dated by the 632A ranpe switeh foss :

CCURICY.)
Turn the 6524 to the expanded seate and
adjust the REF SET control Tur 000 or OJB.

NOTE

For aecuracy of woliage tracking
not Histed in Table 3-2 and 5-3 refer
to the Aveuraey Graphs Table 51,
Obtain the peteentage of avcuraey
frome the specifivatons Table 1-1.
Seleet the proper praph for the
pereentage of accusaey. bind rhe
puint o' the cueve for any tiwhing
poist from il seide o less than
1/3 1l seale, Horizontuily locate
the ersor i pereent of reading,

i
t

5-14. Accuracy Check Bsing Thermal Convesters.

5050 The west seiup in Figure 52

“usey 3 thenmal

mmcncr with o null cirewit toadjost the frequeney
n.spnnsc of the test vseitlator o within 0,277 over s
entire band. Comstruet the 0 to 10mY Reference
Supply shown i Figure 52 and allow e ar feast 24

hours to stabilize.
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Table 5-2, Acetrucy Toleranees

:?ucliun v

very low distortion (less:than 15).
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. S
5-17. Use the tollowing pfl;_ccdlurc to calibrate the
thermal converter and reference supply.

4. /Connect the de standard, the J0OE/EL. e
pull voltmeter, the reference supply. and a 3
volt hermal converter (HO2-EI049A with

. 600 ohm input impedanee} as shown in

Co [ . 3 Volt Range 1 Volt Rangs &
Frinjuency
1H2) Voltage Muster DCOUTPUT | Voltaye Murer DG QUTPUT
fopur | 4% of reading}, . {Volts) tnput | 1% af reading) Volrs)
H 3 3.00 £ 5% 4949 + 0,047 1.0 1,00 & B% 1.00 £ 0,05 |
2 2,00 ¢ 6.3% 0.633 t 0.040 0.5 060 t 7.6 .60 ¢ 0,038
Vo] 100 1% 0.316 £ 0.032 0.3 0.30 £ }0.B% | 0.30 £ 0.033
. i
40 3 300 1% 0.949 £ 0.010 1.0 1.00 £ 3% 1.00 : 0,010
2 2,00 £ 1,6% 0.633 £ 0.010 0b 0,60 £ 2% 0.60 ¢ 0,010
| 1,00 & 3% 0.316 £t 0.8 0.3 0.30 & 3.3% 0.30 : 0.0Y0
. i
100 3 J00 1% 0.949 » 0,010 1.0 1.00 & 1% 1.00 £+ 0.01 Y
: or 2 200 £ 1.6% 0.633 £ 0.010 0.6 0560 ¢ 2% 0,60 : 0.01
' 400 i 1.00 & 3% 0.316 £ 0.010) 0.3 0.30 ¢ 3.3% Q.30 t 0.0
500k 3 300 1% 0949 t 0.010 1.0 100 £ 1% 1,00 £ 0.01
2 200 & 1.6% 0.633 + 0.010 06 0,50 ¢ 2% 050 £ 0.01
i 1.00 ¢ 3% 0.316 + 0.010 0.3 0.20 ¢ 3.3% 0.39 : 0.01
™ 3 300 2 1% | 0949 0010 1O | 100 2 1% 1.00 : 0.0
2 2.00 & 1,6% 0.633 » 0.010 0.5 0.50 ¢t 2% 0,60 £ 0.01
1, 1.00 ¢ 3% 0.316 : 0.010 0.3 0.30 ¢ 3.3% 0,30 : 0.00
am 3 300t 3% 0.949 : 0.029 $.0 | 100 £ 3% 1.00 ¢+ 0,03
. . 2 200 t 3B% 0.633 + 0.024 05 050 £ 45% 050 £ 0,023
) 1 1.00 & 6% 0316 t 0019 | 0.2 0,30 ¢ 6.5% 0.30 : 0.020
. ’ 10 M 3 2001 6% | 0940t 00476] 10 | 10026% | 1.00: 005
‘ s 2,00 6.5% [ 0.633 : 0.0411 0.b 0.60 ¢ 8% 0.50 & 0.04
! 1.00 ¢ 16% | 0316 0.0348] 0.3 030 12% | 030z 0.036
A Hieye tolerances con ufso he used  on
the toltowitey ranges: 10 mV, ToomV, -
NOTE B Figare 5-2. Set switch S1 to position A
CThe test oscillator used must have connecting the de standard output to the
thermal converter input.  The  reference

supply wnd the thermal  converter are
Csensitive 1o varistions in ambient
temperature, o Ensure  that the mnbient
temperature variations are less than $2.0° C.

NOTE

It a S00E/EL Option 02 instrunent
is used. set the REL. REF
* adjustment to the fully clockwise
ABSOLUTE position  before
imaking accuracy check. ‘

b. Set the de standard output to +3.000 volts
de, x
53
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MULT}-FUNTION METER
hp 34504
] ST
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A
VOLTMETE;:!/?%ESTAND 0 hp 4QGE /EL O TMETER |
F AC VOLTMETER hp 4194
R I L, SISETTN [ T
A SO I" :‘ _ T,j,' 7T :[/ H@ DogM.
a9 . £ cuteyr “"““"'-'—8- . BEFERERTE nERLY
.,- BUNTTY TR :
.. . - - . le g.'“ I ' "
o OO e e o 6 4 ?{!le,m S ]
F X ; et !
i ' THFEMAL CURVERTEN | j 1 HRESTIN |
. NNV ' hp HZABA YY) ‘ t " i“
! r L ; ,.!Lf hpl J-mi(ulJ L_ » .Lr.- Sl
| Finpar S N RS ST
i{' st T e
TEST OSCILLATOR L Ji,,,:' HRC 71 COhnLCTIR
hp 6518 or 652A 3
o - . P PR ‘\.‘
. ‘ . \\
hpncnrn .1
( " } ’I;_' e T1) S )
. }.\, y ‘.",“‘:,r ] .,/.

]
Figire 5-2. Accuriey pod Frequeney Response Test Setap
il [

.] § :
: ‘\ ‘Table 5-3. Calibration Toleninees
o ! .\lilli\‘dh Ranpe Only. . F Millivolt Range Onlys, '
Fregquency Fregquency ’
(Hz) ) Voltge \h.lcf mv) | DC Ontput un Voltage | Meter(mV) | DC Ouput
bnpmt 1oof lc.ldlllb) {Volts) fnput fadr of reading) {Volrs)
10 Toomv| 10055 100 005 ook | 1oomv] 1ooe i | oot oo0s
: Q.5mV 1 050 Talt 0.50 £ 0.03s : 0.5mV | W _;i 0.5¢0 + 00045
03mV | 0.30.4 1035 |0.30 £ 0033 : 0amV | 0302537 [0.30 £0.0043
40 ooV | 100 ¢ 1R =['?' 100 £0.02 Souh - | LaomY | 100415 (100 £002
05mv | 050420 '\l' 0.50 £ 0.015 0.5mV | 0502 [0.50 L0035
03mV | 030+ 3.3',-1‘ 030 +0013 O3mV | 0.30+337 10.30+£0013
100 YOOMV | 100 ¢ 1 1.00 ¢ U5 S h| 1.0OmV [ LU0 kS .00+ 005
or 05mV | 05020 {150 ¢ UOOS 0.5mV [ 5027007 05020038
J0¢) 0.3mV 0,30 330 030+ 0043 03my | 0.30 i3 10,85 [0.30 +0.033
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c. Wsing the null  volimeter, adjust the
reference supply until fts output is within
+1.5 micravalts of the thermal converter

output.

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

5-19. Check the J400E/EL accuracy and Jrequency
response on the 3 volt and 1 volt ranges according to
the tollowing 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.
Comnect  the digital woltmeter to the
JO00E/EL DC QUTIPUT terminals,

. Set the J00E[EL Runge Switch to 3 volis

and set the oseillator frequency to [0z,
Connect the BNC ' 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 metzr indication and
de vutput.

. Repeat step ¢ for cachit':cqucncy listed in

Table 5-2. If the A400E/EL s 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 nsing a | volt thermi | converter and a 1
voit output from the de standoard,

! \\\ \\ Models 400E/400EL

. Repeat bgu\ a through d in this paragraph
using the m\u volt thermal converter and the
50 obm output of the test vscillator. Set the
400E/EL to lhc 1 vult range.

5-20. Range Tracking Thst
\*\ \\

5-21. The range lr‘u.km ‘test checks the au.ur.u..y of
the JO0E/EL with u {/3 scalg input over its entire
frequency range, g :

Y .
522, After verifying the full seale calibration with
the accursey test.in lebrnph 5-19, check tie range
tracking with the following procedures.

a. Recalibrate  the 1omV reference supply
according to the procedure in Paragraph

~ 5-17. Use a 600 ohm input, 3 volt thermal
copverter and 3 wolt output from the de
standard,

"I'I'IY""

ECAUTIONS

ALARALLLANS,

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

b. Set Sl in Figure 5-2 1o position B,
connecting the test oscillator 6007 ohm
output to the thermal converter input,
Connect the digital voltmeter to  the
JO00E/EL DC QUTPUT terminals.

¢. Set the 400F/EL switch to 10'volts and the
oscillator to 10Hz. Connect: the BNC “T" ¢
connector directly to the 400E/EL INPUT.

d. Using the oscillator amplitude control as
coarse adjustment and resistor R4 as a fine
adjustment, set the oscillator output so that

. the - thermat converter ouwtput nulls  the
reference supply output,

¢. Repeat step d for each frequency listed in
Table 5.2, If the 400E/EL is within
specifications, the meter indication and the
de vutput will be within the tolerances listed
in the table.
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S '

TEST OSCILLATOR
ho 6524

Q\ Il

! B owQ ’pﬁ}

e —r——

AC VOLTMETER -
hp 4QCE/EL

10K
RESISTOR

}if:f‘"!t?

Figure 5-3. Input Impedance Check

f. Repeat steps o throupgh ¢ in this paragraph
wsing o 30 ohm input, 1 volt thermal
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 Sl in Figure 52 to position B,

+ connecting the test oscillator output to the
thernal converter input. Conneet the digital
voltmeter to the 400E/EL DC OUTPUT
terminals,

WY TYYYYYY Y

! . ECAUTIONS]
SET TEST OSCILLATOR
OUTPUT TO MINUMUM BEFORE
CONNECTING, REDUCE
OSCILLATOR OUTPUT BEFORE
CHANGING FREQUENCY
RANGE, DO NOT ALLOW
OSCILLATOR OUTPUT TO
EXCEED RATED INPUT OF
THERMAL CONVERTER. ANY
OVERLOAD MAY DESIROY

: ~ THERMAL CONVERTER.

c. Set the 400EJEL RANGE switch to 3
millivolts (.003 volts) and the oscillator to
10Hz. Connect a precision 40dB coaxial
-attepuator 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

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 is within

~ specifications. the meter indication and the

de output will be within the tolerances Histed |
in the table,

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

Ec.«unoui

SET TEST OSCILLATOR
OUTPUT TO MINIMUM BEFORE -
CONNECTING, REDUCE
OSCILLATOR OUTPUT BEFORE
CHANGING FREQUENCY
RANGE. DO NOT ALLOW
OSCILLATOR OUTPUT 1O
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 vscillator to 10Hz,
Conncet o precision coaxial S0dB attenvator
between the BNC “T" and the J00E/EL
INPUT. :

Using the osciliator amplitude control as
coarse adjustment and resistor RY (Figure
5-2) as fine adjustment, increase the
oscillator  amplitude until  the  thermal
converter outpui nulls the reference supply.
Obscrve the J00E/EL meter indication and
de output,

3T
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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.

'§.24, INPUT IMPEDANCE CHECK.

B.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
megohims. ‘_

5-26. Enput Capacnty Check

. (unnu.t 4 fest muii.nur. a 100 kilohum
eesistor, ‘and_ the JOOE/EL as shown in
Figure 5-3. Iraert the resistor lead directly
into the BNC connector on the S00E/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.

58 i
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d. Repeat steps tand b with the JOOE/EL un
the | volt range,

e. Increase the test oscillator frequency until
the 400E/EL indieation drops 1o 0.707
yolts. This should veeur at a frequency of
63.5%H2 or preater, verifying an input
capacity of 25pk or less on the | volt range.

5.27. AC TO DC CONVERVER OUTPUT

IMPEDANCE CHECK.

§-28, Proceed us follows:

a. Connect an -hp- 65IB or 652IA Test
Oseillator through o 50 olim Joad to t}w
input of the' JOOE/EL,

b. Connect o de digital voltmeter to the de
output of the 400E/EL located on the rear
panel. Set the 400E/EL 10 the 3 wolt
RANGL, '

¢, Set the oscillator frequency to 100kH2 and
the QUTPUT ATTENUATOR to 3 vuits.

d. Adjust the oseillator amplitude 10 read
1.000 vol* : on the digital voluneter at the de
output. ’

e. Place a 1000 ol 1% metal Blm resistor
{-hp- part number 0757-0280) ucruss the de
output of the 400E/EL. The voltage should
read between 0475 and 0.525 wolts, This
varifics that the de output impedanee is
1000 oluns 155,

5-29. AC OUTPUT VOLTAGE CHECK.

5-30. Progeed as tollows:

a. Conneet an oseillator (6358 or 652A) 1o the
input ot the JOOE/EL through u 50 olin
load, Congreet an ac Jigitad voltmeter (hp-
(3403C) 1o the ae ontpnr of the S00ESELL

b, Place the JOOE/EL mnd the oseillator on the
wie volt range,

t
e Adjust the oscillator’s amplitude for full
seale deflection on the JOOELEL meter, The
ac digital volometer should read 150 mV
£ 100 from TG He 1o 4 MEls,

J. Decrease the range of the oscillator and
' JOOE/EL o 100 mVY and 10 mV. repeativg
' Step e for each voltage,
)

b
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¢. 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

the internal adjustients. ! !

.
4

) e

Section V

§-34. COVER REMOVAL, .

535, To remove the top or bottom covers, remove
the Phillips screws holding the cover, stide the cover
about | ineh to the rear. and fift it off. To replace the
cover., reverse the resmoval procedure, 11 it s necessary
to remove o side cover. remove the four Phillips
screws and By it off, e

NOTE
Conpect a de vobtmeter to TP The
voltage shonld be K6 V.
Connect a de wltmeter v TP2, The
woltage should read 226 £2V. I
these voltages are not correct refer
~to Troubl.shooting Parugraph 5<48,
5.36. BIAS ADJUST. S \
5.37. Conpiect 1 de voltmeter to TP3 and udjust
AIRIT for 6.0 10.25Vde, Connect a de voltmeter to
T4 and adjust A2R3I for +10.0 HVde,
b
538, AC OUTPUT ZERO. :

5-39. Copneet a de voltmeter o TPS nnd,u_ﬂjusl

AR fur 0.0 $0.050Vde. -

5.40.  CALIBRATION.

' NOTE— -
If o 400E/EL Oplion 02 s to be

A2C28
10 MHz ADY
L.

A2R38
400 He AD)

52¢2
3 mV 10 MHz AT
{ADJ FROM SIDE}
; ;

AZRI
BIAS ADJ

]

\\
iy

En

i
L > 1|I \\ T
AZREY " A2HA4 w2 . AR17 \mcz
OVADS  1mV 400 HZAD DCOUTPUTAD!  BIASAD) 3V 100kHzAD)

[ADJ FROM SIDE)

{ADJ FHOM SIDE}

Figure 5=}, Locatjon of Internal Adjustments ' ST
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calibrated, set the REL. REF
adjustment to the fully dockwise
ABSOLUTE pnailinn beture
beginning the eolibration, Always -
cheek and set the bias levels first
beture 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 coastal attenuator between
the BNC T connector and the SOOESEL
INPUT. When the thermal converter and
reference supply  outpots are nulled, the
input to the 00L/EL will be 10mV. Set the

oseillator - frequency - to 000z and  the

JO0E/EL to the 0.01 wolt ramge. 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

Cof 1000 1.0 or, lc;s.

o Lawver test vseator vutput wml set the fre

quency to 10 8H2, Disconneet the precision
SOJB attenmgor anl mnncu.t d prechion
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.

Models J00E/400EL

i Adjust. S2C2 for o digital . volumeter
indivation of 1000 10.04Vde. The 400EJEL
shoutd read 3.16 10.158mV,

NOTE
Cheek at 6 and dMEz. Amplitude
can be Jowered st 4MEZ by moving
A2CLI and C13 closer together,

. Lower the test oscillator ontput and set the
frequency  to 400H. Replace the 1 volt
thermal converier with a 0.45 volt thermal
converter, and calibrate it according to the
procedure ‘in Paragraph 5-17 using o 0.3162
volt outpus from the de standard.

. '

k. Disconneet the de standard and connect the

test oscillator to the thenmal converte s

shown in Figure 5-2. Set e 400L/EL range

switeh 1o 9.001 yolts. Using the amplitude

controb as a course adjustment ond R as o

fine  adjustment, increase  the  oscillator

output il the thenmal converter output
exactly nulls the reference supply output, At
null, the input to the 400E/EL will be 1mV

at SOOI, ‘ ;

=1

. f\djlm A2l fora dlblt.ll valtmetir dlspla}
of 106G HL.005Vde.

