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CERTIFICATION

Hewlett-Packard Company certifies that this product met its published specifications at the time of shipment from the
Sactory. Hewlett-Packard further certifies that its calibration measurements are traceable to the United States Na-
tional Bureau of Standards, to the extent allowed by the Bureau’s calibration facility, and to the calibration facilities
of other International Standards Organization members.

WARRANTY

This Hewlett-Packard product is warranted against defects in material and workmanship for a period of one year
from date of shipment [,except that in the case of certain components listed in Section I of this manual, the warranty
shall be for the specified period] . During the warranty period, Hewlett-Packard Company will, at its option, either
repair or replace products which prove to be defective.

For warranty service or repair, this product must be returned to a service facility designated by -hp-. Buyer shall
prepay shipping charges to -hp- and -hp- shall pay shipping charges to return the product to Buyer. However, Buyer
shall pay all shipping charges, duties, and taxes for products returned to -hp- from another country.

Hewlett-Packard warrants that its software and firmware designated by -hp- for use with an instrument will execute its
programming instructions when properly installed on that instrument. Hewlett-Packard does not warrant that the
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 maintenance by Buyer,
Buyer-supplied software or interfacing, unauthorized modification or misuse, operation outside of the environmental -
specifications for the product, or improper site preparation or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT-PACKARD SPECIFICALLY

DISCLAIMS 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.
ASSISTANCE

Product maintenance agreements and other customer assistance agreements are available
Sfor Hewlett-Packard products.

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office.
Addresses are provided at the back of this manual.
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SAFETY SUMMARY

The following general safety precautions must be observed during all phases of operation, service, and repair of this
instrument. Failure to comply with these precautions or with specific warnings elsewhere in this manual violates
safety standards of design, manufacture, and intended use of the instrument. Hewlett-Packard Company assumes no
liability for the customer’s failure to comply with these requirements.

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 electrical 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 pliug of the
power cable meet International Electrotechnical Commission (IEC) safety standards.

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE.

Do not operate the instrument in the presence of flammable gases or fumes. Operation of any
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 internal
adjustments must be made by qualified maintenance personnel. Do not replace components
with power cable connected. Under certain conditions, dangerous voltages may exist even with
the power cable removed. To avoid injuries, always disconnect power and discharge circuits
before touching them.

DO NOT SERVICE OR ADJUST ALONE.

Do not attempt internal service or adjustment uniess another person, capable of rendering first
aid and resuscitation, is present.

DO 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 Sales and Service Office for service and repair to ensure that safety features are main-
tained.

DANGEROUS PROCEDURE WARNINGS.

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

Dangerous voltages, capable of causing death, are present in this instrument. Use ex-
treme caution when handling, testing, and adjusting.
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Table 1-1. Specifications

Models 400E/400EL

Voltage Range: 1mV full scale to 300V full scale in Output Resistance: 1000 ohms +5%
12 ranges; dB scale -10 to +2dB, 10dB between Response Time: 1 second to within 1% of final
ranges. value for a step change.

Frequency Range: 10Hz to 10MHz. AC Power: 115 or 230 volts + 10%, 48 to 440 Hz,
10 watts.
Calibration: Responds to absolute average value of

applied signal, calibrated in rms volts. Temperature Range: 0 to +55¢ C (except where

. noted on accuracy charts).
Input Impedance: 10 megohms shunted by less than

25pF on the 1mV-1V ranges and 10 megohms . ) ) )
shunted by less than 12pF on the 3V-300V External Battery Operat'l(.)n. Terminals are provided
on rear panel; positive and negative voltages

between 35V and 55V are required . current drain

Amplifier AC Output: 150mV rms for full scale from 50 to 75mA.
meter indication; output impedance 50 ohms, .
10Hz to 10MHz (105mV on the 1mV range). Weight:

Accuracy: +10%, 10Hz to 4MHz. Net: 6 Ibs. (2,7 kg)-
Shipping: 8 Ibs. (4 kg).

ranges.

AC-DC Converter Output: 1Vdc output for full
scale meter deflection (linear output for Model Dimensions: 6-1/2 in. high, 5-1/8 in wide. 11 in
400E/EL). deep (165, 1 X 130, 2 x 279, 4 mm).

Models 400E/400EL
Accuracy: * (% of full scale + % of Reading)

Frequency

R 10 Hz 40 Hz 500 kHz 2 MHz 4 MHz 10 MHz
ange | |

1001 VT (2.6 + 2.5) t(1+0) |  +(25+28) Vs

.003 v (2.5 + 2.5) + (1 +0) (1.5 +1.5) + (2.5 + 2.5)
01V -3V (2.5 + 2.5} t (1+0) (1.6 +1.5) + {3.0+20)**
*
+

10V_-30V (2.5 +2.5) (1+0) (1.5 +1.5) t (3.6+3.5)
100 V — 300 V (2.5 + 2.5) (1+0) s+1.8 V)

**Accuracy for the 3 V range at 1/3 full scale and below, 6 MHz to 10 MHz is: + {3.75 + 3.75).
TAccuracy applies to 1/3 full scale to full scale only.

B H(H B
H [ H | H

AC to DC Converter Output

Frequency
10 Hz 20 Hz 100 Hz 500 kHz 1 MHz 4 MHz 10 MHz

|
(04 +0.1)* (1+1) + (2.6+2.6) Y/ /7777777
(0.25 + 0.25)* (0.5 +0.5) + (2.6 + 2.5)
(0.25 + 0.25)* (0.5 + 0.5) t+ (2.5 + 2.5) + {3.0+2.0)
(0.25 + 0.25) (0.5 + 0.5) + (2.5 + 2.5) t (3.5 +3.5)

(0.25 + 0.26) (05+05) | + (26+258) 77/

* Accuracy applies for a temperature of 16°C t0 40°Conthe 1T mV to 1 V ranges only.

Range
.001 vt + (2.5 + 2.5)
003 v + (2.5 + 2.5)
01v-—-3V + (2.5 +2.5)
10V -30V t (2.5 + 2.5)
100V —300V | t(2.5+2.5)

(1+1)
(1+1)
(1+1)
(1 +1)
{(1+1)

H|H |H[H (R
H|H {F|H |H
H [H |H|H|H

10
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SECTION |

GENERAL
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 dc 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 400E and
the Model 400EL. Table 1-1 is a list of specifica-
tions.

#7.1.4, OPTIONS AVAILABLE.

1-5. OPTIONS 01 (400E ONLY).

1-6. Option 01 places the dB scale uppermost for
greater resolution when making dB measure-
ments.

et
N

yoy s

INFORMATION

1-7. OPTION D2.

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
Service Manual, Part Number 00400-90020.

1-10. INSTRUMENT AND MANUAL IDENTIFICA-
TION.

1-11. Hewlett-Packard uses a two-section serial
number. If the first section (serial prefix) of the
serial number on your instrument does not agree
with those on the title page of this manual, change
sheets supplied with the manual will define the dif-
ferences between your instrument and the Model
400E/EL described in this manual. Some serial
numbers may have a letter separating the two sec-
tions of the number. This letter indicates the coun-
try in which the instrument was manufactured.

Figure 1-1. Models 400E and 400EL AC Voltmeters

1-1
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Table 1-2. Performance Characteristics

Maximum Overload: AC sinewave voltages input to
the 1 mV through 1 V ranges must not exceed
the values shown:

500
400
S 300
L
a
(2]
-
-
o 200
>
(8]
<
100
—
— ]
— 22V
I—— e
0
20 Ik 5K 10K 30K 40K 50 K

20K
FREQUENCY (Hz)
400 - B- 3889
AC sinewaves input to the 3V
through 300 V ranges must not
exceed 500 V rms.

The limit of 300 V dc must not
be exceeded on any range.

1-2
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SECTION 11
INSTALLATION

2-1. INTRODUCTION.

2-2. This section contains information and instruc-
tions necessary for the installation and shipping of
the Model 400E and 400EL Voltmcters. Included arc
initial inspection procedures, power and grounding
requirements, installation information, and instruc-
tions for repackaging for shipment.

2-3. INITIAL INSPECTION.

2-4. This instrument was carefully inspected both
mechanically and electrically before shipment. It
should be physically free of mars or scratches and in
perfect electrical order upon receipt. To confirm this,
the instrument should be inspected for physical
damage in transit. Also check for supplied accessories,
and test the electrical performance of the instrument
using the procedure outlined in Paragraph 5-7. If

_there is damage or deficiency, see the warranty on the

inside front cover of this manual.

2-5. POWER REQUIREMENTS.

2-6. The Model 400E/EL can be operated from any
source of 115 or 230 volts at 48 to 440 Hz or from
two 35 to 55 volt batteries connected to the rear
panel BATTERY terminals. The 115/230V slide
switch on the rear panel selects the desired line
voltage. Power dissipation is 10 watts maximum,

Before applying ac power to the 400k or
400FL, be sure it is set for the proper line volt-
age.

2-7. POWER CORDS.

2-8. Figure 2-1 illustrates the standard power plug
configurations that are used throughout the United
States and in other countries. The -hp- part number
directly below each drawing is the part number for
a 400E/EL power cord equipped with a power plug
of that configuration. If the appropriate power cord
is not included with the instrument, notify the
nearest -hp- Sales and Service Office and a replace-
ment cord will be provided.

: J

OO0 N\

R LD

/\' LJ%/\
8120-0696 8120-1692

\ . 125V 6A* \\ h \\\zsov —6A~
ST SN

8120-1521 8120-0698

"UL LISTED FOR USE IN THE UNITED STATES OF AMERICA

Figure 2-1. Power Cords.
2-9. GROUNDING REQUIREMENTS.

2-10 To protect operating personnel, the National
Electrical ~ Manutacturers”  Association  (NEMA)
recommends that the instrument panel and cabinet be
grounded. Al Hewlett-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 I

For operator protection during batterv opera-
tion, connect ehassis terminal (MP26 ) to earth
ground.

2-11. INSTALLATION.

2-12. The Model 400E/EL is fully transistorized;
therefore, no special cooling is required. However, the
instrument should not be operated where the ambient
temperature exceeds 55° C (131° F) or the relative
humidity exceeds 95%.

2-13. BENCH MOUNTING.

2-14. The Model 400E/EL is shipped with plastic
feet and tilt stand in place, ready for use as a bench
instrument.

2-1




Section II

2-15. INSTRUMENT CASE.

2-16. The 400E/EL can be placed in a rugged, high
impact plastic case (-hp- 11076A). The instrument
can be operated, stored or carried in this splash-proof
case. A dual purpose tilt stand also serves as a carry-
ing handle. Storage space is located at the rear of the
case and in the front lid.

2-17. RACK MOUNTING.

2-18. The Model 400E/EL may be rack mounted by
using an adapter frame (-hp- Part No. 5060-0797).
The adapter frame is a rack frame that accepts any
combination of submodular units. It can be rack
mounted only. For additional information, address
inquiries to your -hp- Sales and Service Office. (See
Appendix B for office locations.)

2-19. COMBINATION MOUNTING.

2-20. The Model 400E/EL may be mounted in
combination with other submodular units by using a
Combining Case (-hp- Model 1051A or 1052A). The
Combining Case is a full-module unit which accepts
various combinations of submodular units. Being a
full-module unit, the combining case can be bench or
rack mounted and is analogous to any full-module
instrument.

2-21. REPACKAGING FOR SHIPMENT.

2-22. The following paragraphs contain a general
guide for repackaging of the instrument for shipment.
Refer to Paragraph 2-23 if the original container is to
be used; 2-24 if it is not. If you have any questions,
contact your local -hp- Sales and Service Office. (See
Appendix B for office locations.)

22
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NOTE

If the instrument is to be shipped to Hewlett-
Packard for service or repair, attach a tag to the
instrument identifying the owner and indicating
the service or repair to be accomplished;
include the model number and full serial num-
ber of the instrument. In any correspondence,
identify the instrument by model number,
serial number, and serial number prefix.

2-23. If original container is to be used, proceed as
follows:

a. Place instrument in original container if
available. If original container is not availa-
ble, a suitable container can be purchased
from your nearest -hp- Sales and Service
Office.

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

2-24. If original container is not to be used, proceed
as follows:

a. Wrap instrument in heavy paper or plastic ~™~

before placing in an inner container.

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

c. Place instrument and inner container in a
heavy carton or wooden box and seal with
strong tape or metal bands.

d. Mark shipping container with “DELICATE
INSTRUMENT,” “FRAGILE,” etc.
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SECTION
INSTRUCTIONS

OPERATING

3-1. INTRODUCTION.

3-2. The Model 400E/EL is primarily an ac voltmeter
and dB meter, but it can be used as an ac to dc
converter or as a wide band amplifier.

3.3. This section explains the controls of the
400E/EL and outlines the operating procedures for
each mode of operation.

3-4. LOCATION OF CONTROLS AND
INDICATORS.

3-5. Figure 3-2 shows the location of each of the
400E/EL controls and 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
(* Fundamental)
Harmonic | % Distortion
Max. Max.
Positive | Negative
Any 0.1 0.000
even 0.5 0.001
1.0 0.005
20 0.020
Third 0.1 0.033 0.003
05 0.168 0.167
10 0.338 0.328
20 0.687 0.667
Fifth 0.1 0.020 0.020
0.5 0.101 0.099
10 0.205 0.195
2.0 0.420 1.380

* Depends on phase relationship between
harmonic and fundamental.

Section 111

NOTE

Since the 400E/EL is average
responding and rms calibrated, any
distortion will affect the accuracy
of the measurement. Table 3-1
shows the errors caused by
distortion.

a. Ensure that 115/230 V ac slide switch on
the rear panel matches line voltage used, and
connect power to the instrument. Mechani-
cally zero the instrument using the proce-
dure outlined in Paragraph 5-5.

b. To operate the Model 400E/EL with battery
power, connect two 35 to 55 volt batteries
as shown in Figure 3-1. Since the front panel
LINE switch has no effect during battery
operation, the switch in Figure 3-1 can be
used as a convenient method of discon-
necting the batteries when the instrument is
not in use. Two 35 volt batteries will deliver
approximately 75 mA and two 55 volt
batteries will deliver approximately 50 mA.

| WARNING I

For operator protection during battery opera-
tion, connect chassis terminal (MP26) to earth
ground.

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

d. Select approximate range of signal to be
measured.

Do not apply more than 500 volts ac to input.
Do not overload the .001 through I volt ranges.
Consult Table 1-2 for overload limits. If any of
these overloads are exceeded, the instrument
may be damaged.

3-1
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400E (OPTION O1) METER FACE

\ N omn
‘. I
3,
;s

RANGE

vouTs

400KL AC VOLTMETER

stwnidgracn
@ MEWLETT-PACKARD

o8
“o N ' °
-2 0 3 w0

-x .03 0 +20

Line
on

-4 o 30 +%0

-0 o003 00 +a0

R

BAT[ERY vOLTAGE

+ —
- - 383 ,@\
vDC vDC N/

VOLTAGE
SELECTOR

Line
i v
40-440~
uAX

300 +30

® ansoLuTe i

@ 400E Scale: Indicates magnitude of applied
signal in volts and dB. Option 01 places the
dB scale uppermost for greater resolution.
0dBm = ImW in 600 ohms.

(2) 400EL Scale: Indicates magnitude of applied
signal in volts and dB. DB scale is linear, and
voltage scales are logarithmic. This
arrangement allows better resolution for dB
re‘ading. 0dBm = 1mW in 600 ohms.

(3 AC INPUT: BNC input jack connects signal
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 a 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 RANGE
selector.

@Line ON Toggle Switch: Applies primary
power.

@ LINE Indicator Lamp: Indicates application
of primary power.

(®) FUSE: 1/8A. Protects instrument against
current overload.

(3) 115/230 Volt Slide Switch: Selects 115 or
230 volts ac for line operation.

PRIMARY POWER CONNECTOR: Line
voltage is applied through this connector.

() AC OUTPUT: Ac amplifier output. Output
impedance is 50 ohms.

(12) DC OUTPUT: Ac to dc converter output. Dc
voltage is proportional to percentage of
meter deflection. Output impedance is 1000
ohms.

(3) BATTERY VOLTAGE Terminals: 400E/EL
may be powered by connecting two 35 to 55
volt batteries to these terminals.

(W) CHASSIS TERMINAL: Chassis ground con-
nection for battery operation.

32

Figure 3-2. Location of Contrels and Indicators
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BATTERY VOLTAGE
+
35-55

vDC

35-55
vDC

_—_ Sl

(35-55V) (35-55V)

400E/EL-B-046l

Figure 3-1. External Battery Connection

e. Connect signal to be measured to INPUT
terminals, and read the rms voltage on the
scale.

3-9. DB Meter.

a. To make a dB or dBm measurement, follow
steps a through e in Paragraph 3-8, and add
the scale reading to the RANGE setting. For
example: If the scale reading is +1.5 and the
RANGE is -30dB, the final measurement is
-28.5dB.

b. The 400E/EL dB scale is calibrated in dBm.
0dBm is equivalent to 1 milliwatt dissipated
by a 600 ohm load. Consequently, any dBm
measurements must be made across a total
impedance of 600 ohms. Measurements
across other impedances will be in dB, but
not dBm.

c. To convert a dB reading to dBm, use the
Impedance Correction Graph (Figure 3-3).
For example: To convert a +30dB reading
made across 50 ohms to dBm, locate the
load impedance on the bottom of the graph.
Follow the impedance line to the heavy
black line and read the meter correction at
that point. The correction for 50 ohms is
+10.5dBm, and the corrected reading is
+40.5dBm.

Section I

3-10. Ac to De Converter.

a. Follow steps a through e in Paragraph 3-8.

b. Connect the rear panel DC OUTPUT
terminals to a dc measuring device with a
high input impedance. The dc output
resistance is 1000 ohms; and if it is loaded,
the dc output signal will be inaccurate.

¢. The dc output is a O to 1 volt signal
proportional to the percentage of 400E/EL

meter deflection.
3-11. Wide Band Ac Amplifier.

a. Follow turn-on
Paragraph 3-8.

steps a through ¢ in

b. Select approximate range of input on

RANGE switch.

c. Connect SIGNAL to be amplified to INPUT
terminals.

d. When using an ac power source, ground
loops can be eliminated by connecting the
400E/EL to an adequate isolation transf-
former. This will open the power line ground
circuit as shown in Figure 3-3.

Figure 3-3. Isolation Transformer.

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

e. The gain of the amplifier depends on the
RANGE selection. On the 0.1 volt range and
below, the 400E/EL amplifies the input; and

3-3
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on the 0.3 volt range and above, it
attenuates the input. On the 0.001 volt
ranges, the maximum output is 105mV. On
all other ranges, the maximum output is
150mV. Table 3-2 shows the ac amplifier
gain for each range setting.

Table 3-2. AC Amplifier Gain

RANGE GAIN RANGE GAIN
0.001 +40dB 1 -16dB
0.003 +34dB 3 -26dB
0.01 +24dB 10 -36dB
0.03 +14dB 30 46dB
0.1 +4dB 100 -56dB
0.3 -6dB 300 -66dB

34
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3-12. 400EWITH OPTION 01.

3-13. Operation of the 400E with Option 01 is
essentially the same as operation of the standard
400E; The dB scale reads from -15 to +2 instead of
from -12 to +2, and is placed at the top of the scale
for better resolution.

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

3-15. Option 02 adds a relative reference adjustment
to the 400E/EL. This adjustment allows a meter
indication to be varied by 3dB. Use the REL. REF
adjustment to set the meter at any convenient
reference (0dB for example) in order to make relative
readings easier. When the REL. REF adjustment is in
the fully clockwise ABSOLUTE position, it has no
effect on the meter accuracy.

3-16. In all other respects, operation of a Option 02
instrument is the same as operation of a standard
Model 400E/EL.
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Figure 34. Impedance Correction Graph.




Models 400E/400EL

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 has
applications as an ac to dc converter and a wide band
amplifier. Figure 4-1 shows a simplified block
diagram of the instrument.

4-3, When relay K1 is closed, the input is not
attenuated; when K1 is open and K2 is closed, the
input is attenuated by 50 dB. On the 0.001 through 1
volt ranges, K1 is closed and K2 is open. K2 is closed
and K1 is open on the 3 through 300 volt ranges. The
entire Input Attenuator assembly is shielded, 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 kHz
input in order to shape the frequency response of the
Input Attenuator.

44. The signal from the input attenuator is applied
to the impedance converter. The impedance converter
is a unity gain, 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 attenuates the output of
the Impedance Converter by 10dB for each step of
the RANGE switch. On the 3 volt range, the Post

Attenuator is switched back to the 30dB position,
and then it attenuates 10dB per step on the higher
ranges. Variable capacitor S2C2 is adjusted on the
.003 volt range with a 3mV, 8MHz input to adjust the
8MHz response of the .003 volt range. With a full
scale 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 1mV.

4-6. The Meter Amplifiér is a four-stage, high-gain
amplifier utilizing both ac and dc feedback for gain
stabilization. The Meter Bridge, connected in the ac
feedback path of the meter amplifier, converts the ac
output of the amplifier to a dc 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 will read rms volts. A2R38 is adjusted
at 400Hz, and A2C28 is adjusted at 10MHz.

4-7. The DC Output is a 0-1 volt level that is
proportional to meter deflection. R2 is adjusted to
calibrate the dc output. The AC Amplifier samples
the ac feedback and generates 0 to 150mV ac output
that is directly proportional to meter deflection.

4-8. SCHEMATIC DESCRIPTIQN.
(See Figure 7-1).

4-9. IMPEDANCE CONVERTER.

