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SECTION A

INTRODUCTION

A-1. Scope

a. This  manua l
tance, Inductance,
hereinafter  cal led

describes Bridge, Capaci-
and Resistance ZM-71/U,
Model 4260A Universal

Bridge. This manual covers the installation, op-
eration, organizational, direct support and gen-
eral support maintenance of the ZM-71/U.

b. Throughout this manual, where approp-
riate, references are made to other publications
which contain information applicable to the op-
eration and maintenance of the ZM-71/U. A
complete listing of applicable referenced publi-
cations is provided in appendix A.

c. The maintenance allocation appears in ap-
pendix B and the repair parts and special tools
list appears in appendix C.

A-2. Indexes of Publications

a. DA Pam 310-4. Refer to the latest issue of
DA Pam 310-4 to determine whether there are
new editions, changes, or additional publica-
tions pertaining to the equipment.

b. DA Pam 310-7. Refer to DA Pam 310-7 to
determine whether there are modification work
orders (MWO’s) pertaining to the equipment.

A-3. Forms and Records

a. Reports of Maintenance and Unsatisfactory
Equipment. Maintenance forms, records, and
reports which are to be used by maintenance
personnel at all maintenance levels are listed in
and prescribed by TM 38-750.

b. Report of Packaging and Handling De-
ficiencies. Fill out and forward DD Form 6 (Re-
port of Packaging and Handling Deficiencies) as

prescribed in AR 700-58 (Army)/NAVSUP PUB
378 (Navy)/AFR 71-4 (Air Force)/MCO P4030.29
(Marine Corps), and DSAR 4145.8.

c. Discrepancy in Shipment Report (DIS-
REP) (SF 361). Fill out and forward Discre-
pancy in Shipment Report (DISREP) (SF 361) as
prescribed in AR 55-38 (Army/NAVSUPINST
4610.33 (NAVY)/AFM 75-18 (Air Force)/MCO
P4610.19A (Marine Corp), and DSAR 4500.15.

d. Reporting of Equipment Manual Improve-
ments. The reporting of errors, omissions, and
recommendations for improving this publica-
tion by the individual user is encouraged. Re-
ports should be submitted on DA Form 2028
(Recommended Changes to Publications and
Blank Forms) and forwarded direct to Com-
mander ,  US Army Elec t ron ics  Command
ATTN: AMSEL-MA-CT, Fort Monmouth, NJ
07703.

A-4. Administrative Storage

For procedure, forms and records, and inspec-
tion required during administrative storage of
this equipment, refer to TM 740-90-1.

NOTE

This manual is an authentication of
the manufacturer’s commercial litera-
ture and does not conform with the
format and content specified in AR
310-1,  Mili tary Publications.  This
technical manual does, however, con-
tain available information that is es-
sential to the operation and mainte-
nance of the equipment.

1-0.1
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Model 4260A Section I
Paragraphs 1-1 to 1-13

SECTION I
GENERAL INFORMATION

1-1. DESCRIPTION.

1-2. The YHP Model 4260A Universal Bridge (Figure
1-1) makes fast, easy measurements of resistance (R),
capacitance (C), inductance (L), capacitor dissipation
factor (D), or inductance quality factor (Q). The in-
strument includes five bridge circuits, selected by the
FUNCTION switch, as well as the detector and 1 kHz
oscillator necessary for dc and ac measurements. For
measurements at frequencies other than 1 kHz, an
external oscillator must be used.

1-3. Front panel controls select the measurement
function and range, with R, L, and C values displayed
with four-digit resolution on an in-line, digital coun-
ter. Q and D values are displayed on a dial with a
red hairline indicating the measured value. The auto-
balance circuit and an easy-to-read meter reduce the
time required for measuring low Q or high D compo-
nents. Correct decimal point location is automatic
and direction lights indicate which way the CRL con-
trol should be rotated for the measurement

1-4. TERMINOLOGY.