NOTE

The voltawpe s ab EP 4 udleers fre-
quency respoisy, 15 the frequency
responsé “is Jow a1 and 20 He
decrease voltage ot TP {extreme
lisits 8 2o F2vobts). After changing
voltage at TP, chieek high and low
frecquency respunise, N
b 3 the accuracy and frequency response can
not be brought into specifteations with the
preceeding adjustments, refer 1o Table 5 I
Factory Selected Components,

542, Galibration Procedure Usmg hp 745A/746A
GCafibrator,

)

)
5-13. Calibrate the JOOE/EL for I‘rc.'lriicncics from
LOE2 to TTOKH2 with the test setup shown in Figure
l ,:

5.

i Ser the 43A 1o the voltage fovels and
trcqlt:cn-:ics isted in Table 5-5. Allernate
Calibration Procedure (omit steps 2 mul 3).

Seleet the proper SOME/EL range. .
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. : _ " Tuble 5-5. Abternate Galibration Procedure | S . _
= T g S 400E/EL INDICATION |
STEP | J00E/EL RANGLE | CALIBRATION SIGNAL ADJUSTMENT ! " -

' ‘ G T METER DC OUTPUT
2 — o A
Sl e 10mV 400Hz R3S H1OmV 10.JmV ’
, L Gl R2 1,000 $0.005Vde ™
2 0oLy HOmY 10Mkz A28 |iomV£0.5mV {1000 10.05Vde |
3 0,003V T amviosi: | SKCY 3V 10,05V 0949 40.047Vde
s | oomyv | ImV sl CAmRad [Imv091mV [1.000 20005Vde
' Lo : . ; ll
5 v aViIookte AlC2 13V 4003V . | 0.949 10.004Vde
b. With the adjustment components Fed in AC INTERNAL (.’AQBR:\TION adjustment &an be
Table 5-5 adjust within the specified error, used o adjust the calibrator, ouppup o the iwenray
. For steps 2 and'3 the adjustment procedure+ of the ae differential voltmeter, Each thne the'culibra-
! in Paragraph 5~ or 5+47 must be used tor yoltige range is changed the vutput must be moni-
becsuse ui frequency. _ L tored amd adjusted. Do not rewdjust the caljbrator
o ‘ S ; - below the 50 millivolt range, [
cwdnecdE the avciacy can not be brought into . - i o
‘ G specifications refer to Table 5.11 Factory - 517, This 400 Hz voftage is used as a referyhice 10 set
+ Seles ted Components. ‘ ’ up tae 6527 for a Srquency respansetest frum

o ce O FI2 t0 10 MEZ ac voltages up to 3volts,
"5.34, " Atteruator Alignment, ' /

' S Lo o e ' 4. Conneet the cireuit as in Figore/5-§ position
‘4, Use the setup shown in Figure 52 toalign . 5 place the ae differential voltmeles o 300
.+, - the attemwtor, Calibrate  the reterence volts {maximum sensitivity) nf"l‘d place the

bl . supply according  to. the procedures in ' calibsator to 400Hz rius. 300 valts.
T Paragraph 517, using a3 wolt thermal . i ‘
T converter, s b. Adjust the AC INTERNAL CALIBRATION

R ; ' ‘1 woun exact. reading’ > differential
C b. Disconnget the de stundard and conneet the &)‘tn‘:cﬁ': ue h’,"dd' 5o W" differential
o e st eacillnor and JOOE/EL as shown in i v i .

- ‘l‘ [T’ \ ‘h _1 ‘i » ..‘.‘ . Y » i L1ts i .f . 'I: .
. :(1)%;::{;5 o d“"“[tl:h; (;S[‘:}Ii;'[t“rh:"l;};’"';‘)“:;: - ¢, Connect the cireuit as in Figre 5-5 position
b o T ’ B. The 400E/EL should repd 300 volts £1%

o .- range, Using the amplitude control as coarse © or 43 .volts. The de uulpu:' shontd be 949

i cadjnstment and R4 as fine adjustment, - 100047 SR R

C L inerease the oseillator output until the - . : S .

\ . l: ! o :
hadiyd Jd. Change  the calibrator afid ae differential
B
coshpply.
L

thermal converter output pulls the referende
‘ o - voltmeter to 100 volts, (‘p‘mcct us in Figure

i _fil‘l"l‘"'h't‘ l\dju{l ‘AT 2 in the -tt)U}i/El. for & meter . 5‘-5|pl}$ilil?ll A f}dju:st |’“: :\CJNTI’.RNJ\L
o "‘,tcadi'ng of 3.00 +0.03 volts vr fess. A (._."\_L_l.IBRf\FI(}N for un epuct reading on ihe
SRR AR o P differential voltmeter. T
A 2. LN ‘Altem'atc,Cati_hmion‘and Pesformance Check. : : L i A g
o e W S R ¢, Connect the cireuit as juposition I3 with the
o 5ad0.4The Tollowing alpernate prodedure ear be used JOOE/EL on the 300V jange. The H00E/EL
S for hoth {i’cr;’urin;n!qp(.‘_Iwﬁ:k’- and for calibratton. meter and de vutput shjuld read within the
L The alieniate procedure wses i ehp- Model 738BR "+ tolerances in Table'S-/ for 1 volt input on
R voltmetbr calibrator to genérate a 00 b signal from Cthe 3 volt tange. o) L
300 volts tib-3amillivolts. The aceuracy of this calibra- = = R oo '
b tords 0,20 ar 300 volts and 0347 usingthe arenua- f. Change the $00E/EL o the 100 volt range.
v por, For greater peeiracy th{c’cnlibrum; owputcanbe Use the tolerances u Table 52 for ) w.,zll
. quitd_rc\l by ‘the uc'dil'l‘({.rcm_iul vottmeter amd the Co input onthe 1 volt e, ’
g o F I S
1 B o o o :

' .‘.‘ : Pl . - e 4 R -!. ) . ' ' :‘ ‘ '. l . 5“'[1" ;




| P 7388R hp' 4O0E/EL " - . MULTI-FUNTIGN METER''
! ' b . hn 34507 ) - o
L ' == T T
LR v e CH:I !
'.@‘(().’h @ Y ‘ o oo s 3
e T o allo T L RN ek
P : PRSI | s e e s
: -?, *, ? :-'@i, "8 ! ac oyt PuT | 1
i e ) T ONAEAR ‘ ! ‘ '
iE POSIDION B .‘.!‘ !
b R : h I
. : . . iz : ) - ! 1 ; . ’Ii E .
") posiTioN A - e (O R g L R WM———
1 ! (OPTIONAL} i . o ) 1,
£ : . .500 FEED-THRU ' |'
v DC DIFFERENTIAL ; o TION
' - VOLTMETERIDC STANDARD ) o 1O /
s “hp740P | TEST 10SCILLATOR
) . ——  hp e5eA . R
‘ : " @ [ ] I"'/.' ~ k) : v
R 0 (O n | |
G0 4% X at od 4L © o ’ . -/
|\|._ AL :(-, :‘J .'F‘, :“: Gs IS4 ® ~ s W) w N '(_()“ BT,

. Adjust the vplitude of *he test vscillator at

g Repeat steps d and ¢ tor each range of thei

JOOESEL checking full scale and 1/3 I‘nl’ '

seale fnr cach descending runge,

I -On the 3 volt rapge record the reading u‘

the SO0E/EL meter and de output,
Conneet the eirevit-as in Figure 5-5 pc)si'tijm
C. '

f

400[!1 to the .lluc recorsed in step h.

k. Set the test mult..mr fo the EXPAND sulc

position wid adjust the REF, SET Iur a 0%
wr OdB réading on lhc meter,

i

m, Change the Iruquency to those in 'Table 5-2

and h..ldjllal the oscillator AMPLITUDE to
0% or 0dB. Lhe JOOE/EL de ontput Hould
read within the toberance for that frequency,
range and’ voltage input.  Adfugt  the
vscillatoys ‘fine control for an exael meter
reading. g the SO0E/EL. The % reading on’
the oceillator’s meter should be within
toleroney: : !

I

n. Repeat steps h thru m for descending ~mges.

. 5OmV do not use Figure 5-5 position A as
I t

at full scale ond 1/3 full scale/using the
appropriate tables for  tolenmjes. Below

p.

Fipure 5-5. Altermate Calibration and Frequency Test Setup -~

the calibrator is more accurate: than the
differential voltmeter at these Jow voltages,

For checking the acelrney uf the ImV range

of the 400L/EL use Toleranees s listed in
Table 5-3, ‘

< 1 mV ML s ealibrated by dressing the

whiteforange/yellow jumper wire between
the seccond attenmator and input to the
meter amp, Moving thie jumper wire towards
the deck  Jowers  the  response.  Set
RESPONSE  15% high with the bottom
cover off, The installation of the cover will
lower the response by 1575 See Fipure 022
for location of the  whitp/orange/yellow
jumper wire, - ,

It the SO0E/EL s out of specificagions at o
Frequency, Ajust the component listed iu
Table 5.5 for a JOOEJEL meter and de owi-
put reating within ihe proper tolerasee,
Use the range specified Iur,i J\|jll>lillki1l.

NOTE '
The 654A ‘Test Oscillator can be
ased in place of the 652A Test
Oscillator for an output of | volt or
less. The accuracy is 0.5% without
readjusting  the amplitude ot c.n.h
change of frequency.

1

Madels 400EMOOEL
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 Models 400E/400EL

i Section V

Table 5-6. Troubleshooting Tips

. SYMPTOM

PROBABLL 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 |

peedie wobbles
[ S
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 Circuit, Check A208 thru Q13 . :

 Cheek A2Q3 and Q4. (1 an old instrumient change A2Q4, A2R73

. Isulare by disconneciing vrange wire to switch. Yoltage ut pin 21
. Chunge value of A2ZR72* (refer to Tuble 5-1 I).

Cheek A2Q13, Change value of A2C31* (Tuble 5:11) Check

Fuse A2F1 upen, Cheek power supply voltages. Check AC signal
aceording 1o Puragraphs 5-53 through 555 o isolate the area of
truuhle,

Disconnect jumper wire, Meuswe resistance to ground ut both
jumper terminals. If 10 ohms on the meter side, C16 or C19 s
shorted, 1 100 ohms. 35 or C29 s shorted: if #ero, C8 ur C9 Is
shorted. - Disconnnet R20 'and "R28 10 isolate the Impedance
Converter. It low resistance is vn power supply side refer 1o
Paragraph 5-51 and Table 5-7. ‘

Check A2C22 for open it 10% low, Lift A2C39 und check for
sscillations: i no oscillations cheek A2Q1S and 16 ‘
Check A2C30 for an apen.

Check A2CRIS and A2CRIG,

Relay ALKE stuck in closed position.

Refay K2stuck in closed position.

Extreme condition: check A2Q5. Q0 w.' Q7. Small variation:
change value of A2REB*. (Refer to Table 5-4E)

AC output circuit, Check A2Q15 and QIt, Refer to Paragraph
5-58 und Table 5-11. :

Isolate by shorting A2C17 to ground. I voltage at TP still varfes
the troubie §s in the Meter Amplifier.' Refer to Paragraph 5-54 and
Table 5-9. If voltage is constant the trouble is in the Impedance
Converter, Refer to Paragraph 5-55 and Table 58,

and R74 1o current part number). Check A2CR20 and CR21.
Mateh reverse resistance of AZCRY and CRIC. Check 57CRI and
SICR2. Cheek relays. :

should be same as input, Reter to Paragraph 5-55 or 5-30.

A2C10 and C20.

4

548, TRUUBLESHOOTING.
_ = |

5.4, These' procedures should only -be performed
when the 400E/EL can not be calibrated aecording to
. provedures in Paragraphs 5-32 through 547, If the

JUOL/EL is shightly vut of specifications and can not
be corrected by the proper adjustment, refer to Table
5-11 Factory’ Selected Values. I the JOOLE/EL is
inoperative or completely out of specifications
proceed s follows:

‘ ' 5-13



Sectiop V!

m. Check  the bstrument fur oy chyious
evidenee of troble, such us fowse or broken
wires or hroken connectars, Chieek For bipnt
or foose Cmpunents or separations or crichs
in the printed cineuit hoprds, Ensupe that o)
pins re clean,

! !

b. Isclate the tronble 1o o particilar cireuit
using therblock diagrom Fipure J-1 and the
schematic Figore 741,
toubleshouting steps for that cireuit, Table
5-0 gives some probable troubles for »gwc.ihu
SYImptoss.

NOTE

Tost voltages i thix seerion aind o the sehema
tie are woninal. ) toleranee of 2 10 s m'hnv
abde and iove when stated,

- 6-60, POWER SUPPLY.

5-51. Cheeh with o de solmmerer (30308301 T ol
P Tor ok 2o soliy and - 2o volos sespectively, IF the
TE voliages are improper, check the voltages listed in
Table 3-7. 11 the volrage for g given comnponent i
wrong, the trouble is pobably i st component or
ity assovciated cirenir,

Then refer a0 the,

Table 5-7. Power Supply Voltages
 COMPONENT VOLTAGL |

Collector QI IRVAY
Collector (32 0.5V
Emitiar Q2 MRV
Hase ()3 0.0V
Collector Q3 ANAY
Collector () R{AY

5-52. AMPLIFIERS,

583, Set the SOOE/EL 1o dhe 1 ovelt nimge, and
comneet ol sealy input, With o sensitive e
vultmeter, mdnitor the ac semplilier output a1 the
segative side of AZCH or A2C36. The output should
be 150mVY. I it is not 150mV, measure the ae soltage

at A2 pin 220 The votrage at pin 22 showtd be 3mV. I

these two voltage: readings are correets the meter
amplifier and meter bridge are operaiing propery.

550 0 the voltape at pin 22 s low, pull the
whtforn/yel wire from pin 22, and messwre the ae
signal ar the wire, Bt shonld be 3mVo IV the voliage on
the wire is proper. the trouble is in the meter

3.1+

Mudels 4{)()!-'.]4()UI': L

.nnplmc IV isn’t correct, the trouble §s elther in
the Post Atremutor or the Impedanee Converler.

5-55. To check the Tmpedance Cunverter, maisure
the e voltmee at its wutput {A2 pin 21). The vuput
soltaee should be very close to the input yoltage sinee
the Tmpedanice Converter v o unity gain amplitier.
Wih u 1 volt input, the sutput showld be Q048 volts
1002 volis,

5-30, Both the lmpedunee Converter and the meter
asnplitier are internally de conpled, 1§ the de voltapes
apywhere in the poplifier are incorrect. the amplifier
won't uperate properly, Consequently a check of the
de voltages is apood check of the mnplifiers,

5-57. "Tables 5.8 und 5-9 contain the de voltages on
all, of the transistars in the meter ampifier wnd the
hnpedanee Converter, i the measured voltage vn o
given tramsistor is wrong, the trouble is probably i
that transistor or its associated circut,

NOTL

Measure  these de volrages witl the jupur
sioriad, o de o eolmreter with low input
capacitance and vory Ligh inpar resisianes nist
P wsed. Hhe -hpe Model 1308 i recon
muende, Al de vedrages are Y D e
[A¥ils where othenvive stated,

1
Table 5-8. hnpedance Converter Voltees

TRANSISTOR|  E B ¢
05 $)-oV G (D} -0V
0o 453V eV Tav
Q7 0.7V 14V 215V

*Cannot be measired.

59, Meter Amplitier Voltages

Table

TRANSISTOR ! L. I ¢
Q8 IV B0 1.5V #2007 | #2553V
o +H0.00V L RYAY 5.5V
Qo LAY 5.5V LSV
Qb +0,9V LYV 1 1Y
Qf2 IV 8.5V TINAY
13 0,7V 0 -LoV
Qr4* +HV +3.5V FI6V

*In Bridge circuit.
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1l

1

', §:58,'AC OUTPUT CIRCUIT, 5-60. ADJIISTMENT QF FACTORY SELECTED COM-

PONENTS.

| o .
" 5.59, 'To check the ac output chcojt, measure the .
de voltages bt the polnts shown in Table 5-10. Ifa 5.6), Certain womponents within  the  Model
given measured voltage is incorrect, the trouble f5 JO0E/EL are individually selected in order to com-

probably in thit component or its associated cir- pensate for slightly varying ciralit parameters.
cuit, . These components are denoted by an asterisk'(*)
on the schematic, and the rypical value s shown,
Table 5-10. AC Voltage Output Circuit, Table 5-11 describes the function of the factory
' selected components and gives instructions for
TRANSISTOR E B C their selection, Nonnally, these components do
. , not need 1o be changed unless another associated
. . CQIS +0.62V | F1IV fHSV component is changed. Replacement of a tran-
I : Q16 0 ro.62V |5V sistor, for example, may require the changing of u
. L L factory selected component, ,
Pl '
\ : . . ]
' y L Table 5-13, Foctory Sclected Components.
. t COMBONENT FUNCTION AND SEI ECTION
, AlRS® 29 to 45.3 ohms, Adjusts high frequency response on the 3 volt range. For low readings
: ‘ on the 3 volt range at high frequencies, increase resistance,
A2CLA 0 1o 24 pF. Adjust 8 and 10 MHz frequency response. Noymally not leaded, Used 1o
©piise response.
SnF - 01600763
12 pF 0140-0201
M pk 0160-0196
A2C31*! IR 10 22 pF. Adjusts 10 and 20 Hz frequency response on all ranges. ltiereasing the
E capacitanee increases the response,
1) .
i ¥
A2C32* . 39pF to zero, Affects 10 MHz response,
A2R1E* 36 kilohms to 68 kiluluns.::\djusts the bias level at A205 due 1o FET variables, When
A2R17 will not adjust voliage oi TP3 to - 6 volts. 1F the voltage at TP3 is oo negative,
ipcrease the rebjstunce of R18®,

i : : . .

