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CERTIFICATION

Hewlett-Packard Company certifies that this product met its published specifications at the time of shipment Sfrom
the factory. Hewlett-Packard Jurther 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 Jacility, and to the calibration Sfacilities
of other International Standards Organization members.

WARRANTY

This Hewlett-Packard instrument product is warranted against defects in materials and workmanship for a period
of one year from date of shipment [,except that in the case of certain components listed in Section 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.

Duration and conditions of warranty for this instrument may be superceded when the instrument is integrated into
(becomes a part of) other -hp- instrument products.

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 specifica-

tions 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 for 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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HEWLETT
(ﬁl”] PACKARD
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. This is a Safety Class 1 instrument.

GROUND THE INSTRUMENT

To minimize shock hazard, the instrument chassis and cabinet must be connected to an electrical ground.
The instrument is equipped with a three-conductor ac power cable. The power cable must either be plugg-
ed 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 con-
nected. 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 perform any
unauthorized modification to the instrument. Return the instrument to a Hewlett-Packard Sales and Ser-
vice Office for service and repair to ensure that safety features are maintained.

DO NOT OPERATE A DAMAGED INSTRUMENT

Whenever it is possible that the safety protection features built into this instrument have been impaired,
either through physical damage, excessive moisture, or any other reason, REMOVE POWER and do not
use the instrument until safe operation can be verified by service-trained personnel. If necessary, return
the instrument to a Hewlett-Packard Sales and Service Office for service and repair to ensure that safety
features are maintained.

DANGEROUS PROCEDURE WARNINGS

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

l WARNING I

Dangerous voltages, capable of causing death, are present in this instrument. Use extreme cau-
tion when handling, testing, and adjusting.




SAFETY SYMBOLS

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

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, couid 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.

Vi




SECTION |
GENERAL INFORMATION

1-1. DESCRIPTION

1-2. The Hewlett-Packard Model 427A is a versatile,
compact, self-contained voltmeter. It is capable of
making dc measurements from 1 mV to 1000 volts, ac
measurements from 0.3 mV to 300 volts at frequencies
from 10 Hz to 1 MHz, and resistance measurements from
0.2 ohms to 500 megohms. With the 01 option, the Model
427A may be powered either by a 115 or 230 volt line
or by an internal 22-1/2 volt dry cell battery.

1-3. The use of solid state components throughout gives
the Model 427A both ruggedness and reliability. Battery
operation makes the instrument ideal for field use or
isolation from common mode ground loops.

1-4. Table 1-1 lists the specifications of the 427A which
are the performance standards or limits against which the
427A can be tested.

1-5. BATTERY

1-6. The battery used in the Model 427A is a 22-1/2 volt
dry cell, Eveready No. 763 or an RCA VS102. Typical
battery life is more than 300 hours continuous operation
or 700 hours intermittent operation.

1-7. INSTRUMENT AND MANUAL IDENTIFICATION

1-8. Instrument identification by serial number is located
on the rear panel. Hewlett-Packard uses a two-section
serial number consisting of a three or four-digit prefix

and a five-digit suffix. These numbers may be separated
by a letter designating the country in which the instru-
ment was manufactured. (A = U.S.A.,; G = West
Germany; J = Japan; U = United Kingdom).

1-9. AVAILABLE ACCESSORIES

1-10. The following accessories are available to increase
the test capabilities of the Model 427A.

1-11. Cables and Adapters

-hp- 11001A 45 test lead, dual banana to BNC male

-hp- 11002A 5’ test lead-dual banana to alligator clips

-hp- 11003A 5’ test lead-dual banana to pencil probe and
alligator clip

-hp- 10111A shielded BNC female to banana plug adapter

1-12. Probes

-hp- Model 11074A 10:1 Voltage Divider Probe extends
the voltage range of Model 427A by a factor of 10.

-hp- Model 11039A 1000:1 Capacitive Voltage Divider for
measuring voltages up to 24 KV.

-hp- Model 11096B High Frequency Probe extends the
frequency range of the 427A to 500 MHz. The voltage
range is 0.25V to 30V.

1-13. OPTIONS

1-14. To obtain an additional Operating and Service
Manual order Option 910.

Figure 1-1. 10096B High Frequency Probe

1-1



General Information

Model 427A

Table 1-1. Specifications

DC VOLTMETER

Voltage Ranges: =100 mV to +=1000 V full scale ina 1, 3, 10
sequence (9 ranges).

Accuracy: =2% of full scale on any range (0°C to 50°C).
Input Resistance: 10 megohms on all ranges.
AC normal-mode rejection (ACNMR): ACNMR is the ratio of the ac
normal-mode signal to the resultant error in readout.
50 Hz and above: >80 dB.
Maximum Input Voltage: 1000 V dc. (Volts terminal to chassis)

AC VOLTMETER

Voltage Ranges: 10 mV to 300 V rms full scale in a 1, 3, 10
sequence (10 ranges).

Frequency Range: 10 Hz to 1 MHz.
Response: responds to average value, calibrated in rms of sinusoid.

Accuracy:

Range

Frequency 0.01vV-30V 100V -300V

10 Hz - 100 kHz
100 kHz - 1 MHz

) 2% of range
2% of range

Frequency Response:

3d8
2d8 AN

- \\ v/,\\
\

2MHz 3MHz 4MHz

IHz SHz I0Hz IMHz

Frequency response 10 mV to 30 V ranges.

AC VOLTMETER (Cont'd)

Input Impedance: 10 megohms shunted by < 40 pF on 10 mV
to 1 V ranges; < 20 pF on 3 V to 300 V ranges.

Overload: 300 V/rms momentarily, 2 V range and below.
425V/rms maximum above 1 V range.
(Maximum dc voltage from COM to chassis is + 500 V).
OHMMETER

Resistance Ranges: 10 ohms center scale to 10 megohms center
scale (7 ranges).

Accuracy: =5% of reading from .3 to 3 on scale.

Source Current: (ohms terminal positive)

Open Circuit Short Circuit
Range Voltage Current
X10 Ol N 10 mA
X100 0.1V 1 mA
X1K 1V 1 mA
X10K 1V 100 wA
X100K 1T Vv 10 A
X1M 1 Vv 1 A
X10M 1V 0.1 uA

GENERAL

Floating Input: May be operated up to + 500 Vdc COM terminal
to chassis ground. {Ohms input open in any function except
ohms--volts input open when instrument is in off position.)

Operating Temperature: 0°C to 50°C.

Power: 22 - 1/2 volt dry cell battery. (Eveready No. 763 or
RCA VS102.) > 300 hr. operation per battery.
Option 01: Battery operation and ac line operation (selectable
on rear panel). 115 or 230 V + 20%, 48 Hz to 440 Hz,
< 0.7 VA.

1-2



SECTION i
INSTALLATION

2-1. INTRODUCTION

2-2. This section contains information and instructions
necessary for installation and shipping of Model 427A
Voltmeter. Included are initial inspection procedures,
power and grounding requirements, installation, and in-
structions 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 elec-
trical order upon receipt. To confirm this, the instrument
should be inspected for physical damage in transit. Also,
test the electrical performance of the instrument using the
procedure outlined in Paragraph 5-5. If there is damage
or deficiency, see the warranty in the front of this manual.