IMPEDANCE
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Figure 4-1. Simplified Block Diagram
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4-10. The impedance converter, located on the main
‘voltmeter board (A2), matches the high impedance of
the input attenuator to the relatively low impedance
of the Post Attenuator. Breakdown diodes A2CR17
and A2CR18 bias diodes A2CR9 and A2CR10at +5
and - 5 volts respectively. A2CR9 and A2CR10 limit
the input to 10 volts peak-to-peak, providing overload
protection. Breakdown diodes A2CR20 and A2CR21
stabilize the bias voltages on A2Q5. Fuse A2FI
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 adjusts the dc bias of the

42

impedance converter. The output is taken from the
emitter circuit of A2Q7 and applied 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 a four-stage, dc coupled
amplifier with a cascade-coupled final stage (A2Q12
and A2Ql13). DC feedback is coupled from the
emitter of A2Q12 back to the base of A2Q9.
Breakdown diodes A2CR12, A2CR13 and A2CR14
establish fixed dc bias levels in the amplifier.
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4-14. The output from the collector of A2QI3 is
coupled through the Meter Bridge and fed back to the
emitter of A2Q9. A2C28 in the feedback circuit
adjusts the amount of feedback at the high end of the
frequency range, and A2R38 adjusts the feedback at
the low end. This calibrates the amplifier gain at both
ends of the frequency range. A2R44, 45 and 72 are
switched into the feedback circuit on the 0.001 volt
range, boosting the gain on that range. A2R44 adjusts
the gain on the ImV range with a 400Hz input.
A2R31 adjusts the dc bias level of the amplifier.

4-15. METER BRIDGE.

4-16. Figure 4-2 shows a partial schematic of the
Meter Bridge. The meter bridge rectifies the ac
amplifier output and supplies the dc current to drive
the meter. In order to use part of the meter bridge
output as the rear terminal dc output, the meter has
to be referenced to ground. Transistor A2Q14
references the meter to ground.

4-17. During the positive half cycle, A2CRI15
conducts. Part of the current (solid line) goes through
A2C34 into the feedback path, and part of the
current goes through A2R53 and the meter to
ground. The current through A2RS53 turns on
A2Q14, and A2QI14 draws current from the positive
supply. The current from A2Q14 goes through
A2C36 into the feedback path. The current through
A2Ql4 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 cycle, A2CRI6
conducts and draws current from the feedback path
(dotted line). Part of the current goes through A2C36
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and A2CR16 into the amplifier, and part goes
through A2R53 and the meter to ground. The current
through A2RS53 turns on A2Q14, and the current
from A2Ql14 goes through A2R54 and A2CRI16 to
the amplifier. Again the current through the meter
equals the current through A2R54, and the current
into the bridge equals the current out.

4-19. Transistor A2Q14 replaces current drawn by
the meter, so the meter bridge is kept floating while
the meter is referenced to ground. The dc output,
taken across A2R65 and R2, is also referenced to
ground.

4-20. AC OUTPUT CIRCUIT.

4-21. The ac output circuit isolates the meter bridge
and amplifier from the ac output load. It consists of
two emitter followers (A2Q15 and Q16) connected in
cascade. A2R59 in the base circuit of A2Q15 zeroes
the output dc level at the ac output.

4-22. POWER SUPPLY.

4-23. The power supply produces regulated +26 volts
and -26 volts. Breakdown diode A2CR?7 establishes a
reference voltage of 6.98 volts. Part of the power
supply output is applied to the base of A2Q2, and
A2Q2 senses the difference between the supply
output and the reference. If the output voltage
changes, the emitter to base voltage of A2Q2 will
change; and the output of A2Q2 will change the
current through A2Ql, the regulator.

4-24. The negative regulator, A2Q3 and A2Q4, uses
the +26 volt output as a reference. Consequently, the
negative supply is dependent upon the positive
supply.

4-3/4-4






| WARNING l

s

Maintenance described herein is performed
with power supplied to the instrument, and pro-
tective covers removed. Such maintenance
should be performed only by service-trained
personnel who are aware of the hazards in-
volved (for example, fire and electrical shock).
Where maintenance can be performed without
power applied, the power should be removed.
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Table 5-1. Required Test Equipment
INSTRUMENT REQUIRED RECOMMENDED MODEL
TYPE SPECIFICATIONS

AC Calibrator

Accuracy: 0.022% to 0.205%
Voltage Ranges: 0.1mV to 300V
Frequency Range: 10Hz to 110kHz

-hp- Model 745A/746A
AC Calibrator

Test Oscillator

Frequency Range: 10Hz to 10MHz

Output: 3.0 volts rms max.

Distortion: less than 1%

Frequency Response: adjustable
to 0.25% (652A)

-hp- Model 651B or 652A
Test Oscillator

AC/DC Voltmeter

Range: 0 to 100 volts
Sensitivity: 100 microvolts
Accuracy: greater than 0.1%

-hp- Model 34508 Multi-Function
Meter with Option 001

DC Null Meter

Range: +3 microvolts full scale
to 10mV full scale
Accuracy: 2% of full scale

-hp- Model 419A DC Null
Voltmeter

Thermal
Converters

a. Input: 3 voltsrms. R =
200 ohms/volt
Output: 7mV dc
b. Input: 1 volt and, 0.45 volt rms
Output: 7mV dc
Accuracy: 0.2% or better
Frequency Range: dc to 10MHz

a. -hp- Model HO2-
11049A (600 ohms input)

b. -hp- Model 11050A
and 11051 A Thermal
Converters (50 ohms input)

DC Standard

Output: Adjustable to 0.45V, 1V and 3V
Accuracy: 0.1% or better

-hp- Model 740B DC Standard

Differential Voltimeter

0-10 MV
Reference

Supply

See Figure 5-2 for schematic.

a. Resistor: fxd. 6500 ohms +1%

b. Resistor: var, 500 ohms +5%,
10-turn

¢. Resistor: var, 50 ohms +5%,
10-turn

d. Battery: 1.34 volts

a. -hp- Part No. 0811-0392
b. -hp- Part No. 2100-0324

¢. -hp- Part No. 2100-1481

d. Mallory RM42R

AC/DC Voltmeter

Accuracy:+ 3%

-hp- Model 410C

Ohmmeter Input Capacity: < 1.5 pF Electronic Voltmeter
Input Impedance: > 10 MQ2
Resistors Fxd. 100 kilohms +1% -hp- Part No. 07570465
Fxd, 1 kilohm +1% -hp- Part No. 0757-0280
Var, 15 kilohms, ww +5%, 10-turn -hp- Part No. 2100-0896
Voltmeter Voltage Accuracy: +.25% at 400Hz -hp- Model 738BR Voltmeter
Calibrator Output: 0 to 3 volts Calibrator
Termination Feed-through, 50 ohm impedance -hp- Mode] 11048C 50 ohm
Feed-through Termination
Coaxial 50 dB attenuation = 0.01 dB dc¢ to 10 MHz Weinschel Engineering
Attenuators 40 dB attenuation =+ 0.01 dB d¢ to 10 MHz Models 50-40S and
50-50S Coaxial Attenuators
Wideband Frequency Range: 10 Hz to 4 MHz -hp- Model 3403C

AC Voltmeter

Accuracy: Greater than * 1%.

True RMS Voltmeter

50
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Section V

SECTION V
MAINTENANCE

5-1. INTRODUCTION.

5-2. This section contains information necessary to
maintain the Model 400E/EL. The following
paragraphs describe the Performance Checks, the
Calibration Procedures, and the Troubleshooting
Procedures.

5-3. REQUIRED EQUIPMENT.

54. Table 5-1 is a list of the equipment required to
properly maintain the Model 400E/EL. If the model
recommended in Table 5-1 is not available, a
substitute may be used as long as it meets the
required specifications.

5-5. MECHANICAL ZERO ADJUST (400E Only).

5-6. Before any performance checks or calibration is
begun, complete the mechanical zero adjustment in
the following steps:

a. Be sure the meter has been off for at least
one minute, or momentarily short the meter
terminals.

b. Rotate mechanical adjustment screw
CLOCKWISE until meter pointer is to the
left of zero and moving upscale toward zero.

c. Continue to rotate adjustment screw
clockwise. STOP when needle is exactly on
zero. If needle overshoots, repeat step b.

d. When pointer is exactly over zero. rotate
adjustment screw slightly
COUNTERCLOCKWISE to relieve tension
on suspension. If the pointer moves to the
left, repeat whole procedure, but make
counterclockwise rotation less.

5-7. PERFORMANCE CHECKS.

3

5-8. The performance checks are “in cabinet” tests
that compare the 400E/EL with its specifications.
These procedures can be used both for incoming
inspection and periodic inspection. The performance
checks should be conducted before any attempt is
made to calibrate the instrument. A Performance
Check Test Card is provided at the end of this section
for recording the performance of the instrument
during the performance checks. The card can be
removed from the manual and used as a permanent
record of the incoming inspection or of a routine
performance check.

5-9. ACCURACY AND FREQUENCY RESPONSE
TESTS.

5-10. The accuracy and frequency response tests
compare the Model 400E/EL with its accuracy
specifications. Three methods are given ‘in the
following paragraphs. Any one of the three
procedures can be used dependent upon the test
equipment available and the desired accuracy to
which the 400E/EL is to be checked. The procedure
using the -hp- 745A AC Calibrator and the 746A
Amplifier is the simplest and most accurate for all
voltages at frequencies from 10Hz to 110kHz. From
110kHz to 10MHz, the 652A Test Oscillator can be
used for the 3 and 1 volt ranges with an accuracy of
0.25% (0.75% for lower ranges). The Thermal
Converter Method is more time consuming and
subject to burn-out; but it has an accuracy
uncertainty of 0.04% to 0.18%. The E02-738BR can
be used to check all ranges at 400Hz to a minimum of
.3 millivolts. The accuracy at 400Hz is 0.2% at 300
volts and 0.3% using the attenuator. The frequency
response can be checked with a maximum of 3 volts
with the 652A Test Oscillator. The 654A Test
Oscillator can be used below 1 volt output from 10Hz
to 10MHz with a flatness of 0.5%. This flatness is
without adjusting the amplitude at each change of
frequency.

5-11. Accuracy Check fram 10Hz to 110kHz.

5-12. The test setup in Figure 5-1 uses the 745A AC
Calibrator System. This calibrator can produce any
voltage level from 0.1mV to 100 volts in a seven digit
readout for frequencies from 10Hz to 110kHz. The
accuracy is from 0.022% to 0.205%. The 746A
Amplifier can be used for voltages above 100 volts
with the same accuracy.

NOTE
For optimum performance, let the
400E/EL and the 745A/746A
warmup for at least one-half hour.

a. Place the 400E/EL on the 3 volt range and
position the 745A to read 3.00000 volts at
400Hz.

b. Connect the test setup as shown in Figure
5-1. Set the 745A SENSE switch to LOCAL
or if more accuracy is desired place the
SENSE switch to REMOTE and connect the
sense terminals to the input of the 400E/EL.

5-1
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Figure 5-1. Accuracy Test Setup
c. Set the error range to X1 and turn the c. Change the frequency to those in Table 5-2

marker to zero position. Read the dc output
on the digital voltmeter. The dc output
should read within the tolerances listed in
Table 5-2. With some test setups, it may be
necessary to connect a 500 microfarad capa-
citor across the 400E/EL output to obtain
the required resolution at 10 Hz.

. Adjust the 745A error control until the

400E/EL reads exactly the applied voltage.
Read the 400E/EL error directly in % from
the 745A. Where the meter error exceeds
+ 3 %, return the 745A error control to
zero, bring the 400E/EL to the required
reading with the 745A voltage controls and
calculate the error. Any error should be
within the tolerance listed in Table 5-2
under Meter.

Repeat steps ¢ and d for each 745A fre-
quency and voltage listed in Table 5-2 and
5-3. Connect the precision 40 dB attenuator
between the 745A and the 400E/EL to
calibrate the 1 mV and 3 mV ranges. If the
400E/EL is not within the tolerances listed
in Table 5-2 and 5-3 refer to Paragraph 5-32
Alignment and Calibration Procedure.

5-13. Frequency Response Check from 110kHz to

10MHz.

a.

For frequencies from 110kHz to 10MHz
adjust the 652A (using the 50 ohm output
and a 50 ohm [oad) to the same reading on
the 400E/EL at 1kHz as read with the 745A.
3 and 1 volt only can be used on the
expanded scale. (3 and 1 volt can be
attenuated by the 652A range switch at less
accuracy.)

. Turn the 652A to the expanded scale and

adjust the REF SET control for 0% or 0dB.

and 5-3. Adjust the 652A AMPLITUDE
control until O is read on the expanded scale
of the meter. The dc output of the 400E/EL
should be within tolerances listed in Table
5-2 or 5-3 for range, voltage and frequency
settings. Change the fine adjust on the 652A
until the 400E/EL meter reads exactly the
voltage applied. Read error on the 652A
Meter. Where the meter error exceeds
* 2.5 %, readjust the 652A AMPLITUDE
control for 0 on the expanded scale of the
meter and read the error on the 400E/EL.
The error should be within the tolerances
listed in Table 5-2 and 5-3 for range, voltage
and frequency settings. If out of tolerance
refer to Paragraph 5-32 Alignment and
Calibration Procedure.

NOTE

For accuracy of voltage tracking
not listed in Table 5-2 and 5-3 refer
to the Accuracy Graphs Table 54.
Obtain the percentage of accuracy
from the specifications Table 1-1.
Select the proper graph for the
percentage of accuracy. Find the
point on the curve for any tracking
point from full scale to less than
1/3 full scale. Horizontally locate
the error in percent of reading.

5-14. Accuracy Check Using Thermal Converters.

5-15. The test setup in Figure 5-2 uses a thermal
converter with a null circuit to adjust the frequency
response of the test oscillator to within 0.2% over its
entire band. Construct the 0 to 10mV Reference
Supply shown in Figure 5-2 and allow it at least 24
hours to stabilize.




Table 5-2. Accuracy Tolerances

3 Volt Range 1 Volit Range A
Frequency
(Hz) Voitage Meter DC OUTPUT | Voltage Meter DC QUTPUT
Input | (% of reading) (Volts} Input | (% of reading) (Volts)
10 3 3.00 £ 5% 0.949 + 0.047 1.0 1.00 £ 5% 1.00 t 0.05
2 2.00 + 6.3% 0.633 + 0.040 05 0.50 + 7.5% 0.50 + 0.038
1 1.00 + 10% 0.316 + 0.032 0.3 0.30 £ 10.8% | 0.30 + 0.033
40 3 3.00 £+ 1% 0.949 + 0.010 1.0 1.00 + 1% 1.00 £ 0.010
2 2.00 + 1.5% 0.633 + 0.010 0.5 0.50 £ 2% 0.50 + 0.010
1 1.00 £ 3% 0’316 ¢ 0.01 0.3 0.30 t 3.3% 0.30 + 0.010
100 3 300 £1% 0.949 + 0.010 1.0 1.00 £ 1% 1.00 + 0.01
or 2 2.00 £ 1.5% 0.633 £ 0.010 0.5 0.50 + 2% 0.50 + 0.01
400 1 1.00 £ 3% 0.316 + 0.010 0.3 0.30 £ 3.3% 0.30 + 0.01
500k 3 3.00 £ 1% 0.949 + 0.010 1.0 1.00 £ 1% 1.00 + 0.01
2 2.00 + 1.5% 0.633 + 0.010 0.5 0.50 + 2% 0.50 £ 0.01
1 1.00 £ 3% 0.316 + 0.010 0.3 0.30 £ 3.3% 0.30 £ 0.01
1M 3 3.00 £ 1% 0.949 + 0.010 1.0 1.00 1% 1.00 + 0.01
2 2.00 + 1.5% 0.633 + 0.010 0.5 0.50 + 2% 0.50 £ 0.01
1 1.00 + 3% 0.316 + 0.010 0.3 0.30 ¢ 3.3% 0.30 + 0.01
4M 3 3.00 + 3% 0.949 + 0.029 1.0 1.00 + 3% 1.00 + 0.03
2 2.00 + 38% 0.633 + 0.024 0.5 050 + 45% 0.50 + 0.023
1 1.00 £ 6% 0.316 + 0.019 0.3 0.30 £ 6.5% 0.30 + 0.020
10M 3 3.00 £ 5% 0.949 + 0.0475 1.0 1.00 £ 5% 1.00 £ 0.05
2 2.00 £ 6.5% | 0.633 * 0.0411 0.5 0.50 8% 0.50 £ 0.04
] 1.00 + 15% 0.316 + 0.0348 B 0.3 030 12% 0.30 + 0.036

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

NOTE

The test oscillator used must have
very low distortion (less than 1%).
A thermal converter and an average
responding circuit react differently
to distortion, and any distortion
present would create a calibration
error.

5-16. Reference Supply Calibration.

5-17. Use the following procedure to calibrate the
thermal converter and reference supply.

a. Connect the dc standard, the 400E/EL, the

null voltmeter, the reference supply, and a 3
volt thermal converter (HO2-11049A with
600 ohm input impedance) as shown in

Figure 5-2. Set switch Sl to position A
connecting the dc standard output to the
thermal converter input. The reference
supply and the thermal converter are
sensitive to variations in ambient
temperature. Ensure that the ambient
temperature variations are less than +2.0° C.

NOTE

If a 400E/EL Option 02 instrument
is used, set the REL. REF
adjustment to the fully clockwise
ABSOLUTE position before
making accuracy check.

b. Set the dc standard output to +3.000 volts

dc.
53
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Figure 5-2. Accuracy and Frequency Response Test Setup

Table 5-3. Calibration Tolerances

1 Millivolt Range Only. 1 Millivolt Range Only.
Frequency Frequency
(Hz) Voltage | Meter (mV) | DC Output (Hz) Voltage | Meter (mV) [ DC Output
Input | (% of reading) (Volts) Input (% of reading) (Voits)

10 1.00mV| 1.00+5% 1.00 £ 0.05 100k 1.00mV | 100+ 1% 1.00 £0.005
05mV | 0.50+7.6% |0.50+0.038 0.5mV | 0.50+2% 0.50 £ 0.0045
03mV | 0.30110.8% |0.30 £ 0.033 03mV | 030+33% |0.30+£0.0043

40 1.00mV| 1.00+1% 1.00 £ 0.02 500k 1.00mV| 1.00+1% 1.00 £ 0.02
05mV | 05012% 0.50 £ 0.015 0.5mV | 0.50%2% 0.50+£0.015
03mV | 030+33% [0.3010.013 03mV | 030+33% |030+£0013

100 1.00mV| 100+ 1% 1.00 + 0.005 4M 1.00mV | 1.00 5% 1.00 £ 0.05

or 0.5mV | 050%2% 0.50 + 0.0045 0.5mV | 050+7.6% |0.50+0.038
400 03mV | 030+3.3% [0.3010.0043 0.3mV | 0.30+10.8% |0.30 +0.033

54
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400E/EL-C-1916

% READING ERROR

% READING ERROR

% READING ERROR

+(I%FeSe+|%READING)

/73 172 2/3 FeSe

+{165% FeSe +1e5%READING)

173 i/2 2/3 FeSe

(265 % FeSe + 2¢5% READING)

/73 172 2/3 FeSe

Table 54. Calibration Accuracy Graphs
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c. Using the null voltmeter, adjust the
reference supply until its output is within
+1.5 microvolts of the thermal converter
output.

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

5-19. Check the 400E/EL accuracy and frequency
response on the 3 volt and 1 volt ranges according to
the following steps.

VAAAAAAL LA

§CAUTION]

AAAAAAAAAN,

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

a. Set switch Sl in Figure 5-2 to position B,
connecting the test oscillator’s 600 ohm
output to the thermal converter input.
Connect the digital voltmeter to the
400E/EL DC OUTPUT terminals.

b. Set the 400E/EL Range Switch to 3 volts
and set the oscillator frequency to 10Hz.
Connect the BNC “T” connector directly to
the 400E/EL INPUT.

c. Using the oscillator amplitude control as
coarse adjustment and resistor R4 (Figure
5-2) as fine adjustment, increase the
oscillator amplitude wuntil the thermal
converter output nulls the reference supply.
Observe the 400E/EL meter indication and
dc output.

d. Repeat step c for each frequency listed in
Table 5-2. If the 400E/EL is within
specifications, the meter indication and the
dc output will be within the tolerances listed
in Table 5-2.

e. Recalibrate the 10mV reference supply
according to the procedure in Paragraph
5-17 using a 1 volt thermal converter and a 1
volt output from the dc standard.

56
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f. Repeat steps a through d in this paragraph
using the one volt thermal converter and the
50 ohm output of the test oscillator. Set the
400E/EL to the 1 volt range.

5-20. Range Tracking Test.

5-21. The range tracking test checks the accuracy of
the 400E/EL with a 1/3 scale input over its entire
frequency range.

5-22. After verifying the full scale calibration with
the accuracy test in Paragraph 5-19, check the range
tracking with the following procedures.

a. Recalibrate the 10mV reference supply
according to the procedure in Paragraph
5-17. Use a 600 ohm input, 3 volt thermal
converter and 3 volt output from the dc
standard.

NAAAAALALALALS

ECAUTIONS

AAAAAAAAALN,

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

b. Set S1 in Figure 5-2 to position B,
connecting the test oscillator 600 ohm
output to the thermal converter input.
Connect the digital voltmeter to the
400E/EL DC OUTPUT terminals.

¢. Set the 400E/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 thermal converter output nulls the
reference supply output.

e. Repeat step d for each frequency listed in
Table 5-2. If the 400E/EL is within
specifications, the meter indication and the
dc output will be within the tolerances listed
in the table.
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Figure 5-3. Input Impedance Check

f. Repeat steps a through e in this paragraph

using a 50 ohm input, 1 volt thermal
converter and a +1.000 volt dc output from
the dc standard. Set the 400E/EL to the 3
volt range and use the 50 ohm output of the
test oscillator.

5-23. 3mV and TmV Range Accuracy Test.

a. Recalibrate the 10mV reference supply

according to the procedures in Paragraph
5-17 using a 0.45 volt thermal converter and
a 0.3000 volt output from the dc standard.