A2R22* 294 ohms. Adjust high frequency response at 4 MHz, For high readings at § MH2 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 1 and 3 mV ranges decrease the resistance ol R50. Also
affects high frequency response. ‘

, A2RS51*® 133 to 187 ohms, Adjusts frequency response at 10 MHz,
| 1
$2C1* | WpFlo24 pF S0V, Adjusts the high Frequency response on the .01 Vand 3 V ranges. '
1 S2C3e 5 pF or 10 pF 500 \’ Adjust the high frequency response on the |V and 300 V ranges,
: ' A2R72* 110 - 182 ohms, Adjusts to range of the I mV, 400 Hz adjustment, AZR3, If readings
' are low and A2R43 will not bring the amplitude within specifications, decrease the
resistance of R72, ‘ : ‘ ‘ :
$204* 1.8 to 6.8 uF, 35 vdew, Adjusts 10 Hz frequency response on the 1 my and 3 mV
ranges. Increasing capacitines increases response, ;

' '
‘
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:‘.‘Ji!'!". P A
PERF #R’ﬁ;!{\NCE CHECX TEST CARD

‘hp- Mouek A00E/EL o Test perlormed by:

Madels 400E/400EL

AL Volimeter v Dare:
Sendl Mo. ‘

Y. Accuracy Cheek

INPUT BIGNAL SPECIFICATION INDICATION
Frang: Voltwe Frequency Meter 1Y) 0C Qutpur 1V) Mater DC Qutput
v " 3eov 10 Hr 300015 0949 ¢ 0.047
: ANOHr | 003 t 0.00%7
) 100 kH ! + 003 t 0,0047
1 Mt | roo3 t 0.0095
‘ 4 MH2 ]+ 009 +0.047
‘ ] 10 MH, 200 £ 015 0.949 & 0.047
3v tooy 10 Wy .00 010 0216 £ 0032
400 He t 0.0 t 0.0032
l 100 kH2 r .03 £ 0.0032
] 1 MM, 3 £+ 0.03 t 0.0063
A MH2 Iy t006 + 0.032
l y 10 MY L £ 013 0.316 1 0.032
v (KA 10 H2 1.00 * 005 100k 0.05
| A00 H2 r £ 00 £ 0.005
I 100 kN2 || 1008 £ 0,005
1 Mbts | + 0.01 £ 0.010
l 4 M2 / :0.03 t .05
TOMH, L1007 005 1,00 :0.0%
v gio v 10 Hy i1 0300032 030 :0033
A00) H » 000 t 0.0033
YOO kH A t 00013
’ : r Miir i r 0O + 0.0065
A MMy I 002 t 0.033
' * ] 10 MHz 030 » 0032 30 : 0033
v 030V 1O b 030 016 0.919 : 0047
400 He o] r.003 t 0.0CAT
10U kHy ] ' { t+ 003 ' t 0.0047
1 MH2 i 41 1003 ¢ 0.0005
A MHy ! I & .009 I 0047
1 10 K-, vl 030: 016 n94g 1 0.047 \
v o BT W ke, 00 1 .01 0.316 £ 0,032
A0 M | t.,003 ¢t 0.0032
100 kH; | 1 .003 t 3.0032
1 MH, . t 003 t 0.0063
4 My ' + 006 Y 0032
10 MH, ! .\\co t .01 0316 L 0N 2
q
1
INPUT SIGNAL [ SPECIFICATION INDICATION
Fang: Vaoltp Frovuenry Murgr Bewbing IV DC Qurpur (V) Mstrr pe Quiput
AV 0.10V 0 He, 100 £ .005 1OU U0 '
400 H ' | ot 001 r 0.005
100 kitr .0 r 0.00%
T MH, £ .000 + 0010
3 MMy t .003 f 005
1) My 100 ¢ .005 DO : 006 |
001V 0.0t v 10 e .00t + 00005 | 100009
100 M t 00001 1 0.005
30U hH: l £ 0000 t 0.005
. (FATTT t 00005 £ 002
3 MH. 001 ¢ 00005 ! 005
00TV 00CO3 V 04, 0003 t 000032 | 020 :0.033
400 bz ) t 0000 £ 0.U043
100 W H 3 t .0000! Cr0oOna3 -
P MHz Cy t 000032 rUoOI3
4 My 0003 + 000032 b+ 0013
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6-1. 1 TRODUCTION,

6-2, This scetion contains information for ‘ordéring . _
replacement parts, Tabic 6-3-Hists party S nlphamerie - §.4, ORDERING INFORMATIOA -
i b

Mudels SO0EMO0L. | o | Section Vi

H

SECTION V!

'REPLACEABLE PARTS

I i

6.3, Miscellaneous parts are listed at the end of Table
6-3. o ' i .

1

order of their reference designators and indicatss the . :
deseription, -hp- part number of each part, together - 6.5, To chiain replacement parts, nddress order or -
with any applicable notes, and provides the following: quiry to your loeal Hewlett-Packard Field Office, (See

HN

; Sules and Service For list of office Jocaticns,) identily
Total quantity used in the instrument (TQ col- parts be their Hewlett-Packard part numbers.
umn). The total quantity of a part s given the : .

first time the part number appears, 6.6. NON.LISTED PARTS. .

Description of the rart, (See list of abbrevia- 67, To obtain & part that is not listed, chude:
tions below,) : ‘

a, instrument model number,

-—

Typical manufacturer of the part i a five-digit . _
code, (See Appendix A for list of manufac- b. Jnstrument serfal number,

v 1 B
turers.) , . .
' . ] ¢, Deseription ol the part.
. . - . » .
d. Manufacturer's part number, , d. Function and location of the part,
. B
Table 6-1, Standard Abbrevistions. !
- e e b e et e bmann | v ———— grr———
ARniyabiohs .

" bivet ' Fatts f e i o ad st Y3 P rgalae pr A E e ™ Al
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[ 4 2y e i 1 ' LTI b ek piratiaw pratboent
e ol ETIC LN B LU T o Taiy Fogu b obe aule
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Table 6-2. Code of Manufacturars.

Madels 400E/400EL

Mir. No,: Manufacturer Name Address
00BBE] Sangomn Eloc Co Pickens, SC 29671
o Allen-Bradley Co Milwoukea, WI 63204
012B} | TRV! Semicenductors, Inc, Lawndale, CA 80260
N3282 | Comning Glass Wark Bradlord, PA 18701
;03877 |iTransitron Electric Corp Wakelield, MA Q1880
038RB Pyrolilm Resistor Co, Inc Whippany, NJ Q7881
04062 { Arco Elertra,dc Inc Great Nack, MY 11022
04200 | Sprague Electric Co North Adams MA 01247
04713 Motarola Semiconductor Prod Div Phoenix AZ BBO62
06820 Wakofield Engineering Inc Wn'ﬁnliuld, MA 01BBO
06486 Kourz-Knsch Inc Ddtan, OH 45401
07283 [ Falrchild Samiconductar Div Mountain View, CA 94042
0810 Continartal Device Corp Hawthorne, CA 80z
11236 | Cis of Buwrrn, Inc Berne, tN 46711 .
14433 ITT Semiconductor Div Wost Palm Beach FL 3”480
16299 Elec Component Div Raleigh, NC 27604
18701 Muopeo!Electra Corp Mineral Walls, TX 76067
24446 | Genera} Electric Co Schenectady, NY 12306
26366 Gries Rapreducer Corp Now Rochelle, NY 10804
28480 Hewlett-Packard Co ; Palo Allo, CA 94304
56289 Sprague Electric Co North Adams MA 01247
70563 Ampuiite Co, Inc Union City, NJ 07083
70903 | Belden Mie Co Chicago, IL 60622
71400 | Lussmann Mig Div St, Louis, MO B3121
72136 Elactro-Motive Mig Co Inc Willimantic, CT 06226
72982 crie Tac) ‘ological Products, Inc Erle, PA 16612
73138 Beckman Instruments Helipot Div Fullerton, CA 92634
75042 | TRW Inc Philadalphio Div Philadulphio, PA 161056
75915 | Linlefuse, Inc - Des Plaines, IL 60016
78189 Minois Tool Works Shakeprool Div | Elgin, IL 60120
78563 Tinnarmaon Products, e Clevaland, LY 44141
B1B66 Kemlite Lobartories . Chicago, IL 6C622
B2142 Juifers Electronics anslnn Du Boils, PA 15801
B2389 | Swucheralt, Inc Chicogo, it 60630
83346 | Central Screw Co Chicogo, IL 60622
86684 RCA Etectronic Corp & Davices Div | Harison, NJ 07029
2020 Mallory Capocitor Div - Indianapaolis, IN 46206
91418 1| Radio Materials Co Chicogo, iL 60622
93332 | Semiconductor Div Sylvania Elec Woburn MA 021568 i
86712 Dage Electric Co,, Inc Franklin, IN 46131




Models 400E/400EL

Tuble 63, Replaceable Parts,

Sectbon Vi

‘ REFERENCE - . J— : . .
y DESIGNATOR | PART N0, 1o DESCRIPTION MER. | MERPARY NO,
Al 0040866521 | 1 PC Board Ass’y:[np’ut uttenuator hp-

lid]

1’2

R3
n4*
R5N6

K1
K2

A2

c1e?

c3

[of})
h

c?
00
cio
ci
(i

c13
cid
[ 1]
c17
cisr
cis
cror
cN

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%
0693 A28
Q648 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
GAB0 1780

0180-0373
0150012}

0150 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

IR -

L R N a4

—

——— ——

© Switch Assy: Reed and Coll

L A

C: e Taelect 100ui

- fugd cur 20,000pF VRO - 20 GO0uduw
wir 0,26 - 1 5 pF 600 Videw

- txed mbey 330 pF B

il mica 200pF 5%

Db DAY LF P00 0% 26 wvlow

oo

R bard comp 10 chins 15% 1/4W :
B el e mag Fm 10 0 megobin ¢ VIAS §12W
Jte bxdd pree met fhn 33723 uhins £0.0% 170W
Bt e Hon 30,3 obuneg ¢ 351 EW W

L F b comp D00 odums 2 A% 174w

Switch Assy: Rewd and Coil

!

PC Board Ass'y

C Fxad A ebect GBUF + 100 10 B0 wiliw
¢ farl cer VONORF 600 vilow :

G buk At elere 20uF #100% 1070 2B viluw
¢ hat elect 100uF H100% 107 Thviliw
€ buid Toelect 4 Tuf £ 20% 3% velow

G bead AL atect 20uF + 100 - 107 T velowy
. ful T edect 3 Bub £200% 3bowlow

C Iacheer DL3uF PBOS 200 50 vy

C Exed etect TuF P7B% 0% V6 wilew

¢ Enid mica B2pF £5%

20 10 wiew
e fwad ghacr YOUF 4 1005 3G 28 vilow
€ b pco 39pF tH7

G ind Tpelect ) 22aF $10% 3B wlew

¢ fned A glect HOUOF #7167 100 vilow

C; txd Tas elect 6B uF & 10% 35\uh‘.w'
Coixd cur, 0.1 uF + B0 207 BO vdew
C taul Alelect ABGOF + 200 -1 Jwlon
C. Fxdd cor dures cogtes due H01uF
PROPG - 20F 10w
C. bl Fuelect 4. 70F £10% 3D muli
C: bk e JUOPE 1L
Lo Table B 1A
¢ bl TIO 220F £30% HOO wituw
C: b cer dured coated dise 00 TOF
RO 20% 10D videw
Naot assigred )
var cer 5. W pF '
Sixd Yaetect 4 TuF 0100 35 wdo
baad g YOpF E5%
Fad Foelect 18 uF 300wl
2 baed e SORF 1D B vl

seo0

-

Sl Taelect THuF 35 wifow

Ctaned Taelect A0uF 25% T vaew
Excd cur dures eoated ise 0O1oF
P - 20% 100 wdew

bt Do elect A0UF th5% 10 videw

;) Ta et 100ur xdurk 10 vdow

no oo

7047 BA1-000 0D P32
297 Gan 0oy

72136 | ol

0oasL.3 ROMISF 201030

hp- OY60 AT )

on121 | craoh |

[AREEN] PME 70 . otnt
19701 MFBC T-3 nbxl
Iy UYLYFIRHH .

0y cB1g2t

28480 | 0490 1206

28480

04901203

-hp- ,

hHIBY Type 300 DIGSTH
0128 Type k. olnl
BHY Type 400D 1136039
BGIEY | '300307GOILIDA
14433 | SMAINF
LEIRY Type JOL DIHOJY
14433 SMI.BNF
129832 B4y 222¥ 601042
b6 A0D106GO7HB AL DGM
0067 HOMISERZ0IC
st KA00J108
BG2EG 3001 06GO2EHBHA
NOYExs ADMIGE 3 3C
HHRY 1500224 N8035 A2
L2130 TIDHOTGOI0E A
04200 1EOD6EBIXD0IBAZ
56269 |- BCEOBIS CML
K21 201585 DHM
S1318 TA ol
$333 ] SAINF
LIRS HOMILE OIS0
#2142 Type JM abud
[ R A ot
79532 533 006G b6 - 18
14433 Shd INF
NoRs3 ROMISCIHOIST
aliwg ) 150D THGXOOUGHY )
IR R DMle SUJUSHIWV ITCR
66289 1500 186 X9035H2
56189 JEODA06X501082
04062 ROMISEBI0J3C
66289 1500 406X601082
B1B56 K100 3




Section VI

|
Table 6-3, Replaceable Parts (Cont'd),

Models 400E/S00EL

RLEFERENCE
DESIGNATOR

hip-
PART NO.

DESCRIPTION

MER,

MR, PART NO.

c
€34
cAD
c4l
C42,C40

cAs
rAG”
LA

CHI thii $HEB
cht

LHE
ChHCHIO
cH

CHI?Z
cH1y
CRis
CRIRCHIG
cHYTCHITE

SRy
CHMLCH™M
CH2?

43

Qaz
a3l
aa

¢}
06

(811

Ql

oo

an
012.a.3
M A thra Q16

R
R2A3
H4 '
RE
RG

R.RB
HY
R10
amn
H12

‘RY3, At
6
114
R17

R1g*
R1%
-H2I0
R21
R22*

0180 0100
DIAG QLG
0130 Q064
01RO 0100
me0m22

Q31560 0QLY
MELE LT
o0 D214

15901 4033
14902 3125
14901 D075
1401 0044
1903 0015

o2 3227
1002 Q182
1902 M
100w/
1402 30350

1902 0817
$902 3220
15901 0026

2110 03018

Vi35 0034
1205 003.3
18354 0033
1353 006G
1853 000G
1205 0013

1855 0082
14554 0013
1353 0009
1205 0018
1854 0033

1854 0272
1853 0009
1854 0073
1863 0010
IB54 0057

1767 07J4
068.3 2025
0683 6426
0658 412
067.7.3.:585

0GB 2026
0757 0794
0757 0147
0693 1166

UBH4d 116

0698 5344
U683 6815
2100-20430

" 0BB3 4136

068G 2266
UEd4-1001
0157 48
6084448

Sl Taelect 4. 70F & 1% 306 vilow
Sl Tauleer 2 2uF 220% 20 wicw
Sl atect 30uF H100% 0N G wlow
Chal Tawloct A FuF 2300 36 velow
Sk our 2000pF L2046 GO vilow

e cor VOOOPF GUO velow
Faet mica 240 pF 5%
Chwe) 12 pF BUO V

thende S) 100mA ot 1V 180 wiv 13pF

tiods: 5h breakdown 688V £ 2% 400mW

Degde: S5 300mA or + 1V 100 piv 12pF

Dundn: 51 20mA ot 1V 10mA at 10V 60 wiv 2pF
Diocde: Si 100mA ar 1V 100 piv 12pF

Diocte: Si hreakdown 174V 1b% 400mW
Dhorlg: Hreghdown 20 BV 15X ADOmW
Diode 5i brrakdown 118V 26% AU0mW
Mode S20mA ot LIV 1L.6pF

[hewdu: taaghk down 4 DOV

oon coaon

Ownle breakdown 16V 2B 100pF 400mW
Dicde: breahdown 174V 15
thode: 51 100mA ot 1V 300 v 12pF

126A 126V

TSTH: 51 NPN 2N3053

Heat shisapator sedconductor tor A2
TSTH: 5 NPN N33

TSTH-5) PNP INIGAS

TSTH S PNP 2N, ’
Heat ifisapator semiconduitor for A204

ISTR: 5 FET P-Channel

TSTR: 5y NPN 2N3478

IS5TH: SiPNP**

Heat dhsopator senmconductor for A2Q7
TSTH: 56 NPN 2N3391

TSTR. SiNPH*"
TSTR: SiPNP" > .
TSTH: SyNPN 2N3478
TSTH: 5 PNP""
TSTH: SiNPN""

: fnd prex et thn 68 1 ohins 2 17% W

: fxdd comp 2000 Ghis 25% VAW

; fad comp RO ohms £5% 1/4W

; Ind prec met Bm 113 kilohms £3% VBW -
¢ fad prec met Him 4640 ohims £178 1/BW

: Iadd comp 2000 ohrps 25% 174W

st pree met fin 68,7 ahms £1% 1/2W
Dhad prec met f e 18 2wl ens 1% 1EW
: [y prec met 3imy 14.7 kilohms & 1% 1/5W
Shad 120 uhen 5% MW

Notassigned -~ 7 o ]

H: b e ey B 300 ohims $ P2 W
H; taf comp B8 klohms 1B VLW

e ovar comp pat bin 20 kitoho !'.II()":. 12w

R bad camp 47 kilshimg tB%, 1/ W

H: babcomp 22 mumohrey 265 12 W

R tud coinps S ahin 1305 1/ W

Rz bl pree ey 1o 2000 0hms +3% 12 W
FEotwid 0 obins T% 1k oW

14413
B6ZRY
6E280
14413
120982

01281

00u53
NG

83332
06436
83332
010
93332

06416
06486
06486
hpe

04713

07263
068486
93332

SMA. INF
1600226 X0020A2
J0D3I46GNAGH A
5M4. INF
£01-000-Y5S-202M

Type E .13
- obd
olrd

06238

1%}
3072
5FA42 obxl
D302

5210939261

5210039 94

FZ1641
S210939 261
03072

2110-0301

2N3063
NF-207
N30T
2N3645
2N3134
NF-207

IN3AH

NF-203
2N3391

N3AM

CEATO
CH2025
CBGH2SG
MEBC 1.1}
CEATO

CB2026
CEATO
CEn7v O
CEATO

ceng

CHEBIG
2211

Cla7i6

EN22656

CBion

CECTO

C4.1/8 - TO 299H-F

64




Models J00E/400EL

Tuble 6-3, Replaceable Parts (Cont'd),

REFERENCE Dy . LN . ;
DESIGNATOR | PART NO. DESCIRIMTION MER | MER PARL NO.