2-5. POWER REQUIREMENT

2-6. The Model 427A uses a 22.5 volt dry cell battery for
its primary power source. However, if Option 01 is in-
cluded, the Model 427A can be operated from any source
of 115 or 230 volts (£ 20%) at 48 to 440 Hz. With the
instrument disconnected from the ac power source, move
the slide switch (located on the rear panel) until the
desired line voltage appears. Power dissipation is less than
0.7 VA.

2-7. GROUNDING REQUIREMENTS

2-8. To protect operating personnel, the National
Electrical Manufacturers’ Association (NEMA) recom-
mends that the instrument panel and cabinet be grounded.
The Option 01 427A is 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.

e )

When the 427A is powered from its dry cell
battery, there is no ground return. Connect
Chassis ground terminal on the rear panel to
earth ground.

2-9. INSTALLATION

2-10. The Model 427A 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). For additional information,
address inquires to your local -hp- Sales and Service
Office. (See Appendix B for office locations.)

2-11. Bench Mounting

2-12. Model 427A is shipped with plastic feet and tilt
stand in place, ready for use as a bench instrument.

2-13. Rack Mounting

2-14. Model 427A 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.

2-15. Combination Mounting

2-16. The Model 427A may be mounted in combination
with other submodular units by using a Combining Case
(-hp- Model 1051A). If the 427A is equipped with a carry-
ing handle, it will be necessary to remove the top cover
on the 427A before inserting it into the Combining Case.
The Combining Case is a full-module unit which accepts
various combinations of submodular units. Being a full-
module unit itself, it can be bench or rack mounted and
is analogous to any full-module instrument.

2-17. REPACKAGING FOR SHIPMENNT

2-18. The following paragraphs contain a general guide
for repackaging of the instrument for shipment. Refer
to Paragraph 2-19 if the original container is to be used;
2-20 if it is not.

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 ac-
complished; include the model number and
Sfull serial number of the instrument. In any
correspondence, identify the instrument by
model number, serial number, and serial
number prefix.

2-1



Installation

2-19. If original container is to be used, proceed as
follows:

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

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

2-20. If original container is not to be used, proceed as
follows:

2-2

Model 427A

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

b. Place packing material around all sides of instru-
ment and protect panel face with cardboard 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.






Operating Instructions

Model 427A

dBm 5000
o tbm - 315

ke R

A2TA VCHTMETER

[/9/0 HEWLETT - PACKARD,

FUNCTH RANGE

DT ZERKR

@ Chassis ground terminal

BATT/LINE (option O1 only) slide switch: Selects either
battery or line operation.

115/230 slide switch (option O1 only): Selects either
115 Vac or 230 Vac for line operation.

@Line input (option 01 only): Connects ac operating power to
instrument.

@RANGE switch: Selects appropriate range of unknown input.

@DC ZERO/Q o thumbwheel: Used to electrically zero the in-
strument in DC mode and to infinity-set the instrument in
OHMS mode.

BATTERY

== U LINE —
SELECTOR

15/230V £10%

| 48-440 1z
i OPTION 01 . 2VA MAX
MERLELIGPRAG KRS

1 SERIAL NQ
096474174328

Q terminal: Connect unknown resistance to instrument be-
tween this terminal and common.

o COM terminal: Connects to instrument common. (Common
input for ACV, OHMS and DCV.)

VOLTS terminal: Apply unknown ac or dc voltage to instru-
ment between this terminal and common.

@ FUNCTION switch: Selects mode of operation. Selections
are OFF, BATT, +DC, —DC, OHMS and AC.

@Mechanical zero: Mechanically zeroes the meter.

Meter face: Displays the magnitude of unknown resistance
or voltage in ohms or volts respectively.

Figure 3-1. Location of Front Panel Controls and Indicators

3-0




SECTION il
OPERATING INSTRUCTIONS

3-1. INTRODUCTION

3-2. The Model 427A may be operated as a dc voltmeter,
ac voltmeter, ohmmeter or dB meter. This section con-
tains operating instructions for each mode of operation.

3-3. FRONT AND REAR PANEL DESCRIPTION

3-4. Figure 3-1 shows the location of all the Model 427A
controls and indicators and explains the function of each.
The Option 01 rear panel is shown. The standard rear
panel is blank.

3-5. OPERATING INSTRUCTIONS
NOTE

To obtain maximum battery life, set the
FUNCTION switch to OFF when the instru-
ment is not in use.

3-6. Mechanical Zero Adjustment

3-7. Before any measurements are made, complete the
Mechanical Zero Adjustment in the following steps.

a. Be sure instrument has been off for at least one
minute.

b. Rotate Mechanical Zero 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 over-
shoots, repeat step b.

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

3-8. Turn-On Procedure
3-9. Standard Instrument

a. Rotate the FUNCTION Switch to BATT/1.5 MIN
position.

b. The meter should read 1.5 or higher on the 0-3 scale
on any range, indicating that the battery voltage is 15 volts

or higher. If the reading is below 1.5, replace the battery
according to the steps in Paragraph 5-54.

3-10. Option 01 Instrument

a. Select either battery or line operation with the rear
panel BATT/LINE slide switch. If battery operation is
selected, check the battery according to Paragraph 3-9.

b. If line operation is selected, set the 115/230 slide
switch to indicate the proper line voltage, and attach the
line cord.

c. Rotate the FUNCTION switch to the desire func-
tion. During line operation, the BATT/1.5 MIN check
position displays the output of the Option 01 power supp-
ly. The reading should be 1.5 or higher on the 0-3 scale
on any range, indicating a power supply output of 17 volts
or greater. This serves as a convenient check of the Op-
tion 01 power supply.

NOTE

The ‘““OFF”’ position on the FUNCTION
Switch is used to turn the 427A off (i.e.,
disconnects either the battery or the Option
01 ac power supply from the circuitry). The.
rear line switch does NOT turn the 427A off.

3-11. DC Measurements

a. Rotate the FUNCTION switch to + DCV or —DCV
depending on the polarity of the input.

b. Short the VOLTS input to the COM input, rotate

RANGE switch to 0.1, and adjust the DC ZERO/Qoo
thumbwheel for zero meter deflection.

c. Select approximate range of input with RANGE
switch.

d. Connect input across VOLTS and COM terminals
and read magnitude of input on meter.

DO NOT APPLY MORE THAN 1000 VDC
TO ANY DC RANGE.

3-1



Operating Instructions

3-12. Resistance Measurements

DAMAGE TO 427A INPUT CIRCUIT
MAY RESULT IF DC OR AC VOLTAGE
IS APPLIED TO OHMS TERMINAL.

a. Rotate the FUNCTION switch to Q.

b. Select the approximate range with the RANGE
switch; and with the input terminals open, adjust the DC
ZERO/Qoo thumbwheel for an o indication on the ohms

scale. (Pointer should rest on the mark just to the left
of o),

c. Connect the unknown resistance across the Q and
COM terminals. Read the resistance value on the ohms
scale.

