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CERTIFICATION

Hewlett-Packard Company certifies that this product met its published specifications at the time of shipment from the
JSactory. 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
Jor 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 plug 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 unless 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.

I WARNING I

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

I
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: [15 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 Y )

25pF on the 1mV-1V ranges and 10 megohms ) ) )
shunted by less than 12pF on the 3V-300V External Battery Operation: Terminals are provided

on rear panel; positive and negative voltages
between 35V and 5SSV are required. current drain
from 50 to 7SmA.

ranges.

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

Accuracy: +10%, 10Hz to 4MHz. Net: 6 Ibs. (2,7 kg).
Shipping: 8 Ibs. {4 kg).
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
Range 10 Hz 40 Hz 500 kHz 2 MHz 4 MHz 10 MHz
.001 V¥ + (2.5 + 2.5) £ (1+0) t (2.5+2.5) V77
.003 V + (2.6 + 2.5) + (1+0) + (1.5+1.5) t (2.5+2.5)
01V—-3V + (2.5+2.5) + (1+0) t (1.5+ 1.5) + (3.0+20)**
10V —30V t (2.5+2.5) + (1+0) + (1.5+1.5) + (3.5+3.5)
100 V — 300 V t (2.5+2.5) £ (1+0) + (1.5+1.8) V007

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

AC to DC Converter Output

Frequency
Range 101 20 Hz 100 Hz 500 kHz 1 MHz 4 MHz 10 MHz
.001 Vi + (26+25) | +(1+1) | +(04+01)* t (1+1) t (2.6+ 2.8) Y/ /77777
.003 V +(256+25) | *(1+1) | +(0.25+0.25)*| * (0.5+0.5) t (2.5+ 2.5)
01V -3V t (2.6 +2.5) + (1+1) + (0.25+0.25)* | * (0.5+0.5) t (2.5+2.5) + (3.0 +2.0)
10V —-30V + (2.5 + 2.5) + (1+1) + (0.25+ 0.25) + (0.6 + 0.5) + (2.5 + 2.5) t (3.5 +3.5)
100V —300V | * (25+25)| t(1+1) | t(0.25+0.25) £ (0.6+0.5) | *(25+25) V//////////////

* Accuracy applies for a temperature of 15°C to 40°C on the 1 mV to 1 V ranges only.

1-0
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SECTION 1

GENERAL

1-1. DESCRIPTION.

1-2. The -hp- Models 400E and 400EL are versatile
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
Mode1400EL. Table 1-1 is a list of specifications.

1-4. OPTIONS AVAILABLE.

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

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

INFORMATION

1-7. OPTION 02.

18. Option 02 adds a relative reference adjustment
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. INSTRUMENT AND MANUAL
IDENTIFICATION.

1-10. Hewlett-Packard instruments are identified by
a two-section, eight-digit serial number (000-00000).
If the first three digits of the serial number on your
instrument do not agree with those on the title page
of this manual, change sheets supplied with the
manual will define differences between your
instrument and Model 400E/EL described in this
manual.

1-11. If a letter prefixes the serial number, the
instrument was manufactured outside the United
States.

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



Section 1 Models 400E/400EL

Table 1-2. Performance Characteristics

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

500
400
S 300
@
a
[
-
.
O 200
>
[}
g
100
— |
-_—‘—‘
—_— 22v
R e
0
20 1K 5K 10K 30k 40k 50K

20K
FREQUENCY (Hz)
400 - 8- 3869
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 I
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 Voltmeters. Included are
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. [t
should be physically free of mars or scratches andin
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 S-7. If

. there is damage or deficiency, sce 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 115/230 V slide
switch on the rear panel selects the desired line
voltage. Power dissipation is 10 watts maximum.

Before applying ac power to the 400E or
400EL., 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.