R23,R24 07570434 © Faa) pree et fien 3660 ohms £1H% 1iHW 76042 CEAT-O
R26 0GB3 3816 - bl e 390 shins €69 1AW a1n | CBINb
R26G 06ag-4123 s prec s (i 400 ohims 215 1/BW 19703 MFFCT-O
H27 0GH3 2215 : Dk g 2200 obins 5% AW : o CR222%
128 - {684 1001 : Fxel coenp 10 shins £30% 114V 0121 cBwot

¥
R28 06098-4422 s Ixdd camp 1270 ohms £ B% 1AW 03292 C4-1)3-TO-1271-F
R30 0698-2353 - {nd mat Hn 196 kilohm £ 1% T/BW 750421 CEA nbd
R3) 2100-2622 L it pak fin 50 kitohms & 20 12w 508 622211 olul
nia2 0634 47N ¢ Fxcd enemp 4700 ohans 710 3/4W (1R %3] CB4T2Y
R33 67 0442 Cyd met B 30 Rilohms ¢ 14 V/BW 15042 | CEATO obd

134 0598 37260 < bl mot Min 4G4 kilohms + 356 LOW 16042 CEAT-0 ‘Otal
R15 0757 0401 s el et flen 300 obuns 1% W 042 1 CEATO olul
1315 0Ga8 311 ©fued ek i 2580 ghms £1% VAW 75042 CEA T:Q. otnt
137 noB4- 1M ;Db comp 100 ohms E10G 1AW - 03121 celon

ikl 21032632 S var pot lin 100 ohms ¢ 30 % 12W MWW 8222 abd

RID 0757 0346 < Park ot Him 10 ghims k326 1/BW 15708 MFBG T-0O ahel

A} 0nGHs 3434 b wet Um 34 8 shms £V 1HEW 716042 CEATO v

R43 noon 147 s ad et Ty 103 ohms &1 VHEW 16042 CEA [0

LY 0698 4126 < byl et B 35,7 ohme 219 L/HW 10701 MFICT.O obd

RAZ 0643 3262 b gt Jlm A0 2 ohins £17% 1/BW 75042 CEA T.0 obnd
1

144 : 2102632 Coyar lin YED eshis £ 10 % 12 W 1518 | 62221,

H45 0767 0381 s Il et i 18 ching £ 1/BW 50472 | {CEAT-O otnt
H46 01670273 e anet Al 30V0 ohms £7% 1/8W moa2 | CEA ohid
HA? 07670410 s bd et fhm 30% phms L1940 HBW 042 | CEAT.C obnd
H4H 0757 0407 - pard met Hin 200 ohms £1% 1/8W 6042 | CEAT-O ohil

R49 07510273 » bud et H 3030 ohms &1 1/GW J‘;‘5042 CEATO ohd
H&0* 0GOB 4434 < fach mat thn 2320 ohnis £ 3% V/BW 76042 | CEA ohd
HH1* 0767 0284 - txed ek Fln 160 ohms £3% VHW 1602 | CEA ob
R52 . 0GR 101 . Mt comp 100 chms £ 10% 1AW 01128 CHI10%)

H53 Q670283 1 Faad met Bm 2000 ohims £ 1% 1/BW 7042 1 CEA ot

ftha nNGo8 3168 e Bl met s 1000 obims £79% 1/BW 75042 | CEAT-D obid
R&YH 0682 2024 R bt comng 2000 ghes 20% AW 0N ¢R2025
1H6 o6onE 4407 W Exed et A A7 kilohms 37 1/BW 19701 | JMFGCTO bt
R67 0767 0428 1 A b mat hin 14520 ohns £1% 1/2W ‘ 70042 | CEAT.O obit
131 06GB3 1035 £t comp M0 kilobms tB% 1AW o1 cHIn3G

5T} 2100 0062 K- var coimp pot lin 3000 chims 230% 1/4W 90201 MIC1 abud
G0 0757 0469 B deed met fin 56 7 kilohms 11 H/HW 1941 MFAC otid
H6) 0ca3 3335 R iad comp 33 hilohms £6% 1/AW on CH3336 -

HG2 07670393 Ro babmet fm A5 ohim £1% 1/BW | #s042 ) CEATO aibkl
HG3 0757 0401 R bk mer 1m0 obims £ 10 1/8W 75042 CEATO okl

RGA 0757 0824 bl it #2000 ohms £1% 1/2W 5042 | CECTO obnd
RG5H 0G93 4126 H: fal met fim 953 vhins £1% 1/BW 15701 | MFSCTO obni
AG6 0767 0400 R: Daf net i 90.9 ohims 1% 1/BW 75042 | CEATO obid
a6 | 0757 0413 H: fact men Hin 392 ohs £15% HW 1 mor | MEAC alwd
RGR,AGD 06B3 4325 i e comp 4.3 kiluhms £5% 1AW mn CBA32H

R0 0757 Q4b7 R fxaf et m 475 kalohms £ 1% VBW 76042 | CEAT-O otul
RN 0767 0450 K tob et Sm 66 2 kilohms 2 1% 1EW . 16042 CEA T okt
n”2" 0157 0402 3 baedmot Hm 1H0 ohuns £8% Ti8W 19703 MFAC ot
R73,H1A 0683 1525 2 B Exdd comp 1500 ohims £6% 1740 o locBIrzs

RS QGHA-1011 Btk eomp WO ahms W AW o128 | CBIOM1

BI50-33/b : Shorbiog Wire: 22AWG, FOHMED /oosr | ZEROHM

' CHASSIS MOUNTED COMPONENTS
VIBO 2151 € bal KOO uF #7610 % 65289 | IND1610

1450-0574 DS: pilot indicator NE-2E neon in white 28480} 14500574
plastic body

21100318 Fuse: 0.320 A 250 V slow blow 70001 MDL VB




Section VI

Table 6-3, Replaceable Parts (Cont'd),

)

Models 400E/300EL

REFLERENCE hp- 0 . . - : .
HERER fl ¢ SCRIPTION ‘ R| MER PART NO.
DESIGNATOR [ pART N0, | 19 DESCRIPTION NER.] - MER.P;
N 1250 015 2 Connuctor: BNG input front panel 05112 | 30384
42 Conmtor: DC autprtsden Figure 6.3 lor parts)
J3 12600118 Cannucibyr: BNC AC output riror panel 05732 | 3034844
RE Connector: buttery [See Figure 6-3 tor portsh
J5 1261.2357 1 Connkclor: pawer car) #2349 | EACIN
M 1120.00M9 1 Metus: Log (AQDE L and 400EL Option 02) hyp
MY 1120 0202 1 Mutry: Linear {400E nnd 409€ Ophon 02} +hp-
Mt 11200008 | Mut., Linenr [A0CE Qption 07 only) hp-
i3] 0GB} 333t R Ixd comp 33 kSlohms 1000 1/2W onn EBAIMN
H2 2100 001 i vor ww 100 chims #20% 1-1/2W N6 | 12 ‘ 11}
51 :3101.2%47 1 5: togg SP5T 3A 2560 V ne-dc : 2R480 | 31012147
52 00400-61901 * Switvh Ass'y: RANGE hp-
cie D160 0206 Gl 10 pFE L0V 72136 o ubnd
c2 D130 0014 G vor cer b 260" ! Fian2 | 66T 0GR COPO 3GR
c3* 01600206 C: Ixd 10pF EOOV : 72138 obd
car . 01BG-0300 C: fud To wlect 4.7 uF + 30% 35 vdow 114433 | SMA.7NF
CH1,CR2 001 004G Dicte: 30mA ay +3V 30 piv 2pF 2ns 03377 | SCB050
R 0767 7116 R txd met Im 160 ohms $1% /AW 76047 [ CEAT.O ohit
Az . i | 7670069 RB:fad met i 121 abms £1% 114W 16042 | CEBTG ohil
R3 SR YA K R bad et B 100 ohms £17% 140 1502 CEBT-O ol
R4 0608 4319 R: bad mer i 10.26 ohms $0.1% 1AW 19703 MFBC T-3 ahd
213 06984118 R fued toey By 242 Ab ohms £0.1% 1AW 8042 | CEAT.O ohd
RG 0Gng 4119 R Ixgmer flm A10.26 Dhr;\ﬁ 20.1% 1AW 19701 MFGCT-3 abul
R7 Q698 4118 B Exik pt Hin 27748 obimg £0.1% 1/4W 75042 { CEATO otn}
A8 0698 4119 B el met Hin 410,26 ohims 20.1% 1/4W 19701 MF&C T3 obu)
R9 0653 4118 B Dd et 1lm 277.48 ohms 1O 8% /40 15042 § CEATO ohid
RO 0698 4119 B Dud'mat Bm 410,26 ohms 283.1% 1/4W 1970V | MFGC T3 . obd
R 0658 4118 R Pxebmer Bim ?7';'.43 ohms £0.1% 1/4W 18042 | CEATO obid
R12 0608 4119 R fxebmet i 410,26 obims £0.1% 1AW 19701 MFGC T-3 [o11%3]
A1l QeR AT L B ek i TED. 72 ohims OOV 1AW 16042 CEATOD obwd
R4 06834736 ¢ Rt bad comp 47 kilahms +BY% 5 /AW 01121 | CBARIG !
82 00400-61902( 1 Switch Ass’y: RANGE (for Option 02 anly} | hp-,
: (St an 00400 GIBOT with S4:added)
) . . :
53 31001224 1t Switch: siide DPDT $15/230 V- - 82389 ll#\l'i'.?-i?l\
rateth 6A 769 VAC :
1§ E .
s4 PIO G0400-61902 ass’y -
Ry 21001723 R: var 200 kitohms 220 log UB toper .
{Optiop 02 only} ‘ 0N | TypeV obxd
.ll, N




Models 400E/400EL

Section VI

Table 6-3. Replaceable Parts (Cont'd),
REFERENCE hp- , . .
e T SCRNY { : R, PART RO,
T -BI00-131 Transformer: line iy
1
W 3312012348 Assy: cuble AC povaer covd sot 70M03 | KHS.704%
| .
MECHANICAL PARTS
. 15ee Figure 5.4}
3
H ! 1 i
MP) 030 0112 1 Knob: b wione onow black b
MP? 0370112 1 Knots: bar {Option 02 only) 34 inch diom black hey
MP3 031n.0134 1. Knai: posimd gedd (Opon 02 ordy ) B8 inch diam hay
MPA Bar assnpunt
MPE Nut pssisgrnl
|
MIG 1400 00}?4 1 HoWler: faae aatrocior ppat type blick Te036 -1 342014
Me7 00400 05601 3 Shield hox; stianuator o hip
MPB 5040 4503 1 Grommet. insufutor plastic hpy |
MP9 1480 0031 1 G, b 113 module by hpe
MP1O 00400 QU213 ! Punel. rear -hp-
MP1Y 00400 00247 1 Pia!nulz front LADOE onst A0CE Option O1F iy
MPI1 (0400 00220 [} Panel ron® (400EL oned A00EL Opt A1) ‘g
MP11 B0ADD 021D 1 Panet. fronk HIDOE Opr 021 -hp
MPE3 00400 00221 |} Panet: front (SUNE L Opt 02} “hyy,
MP12 BO20 GBE2 1 Meter Trim: 13 module -hp
MP13 . 000004101 1 Coyer: shield box latrenuater} b
- MP14 5060 0703 7 Frame: G X 11 sub module -hp
MP3Ib BOGO 0227 ? Fuot Ass'y: 113 module hpy
MP1G 0590 Q062 7 Nut: Finnepman 74663 | CBO20 632 MMB
MP17 6000 5838 2 Brocher; cover rerainer hpy
! ’ MP18 0oa00 6303 |1 Cover. top wilh hamidie hp
MPIY BOG-BHGH 2 Cover, side 6 X 11 5M by
MP20 BUOUD- BB 1 Cover: batiom 5 X 11 5M -hpy
mp21, P2 | 1o oual Ik ist-Assy {grey i) -
MP23, MP2D 1510007 Wik Post-Assy lreysblich? e
MP2b 1510 0040 il Post-Asny grey hp-
MP25 F6 1 038 Balyy Pust S hir
. i
MP27} Nor Assuinet)
MPy EQAG 0100 i Hinge: 1il stand 13 module iy
MPIS 21000047 2 Lok washer: top cover ' ! 78189 | 1506 00
MP30 23700013 A Sciuwy: Top ond bt torm caver phillips heod G 32 713895 tbd
3
MISCELLANEDUS
' {1340-15612 L] Insulator: teed thry 28480 0340-1512
0380.0059 5 Spacer: coptive tor PC board) 28480 | 0380-0069 .
| 0360-04B0 Terminal: pin matches with 1200-0162 70663 { 61038-1
4330-0496 10 Beads: seed component standoft O0QLP | 21568
‘ 1200-0162 Connector: pin rgceptjcat 70663 | 60804-1
no400 0201 1 Groundk stragy, Ty
i 0040061602 1 Cabte power hpy
G400 64101 4] Kot: tar cover with hardie finciudes hardwarel hp
{ navason 1 Ltk Wanrmieg “Warsing far Oparator Protectioy” -
2960 0144 3] MNat Heex-Dal Cham i 2536 LIRS R

1

67
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Models 400E/400EL

000 0@ 0o |

MpPg

@
1©
@)
@9
@)

|
. ® O

OOV

) -

[FLE.T

()

et e e w12 S " r
BATEERY vc(‘_r|aq; e eutwer ‘/,MP'.'M
MP2IN nim _,_' freee) .
! v o3 O
| MP25

»

“'(§B'/

MP23 -1 U GepRATOR SRGTICTIN Py 43
] A N
MP22 - \f"‘)) hé YARte §ROURD
/-i— A curpur
DSt /
. //
MP26 . ~UhE
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- 7-1. INTRODUCTION,

! J
7-2, This section contains 4 schemalic diagrasn,
component Jocator, caml 4 PC hoanl component

Mocels 400£/400EL

SECTION VII
CIRCUIT DIAGRAMS

LLe 0 EfEL.

- Section Vil

!
Jayout to be used tor mainteneiee und operation ol

7-3 An explanation of teoms il symibols used s
relerence desipnators is given i the Schematic Notes,

4,

A

O,

¢ S'

_ SCHEMATIC NOTES

. PARTIAL REFERENCE DESIGNATIONS ARE Sl'l()W‘" PREFIX WITH

ASSEMBLY OR SUBASSEMBLY DESIGNATION(S) OL..)0T3H FOR
COMPLETE DESIGNATION. ,

_ COMPONENT VALUES ARE SHOWN AS FOLLOWS UNLESS OTHERWISE

NOTED: |
~RESISTANCI IN OHMS

CAPACITANCE IN MICROFARADS
—— e e DENOTES ASSEMBLY.
e—————————— | ENOTES MAIN SIGNAL PATH.

ey — amt— a—— ——emmn—sm | VENOTES MAIN FEEDBACK PATH.
1 v

ALL DC VOLTAGES ARE $1044 EXCEPT THE BASE AND EMITTER OF
Q8 WHICHL LS £330,

% AVERAGE VALUL SHOWN, OPTIMUM VALUE SELECTED AT FACI0RY.

b REFERTO BACKDATING CHANGES IN APPENDIX C.

. 918, DENOTES WIRE COLOR USING STANDARIE COLOR CODE.

(e.z. 918 = WHITL, BROWN, GRAY)

<L DENOTES FOWER LINK GROUND.

Y. enbem DENOTES CHASSIS GROUND.

10, W DENOTES CRRCUIT GROUND (ASSEMBLY).
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Models 400E/400EL

-- SECTION VIl

;.Scclioh Vllll

i

MANUAL BACKDATING CHANGES

+

This manugl backdating shect raakes this manuat applivable to earher instrunents.
fastrument-companent values that differ from those in the manial. yet ape not listed in
the backdsting sheet. should be replaced usimg the part nunher giver in the manual.