.Set S1 in Figure 5-2 to position B,

connecting the test oscillator output to the
thermal converter input. Connect the digital
voitmeter to the 400E/EL DC OUTPUT
terminals.

\AAAAALAL AL

ECAUTIONS

AAAAAAAAAA

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 DESTROY
THERMAL CONVERTER.

. Set the 400E/EL RANGE switch to 3

millivolts (003 volts) and the oscillator to
10Hz. Connect a precision 40dB coaxial
attenuator between the BNC “T” connector
and the 400E/EL INPUT.

. Using the oscillator amplitude control as

coarse adjustment and resistor R4 as a fine

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

. Repeat step d for each frequency listed in

Table 5-2. If the 400E/EL is within
specifications, the meter indication and the
dc output will be within the tolerances listed
in the table.

. Recalibrate the 10mV reference supply

according to the procedures in Paragraph
5-17 using a 0.45 volt thermal converter and
a 0.3162 volt output from the dc standard.

NAAAAAAL DAL

ECAUTION3

AAAAAAALAAN

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

. Set the 400E/EL RANGE switch to .00!

volts and set the test oscillator to 10Hz.
Connect a precision coaxial 50dB attenuator
between the BNC “T” and the 400E/EL
INPUT.

. Using the oscillator amplitude control as

coarse adjustment and resistor R4 (Figure
5-2) as fine adjustment, increase the
oscillator amplitude wuntil the thermal
converter output nulls the reference supply.
Observe the 400E/EL meter indication and
dc output.

5-7
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i.

Repeat step h for each frequency listed in
Table 5-3. If the 400E/EL is within
specifications, the meter indication and the
dc output will be within the tolerances listed
in Table 5-3.

Place the 400E/EL RANGE switch to .003V
and repeat step h at 1/3 scale using the
frequencies listed in Table 5-2.

NOTE
Refer to paragraph 546 for an
alternate calibration accuracy
check.

5-24. INPUT IMPEDANCE CHECK.

5-25. Input Resistance Check.

a. Connect the 50 ohm output of the test

oscillator to the input of the 400E/EL.

b. Set the test oscillator and the 400E/EL to

the 3 volt range. Set the oscillator output to
40Hz, and adjust the output for a full scale
indication.

. Connect a 100 kilohm resistor between the

test oscillator output and the 400E/EL input
as shown in Figure 5-3.

. The 400E/EL indication should not drop

more than one small scale division from full
scale. This verifies an input resistance of 10
megohms.

5-26. Input Capacity Check.

5-8

a. Connect a test oscillator, a 100 kilohm

resistor, and the 400E/EL as shown in
Figure 5-3. Insert the resistor lead directly
into the BNC connector on the 400E/EL,
and connsct the ground lead to the outer
shield of the 400E/EL input connector. Do
not use an adapter, as any adapter will add
input capacity.

. With the 400E/EL on the 3 volt range,

adjust the test oscillator for 3 volt reading
on the 400E/EL at 40Hz.

. Increase the test oscillator frequency until

the 400E/EL indication drops to 2.12 volts.
This should occur at a frequency of 132kHz
or greater, verifying an input capacity of
12pF or less on the 3 volt range.

d.

Models 400E/400EL

Repeat steps a and b with the 400E/EL on
the 1 volt range.

Increase the test oscillator frequency until
the 400E/EL indication drops to 0.707
volts. This should occur at a frequency of
63.5kHz or greater, verifying an input
capacity of 25pF or less on the 1 volt range.

5-27. AC TO DC CONVERTER OUTPUT
IMPEDANCE CHECK.

5-28. Proceed as follows:

a.

Connect an -hp- 651B or 652A Test
Oscillator through a 50 ohm load to the
input of the 400E/EL.

. Connect a dc digital voltmeter to the dc

output of the 400E/EL located on the rear
panel. Set the 400E/EL to the 3 volt
RANGE.

. Set the oscillator frequency to 100kHz and

the OUTPUT ATTENUATOR to 3 volts.

. Adjust the oscillator amplitude to read

1.000 volts on the digital voltmeter at the dc
output.

. Place a 1000 ohm +1% metal film resistor

(-hp- part number 0757-0280) across the dc
output of the 400E/EL. The voltage should
read between 0.475 and 0.525 volts. This
varifies that the dc output impedance is
1000 ohms +5%.

5-29. AC OUTPUT VOLTAGE CHECK.

5-30. Proceed as follows:

Connect an oscillator (651B or 652A) to the
input of the 400E/EL through a 50 ohm
load. Connect an ac digital voltmeter (-hp-
(3403C) to the ac output of the 400E/EL.

Place the 400E/EL and the oscillator on the
one volt range.

Adjust the oscillator’s amplitude for full
scale deflection on the 400E/EL meter. The
ac digital voltmeter should read 150 mV
*+ 10% from 10 Hz to 4 MHz.

Decrease the range of the oscillator and
400E/EL to 100 mV and 10 mV, repeating
Step c for each voltage.
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e. Place the oscillator and the 400E/EL on the
ImV range. Increase the oscillator’s
amplitude for full scale deflection on the
400E/EL meter. The ac digital voltmeter
should read 105mV +10%.

5-31. CONCLUSION OF PERFORMANCE
CHECKS.

NOTE

When the 400E/EL has passed these
checks it has met its specifications
listed in Table 1-1.

5-32. ALIGNMENT AND CALIBRATION
PROCEDURE.

NOTE

The location of adjustments on A2
depends on the applicable board
revision (see Pages 7-2 and 7-3).

3

5-33. The calibration adjustments are “cover off”
procedures to adjust the 400E/EL to its performance
specifications. If the instrument cannot be properly
adjusted. refer to the Troubleshooting Procedures
(Paragraph 548). Figure 54 shows the location of all
the internal adjustments.

Section V

5-34. COVER REMOVAL.

5-35. To remove the top or bottom covers, remove
the Phillips screws holding the cover, slide the cover
about 1 inch to the rear, and lift it off. To replace the
cover, reverse the removal procedure. If it is necessary
to remove a side cover, remove the four Phillips
screws and lift it off.

NOTE
Connect a dc voltmeter to TP1. The
voltage should be +26 12V.

Connect a dc voltmeter to TP2. The
voltage should read -26 +2V. If
these voltages are not correct refer
to Troubleshooting Paragraph 548.

5-36. BIAS ADJUST.

5-37. Connect a dc voltmeter to TP3 and adjust
A2R17 for -6.0 10.25Vdc. Connect a dc voltmeter to
TP4 and adjust A2R31 for +10.0 +1Vdc.

5-38. AC OUTPUT ZERO.

5-39. Connect a dc voltmeter to TP5 and adjust
A2R59 for 0.0 +0.050Vdc.

5-40. CALIBRATION.

NOTE
If a 400E/EL Option 02 is to be

A2C28
10 MHz ADJ

A2R38
400 Hz ADJ

§2C2
3mV 10 MHz ADJ
(ADJ FROM SIDE)

A

A2R31
BIAS ADJ

P

2 1]

________

[ —

0V ADJ 1 mV 400 Hz ADJ

DC OUTPUT ADJ
{ADJ FROM SIDE)

L\
pd 1 N HE
400€ /1-B-0agel \ \
A2R59 A2R44 R2 A2R17 \

A1C2
3V 100 kHz ADJ
(ADJ FROM SIDE)

BIAS ADJ

Figure 54. Location of Internal Adjustments
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calibrated, set the REL. REF
adjustment to the fully clockwise
ABSOLUTE position before
beginning the calibration. Always
check and set the bias levels first
before calibration.

5-41. Accuracy and Frequency Response Calibration.

5-10

a.

Calibrate the reference supply in Figure 5-2
with a 1 volt thermal converter according to
the steps in Paragraph 5-17.

. Disconnect the standard and connect the

test oscillator, the 400E/EL, and the digital
voltmeter as shown in Figure 5-2. Connect a
precision 40dB coaxial attenuator between
the BNC “T” connector and the 400E/EL
INPUT. When the thermal converter and
reference supply outputs are nulled, the
input to the 400E/EL will be 10mV. Set the
oscillator frequency to 400Hz and the
400E/EL to the 0.01 volt range. Using the
amplitude control as coarse adjustment and
R4 as fine adjustment, increase the oscillator
output until the thermal converter output
nulls the reference supply.

Adjust A2R38 for a 400E/EL meter reading
of 10mV +0.1mV or less.

. Adjust R2 for a digital voltmeter display of

1.000 +0.005Vdc or less.

Lower test oscillator output and set
frequency to 10MHz. Readjust oscillator
amplitude until thermal converter output
nulls reference supply.

Adjust A2C28 for digital voltmeter display
of 1.000 $0.04 or less.

Lower test oscillator output and set the fre-
quency to 10 MHz. Disconnect the precision
40 dB attenuator and connect a precision
50 dB attenuator in its place. When the
thermal converter and the reference supply
are nulled, the input to the 400E/EL will be
3.162 mV. Set the 400E/EL RANGE to
0.003 volts.

. Using the amplitude control as a coarse

adjustment and R4 (Figure 5-2) as a fine
adjustment, increase the oscillator output
until the thermal converter exactly nulls the
reference supply output.

Models 400E/400EL

i. Adjust S2C2 for a digital voltmeter
indication of 1.000 +0.04Vdc. The 400E/EL
should read 3.16 +0.158mV.

NOTE

Check at 6 and 4MHz. Amplitude
can be lowered at 4MHz by moving
A2C11 and C13 closer together.

j. Lower the test oscillator output and set the
frequency to 400Hz. Replace the 1 volt
thermal converter with a 0.45 volt thermal
converter, and calitrate it according to the
procedure in Paragraph 5-17 using a 0.3162
volt output from the dc standard.

k. Disconnect the dc standard and connect the
test oscillator to the thermal converter as
shown in Figure 5-2. Set the 400E/EL range
switch to 0.001 volts. Using the amplitude
control as a coarse adjustment and R4 as a
fine adjustment, increase the oscillator
output until the thermal converter output
exactly nulls the reference supply output. At
null, the input to the 400E/EL will be ImV
at 400Hz.

m. Adjust A2R44 for a digital voltmeter display
of 1.000 +0.005Vdc.

NOTE

The voltage at TP 4 affects fre-
quency response. If the frequency
response is low at 10 and 20Hz
decrease voltage at TP4 (extreme
limits 8 to 12 volts). After changing
voltage at TP4, check high and low
frequency response.

n. If the accuracy and frequency response can
not be brought into specifications with the
preceeding adjustments, refer to Table 5-11
Factory Selected Components.

5-42. Calibration Procedure Using -hp- 745A/746A
Calibrator.

5-43. Calibrate the 400E/EL for frequencies from
10Hz to 110kHz with the test setup shown in Figure
5-1.

a. Set the 745A to the voltage levels and
frequencies listed in Table 5-5, Alternate
Calibration Procedure (omit steps 2 and 3).
Select the proper 400E/EL range.
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Table 5-5. Alternate Calibration Procedure
400E/EL INDICATION
STEP | 400E/EL RANGE | CALIBRATION SIGNAL | ADJUSTMENT
METER DC OUTPUT
1 001V 10mV 400Hz AZR38  |10mV $0.ImV
R2 1.000 +0.005Vdc
2 0.01V 10mV 10MHz A2C28 10mV +0.5mV |1.000 +0.05Vdc
3 0.003V 3 mV 10 MHz S2C2 3mV +0.15mV [0.949 +0.047Vdc
4 0.001V 1mV 400Hz A2R44 I1mV +0.0IlmV [1.000 +0.005Vdc
S 3V 3V 100kHz AlC2 3V +0.03V 0.949 +0.004Vdc

b. With the adjustment components listed in
Table 5-5 adjust within the specified error.
For steps 2 and 3 the adjustment procedure
in Paragraph 541 or 547 must be used
because of frequency.

c. If the accuracy can not be brought into
specifications refer to Table 5-11 Factory
Selected Components.

5-44. Attenuator Alignment.

a. Use the setup shown in Figure 5-2 to align
the attenuator. Calibrate the reference
supply according to the procedures in
Paragraph 5-17 using a 3 volt thermal
converter.

b. Disconnect the dc standard and connect the
test oscillator and 400E/EL as shown in
Figure 5-2. Set the oscillator frequency to
100kHz and the 400E/EL to the 3 volt
range. Using the amplitude control as coarse
adjustment and R4 as fine adjustment,
increase the oscillator output until the
thermal converter output nulls the reference

supply.

c. Adjust A1C2 in the 400E/EL for a meter
reading of 3.00 +0.03 volts or less.

5-45. Alternate Calibration and Performance Check.

546. The following alternate procedure can be used
for both a Performance Check and for calibration.
The alternate procedure uses an -hp- Model 738BR
voltmeter calibrator to generate a 400 Hz signal from
300 volts to .3 millivolts. The accuracy of this calibra-
tor is 0.2% at 300 volts and 0.3% using the attenua-
tor. For greater accuracy the calibrator output can be
monitored by the ac differential voltmeter and the

AC INTERNAL CALIBRATION adjustment can be
used to adjust the calibrator output to the accuracy
of the ac differential voltmeter. Each time the calibra-
tor voltage range is changed the output must be moni-
tored and adjusted. Do not readjust the calibrator
below the 50 millivolt range.

5-47. This 400 Hz voltage is used as a reference to set
up the 652A for a frequency response test from
10 Hz to 10 MHz at voltages up to 3 volts.

a. Connect the circuit as in Figure 5-5 position
A. Place the ac differential voltmeter to 300
volts (maximum sensitivity) and place the
calibrator to 400Hz rms, 300 volts.

b. Adjust the AC INTERNAL CALIBRATION
for an exact reading on the differential
voltmeter.

c. Connect the circuit as in Figure 5-5 position
B. The 400E/EL should read 300 volts +1%
or 13 volts. The dc output should be .949
+0.0047.

d. Change the calibrator and ac differential
voltmeter to 100 volts. Connect as in Figure
5-5 position A. Adjust the AC INTERNAL
CALIBRATION for an exact reading on the
differential voltmeter.

e. Connect the circuit as in position B with the
400E/EL on the 300V range. The 400E/EL
meter and dc output should read within the
tolerances in Table 5-2 for 1 volt input on
the 3 volt range.

f. Change the 400E/EL to the 100 volt range.
Use the tolerances in Table 5-2 for I volt
input on the 1 volt range.

5-1



Section V Models 400E/400EL

VOLTMETER CALIBRATOR AC VOLTMETER

hp 7388BR hp 400E/EL MULTI-FUNTION METER
r Ap 3450A
X Crid (1
* O @ o . T E S
. 8 -0 [ e}
<.
N 2 OQ@ @ & T0

; T Ed R NC OUTPUT
- ON REAR

POSITION B

POSITION C
POSITION A P
(OPTIONAL) 500 FEED-THRU
DC DIFFERENTIAL TERMINATION
VOLTMETER/DC STANDARD hp 110488
hp7408 TEST OSCILLATOR
hp 652A
m [ ]
. o
B8 B0 an e AT p ’
Q@
-1r9 @ © =0 <§©U S

Figure 5-5. Alternate Calibration and Frequency Test Setup

. Repeat steps d and e for each range of the
400E/EL checking full scale and 1/3 full
scale for each descending range.

. On the 3 volt range record the reading on
the 400E/EL meter and dc output.

i. Connect the circuit as in Figure 5-5 position

C.

j. Adjust the amplitude of the test oscillator at

400Hz to the value recorded in step h.

. Set the test oscillator to the EXPAND scale
position and adjust the REF. SET for a 0%
or 0dB reading on the meter.

.Change the frequency to those in Table 5-2
and readjust the oscillator AMPLITUDE to
0% or 0dB. The 400E/EL dc output should
read within the tolerance for that frequency,
range and voltage input. Adjust the
oscillator’s fine control for an exact meter
reading on the 400E/EL. The % reading on
the oscillator’s meter should be within
tolerance.

. Repeat steps h thru m for descending ranges
at full scale and 1/3 full scale using the
appropriate tables for tolerances. Below
50mV do not use Figure 5-5 position A as

the calibrator is more accurate than the
differential voltmeter at these low voltages.

p- For checking the accuracy of the 1mV range
of the 400E/EL use tolerances listed in
Table 5-3.

9- 1 mV 4 MHz is calibrated by dressing the
white/orange/yellow jumper wire between
the second attenuator and input to the
meter amp. Moving the jumper wire towards
the deck lowers the response. Set
RESPONSE 1.5% high with the bottom
cover off. The installation of the cover will
lower the response by 1.5%. See Figure 6-2
for location of the white/orange/yellow
jumper wire.

r. If the 400E/EL is out of specifications at a
frequency, adjust the component listed in
Table 5-5 for a 400E/EL meter and dc out-
put reading within the proper tolerance.
Use the range specified for adjustment.

NOTE
The 654A Test Oscillator can be
used in place of the 652A Test
Oscillator for an output of 1 volt or
less. The accuracy is 0.5% without
readjusting the amplitude at each
change of frequency.
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Table 5-6. Troubleshooting Tips

SYMPTOM

PROBABLE TROUBLE

12

13.

14.

10.

1.

15.

l6.

No response to input signal

Low B+ voltage at TP1 or Low
B- voltage at TP2

Low gain at high frequencies

High gain at high frequencies
Low full scale readings
Instrument will not range
above 1 volt but works OK at 1
volt and below

Instrument will not range
below 3 volts but works OK on
3 volt range and above

TP3 voltage can not be
adjusted properly
TP5 voltage can not be
adjusted properly
TP4 voltage can not be

adjusted properly
TP4 voltage varies and meter
needle wobbles

Low line transients

Transients on range change (1V
to 3V)

Peaking at SMHz (10%)

Voltage slightly low on 1mV
range

Low voltage (10 and 20Hz)
near full scale

10.

11.

12.

13.

14.

15.

16.

Fuse A2F1 open. Check power supply voltages. Check AC signal
according to Paragraphs 5-53 through 5-55 to isolate the area of
trouble.

Disconnect jumper wire. Measure resistance to ground at both
jumper terminals. If 10 ohms on the meter side, C16 or C19 is
shorted, if 100 ohms, C35 or C29 is shorted; if zero, C8 or C9 is
shorted. Disconnect R20 and R28 to isolate the Impedance
Converter. If low resistance is on power supply side refer to
Paragraph 5-51 and Table 5-7.

Check A2C22 for open if 10% low. Lift A2C39 and check for
oscillations; if no oscillations check A2Q15 and 16.

Check A2C30 for an open.

Check A2CR15 and A2CRI16.

Relay A1K1 stuck in closed position.

Relay K2 stuck in closed position.

Extreme condition: check A2QS5, Q6 and Q7. Small variation:
change value of A2R18*. (Refer to Table 5-11).

AC output circuit. Check A2Q15 and Q16. Refer to Paragraph
5-58 and Table 5-11.

Meter Amplifier Circuit. Check A2Q8 thru Q13.

Isolate by shorting A2C17 to ground. If voltage at TP4 still varies
the trouble is in the Meter Amplifier. Refer to Paragraph 5-54 and
Table 59. If voltage is constant the trouble is in the Impedance
Converter. Refer to Paragraph 5-55 and Table 5-8.

Check A2Q3 and Q4. (If an old instrument change A2Q4, A2R73
and R74 to current part number). Check A2CR20 and CR21.
Match reverse resistance of A2CR9 and CR10. Check S2CR1 and
S2CR2. Check relays.

Isolate by disconnecting orange wire to switch. Voltage at pin 21
should be same as input. Refer to Paragraph 5-55 or 5-56.

Change value of A2R72* (refer to Table 5-11).

Check A2QI13. Change value of A2C31%* (Table 5-11). Check
A2C10 and C20.

5-48. TROUBLESHOOTING.

5-49. These procedures should only be performed
when the 400E/EL can not be calibrated according to
procedures in Paragraphs 5-32 through 5-47. If the

400E/EL is slightly out of specifications and can not
be corrected by the proper adjustment, refer to Table
5-11 Factory Selected Values. If the 400E/EL is
inoperative or completely out of specifications
proceed as follows:

5-13
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a. Check the instrument for any obvious
evidence of trouble, such as loose or broken
wires or broken connectors. Check for burnt
or loose components or separations or cracks
in the printed circuit boards. Ensure that all
pins are clean.

b. Isolate the trouble to a particular circuit
using the block diagram Figure 4-1 and the
schematic Figure 7-1. Then refer to the
troubleshooting steps for that circuit. Table
5-6 gives some probable troubles for specific
symptoms.

NOTE

Test voltages in this section and on the schema-
tic are nominal. A tolerance of * 10% is allow-
able and more when stated.

5-50. POWER SUPPLY.

5-51. Check with a dc voltmeter (3450B) at TPl and
TP2 for + 26 volts and - 26 volts respectively. If the
TP voltages are impraper, check the voltages listed in
.Table 5-7. If the voltage for a given component is
wrong, the trouble is probably in that component or
its associated circuit.

Table 5-7. Power Supply Voltages

COMPONENT VOLTAGE
Collector Q1 +39V
Collector Q2 +26.5V
Emitter Q2 +6.98V
Base Q3 0.6V
Collector Q3 23.5V
Collector Q4 -39V

5-52. AMPLIFIERS.

5-53. Set the 400E/EL to the 1 wvolt range, and
connect 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. If it is 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.

5-54. If the voltage at pin 22 is low, pull the
wht/orn/yel wire from pin 22, and measure the ac
signal at the wire. It should be 3mV. If the voltage on
the wire is proper, the trouble is in the meter

5-14

Models 400E/400EL

amplifier. If it isn’t correct, the trouble is either in
the Post Attenuator or the Impedance Converter.

5-55. To check the Impedance Converter, measure
the ac voltage at its output (A2 pin 21). The output
voltage should be very close to the input voltage since
the Impedance Converter is a unity gain amplifier.
With a 1 volt input, the output should be 0.98 volts
10.02 volts.

5-56. Both the Impedance Converter and the meter
amplifier are internally dc coupled. If the dc voltages
anywhere in the amplifier are incorrect, the amplifier
won’t operate properly. Consequently a check of the
dc voltages is a good check of the amplifiers.