8120-1703 8120-0696 8120-1692
N 125V - 6A* Q\ '\\\250v —6A°

- v *\Q%

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 operatmg personnel, the Nuational
Electrical ~ Manutacturers’  Association  (NEMA)
recommends that the instrunient panel and cabinet be
grounded. All  Hewleti-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.

l WARNING I

For operator protection during batterv opera-
tion, connect chassis teriminal (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 SS° ' (1317 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 Il

2-15. INSTRUMENT CASE.

2-16. The 400E/EL can be placed in a rugged, high
impact plastic case (-hp- 11076A). Thre 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- Szles and Service Office. (See
Appendix B for office locations.)

2-2
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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.

J-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
2.0 0.020
Third 0.1 0.033 0.003
0.5 0.168 0.167
1.0 0.338 0.328
2.0 0.687 0.667
Fifth 0.1 0.020 0.020
0.5 0.101 0.099
1.0 0.205 0.195
2.0 0.420 1.380
* Depends on phase relationship between
harmonic and fundamental.

Section III

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.

I WARNING l

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

c. 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 Scale: Indicates magnitude of applied
signal in volts and dB. Option 01 places the
dB scale uppermost for greater resolution.
0dBm = 1mW in 600 ohms.

@ 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
regding. 0dBm = ImW in 600 ohms.

(3) AC INPUT: BNC input jack connects signal
to be measured.

(® 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.

(®)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.

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

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

@ CHASSIS TERMINAL: Chassis ground con-
nection for battery operation.

32

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

1|—e—1|
te2” tai”
(35-55V)  (35-55V)

400E/EL-B-048!

Figure 3-1. External Battery Connection

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

3-0. 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 S0 ohms is
+10.5dBm, and the corrected reading is
+40.5dBm.

Section 111

3-10. Ac to Dc 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.

c. The dc output is a O to 1 wolt signal
proportional to the percentage of 400E/EL
meter deflection.

3-11. Wide Band Ac Amplifier.

a. Follow turn-on steps a through ¢ in
Paragraph 3-8.

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 03 wvolt range and above, it
attenuates the input. On the 0.001 volt
ranges, the maximum output is 105SmV. On
all other ranges, the maximum output is
150mV. Table 3-2 shows the ac amplifier
gain f  :ach range setting.

Tab i-2. AC Amplifier Gain

Model 400E/EL

3-12. 400E WITH 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 ta +2. and is nlaced at the top of the scale

for better resolution.

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

3-15. Option 02 adds a relative refere nce adjustment
to the 400E/EL. This adjustment :llows a meter

indication to be varied by 3dB. Use the REL. REF
RANGE GAIN RANGE GAIN adjustment to set the meter at any
reference (OdB for example) in order t> make relative
0.001 '“;ggg ; ég?}BB readings easier. When the REL. REF zdjustment is in
0.003 * i the fully clockwise ABSOLUTE position, it has no
0.01 +24dB - -36dB effect on the meter accuracy.
0.03 +14dB 30 46dB ) )
0.1 +4dB 100 56dB 3-16. In all other respects, operation >f a Option 02
03 -6dB 300 66dB instrument is the same as operation of a standard
Model 400E/EL.
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Section IV

SECTION IV
THEORY OF OPERATION

4-1. GENERAL.

4-2. The 400E/EL is a solid state, average
responding, rms calibrated voltmeter. It also 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 ImV.

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 O to 150mV ac output
that is directly proportional to meter deflection.

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

4-9. IMPEDANCE CONVERTER.

H IMPEDANCE METER
| CONVERTER POST AMPL
| ATTEN
! 2
8 T AAA s 3ol
i szce
I
i )
I L
i | 2 METER
: AN BRIDGE
! :
: A
|

AC OUTPUT
AMPL

A0CE/EL-9-08344

™ oc
\r\ ,{7 -0 R2 OuTPUT
SHIELD . §L<

AC

':OUTPUT

Figure 4-1. Simplified Block Diagram
4-1
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secscsp CURRENT DURING NEG HALF CYCLE.
—p= CURRENT DURING POS HALF CYCLE.