1-5. The definitions of the following terms apply as
they are used throughout this manual.

a. RESIDUAL (inductance or capacitance): distri-
buted inductance or capacitance always present at
UNKNOWN terminals.

b. DISSIPATION FACTOR (D): loss factor for-cap-
acitors (equal to reciprocal of Q).

c. QUALITY FACTOR (Q): figure of merit for in-
ductors (equal to reciprocal of D).

d. Cs: represents equivalent circuit of capacitor
in series with resistor.

e. Cp: represents equivalent circuit of capacitor
in parallel with resistor.

f. Ls: represents equivalent circuit of inductor in
series with resistor.

g. Lp: represents equivalent circuit of inductor in
parallel with resistor.

h. AUTO NULL: eliminates DQ manual control;
direction for null is automatically indicated for Cp
and Ls measurements.

1-6. INSTRUMENT IDENTIFICATION .

1-7. Hewlett-Packard uses a two-section, eight-digit
serial number (000-00000). The first three digits
(serial prefix) identify a series of instruments; the
last five digits identify a particular instrument in that
series. If the serial prefix on the rear panel of your
instrument does not agree with the serial prefix on
the title page of this manual, there are differences
between your instrument and the one described in this
manual which are explained in the insert sheet sup-
plied with the manual. If the insert sheet is missing,
the information can b e supplied b y your nearest
Hewlett-Packard field office (addresses are listed at
the back of this manual).

1-8. APPLICATIONS.

1-9. The Model 4260A makes quick, easy measure-
ments of R, L, C, D, or Q characteristics of passive
electronic components. R, L, and C measurements
are made with 3- or 4-digit resolution. With external
null voltmeter, accurate measurements are possible
for milliohms or megohms. The instrument is readily
portable (accessory carrying handle, HP 11057A, can
be easily attached without screws).

1-10. SPECIFICATIONS.

1-11. Table 1-1 lists all technical specifications for
the Model 4260A Universal Bridge, Figure 3-4 shows
DQ range versus frequency characteristics.

1-12. AUXILIARY EQUIPMENT REQUIRED.

1-13. External dc null millivoltmeter (such as the
HP Model 413A) is recommended for accurate R meas-
urements below 100 ohms and above 10 kilohms. Ex-
ternal generator (such as HP Model 200 CD) with 2 volt
output and 600 ohms output impedance is required for
20 Hz to 20 kHz measurements. External tuned null
detector with 90 dB gain and input impedance greater
than 10 kilohms or oscilloscope with 100 µ V/cm sen-
sitivity is recommended for the measurement with
external generator.

02337-1 1-1
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Section II
Paragraphs 2-1 to 2-10

SECTION I I

I N S T A L L A T I O N

2-1. INTRODUCTION.
2-2. This section of the manual contains informa-
tion for unpacking, inspection, repackaging, storage,
and installation of the Model 4260A

2-3. UNPACKING AND INSPECTION.
2-4. If the shipping carton is damaged, ask that the
carrier’s agent be present when the instrument is un-
packed. Inspect the instrument for damage (scratches,
dents, broken knobs, etc.) If the instrument is dam-
aged or fails to meet specifications (Performance
Check, Paragraph 5-9), notify the carrier and the
nearest Hewlett-Packard field office (see list at back
of this manual). Retain the shipping carton and the
padding material for the carrier’s inspection. The
field office will arrange for the repair or replacement
of your instrument without waiting for the claim against
the carrier to be settled.

2-50 STORAGE AND SHIPMENT.

2-6. PACKAGING. To protect valuable electronic
equipment during storage or shipment always use the
best packaging methods available. Your Hewlett-
Packard field office can provide packing material such
as that used for original factory packaging. Contract
packaging companies in many cities can provide de-
pendable custom packaging on short notice. Here are
two recommended packaging methods:

a. RUBBERIZED HAIR. Cover painted surfaces of
instrument with protective wrapping paper. Pack in-
strument securely in strong corrugated container (350
lb/sq in. bursting test) with 2-inch rubberized hair
pads placed along all surf aces of the instrument. In-
sert fillers between pads and container to ensure a
snug fit. Mark the box “Delicate Instrument” and seal
with strong tab or metal bands.

b. EXCELSIOR. Cover painted surfaces of instru-
ment with protective wrapping paper. Pack instrument
in strong corrugated container (350 lb/sq in. bursting
test) with a layer of excelsior about 6 inches thick
packed firmly against all surfaces of the instrument.
Mark the box “Delicate Instrument” and seal with
strong tape or metal bands.