5-57. Tables 5-8 and 5-9 contain the dc voltages on
all of the transistors in the meter amplifier and the
Impedance Converter. 1f the measured voltage on a
given transistor is wrong, the trouble is probably in
that transistor or its associated circuit.

NOTE

Measure these dc voltages with the input
shorted. A dc voltmeter with low input
capacitance and very high input resistance must
be used. The -hp- Model 3450B is recom-
mended. All dc voltages are =+ 10% ex-
cept where otherwise stared.

Table 5-8. Impedance Converter Voltages

TRANSISTOR E B C
Qs (S)6V  |(G)* (D) -14.6V
Q6 153V | 146V | 74V
Q7 6.7V 7.4V 21.5V

*Cannot be measured.

Table 59. Meter Amplifier Voltages

TRANSISTOR E B C

Q8 +19V +20%1 19.5V +20% | +25.5V
Q9 +0.02V +0.57V +8.5V
Q10 +8.2V +8.5V +1.8V
Qi +0.9V +1.9V +8.5V
Q12 9V +8.5V +0.7V
Q13 +0.7V 0 4.6V
Ql4* +3V +3.5V +26V
*In bridge circuit.

—
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5-58. AC OUTPUT CIRCUIT.

5-59. To check the ac output circuit, measure the
dc voltages at the points shown in Table 5-10. If a
given measured voltage is incorrect, the trouble is
probably in that component or its associated cir-

Section V

5-60. ADJUSTMENT OF FACTORY SELECTED COM-
PONENTS.

5-61. Certain components within the Model
400E/EL are individually selected in order to com-
pensate for slightly varying circuit parameters.

cuit.

Table 5-10. AC Voltage Output Circuit.

These components are denoted by an asterisk (*)
on the schematic, and the typical value is shown.
Table 5-11 describes the function of the factory

selected components and gives instructions for
TRANSISTOR E B C their selection. Normaily, these components do
not need to be changed unless another associated
QIS5 +0.62V | +13V |+5V component is changed. Replacement of a tran-
Q16 0 +062V |+5V sistor, for example, may require the changing of a

factory selected component.

Table 5-11. Factory Selected Components.
COMPONENT FUNCTION AND SELECTION

AlR4* 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.

A2C24* 0 to 24 pF. Adjust 8 and 10 MHz frequency response. Normally not loaded. Used to
raise response.

5 pF 0160-0763
12 pF 0140-0201
24 pF 0160-0196

A2C31* 18 to 22 uF. Adjusts 10 and 20 Hz frequency response on all ranges. Increasing the
capacitance increases the response.

A2C32* 39pF to zero. Affects 10 MHz response.

A2R18* 36 kilohms to 68 kilohms. Adjusts the bias level at A2QS due to FET variables. When
A2R17 will not adjust voltage at TP3 to — 6 volts. If the voltage at TP3 is too negative,
increase the resistance of R18*.

A2R22* 294 ohms. Adjust high frequency response at 4 MHz. For high readings at 4 MHz in-
crease the resistance of R22.

A2RS0* 2320 to 3320 ohms. Adjusts low frequence response on the 1 and 3 mV ranges. For high
readings at 10 and 20 Hz on the 1 and 3 mV ranges decrease the resistance of R50. Also
affects high frequency response.

A2R51* 133 to 187 ohms. Adjusts frequency response at 10 MHz.

S2C1* 10 pF to 24 pF 500 V. Adjusts the high frequency response on the .01 V and 3 V ranges.
S2C3* S pF or 10 pF 500 V. Adjust the high frequency response on the 1 V and 300 V ranges.

A2R72* 110 - 182 ohms. Adjusts to range of the 1 mV, 400 Hz adjustment, A2R44. If readings
are low and A2R44 will not -bring the amplitude within specifications, decrease the
resistance of R72.

S2C4+* 1.8 to 6.8 uF, 35 vdcw. Adjusts 10 Hz frequency response on the 1 mV and 3 mV
ranges. Increasing capacitance increases response.

5-15
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PERFORMANCE CHECK TEST CARD

-hp- Model 400E/EL Test performed by:

AC Voltmeter Date:
Serial No.
1. Accuracy Check
INPUT SIGNAL SPECIFICATION INDICATION
Range Voltage Frequency Meter (V} DC Output (V) Meter DC Output
A" 3.00 vV 10 Hz 3.00 £+ 0.15 0.949 * 0.047
400 Hz + 0.03 + 0.0047
100 kHz + 0.03 + 0.0047
1 MHz + 0.03 + 0.0095
4 MHz + 0.09 +0.047
10 MHz 3.00 £ 0.15 0.949 t 0.047
3V 1.00 V 10 Hz 1.00 £ 0.10 0.316 + 0.032
400 Hz + 0.03 + 0.0032
100 kHz + 0.03 + 0.0032
1 MHz +0.03 + 0.0063
4 MH2 + 0.06 + 0.032
10 MHz 1.00 £ 0.15 0.316 + 0.032
1V 1.00 V 10 Hz 1.00 + 0.05 1.00 % 0.05
400 Hz + 0.01 + 0.005
100 kHz 1+ 0.01 + 0.005
1 MHz + 0.01 + 0.010
4 MHz + 0.03 Y 005
10 MHz 1.00 £ 0.05 1.00 % 0.05
1V 0.30 V 10 Hz 0300032 | 030 =0.033
400 Hz + 0.01 + 0.0033
100 kHz + 0.01 + 0.0033
1 MHz +0.01 + 0.0065
4 MHz + 0.02 +0.033
Y 10 MHz2 0.30 0032 | 0.30 +0.033
3v 0.30 Vv 10 Hz 0.30 + .015 0.949 * 0.047
400 Hz + .003 + 0.0047
100 kHz + ,003 + 0.0047
1 MH2z + .003 + 0.0095
4 MHz + .009 + 0.047
Y Y 10 MHz 0.30 ¢ .015 0.949 + 0.047
3V 0.10 V 10 Hz -100 = .01 0.316 £ 0.032
400 Hz + .003 + 0.0032
100 kHz + .003 + 0.0032
1 MHz + .003 + 0.0063
4 MHz + .006 + 0.032
Y 10 MHz 100 £ .01 0.316 + 0.032
INPUT SIGNAL SPECIFICATION INDICATION
Range Voltage Frequency Meter Reading (V) DC Output (V) Meter DC Output
RRY 0.10V 10 Hz 100 ¢ .005 1.00 +10.05
400 Hz + .001 + 0.005
100 kHz +.001 + 0.005
1 MHz +.001 +0.010
4 MHz +.003 + 0.05
10 MH2 100 ¢ .005 1.00 * 0.05
001V 0.001 Vv 10 Hz .001 £ .00005 1.00 + 0.05
400 Hz + .00001 + 0.005
100 kHz + .00001 + 0.005
1 MHz %+ .00005 + 0.02
4 MHz .001 + .00005 +0.05
001 v 0.0003 Vv 10 Hz .0003 + .000032 0.30 + 0.033
400 Hz + .00001 + 0.0043
100 kHz l + .00001 + 0.0043
1 MHz + .000032 +0.013
4 MHz .0003 + .000032 + 0.033




— Models 400E/400EL

Section VI

SECTION VI
REPLACEABLE PARTS

6-1. INTRODUCTION.

6-2. This section contains information for ordering
replacement parts. Table 6-3 lists parts in alphameric
order of their reference designators and indicates the
description, -hp- part number of each part, together
with any applicable notes, and provides the following:

a. Total quantity used in the instrument (TQ col-
umn). The total quantity of a part is given the
first time the part number appears.

b. Description of the part. (See list of abbrevia-
tions below.)

c. Typical manufacturer of the part in a five-digit
code. (See Appendix A for list of manufac-
turers.)

»~ d. Manufacturer’s part number.

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 in-
quiry to your local Hewlett-Packard Field Office. (See
Sales and Service for list of office locations.) Identify
parts by their Hewlett-Packard part numbers.

6-6. NON-LISTED PARTS.
6-7. To obtain a part that is not listed, include:

a. Instrument model number.
b. Instrument serial number.
c. Description of the part.

d. Function and location of the part.

Table 6-1. Standard Abbreviations.

ABBREVIATIONS
Ag . L. S . silver Mz ... ... hertz {cycle(s) per second) NPO ...... . .... . negative positive zero sl P . . slide
Al . .. P aluminum (zero temperature coefficient) SPDT .. . ... ..., smgle pole double-throw
AL L. FR . .amperels} 1o J A nside diameter ns ... nanosecond(s) = 10— 9 seconds SPST............... single-pole single-throw
Au PR .gold impg  ..... . .. .. npregnated nsr. . Cee e not separately replaceable
incd S e . Incandescent Ta. .. ...... e tantalum
c . e . . . capacitor mns .. ... ... . .. . nsulationled} 1 ohmis} TC. . . . temperature coefficient
cer.  ..... . . . .. ceramic obd . R order by description 02 . ... L . titanium dioxide
coef ... ... coefficient kQ . . kilohm(s) = 10+ 3 ohms OD.. . .. . outside diameter.  ....... tog..... .. ... .. . . ...toggle
com. ... s .common kHz ... .... .kiohertz = 10*3hertz 1ol . ... .. .. ....... ...tlerance
comp B . .. ...composition B P . . .. peak M .. trimmer
conn . . e connection L o Cee e inductor PA. . ... .. L. picoamperels) TSTR. . . .. tansistor
hn. . P . linear taper PC .. pninted circuit
dep . ... . . . deposited log....... ... .. ... logarthmic taper pF. . . picofaradis) 10~ 12 farads Voo e volt(s}
OPOT A . double-pole double-throw PIV. . peak inverse voltage vacw. . ... .. alternating current working voltage
DPST. .. .. double-pole single-throw mA. . ... .milhampere(s) = 10~ 3 amperes plo. B part of VAF L e variable
MHZ .. ... megahertz = 10+ 6 hertz POS. ... i positionis) vdew . ... direct current working voltage
elect. . - I . . electrolytic Mo . L . ...megohmis} = 10+ 6 ohms poly. . . . .. ....polystyrene
encap R . encapsulated metflm... ..... .. ..... . .metalfilm pot. ... ........ R . potentiometer . B .. watt(s)
mfr . . cee . manufacturer PP peak-to-peak  w/ ... ... ... L L. with
F... B . tarad(s) ms. ... C millisecond ppm. . . . . . parts per million i . workmg inverse voltage
FET ..., . . neld e"ecl transistor mig . . e e mounnng prec . . . -precision {temperature coefficient,  w/o . ... . ... .. ..., without
fxd. ... [ . . fixed mvV .. mullwoh(s) =10~ 3 volts fong term stability and/or tolerance} . wirewound
WF .. L..... .. .. .. microfaradis)
GaAs .. ..... .. . gallum arsenide BS ... microsecondi(s) R e . . resistor
GHz .. . ... . glgaheﬂz = 10+ hertz Y . .. microvoltts) = 10— 6 volts Rh ... ... e rhodium
gd.... . ... .. . guardied) my e e . Mylar ® FMS ... r00t-Mmean-square L opumum value selected at factory,
Ge e e germanium rot L. .. ... .... rotary average value shown (part may be omitted)
gnd ... .. . groundied) nA. . .. nanoampere(s} = 10_ g amperes P no standard type number assigned
NC ... . . . . .normally closed Se . . .. . selenum selected or special type
Ho.o... ... ... . henrylies) Ne e . .. . . .neon sect . ..... .......... - section(s}
Hg ..... FE mercury NO..... ...... . .. . _normally open Sl silicon @® Dupont de Nemours
DESIGNATORS
e assembly FL ... E P tilter Q... ... . . . transistor TS. e e e terminal strp
............... motor HR e . ..... ...heater QCR -+ ........... .. uansistor-diode u... . microcircunt
........... battery IC.... ... P P .m(egraled circuit resistor{pack) v o .. wvacuum lube neon bulb photoceli, etc.
_____ .. .. capacutor J P o P . jack thermistor .. . . .. .......cable
iode or thyristor K.. . . e reiay . . switch . socket
.delay line L. T .. nductor transformer lamphoider
..... lamp M . e - .. . meter terminat board fuseholder
. .misc electronic part MP. ... L. L muchamcal part . . . . thermocouple . . crystal
............ fuse P . plug e ... .....test point . . network

6-1
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Table B-2. Code of Manufacturers.

Mfr. No. Manufacturer Name Address
00853 Sangamo Elec Co Pickens, SC 29671
01121 Allen-Bradiey Co Milwaukee, WI 53204
01281 TRW Semiconductors, Inc. Lawndale, CA 90260
03292 Corning Glass Work Bradford, PA 16701
03877 Transitron Electric Corp Wakefield, MA 01880
03888 Pyrofilm Resistor Co, Inc Whippany, NJ 07981
04062 Arco Electronic Inc Great Neck, NY 11022
04200 Sprague Electric Co North Adams MA 01247
04713 Motorola Semiconductor Prod Div Phoenix AZ 85062
05820 Wakefield Engineering Inc Wakefield, MA 01880
06486 Kaurz-Kasch Inc Daton, OH 45401
07263 Fairchild Semiconductor Div Mountain View, CA 94042
07910 Continental Device Corp Hawthorne, CA 90250
11236 Cts of Berne, Inc Berne, IN 46711

14433 ITT Semiconductor Div West Palm Beach FL 33480
16299 Elec Component Div Raleigh, NC 27604
19701 Mepco/Electra Corp Mineral Wells, TX 76067
24446 General Electric Co Schenectady, NY 12305
26365 Gries Reproducer Corp New Rochelle, NY 10804
28480 Hewlett-Packard Co Palo Alto, CA 94304
56289 Sprague Electric Co North Adams MA 01247
70563 Amperite Co, Inc Union City, NJ 07083
70903 Belden Mfg Co Chicago, IL 60622
71400 Bussmann Mfg Div St. Louis, MO 63121
72136 Electro-Motive Mfg Co inc Willimantic, CT 06226
72982 Erie Technological Products, Inc Erie, PA 16512

73138 Beckman Instruments Helipot Div Fullerton, CA 92634
75042 TRW Inc Philadelphia Div Philadelphia, PA 19108
75915 Littlefuse, Inc Des Plaines, IL 60016
78189 lllinois Tool Works Shakeproof Div Elgin, IL 60120

78553 Tinnerman Products, Inc Cleveland, OH 44141
81856 Kemlite Labortories Chicago, IL 60622
82142 Jeffers Electronics Division Du Bois, PA 15801
82389 Switchcraft, Inc Chicago, IL 60630
83385 Central Screw Co Chicago, IL 60622
86684 RCA Electronic Corp & Devices Div | Harrison, NJ 07029
90201 Mallory Capacitor Div Indianapolis, IN 46206
91418 Radio Materials Co Chicago, IL 60622
93332 Semiconductor Div Sylvania Elec Waburn MA 02158
95712 Dage Electric Co., Inc Franklin, IN 46131
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Table 6-3. Replaceable Parts.

Section VI

REFERENCE -hp-
DESIGNATOR PART NO. TQ DESCRIPTION MFR. MFR. PART NO.
At 00400-66521 | 1 PC Board Ass'y:input attenuator -hp-
Cc1 0150-0024 1 C: fxd cer 20,000pF +80% -20% 600vdcw 72982 841-000-D5 2032
C2 01210168 1 C:var 0.25 - 1.5 pF 600 Vdcw 72982 530-007
C3 0160-2208 1 C: fxd mica 330 pF 5% 72136 obd
[or) 0140-0198 2 C: fxd mica 200pF +5% 00853 RDM15F201J3C
C5,C6 0160-3847 2 C: fxd cer 0.01 uF +100 0% 25 vdcw -hp- 0160-3847
R1 0683-1005 1 R: fxd comp 10 ohms £5% 1/4W o121 CB1005
R2 0698-4128 1 R: fxd prec met fim 10.0 megohm £1/4% 1/2W 03888 PME70 obd
R3 0698-4129 1 R: fxd prec met fim 31723 ohms £0.1% 1/2W 19701 MF5C T-3 obd
R4 07570388 1 R: fxd flm 30.1 ohms + 1% 1/8W 3w hp- 07570388
R5.,R6 0684-1021 1 R: fxd comp 1000 ohms + 10% 1/4W 01121 CB1021
K1 0490-1205 1 Switch Assy: Reed and Coil 28480 | 0490-1205
K2 0490-1203 1 Switch Assy: Reed and Coil 28480 | 0490-1203
A2 00400-66521 | 1 PC Board Ass'y -hp-
ci1.c2 0180-0149 2 C: fxd Al elect 65uF +100% -10% 60 vdcw 56289 Type 30D D36978
C3 0150-0050 2 C: fxd cer 1000pF 600 vdcw 01281 Type E obd
c4 0180-0142 2 C: fxd Al eletc 20uF +100% -10% 25 vdcw 56289 Type 40D D36039
C5 0180-0061 1 C: fxd etect 100uF +100% -10% 15 vdcw 56289 30D107G015DD4
Cc6 0180-0100 5 C: fxd Ta elect 4.7uF £20% 35 vdcw 14433 SM4 7NF
C7 0180-0142 C: fxd Al elect 20uF +100% -10% 25 vdcw 56289 Type 40D D36039
c8,co 0180-0101 3 C: fxd Ta elect 1.8uF +20% 35 vdcw 14433 SM1.8NF
c10 0150-0084 1 C: fxd cer 0.1uF +80% -20% 50 vdcw 72982 845-222Y5V01042
c1n 0180-0119 1 C: fxd elect 1uF +75% -10% 25 vdcw 56289 30D105G025BA2-DSM
Cc12 0140-0193 1 C: fxd mica 82pF +5% 04062 RDM15E820J3C
C13 0180-0137 2 C: fxd Taelect 100uF +20% 10 vdcw 81856 K100J108
C14 0180-0059 1 C: fxd elect 10uF +100% -10% 25 vdcw 56289 30D106G025884
C15 0140-0190 2 C: fxd mica 39pF £5% 00853 RDM15E390J3C
C16 0180-1735 2 C: fxd Ta elect 0.22uF +10% 35 vdcw 56289 150D224 X8035A2
c17 0180-1780 1 C: fxd Al elect 500uF +75% -10% 10 vdcw 56289 39D507G010EJ4
cig* 0180-0373 C: fxd Ta elect .68 uF + 10% 35vdcw 04200 150D68rX9035A2
c19 0150-0121 C: fxd cer. 0.1 yF +80 -20% 50 vdcw 56289 5C508BIS-CML
c20* 0180-1793 1 C: fxd Al elect 450uF +30% -10% 3 vdew 56289 30D595 DSM
c2 0150-0093 2 C: fxd cer durez coated disc 0.01uF
+80% -20% 10 vdcw 91418 TA obd
C22 0180-0100 C: fxd Taelect 4.7uF +10% 35 vdcw 14433 SM4.7NF
C23 0140-0198 C: fxd mica 200pF 5% 00853 RDM15F201J3C
c24* 1 See Tabte 5-11
C25 0150-0015 1 C: fxd TiO 2.2pF £10% 500 vdcw 82142 Type JM obd
C26 0150-0093 C: fxd cer durez coated disc 0.01uF
+80% -20% 100 vdcw 91418 TA obd
C27 ) Not assigned .
c28 0121-0036 1 C: varcer 5- 18 pF 72982 538-006 5.5- 18
Cc29 0180-0100 C: fxd Ta elect 4.7uF £10% 35 vdcw 14433 SM4.7NF
C30 0140-0202 1 C: fxd mica 15pF 5% 00853 RDM15C150J5C
Cc31* 0180-1779 2 C: fxd Taelect 18 pF 35 vdcw 56289 150D186X9035R2
c32* 0140-0203 C: fxd mica 30pF +5% 500 vdcw 72136 DM15E300J0500WV1CR
C33 0180-1779 C: fxd Ta elect 18uF 35 vdcw 56289 150D 186 X9035R2
c34 0180-0354 2 C: fxd Taelect 40uF £5% 10 vdcw 56289 150D406 X501082
C35 0150-0093 C: fxd cer durez coated disc 0.01uF
+80% -20% 100 vdcw 04062 RDM15E820J3C
C36 0180-0354 C: fxd Ta elect 40uF 5% 10 vdew 56289 150D406X5010B2
Cc37 0180-0137 C: fxd Taelect 100ui £20% 10 vdew 51656 K100J198
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Table 6-3. Replaceable Parts (Cont’d).
REFERENCE -hp-
DESIGNATOR | PART NO. TQ DESCRIPTION MFR. MFR. PART NO.
C38 0180-0100 C: fxd Ta elect 4.7uF +10% 35 vdcw 14433 | SM4.7NF
C39 0180-0155 1 C: fxd Taelect 2.2uF +20% 20 vdcw 56289 150D225X0020A2
C40 0180-0064 1 C: fxd elect 35uF +100% -10% 6 vdcw 56289 30D346G006BB4
ca 0180-0100 C: fxd Ta elect 4.7uF £10% 35 vdcw 14433 SM4. 7NF
C42.Cc43 0150-0122 2 C: fxd cer 2000pF £20% 500 vdcw 72982 801-000-Y5S-202M
Ca4 0150-0050 C: fxd cer 1000pF 600 vdew 01281 Type E obd
C45* 0140-0199 C: fxd mica 240 pF 5% 00853 obd
Ca6* 0140-020° C: fxd 12 pF 500 V 72136 obd
CR1 thru CR6 1901-0033 6 Diode: Si 100mA at 1V 180 wiv 13pF 93332 D6238
CR7 1902-3125 1 Diode: Si breakdown 6.98V 2% 400mW 06486 obd
CR8 1901-0025 3 Diode: Si 100mA at +1V 100 piv 12pF 93332 D3072
CR9,CR10 1901-0044 2 Diode: Si 20mA at 1V 10mA at -10V 50 wiv 2pF 07910 SF42 obd
CR11 1901-0025 Diode: Si 100mA at 1V 100 piv 12pF 93332 D3072
CR12 1902-3222 3 Diode: Si breakdown 17.4V £5% 400mW 06486 S$Z10939-251
CR13 1902-0182 1 Diode: breakdown 20.5V 5% 400mW 06486 obd
CR14 1902-3179 1 Diode: Si breakdown 11.8V £5% 400mW 06486 obd
CR15,CR16 1901-0347 Diode: Si 20mA at +1V 1.5pF -hp-
CR17,CR18 1902-3090 2 Diode: breakdown 4.99V 04713 SZ10939-94
CR19 19020677 Diode: breakdown 15V £5% 100pF 400mW 07263 FZ1641
CR20,CR21 1902-3222 Diode: breakdown 17.4V 5% 068486| SZ10939-251
CR22 1901-0025 Diode: Si 100mA at 1V 100 piv 12pF 93332 D3072
F1 2110-0301 Fuse: .125A 125V 28480 2110-0301
Q1 1854-0039 1 TSTR: Si NPN 2N3053 04713 | 2N3053
1205-0033 2 Heat disapator semiconductor for A2Q1 05820 NF-207
Q2 1854-0033 2 TSTR: Si NPN 2N3391 24446 2N3391
Q3 1853-0062 1 TSTR: Si PNP 2N3645 07263 | 2N3645
Q4 1853-0006 1 TSTR: SiPNP 2N3134 04713 2N3134
1205-0033 Heat disapator semiconductor for A2Q4 05820 NF-207
Q5 1855-0082 1 TSTR: Si FET P-Channel -hp-
Q6 1854-0073 2 TSTR: Si NPN 2N3478 86684 | 2N3478
Q7 1853-0009 2 TSTR: Si PNP** -hp-
1205-0018 1 Heat disapator semiconductor for A2Q7 05820 NF-203
as 1854-0033 TSTR: Si NPN 2N3391 24446 | 2N3391
Q9 1854-0272 1 TSTR: Si NPN** -hp-
Q10 1853-0009 TSTR: Si PNP** -hp-
Q11 1854-0073 TSTR: Si NPN 2N3478 86684 2N 3478
Q12,Q13 1853-0010 2 TSTR: Si PNP** -hp-
Q14 thru Q16 1854-0057 3 TSTR: SiNPN** -hp-
R1 0757-0794 2 R: fxd prec met flm 68 1 ohms £1% 1/2W 75042 CEAT-0 obd
R2,R3 0683-2025 5 R: fxd comp 2000 ohms 5% 1/4W 01121 CB2025
R4 0683-6825 1 R: fxd comp 6800 ohms £5% 1/4W 01121 | CB6825
RS 0698-4121 1 R: fxd prec met flm 11.3 kilohms +1% 1/8W 19701 MF5C T-O obd
R6 0698-3155 1 R: fxd prec met flm 4640 ohms £1% 1/8W 75042 CEA T-O obd
R7,R8 0683-2025 5 R: fxd comp 2000 ohms £5% 1/4W o1 CB2025
R9 0757-0794 R: fxd prec met flm 68.1 ohms £1% 1/2W 75042 | CEAT-O obd
R10 0757-0447 1 R: fxd prec met fim 16.2 kilohms £1% 1/8W 75042 CEA T-O obd
R11 0698-3156 1 R: fxd prec met fim 14.7 kilohms +1% 1/8W 75042 | CEAT-O obd
R12 0683-1215 R: fxd 120 ohms +5% 1/4W 01121 | CB1215
R13,R14 Not assigned
R15 0698-5344 1 R: fxd prec met fim 301 ohms 1% 1/2 W hp-
R16 0683-6835 1 R: fxd comp 68 kilohms +5% 1/4 W 01121 CB6835
R17 2100-2030 1 R: var comp pot lin 20 kilohms £10% 1/2 W 73138 | 622101
R18* 06834735 1 R: fxd comp 47 kilohms 5% 1/4 W 01121 | CB4735
R19 0686-2265 1 R: fxd comp 22 megohms +5% 1/2 W 01121 EB2265
R20 0684-1001 2 R: fxd comp 10 ohm £10% 1/4 W 01121 CB1001
R21 07570824 2 R: fxd prec met flm 2000 ohms £1% 1/2 W 75042 | CECT-0
R22* 0698-4448 1 R: fxd 294 ohms 1% 1/8 W 16299 C4-1/8-TO-294R-F
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Table 6-3. Replaceable Parts (Cont’d).