NOTE

For best accuracy, select an ohms range that
will place the meter pointer near the center of
the scale.

3-13. AC Measurements

3-14. The Model 427A responds to the average value of
the ac input and is calibrated in rms volts for a sine wave
input. Since the average value and the rms value of a non-
sinusoidal signal are different, any distortion on the input
will affect the accuracy of the reading. Table 3-1 shows
the effect of harmonic distortion on a reading.

NOTE

The following table is universal in application
since these errors are inherent in all average
responding voltmeters. The error shown may
vary with the phase relationship between the
harmonic and fundamental.

3-15. Use the following steps to make an ac measure-
ment.

a. Rotate FUNCTION switch to ACV.
NOTE

With the input shorted, there may be a zero
offset of about two minor divisions. This is
caused by the bias current through the meter
bridge and does not affect the accuracy of ac
measurements as the meter moves upscale.

b. Rotate RANGE switch to approximate range of
input voltage.

3-2

Model 427A

Table 3-1. Effects of Harmonic Distortion

Input Voltage True RMS Meter
Characteristics Value Indication
Fundamental = 100 100 100
Fundamental + 10% 100.5 100
second harmonic
Fundamental + 20% 102 100 - 102
second harmonic
Fundamental + 50% 112 100 - 110
second harmonic
Fundamental + 10% 100.5 96 - 104
third harmonic
Fundamental + 20% 102 94 - 108
third harmonic
Fundamental + 50% 112 90 - 116
third harmonic

DO NOT APPLY MORE THAN 425V RMS
WHEN THE INSTRUMENT IS ON
RANGES ABOVE I V, OR MORE THAN
300V RMS ON THE 1V RANGE AND
BELOW.

c¢. Connect the signal to be measured to the VOLTS
and COM terminals and read the magnitude on the
voltage scale.

3-16. DB Measurements

a. Making a dB or dBm measurement is essentially the
same as making an ac voltage measurement. Follow the
steps in Paragraph 3-13, but read the magnitude on the
dB scale.

b. The 1 volt position of the RANGE switch is the
0 dBm range. Each position above 1 volt is a 10 dB in-
crease, and each position below 1 volt is a 10 dB decrease.
Table 3-2 lists the dB value of each range.

Table 3-2. DB Range Identification

Range DB Range DB
300 +50 1 0
100 +40 0.3 = 10
30 +30 0.1 -20
10 +20 0.03 -30
3 +10 0.01 —-40

¢. A given dB reading is equal to the algebraic sum
of the range and the meter reading. For example, if the
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meter reading were — 6 and the instrument were on the
10 volt (+ 20 dB) range, the final reading would be 20 dB
-6dB = 14 dB.

d. The 427A meter is calibrated in dBm, 0 dBm is
equivalent to 0.775 volt dropped across a 600Q load. Con-
sequently, any dBm measurements must be made across
a total impedance of 600Q. Measurements across other
impedances will be in dB, not dBm.

Operating Instructions

e. To convert a dB reading to dBm, use the Impedance
Correction Graph (Figure 3-2). For example, to convert
a + 30 dB reading made across a 50 load to dBm, locate
the 50Q 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
50Q is +10.5 dBm, and the corrected reading is +40.5
dBm.
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Figure 3-2. Impedance Correction Graph
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SECTION 1V
THEORY OF OPERATION

4-1. GENERAL

4-2. The Model 427A measures ac voltage, dc voltage,
and resistance. It is battery operated, but with Option
01, can be powered by line voltage. Figure 4-1 shows a
simplified block diagram of the 427A.

4-3. The Battery Regulator (A1) regulates the battery out-
put and provides + 6.7 and — 6.7 volt bias supply to the
amplifiers. The 427A uses two amplifiers, the DC
Amplifier (A1) and the AC Metering Circuit (A2). The
former is a high input impedance unity gain amplifier
used to amplify dc and resistance inputs. It also serves
as a preamplifier for ac signals. The AC Metering Cir-
cuit amplifies ac signals from the preamplifier, converts
them to dc signals proportional to the average ac, and
connects them to the meter. The meter is calibrated to
display the rms value of the ac input.

4-4. The DC Offset Adjust (A2) compensates for leakage
current from the dc amplifier, and DC CAL and OHMS
CAL are resistive circuits used for calibration.

4-5. DC OPERATION

4-6. Figure 4-2 shows the Model 427A in the DC Mode
of Operation. The dc input is first applied to the DC
Range Attenuator where it is attenuated by 10 dB for each
step of the attenuator. The d¢ signal from the attenuator
goes to the DC Filter, and the filter rejects any ac
superimposed noise that may be present on the input. The
dc output of the filter goes to the DC Amplifier (A1) and
then to the meter. The DC Amplifier matches the high
impedance of the attenuator to the low impedance of the
meter. The DC CAL circuits are resistive circuits in series

with the meter used to adjust the meter current to
calibrate the lower ranges.

4-7. OHMS OPERATION

4-8. Figure 4-3 is a block diagram of the Model 427A
in the OHMS Mode of Operation. With the input open,
R, and Ry, forms a voltage divider. The voltage across
Ry causes full scale current to flow through the meter.
The OHMS CAL circuit adjusts the meter current for an
indication of o with the input open. When R, is equal
to the parallel combination of R, and Ry, the total
resistance from the OHMS terminal to ground will be half
the parallel combination of R, and Ry, the voltage into
the amplifier will be halved, and the meter indication will
be half scale. The Model 427A is designed so that the full
RANGE setting will be displayed in the center of the
scale. For example, 10 © on the X10 range is a center scale
reading.

4.9. AC OPERATION

4-10. Figure 4-4 shows a block diagram of the 427A in
the AC Mode of Operation. The input signal goes to the
AC Range Attenuator. On the 1 volt range and below,
the signal is not afffected by the AC Range Attenuator;
but on all the higher ranges, the signal is attenuated by
50 dB. Capacitor C3 adjusts the frequency response of
the attenuator with a 3 volt 100 kHz input. The signal
from the AC Range Attenuator goes through the DC
amplifier to the AC Post Attenuator where it is attenuated
by 10 dB for each step of the RANGE selector. The DC
Amplifier matches the low impedance of the Post At-
tenuator to the high impedance of the Range Attenuator,
acting as a preamplifier.
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Figure 4-2. DC Operation
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Figure 4-4. AC Operation

4-11. The AC Metering Circuit contains both a feedback
stabilized ac amplifier and an averaging meter circuit. The
meter circuit converts the ac signal to a dc voltage pro-
portional to the average of the ac amplifier output.
A2R17 adjusts the current through the meter so that the
scale reading is in rms volts.

4-12. CIRCUIT DESCRIPTION
4-13. DC Amplifier (A1)

4-14. Figure 6-3 is the schematic diagram of the Model
427A. The input to the DC Amplifier (Al) is applied
through Pin 2 to the impedance converter A1Q6. A field
effect transistor is used as the impedance converter
because of its characteristically high input impedance.
Transistors A1Q7 and A1Q9 make up a two-stage
amplifier, with A1Q9 as an emitter follower output stage.
The signal from the emitter of A1Q9 is fed back to the
base of A1Q7 for gain stabilization.