(.| I = ¥4

| DC
OUTPUT
A2R65 EL<

A R2 . l

.. A2CRIG - A2C36
it
1Y

"] i
A._.__;'_ AZCR|5 l :ooooo A2C34
: +26V
v l + SA2R52
K
METER ]
AMPL $A2C35
FROM A L
POST —— :
ATTEN —e { A2Q14 N
A2C33 L
A2R533% .
Y $A2R54 v

400E/EL-B-0635-4

<«— FEEDBACK

Figure 4-2. Meter Bridge

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 A2CRI8 bias diodes A2CR9 and A2CRI10at +5
and -5 volts respectively. A2CR9 and A2CRI0 limit
the input to 10 volts peak-to-peak, providing overload
protection. Breakdown diodes A2CR20 and A2CR2]
stabilize the bias voltages on A2QS. Fuse A2FI
protects the instrument against destructive overloads.

4-11. A field-effect transistor (A2QS5) is used in the
input stage of the impedance converter because of its
characteristically high input impedance and good
frequency response. A2R 17 adjusts the dc bias of the

4-2

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, A2CRI3 and A2CRI14
establish fixed d c bias levels in the amplifier.
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4-14. The output from the collector of A2Q13 is
coupled through the Meter Bridge and fed back 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, A2CR15
conducts. Part of the current (solid line) goes through
A2C34 into the feedback path, and part of the
current goes through A2RS3 and the meter to
ground. The current through A2RS3 turns on
A2Q14, and A2QI14 draws current from the positive
supply. The current from A2Ql4 goes through
A2C36 into the feedback path. The current through
A2Ql14 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, A2CR16
conducts and draws current from the feedback path
(dotted line). Part of the current goes through A2C36

Section IV

and A2CRI16 into the amplifier, and part goes
through A2R53 and the meter to ground. The current
through A2RS53 turns on A2Ql4, and the current
from A2Q14 goes through A2R54 and A2CRI16 to
the amplifier. Again the current through the meter
equals the current through A2RS54, 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. A2RS59 in the base circuit of A2Q1S5 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
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WARNING

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

Models 400E/400E]l.

Voltage Ranges: 0.1 mV to 300V
Frequency Range: 10Hz to 110kHz

INSTRUMENT REQUIRED RECOMMENDED MODEL
TYPE SPECIFICATIONS
AC Calibrator Accuracy: 0.022% to 0.205% -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
t0 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%

-lip- Model 3450B Multi-Function
Meter with Option 001

DC Null Meter

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

-h

p- Model 419A DC Null

Voltmeter

Thermal
Converters

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

da.

b.

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

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

DC Standard

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

-hp- Model 740B DC Standard

Differential Voltineter

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. S0 ohms +5%,
10-turn

d. Battery: 1.34 volts

d

b

C

d

. -hp- Part No. 0811-0392

. -hp- Part No. 2100-0324

. -hp- Part No. 2100-1481

. Mallory RM42R

AC/DC Voltmeter

Accuracy:+ 3%

-hp- Model 410C

AC Voltmeter

Accuracy: Greater than + 1%.

Ohmmeter Input Capacity: < 1.5 pF Electronic Voltmeter
Input Impedance: > 10 M£2
Resistors I'xd. 100 kilohms +1 % -hp- Part No.0757-0465
Fxd, 1 kilohm+1% -hp- Part No. 07570280
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, SO ohm impedance -hp- Model 11048C 50 ohm
Feed-through Termination
Coaxial 50 dB attenuation + 0.01 dB dc to 10 MH2 Weinschel Engineering
Attenuators 40 dB attenuation + 0.01 dB dc to 10 MHz Models 5040S and
50-50S Coaxial Attenuators
Wideband Frequency Range: 10 Hz to 4 MHz -hp- Model 3403C

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 51 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.

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 1 10kHz. 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 I 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 from 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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AC CALIBRATOR

“CML/EL 8-1309

hp 745A
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J ON REAR

C.