REFERENCE -hp-
T DESCRIPTION FR. FR. PART NO.
DESIGNATOR | PARTNO. | 1@ SCRIPTI M M 0

R23,R24 0757-0434 2 R: fxd prec met flm 3650 ohms 1% 1/8W 75042 CEA T-O obd
R25 0683-3915 2 R: fxd comp 390 ohms 5% 1/4W o121 CB3915

R26 0698-4123 1 R: fxd prec met flm 499 ohms 1% 1/8W 19701 MFFC T-O obd
R27 0683-2225 1 R: fxd comp 2200 ohms 5% 1/4W 01121 CB2225

R28 0684-1001 R: fxd comp 10 ohms £10% 1/4W 01121 CB1001
R29 0698-4422 R: fxd comp 1270 ohms £5% 1/4W 03292 C4-1/8-TO-1271-F
R30 0698-2353 1 R: fxd met flm 196 kilohm +1% 1/8W 75042 CEA obd
R31 2100-2522 1 R: var pot lin 10 kilohms +20 % 1/2 W 73138 62-2271 obd
R32 0684-4721 1 R: fxd comp 4700 ohms +/-10% 1/4W 01121 CB4721

R33 0757-0442 1 R: fxd met flm 10 kilohms £1% 1/8W 75042 CEA T-O obd
R34 0698-3260 1 R: fxd met flm 464 kilohms +1% 1/8W 75042 CEAT-O obd
R35 0757-0401 2 R: fxd met fim 100 ohms 1% 1/8W 75042 CEAT-O obd
R36 0698-3179 1 R: fxd met flm 2550 ohms £1% 1/8W 75042 CEAT-O obd
R37 0684-1011 3 R: fxd comp 100 ohms +10% 1/4W o121 CB1011

R38 2100-2632 1 R: var pot lin 100 ohms + 10 % 1/2W 73138 62-221-1 obd
R39 0757-0346 1 R: fxd met flm 10 ohms £1% 1/8W 19701 MF5C T-O obd
R40 0698-3434 1 R: fxd met flm 34.8 ohms +1% 1/8W 75042 CEA T-O obd
R41 0698-3147 1 R: fxd met flm 191 ohms £1% 1/8W 75042 CEA obd
R42 0698-4126 1 R: fxd met flm 35.7 ohms £1% 1/8W 19701 MF7C T-O obd
R43 0698-3262 1 R: fxd met flm 40.2 ohms £1% 1/8W 75042 CEAT-O obd
R44 2100-2632 1 R: var lin 100 ohms + 10 % 1/2 W 73138 62-221-1

R45 0757-0381 1 R: fxd met fim 15 ohms £1% 1/8W 75042 CEAT-O obd
R46 0757-0273 2 R: fxd met flm 3010 ohms £1% 1/8W 75042 CEA obd
R47 0757-0410 1 R: fxd met flm 301 ohms £1% 1/8W 75042 CEA T-O obd
R48 0757-0407 1 R: fxd met fim 200 ohms £1% 1/8W 75042 CEA T-O obd
R49 0757-0273 R: fxd met flm 3010 ohms £1% 1/8W 75042 CEA T-O obd
R50* 0698-4434 1 R: fxd met flm 2320 ohms £1% 1/8W 75042 CEA obd
R51* 07570284 1 R: fxd met fim 150 ohms 1% 1/8W 75042 CEA obd
R52 0684-1011 R: fxd comp 100 ohms £10% 1/4W 01121 CB1011

R53 0757-0283 1 R: fxd met flm 2000 ohms £1% 1/8W 75042 CEA obd
R54 0698-3358 1 R: fxd met flm 1000 ohms £1% 1/8W 75042 CEAT-O obd
R55 0683-2025 R: fxd comp 2000 ohms +5% 1/4W 01121 CB2025
R56 0698-4497 1 R: fxd met fim 48.7 kilohms £1% 1/8W 19701 MF5C T-O obd
R57 0757-0428 1 R: fxd met flm 1620 ohms 1% 1/2W 75042 CEA T-O obd
R58 0683-1035 1 R: fxd comp 10 kilohms t6% 1/4W 01121 CB1035
R59 2100-0962 1 R: var comp pot lin 3000 ohms +30% 1/4W 90201 MTC-1 obd
R60 0757-0459 2 R: fxd met fim 56.2 kilohms £1% 1/8W 19701 MF4C obd
R61 0683-3335 1 R: fxd comp 33 kilohms £5% 1/4W 01121 CB3335
R62 07570393 1 R: fxd met flm 47.5 ohm £1% 1/8W 75042 CEAT-O obd
R63 0757-0401 R: fxd met flm 100 ohms 1% 1/8W 75042 CEAT-O obd
R64 07570824 R: fxd met flm 2000 ohms £1% 1/2W 75042 CEC T-O obd
R65 0698-4125 1 R: fxd met fim 953 ohms £1% 1/8W 19701 MF5C T-O obd
R66 0757-0400 1 R: fxd met fim 90.9 ohms £1% 1/8W 75042 CEA T-O obd
R67 07570413 1 R: fxd met flm 392 ohms +1% 1/8W 19701 MF4C obd
R68,R69 0683-4325 2 R: fxd comp 4.3 kilohms t5% 1/4W o121 CB4325

R70 07570457 1 R: fxd met flm 47.5 kilohms £1% 1/8W 75042 CEA T-O obd
R71 0757-0459 R: fxd met flm 56.2 kilohms +1% 1/8W 75042 CEAT-O obd
R72* 0757-0402 1 R: fxd met flm 110 ohms £1% 1/8W 19701 MF4C obd
R73,R74 0683-1525 2 R: fxd comp 1500 ohms +56% 1/4W o111 CB1525

R75 0684-1011 R: fxd comp 100 ohms 10% 1/4 W 01121 CB1011

8150-3375 2 Shorting Wire: 22AWG, FORMED 75042 | ZEROHM
CHASSIS MOUNTED COMPONENTS
Cc1 0180-2151 1 C: fxd 500 uF +75 % - 10 % 56289 30D1610
DS1 1450-0574 1 DS: pilot indicator NE-2E neon in white 28480 1450-0574
plastic body
F1 21100318 1 Fuse: 0.125 A 250 V slow blow 71400 MDL 1/8
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Section VI Modeis 400E/400EL
Table 6-3. Replaceable Parts (Cont’d).
REFERENCE -hp-
T DE P MFR. MFR. PART NO.
DESIGNATOR | PARTNO. | T¢ SCRIPTION

J1 1250-0118 2 Connector: BNC input front panel 95712 30384-1
J2 Connector: DC output({See Figure 6-1 for parts)
J3 1250-0118 Connector: BNC AC output rear panel 95712 303841
Ja Connector: battery (See Figure 6-1 for parts)
J5 1251-2357 1 Connector: power cord 82389 EAC-301
M1 1120-0919 1 Meter: Log (400EL and 400EL Option 02) -hp-
M1 1120-0202 1 Meter: Linear {400E and 400E Option 02) -hp-
M1 1120-0908 1 Meter: Linear {400E Option 01 only) -hp-
R1 0687-3331 R: fxd comp 33 kilohms +10% 1/2W o1121 EB3331
R2 2100-0021 R: var ww 100 ohms +20% 1-1/2W 11236 112 obd
S 3101-2147 1 S: tog SPST 3A 250 V ac-dc 28480 | 3101-2147
S2 00400-61901 Switch Ass'y: RANGE -hp-
c1* 0160-0205 C: fxd 10 pF 500 V 72136 obd
c2 0130-0014 C: var cer 5-25pF 72982 5567-062 COPO 39R
c3* 0160-0205 C: fxd 10pF 500V 72136 obd
Ca* 0180-0100 C: fxd Ta elect 4.7 pF +10% 35 vdcw 14433 | SMA4.7NF
CR1,CR2 1901-0040 Diode: 30mA at +1V 30 piv 2pF 2ns 03877 SC5050
R1 0757-0715 R: fxd met fim 150 ohms +1% 1/4wW 75042 CEAT-O obd
R2 0757-0069 R: fxd met fim 121 ohms +1% 1/4W 75042 CEB T-O obd
R3 0757-0178 R: fxd met flm 100 ohms £1% 1/4W 75042 CEB T-O obd
R4 0698-4119 R: fxd met fim 410.26 ohms $0.1% 1/4W 19701 MF6C T-3 obd
Rb 0698-4118 R: fxd met fim 277.48 ohms £0.1% 1/4W 75042 CEA T-O obd
R6 0698-4119 R: fxd met fim 410.26 ohms £0.1% 1/4W 19701 MF6C T-3 obd
R7 0698-4118 R: fxd met flm 277.48 ohms £0.1% 1/4W 75042 CEAT-O obd
R8 0698-4119 R: fxd met flm 410.26 ohms +0.1% 1/4W 19701 MF6C T-3 obd
R9 0698-4118 R: fxd met fim 277.48 ohms 1+0.1% 1/4W 75042 CEAT-O obd
R10 0698-4119 R: fxd met fim 410.26 ohms £0.1% 1/4W 19701 MF6C T-3 obd
R11 0698-4118 R: fxd met flm 277.48 ohms +0.1% 1/4W 75042 CEAT-O obd
R12 0698-4119 R: fxd met flm 410.26 ohms £0.1% 1/4W 19701 MF6C T-3 obd
R13 0698-4117 R: fxd met flm 189.72 ohms £0.1% 1/4W 75042 CEAT-O obd
R14 06834735 R: fxd comp 47 kilohms +5% 1/4W 01121 CB4735
$2 00400-61902 | 1 Switch Ass’y: RANGE (for Option 02 only) | -hp-

{Same as 00400-61901 with S4 added)
S3 3101-1234 1 Switch: slide DPDT 115/230 V 82389 11A-1242A

rated 6A 259 VAC
sa P/O 00400-61902 ass'y -hp-
R1 2100-1723 R: var 200 kilohms £20% log dB taper

{Option 02 only) 01121 Type V obd

| S—
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Models 400E/400EL Section VI
Table 6-3. Replaceable Parts (Cont’d).
REFERENCE hp-
MFR. PART NO.
DESIGNATOR | PARTNo. | TQ DESCRIPTION MFR.
T1 9100-1321 Transformer: line -hp-
w1 8120-1348 Assy: cable AC power cord sct 70903 KHS-7041
MECHANICAL PARTS
(See Figure 6-1)
MP1 0370-0112 1 Knob: bar w/one arrow black -hp-
MP2 0370-0113 1 Knob: bar (Option 02 only) 3/4 inch diam black -hp-
MP3 03700114 1 Knob: round red {Option 02 only) 5/8 inch diam -ho-
MP4 Not assigned
MPS Not assigned
MP6 1400-0084 1 Holder: fuse extractor post type black 75915 342014
MP7 00400-05501 1 Shield box: attenuator -hp-
MP8 5040-4503 1 Grommet: insulator plastic -hp-
MP9 1490-0031 1 Stand: 1/3 module tilt -hp-
MP10 00400-00211 1 Panel: rear -hp-
MP11 00400-00217 1 Panel: front (400E and 400E Option 01) -hp-
MP11 00400-00220 1 Panel: front {400EL and 400EL Opt 01) -hp-
MP11 00400-00219 1 Panel: front {400E Opt 02) -hp-
MP11 00400-00221 1 Panel: front (400EL Opt 02) -hp-
MP12 5020-6852 1 Meter Trim: 1/3 module -hp-
MP13 00400-04101 1 Cover: shield box {attenuator) -hp-
MP14 5060-0703 2 Frame: 6 X 11 sub module -hp-
MP15 5060-0727 2 Foot Ass'y: 1/3 module -hp-
MP16 0590-0052 2 Nut: Tinnerman 78553 C-8020-632-248
MP17 5000-5838 2 Bracket: cover retainer -hp-
MP18 00406-64103 1 Cover: top with handle -hp-
MP19 5000-8565 2 Cover: side 6 X 11 SM -hp-
MP20 5000-8571 1 Cover: bottom 5 X 11SM -hp-
MP21, MP22 1510-0091 Bdg Post-Assy (grey/red) -hp-
MP23, MP24 1510-0107 Bdg Post-Assy (grey/black} -hp-
MP25 1510-0090 Bdg Post-Assy (grey) -hp-
MP26 1510-0038 Bdg Post-Single -hp-
MP27 Not Assigned
MP28 5040-0700 1 Hinge: tilt stand 1/3 module -hp-
MP29 2190-0047 2 Lock washer: top cover 78189 1506-00
MP30 2370-0013 4 Screw: top and bottom cover phillips head 6-32 83385 obd
MISCELLANEOUS
0340-1512 4 Insulator: feed-thru 28480 | 0340-1512
0380-0059 5 Spacer: captive (for PC board) 28480 | 0380-0059
0360-0480 Terminal: pin matches with 1200-0162 70563 | 61038-1
4330-0496 10 Beads: seed component standoff OOOLP | 215B
1200-0162 Connector: pin receptical 70563 | 60804-1
00400-01201 1 Ground strap -hp-
00400-61602 1 Cable: power -hp-
00400-64101 o] Kit: for cover with handle {includes hardware) -hp-
71204609 1 Label - Warning ‘Warning for Operator Protection’ -hp-
2950-0144 5 Nut-Hex-Dbi-Cham 636! 913-891
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Refer to Misc. Page 6-6
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NOTE

The following hardware not shown:

MP16 Nut: tinnerman

MP17 Bracket: cover retainer
MP29 Lock washer: external

MP30 Screw: top and bottom cover
MP31 Screw: side cover

Figure 6-1. Mechanical Parts
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Models 400E/400EL

7-1. INTRODUCTION.

SECTION VII
CIRCUIT DIAGRAMS

the 400 E/EL.

Section VII

layout to be used for maintenence and operation of

7-2. This section contains a schematic diagram, 7-3 An explanation of terms and symbols used as

component locator, and a PC board component

9

10.

SCHEMATIC NOTES

. PARTIAL REFERENCE DESIGNATIONS ARE SHOWN: PREFIX WITH

ASSEMBLY OR SUBASSEMBLY DESIGNATION(S) OR BOTH FOR
COMPLETE DESIGNATION.

. COMPONENT VALUES ARE SHOWN AS FOLLOWS UNLESS OTHERWISE

NOTED:

RESISTANCE IN OHMS

CAPACITANCE IN MICROFARADS

DENOTES ASSEMBLY.

eeee—eeeeeesesssssssssssssssssmmn  DENOTES MAIN SIGNAL PATH.

-y — e — e -—amms—aw DENOTES MAIN FEEDBACK PATH.

. ALL DC VOLTAGES ARE +10% EXCEPT THE BASE AND EMITTER OF

Q8 WHICH IS +20%.

. % AVERAGE VALUE SHOWN, OPTIMUM VALUE SELECTED AT FACtORY.

¥ REFER TO BACKDATING CHANGES IN APPENDIX C.

. \918, DENOTES WIRE COLOR USING STANDARD COLOR CODE.

(e.g. 918 = WHITE, BROWN, GRAY)

. == DENOTES POWER LINE GROUND.

. admm DENOTES CHASSIS GROUND.

W DENOTES CIRCUIT GROUND (ASSEMBLY).

reference designators is given in the Schematic Notes.