4-15. A1Q8 acts as a constant current source for A1Q6.
The constant current from A1QS8 assures linearity in
A1Q6 and helps minimize drift.

4-2

4-16. AC Metering Circuit (A2)

4-17. Figure 6-3 contains the schematic of the AC Meter-
ing Circuit. The ac input from the ac post attenuator is
applied through A2Cl1 to the base of A2Q1. A2Q2 is an
emitter follower that provides impedance matching to
common emitter output stage A2Q3. Capacitor A2C4
provides an ac feedback path for gain stabilization.

4-18. The output from the collector of A2Q3 is rectified
by A2CR3 and A2CR4 and applied to the meter
movement.

4-19. Resistor A2R17 is used to calibrate the amplifier
at low frequency and is adjusted for full scale meter
deflection with a 10 mV, 400 Hz input. Capacitor A2C3
is used to calibrate the amplifier at high frequency. With
a 10 mV, 1 MHz input, A2C3 is adjusted for full scale.

4-20. Battery Regulator A1 (See Figure 6-3)

4-21. The Battery Regulator regulates the dc voltage from
the 22.5 volt battery or from the optional power supply.
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The voltage drop across AICR2 and the emitter-base
junction of A1Q3 provides the — 6.7 volt reference for
the power supply and the — 6.7 volt output. A1QS senses
changes in the + 6.7 volt output and controls A1Q2, the
positive series regulator. A1Q1 is a current source for

Theory of Operation

A1QS, and diodes AICR3, CR4, and CRS provide
temperature stabilization. Transistor A1Q4 provides a
current shunt for A1CR2 to keep its voltage constant
under heavy current loads.

4-3/4-4
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Table 5-1. Required Test Equipment

Instrument Type Required Characteristics Recommended Model Use
Meter Calibrator Range: O to 300V Fluke Model 760A PAT
Accuracy: +.2% Meter Calibrator
Test Oscillator Frequency: 400Hz to TMHz -hp- Model 652A Test PAT
Output: 0.01V to 3V ac Oscillator
Variable Line Frequency: 50Hz to 60Hz Powerstate Model PT
Transformer Voltage: O to 120V 1168
Decade Resistor Range: 10 to 10M ohms General Radio Model PT
Accuracy: =.05% 14327
Multimeter Range O to 50V dc/ac -hp- Model 3468A T
Multimeter
Resistors 100K ohms = 1% -hp- No. 0757-0367 P
1M ohms =.1% -hp- No. 0811-0473
P = Performance Test A = Adjustment T =Troubleshooting

FLUKE 760A
METER CAL IBRATOR

TEST OSCILLATOR

p652A

hpa27a
VOLTMETER

Figure 5-1. AC Accuracy and Frequency Response Test




SECTION V
MAINTENANCE

These servicing instructions are for use by
qualified personnel only. To avoid electrical
shock, do not perform any servicing other
than that contained in the operating instruc-
tions unless you are qualified to do so.

5-1. INTRODUCTION

5-2. This section contains information necessary to main-
tain the Model 427A. The following paragraphs describe
the Performance Checks, the Calibration Procedures, and
the Troubleshooting Procedures.

5-3. REQUIRED EQUIPMENT

5-4. Table 5-1 is a list of the equipment needed to pro-
perly maintain the Model 427A. If the recommended
model is not available, use any substitute that meets the
required characteristics.

5.5. PERFORMANCE TESTS

5-6. The Performance Tests are ‘‘in cabinet’’ tests that
compare the Model 427A with its specifications. These
procedures can be used both for incoming inspection and
periodic inspection. A performance Test Card is provided
at the end of this section for recording the performance
tests. The card can be removed from the manual and used
as a permanent record of the incoming inspection or of
a routine performance test. If the Model 427A does not
meet its specifications, refer to the Adjustment and
Calibration Procedures, Paragraph 5-25.

5-7. AC ACCURACY AND FREQUENCY RESPONSE

5-8. The AC Accuracy and Frequency Response Check
requires a test oscillator that is flat within = 0.5% from
10 Hz to 1 MHz. The absolute value of the applied
voltage must be accurate within = 0.2%. The meter
calibrator produces a 400 Hz signal that is within less than
0.2% of the indicated output. The -hp- Model 652A Test
Oscillator can be adjusted to within less than 0.25% of
a desired reference from 10 Hz to 10 MHz.

NOTE
Before beginning the Performance Test, be

sure to adjust the mechanical meter zero ac-
cording to the steps in Paragraph 3-6.

5-9. AC Accuracy

5-10. Connect the meter calibrator and test oscillator to
the 427A, as shown in Figure 5-1. In the figure, switch
S1 is used to connect either the calibrator or the oscillator
to the 427A without removing any cables from the 427A.
A simple knife switch can be used for S1. If the switch
is not available, connect the calibrator or oscillator
directly to the 427A.

a. Set the voltmeter calibrator for an output of 0.01
volts at 400 Hz.

b. Set S1 in Figure 5-1 to position A.

c. Set the Model 427A FUNCTION to ACV and the
range to 0.01.

d. The 427A should read 0.01 volts rms = 2% (2
minor scale division).

e. Repeat steps a through d for each ac RANGE selec-
tion through 300 V by setting the voltmeter calibrator
output to the full scale value for each range. The Model
427A indication should not vary from the known input
by more than 2% on any range. 2% corresponds to 2
minor divisions on the 0-1 scale and 1-1/2 minor divi-
sions on the 0-3 scale.

f. Set the Model 427A to the 1 volt range and apply
0.9, 0.8, 0.7, 0.6, 0.5, 0.3, 0.2 and 0.1 volt signals. In
each case the reading should be within two minor divi-
sions of the known input signal.

g. Set the Model 427A to the 3 volt range and apply
2.5,2,1.5, 1, and 0.5 volt signals. In each case the reading
should be within 1-1/2 minor divisions of the known in-
put signal.

5-11. Frequency Response

5-12. The frequency range of the -hp- Model 652A is
10 Hz to 10 MHz. The set level indication mentioned in
the following steps is used to reestablish the proper
amplitude each time the frequency is changed.

a. Set S1 in Figure 5-1 to position B. Set the Model
427A RANGE to 0.01.

b. Set the test oscillator to 400 Hz and adjust the out-
put for a 0.95 indication on the 427A 0-1 scale.

c. Set test oscillator to expand, and adjust the set level
control (REF SET) for convenient meter indication.

5-1
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d. Record set level indication for use as a reference in
steps ¢ and f.

e. Change the oscillator frequency to 10 Hz and reset
the oscillator amplitude to the set level indication
established in step c. DO NOT readjust the set level con-
trol on the oscillator. The 427A indication should not vary
by more than + 2 minor scale division (+ 2%).

f. Repeat step ¢ for 100 Hz, 1 kHz, 10 kHz, 100 kHz,
500 kHz and 1 MHz. In each case the 427A indication
should not vary by more than = 2 minor scale divisions
(= 2%).