Instrument Serint Prafix Makas Manual Changas tnatrument Setial Pratix Make Manual Changes
]
$36-00101 to - 01100 I thru 12, 14 All ‘ 12
536-01101 to — 01350 2 thru 12, 14 , 1150A12354 to 1208212853 i
536-01351 10 ~ 02403 3 thru 12, 14 L 1131A12603 and Earlier 14
536-02404 to - 04253 4 thru 12, 14 400E 120BA07332 & Earlier 15

SO0EL 120RA16379 & Earlier

: 536-04254 to - 04854 Sthn .2y 1n 1208A18153 to 1131A12604 16
. 536-04855 to - 05503 6 thru 12, 14 - 1208A 18968 & 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 A00E 1208A21489 thru 23849 . 19 ;
. 400EL 1208A21549 thru 23898 ‘
536-09154 10 — 09553 9 thru 12, 14 . J00E 1208A23848 & Earlier 20
400EL 1208A23898 & Earlier '
949-09554 10 - 09753 10 thru 12, 14 J00E 1208A24068 & Earlier ' 21

JO0EL 1208A24118 & Earlier

0949A 11853 & Earlier Loz, ‘ _ S00E 1205A24128 & Earlier 22 l

SO0EL 1208A24168 & 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 I)in,gmm:‘ _
Change'S2C2 10 C: fxd 10 pF ‘2 5%; -hp- Part Number 0160-0181.

CHANGE NO. 2 Section V1 Replaceable Parts and Figure 7-1 Schematie Diagram:




Section VIl

If any of the paris listed in Ch A
Tahle 6-1 and Schematic Figure 7-1, upp paris should

CHANGE NO. 3

CHANGE NO. 4

CHANGE NO. 5

CHANGE NO. 6

CHANGE NO. 7

CHANGE NO. 8

CHANGE NO. 9

NOTE.

Change A2R44 to R*: fxd met flm 150 ohms + 1%; -hp- Part Number

0757-0284.

Change A2R16 to R: fxd comp 82 kilohms =+ 5%; -hp- Part Number

0683-8233,

Models 400E/400EL

ange 2 are changed fo values shown in

be changed.

Delete A2R72, A2R73, A2R74, A2CR20, A2CR21, A2C44,

Change A2Q3 to TSTR: Si PNP 2N3638; -hp-
lChange A2Q4 to TSTR: Ge PNP 2N1183; -hp- Part Number 1850-0064.
Change A2R67 to R: fxd comp 390 ohms & 5%;3 -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 lacation for relay connections:
AIK] and A1K2. Check configuration of relay connections and order part
numbers shown according to locatjon of relay terminals.

[+] Q
© A o
0490-0195 ' 0490-0478B

[+

[+]

0490-0i96

RELAY BOTTOM VIEWS

Part Numbcr 1853-0016,

0

L]

0490-0343

'

Table 6-1 Replaceable Parts and Figure 7-1 Schematic:

Change A2Q5 1o -hp- Part Number 1855-0068 and A2R16 to 82 kilohias
5%, -hp- Part Number 0683-8325. If AZQ5 should be defective, r_ep!'ucc both

!

A205 and A2R16 with latest part numbers to reduce noise.

Table 6-1 Replaceable Parts and Figure 7- ll Schematic

Change #2R73, R74 to 4.7 kilohms, -hp- Part Number 068J-4725. Keplace
with ;atest part numbers to reduce noise produced by A2CR20 and CR2I.

Table 6-1 Replaceable Parts and Figure 7-1 Schematic.

Delete: A2R75.

!

Table 6-1 Replaceable Parts and Figuse 7-1 Schematic,

Delete:A2C45,

Table 6-1 Replaceable Parts.

Change J§

Change Pi.act rear to 00400-00202.
Change Cord Assy power to 8120-0078.

.

H

1

i

~ anector power cord to -hp- Part Number 1251-0148. -




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

Section VIII

Table 6:1 Replacgﬁble Parts.

Change S3 rear panel switch DPDT 11'5 V/230 V t2 -hp- Part Number
3101-0033. ‘

Table 6-1;

Change A2 Part Number to 00400-66501.

Change A2C28 to 0130-0016 T: var cer 5-25 vF.

Change A2R17 to 2100-0093 R: var comp 20K + 20% 0.1 W,
Change A2R31 to 2100-0092 R: var comp 10 K+ 20% 0.15 W.

Change A2R38 to 2100-0277 R: var comp 100 0 + 20% 0.15 W.
Change A2R44 to 2100-1836 R: var comp 100 @ + 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

Change Al to -hp- Part Number 00400-66502.

Change A1C2 to 0121-0407; C: var 0.7 -3 pF. J
Change A1C3 to 0140-0149; C: fxd mica 470 pF + 5%. ‘
Change AICRI, CR2 to A1C3, C6; 0150-0093; C: fxd cer 0.01 uF.

Change relays to: A1K1 0490-0194 Relay, Reed and A1K2 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 A2R12,

Page 7-2. Delete A2RI12. ' _

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.




Section VIII Models 400E/400EL,

CHANGE NO. 17 Page 6-6, Table 6-1:. Change MP4 to 5060-0634, Binding 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. Co ,
Chunge MP23 to 0340-0091, Insulator: froat triple in line with locating key
p/o 14, . ' ‘
Challge MP24 to 0340-0087, 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 dire: f replacement for the
) older At PC board, Part Number 00400-66512,

i CHANGE NO. 19  The Part Number for the AIK] refay was changed from 00400-61905 to Parg
i ) Numbers 0490-0194 for the reed relay switch and 0490-1028 for the reed relay

| coil. S

CHANGE NO.,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 reed relay coil.

CHANGE NO, 21  The S1 power switch Part Nuember 3101-0036 is replaced by Part Number
J101-2147. :

CHANGE NO, 22 Table 6-1, page 6-2. Change CI18 to 1.8 yF -hp- Part Number 0180-0101,
Table 6-1, Page 6-4. Change R29 to 390 ohm, -hp- part Number (0683-3915.

1

1) LYFR) ME 3 MP2% MPZH

or
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WARNING

U

ECAUTION

SAFETY SYMBOLS

b

‘ G:n‘n:e;ral Definitions of Safety Symbols Used Op Fquipment or In Manuals.

Instruction manual symbol: the product will be marked with this
symbol when it is necessary for the user to refer to the instruction
manual in order to protect against damage to the instrument,

Indicates dangerous voltage (terminals fed from the interior by
voltage exceeding 1000 volts must be so prrked).

Protective vonductor terminal, For protection against vieetricnl
shoek in case of a fault, Used with fickd wiring terminals to in-
dicate the terminal which must be connected o ground before
operating equipment. ‘

Low-noise or noiseless, clean grouwnd (carth) terminal. Used for a
signal common, as well as providing protection against electrical
shock in vase of o fault, A terminal marked with this symbol must
be conpected 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
the equipment which normally includes all exposed mentd strue-
fures.

Alternating currem (power line),
Direct current (power line).

Alternating or direct current (power hine).

The WARNING sign denotes ahazard, I calls atention to a pro-
cedure, practice, condition or the like, which, if not vorrectly per-
formed or adhered 1o, could result in injury or death 10 personnel,
The CAUTION sign denotes a hazard. It cally attention to i
operating procedure, practice, condition or the like, which,if not
correctly performed or adhered to, could result i damage to or
destruction of part or all of the product, :

‘The NOTE sign denotes important information, It calls aention

NOTE: . L , . o .
to procedure, practice, condition or the like, which is essential to
highlight, :
)
/
/,
o/
'
==t ' v - ’
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A MANUAL GHANGES o

-inp MODEL 4OOEIEL

%

AC VOL?*METER

Manual F"I‘a'rt Number 0G*00-30020

Pags H Table 52 Flep!acc Teble 5-3, Calibretion
Tolerances, with Table MC1 of thls Change Sheat. . .
I

1

i

¥

‘|

s )
1 Table MC 1.,
. 1 Millivelt Range Only . 1 Millivalt Range Only
Feoquancy ' Fraquency L -
1, M) Yaltage Mater {mV) DC Output {H2) Yoltage Mater [wV) DC Dutput
o trput % of rending) {Volts) ! Input ™% of raading} Wolts)
" 10 1.00mv} 1,00 = 5% 1.00 = 0.06 100 k 1.00mv]| 1.00 = 1% 1.00 = 'OOC.)IB
0.65mv | 0.50 2 7.6% | 0,50 z 0.038 . 0.5mv | 0.50 = 2% 0.50 = 0.0045
0.3mv | 0.30 = 108%]| 0.30 = 0.033 03mVv j 0,30 = 3,3% | 030 = 0.0043
. i ! 1 . . .

40 1,00 mvV| 1,00 2 1% 1.00 = 0.02 50C k 1.06mV| 1.00 = 1% 1.00 = 0,02
0.6mv | 0.50 = 2% 0.50 = 0.015 . 0.3mv | 0.30 = 3.3% | 0.30 = 0.013
03mV | 0,30 £ 3.3% | 0.30 zx 0.013 :

100 | 1.00mv]| 1.00 £ 1% 1.00 = 0.005 aM 1.00 mV| 1,00 = 5% 1,00 = 0,05 !

‘or 0.5mV ‘| 0.50 £ 2% 0.50 = 0.0045 i 0.3mv | 0,30 2 10.8%| 0.30 = 0.033

A00 0.3mV | 0,30 + 3.3% | 0.30 2 0,0043
ERRATA,

Cllllst NO. 5 applies to all sarial wumbers.

i )

v

Toble 51, Required Test Equipment should hue the fol!ow-

Ling changes made:

. The AC ;alihratar recommended mode!
thoutd be & Fluke 5200A and B216A,

‘_ 'I’he ACIDC Voltmeter recommended mouel
ilhf:;ulf! be sn -hp- Modsl 3466.

The DC Standard recommended mocel
should be a Systron Donner Model M107A

The Voltmater Calibrator should be deleted
ftom the table.

‘lp E!. Figurs 5-1. Accurecy Test Setup, should be sitered

, than the -hp-Model 745A.

Tut Setup,

- 10 show the use of the Fluke 5200A ACk Calbrator rather

M F?urn 5-2. Accuracy ond Frequency Response
should be altered 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

. 547,

Pog 512, Delete Figure B-5, Altaznete Calibration and Fro-

' quency Test Setup.

26 June 1984

Page 3, Toble & 3 {Replacusble Parts). Change the -hp- Part
Number of the Al Assembly from *'00400-665621'" 10
"00400-66522".

CHANGE NC. B. 400E: Apgplies 13 slrlni Humbm 1298428844 and
Above, :
400EL: Applies to Sacial Nurbers 1208428014 and
_ Abgve,

Section |VI, Tabl 83 (Reglaceable Parts) Do the following
changes in tha table:

Rel. Ay it

Des. Numbst Description
AIC4T 0180-0100  Add 4.74F 35V Capacitor
A2Q17 1853-0015 Add SM4713 PNP Transistor
A2018 1855.0093 ©  Add F1748 N Channei JFET
AIR78 0692-1045 ©  Add 100K ohms 5% 1/4WW Resistor
AZR77* 07570274  Add).12Kohms 1% 1/BW Resistor
AZR77* 069B-3700  Add 715 chms 1% 1/BW Resistor
AZR77* . 0898.0410  Add 307 ohms 1% 1/8W Resistor
AIR?8 0658-3458

Add 343K ohms 1% 1/8W Rasistor

Sactian Vi), Figurs 7-1 (400 E/EL Schamatic Diagram ond Lecation
of Compacents). Do the lollowing changes in the figure.

Change the Meter Bridge 10 the bridge shown in F:gure
C-l. .

Change the component iocator of the A2 Assemblv [ hp
Psrt Number 00400-86521) to the one shown in Flgure
C-2

Supplement A for 00400-90020
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MANUAL CHANGES

Model 400E/EL
¥
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Figure C-1. Schemetic Disgram Changes (Change #6)
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Figure C-2. A2 Asgambly Component lﬁcator Changes (Change #6)
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. 400E/FL f ", 'MANUAL CHANGES | page 3 of 3
1 T : .
* . I } 'l
CHANGE KO, 7 #0OE: Applivs to AY Berist Rumbers "
. 400EL: Applios to All Serisl Rumbers )

1 \ i

Saction V1, Toble !‘I,jﬂqllcuth Parts). Do the following
changes in the tLbl

Section V1, Tokia §:3 Mepiacaeble Partsl. Change the value end . Ay Part
-hp- Part Number of A2R59 from 3K ohms {Part Number Des Rembar Desctiption
2100-0962} to 5K ohms {Part Number 2100-3252). A2R30 08982453 Change 10 196K ohms 1% VEW

, Reaistor
CHARGE NO. § m:..mnu s Serial Numbers 1208A26334 and cicr 0102237 Chinge o 1.26F Capacio
ADGEL: Applies to Seriel Numbers 1200A28484 1d
Abave _
Soctian VI, Tebla §:2'Meglacasble Parusl. Do the following
changes in the table:
M. 2 Pint
Des.’ Nomber Duserigtien
§2CE - 0160-2257  Add WOpF 50OV Capacitor
SIRVE 0883.3036 Add 30K ohms 5% 1/4W Resistor -
Gection VII, Figura 7.1 ODE/EL Schemstic Diagram aad Lacation of " )

Compenents). Change the 5202, 52P2, and 52R3 circultry
1o the one shown In Figure c-3.

B2C2
B 280F ,
1 y .
o B 7L A
) [T 4 A
P- -—!‘v".v— f‘v‘v‘v—ﬁ* 0003V
0 s2c8  Samb . '
. Vopf 0K
) l | i i
- , '

Figure C-3.
Schematic Disgram Changes (Change #ﬁ) :

t

CHANGE NO. B 4DQE: Appiies to Serial Rumbers 1208A29370 and

Abave
ABOEL: Appitan te Seriel Numbort 1208A20515 and
Abeve . ‘

. i n'
Soction V1, Tobls 53 Daplaceshle Partal. Do the following,
changes to the table: ‘ }

M. Ap Pan
Des. Bomber i Descrigiisn
AZRI0*  068B-4505  Change to 71,5K chms 1% 1/BW
A\ Resistor B
! AZR30* 0698-3453  Change to 136K chms 1% 1/8W
‘ . Resistor S :
' AZRI0* 0757-0488 'Change 10 130K chms 1% 1/BW
Co : " Resiwter ' ; 1

o ) .
CHANGE RO. 10, 400F: Apyiis 16 Sorial Rumbers 1208420378 and
S Ab

ve
A00EL: Appties to Sarial Nembers 1200A21515 and L
Abeve ! ’ ’
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. | SALES & SUPPORT OFFICES