Section VI Models 400E/400EL
A2 Board
Component Locations
C CR Q R F C R R
1 Bl Cl Al Al D8 26 (&) Cc7 51 Co
2 Bl Al Al Al 27 c7
3 A2 Cl D2 A2 52 Do
28 A4 7 53 k6
4 Al Bl Cl A3 29 D5 B& 54 A7
5 C1 Al DR B3 30 4 BS
6 B3 Cl C8 A3 55 Eo
31 D5 A6 56 D3
7 2 A3 B8 C2 32 4 Bo 57 D3
-8 B3 C3 Bo Ct 33 D4 BS
9 3 D8 AS DI 58 E3
34 ES5 BS 59 D3
10 D8 D8 BS D3 35 Do BS 60 D2
11 C7 B8 C5 3 36 ES [GN]
12 B8 B6 (&3 A7 61 D3
37 D7 D4 02 D2
13 C7 4 D4 - 38 El A3 03 D2
14 B7 Co DS 39 D3 BS
N B8 E4 D3 E8 64 D2
40 E3 B4 65 Lo
16 7 E4 E2 B7 41 DI B4 66 4
17 A7 D7 B7 42 D7 C4
18 A7 D7 B7 67 2
43 D7 D4 68 D7
19 B8 B6 D8 44 C3 69 D7
20 A5 C7 c7 45 El C4
21 Bo B7 Cc7 70 BS
46 Co 7 BS
2 [ D2 B7 47 Cs 72 Ca
23 BS C8 48 C5
24 B6 8 73 B7
49 D4 74 B7
25 BS B8 50 Co 75 B4
| | 2 ‘ 3 ‘ 4 | 5 ‘ 6 ’ 7 ’ 8
R — ®TP3
—CRS5- Ri2—
—CR2- -C3- —R4— —clg—
— —CR4- —R5— —R33-  —R32- —R29-
—R30- —R34- —Cla——
B8 ™~ ——Ce — R? —R7I— —R70- _C2i- _R25-
2 RS- —~R39- —R35- _CRig- —R74-
~a— —R16 - _Ria_ —Cis-
T8 —  _Ra- —CRI-  _cRoo- —R2z—  -C2-
—= 2 ~R72- _C30- 38~ —CRI14- —R20- —R26- —
P2 - c30 1
c :CRHB; c7 —~R66- —R47— —R46— —R28- —cw—-N 989,
_CR3- —R7= —R48- —RSI— o R2
&) — CR6- @ —R67— —_R50- - 46— cll '
~— 44- —CR8- —R45-  _c32- e — Ral— _R23—
3 —R43- c3 R~ 2
— RO _cppp! —~RI0— C42- T
0 —cal— - Re0- CCRB9 P —RS6- ~R49- —(C29— -C35- | - CRI7 NS
—Re4— . RS- —R37- —RS52— ~ A Zcre®s,
o  —RE3— @ —C39— ___ 3z —R54— 3 -CRIB - /CQ\OQ/\/
18/ L_./s-cag—sz —RS8~  _cqsl —C3a— 0T pee } —RI5—
——C38— ¢@Tps —C40——  _CcRiIe- — c36—— —RS55~ N
13 400E-B- 2857 A2 w
‘ hp Part No.00400-6652)




-cas-
—c38—

|
_CRIG —
—Rs8- e €33
TP5 @

~CRS—
-CRZ2 - |
-CRa- o
a
e g ‘
 ce— —R?7I—~ —R70—
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ZR75—~ —R35—
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—Ra2— _ -
-C30- ~CRi4—
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—R7= —RI— ®0w
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RS i
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R9 -CR2
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40CE/EL-B-1914

A2
hp Part No. 00400-6650:
Rev E

- CRS-
—CR2-
—CRa-

R —

—R2~—

—CR7—

€3 —Ra—
RS~

TP
—C6 —

—R33-
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—8— @ “CRI3- _pae- T te—
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—C38— gr1p5 —— (33— —R53~
400t 8-2882
hp Part No. 00400-66511
T0 [—
A2RIS —C6—
T RA— —ca— ——Cl——RI—
X! 0537 P c2QO
i
N
I
SEPIAN
_CB_
—— R} —
—C5— ~-C4- —R&—

400E/EL -8-191%

|
hp Part No. 00400-66502

hp Part No. 00400-66512
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A2 | VOLTMETER ASSEMBLY {(00400-66521)

|
|
TOR IMPEDANCE CONVERTER
|
|
NOTE R2( 18
emiter load for
05 ond Q7. I
+2%.8v —25.8V +25.8V —25.8v |
|
———————— REA R24. R2! R29
- ‘: | 4300 &% 2K 350
66512)
| Lew
CRI7 caz2 R23 Lcia R25 cie
1 a.99v &cRe 04002 3650 100 390 The |
T I
! | o 1 o Tw ~2tesy T3
RANGE SWITCH RIS Fi cie R2 ci7 |
_01/5) I | S2A on b 20 300 178 AMP Osl -l 1406V - 7edv /F 500 ad o
: O — NG Y A b
Kl 1K 2,| | Wht/Om/vie OO0V wwove b s |
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| |
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( | 4299V &crio To.ooz 500 322m T8ZpF TISoF 3458 Xern !
0y
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| o o 3
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POST ATTENUATOR

[}
t
NOTE R2t s ‘
emilter load for +26v +26V —26v
Q5 ond Q7. !
5.8V j —25.8v |
[ bcma
R2I R29 20.5v
2K 3%
+5.5v
.l,crs' c26  $R36
Tee 1 wieorryl 22 Gor 323%0
|
—2ta 5V TA3 .
a7 S2RI c20
500 I : 150 A ¥ 430 +8.5v +h3v
o7 B0 3} ’ Q9 Qlo
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6. s2C2 | . .
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- 26V

METER AMPLIFIER R37 METER BRIDGE
c2g  3R49
T a7 3010 c33
+25v +26v —26v +26v 4; 18
R 14 *
R3)
cRi3 CRI4
10K « Y3005y IR M\ s
» [ vsus
R32 (:21 R33 c26  2R36 R46 Oury r
4736 &o.on 10K g;o.m 2550 3010 - i
|
M
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Models 400E/400EL

SECTION Vil

MANUAL BACKDATING CHANGES

Section VIII

This manual backdating sheet makes this manual applicable to earlier instruments.
Instrument-component values that differ from those in the manual, yet are not listed in
the backdating sheet, should be replaced using the part number given in the manual.

Instrument Serial Prefix

Make Manual Changes

Instrument Serial Prefix

Make Manual Changes

536-00101 to — 01100
536-01101 to — 01350
536-01351 to — 02403

536-02404 to — 04253

536-04254 to — 04854
536-04855 to — 05503

536-05504 to — 08353

536-08354 to — 09153

536-09154 to — 09553

949-09554 to — 09753

0949A11853 & Earlier

1 thru 12, 14

2 thru 12, 14

3 thru 12, 14

4 thru 12, 14

5 thru 12, 14
6 thru 12, 14

7 thru 12, 14

8 thru 12, 14

9 thru 12, 14

10 thru 12, 14

11, 12, 14

All
1150A12354 to 1208A 12853
1131A12603 and Earlier

400E 1208A07332 & Earlier
400EL 1208A16379 & Earlier

1208A18153 to 1131A12604
1208A18968 & Earlier

400E 1208A21368 & Earlier
400EL 1208A21319 & Earlier

400E 1208A21489 thru 23849
400EL 1208A21549 thru 23898

400E 1208A23848 & Earlier
400EL 1208A23898 & Earlier

400E 1208A24068 & Earlier
400EL 1208A24118 & Earlier

400E 1208A24128 & Earlier
400EL 1208A24168 & Earlier

12

13

14

15

16

17

18

19

20

21

22

CHANGE NO. 1

should be used.

Section VI Replaceable Parts and Figure 7-1 Schematic Diagram:

Change S2C2 to C: fxd 30 pF + 5%; -hp- Part Number 0160-0181.

CHANGE NO. 2

Section VI Replaceable Parts and Figure 7-1 Schematic Diagram:

Transformer mounting and pin receptacles are different but current parts



Section VIII Models 400E/400EL
NOTE

If any of the parts listed in Change 2 are changed to values shown in
Table 6-1 and Schematic Figure 7-1, app parts should be changed.

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
0683-8235.

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

Change A2Q3 to TSTR: Si PNP 2N3638; -hp- Part Number 1853-0016.
Change A2Q4 to TSTR: Ge PNP 2N1183; -hp- Part Number 1850-0064.
Change A2R67 to R: fxd comp 390 ohms + 5%; -hp- Part Number 0683-3915
and delete A2CR22.

CHANGE NO. 3 Section VI Replaceable Parts and Figure 7-1 Schematic Diagram

Delete: A2R67 and A2CR22.
Change A2C12 to C: fxd 110 pF + 5%; -hp- Part Number 0140-0194.

CHANGE NO. 4 Section VI Replaceable Parts
00400-66502 printed circuit board has different location for relay connections:

AIlK1 and A1K2. Check configuration of relay connections and order part
numbers shown according to location of relay terminals.

o o o o
o o o o
0490-0195 0490-0478 0490-0196 0490-0343

RELAY BOTTOM VIEWS
CHANGE NO. § Table 6-1 Replaceable Parts and Figure 7-1 Schematic:
Change A2QS5 to -hp- Part Number 1855-0068 and A2R16 to 82 kilohms =+
5%, -hp- Part Number 0683-8325. If A2Q5 should be defective, replace both
A2Q5 and A2R16 with latest part numbers to reduce noise.
CHANGE NO. 6 Table 6-1 Replaceable Parts and Figure 7-1 Schematic

Change A2R73, R74 to 4.7 kilohms, -hp- Part Number 0683-4725. Replace
with latest part numbers to reduce noise produced by A2CR20 and CR21.

CHANGE NO. 7 Table 6-1 Replaceable Parts and Figure 7-1 Schematic.
Delete: A2R7S.

CHANGE NO. 8 Table 6-1 Replaceable Parts and Figure 7-1 Schematic.
Delete:A2C45.

CHANGE NO. 9 Table 6-1 Replaceable Parts.

Change JS connector power cord to -hp- Part Number 1251-0148.
Change Panel rear to 00400-00202.
Change Cord Assy power to 8120-0078.
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Models 400E/400EL

CHANGE NO. 10

CHANGE NO. 11

CHANGE NO. 12

CHANGE NO. 13

CHANGE NO. 14

CHANGE NO. 15

CHANGE NO. 16

Section VIII

Table 6-1 Replaceable Parts.

Change S3 rear panel switch DPDT 115 V/230 V to -hp- Part Number
3101-0033.

Table 6-1:

Change A2 Part Number to 00400-66501.

Change A2C28 to 0130-0016 C: var cer 5-25 pF.

Change A2R17 to 2100-0093 R: var comp 20 K + 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 @ + 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 listed below.

MP11 00400-00201 Panel: front (400E and 400E Option 01)
MP11 00400-00203 Panel: front (400EL and 400EL Option 01)
MP11 00400-00204 Panel: front (400E Option 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 uF
capacitor across the output terminals. This capacitor made the meter response
too slow and is no longer being used.

Table 6-1

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

Change A1C2 to 0121-0407; C: var 0.7 -3 pF.

Change A1C3 to 0140-0149; C: fxd mica 470 pF + 5%.

Change AICR1, CR2 to AICS, 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 A2R12.

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 A1 00400-66512 compo-
nent locator drawing.

8-3



SAFETY SYMBOLS

General Definitions of Safety Symbols Used On Equipment or In Manuals.

A
(

|
(i)

|||.-

{

ECAUTION§

NOTE:

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 marked).

Protective conductor terminal. For protection against electrical
shock in case of a fault. Used with field wiring terminals to in-
dicate the terminal which must be connected to ground before
operating equipment.

Low-noise or noiseless, clean ground (earth) terminal. Used for a
signal common, as well as providing protection against electrical
shock in case of a fault. A terminal marked with this symbol must
be connected to ground in the manner described in the installation
(operating) manual, and before operating the equipment.

Frame or chassis terminal. A connection to the frame (chassis) of
the equipment which normally includes all exposed metal struc-
tures.

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

Alternating or direct current (power line).

The WARNING sign denotes a hazard. It calls attention to a pro-
cedure, practice, condition or the like, which, if not correctly per-
formed or adhered to, could result in injury or death to personnel.

The CAUTION sign denotes a hazard. It calls attention to an
operating procedure, practice, condition or the like, which,if not
correctly performed or adhered to, could result in damage to or
destruction of part or all of the product.

The NOTE sign denotes important information. It calls attention
to procedure, practice, condition or the like, which is essential to
highlight.
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AFRICA, ASIA,
AUSTRALIA

ANGOLA

Telectra

Empresa Técnica de Equipamentos
Eléetricos, SARL.

R. Barbosa Rodrigues, 411°0T.°

Caixa Postal, 6487

Luanda

Tel: 35515/6

Cable: TELECTRA Luanda

AUSTRALIA

Hewiett-Packard Australia Pty. Lid.

31-41 Joseph Street

Blackburn, Victoria 3130

P.0.Box 36

Doncaster East,

Victoria 3109

Tel: 896351

Telex; 31024

Cable: HEWPARD Melbourne

Hewlett-Packard Australia Pty. Ltd.

31 Bridge Street

Pymble

New South Wales, 2073

Tel: 4496566

Telex: 21561

Cable: HEWPARD Sydney

Hewlett-Packard Australia Pty. Ltd.

153 Greenhill Road

Parkside, SA. 5063

Tel: 2725811

Telex: 82538

Cable: HEWPARD Adelarde

Hewlett-Packard Australia Pty. Ltd.
141 Stirling Highway
Nediands, WA X9

Tel: 3865455

Telex: 93859

Cable: HEWPARD Perth
Hewlett-Packard Australia Pty Ltd
121 Wollongong Street
Fyshwick, ACT 2609

Tel 804244

Telex. 62650

Cable: HEWPARD Canberra

Hewlett Packard Australia Pty Ltd.
5th Floor

Teachers Union Building

495-499 Boundary Street
Spring Hill, Queensland
4000

Tel: 2291544

Cable: HEWPARD Brisbane

BANGLADESH
The General Electric Co. of
Bangladesh Lid.

Magnet House 72

Dilkusha Commercial Area
Motijhell, Dacca 2
Tel: 252415, 252419
Telex: 734

Cable: GECDAC Dacca

ETHIOPIA
Abdella Abduimahk
P.0. Box 2635
Addis Ababa
Tel 1193 40
GUAM

Guam Medical Supply, Inc
Sutte C, Awrport Plaza
PO Box 8947
Tamuning %9t
Tel: 646-4513

Cable EARMED Guam

HONG KONG
Hewlett-Packard Hong Kong LId.
Room 105, Austin Centre

tst Floot

21 Austin Avenue

TSTP.0. Box 98524
Kowiloon

Tel: 3-697446 (5 lines)
Telex: 36678 HX

Cable: HEWPACK Hong Kong
Medical/ Analytical Only
Schmidt & Co. {Hong Kong) Lid
Wing On Centre, 28th Floor
Connaught Road, C.

Hong Kong

Tel: 5-455644

Telex: 74766 SCHMX HX
INDIA

Blve Star Ltd.

Sahas

41412 Vi Savarkar Marg
Prabhadevi

Bombay 400 025

Tel: 4578 87

Telex: 011-4093

Cable: FROSTBLUE

Blve Star Ltd.

Band Box House
Prabhadevi
Bombay 400 025
Tel: 457301

Telex: 011-3751
Cable' BLUESTAR

Bive Star Ltd.

Bhavdeep

Stadim Road
Ahmedabad 380014
Tel 43022

Telex. 012-234

Cable: BLUEFROST

Blue Star Ltd.

7 Hare Street
Calcutta 700 001
Tel 230131

Telex. 021-7655

Cable: BLUESTAR

Biue Star Ltd

Bhandan House

91 Nehry Place

New Delhi 110024
Tt 682547

Telex 031-2463

Cable BLUESTAR

Blue Star Ltd

T.C.7:603 'Poornima’
Maruthankuzhi
Trivandrum 695013
Tel: 65793

Telex 0884-259

Cable- BLUESTAR

Blue Star Ltd.

11 Magarath Road
Bangalore 560 025
Tel: 55668

Telex. 0845-430

Cable’ BLUESTAR

Blue Star Lid.

Meeaksh: Mandiram

XXXXY 1379-2 Mahatma
Gandhi Rd

Cochin 682016

Tel 32069

Telex 085514

Cable’ BLUESTAR

Blue Star Ltd

1-1-117 1 Saropm Dewi Road
Secunderabad 500 033
Tel 70126

Telex: 0155-459

Cable BLUESTAR

Blue Star Ltd.

133 Kodambakkam High Road
Madras 600 034

Tel: 82057

Telex: 041-379

Cable: BLUESTAR

INDONESIA

BERCA Indonesia P.T.

P.0. Box 496/ Jkt.

Jin. Abdul Muis 62

Jakarta

Tel: 349255, 349886

Telex: 46748 BERSIL 1A

Cabie: BERSAL

BERCA Indonesia P T

P.0. Box 174/Sby

23 In. Jimerto

Surabaya

Tel. 42027

Cable: BERCACON

JAPAN
Yokogawa-Hewlett-Packard Lid.
29-21, Takaido-Higashi 3-chome
Suginami-ke, Tok yo 168
Tel: 03-331-6111

Telex: 232-2024 YHP-Tokyo
Cable: YHPMARKET TOK 23 724
Yokogawa-Hewlett-Packard Ltd
Chuo Bldg., 4th Floot

4-20, Nihingkajima 5-chome
Yodogawa-ku, Osaka-shi
Osaka, 532

Tel 06-304-6021

Telex 523-3624
Yokogawa-Hewlett-Packard Ltd.
Sumtomo Seimer Nagaya Bidg.
11-2 Shimosasajima-cho,
Nakamura-ku, Nagoya, 450
Tel: 052 571-5171
Yokogawa-Hewlett-Packard Ltd
Tamgawa Building

2-24-1 Tsuruya-cho
Kanagawa-ku
Yokohama, 22

Tel: 045-312- 1252

Telex 382-3204 YHP YOK
Yokogawa-Hewiet!-Packard Ltd
Mito Mitsur Building

105, 1-chome, San-no-mary
Mito, lbarag 310

Tel 0292-25-7470
Yokogawa-Hewlett-Packard Ltd
Inoue Building

1348-3, Asahi-cho, 1-chome
Atsugi, Kanagawa 243

Tel 0462-24-0452
Yokogawa-Hewletl-Packard Ltd
Kumagaya Asaht

Hachijuni Building

4th Floor

3-4, Tsukuba

Kumagaya, Saitama 360
Tel 0485-24-6563

KENYA

ADCOM Ltd , Inc

P 0. Box 30070
Nairobi

Tel: 331955

Telex. 22639

Medical Only
International Aeradio {E A ) Lid
P 0. Box 19012

Nairobi Airport
Nairobi

Tel 336055 56

Telex 22201 22301
Cable. INTAERIQ Nairobi

Medical Only

Internationat Aeradio (E.A.} Ltd.
P.0. Box 95221
Mombasa

KOREA

Samsung Eiectronics Co., Ltd.
22nd Floor Dongbang Bidg.,
250, 2-KA, Taepyung-Ro
Chung-Ku,

Seoul

Tel: 777-4886

Telex; SAMSAN 27364
MALAYSIA
Hewlett-Packard Sales
{Malaysia} Sdn. Bhd.

Suite 2.21/2.22

Bangunan Angkasa Raya
Jalan Ampang

Kuala Lumpur

Tel: 483680, 485653

Protel Engneening

P.0 Box 1917

Lot 259, Satok Road
Kuching, Sarawak
Tel 53544

Cable PROTELENG

MOZAMBIQUE

AN. Goncalves, Ltd.

162,1° Apt. 14 Av D Lus
Caixa Postal 107
Maputo

Tel 27091, 27114

Telex 6-203 NEGON Mo
Cable: NEGON

NEW GUINEA
Hewlett-Packard Australia Pty Lid
Development Bank Building
Ground Floor

Ward Stnp

Port Moresby, Papua
Tet 258933

NEW ZEALAND
Hewlett-Packard (N Z) Ltd
4-12 Cruckshank Street
Kilbirnie, Wellington 3

P.0 Box 9443

Courtney Place
Wellington

Tel 877-199

Cable HEWPACK Wellington
Hewlett-Packard (N Z } Ltd
PO Box 26-189

169 Manukau Road

Epsom, Auckland

Tel 687-159

Cable: HEWPACK Auckland

Analytical Medical Only

Northrop Instruments &
Systems Ltd.,

Sturdee House

85-87 Ghuznee Street

PO Box 2406

Wellington

Tel 850-091

Telex NZ 31291

Northrug Instruments &

Systems Lid
Eden House, 44 Khyber Pass Rd
PO Box 9682, Newmarket
Auckland 1
Tel 794-091
Northrup Instruments &

Systems Ltd
Terrace House, 4 Oxford Terrace
PO Box 8388
Christchurch
Tel 64-165

SALES OFFICES | ,

NIGERIA

The Electronics
Instrumentations Ltd.

N6B/770 Oyo Road

Oluseun House

P.MB. 5402

Ibadan

Tel: 461577

Telex: 31231 TEIL NG

Cable: THETIEL Ibadan

The Electronics
Instrumentations Lid.

144 Agege Motor Road, Mushin

P.0. Box 481

Mushin, Lagos

Cable: THETEIL Lagos

PAKISTAN

Mushko & Company Lid.

Qosman Chambers

Abduliah Haroon Road

Karachi-3

Tet- 511027, 512927

Telex. 2694

Cable. COOPERATOR Karachi

Mushko & Company. Ltd
10, Bazar Rd

Sector G-6 4
Islamabad

Tel 28264

Cable' FEMUS Rawalpindi

PHILIPPINES

The Online Advanced Systems
Corporation

Rico House

Amorsoto cor Herrera Str
Legasp: Village, Makati

PO Box 1510

Metro Manila

Tel 85-35-81,85-34-91, 85-32-21
Telex 3274 ONLINE
RHODESIA

Field Techmeal Sales

45 Kelvin Road North

P 0. Box 3458
Salisbury

Tel 705231 (5 lines)

Telex RH 4122

SINGAPORE

Hewlett-Packard Singapore
(Pte) Ltd

1150 Depot Road

PO Box 58

Alexandra Post QOthice

Singapore 3

Tel 270-2355

Telex HPSG RS 21486

Cable HEWPACK. Singapore

SOUTH AFRICA

Hewlett-Packard South Atrica
{Pry.), Ltd

Private Bag Wendywood,

Sandton, Transvaal, 2144

Hewiett-Packard Centre

Daphne Street. Wendywood.

Sandton, 2144

Tel 802-5111 25

Telex 8-4782

Cable HEWPACK Johannesburg

Hewlett-Packard South Africa
{Pty), Ltd

PO Box 120

Howard Place.

Cape Province. 7450

Pine Park Centre. Forest Drive,

Pinelands,

Cape Province, 7405

Tel 537955 thru 9

Telex 57-0006

A

SRI LANKA
Metropolitan Agencies Ltd.
209/9 Union Place
Colombo 2

Tel: 35047

Telex: 1377METROLTD CE
Cable: METROLTD

SUDAN

Radison Trade

P 0. Box 921

Khartoum

Tel: 44048

Telex: 375

TAIWAN
Hewlett-Packard Far East Ltd.
Taiwan Branch

Bank Tower, 5th Floor

205 Tun Hau North Road
Taipei

Tet. (02) 751-0404 (15 hines)
Cable' HEWPACK TAIPEI
Hewiett-Packard Far East Ltd.
Tawan Branch

68-2, Chung Cheng 3rd Road
Kaohsiung

Tet: (07) 242318-Kaohsiung
Analyticat Only

San Kwang Instruments Co., Ltd
20 Yung Sui Road

Taipei

Tel 3615446-9 (4 ines)
Telex 22894 SANKWANG
Cable SANKWANG Taipe:

TANZANIA

Medical Only

International Aeradio (E A), Ltd
PO Box 861

Dar es Salaam

Ter 21251 Ext 265

Telex 41030

THAILAND

UNIMESA Co Ltd

Elcom Research Building

2538 Sukumvit Ave
Bangchak, Bangkok
Tel 3932387, 3930338

Cable UNIMESA Bangkok

ZAMBIA

RJ Tilbury (Zambia) Ltd

PO Box 2792

Lusaka

Tel 73793

Cable ARJAYTEE. Lusaka
OTHER AREAS NOT
LISTED,

CONTACT:
Hewlett-Packard intercontinental
3495 Deer Creek Road

Palo Alto, California 94304
Tel {415} 856-1501

TWX 910-373-1267

Cable HEWPACK Palo Alto
Tetex 034-8300, 034-8493

979
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SALES OFFICES

(cont.)