5-13. Repeat Paragraph 5-11 with the 427A RANGE set
to 3 volts, and test oscillator output set to give 3 V reading
on 427A in step b. The 427A reading should not vary by
more than + 2% (+1-1/2 small scale divisions).

5-14. RESISTANCE ACCURACY

Model 427A

a. With the input open, set the Model 427A FUNC-
TION to OHMS and the RANGE to X10. Adjust the DC
ZERO/Qce adjustment for a meter indication of oo,

b. Connect the decade resistor and the Model 427A
as shown in Figure 5-2, and set the decade for 10 Q.

c. The 427A meter should read within = 5% of the
known resistance (— one small scale division, + one-half
small division).

d. Repeat steps a through ¢ using the RANGE and
decade resistor settings listed in Table 5-2.

NOTE

The DC ZERO/Q o adjustment must be made
on all ranges.

Table 5-2. Resistance Accuracy

Range Decade
5-15. To check the resistance accuracy, precision X100 100 Q
resistances are needed. Figure 5-2 shows the resistance X1K 1000 @
accuracy check using a General Radio Model 14327 x10K 10: K2
) . X100K 100 KQ
Decade Resistor. The resistance used should be accurate X1M 1 MQ
to within + 0.5% and should have a range of 10 ohms X10M 10 MQ
to 10 M ohms.
hp 427A
DECADE RESISTOR YOLIMETER
GENERAL RADIO 14322 ‘—‘/\I
r§ 200050 | oo
C 5
Figure 5-2. Resistance Accuracy
FLUKE 760A
METER CALIBRATOR
—_
0 O O 3 o
, hpaara
RSN NRERN VOLTMETER
O0O0O00OOO0
SN
C ?Q ® 0 O
PPO =

Figure 5.3. DC Accuracy and Linearity
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5-16. DC ACCURACY

5-17. The DC Accuracy requires a dc voltage standard
that is accurate to within + 0.2% of its indicated output
from 0.1 volt to 300 volts. Figure 5-3 shows the test setup
for the DC Accuracy.

a. Set the Model 421A FUNCTION to + DCV and
the RANGE to 0.1.

b. Adjust the DC ZERO/Q for zero. This adjust-
ment need only be made on the 0.1 volt range.

¢. Connect the meter calibrator and the Model 427A
as shown in Figure 5-3.

d. Set the meter calibrator output to 0.1 volts dc. The
Model 427A should read 0.1 volt + 2%.

e. Repeat steps a through e for each RANGE selec-
tion to 300 V by setting the meter calibrator output to
the full scale value for each range. The Model 427A in-
dication should not vary from the known input by more
than + 2% on any range. 2% corresponds to 2 minor
divisions on the 0-1 scale and 1-1/2 minor division on
the 0-3 scale.

f. Set the dc RANGE to 1000 V and the meter
calibrator to 300 V. The Model 427A should read 300 V
+ 2% of full scale on the 1000 volt range.

g. Set the Model 427A to the 1 volt range and apply
0.9,0.8,0.7,0.6,0.5,0.4, 0.3, 0.2, and 0.1 volt dc signals
from the meter calibrator. In each case the reading should
be within two minor divisions of the known input voltage.

h. Set the Model 427A to the 3 volt range and apply
1.5, 1, and 0.5 volt dc signals. In each case the reading
should be within 1-1/2 minor divisions on the 0-3 scale.

i. Repeat steps a through f with the FUNCTION set
to — DCV and the meter calibrator set for a negative
output. The test results should be the same.

THE VARIABLE LINE TRANSFORMER,
USED IN PARAGRAPH 5-19, PROVIDES
A DANGEROUS VOLTAGE. INSURE
THAT THE CASE OF THE 427A IS
GROUNDED AND THAT THE
TRANSFORMER IS PROPERLY WIRED
AND FUSED BEFORE PERFORMING
THE AC REJECTION TEST.

5-18. AC REJECTION

5-19. A peak ac superimposed noise signal 100 times the
full scale input should affect the Model 427A reading less

Maintenance

than 1%. Figure 5-4 shows the test setup using a variable
line transformer as a noise generator. A 7.07 volt rms
output from the variable line transformer corresponds
to a 10 volt peak noise signal. The 10 volt noise signal
will be applied to the 0.1 volt dc range.

hp 427A
VOLTMETER
F s
VARIABLE B
LINE © O
TRANSFORMER 006 m
J
J

Figure 5-4. AC Rejection

a. Set the 427A FUNCTION to + DCV and short the
input. Set the RANGE to 0.1 and adjust the DC
ZERO/Qo for 0 meter indication.

b. Switch the FUNCTION to ACV and the RANGE
to 10. Connect the variable line transformer and the
Model 427A as shown in Figure 5-4.

¢. Adjust the transformer output for a reading of 7.07
volts rms on the 427A.

d. Switch the 427A FUNCTION to + DCV and the
RANGE to 0.1.

e. The meter reading should be less than 1 minor divi-
sion above 0. This verifies an AC Normal Mode rejection
of > 80 dB.

NOTE

The meter may move upscale momentarily
and then return to zero. This indicates the
charging of the DC Filter capacitors and is
normal.

f. Repeat steps a through e using the 1 volt dc range
and 70.7 volt rms signal from the transformer.

5.20. INPUT IMPEDANCE
5-21. Input Resistance

5-22. Figure 5-5 shows the setup for the input resistance.
A 1 M@ resistor is connected in series with the input, and
the voltage drop across the input resistance will be:

Rin
ER = Eapplicd )
Rseries + Rin

With 1 volt applied, Eg will be 0.91 volt if the input
resistance is 10 MQ. Ey varies directly with changes in
Rip,.

5-3
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FLUKE 760A
METER CALIBRATOR

hpa2a7a
VOLTMETER

& ¥

IMEG, 0.1%
hposi-0473

INPUT RESISTANCE

TEST OSCILLATOR
hpesaa

@@ 5
@
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L

hpa27a
VOLTMETER

ON©)

100K PPO m
hp 0757-0367

INPUT CAPACITANCE

Figure 5-5. Input Impedance

a. Connect the Model 427A and the meter calibrator
to position A illustrated in Figure 5-5. Set the Model 427A
FUNCTION to + DCV and RANGE to 1 V.

b. Set the meter calibrator for + 1 V output.

c. Connect the meter calibrator to position B shown
in Figure 5-5.

d. The voltmeter reading should drop to 0.91, in-
dicating an input resistance of 10 MQ. The input
resistance may vary slightly, and a tolerance of + 2%
should be allowed.

5-23. Input Capacitance

5-24. The 10 MQ input resistance is shunted with 40 pF
on the 0.01 through 1 volt ac ranges and with 20 pF on
the 3 through 300 volt ac ranges. For this input
capacitance check a 100 kQ resistor is placed in series with
the meter input. At a known frequency, the reactance of
the shunt capacitance will be equal to 100 kQ. At this
point the voltage across the input resistance and shunt
capacitance will be equal to 0.707 times the input voltage.
The input capacitance may be checked by finding the fre-
quency at which the displayed voltage drops to 0.707
times the input. As input capacitance decreases, the roll
off frequency increases, and vice versa.