: ; Arrénged alphabetically by country ﬁﬂ
Product Line Sales/Support Key : ?;?”OLA gggnoy. New South Wales
(] ce
Key P'“"‘""l"" : ‘ Empress Tdcnica de Equipsmentos Hewlett Packard Ausiralla L1d,
a' g:\'”‘ : R, Barbosa Rodkigues, 411 DT, 17-23 Talavera Road
s mm"'s' —— Caixa Postal 6487 P.0. Box 308
puter Eyslams Seles only LWaNDA - NORTH RYDE, N.SW, 2113
CH Compuler System. Hardware Salas snd Barvices Tei: 35515,355 16 Tel: 887-1611
[£.1 wusmhmﬂmmml EP ' Telex: 21581
E  Elsctronic inatruments & Beasurement Systema ’ G&ble' HEWPARD symey
M Madics Products ARGENTINA ACH'E:'JCSEHSP
NP Medical Products Primary 8R0 = Hewlett-Packard Argenting 5.4, VLB,
NS Kadica: Products Sacondary SRO : Avenida Santa Fe 2035 AUSTRIA
P Persoast Compulation Products Martinez 1640 BUENOS AIRES Hewlell-Packerd Ges.m.b.h.
" Sales only for specific product e . Tel: 708-5735, 702-1283 Grottenhoistrasse 4
™ Support only for specinic product e o [T::I;:: mﬁm : A;‘BO52 GGRAZ
- : Tel: (0316) 201 6 66
Ilfnbnrm:mu Iymbols designate genaral product line capabiity, They do not AECHCS,P Telex: 32375
insare sales of support avaliablity for all products within & ine, et al focationt, Blokron SACIM e 1 CHE
Contact your kocal asles office lor information regarding locations where HP support Av Paseo Colon 22 1, Pso g Hewlelt-Packard Ges.m.b.h.
o avalable for spacific products, 1399 BUENOS AIRES Liebigasse 1
B disinbutors are printed iy iiskcs, ;:tk 30;%2. ga- 185t :’?égzo;: :fm
. 743 HONAR .
HEADQUARYERS OFFICES . : I Tel: {0222) 23 65 11.0
WL ¥ there [s no sales office ksled for your afea, contacl one of these Telex: 134425 HEPA A
Wi headquarters offices. ; AUSTRALIA ACH,CM,CS,EMS P
: aoam/fergmm. AFRICA OTHER EURQPE 3;‘;;":'.""' South Austraila BAHRAIN
wieh-Packard 5.4, -Packard S.A. Green Sslon
7. Rue du Bois-gu-Lan P.0. Box _ Hewlelt-Packard Austratia Lig. P.O. Box 557
CH-1217 MEYRIN 2, Swilzerland 150, Rie Ay Nant-D'Avri 133 GfeerihmARoao Marame
Tel; (022) 83 12 12 CH-1217 MEYRIN 2, Switzeriand "”?KS'DEég- - 5063 BANRAIN
Telex: 27835 hose - _ Tel: (022) 83 8111 ;:L 2-73255 a1 ! Tel 255503-253950
Cabie: HEWPACKSA Genere Telex: 22488 hﬁsa e HEWP?RBD Adeldde Tolex: 84419
' - * : 1
ASIA . Gable: HEWPACKSA Geneve A" CHOM. EMSP -
Hewlett Packard Asia Ltd :ﬁ%{gl‘;‘sﬁ?AN AND Brisbane, Quesnsland Office  py, Box 615"
Gth F'OQT. Sl.ﬁ.'(‘jm Kal Centre - Hewlell-Packud S.A *W"-PBCHHU Australia Lid, MIN
30 Harbow Rd. . e and Middie Esst 10 Payne Road Tet 256123
G.P.0, Box 705 ’ Vil = THE GAP, Queencland 4061 Tekex: 8550 WAEL BN
‘.'r'o"g *9,;332 mm}e : Tel 30-4133 Ech
el 822 3211 | Telex: 42133 :
. Afer ar, ;)" 1984 ?2 Kiflssias Ave. " 'BELGIUH
alth . ioof, Ching Resowrces Bidg. . Peracissos-Amarousion, ATHENS O Tp " Csbane Hewiatl-Packard Belghum S.AMN.Y,
26 Harbour Rd,, Wanchai Greece S T ) Bivd de la Wokwe, 100
HONG KONG . . Teh 68283 11 Canbatra, Austraila . Wokrwedal !
Telex; 66678 }EWPA HX + . Telex: 21-6588 KPAT GR Capital Territory B-1200 BRUSSELS
Cable: HEWPACK HONG KONG Cab'; HEWPACKSA Athens . Ottice Tel: (02) 762-32-00
'CANADA . EASTERN USA ' ?;W-Pickwd gl:;:“a L. Telex: 23-494 palobes; ..
HewleltPackerd (Canada) Lid. et Packard Co. FYSNCK. SC pech ACHCMCSE WP P
_ 8877 Goreway Orive " ROCKVILLE, MD 20850 Tel: 80 4244 BRAZIL L
" MISSISSAUGA, Ontario L4V 1Mg Tet, (301) 258.0000 Telex: 62650 Hawletr-Packard do Brasi 1.e.C, Lida,
' Tei: (416) 678-0420 % (301) 258-2 Cable: HEWPARD Canberra Alameda Rio Negro, 750
¥ Telex; 610-492-4246 M!DWESTE?N USA CHCMEP Alphavile
] f .. .
i N i ol e e
g ! wiell-Packard Austraa Lid. o ;
sse 1 .o m’;fzmgg&l 60008 3141 Joseph Suset Teiex: (011) 33872 HPBR-BR
P,0.Box 72 ) | .  (d ( BLACKBURN, Vicloria 3130 .. Cable: HEWPACK Sao Pauio
O M1222 VIENK, Ausira .| SOUTHERN USA Tel: 695-2695 ACHCMCS.E M p
¢ Teh{222)2365110 . /: - Hewlelt-Packard Cn;: Telex: 31-024 Hewletl-Packard do Brask 1.e.C. Lids.
| Telex: 13 4425 HEPA A ‘ "’ 2000 South Park Place Cable: HEWPARD Methoume Avenkda Epaacio Pessoa, 4664
i NORTHERN EUROIE °, P.0, Box 105015 s ACH.CM,CS.E MS,P ?Eﬂgzﬁfggg gsggmo'm
: w;:;:c‘kfsw SA.-- . #&l’ {40:3%2;‘%33 Perth, Waestern Australia Tei'e:: 02|_2im5 HPER-BR
‘ ; o o TeL {04\ Office :
- + P.0.Box 899 : ., WESTERN USA ' Hewlett-Packard Australic Lid. 2‘3':-0,5‘;':;",:‘.“ de Janeito
- I NL-$1E0 AZ ANSTELVT 2 | ‘- WCM.E.MS,
: el Hewlett-Packard Co, i 261 Stirling Highway AVAMED 1CEL Lica
The Ne < T . 3939 Lankershen Bivg, CLAREMCNT, W.A. 6010 Roa Bage, 105
Tel: 20 437771 . >" P.0. Box 3919 . Tel: 363-2188 04012 0 Pano
SOUTH EAST EUROPE . LOSANGELES, CA 91604 Telex; 53859 Tel: (OT1) 570-5726
HeweltPackerd S.A. )Tel: (213) 5063700 Cable: HEWPARD Perth Tolex: 021.21905 WERER !
7, Rue du Bois-du-Len OTHER INTERNATIONAL ACHCMENSP Mo
CH-1217 MEYRIN 2, Switzerland ' AREAS
Tebr 29608 tesll U HewlenPachard co, .
X o - Intercortinental Headquarters
v, CADEREWPACKSAGenwve - o oo , !
T S PALO ALTO, CA 84304
. . ' H t ’ LI Td:(415)857-|501 ! . r
‘ Lo Telex: 034-8300 :

ST Cabler HEWPACK

)
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SALES & SUPPORT OFFICES
Arranged alphabetically by country

~ CANADA

Alberta

Hewlell-Packard {Camda} Lid.
3030 3rd Averue N,

CALGARY, Alberta m 817
Tet: {403} 235-3100
ACHCME" MSP" :
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.
10601 Sheltridge 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* MS,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 Newhoid Street

LOKDON, Onlario NGE 255

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

Hewilelt-Packard (Caneda) Lid.
17500 South Service Road
Trans-Canada Highway
KIRXLAND, Queec HOJ 2MS

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 Cakcagnd y O, Lids,
Av, taks 634 Santizgo
Ceska 16475
SANTUGO 8
Teh 222.0222 '
Telex; Public Booth 440001
ACMEM
) Lids,

Ofympla (Chie,

Av. Rodrigo de Arays 1045
Casils 256-V

SANTIAGO 2|

Ter (02) 22 55 044

Telex: 240-565 OLYMP CL
Cabie: (iympiachie Santisgochie
CHCSP !

CHINA, Paople's Republic of
China Hewlelt-Packard Rep. Offce
P.0. Box 418

1A Lane 2, Luchang SI.

Baiwei Rd,, Xuanwu Déstrict

BELING

7o 33-1947, 33-7426
Telex: 22601 CTSHP CN
Cabie: 1920
ACHCMCSEP

COLOMBIA

nstumentackin

H. A, Langeback & Kiet 5.A.
-Carrors 4A No. 52A-26

Apariaco Aereo 6287

BOGOTA 1, DE, .

Yl 212- 1466 .
Yelex: 44400 NST CO
Cable: AARSS Bogola
CMEM .
Casa Humbolgh Lida.
Carrera 14, No. 98-60
Apartago Aereo 51283
BOGOTA 1, DE.
Tol: 256- 1686

Jm 45403 CCAL CO.

COSTA RICA

Clentifica Coslamicense S.A.
Avenida 2, Cale 5 -

San Pedro de Monles de Oca
Mdo 10159

. fel‘ 24'38 20, 24-08- 19
Telex: 2367 GALGUR CR
CMEM

CYPRUS

Telerexa Lid.

P.0. Box 4863

4L Stassinos Avenue
NICOSIA

Tel: 62698

Todex: 2894 LEVDO CY
EMP)

DENMARK
Hewdelt-Packard A'S
Datave 52

DK-3460 BIRKEROD
Tel: (02) 83-66-40
Telex: 37409 hpas dk
ACHCMCSEMSP -
Hewielt-Packa'? &S

Rolghadsvej 32

OK-8240 MSSKOY, Aarhus
Tel: (06) 17-60-00

Telex: (17408 hpas dk
CHE ‘

DOMINICAN REPUBLIC
Microprog S.A.

Juen Tomds Mefs y Cotes Mo, 60.
Amroyo Hondo

SANTO DOLINGO

Tel: 565-6268
Telex: 4510 ARENTA DR (RCA} P

ECUADQR

CYEDE Cia. Lica,

Avenids Eloy Allaro 1743
Caslls 6423 CC1

Quro |
Tel: 450-975, 243-052
Telex: 2548 CYEDE ED
CMEP

Kosplialar S.A.

Fobles 625

Casils 3590

ourro

Tl: 545-250, 545-122
Tadox: 2485 HOSPIL ED

Er.bb: HOSPITALAR-Crito

EGYPT

Intemational Enginsering Associsles
24 Hussein Hegezl Streel
Kasr-el-Aini '

CARRD :

Tei 23829, 21641
Telex: EA LN B3830
CHESEM

EGYPOR ‘
P.0.Box 2558

42 E Zalvaa Stree!
CARO, Egypt

Tel- 6500271

. Todex: 93 337

P

EL SALVADOR .
PESA de 1 Salvador SA.
29 Avenida Norte 1216
SAN SALVADOR ,
Tel: 26-6658, 26-6868 |
Telox: 20539 PESASAL
ACHCUCSEP

FINLAND

Hewlett-Packard Qy

, Revontuentie 7

"pL2d

SF-02101 ESPO0 10

Tel: (90) 45502114

Telex: 121563 hewpa of '
CHCM,CSP

. Hewlett-Packasd Oy
{Oarinhsoma 7)

PL24

02101 ESPOO 10

Tel: (80) 4521022
AEMS

Hewlelt-Packard Oy
Aaloksenkaty 10-C
SF-40720-72 JYVASKYLA
(T;:: (941) 2168318

Hewlett-Pacxard Oy -
Kainvunbe 1-C
SF-00140-14 OULL
g:: (681} 338785

. Telex: 602315F

FRANCE
Hewlett-Packard France
Z). Mercure B

Rue Berthelot

F-13763 Les Miles Cedex
ALX-EN-PROYENCE

Te); 16 (42) 68-41-02
Telex: 410770F
ACHEMSP*
Hew’stt-Packard Franca
64, rue Marchand Sailant
F-81000 ALENCOH

Ted: 16 (33) 20 04 42
Hewlett-Packard France
Bolte Posiale E03 :
F-25026 RESANCON

' Tei 16 (81) B3-16-22

Hawieh-Packard France

13, Place Napolson M

F-20000 BREST '

Tel: 16 {98) 03-18-35

Hewlett-Packard France

Chemin des Mouiles

Bolte Posiale 162

F-60130 ECULLY Cedex (Lyon)

Te}: 16 (78) B33-81-25

Telex, 310597F

ACHCSEMP e

Hawlett-Packard France L

Towr Lomaine PR

Bouevwd de France I"A

F-01035 EVRY Cedex : x
1 Tel; 16 6 077-06-80 i

E )
Hewlett-Packard France

- Parc d'Activite du Bois Briard

Ave. dy Lac !
F-81040 EVRY Cedex
Tel: 16 6 077-8383
Te!ex. 602315F

I-lMatt-Plckud Frasce

5, averue Raymond Chanes
F-38320 EYBENS {Grencbie)

Tel: 15 (76) 25-81-41

Tae'lex: 980124 HP GRENOB EYBE

Hewleit-Packard Fiance
Centre d'Affaire Pars-Nord
Bitiment Ampdre 5 étage
Aue de la Commune de Parls
Bolte Postale 300

F-83153 LE BLANC MESNIL
Tel: 16 (1) 865-44-52

Telex; 211032F

CH,C5.EMS

Hewleti-Packacd France

Parc d'Activiiés Cadera
Quartier Jean Memoz
Avenue du Président JF Kennedy
F-33700 MERIGRAC (Bordeaux)
Tel: 16 (56) 34-00-84

Telax; 550 105F

CHEMS
Hewlet-Packard Fiance
mmueble “Les 3 B°
Nouvesu Chamin de la Garde
ZAC de Bols Briand
F-34085 NANTES Cedex

gli: 1€ {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

CHNS P

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

CHEMSP* 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

Tt 16 (75) 4276 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 @
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 DORTMUND-Aplerbeck

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
Hewlelt-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
Tefex; 082 3259
ACHCMEMSP
Hewlet-Packard GmbH
Geschilftssielle
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: {0911) 5205-0
Telex: 0623 B60
CHCME NS P
Hewtetl-Packard GmbH |
Geschifsslele
Eschensirasse 5
D-8028 TAUFKIRCHEN
Tel: (089) 63171

Telex: 0524885
ACH.CM.EMSP

SALES & SUPPORT OFFICES [
"~ Arranged elphabetically by country D)

GREAT BRITAIN
See United Kingdom

GREECE

Koslas Karaynis S.A.

8 Omdroy Street

ATHENS 133

el 32 30 303, 32 37 371
Teiax: 215962 RXKAR GR
ACHOUESEMP
PLAISKD S.A,

G. Gerardos

24 Stournars Siree!
ATHENS

Tel: 36-11-160

;em.- 221871

GUATEMALA

FESA

Avenids Relorma 3-48 ZJona @
GUATEMALA CITY

Tel: 316627, 314786

Terex: 4192 TELYRO GU
ACHCMESEMP

HONG KONG

Hewlett-Packard Hong Kong, Lid.
G.P.0. Box 785 !
5th Floor, S.n Hung Kal Centre

30 Harbour Road

" HONG KOKG

Tel: 5-8322211

Telex: 66678 KEWPA HX
Cabie: HEWPACK HONG KONG
E.CHCSP

CETL.

1402 Tung Weh Mansior.
159-205 Hennessy Rd.
Wanchia, WONG KONG

Tel: 5-729376

relex 85148 CET HX

Sehmict & o Horg Kong) e
Wing On Centre, 26th Floor
Connaught Road, C.

NOWG KONG

Tal: 5-455644

Tedex: 74766 SCHAX HY

AM

ICELAND
Elding Trading Company hne.
Hamamvol-Tryggvagols

PO, Box 815

KS-REYXAVK
Tel: 1-58-20, 1-63-03
M :

INDIA

Computer products are sold through
Bive Star Lic. Ak computef fepalrs and
mainlenance service is done through
Computer Maintenance Corp.

Olue Star L,

Sabrt Comphs. I Floor

24 ResJdency Rd.

BANGALORE 560 025

Ter: 55660

Telex: 0845430

Cable: BLUESTAR

‘lm '.m m.rf

vl

Ble Star Lid.
Band Box Houss
Frabhadevi
BORSAY 400 025
Tel: 422-3101
Telex: 011-3751
Cabie: BLUESTAR
AM

Ble Star lid,
Sahas

41472 Vir Savarkar Marg
Prabhadevi

BONBAY 400 025

Tel: 422-6155

Telex: 0114093

Cabie: FROSTELUE

ACH CMCS"EMN

Blve Star L1d.

Kalyan, 19 Vishwas Colony
Akapur, BORCDA, 390 05
Tel: 65235

Ble Star Lid,

7 Hare Street

CALCUTTA 700 GO

Tei: 12-01-31

Telex: 021-7655

Cabie; BLUESTAR

AM

Ble SiarL1d.

133 Kodambakkam Hgh Road
MADRAS 500 034

Tel: 82057

Telex: 041-379

Cabie: BLUESTAR

AM

Bive Starlid

Bhandari House, 7itvVeih Floors
91 Nevvu Place

NEW DELW 110024 .

Tei: 682547

Tedex: 031-2463

Cabde: BLUESTAR
ACH"OMLS" EM

Blue Star Lo,

15/16.C Wekesiey Rd. .
PUNE4ILOT!

Tea 22775

Lable; BLUE STAR

A

Be Star Lo, .
2:2.47/1108 Bolanum R
SECUNDERABAD 500 003

Tet: 72057

Telex: 0155459

Cabe: BLUEFROST

AE

Bue Star L1d.

1.C. 7/603 Poomina

Menshapkui
TRIVANDRUM 655 013
Toi: 85799

Tekex: G884-259
Glbb BLUESTAR

' Camwermrmncac«xmbm

"5 Sarojni Devi Road
SECUNDERARAD 500 002
Yol 310-184, 45-774
Le{bx: 031-2960




'SALES & SUPPORT OFFICES

3 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.O. Box 174/58Y.
X 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
Telex; 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.p.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 NAVIGUO

{(Mano)

Tel: {02} 923681

Telax: 334632
A,CH.CM,CSEMPP
Hewletl-Packard akana S.p.A.
Via C. Colombo 48

120080 TREZZANG SUL NAVIGUO
{Miiano)

Tes; (02) 4359041

Tetex: 322116

cM

Hewlett-Packard Haliana Sp.A.
Via Nugva San Roceo 8
Capodimonle, 62/A

I-80131 RAPOL

Tel: (081} 7413544

Telex: 710698

ACHE '

- HewleMt-Packard ankana SpA.

Vidle G, Mocino 33

16156 GENOYA PEG

Tel: (010) 68-37-07

Telex: 215238

EC

Hewietl-Packard Hakana S.p.A.
Via Pefizzo 15

135128 PADOYA

Tel: (049) 664888

Telex: 430315

ACHEMS

Hewiell-Packard talkana S.pA.
Viale C. Pavese 340

00144 ROMA EUR

Tel: (06) 54331

Telex; 610514
ACH,CM,CSEM5,P
Hewlelt-Packard Italiana S.p.A.
Via di Casefiing 57/C

150018 SCANDICCHFIRENZE
Tel: {055) 753883
Hewlell-Packard Rakiana 5.p.A.
Corso Svizzera, 185

10144 TORMNO

Tel: (011) 74 4044

Teiex: 221079

CHE

JAPAN
Yokogawa-Hewle!t-Packard LG,
152.1, Onna

ATSUGH Kanagawas, 243

Tel: (0462) 28-0451

CMGE
Yokogawa-Helwett-Packard Lid.
Meij-Seimei Bidg. 6F

3-1 Hon Chiba-Cho

CHIBA, 280

Tek 472 25 1701

E.CH,CS

Yokogawa-Hewleti-Packard Lid.
Yesuda-Seimel Hiroshima Bldg.
8-11, Hon-dori, Kaka-hu
HROSHA, 730

Tel: 82-241-0611
Yokogawa-Hewlett-Packa:d Lid.
Towa Buiding

2.3, Keigan-dor, 2 Chome Chuo-ku

KORE, 650

Tel: (078) 392-4701

cE

Yokogawa-Hewlenl-Packard Lid,
Kumagays Asahi 82 Bidg

3-4 Tsukuba

KUMAGAYA, Sallema 360

Tel: (0485) 24-6563

CHCME

Yokegawa-Hewielt: Packard Ld,
Asahi Shinbun Daiichi Seimei Bidg.
4-7, Hanabata-cho

K!JINIOTO 860

Tel: (0963) 54-7311

CHE
Yohogawa-Hewiett-Packard Lid,
Shin-Kyoto Center Bldg.