CANADA

ALBERTA
Hewlett-Packard {Canada) Ltd
116204 - 168th Street
Edmonton T5M 319
Tel: (403) 452-3670

TWX: 610-831-2431
Hewlett-Packard (Canads) Ltd
210, 7220 Figher St. S.E.
Calgary TH2H8

Tel: (403) 283-2713

TWX: 610-821-6141
BRITISH COLUMBIA
Hewlett-Packard (Canada) Ltd.
10691 Shelibndge Way
Richmond VéX 2w7
Tel: (604) 270-2277

TWX- 610-925-5059
MANITOBA
Hewlett-Packard (Canada) Ltd
380-550 Century St

St. James,

Winnipeg R3H 0Y1

Tel: {204) 786-6701

TWX 610-671-3531

NOVA SCOTIA
Hewlett-Packard (Canada) Ltd
PO Box 931

800 Windmill Road
Dartmouth B3B 1L1
Tel (902) 469-7820

TWX: 610-271-4482
ONTARIO
Hewlett-Packard (Canada) Ltd
1020 Mornison Dr

Ottawa K2H 8K7

Tel: (613) 820-6483

TWX: 610-563-1636
Hewlett-Packard (Canada) Lid
6877 Goreway Drive
Misslssauga L4V 1M8
Tel. (416) 678-9430

TWX. 610-492-4246
Hewlett-Packard (Canada) Ltd.
552 Newbold Street
London N6E 255

Tel (519) 686-9181

TWX. 610-352-1201
QUEBEC
Hewlett-Packard {Canada) Ltd
275 Hymus Bivd

Pointe Claire H3R 1G7
Tel (514) 697-4232

TWX 610-422-3022

FOR CANADIAN
AREAS NOT
LISTED:

Contact Hewlett-Packard (Canada)
Ltd in Mississauga.

CENTRAL,
SOUTH AMERICA

ARGENTINA
Hewlett-Packard Argentina S A
Santa Fe 2035, Martinez
6140 Buenos Aires
Tel: 792-1239, 798-6086
Telex 122443 AR CIGY
Cable HEWPACKARG
Biotron SACILy M

Avda Paseo Colon 221

9 piso

1399 Buenos Aires
Tel 30-4846/1851:8384
34-9356/0460, 4551

Telex- (33) 17595 BIO AR
Cable. BIOTRON Argentina

BRAZIL
Hewlett-Packard do Brasil
l.e.C. Ltda.
Alameda Rio Negro, 750
Alphaville
06400 Barueri SP
Tel: 429-3222
Cable HEWPACK Sdo Paulo
Hewlett-Packard do Brasit
l.e.C. Lida.
Rua Padre Chagas, 32
90000-P6rto Alegre-RS
Tel: 22-2998, 22-5621
Cable HEWPACK Pdrto Alegre
Hewiett-Packard do Brasil
1.e.C Ltda.
Av. Epitacio Pessoa, 4664
22471-Rio de JaneiroRJ
Tel: 286-0237
Telex 021-21905 HPBR-BR
Cable HEWPACK Rio de Janeiro

CHILE

Jorge Caicagni y Cia. Lida.
Artaro Burhle 065

Casilla 16475

Correo 9, Santiago
Tel 220222

Telex JCALCAGNI
COLOMBIA
Instrumentacion

Henrik A. Langebaek & Kier S.A
Carrera 7 No. 48-75
Apartado Aéreo 6287
Bogot4, 1 DE

Tel 269-8877

Telex 44400

Cable: AARIS Bogotd
Instrumentacion

HA. Langebaek & Kier S.A.
Carrera 63 No. 49-A-31
Apartado 54098
Medellin

Tel 304475

COSTA RICA
Crentifica Costarmcense S A
Avenida 2, Calle §

San Pedro de Montes de Oca
Apartado 10159

San José

Tel 24-38-20, 24-08-19
Telex: 2367 GALGUR CR
Cable: GALGUR
ECUADOR

CYEDE Cia. Ltda

PO Box 6423 CCI

Av. Eloy Alfaro 1749
Quito

Tel 450975, 243-052
Telex: 2548 CYEDE ED
Cable: CYEDE-Quio
Medical Only

Hospitalar S.A

Casilla 3590

Robles 625

Quito

Tel. 545-250

Cable HOSPITALAR-Quito
EL SALVADOR
IPESA

Bulevar de los Heroes 11-48
Edificio Sarah 1148

San Salvador

Tel 252787

GUATEMALA

IPESA

Avenida Reforma 3-48

Zona 9

Guatemala City

Tel 316627, 314786, 66471-5,

ext. 9

Telex 4192 Teletro Gu

MEXICO

Hewlett-Packard Mexicana,
SA deCV

Av Perifénco Sur No 6501

Tepepan, Xochimico

Mexico 23,DF

Tel 905-676-4600

Telex: 017-74-507

Hewlett-Packard Mexicana,
SA. deCV

Ave Constilucion No 2184

Monterrey, NL

Tel: 48-71-32, 48-71-84

Telex 038-410

PANAMA

Electronico Baiboa, S A

Aparatado 4929

Panama 5

Calle Samuel Lewss

Edificio “Alfa,” No 2

Ciudad de Panama

Tek: 64-2700

Telex: 3483103 Curundu,

Canal Zone

Cable ELECTRON Panama

PERU

Compatia Electro Médica S A

Los Flamencos 145

San Isidro Castlia 1030

Lima 1

Tel: 41-4325

Telex: Pub. Booth 25424 SISIDRO

Cable: ELMED Lima

SURINAM

Surtel Radio Holland N.V
Grote Hofstr 3-5

PO Box 155
Paramaribo

Tel 72118, 77880
Cable: Surtel
TRINIDAD &
TOBAGO

CARTEL

Caribbean Telecoms Lid
PO.Box 732

69 Fredenck Street
Port-of-Spain
Tel 62-53068
URUGUAY

Pablo Ferrando SA C el
Avenida italia 2877
Casilla de Correo 370
Montevideo

Tel 40-3102

Telex 702 Public Booth
Para Pablo Ferrando
Cabie- RADIUM Montevideo

VENEZUELA
Hewlett-Packard de Venezuela C A
P 0. Box 50933

Caracas 105

Los Ruices Norte

3a Transversal

Edificio Segre
Caracas 107

Tel: 239-4133 (20 hnes)
Telex- 25146 HEWPACK
Cable: HEWPACK Caracas

FOR AREAS NOT
LISTED,

CONTACT:
Hewlett-Packard \.tercontinental
3495 Deer Creek Road

Palo Alto, Caliornia 94304
Tel: (415) 856-1501

TWX' 910-373-1260

Cable: HEWPACK Palo Alto
Telex 034-8300, 034-8493

EUROPE,
NORTH AFRICA,
MIDDLE EAST

AUSTRIA
Hewlett-Packard Ges.m.b.H
Wehhstrasse 29

PO Box7

A-1205 Vienna

Tel 35-16-21-0

Cable: HEWPACK Vienna
Telex. 13582 135066

Hewlet-Packard Ges.m b H
Wehlistrasse, 29
A-1205 Wien

Tel: 35-16-2t

Telex' 135066
BAHRAIN
Medical Only

Wael Pharmacy

P 0. Box 648
Bahrain

Tel: 54886, 56123
Telex: 8550 WAEL GJ
Cable: WAELPHARM

Al Hamidiya Trading and
Contracting

P.0. Box 20074

Manama

Tei 259978, 259958

Telex 8835 KALDIA G)

BELGIUM
Hewlett-Packard Benelux S.A. N.V
Avenue du Co-Ven, 1,
{Groenkraaglaan)

B-1170 Brussels

Tel (02) 660 50 50

Cable: PALOBEN Brussels
Telex: 23-494 paloben bru
CYPRUS

Kypronics

19 Gregonios Xenopoulos Street
P 0. Box 1152

Nicosia

Tel: 4562829

Cable Kypronics Pandehis
Telex. 3018
CZECHOSLOVAKIA
Hewlett-Packard

Obchodni zastupiteistvi v CSSR
Pisemny styk

Post schranka 27

CS 1801 Praha 011
CSSR

Vyvojova a Provozm Zakladna
Vyzkumnych Ustavy v Bechovicich
CSSR-25097 Bechovice u
Prahy

Tel 8993 41

Telex 12133

Institute of Medical Bionics
Vyskumay Ustav Lekarskej Bioniky
Jedlova 6

(5-88346 Bratislava-
Kramare

Tel 44-551

Telex: 93229

DENMARK

Hewlett-Packard A/S

Datave) 52

DK-3460 Birkerod

Tel (02) 8166 40

Cable: HEWPACK AS

Telex: 37409 hpas dk

Hewlett-Packard A/S

Naverve) 1

DK-8600 Sitkeborg

Tel: (06) 82 71 66

Telex: 37409 hpas dk

Cable HEWPACK AS

EGYPT

LEA

International Engineering
Associates

24 Hussein Hegazi Street

Kasr-el-Aini

Cairo

Tel: 23 829

Telex. 93830

Cable. INTENGASSO

SAMITRO

Sama Amin Trading Office
18 Abdel Aziz Gawish
Abdine-Cairo
Tel: 24932

Cable SAMITRO CAIRO
FINLAND

Hewlett-Packard Oy
Revontulentie, 7

S$F-02100 Espoo 10
Tel: {90) 455 0211

Cable: HEWPACKOY
Telex: 121563 hewpa sf
FRANCE
Hewlett-Packard France
Zone d'activites de Conrtaboeuf
Avenue des Tropiques
Boite Postale 6

91401 Orsay-Cédex
Tel. (1) 907 78 25

TWX 600048F
Hewlett-Packard France
Chemin des Mouitles

BP 162

69130 Ecully

Tel (78) 338125

TWX. 310617F
Hewiett-Packard France
20, Chemin de La Cépiére
31081 Toulouse
Le Mirail-Cédex

Tel (61)40 1112
Hewleti-Packard France
Le Ligoures

Place Romée de Villeneuve
13100 Aix-en-Provence
Tel (42}59 4102

TWX 410770F
Hewlett-Packard France

2. Allee de la Bourgonette
35100 Rennes

Tel {99) 5142 44

TWX- 740912F
Hewlett-Packard France
18, rue du Canal de la Marne
67300 Schiltigheim
Tel (88) 83 08 10

TWX B30141F

Hewlett-Packard France
Immeuble péricentre

rue van Gogh

53650 Villeneuve D'Ascq
Tel: (200914125

TWX' 160124F

Hewlett-Packard France
Batiment Ampére

Rue de la Commune de Panis
B.P. 300

93153 Le Blanc Mesnil
Cédex

Tel: (01} 93188 50

Telex: 211032F
Hewlett-Packard France

Av. du Pdt. Kennedy

33700 Merignac

Tel: (56) 97 0+ 81
Hewlett-Packard France
Immeuble Lorraine
Boulevard de France

91035 Evry-Cédex

Tel: 077 96 60

Telex: 6323 15F

Hewlett-Packard France

23 Rue Lothaire

57000 Metz

Tel (87) 655350
GERMAN FEDERAL
REPUBLIC
Hewlett-Packard GmbH
Vertriebszentrale Frankfurt
Berner Strasse 117
Postfach 560 140

D-6000 Frankfurt 56
Tel: (06011) 50041

Cable: HEWPACKSA Frankfurt
Telex: 04 13249 hpttm d
Hewlett-Packard GmbH
Technisches Biiro Bgblingen
Herrenberger Strasse 110
D703 Bbblingen,
Wiirttemberg

Tel: (07031) 667-1

Cable: HEWPACK Bablingen
Telex: 07265733 bbn

Hewlett-Packard GmbH
Technisches Biro Diisseldor!
Emanuel-Leutze-Str. 1 (Seester)
D-4000 DUsseidort
Tel (0211) 5971-1

Telex: 085786 533 hpdd d
Hewlett-Packard GmbH
Technisches Biro Hamburg
Kapstadtring 5

D-2000 Hamburg 60
Tel: (040) 63804-1

Cable’ HEWPACKSA Hamburg
Telex. 21 63 032 hphh d
Hewlett-Packard GmbH
Technisches Biiro Hannover
Am Grossmarkt 6

0-3000 Hannover 91
Tel (0511) 4660 01

Telex 092 3259
Hewlett-Packard GmbH
Technisches Biiro Niirnberg
Neumeyerstrasse 90

D-8500 NUrnberg

Tel (0911) 52 20 83

Telex 0623 860
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Hewlett-Packard GmbH
Techmsches Biiro Miinchen
Eschenstrasse 5

D-8021 Tautkirchen
Tel (083} 6117-1

Telex 0524385

Hewleft-Packard GmbH
Technisches Buro Berlin
Kaithstrasse 2-4

D-1000 Berlin 30

Tel (030) 24 90 86
Telex- 018 3405 hpbin d
GREECE

Kostas Karayannis

8 Omirou Street
Athens 133

Tel: 3230 303:32.31 73
Telex 2159 62 RKAR GR
Cable RAKAR ATHENS

ICELAND

Medical Only

Elding Trading Company Inc
Hafnamvolr - Tryggvagotu
P.0. Box 895
I-Reykjavik

Tel 1582016303
Cable’ ELDING Reykjavik
IRELAND
Hewiett-Packard Ltd
King Street Lane
Winnersh, Wokingham
Berkshire, RG11 5AR
(B-England

Tel {0734) 78 47 74
Telex. 847178

Cable. Hewpie London
Hewlett-Packard Ltd
Kestrel House
Clanwilliam Place

Lower Mount Street
Dublin 2, Ere

Hewlett-Packard Lid
2C Avorgberg Ind Esi
Long Mile Road
Dublin 12

Tel 514322 514224
Telex 30439

Medical Only

Cardiac Services (Ireland) Ltd
Kiimore Road

Artane

Dublin 5 Ere

Tel {01) 315820
Medical Onty

Cardiac Services Co
95A Finaghy Rd. South
Beltast B710 0BY
GB-Northern Ireland
Tel. (0232) 625566
Telex: 747626

ISRAEL

Electronics Engineenng Div
of Motorola Israel Ltd

16, Kremenetski Street

P.0 Box 25016

Tel-Aviv

Tel: 38973

Telex: 33569, 34164

Cable: BASTEL Tel-Aviv

ITALY

Hewlett-Packard ltaliana S p A.

ViaG Di Vittorio, 9

20063 Cernusco Sul
Naviglio (M)

Tel (2) 903691

Telex 334632 HEWPACKIT

Hewlett-Packard Italiana S p.A
Via Turazza, 14

35100 Padova

Tel (49) 664888

Telex. 430315 HEWPACKI

Hewlett-Packard Italiana S p A
Via G Armeltini 10

100143 Roma

Tel: (06) 54 69 61

Telex. 610514

Cable HEWPACKIT Roma

Hewlett-Packard ltahana S p A

Corso Giovanni Lanza 94

110133 Torino

Tel (011) 659308

Telex 221079

Hewlett-Packard ltaliana S p A

Via Principe Nicola 43 G'C

195126 Catania

Tel. (095) 37 05 04

Telex 97029t

Hewlett-Packard Htalana S p A

Via Nuova san Rocco A
Capadimonte, 62A

80131 Napoli

Tel: (081) 710698

Hewlett-Packard ltahana S p A

Via Martin Luther King, 38 111

1-40132 Bologna

Tel {051) 402304

Telex 511630

JORDAN

Mouasher Cousins Co

PO Box 1387

Amman

Tel 24907 39907

Telex SABCO JO 1456

Cable MOUASHERCO

KUWAIT

Al-Khaldiya Trading & Contracting
PO Box 830-Safat

Kuwait

Tel 424910 411726

Telex 2481 Areeg kt

Cable VISCOUNT
LUXEMBURG
Hewlett-Packard Beneluz S A NV
Avenue du Col-Vert 1
{Groenkraaglaan)

B-1170 Brussels

Tel (02) 660 5050

Cable PALOBEN Brussels

Telex 23 494

MOROCCO
Dolbeay

81 rue Karatch
Casablanca
Tel 304182

Telex. 23051. 22822
Cable MATERIO

Gerep

2, ue d'Agadir
Boite Postal 156
Casablanca
Tel: 2720935
Telex 23739
Cable: GEREP-CASA

NETHERLANDS
Hewlett-Packard Benelux NV
Van Heuven Goedhartlaan 121
PO Box 667

1181KK Amsteiveen
Tel {2047 2021

Cable PALOBEN Amsterdam
Telex 13216
NORWAY
Hewlett-Packard Norge A S
Ostendalen 18

PO Box 34

1345 Osteraas

Tel (02} 171180

Telex 16621 hpnas n
Hewlett-Packard Norge A S
Nygaardsgaten 114

PO Box 4210

5013 Nygaardsgaten,
Bergen

Tel (05)2197 33
POLAND

Biuro Informacy Techniczney
Hewlett-Packard

Ul Stawki 2, 6P

PLO0-950 Warszawa
Tel 3959 62,3951 87
Telex. 8124 53

PORTUGAL

Telectra-Empresa Tecnica de
Equipamentos Electricos S.ar |

Rua Rodnigo da Fonseca 103

PO Box 2531

P-Lisbon 1

Tel (19) 686072

Cable" TELECTRA Lisbon

Telex 12598

Medical Only

Mundinter

Intercambio Mundial de Comeércio
Sarl

PO Box 2761

Avenida Antonio Augusto

de Aguiar 138

P-Lisbon

Tel (19)532131 7

Telex 16691 munter p
Cable INTERCAMBIQ Lisbon
QATAR

Nasser Trading & Contraching
PO Box 1563

Doha

Tel 22170

Telex 4439 NASSER

Cable NASSER

ROMANIA
Hewlett-Packard Reprezentanta
Bd n Balcescy 16
Bucuresti

Tel 158023 138885

Telex 10440

SAUDI ARABIA

Modern Electronic

Establishment (Head Office)

PO Box 1228, Baghdadiah Street
Jeddah

Tel 27798

Telex 40035

Cable ELECTA JEDDAH

Modern Electronic Establishment
{Branch)

PO Box 2728

Riyadh

Tel 62596 66232

Telex. 202049

Modern Electronic Establishment
(Branch)

PO Box 193
Al-Khobar

Tel 44676-44813

Telex 670136

Cable ELECTA AL-KHOBAR
SPAIN

Hewlett-Packard Espafiola, S A
Calle Jerez 3

E-Madrid 16

Tel: (1) 458 26 00 (10 lnes)
Telex 23515 hpe
Hewlett-Packard Espafiola S A
Colonia Mirasterra

Editicio Juban

¢-0Costa Brava, 13
Madrid 34
Hewlett-Packard Espariola, S A
Milanesado 21-23
E-Barcelona 17

Tel (3) 203 6200 (5 hines)
Telex 52603 hpbe e
Hewlett-Packard Espafiola, S A
Av Ramon y Cajal, 1

Editicio Sewilia, planta 9°
E-Sevilla 5

Tel 64 44 54 58
Hewlett-Packard Espafiola S A
Edificio Albiall 7° B
E-Bilbao !

Tel 2383 06 238206
Hewlett-Packard Espafiola S A
C Ramon Gordillo !