54

a. Connect oscillator and Model 427A to position A
of the input capacitance check (Figure 5-5), and set the
Model 427A FUNCTION to ACV and RANGE to 1V.

b. Set the oscillator frequency to 100 Hz and adjust
the amplitude for a full scale display on the Model 427A.

c. Connect the oscillator to position B and increase the
frequency until the meter display drops to 0.707. The fre-
quency at this point should be about 40 kHz. The input
capacitance is nominally specified at 40 pF and may vary
from instrument to instrument. A frequency variation of
+ 10% is acceptable.

d. Repeat steps a through c using the 3 volt range of
the 427A. Increase the frequency in step ¢ until the
reading drops to 2.1 volts. This should occur at about
80 kHz. This verifies input capacitance of 20 pF on 3 volt
range and above.

5-25. ADJUSTMENT AND CALIBRATION PROCEDURES

5-26. The following adjustment and calibration pro-
cedures should be used only if it has been determined
through the performance tests in Paragraphs 5-5 through
5-24 that the Model 427A is not performing within its
specifications. The location of the internal adjustments
is shown in Figures 5-6 and 6-2.
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Figure 5-6. Location of Internal Adjustments

5-27. Cover Removal

5-28. To remove the top or bottom covers, remove the
Phillips screws securing the cover, slide the cover about
1 inch to the rear, and lift it off. To replace the cover,
reverse the removal procedure.

5-29. To remove a side cover, remove the four Phillips
screws and lift it off.

NOTE
Before beginning the calibration, be sure to

adjust the mechanical meter zero according to
the steps in Paragraph 3-6.

5-30. Amplifier Balance Adjustment
a. Set the RANGE switch to .1.

b. Set the FUNCTION switch to + DCYV and rotate
the DC ZERO/Qo control fully to the right.

c. Set the FUNCTION switch to — DCV and rotate
the DC ZERO/Q e control fully to the left. Note meter
readings.

d. Repeat Steps b and ¢ and adjust AIR15 AMP BAL
until the meter indicator is the same in both steps.

5-31. Regulator Adjust

a. Complete Amplifier Balance adjustment (Paragraph
5-30).

b. Short VOLTS to COM and OHMS to COM. Set
FUNCTION to + DCV. Meter should be zeroed within
2 minor divisions upscale.

¢. Switch FUNCTION to OHMS. If meter deflects ad-
just AIRS REG ADJ for zero deflection. This may affect
+ DCYV zero setting, so rotate FUNCTION back and
forth between OHMS and + DCV, and adjust AIRS
until meter reading is the same in both positions.

5-32. AC Calibration

5-33. Four adjustments are required to calibrate the
427A’s ac circuits. First, A2R17 adjusts the absolute
amplitude calibration with a 10mV 400 Hz input. Then
A2C3 is adjusted with a 10mV 1 MHz input to calibrate
the high frequency response. Next the frequency response
of the AC Post Attenuator is set by adjusting C6 with
a 1V 1 MHz signal. Finally the frequency response of the
AC Range Attenuator is set by adjusting C3 with a 3V
100 kHz signal.

5-34. Low Frequency Calibration
a. Set the meter calibrator for a 400 Hz 0.01 volt

output.

5-5
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b. Connect the 427A as shown in Figure 5-1 and set
switch S1 to position A. If switch SI is not used, connect
the 427A directly to the meter calibrator.

c. Set the 427A RANGE Switch to .001 and the
FUNCTION Switch to ACV.

d. Adjust A2R17 (10mV 400 Hz ADJ; see Figure 5-6)
on the 427A for a 0.01 volt reading on the 427A’s meter.
If the adjustment range is insufficient, go to paragraph
5-81.

5-35. High Frequency Calibration

a. Make sure the Low Frequency Calibration pro-
cedure (see previous paragraph) has been performed
before doing the following steps.

b. Connect the 427A as shown in Figure 5-1 and set
switch S1 to position B. If switch S1 is not used, connect
the 427A directly to the oscillator.

¢c. Make sure the 427A RANGE Switch is set to 0.01
and the FUNCTION Switch to ACV.

d. Set the oscillator for a 400 Hz output. Then adjust
the oscillator output for a 0.01 volt reading shown on
the 427A’s meter.

e. Adjust the oscillator set level control (REF SET) for
a center indication on the oscillator’s meter. Note and
record that meter setting.

f. Set the oscillator frequency to 1 MHz and adjust
the amplitude vernier until the oscillator’s meter indica-
tion is the same as noted in step e. DO NOT readjust the
set level control (i.e., REF SET).

g. Adjust A2C3 (10mV 1 MHz ADJ) on the 427A for
a 0.01 volt reading on the 427A’s meter. If the adjust-
ment range is insufficient, go to paragraph 5-76.

h. Set the 427A’s RANGE Switch to 1 and set switch
S1 to position A (or connect the meter calibrator to the
427A). Set the meter calibrator for a 400 Hz 1 volt output.
Note and record the reading on the 427A.

i. Set switch S1 to position B (or connect the oscillator
directly to the 427A) and set the oscillator for a 400 Hz
output. Then adjust the oscillator output until the reading
on the 427A is the same as noted in step h.

j. Adjust the oscillator set level control (REF SET) for
a center indication on the oscillator’s meter. Note and
record the meter setting.

k. Set the oscillator frequency to 100 kHz and adjust
the amplitude vernier until the oscillator meter indication
is the same as noted in step j. DO NOT readjust the set
level control (i.e., REF SET).
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1. Make sure the reading on the 427A is within its
specified limits (£ 2%). If the 427A is out of the specified
limits, go to paragraph 5-82.

m. Set the 427A’s RANGE Switch to 3 and set switch
S1 to position A (or connect the meter calibrator to the
427A). Set the meter calibrator for a 400 Hz 3 volt output.
Note and record the reading on the 427A.

n. Set switch S1 to position B (or connect the oscilllator
directly to the 427A) and set the oscillator for a 400 Hz
output. Then adjust the oscillator output until the reading
on the 427A is the same as noted in step m.

0. Adjust the oscillator set level control (REF SET)
for a center indication on the oscillator’s meter. Note and
record the meter setting.

p. Set the oscillator frequency to 100 kHz and adjust
the amplitude vernier until the oscillator meter indication
is the same as noted in step 0. DO NOT readjust the set
level control (i.e., REF SET).

g. Adjust C3 (3V 100 kHz ADJ) on the 427A for a
3 volt reading on the 427A’s meter.

5-36. Resistance Infinity Adjustment

5-37. The resistance calibration is affected by the
amplifier balance and regulator adjustments. Perform the
steps in Paragraph 5-30 and 5-31 before making the
resistance infinity adjustment.

a. Set FUNCTION to OHMS and RANGE to X10.

b. Short OHMS to COM and adjust the DC
ZERO/Qoe for zero indication. Open the input and ad-
just AIR18 X10 OHMS CAL for an oo indication. The
indicator should rest on the mark just to the left of .

¢. Change RANGE to X1K, short OHMS to COM and
adjust DC ZERO/Q for zero indication. Open the input
and adjust A1R20 X1K OHMS CAL for an oo indication.