614, Higashi-Shickof-cho
Karasuma-Nshicu

Shiokof-gotl, Shimogyo-ku
KYOTO, 800

Tel: 075-343-0421

CHE
Yoknpawa-Hewlett-Packard Lid.
Mito Mitsui Bidg ‘

473, Sanno-maru, 1 Chome
ITO bareki 310

Tel: (02082) 25-7470

CHCME
Yokogawa-Hewlett-Packard Lid.
Sumitomo Seimel 14-9 Bidg.
Meieki-Minami, 2 Chome
Nakamura-ky

N2GOYA, 450

Tel: (052) E71-5471
CH,CM,CS.EMS
Yokogawa-Hewiett-Packard Lid.
Chuo

420 Hishinakajima, 5 Chome
Yodogawa-ku
OSAKA, 532

Tek: {06) 304-6021
Telex: YHPOSA 523-3624
ACH.CM,CSEMPP*
Yokogawa-Hewletl-Packesd Lid.
27-15, Yabe, 1 Choms
BAGAMNHARA Ksnagaws, 229
Tei: 0427 58-1311
Yokogawa-Hewlett-Packard Lid.
Daiichi Seimei Bidg
7+1, Nishi &mu. 2 Chome
Shinjuki-Ku,TOKYO 160
Tel: 03-343-4614
CHE
Yohogawa-Hewlelt-Packard Lid.
25-21 Takaido-Hgashi, 3 Chome
Suginami-ku YOKYO 188
Tek: {03) 331-811
Telex; 232-2024 YHPTOK
ACHCMCSEMP P
Yokogawa-Hewlet!-Packard Lid.
Dalichi Asano Buiding

2-8, Odoit, 5 Chome
BTM\'A. Tochigi 320
Tel: (0286) 25-7155
CHCSE

b

Yohogawa-Hewlelt: Pnckud Lid,
Yasuda Seimei Nishiguchi Bidg.
30-4 Tsuruya-cho, 3 Chome
YOKOHAMA 221

Tel: (045} 312-1262

CHCME

JORDAN
Mouasher Cousihs Corpany
P.0. Box 1387

AMMAN

Tel: 24007, 39907
Teiex; 21456 SABCO JO
CHEMP

KENYA
ADCOM Lid., nc., Kenys
P.0.Box 30070

NAIROB!

Tal: 331955
Telex: 22639
EM

KOREA

Samsung Electronics WP Division
12 FI. Kinam Bldg.

San 75-31, Yeoksam-Doig

Kangnam-Ku
Yeongdong P.O. Box 72
SEOUL

Tel; 5557555, 555-5447
Yeiex: K27364 SAMSAN
ACRCOMCSEMP

KUWAIT
AlKhaidiys Tradng & Coniracting
P.0. Box 830 Saiat
KUWAIT

Tel: 424910, 411726

Teicx: 22481 Areeg ki

CHEM

Prolc & Cine Equpment t
F.0. Box 270 Safal .

KUwaAlY

Tel: 42.2846, 42-9801

;e&ex 22247 Mt kit

|
LEBANON
G.M. Dornadian
Achafeh
P.0. Box 165.157
BERYT

W

+ Teh 290203

e I
Computer hfomahion Systems

P.Q Box 11-6274

aERUT

Tel: 824073

crele:: 22259

LUXEMBOURG

Hewieli-Packaid Beigum SAM.Y.

Blva G Ia Woluwe, 100

Wokrweda)

B-1200 BRUSSELS

Tel: (02) 762-32-00

Telex: 23-434 paioben bry
ACH,OM,CS.EMP.P ,

MALAYSIA

hewlett-Packard Saies (Malaysia)
Sdn. Bhd,

15t Floor, Bangunan British
American

Jalan Semanian, Damansara Heighls
KUALA LUMPUR 23-03 '
Tek 843022

Telex: MA31011

ACHEM P




f

\mvuvsm (Cont'd)
.~ Protel Engineering '

‘P.0.Box 1917

MRENEL
Tel: 447 47, 455 66
_ ;gex Modis MW 649

MEXICO

Hewlett-Packard Mexicana, 5.4,

de C.V,

Av. Perlferico Sur No, 650)
Tepepan, Xochimico

16020 MEXICO D.F.

Tel: 6-76-46-00

Telex: 17-74-507 HEWPACK MEX
ACHCSEMSP

Hewieit.Packerd Mexicana, S. A

de CV.

Ave. Colodadd\fnlem

Col. del Vale

Municiplo de Garza Garcia
MONTERREY, Nuevo Leon

Tel: 78 42 41

Telex: 038 410
- CH

- ECISA

José Vasconcelos No, 218
Col. Condesa Deteg. Cusuhtémoc
MEXCOD.F. 06140 -

Tol: 553- 1206

Telax: 17.72755 ECE ME
M

MOROCCO

Dolbesy

81 rue Karaichl
CASABLANGA

Tel: 304182, 3068-398 |

3

Gerep =~
2 rue d'dgack
Boite Posisle 156
CASABLANCA

Tel: 272033, é72095

Telex: 23 739
P

NETHERLANDS

Telex: 23051, 22622 "\ '

Hewiell-Packard Nederland B. V

Van Heuven Goedhartiaan 123
NL 11B1KK AMSTELVEEN

P.0. Box 667

NL1180 AR AMSTELVEEN|

Tel: (020) 47-20-21
Tolex: 13218 HEFANL
ACHCM.CSEMPP

Bongerd 2
NL 2006VX CAPELLE A/D USSEL |

P.0. Box 41

.\‘ 1
lb\vbtt-Pld"ﬂ'dNedMlndBV

4

NL 2000AA CAPELLE A/D WSSEL

Telk: {10) 51-64-44
Telex; 21261 HEPAG NL

ACHCSE

‘a

1

1.‘]

i

1

I

|

Hewlett-Packard Nederiand B,V.

Pasioor Pelerssiraat 134-138
"N BB12 LVEINDHOVER

P.0. Box 2342 :

NL 5600 CH EINOHOYEN

Tel: (040) 326011

Telex: 51484 hepoe nd

ACH** I M

NEW ZEALAND
Hewlett-Packarg N.Z.) le
.5 (hiens Road

P.0. Box 26-189

Epsom, AUCKLAND

Tel: 687-159 ‘
Cable: HEWPACK Auckland
CHCMEP*

Hew:atl-Packard {N.2,) Lid,
4-12 Cruickshank Streel
Kitbicnie, WELLHGTON 3

P.0, Box 8443

Courlenay Place, WELLINGTON 3
Tei: B77-199

Cable: HEWPACK Welinglon
CH.CM,EP

Nortvop psiuments 8 Syslems Lid.
369 Khyber Pass Road

P.0. Box 8502 .
AUCKLAND

Tel: 794-091

Telex: 60605

AM

Northvog: instruments & Systems Lid.

110 Mandevi¥e ST,
P.0. Box 8358
CHRISTCWURCH
Tol: 485-328
Telex; 4203
AM
Northop hsiruments 8 Systems Lid.
Sturdee House ,
85-87 Ghumee Street
P.O. Box 2406
WELLINGTON

. Tah 850-0971
Telex: NZ 3380
AM

NORTHERN IFIELAND
See United Kingdom

NORWAY

Hewlalt-Packard Norge A/S

Foke Bemadoties vel 50

P.0. Box 3558

N-5033 FYLLINGSDALEN (Bergen)

Tel: 0047/5/16 55 40

Telex: 16621 hpnas n

CH,CS EMS :
wiell-Packard Norpe NS
{emdaien 16-18 '

P.0. Box 34

N-1345 OSTERAS

Tel: (4772117 11 80

Telex: 16621 hpnas n

ACH.CMCS.EMP

OMAN

Khimgl Rar das

P.0.Box 19

MUSCAT

Tel: 722225, 745601

rm 3289 BROKER M8 MUSCAT

\ W&MMWM

P.0.Box 169

MUSCAT

Tel: 734 2013

Telex; 3274 BAHWAN ME

SALES & SUPPORT OFFICES [
Arranged alphabstically by country [4’]

PAKISTAN

Mushko 8 Compeny Lid.
I-8, Street 43

Seclor F-8/1

ISLAMARAD

Tel: 51071

Cable: FEMUS Rawapind
AEM

)

KARACH 0302

Tel: 524131, 524132

Telex: 2694 MUSKO PX
Cabie: COOPERATOR Karachi
AEMP®

PANAMA
Electrdnico Baibos, S.A.
Cafle Sameed Leawis, Ed. Alfs
Apartado 4929

" PANAMA 5
Tel: 63-6613, 856748
Tetex: 3483 ELECTRON PG
ACMEMP

PERU

Cla Electro Médica S.A,

Los Flamencos 145, San Isido
Casia 1030

LA 1

Tel: 41-4325, 41-3703

Tetex: Pub. Booth 25306
CMEMP

PHILIPPINES

The Onine Advanced Syslems

caporaﬁon ‘

Rico Houss, Amorsolo Cor, Herrera

 Street

Lepaspi VBage, Mokalf

P.0. Box 1510

Melro MAMLA

Tel: 85-35-81, 85-34-91, 85-32-21

Telex: 3274 ONLINE

ACHCS.EM

Efecm Speclaksts and Froponents

fmafpmodmsmmuw
Cubao, CUEZON CITY
P.0. Box 2649 Mania

Jel: 98-96-81, 58-96-82, £8-96-63 . .

Tedex: 40018, 42000 iTT GLOBE
:uamxaoom

PORTUGAL

Aundinter

nfercambio Mundial de Comdrcio
SARL

P.0. Box 2761

Ay, Anforéo Augrssto de Aguiar 138

P-LISSON
Tel: (19) 53-21-31, 83-21-37
Labx.“ 16691 munier p

Soquimica

Av, da Liberdade, 220-2 |
1298 LIS80A Codex

Toi: 56 21 81/2/3

;abx: 13316 SABASA

Tdlecra-Emprosa Técnica de
Equipmentos Eciricos SARL.
Rus Rodrpo de Fonsecs 103
P.0. Box 2531 :
P-LISBON 1

T (19) 68-60-72

Telex: 12598

CHESEP

PLERTO RICO
Hewlent-Packard Puerio Rico

Ave, Muhoz Rivera #101

E5q. Cake Ochoa

MATO REY, Puerio Rico 00918
Tel; (809) 764-7800 .
Hewleti-Packard Puerlo Rico .
Calle 272 Edificio 203 i
Urb. Country Club '
S0 PIEDRAS, Puerto Rico

P.0. Box 4407

CAROLINA, Puerlo Rico 00628
Tel: (800) 762-7265

A,CH,CS

QATAR
Computesrbia

P.0. Box 2750

POXA

Tel: 883555

Eeiu: 4806 CHPARB

Easlem Technical Services
P.0.Box 4747

DOHA
Tel: 229 993

Teiex; 4156 EASTEC DH
Nssser Trading & Contrackng
P.0.Box 1563

DowA .
Tel: 22170, 23539
Lelex: 4439 NASSER DH

SAUDI ARABIA

Modem Elecironic Estabishment

Hawielt-Packard Division

P.O. Box 22015

Thuobah

ALXNOBAR

Te: 895-1760, 895-1764

Teiex: 671 106 HPMEEK SJ

Cable: ELECTA AL-KHOBAR

CHESEM

Modem Electronic Eslabishment .
Hewlelt-Packard Division ‘ Y
P.G. Bor 1228 it
Recac Piazs, 60 Floor

EDDAN

Tl 644 38 48
Telx:

027 12 FARNAS 8J

Cable: ELECTA JEDDAN

CHCSEM

Modern Electronic Esiabishment

Hewlett-Packard Division

P.0.Box 22015

RYADH . :
Tel: 49187 15, 491-83 87 }
Tedex: 202049 MEERYD SJ

CHCSEM

Abckd Ghani £ ' 3

P.O. Box 78 Ao

RIYADN

Tei 4041 717

;eiex.' 200 932 EL AU

SCOTLAND
See United Kingdom
SINGAPORE ' !

Hewlelt-Packard Shgapote ;Sates;
Pie. Lid. |

" #08-00 Inchcape House

450-2 Alexandra Road

P.0. Box 58 Mexandra Rd, Post Office

SINGAPORE, D115 I
Tel: 631788

' Telex: RPSGSO AS 34209,/
Cable: HEWPACK, Sinparore

ACHCSEMSP




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.CME M52

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

Hewielt-Packard So Alrica {Piy.) t1d.
Private Bag Wendywood

CANDTON 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
Panta 10, Edificio Se\rln 2,
VE-SEVILAS p
Tei: £4.44 sa N
Telex: 72833
A.OS.I-":?.P ,

Hewlett-Packard Go Africa {Py) Lid,

SALES & SUPPORT OFFICES
Arranged alphabeticaily by country

Hew‘nett Packard Espanols S.A.
Care Ramon Gordito, 1 (Entio.3)
E-VALENCIA 10

Tel: 361-1354

CHp

SWEDEN
Hewletl-Packard Sverige AB )
Sunnanvagen 14K
5.7 2226 LUND
Tel: (046) 13-68-78
Tetex: (854) 17886 (via Spinga
olfice)
CcH
wielt-Packard Sverige AB
ira Tuligatan 3
§-21128 MALMO
Tel: (040) 70270
Teiex; (B54) 17886 (via Spinge
gltce)
Bewlell-Packard Sverige AB
Visira Vinlergalan 9
§-70344 DREBRO
Tel: {19) 10-48-80
Telex: (854) 17886 (vla Spiinga
office)
CH N
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-FROLUNDA
i Tel: {031) 49-09-50
 Telex: (854) 17886 (via Spﬁnga
office) ,
CHEP ]
SWITZERLAND .
Hewlelt-Packard (Schweiz) AG -

. Clarastrasse 12 ;

CH-4058 BASEL

: Ial: {61) 33-60-20

. Hewlet-Fackard {Schwelz) 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 E i
Ci1-8967 WIDEN '
Tek (0041) 57 3124 10
Telex; 53933 hpag ch
Cable: HPAC CH
ACH,CM/CS EMSP

- SYRIA

Genersl Electronic Inc.
Nuri Basha abnal Ebn Kays smr
P.0. Box 5781

puscrs
itz
- Telex: 411215
Cable: ELECTROBOR DAMASCUS

"M

Micche East Ekclrm’cs
P.0.Box 2508
Abu Rumnaneh

DAMASCUS
Te: 334 562
Tolex: 411 304

TAIWAN

Hewfell-Packard Far East I.ld
Kaonskurg Office

2/F 66-2, Chung Cheng g Rned
KAORSIUNG

Tel: {07) 241.2318

CHCSE

Hewiell-Packard Far East Lid.
Taiwan Branch

ath Floot

337 Fu Hslng North Road

TAIPES
© Tek {02) 712-0404

Telex: 24430 HEWPACK

' Cable:HEWPACK Taipei

ACHCM.CSEMP

g Lib Trading Co.

3rd Floor, 7 Jen-Al Road, Sec. 2
TAE! 100

Tek (02) 3948191

:'..:nble: INGLIH TAPE

THAILAND

Unimesa .

30 Patpong Ave., Sunyong
BANGKOK &

Tel: 235-5727

Telex: 84439 Simonco TH

Cabile: UNIESA Banghok
ACHCSEM

Bangkok Business Equipment LId,
&/5.6 Dejo Road

BANGKOX

Tal: 234-8670, 234-8671

Telw: 87669 BEQUPT TH
Cabk: BUSKXANT Banghok

THINIpAD & TOBAGO
Carbbewn Teiecoms Lid,
50/A Jemingham Averuve

- PO, Box 732

PORT-OF-SP/R

Tel: 6244213, 6244214
Telex: 235,272 HUGCO Wo
CMEMP

'l’l,INISIA
Tunisie Elecironique
31 Avenue de is Liberte

TUNIS

Tef: 280- 144
P

Corema’

1 tar, Av. de Carthage
TUNS

Tel: 253-821
Lalex: 12319 CABAM TN

TURKEY
Teknim meyud =
Fan Caddesi No

Kavahbdere, mm
Tel: 275800 ’
rder 42155'TKNM TR

k

EMA. -
Medina Fidom Sokak No.4 1/6
Yiksat Caddesi

. ANKARA :
Tel: 175 622

Tdéx: 42 581

UNITED ARAB EMIRATES
Emilac Lid.

- PO Box 2711

ABU LRABI

Tel: 82 04 19-20

Cable: EMITAC ABUDHAB!
Emitac L1d,

P.O. Box 1641

SHARJAH

Tel: 591 181
Telex: 68136 Emitac Sh
CHCSEMP

UNITED KINGDOM

GREAT BRITAIN
Hewlelt-Packard Lid.