{Enllo )

E-Valencia 10

Tel 96-361 1354 3611358
SWEDEN
Hewlett-Packard Svenge AB
Enighetsvagen 3, Fack

S-161 Bromma 20

Tel (08) 730 05 60

Telex 10721

Cable MEASUREMENTS
Stockhoim

Hewlett-Packard Sverige AB
Frotallsgatan 30

$-42132 Vastra
Frolunda

Tel (031) 4309 50

Teiex 10721 wia Bromma oftice

SWITZERLAND
Hewlett-Packard (Schweiz) AG
Ziiccherstrasse 20

PO Box 307

CH-8952 Schlieren-
2urich

Tel (01) 7305240

Telex 53933 hpag ch

Cable HPAG CH
Hewlett-Packard {Schweiz) AG
Chateau Bloc 19

CH-1219 Le Lignon-
Geneva

Tel (022) 96 03 22

Telex 27333 hpag ch

Cable HEWPACKAG Geneva
SYRIA

General Electronic Inc

Nuri Basha-Ahnaf Ebn Kays Street
PO Box 5781
Damascus

Tel 3324 87

Telex 11215 [TIKAL

Cable ELECTROBOR DAMASCUS

SALES OFFICES | :

Medical only

Sawah & Co

Place Azmé

BP 2308

Damascus

Tel: 16 367-19.697-14 268
Telex 11304 SATACO SY
Cable SAWAH, DAMASCUS

Suieiman Hilal £ Miawi

PO Box 2528

Mamoun Bitar Street, 56-58
Damascus

Tel 114663

Telex: 11270

Cable HILAL DAMASCUS

TUNISIA

Tunisie Electronique

31 Avenue de la Liberte
Tunis

Tel 280 144

Corema

tter Av de Carthage
Tunis

Tel 253 821

Telex 12319 CABAM TN

TURKEY

TEKNIM Company Ltd

Riza Sah Pehlevi

Caddesi No 7
Kavakiidere, Ank ara
Tel 275800

Telex 42158

Teknim Com , Ltd
Barbaros Bulvari 55 12
Besikyas, Istanbu!
Tel 613 546

Telex 23540

EMA

Muhendisiik Kollektif Sirketi
Mediha Etdem Sokak 41 6
Yiksel Caddesi
Ankara

Tel 17 56 22

Cable EMATRADE Ankara

Yilmaz Ozyurek

Mill Mudalaa Cad 16 6
Kizilay

Ankara

Tel 250309-178026
Telex 42576 OZEK TR
Cable OZYUREK ANKARA

UNITED ARAB
EMIRATES
Emtac Ltd (Head Office)
PO Box 1641
Sharjah

Tel 354121 3

Telex. 8136

Emitac Ltd (Branch Office)
PO Box 2711

Abu Dhabi

Tel 331370 1

UNITED KINGDOM
Hewlet!-Packard Ltd

King Street Lane
Winnersh, Wokingham
Berkshire RG11 5AR
GB-England

Tel (0734) 784774

Telex 847178 3§

Hewlett-Packard Ltd
Fourier House,

267-263 High Street
London Colney

St. Albans, Hers
GB-England

Tel (0727) 24400
Telex 1-8952716

(cont.) (",]

Hewlett-Packard Ltd
Tratalgar House
Navigation Road
Altrincham
Cheshire WA14 tNU
GB-England

Tel (061) 928 6422
Telex 668068
Hewlett-Packard Ltd
Lygon Court
Hereward Rise
Dudley Road
Halesowen,
West Midlands, B62 85D
GB-England

Tel (021) 501 1221
Telex 339105
Hewlett-Packard Ltd.
Wedge House

799, London Road
Thornton Heath
Surrey, CR4 6XL
GB-England

Tel {01) 684-0103 8
Telex 946825
Hewlett-Packard Ltd
14 Wesley St
Castleford
Yorks WF 10 1AE
Tel (0977) 550016
TWX 5557335

Hewlett-Packard Ltd
Tradax House

St Mary's Walk
Maidenhead
Berkshire, SL6 18T
GB-England
Hewiett-Packard Ltd
Morley Road
Staplehill
Brstol, BS16 4QT
GB-Engtand
Hewlett-Packard Lic.
South Queensterry
West Lothian, EH30 9TG
GB-Scotland

Tel (031) 331 1188
Telex 72682
Hewlett-Packard Ltd
Kestrel House
Clanwilliam Place
Lower Mount Street
Dublin 2 Ere
Hewlett-Packard Ltd
2C Avonberg Ind Est
Long Mile Road
Dublin 12

Tel 514322 514224
Telex 30439

USSR
Hewlett-Packard
Representative Otfice
USSR
Pokrovsky Boutevard 4 17-kw 12
Moscow 101000
Tel 2942024
Telex 7825 hewpak su

YUGOSLAVIA

Iskra Commerce, n sol 0
Zastopstvo Hewlett-Packard
Obiiicev Venac 26

YU 11000 Beograd
Tel 636-955

Telex. 11530

Iskra Commerce, n sol 0
Zastopstvo Hewlett-Packard
Miklosiceva 38 Vi
YU-61000 Ljubljana
Tel 321-674 315-879

Teiex 31583 979
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SOCIALIST
COUNTRIES NOT
SHOWN, PLEASE
CONTACT:
Hewlett-Packard Ges.m b.H
Handeiskai 52

PO.Box?

A-1205 Vienna, Aystria
Tel (0222) 35 16 21 10 27
Cable: HEWPAK Vienna
Telex: 76923 hewpak a

MEDITERRANEAN
AND MIDDLE EAST
COUNTRIES NOT
SHOWN, PLEASE
CONTACT:
Hewlet!-Packard S A.
Mediterranean and Middle East
Operations

35, Kolokotrom Street

Platia Kefallarioy
GR-Kifissia-Athens, Greece
Tel 8080359429

Telex 21-6588

Cable: HEWPACKSA Athens

FOR OTHER AREAS
NOT LISTED,
CONTACT:
Hewlett-Packard S A

7, tue du Bois-du-Lan

PO Box

CH-1217 Meyrn 2 - Geneva
Switzerland

Tel {022) 82 70 00

Cable: HEWPACKSA Geneva
Telex 224 86

UNITED STATES

ALABAMA

PO Box 4207

8290 Whilesburg Dr
Huntsville 35802
Tet: (205) 881-4592
8933 E Roebuck Bivd
Birmingham 35206
Tel (205) 836-2203 2
ARIZONA

2336 E. Magnoha St
Phoenix 85034

Tel (602) 244-1361

2424 East Aragon Rd
Tucson 85706

Tel: {602) 889-4661
"ARKANSAS
Medical Service Oniy

P.0O Box 5646

Brady Staticn

Little Rock 72215
Tel (501) 376-1844
CALIFORNIA

1579 W Shaw Ave
Fresno 93771

Tel: (209) 224-0582

1430 East Orangethorpe Ave
Fullerton 92631

Tel (714) 870-1000

3939 Lankershim Boulevard
North Hollywood 91604
Tel: (213) 877-1282

TWX- 910-499-2671

5400 West Rosecrans Blvd.
P.0 Box 92105

World Way Postal Center
Los Angeles 30009
Tel. (213) 7767500

TWX' 910-325-6608
‘Los Angeles

Tel {213) 776-7500

3200 Hillview Av

Palo Alto, CA 94304
Tet {408) 988-7000

3003 Scott Boulevard
Santa Clara 95050
Tel: (408) 988-7000

TWX: 910-338-0518
‘Ridgecrest

Tel: (714) 446-6165

646 W. North Market Bivd.
Sacramento 95834
Tel (916) 929-7222

9606 Aero Drive

PO Box 23333

San Diego 92123
Tel: {714) 279-3200
‘Tarzana

Tel (213) 705-3344
COLORADO

5600 DTC Parkway
Englewood 80110
Tel. (303) 771-3455
CONNECTICUT
47 Barnes Industnal Road
Barnes Park South
Wallingford 06432
Tel (203) 265-7801
FLORIDA

PO Box 24210

2721 N'W 62nd Street
Ft. Lauderdale 33308
Tel (305) 973-2600

4080 Woodcock Drive #132
Brownett Building
Jacksonville 32207
Tel. (304) 398-0663

PO Box 13910

6177 Lake Ellenor Dr
Orlando 32808

Tel (305) 859-2300

PO Box 12826

Sute 5. Bldg 1

Oftice Park North
Pensacola 32575
Tel (904) 476-8422
Computer Systems Only
110 South Hoover Blvd
Sude 120

Tampa 33609

Tel (813} 872-0800
GEORGIA

P 0. Box 105005

450 Interstate North Parkway
Atlanta 30348

Tel (404) 955-1500

TWYX 810-766-4890
Medical Service Only
*Augusta 30903

Tel: (404) 736-0592

P.0 Box 2103

1172 N Davis Drive
Warner Robins 31098
Tel (912) 922-0449
HAWAII

2875 So King Street
Honolulu 96826

Tel. (808) 955-4455

ILLINOIS

5201 Tollview Dr
Rolling Meadows
60008

Tel (312) 255-9800
TWX 910-687-2260
INDIANA

7301 North Shadeland Ave.
Indianapolis 46250
Tel. (317) 842-1000
TWX. 810-260-1797
IOWA

2415 Heinz Road
lowa City 52240
Tel (319) 351-1020
KENTUCKY
10170 Linn Station Road
Suite 525
Louisville 40223
Tel: (502) 426-0100
LOUISIANA

P O Box 1449

3229-39 Williams Boulevard
Kenner 70063

Tel (504) 443-6201
MARYLAND

7121 Standard Drive
Parkway Industnal Center
Hanover 21076

Tet (301) 796-7700
TWX 710-862-1943

2 Choke Cherry Road
Rockville 20850
Tel (301) 948-6370
TWX 710-828-9684
MASSACHUSETTS
32 Hartwell Ave
Lexington 02173
Tel (617) 861-8960
TWX 710-326-6%04
MICHIGAN

23855 Research Drive
Farmington Hills 48024
Tel (313) 476-6400

724 West Centre Ave
Kalamazoo 43002
Tel (616) 323-8362
MINNESOTA
2400N Prior Ave

St. Paul 55113

Tel (612) 636-0700
MISSISSIPPI
322N Mart Plaza
Jackson 39206

Tel (601) 982-9363
MISSOURI

11131 Colorado Ave
Kansas City 64137
Tel (816) 763-8000
TWX 910-771-2087
1024 Executive Parkway
St. Louis 63141
Tel (314) 878-0200
NEBRASKA
Medical Only

7101 Mercy Road

Sute 101

Omaha 68106

Tel {402) 392-0948
NEVADA

‘Las Vegas

Tel {702) 736-6610
NEW JERSEY

W 120 Century Rd
Paramus 07652
Tel: (201) 265-5000

TWX 710-990-4951

Crystal Brook Professional Building
Route 35

Eatontown 07724
Tel (201) 542-1384
NEW MEXICO

P O.Box 11634

Station E

11300 Lomas Bivd., N.E
Albuquerque 87123
Tel: (505) 292-1330

TWX: 910-989-1185

156 Wyatt Drive

Las Cruces 83001
Tel (505) 526-2484

TWX 910-9983-0550
NEW YORK

6 Automation Lane
Computer Park

Albany 12205

Tel (518) 458-1550

TWX 710-444-4961

650 Perinton Hill Otfice Park
Fairport 14450

Tet (716) 223-9950

TWX 510-253.0092

No 1 Pennsylvania Plaza
55th Floor

34th Street & 8th Avenue
New York 10601

Tel (212) 971-0800

5858 East Molloy Road
Syracuse 13211
Tel (315) 455-2486

1 Crossways Park West
Woodbury 11797
Tel (516) 921-0300

TWX 510-221-2183

Tei (513) 6717400
NORTH CAROLINA
5605 Roanne Way
Greensboro 27405
Tel (919) 852-1800
OHIO

Medical Computer Only
Bldg 300

1313E Kemper Rd
Cincinnati 45426
16500 Sprague Road
Cleveland 44130
Tel (216) 243-7300

TWX 810-423-9430

330 Progress Rd
Dayton 45449

Tel (513) 859-8202

1041 Kingsmil Parkway
Columbus 43229
Tei (614) 4361041
OKLAHOMA

PO Box 32008

6301 N Mendan Avenue
Oklahoma City 73112
Tel (405) 721-0200
9920 E 42nd Street

Sute 121

Tulsa 74145

Tel (918} 665-3300
OREGON

17890 S W Lower Boones Ferry
Road

Tualatin 97062

Tel (503) 620-3350
PENNSYLVANIA
111 Zela Drive
Pittsburgh 15238
Tel (412) 782-0400

1021 8th Avenve

King of Prussia Industriat Park
King of Prussia 19406
Tel. (215) 265-7000

TWX. 510-660-2670

PUERTO RICO
Hewlett-Packard Inter-Americas
Puerto Rico Branch Otice
Calle 272,

Edif. 203 Urg. Country Club
Carolina 00924

Tel. {809) 7627255
Telex 3450514
SOUTH CAROLINA
P.0 Box 6442

6941-0N. Trenholm Road
Columbia 29260
Tel (803) 782-6493
TENNESSEE
8914 Kingston Pike
Knoxville 37922
Tel (615) 523-0522
3027 Vanguard Dr
Director’s Plaza
Memphis 38131

Tel (301) 346-8370
‘Nashville

Medical Service Only

Tet (615) 244-5448
TEXAS

4171 North Mesa

Sute C110

El Paso 79302

Tel (915) 533-3555

P O Box 1270

201E Arapaho Rd
Richardson 75080
Tel (214) 231-6101

PO Box 42816

10535 Harwin Dr
Houston 77036

Tel (713) 776-6400
‘Lubbock

Medical Service Only

Tel (806) 799-4472

205 Billy Mitchell Road

San Antonio 78226
Tel (512) 434-8241

UTAH

2180 South 3270 West Street
Salt Lake City 84119
Tel (801} 972-4711
VIRGINIA

PO Box 9669

2914 Hungry Springs Road
Richmond 23228
Tel (804) 285-3431
Computer Systems Medica! Only
Airport Executive Center
Sute 11t

5700 Thurston Avenve
Virginia Beach 23455
Tel (804} 460-2471
WASHINGTON
Belletield Otfice Pk

1203 - t1dth Ave SE
Bellevue 98004

Tel {206) 454-3971

TWYX. 910-443-2446

PO Box 4010
Spokane 93202

Tel (509) 535-0864
‘WEST VIRGINIA
Medical Analytical Only
4604 Mac Corkle Ave . SE
Charleston 25304
Te! (304) 925-0492

150 South Sunny Slope Road
Brookfield 53005

FOR U.S. AREAS

Contact the regional office

Maryland  Rolling Meadows,
linois. Thewr complete addresses
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B New or Revised |tem

K/ZIMANUAL CHANGES

-hp- MODEL 400E/EL

AC VOLTMETER

Manual Part Number 00400-90020

Page 5-4, Table 5-3. Replace Table 5-3, Calibration 7
Tolerances, with Table MC1 of this Change Sheet.

Table MC 1.

1 Millivolt Range Only 1 Millivoit Range Only
Frequency Frequency
(Hz) Voltage Meter (mV) DC Output (Hz} Voltage Meter (mV) DC Output
Input (% of reading) {Volts) Input (% of reading) {Volts)
10 1.00 mV 1.00 + 5% 1.00 £ 0.05 100 k 1.00 mV 1.00 ¢
1% 1.00 + 0.005
0.5 mv 0.50 + 7.6% | 0.50 + 0.038 0.5 mVv 0.50 + 2% 0.50 + 0.0045
0.3 mv 0.30 + 10.8% | 0.30 + 0.033 0.3 mVv 0.30 + 3.3% [ 0.30 + 0.0043
40 1.00 mV 1.00 £+ 1% 1.00 + 0.02 500 k 1.00 mV 1.00 £+ 1% 1.00 + 0.02
0.5 mVv 0.50 £ 2% 0.50 + 0.015 0.3 mVv 0.30 + 3.3% |0.30 + 0.013
0.3 mVv 0.30 £ 3.3% |[0.30 £ 0.013
100 1.00 mV 1.00 + 1% 1.00 + 0.005 4 M 1.00 mV 1.00 + 5% 1.00 £+ 0.05
or 0.5 mVv 0.50 £ 2% 0.50 £ 0.0045 0.3 mV 0.30 + 10.8% | 0.30 + 0.033
400 0.3 mv 0.30 + 3.3% | 0.30 + 0.0043

CHANGE NO. 5 applies to all serial numbers.

Table 5-1. Required Test Equipment should have the

following changes made:

The AC Calibrator recommended model
should be a Fluke 5200A and 5215A.

The AC/DC Voitmeter recommended model
should be an -hp- Model 3466.

The DC Standard recommended model
should be a Systron Donner Modei M107A

The Voitmeter Calibrator should be deleted

from the table.

Page 5-2. Figure 5-1. Accuracy Test Setup, should be
altered to show the use of the Fluke 5200A ACk

Calbrator rather than the -hp-Model 745A.

Page 5-4. Figure 5-2. Accuracy and Frequency Response
Test Setup, should be aitered to show the use of the
Systron Donner Model M107 DC Standard rather than
the -hp- Model 740A.

Page 5-11. Figure 5-2. Delete paragraphs 5-45, 5-46, and

5-47.

Page 5-12. Delete Figure 5-5, Alternate Calibration and

Frequency Test Setup.

19 November 1980

Supplement A for 00400-90020




/21 MANUAL CHANGES

-hp- MODEL 400E/EL
AC VOLTMETER

Manual Part Number 00400-90020

Page 5-4, Teble 5-3. Replace Table 5-3, Calibration
Tolerances, with Table MC1 of this Change Sheet.

Table MC 1.
1 Millivolt Range Only 1 Millivolt Range Only
Frequency Frequency
(Ha) Voltage Meter (mV) DC Output (Hz) Voltage Meter (mV) DC Output
Input (% of reading) {Volts) Input (% of reading) {Volts)
10 1.00mV| 1.00 + 5% 1.00 + 0.05 100 k 1.00mV| 1.00 £ 1% 1.00 + 0.005
0.5 mV 0.50 + 7.6% 0.50 + 0.038 0.5 mV 0.50 + 2% 0.50 + 0.0045
0.3 mv 0.30 + 10.8%| 0.30 + 0.033 0.3 mV 0.30 + 3.3% | 0.30 + 0.0043
40 1.00mV| 1.00 + 1% 1.00 + 0.02 500 k 1.00mV]| 1.00 + 1% 1.00 + 0.02
0.5 mv 0.50 + 2% 0.50 + 0.015 0.3 mVv 0.30 + 3.3% | 0.30 + 0.013
0.3 mVv 0.30 + 3.3% 0.30 + 0.013
100 1.00 mvV| 1.00 + 1% 1.00 + 0.005 4 M 1.00 mV|] 1.00 £ 5% 1.00 + 0.05
or 0.5 mv 0.50 + 2% 0.50 + 0.0045 0.3 mV 0.30 + 10.8%| 0.30 + 0.033
—_ 400 0.3 mVv 0.30 + 3.3% | 0.30 + 0.0043
ERRATA
. X Page 6-3, Table 6-3 (Replaceable Parts). Change the -hp- Part
CHANGE NO. 5 applies to all serial numbers. Number of the A1 Assembly from “00400-66521"" to
'00400-66522'".
Table 5-1. Required Test Equipment should have the follow-
ing changes made: CHANGE NO. 6. 400E: Applies to Serial Numbers 1208A28944 and
i Above.
a.  The AC Calibrator recommended model 400EL: Applies to Serial Numbers 1208A29014 and
should be a Fluke 5200A and 5215A. Above.
b.  The AC/DC Voltmeter recommended model Section jVI, Table 6-3 (Replaceable Parts). Do the following
should be an -hp- Model 3466. changes in the table:
c. The DC Standard recommended model Ref. np- Part
should be a Systron Donner Model M107A Des. Number Description
d. The Voltmeter Calibrator should be deleted A2C47 0180-0100 Add 4.7uF 35V Capacitor
from the table. A2Q17 18563-0010 Add SM4713 PNP Transistor
A2Q18 1855-0093 Add F1748 N Channe! JFET
Page 5-2. Figure 5-1. Accuracy Test Setup, should be altered A2R76 0683-1045  Add 100K ohms 5% 1/4W Resistor
to show the use of the Fluke 5200A ACk Calbrator rather A2R77* 0757-0274 Add 1.12K ohms 1% 1/8W Resistor
than the -hp-Model 745A. A2R77* 0698-3700 Add 715 ohms 1% 1/8W Resistor
A2R77* 0698-0410 Add 301 ohms 1% 1/8W Resistor
Page 5-4. Figure 5-2. Accuracy and Frequency Response A2R78 0698-3458 Add 348K ohms 1% 1/8W Resistor
Test Setup, should be altered to show the use of the
Systron Donner Model M107 DC Standard rather than Section Vil, Figure 7-1 (400 E/EL Schemetic Diagram and Location
the -hp- Model 740A. of Components). Do the following changes in the figure.
Pege 5-11. Figure 5-2. Delete paragraphs 5-45, 5-46, and Change the Meter Bridge to the bridge shown in Figure
5-47. Cc-1.
Page 5-12. Delete Figure 5-5, Alternate Calibration and Fre- Change the component locator of the A2 Assembly (-hp-
— quency Test Setup. Part Number 00400-66521) to the one shown in Figure

Cc-2.
25 June 1984 Supplement A for 00400-90020
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10 €33
+ 26V
T0
Rs2 R35/C22/CR12
100
CR1B CR15
C35
0.01$
R53
- TO R85
4’_]_ c37
$ 100
F hse
c3s 1K
40
- - 26V
R40/C39 ~
Figure C-1. Schematic Diagram Changes (Change #6)
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—C38— @Tps 40— _cRrie- — 36—
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[ hp Part No. 00400-6652! —
Figure C-2. A2 Assembly Component Locator Changes (Change #6)



»~~  400E/EL

CHANGE NO. 7 400E: Applies to All Seriel Numbers
400EL: Applies to All Serial Numbers

Section VI, Table 6-3 (Replaceable Parts). Change the value and
-hp- Part Number of A2R59 from 3K ohms (Part Number
2100-0962) to 5K ohms (Part Number 2100-3252).

CHANGE NO. 8 400E: Applies to Seriel Numbers 1208A29334 and
Above
400EL: Applies to Serial Numbers 1208A29494 and
Above

Section VI, Table 6-3 (Replaceable Parts). Do the following
changes in the table:

Ref. -hp- Part

Des. Number Description

S2C5 0160-2257
S2R15 0683-3035

Add 10pF 500V Capacitor
Add 30K ohms 5% 1/4W Resistor

Section VII, Figure 7-1 {400E/EL Schematic Diegram and Location of
Componants). Change the S2C2, S2R2, and S2R3 circuitry
to the one shown in Figure C-3.

MANUAL CHANGES

Section VI, Table 6-3 {(Replaceabla Parts). Do the following
changes in the table:

Ref. -hp- Part

Des. Number Description

$2C2
5- 25pF

AF

S2R1 S2R2
100 121
— AN ANA- 0.003V
52C5 S2R15
10pF 30K

Figure C-3.
Schematic Diagram Changes (Change #8)

CHANGE NO. 9 400E: Applies to Serial Numbers 1208A29379 and
Above
400EL: Applies to Serial Numbers 1208A29515 and
Abova

Section VI, Tabla 6-3 (Raplaceable Parts). Do the following
changes to the table:

Ref. -hp- Part
Des. Number Description
A2R30* 0698-4505 Change to 71.5K ohms 1% 1/8W
Resistor
A2R30* 0698-3453 Change to 196K ohms 1% 1/8W
Resistor
A2R30* 0757-0468 Change to 130K ohms 1% 1/8W
Resistor

CHANGE NO. 10. 400E: Applies to Serial Numbars 1208A29379 and
Ahove
400EL: Applies to Serial Numbers 1208A29515 and
Abova

A2R30 0698-3453 Change to 196K ohms 1% 1/8W
Resistor

s2Cc1* 0160-2237 Change to 1.2pF Capacitor

page 3 of 3