5-38. DC Calibration

5-39. Use the recommended meter calibrator to calibrate
the 427A’s dc ranges. Adjust A2R3, A2R4, and A2R5
for full scale inputs on the 0.1, 0.3, and 1 volt ranges,
respectively. No calibration is required on the 3 volt
through 1000 volt ranges since these are calibrated by
A2RS5. Use the test setup in Figure 5-3 and do the
following:

a. Set FUNCTION to + DCV and RANGE to 0.1.
Set the meter calibrator output to + 0.1 volt.

b. Adjust A2R3 0.1 V DC CAL for full scale on the
0-1 scale.



PERFORMANCE TEST CARD

Hewlett-Packard Model 427A
Voltmeter
Serial No.

Tests performed by

Date

Description

1. AC ACCURACY:

w
<< << <KL

30 V
100 V
300 V

2. FREQUENCY RESPONSE:

+2% 10 Hz to 1 MHz
10 Hz
100 Hz
1 kHz
10 kHz
100 kHz
500 kHz
1 MHz

3. RESISTANCE ACCURACY:

+ 5% of reading at midscale
Range Reading

X10

X100

X1K

X10K

X100K

X1M

X10M

4. DC ACCURACY:

1
3
1
3
10
30
100

300 V
1000 V

<< <K<K K<L KL

5. AC REJECTION:

100 times full scale input, <1% change

6. INPUT RESISTANCE:

10 MQ all ranges

7. INPUT CAPACITANCE:

40 pF
20 pF

.01 - 1 volt Range
3 - 200 volt Range







Model 427A

c. Rotate RANGE to 0.3, and change the calibrator
output to + 0.3 volt.

d. Adjust A2R4 0.3 VDC CAL for 3 on the 0-3 scale.

e. Rotate RANGE to 1 and change the calibrator out-
put to 1 volt.

f. Adjust A2R5 1 V DC CAL for full scale on the 0-1
scale.

5-40. ALTERNATE PERFORMANCE TESTS AND
CALIBRATION PROCEDURES

5-41. The following alternate procedures should be used
only if the equipment in Table 5-1 is not available. In
each alternate procedure use an instrument of the
specified accuracy. If a less accurate instrument is used,
the calibration or test may not be within the Model 427A
specifications. To guarantee a specific accuracy, use a
standard at least four times more accurate than the Model
427A.

5-42. AC Circuits

5-43. Any test oscillator with low distortion (<2%) may
be used as an ac voltage standard. If the distortion level
is too high, the calibration may be wrong, as the 427A
is an average responding rms calibrated meter. (The ef-
fects of harmonic distortion are discussed in more detail
in Section III, Paragraphs 3-14 and 3-15.)

5-44. Monitor the oscillator output with a recently
calibrated rms voltmeter known to be four times as
accurate as the Model 427A over the same band of fre-
quencies. The rms voltmeter serves as a reference. Each
time the oscillator frequency is changed, readjust the out-
put for the reference. The Model 427A ac calibration is
based on a 400 Hz absolute reference, so always start the
ac calibration or performance checks at 400 Hz.

5-45. Resistance Circuits

5-46. If a decade resistor is not available, a selection of
precision resistors may be used. The resistors should be
at least 1% resistors and the values selected should cor-
respond to the RANGE settings. The -hp- part numbers
for 1% resistors for each range are given in Table 5-3.

Table 5-3. 1% Resistors

Resistor (+1%) -hp- Part No.
10 Q 0757-0984
100 @ 0757-0198

1 kQ 0757-0159

10 k@ 0757-0839
100 kQ 0757-0367

1 MQ 0698-3583

10 MQ 0698-3592
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5-47. DC Circuits

5-48. A precision dc voltage source is required for dc
calibration and performance checks. Since the 427A is
only calibrated on the 1 volt, 0.3 volt and 0.1 volt ranges,
only three different voltages are needed.

5-49. A mercury battery has good short term stability.
Connect a series voltage divider with a variable output
across the battery and monitor the output with a recently
calibrated dc voltmeter known to be four times as ac-
curate as the Model 427A. Use this output to calibrate
the 0.1, 0.3, and 1 volt ranges.

5.50. AC Rejection

5-51. To check AC Rejection on 0.1 volt range an
oscillator with output of 10 volt peak-to-peak into 10 M
ohms may be used. If the -hp- Model 738BR Voltmeter
Calibrator is available a 400 Hz 10 volt peak-to-peak out-
put may also be used to check the AC Rejection of Model
427A.

5-52. Input Impedance

5-53. Measure the resistance between the VOLTS and
COM terminals using the recommended multimeter with
the 427A set to the + DCV or — DCYV function. If the
recommended multimeter is not available, another
multimeter with ohms capability (10 M ohms or above)
can be used. If an L-C meter is available, use the meter
to check the input capacitance between the VOLTS and
COM terminals. The 427A has to be in the ACV function
to measure the capacitance.

5.-54. BATTERY REPLACEMENT

5-55. Figure 5-7 shows the battery holder and the battery
connections. Turn the twist-lock fastener 1/4 turn
counterclockwise, tilt the battery and holder toward the
rear of the instrument, and lift out. Replace the battery
with an Eveready 763 or RCA VS102, 22-1/2 volt dry cell.

I

By |
% és
427A-B-0565A P

Figure 5-7. Battery Replacement
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5-66. TROUBLESHOOTING

5-57. When the Model 427A operates improperly, first
adjust and calibrate it according to the procedures in
Paragraph 5-25. If calibration is impossible, then proceed
with the troubleshooting steps.

5-58. Check the instrument for obvious evidence of
trouble, such as loose or broken wires or broken connec-
tors. Check the printed circuit boards for cracks and
separations, and ensure that all connectors and pins are
clean and tight.

5-59. Isolate the trouble to a particular circuit using the
troubleshooting table (Table 5-4) and the Theory of
Operation (Section VI). Then refer to the Trouble-
shooting steps for that circuit in the following paragraphs.

Table 5-4. Troubleshooting

Symptom

Probable Trouble Area

Battery good, no response to
input.

Power Supply. (See Paragraph
5-60.)

All + DCV ranges pegged
with no input. ACV and OHMS
good.

DC offset circuit. Check
A2CR1. Then check A1Q6.

Nonlinear tracking on voltage
ranges.

DC Amplifier. Check A1Q8
and associated circuit. Check
value of range resistors. Check
A1R14 and A1Q89.

Constant upscale deflection
on lower — DCV ranges;
voltage at TP1 low.

DC Amplifier. (See Paragraph
5-63.)

Meter pegs on + DCV and
OHMS ranges.

DC Amplifier; check A1Q86,
A1Q8, and A1Q9. (See
Paragraph 5-65.)

OHMS range always reads
near zero, DCV and ACV
good.

Range resistor (R, in Figure
4-3) open. Check R19 through
R25 on S1.

Range resistors (R, in Figure
4-3) shorted. Check R12
through R18 on S1.

Check Power Supply.

OHMS always reads oo.
DCV and ACV good.

Either one of R19 through R25
(R,) shorted or one of R12
through R18 open.