Tralalgar House

Navigalion Road

ALTRINCHAM :

Cheshire WA 14 1NU

Tel: 061 528 6422

Telex: B6B068
ACHCSEMMSP .
Hewleti-Packard Lid.

Elsires House, Elsiree Way
BOREHAMWOOD, Hetis WD6 15G
Tei: 01 207 5000

Telex: 952716

ECHCSP

Hawtell-Packard Lid.

Oakfield House, Oakfield Grove

© Citton BRISTOL, Avon BSB 26K

Tel; 0272 736006
Telex; 444302
CHCS.EP -
Hewtelt-Packerd Lid.
Bridewedl House
Bridewel Place
LONDON ECAY BES
Tel: 01 583 6565
Telex: 208163
CHCSFP .
Hawlelt-Packard Lid.
Fourler House
257.263 High Strest
LONDON COLNEY
Heris, AL2 JHA, St Albans
Tel: 0727 24400
Teiex; 1-8952716
CH.CS
Hewielt-Packard LG,
Pontetract Road
NORMANTON, West Yorkshire WFG 1RAN
Tel: 0924 865566
Telex; 557355
CHCSP
Hewlett-Packard Lid.

Tha Quadrangle

106-118 Station Road
REDHILL, Surey RHY 1PS
Tel: 0737 68655

Telex: 847234
CHCSEP

i




', GREAT BRITAIN (Conl'd) He welt-Packord Co.

ACHCM,CS.E NS : ' ACH,CH,CSEMS
‘ ‘ Py

¢

[

., Hewiet-Packasd Lid. 2424 East Aragon Road
T Avon House v TUCSON, AZ 65706
435 Siratfurd Noad m» (602} asg 1831
Shicley, SOLIULL, Wes! Midlands CHEMS*" .
| $9'0‘;§:. "§ L | Clllfomll v
" Telex: 339105 hewiel Packard o,
1 eviypadad e C s f?og??é’o S
5 1 :
Wesl End House
aoaon Steel, Wes! End Howel-Packard Co..
1 SOUTHAWPTON 1 v " PO, Box 7830 (35747} r
Hampshire 503 300
Tel: 04218 6767 ' 5060 E, Clinjon Avenue, Suite 102
Teél' 477'3‘8 vl 1 FRtSNO,CA 93727 Py
CHCSP e g’:ég"%z‘aﬁz
BewetPiowdlis, gt
Eskdale R, - YT poBoxk20
_ mw;mnwz ) . .
' Telex: 843884 LT 801000 -
) H c 1
" E j j | K W Lo,
o . Hewlett-Packard Co.
b ,m'{,f;‘{:g“" 3206, Ketogg, Sule8
Winnersh, WOK: yi ! GO':ET‘,CA 83117
| BekeeRGHI BN et 805)B67:3405
Toanoarme Hewlell-Packard Go.
A,CH.CS.EMWF i 5400 W, Jsecrans Bouevard 5
T
B m »
! Easmampstead WO NGHAM - L08 ANGELEYS , CA'90008
Berkshire, 3RG113LL ' ;TR (2190707600 i
) ToMamaieo - [ 9109266608 .
' Teley; B48605: ! gﬁ:‘fps'f ) (:"‘,' -
| ] » 1 ackard Co. .
foan GISSER 0 3155 Poter Oaks Drive + * -
! IHELAND PALO ALTO, CA p4304'
+ . NORTHERNIRELIND ', Ie:413 857:8000
! Hewied-Packard Lid, '
Cardiac Seryices Buiding ~ Hewiett-Packard Co,
. mrmgh RoadScur . ;) 244 50, clcz!m Sule A
X CELFAST BT10 08Y ', PO.Boxisore
) 1768 0232 625-566 L SACRANENTO, CA 85852
-reiegémeps V) Iglct'%ss)gi%mz
g R .
' _Hewtall-Packard Co,
QCOTLAND& " C 4L 1 6306 Aeto Drive : '
Hewleit-Packard L Ry
IOUTHQU!!NSF!IW e P0.Box 23333 ...
: BANDIEGO, CA 82139 |
' West Lathan, ER30 971G , |
Tel: 031 331 1143 - ) Tek'{618) 279-3200
U TelexTo8020 ‘U CHOMCSENMP
+ CHEMCSEMA A , HewleltPackard C.)
UNITED sT'A'rE's a ﬁsgfuuoummcglmgg"u;as. 9 oy
! Alsbama i’ Tel mspaasssoa
Hewlett- Plckudco W § chs )
700 Century Park South, Sute 128 -, " Hewlet-Packard Co, )
Tt (208 6325000 Bl ey
} v AN )
. ACHM o ; ‘Tel{408}9887000?o ,
7 :bzm.:lg:fd Go. ’ ‘ {'ec’b;c’g“gg‘gj'gbﬁs it !‘il;\ .
1 Drive © ,
MINTSVILE, AL 35805 Hewlell-Packerd Co. 1 ‘
P.0. Bax 7700 | ' 5703 Corsa hyerwe
HUNTSYILLE, AL 35607) WESTLAKE VILLAGZ, CA 91362
by e,
v 0, A L ’ " - ll‘f' f
Arizons' | 0 Colorado = .+, |
Hewlett-Packard Co, : Hewlett-Packard Co, '
8080 Pointe Parkway West : 24 Invernass Place, East
PHOENUX, AZ B5044 1. ), - " . ENGLEWDOD,COBOIT2 -
Tek (802) 273-8000  » Tel: (303) 8485000 .’
Por

s e

et 5 ‘5 \
. Lo .

H

SALES & suppon* OFFICES
' - Arrangod alphaheucally by countty n

Z] .“
] s i

Connactllcut -, ' Kansas ‘
Haysaht-Packard Co, Hew'ell-Packard Ca.
S » 47 Bames ndustrial Road South 7804 Easl Funston Road, #203
 P.0.Box BOOT - . . WICHITA, KS 67207

WALLINGFORD, C7 06492

' Tel: (316) 6848491
Tel: (203) 7657601 | - o ‘

ACHCUCSEMS : Kentucky
_Florida ) N Hewdelt-Packard Co,
Hewlelt-Packard Co. "' §0300 Linn Station Road, 1100

200U NW. 62nd Streel )
P.Q. Box 24210 - 3

LOVISVILLE, KY 40223
Tel: (502) 42 0100

‘ ;;lﬂagéméﬂmila%gl 33307 . ACH.CS MS '
) 973 Loulslana .’

CHCSEMP Hewletl-Packard Co.
Hawlelt-Packerd Co.- 160 James Drivk Easl -
6177 Lake Ebenor Drive T. ROSE, LA 70087 .
mjrﬂgass P.O.Box 14480 ~ . - ,;’
‘ 0, " KENNER, LA 70063' : '
Ted: (305) 859-2000 ! Tek: (504) 467-4 100
ACHCM.CSEMS ! D ACHMESEMS )
Hewlelt-ackard Co. N

| GT50BN.Hoover Bd, Sute 123 pavland.

“P.0. Box 15200 R .+ 3701 Koppers Streel
TAUPA, FL 3361 Cy BALTIWORE, MD 21227
TEI: (813) 884-928:2 , Tal: (301) 644.5800
ACHCHCSESM® 0 Yelan,710.862.1042
Gadrgla o . ACHUM,CSEMS
Hewlelt-Packard Co, . Hewlell-Packard Co.
,MMMH&C& . 2 Choke Cherry Road .

. P.0. Box, 105005 Coy ROCKVILLE, MD 20850 .
aTLAMTA, GA 30348° ) . Tek: (301) 048-5270 -

: TSe yg%g;gsl:ggo --ACH,CM,CS, E MF

0 'Massachusetis
ACHCH.CS) E,Mf , .t Hewlell-Packsrd Co.

CNawall S 1775 Mira:leman Road
HewleltPackardCo,  ~ '° . | AMDOVER,MAOIBI0. - . .
Kawalahao Plaza, Sule 180 Tel (617)  682~1500
E67 South King Strest ACCHCSCMEMPP®
THONOLULU, Wt 96813 Hewlell Pachard Co, |

- Tel: (808) 526- 1555 32 Hartwell Avence ‘
ACHEMS LEXINGTON, MA 02173 |
linols Tel: (617) 8618560
;noztzmm uﬁf Co. LCS.E

sto Road Illchlg'ln
P,G- Box 1607 Hewlett-Packard Co, -
BLOOMINGTON, L ei‘ml 4326 Cascace Road S.E. .

T4 (2N9) 662- 9411’ . GRAND RAPJDS, MI 49506

st Tel: (616) 0571970
umn; Ppckard Co. | - CHCSMS
1100 3151 Sireel, Su!e my. Hewdell-Packard Cs.
mﬁ ggvsz r':lu 60515 + 177; \:éasgog:nm Roed
B TROY, M 4 '
CS ; Tek (313) 643-6474
, hwlelt: Pat‘::ugt:o o CHCS
5201 Tolview Drive " ;
ROLLNG NEADOWS, K. 60008 ' - paaedole | o
Tel. (312) 255-8000 2025 W, Lempentew Ave
Telex: 010-687 1066 L BLEAULMN 55113
ACHCM.CSE )P S 16 (512)
el - i
ndiina B
Hewlel-Packard Co.: ! . ‘
| 7301 No, Shadeiadd Avenve | mz:ﬁ%fcm Co. |
P.0. Box 50BO7 EERE
‘ N46250 I 11131 Colwado Avenve
m 4280 A, KANSAS CITY, MO 64037, -
@17 ed2-1000 0 i Tek {816) 763-8000 r
:,GI,CMCSEMS ‘.* ACHCMCSENS 1;
owa L HewdelteP )
-,m-letimuudso o1 13::0:l H:ucfgfmco
1776 22nd Street, Sute 1 BRIOGETON, M mf’ oyt

- WEST DES MOINES, 1A 50265

- Te 14 45100 .
Tel-{515) 224-1435 " ¢+ 1314) 34

1

'
'

7

o ‘ M e :
oSt A‘CHCS-.EJ;:P. 1'




SALES & SUPPORT 0|=|=|css
(4,] Arranged eiphabeticelly by country
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UNITED STATES (Cont'd) Ohlo i
Ty
FawenFakad e CINCINNAT), OH 45242
e O ey Sl Yol (513) 601.9670
‘ CHOSMS
Tel: (402} 334-1813 . v
CMNS i Hewlell-Packard Co,
, 16500 Spiague Road
New 'Jeresy CLEVELARD, OH 44130
l:emt—Pc:nmrd RG:.- ’ Tei: (218) 2437300
' ’ 's'm 7652 ACH,CM,CS E M3
o PARAMY priy Hewlelt-Packsrd Co.
o -Tei; (201) 265-5000 62 Crupper Ave,
IR *-T‘f"';cs's": | COLLMBUS, OH 43220
+ - Hewlelt-Packerd Co, Tel: (614) 425-3041
.+ .50 New England Av. Wesl EiT: Nov. 25, 1983
P mgm‘- H ?gg“ 875 Brooksedge B2,
T . WESTERYRLE, OH 43081
e, MM E GLOMCSE"
1 riew Mexlco Hewlett-Packa,d Co,
Hewlait-Packard Co, -330 thoqtess Rd.
13307 umas Bivd. NE. DAYTON, OH 45440
P.0.!.0x 11834 Tet: (513) B59-B202
ALBUQUERQLE, NM 87112 ACHCME* NS
CHOSEMS . : Hewlelt-Packard Co,
New'York & 304 N. Meridian, Suile A
Hevdeil Packard Co, P.0. Box 75609
6 Gomputer Drive South OKLANOMA CITY, OK 73147
ALBANY, HY 12205 1., Tet; (405) 546-0499
‘Te: (518) 4681550 . . A" CHE'MS
ACHEMS . y. ' Hawiert-Packard Co,
Hewdell-Packmd Co. | 3840 5, 1GXG E. Avenue.#lﬁ(‘
0600 Main Sireet P.0. Box 5747 .
PO, Box 3G o TULSA, OK 74153
CUREIGE NY 431 ) Tk (918) 665-3300
Te: (716) 7698621 -~ - ACCHOSM
,g*Jhu-Pnckud! Co. ,' B _ ;?J.}E.?meco
1200 Cross Keys Otfice Park 8255 5. W. Ploneer Cour
FARPORT, NY 14450 L " PO, Box 228
‘Te:(716)223.9950 ;- . wRSONVILLE, OR 07070
CHCMCSEMS Tel: (503) 6828000 |
- Hewhett-Packdrd Co, - ACHCSE* NS
L -h}- mn‘?ﬁm : Pannsylvania
AT y o Hewlell-Packerd Co,
!
. ACHOMEMS ¢ ,’ PITTSBURGH, PA 15238
.t HewlenPskadCo, ' - 5| Tel: (412) 782-0400
: B :gillr:&mmv!nm ' ,mncssw
ot s 1 Hewlell-Packard Co.
U 3AD, Steet 8 Bih /1e0ue ;
U MATIAIRY 10110 | 2750 Monvoe Boevad
P.0, Box 713
v fe 212) 93143@0 i [ VALLEY FORGE, PA 16462
o CHCSE'M | Tek {215) 666-8000
i O I
' AY 10604 | South Carclina
) cGnesE ) ?’m"vms"m”_
o '?‘)ﬁ—:ﬁ%ﬁoﬁm P.0. Box 21708
y WY 11797 CoLuuBIA, SC 2022
‘ ,re&csw 21050 L’i‘é"u‘?’ 732:000
o DOLMCSEMS Hewlelt:Packard C.
)" North Carcline Koger Executive Center ©
" gggum-rgso. Chastertield Bidg., Suile 124
) vy aom: GREENVRLE, 5C 20615

GAZENSIONO, NC 27420 Tel: (603) 207-4120

Tel: (918) 852-1800 Tennesses
Rewlett-Packard Co.

ACACUCSEMS 224 Pelers Road, Suite 102
P.0. Box 22490
KNOXYILLE, TN 37022

Tel: (615) €91-2371
A* CHMS

Hewient-Packard Co,
3070 Dyveclors Row
MENPHIS, TH 38131

Tel: {801) 346-8370

ACHNS )

Toxans
Hewleli-Packard Co.
4171 North Mese
Sulle C-510

EL PASO, TX 76902

- Tel: (815) 533-3555

CHE" MS**
Hewielt-Packard Co.
10535 Harwin Drive

© P,0, Box 42818

AOUSTON, TX 77042
Tel: (713) 776-8400
A,CH.CMCS.E NP
Hewlelt-Packard Co,
030 E. Campbed Rd.
P.0.Box 1270
MCHARDSON, TX 76080
Tel: (214) 235-6101
ACH.CM.CS.E MP
Hewlati-Packard Co.
1020 Central Parkway South
P.0. Box 32093

SAN ANTONIO, TX 78216
Tel: {512) 454.-8336
CH,CS,EMS

Utah

Hewlett-Packard Co.

3530 W, 2100 South

BALT LAXE CITY, U7 84118,
Tel: (801) 974-1700
ACH,CS.EMS

Virginia
Hewlelt-Packard Co.
4305 Cox Road

GLEN ALLEN, VA 23060
P.0. Box 8469
RICHMOND, VA 23228
Tel: (804) 747-7750
ACHCSEMS

Washington
Hewlett-Packard Co,
156815 S.E, 37th Strest
BELLEVUE, WA DBOOG
Tel: (206) 643-4000
ACHCM,CSEMP
Hewlett-Packard Co.
Suile A

708 North Argonne Road
SPOKAKE, WA 85212
Tel: (509) 922-7000
West Virginla
Hewielt-Packard Co.
4504 MacCorkle Ave,
P.0. Box 4297
CHARLESTON, WV 25304
Tel; {304) 925-0482
AMS

Wisconsin
Hewle!t-Packard Co.
150 S, Sunny Slope Road
BROOKFIELD, Wi 53005
Tei: (414) 784-8800
ACHCSE' WP

!

U HUGUAY

Pablo Farranda SA.C. e .
Averioa ifaka 2877
Casia de Correo 370
MONTEVIDED

Tel: 80-2586

Tesex: Public Booth 801
ACMEM

VENEZUELA -
Hawlelt-Packard de Veneuela CA.
3RA Transversal Los Ruices Notle
Edificio Segre 1,283

Apariado 50933

CARACAS 1071

Tel: 238-4133

Telex: 251048 HEWPACK
ACHCS.EMSP

Hewlelt-Packard de Yenezuela C.A.
Cade-72-Entre 3H Y SY No 3H-40
Edifico Ada-Evelyn, Local

Apariado 2646

A001, MARACAI30, Estadn Zulla
Tel: (061) 80.304

CE"

Hewielt-Packard de Venezuela C.A.
Calle Vazrgas Rondon

Edificio S!quros Carabobo, Piso 10

VALE
Tel: {04 1) 51385
CSP
Biostectronica Medica C.A.
Cake Buen Fasior
Edil, Cola Mi-Piso 2 y Semi Solano 1
Boleita Norte

- Apartado 507 10 CARACAS 10504

Tel: 239 84 41
Tedex: 26518

ZIMBABWE

Fiekd Technical Sales
45 Kelin Road, North
P.B. 3458

- SALISBURY

Tel: 705 231
Jelex: 3-122 FH
GEMP

July 1983 £952-6800

~ Indicales main office

HP distibutors ere printed in italcs.
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