2-7. ENVIRONMENT. Temperature during storage
and shipment should be limited as follows:

a. Minimum temperature -40°C (-40°F).

b. Maximum temperature +75°C (+167°F).

2-8. The Model 4260A is equipped with plastic feet
and tilt stand for bench operation as shipped from the
factory. When the instrument is to be rack mounted,
a combining case (Paragraph 2-9) or adapter frame
(Paragraph 2-10) is required. These items are avail-

02337-1

able through your Hewlett-Packard Sales/Service
office. These two methods for rack mounting are
outlined in the following paragraphs:

2-9. COMBINING CASE. The combining case (HP
1052A) shown in Figure 2-2 is a modular unit which
accepts sub-module units such as the 1/2 module,
Model 4260A. The combining case can be used as a
bench instrument or it can be rack mounted. A rack
mounting kit (HP No. 5060-0776) is supplied with the
instrument. When only half the case is used, a blank
filler panel (HP No. 5060-0794) is available to enclose
the unused half.

2-10. ADAPTER FRAME. The adapter frame (HP
No. 5060-0797) in Figure 2-1 is a rack frame that
accepts any combination of sub-module units; it can
only be rack mounted. Install instruments in the
adapter frame as follows:

a. Place adapter frame on edge of bench and stack
sub-module units (steps 1 and 2) in frame. Place
spacer clamp between units (step 3).

b. Insert two end spacer clamps (step 4) and push
units into frame.

c. Insert screws on either side of frame (step 5)
and tighten until units are tight in frame.

d. The complete assembly is now ready for rack
mounting.

Figure 2-1. Adapter Frame

2-1
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Section II Model 4260A
Figure 2-2

Figure 2-2. Combining Case
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Mode1 4260A

2-11. OPERATION FROM 115 OR 230 VOLTS.

2-12. The Model 4260A can be operated from either
115- or 230-volt (± 10%) 50 to 60 Hz power lines. A
slide switch on the rear panel permits quick conver-
sion for operation from either voltage. Insert a nar-
row blade screwdriver in the switch slot and slide the
switch to expose "115" marking for 115-volt operation
or "230" marking for 230-volt operation. The instru-
ments are supplied with a 0.1 ampere fuse for either
115- or 230-volt operation.

CAUTION

Do not change the 115/230 switch setting
during operation.

02337-1

Section II
Paragraphs 2-11 to 2-14

2-13. 3-CONDUCTOR POWER CABLE.

2-14. The Model 4260A is equipped with detachable
3-wire power cable. Proceed as follows for instal-
lation:

a. Connect flat plug (3-conductor female connector)
to AC line jack at rear of instrument.

b. Connect plug (2-blade male with round grounding
pin) to 3-wire (grounded) power outlet. Exposed por-
tions of instrument are grounded through the round pin
on the plug for safety; when only the 2-blade outlet is
available, use connector adapter (HP Stock No. 1251-
0048), then connect short wire from side of adapter
to ground.

2-3/2-4
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SECTION I I I

O P E R A T I O N

TM 11-6625-2639-14

3-1. INTRODUCTION.

3-2. This section outlines operation of the Universal
Bridge. An operating procedure is given for each
measurement function. All front and rear controls,
connectors, and indicators are briefly explained in
Figure 3-1.

3-3. TURN-ON PROCEDURE.

3-4. Before applying power to the instrument, set
controls as follows:

a. Set FUNCTION control for type of measurement
to be made and RANGE switch near mid-range.

b.
wise

c.

d.

Set SENSITIVITY control near full counterclock-
to reduce meter sensitivity.

Set CRL control to 1030.