Intermittent operation.

Power supply, check A1Q4
(See Paragraph 5-60.)

Zero-offset in ACV FUNCTION
greater than 2%.

AC Metering Circuit (See
Paragraph 5-67.)

Meter pegs full scale on any
AC range.

AC Metering Circuit, check
A2CR3 and A2CR4 (See
Paragraph 5-67.)
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5-60. Power Supply

5-61. Check at Al pin 7 for +6.4to + 7 volts and Al
pin 9 for —6.4 to —7 volts. If there is no output, check
A1Q4 first. If the power supply has been overloaded,
A1Q4 may be bad. Minimum battery voltage is 15.5 volts.

5-62. Measure the dc voltages at the check points given
in Table 5-5. All measurements are made with reference
to circuit ground.

Table 5-5. Power Supply Voltages

NOTE

The voltages listed in this table are
nominal. Allow a tolerance of
+70%, except for the minimum
voltages noted.

Check Point Voltage

Emitter A1Q1
Collector A1Q1
Base A1Q1
Emitter A1Q2
Collector A1Q2

+ 16V (+8V min)
+7.3V

+15.3V (+ 7.3V min)
+6.7V (+6.4V min)
+17V (+8.6V min)

Emitter A1Q3 -0.6V

Collector A1Q3 0,2V

Collector A1Q4 -6.7V (-6.4V min)
Base A1Q5 +0.6V

Across A1CR2 +6.19V

5-63. DC Amplifier

5-64. To make an operational check of the DC
Amplifier, set the RANGE switch to 1 and the FUNC-
TION switch to + DCV. Connect a 1 volt source to the
VOLTS and COM terminals and monitor the voltage at
Al pin 8. Since the DC Amplifier is a unity gain amplifier,
the voltage should be +1.07 +0.07 volts dc. If this
reading is correct, the DC Amplifier is operating properly.
If it is incorrect, proceed with the following trouble-
shooting procedures.

5-65. Check at the collector of A1Q9 for + 3.5 Vdc, and
check for +3.0 Vdc at A1TP1. If the voltage at the col-
lector of A1Q9 is quite high (6 or 7 volts) and the voltage
at A1TPl is +3.0 Vdc, A1Q9 is probably open. If the
collector voltage is low and the test point voltage is
correct, A1Q8 is probably shorted. If both voltages are
incorrect, A1Q7 or A1Q8 is probably bad.

5-66. If the collector voltage on A1Q9 is correct and the
voltage at AITP1 is slightly higher than normal, A1Q6
is probably bad.

NOTE

If AIQ6 is replaced and the meter remains
pegged or indicates upscale and cannot be ad-
Justed, check the value of factory selected
component AIRI19*. See Paragraph 5-71 and
5-73.
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5.67. AC Metering Circuit

5-68. To check the AC Metering Circuit, set the RANGE
to 0.01 and the FUNCTION to ACV. Connect a 10 mV
rms source to the VOLTS and COM terminals and
monitor the signal at A2 pin 0. The signal at A2 pin 0
should be 10.7 mV rms +0.7 mV. If the measured signal
is incorrect, the trouble is in either the DC Amplifier or
the AC Post Attenuator.

5-69. Monitor the signal at the collector of A2Q3. The
signal should be 0.28V rms +0.04 V..If the measured
signal is correct, the AC Metering Circuit is functioning
properly. If not, proceed with the following trouble-
shooting procedures.

5-70. Check for dc voltage levels listed in Table 5-6. If
a given reading is wrong, the trouble is probably in that
component or its associated circuit. If A2CR3 or A2CR4
are replaced and the zero offset in ACV FUNCTION is
greater than 2%, check the value of factory selected com-
ponent A2R14*. See Paragraph 5-72 and 5-77.

Table 5-6. AC Metering Circuit Voltages
NOTE

The voltages listed in
this table are nominal.
A tolerance of £10%
should be allowed.

Check Point Voltage
A2TP1 +2.8V
A2Q1 Collector +2.8V
A2Q2 Emitter +2.0 ¥
A2Q3 Collector -0.5V

5-71. ADJUSTMENT OF FACTOR SELECTED COMPONENTS

5-72. Certain components within the Model 427A are in-
dividually selected in order to compensate for slightly
varying circuit parameters. These components are
denoted by an asterisk (*) on the schematic, and the
optimum or average value is shown. The following
paragraphs describe the function of each factory selected
component and give instructions for their selection. Nor-
mally these components do not need to be changed unless
another associated component is changed. For example,
replacement of a transistor may require the changing of
an associated factory selected component.

5.73. A1R19*

5-74. A1R19* adjust the range of the AMP BAL resistor
A2RI15. If the AMP BAL A1RI15 cannot be adjusted pro-
perly after replacing transistor A1Q6, A1R19* may need
to be changed. Use the following steps to select AIR19*.

a. Set RANGE to 0.3.
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b. Set DC ZERO/Q adjustment to center and A1R15
to its center.

¢. Select the FUNCTION (+ DCV or — DCV) which
will produce an upscale deflection.

d. If the — DCV FUNCTION is selected, increase the
value of AIR19. If the + DCV FUNCTION is selected,
decrease the value of AIR19. The A1R19 values range
from 0 ohm to 1650 ohms and are listed as follows:

A1R19* -hp- Part Number
243 ohms 1/8W 1% 0757-0408
453 ohms 1/8W 1% 0698-3510
649 ohms 1/8W 1% 0698-4460
845 ohms 1/8W 1% 0698-4463
1050 ohms 1/8W 1% 0698-4467
1240 ohms 1/8W 1% 0698-3223
1470 ohms 1/8W 1% 0757-1094
1650 ohms 1/8W 1% 0698-4427

5.75. A2C2*, A1C11*

5-76. A2C2* adjusts the range of the frequency calibra-
tion capacitor A2C3 (1 MHz ADJ) and AIC11* adjust
the high frequency response of the DC Amplifier. If
during the high frequency calibration (Paragraph 5-35)
A2C3 cannot be adjusted for the proper reading, first
change the value of A2C2*. If the reading is consistently
high, change the value of A2C2* to 47 pF (-hp- Part No.
0160-0182) or if the reading is low, remove A2C2*,
A1CI11* should only be changed if any active component
(Q6, Q7, etc.) in the DC Amplifier is replaced and only
if unable to adjust the frequency range by A2C2*. If the
reading is high, lower the value of A1C11* or if the
reading is low, increase the value of A1C11*. The values
of AICI1I are as follows:

A1C11* Value -hp- Part Number

22pF 300V 0140-0145
36pF 300V 0160-2308
51pF 300V 0160-2201
75pF 300V 0160-2202
5-77. A2R14*

5-78. A2R14* is factory selected to improve upscale
meter tracking and correct any non-linearity of diodes
A2CR3 and A2CR4. If diode A2CR3 or A2CR4 are
replaced, A2R14* may need to be changed. Use the pro-
cedure outlined in the following paragraph to select
A2R14*,

5-79. If a zero-offset greater than 2% (two minor divi-
sions on the 0-1 scale) exists in ACV FUNCTION replace
A2R14* <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>