Figure 5-1. Accuracy Test Setup

Set the error range to X1 and turn the
marker to zero position. Read the d¢ 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 load) to the same reading on
the 400E/EL at 1kHz as read with the 745A.
3 and 1 wvolt 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 OdB.

c. Change the frequency to those in Table 5-2

" 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
t 2.5 %, readjust the 652A AMPLITUDE
control for O 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 5<.
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 O to 10mV Reference
Supply shown in Figure 5-2 and allow it at least 24
hours to stabilize.
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Table 5-2. Accuracy Tolerances
3 Volt Range 1 Volt Range A
Frequency
(Hz) Voltage Meter DC OUTPUT | Voltage Meter DC OUTPUT
input {% of reading) {(Volts) Input {% of reading] (Volts)
10 3 3.00 £ 5% 0.949 + 0.047 1.0 1.00 £ 5% 1.00 + 0.05
2 2.00 £ 6.3% 0.633 + 0.040 0.5 0.50 + 7.5% 0.50 £+ 0.038
1 1.00 £ 10% 0.316 + 0.032 0.3 0.30 £ 10.8% | 0.30 t 0.033
40 3 300 +t1% 0.949 + 0.010 1.0 1.00 £ 1% 1.00 £ 0.010
2 200 +1.5% 0.633 + 0.010 0.5 0.50 t 2% 0.50 + 0.010
1 1.00 £ 3% 07316 t 0.01 0.3 0.30 £ 3.3% 0.30 £ 0.010
100 3 3.00 £+ 1% 0.949 + 0.010 1.0 1.00 £ 1% 1.00 + 0.01
or 2 2.00 £1.5% 0.633 +£0.010 05 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 £t 1% 0.949 + 0.010 1.0 100 £ 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
1™ 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 3 300 + 3% 0.949 + 0.029 1.0 1.00 £ 3% 1.00 £0.03
2 2.00 t 3.8% 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
10 M 3 3.00:5% | 0949+00475 10 | 1.00% 5% 1.00 + 0.05
2 200 t 6.5% 0.633 + 0.0411 " 0.5 0.50 + 8% 0.50 £ 0.04
1 1.00 + 15% | 0.316+ 0.0348, 0.3 030+ 12% | 0.30 ¢+ 0.036
A\ These tolerances can also be used on
the folfowing ranges: 10 mV, 100 mV,
NOTE Figure 5-2. Set switch Sl to position A

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 a3
volt thermal converter (HO2-11049A with
600 ohm input impedance) as shown in

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 a400E/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) (Volts)

10 1.00mV| 1.00+5% 1.00 £+ 0.05 100k 1.00mV| 1.00+1% 1.00 + 0.005
0.5mV | 0.50+76% [0.50+0.038 0.5mV | 0504+2% 0.50 £+ 0.0045
03mV | 0.30%+10.8% [0.30 £+ 0.033 03mV | 030 +3.3% |0.30+0.0043

40 1.00mV| 100+1% 1.00 +0.02 500k 1.00mV| 1.00+ 1% 1.00 + 0.02
0.5mV | 0.50%+2% 0.50+0.015 0.5mV | 0.50+2% 0.50%£0.015
03mV | 0.30%+3.3% (03010013 03mV | 030+3.3% (0.30+0013

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

or 0.5mV | 0501+ 2% 0.50 + 0.0045 0.5mV | 050127.6% |[0.50%0.038 |
400 03mV | 0.30+3.3% |0.30+0.0043 0.3mV | 0.30+10.8%|0.30+0.033 '

54
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/3 1/2 2/3 FeSe

+(1/2% FeSe + 1/2% READING)

/3 1’72 2/3 FeSe

#{i% FeSe +O0% READING)

I

/3 /72 2/3 FeSe

AOUE/RL-C 198

% READING ERROR

% READING ERROR

% READING ERROR

-4

+(|%FeSe+ 1% READING)

$(1e5%FeSe+1:5%READING)

/3 /2 273 FaSe

1(2e5%FeSe + 2e5% READING)

i/3 /72 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 Voltand 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.

. Recalibrate the

YYYVvIYYyyryy

. CAUTION3

AAAAAAAALAADN,

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 switch S! 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.

. 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.

. Using the oscillator amplitude control as

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

. 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.

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

f.

Models 400E/400EL

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.

. Set Sl

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.

rYvYyVvVYYYVYY

ECAUTION

AAAAAALAAAN,

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.

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.

. 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.
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TEST OSCILLATOR
hp 652A

]
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AC VOLTMETER
hp 400E/EL

R

100KA
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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 1TmV 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 03000 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
voltmeter to the 400E/EL DC OUTPUT

terminals.

YT YYYYYVYYY

I"‘CAU'I’ION'I
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 S5-2. 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
S-17 using a 0.45 volt thermal converter and
a 0.3162 volt output from the dc standard.

TV YYrYyYyy

$£CAUTION]

’AAA‘A“‘AAL

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 .00l

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 until 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.

. 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 Capaci

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 connect 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.

d.

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 thie 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 5-48). 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 | 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 +2V.

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 £0.25Vdc. Connect a dc voltmeter to
TP4 and adjust A2R31 for +10.0 41 Vdc.

5-38. AC OUTPUT ZERO.

5-39. Connect a dc voltmeter to TPS and adjust
A2RS9 for 0.0 £0.050Vdc.

5-40. CALIBRATION.

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

A2R38
400 Hz ADJ

A2C28
10 MHz ADJ

S2C2
3mV 10 MHz ADJ
(ADJ FROM SIDE)
P

A2R31
BIAS ADJ

pd
7

|

1

il

I
[

l
|

L

=
\1
|

(ADJ FROM SIDE)

| 7" \ I
‘oozn-a-y ] ~
A2R59 A2R44 R2 A2R17 A1C2
oV ADJ 1 mV 400 Hz ADJ DC OUTPUT ADJ BIAS ADJ 3V 100 kHz ADJ

{ADJ FROM SIDE)

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.

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 meving
A2Cl11 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 1 mV
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 20 Hz
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.

543. 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
STEP | 400E/EL RANGE | CALIBRATION SIGNAL [ADJUSTMENT 400E/EL INDICATION
METER DC OUTPUT
I 001V 10mV 400Hz 322'“8 10mV +0.lmV T OV
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 ImV +0.0lmV |1.000 £0.005Vdc
5 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.

544. 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 wusing 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 AI1C2 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.

547. 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 3 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.

5-11
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Figure 5-5. Alternate Calibration and Frequency Test Setup

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

h. 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.

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

m. 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.

n. 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.

. For checking the accuracy of the I mV range

of the 400E/EL use tolerances listed in
Table 5-3.

- 1 mV 4MHz 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.

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

v

12.

13.

10.

1.

14.

15,

16.

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 wvoltage 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 vopltage (10 and 20Hz)
near full scale

10.

11.

12.

13.

14.

15.

l16.

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 CI9 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 A2QI15 and 16.

Check A2C30 for an open.

Check A2CR15 and A2CRI16.

Relay Al K1 stuck in closed position.

Relay K2 stuck in closed position.

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

AC output circuit. Check A2Q15 and Ql6. 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 S2CRI1 and
S2CR2.Checkrelays.

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

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

Check A2Q13. Change value of A2C31* (Table 5-11). Check
A2Cl10 and C20.

5-48. TROUBLESHOOTING.

549. These procedures should only be performed
when the 400E/EL can not be calibrated according to
procedures in Paragraphs 5-32 through 547, 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
schiematic 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 nowninal. A rolerance of + 10% is allow-
able and more when stated.

5-60. POWER SUPPLY.

5-51. Check with a dc voltmeter (3450B) at TP1 and
TP2 for + 26 volts and - 26 volts respectively. If the
TP voltages are improper, check the voltages listed in
Table 5-7. If the voitage for a given component is
wrong, the trouble is probably in that component or
i