Set red VERNIER DQ knob full counterclockwise
to CAL.

e. Set rear-panel 115/230 volt switch to expose
numbers which correspond to the line voltage used.

f. Set rear-panel OSCILLATOR switch to INT 1 KC,
Three rear shorting straps should be in place (see
Paragraph 3-42 for special measurements).

g. If meter pointer is not mechanically centered,
center as follows:

(1)

(2)

(3)

(4)

(5)

h.
cord

Turn instrument off. Wait 30 seconds for all
capacitors to discharge.

Remove two screws which hold top cover to
rear panel and slide cover toward rear.

Locate the black zero adjust screw at top center
of meter. Rotate screw clockwise until meter
pointer is to left of zero and begin moving right
toward zero.

Continue to rotate screw clockwise; stop when
pointer is on zero. If the pointer overshoots
zero, repeat steps (3) and (4).

When pointer is exactly on zero, rotate screw
approximately 15 d e g r e e s counterclockwise.
This is enough to free the adjustment screw from
the meter suspension. If pointer moves during
the step, repeat steps (4) and (5).

Apply power to instrument by connecting ac power
and setting LINE switch to ON, One of the deci-

mal point lights in the CRL counter will light to indi-
cate power is applied to the instrument. Allow 30
seconds for the instrument to stabilize. The 4260A is
now ready to use. The following paragraphs outline
procedures for standard R, L, and C measurements.

02337-2

Section III
Paragraphs 3-1 to 3-12

3-5. USE OF THE DQ VERNIER.

3-6. The DQ VERNIER control provides fine electri-
cal adjusting during D or Q measurements. The DQ
dial setting does not change as the DQ VERNIER is
changed. For any setting of the DQ VERNIER, DQ
dial accuracy is maintained as outlined in Specifica-
tions. The DQ vernier is useful for large D or small
Q measurements. Using the DQ vernier for a bridge
null prevents false nulls caused by lack of resolution
with the DQ control. DQ VERNIER ranges are:

0 (CAL) to 0. 001 in LOW D range
0 (CAL) to 0.016 (of l/D) in HIGH D range
0 (CAL) to 0.016 in LOW Q range
0 (CAL) to 0.001 (of l/Q) in HIGH Q range

3-7. DC RESISTANCE MEASUREMENTS.

3-8. POWER CONSIDERATIONS.

3-9. Power applied to the unknown resistor will vary
depending upon the unknown value, the RANGE switch
position, and the CRL control setting. Maximum
open circuit voltage across the UNKNOWN terminals
is 40 Vdc. Short-circuit current through the UN-
KNOWN terminals is 25 milliamperes m a x i m u m.
Voltage across the unknown resistor can be measured
with a high input impedance Voltmeter such as the HP
410C, 412A, or 413A (see Paragraph 3-15). Current
through the unknown resistor can be measured with a
clip-on milliammeter such as the HP 428B (see Para-
graph 3-15).

3-10. MEASUREMENTS.

3-11. Resistance values between 100 ohms and 10
kilohms can be measured quickly with 1% accuracy by
using only front-panel controls. For measurements
of values between 10 milliohms and 100 ohms or be-
tween 10 kilohms and 10 megohms, an external null
meter such as the HP 413A is desirable for better
sensitivity during the measurements. These two types
of measurements are outlined as separate procedures
in the following paragraphs.

3-12. 100 OHM to 10 K OHM MEASUREMENTS.

a. Perform the turn-on procedure outlined in Para-
graph 3-3.

b. Set FUNCTION switch to R position.

c. Connect the resistor to be measured to the UN-
KNOWN terminals.

d. Set RANGE switch for meter indication near cen-
ter and increase meter sensitivity by rotating SENSI-
TIVITY control clockwise. If meter indication is right
of center, turn CRL control C C W. If left, turn CRL
control CW. Adjust CRL control for meter center indi-
cation while increasing SENSITIVITY control to maxi-
mum sensitivity (full cw).

3-1
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Section III Model 4260A
Figure 3-1

Figure 3-1. Front and Rear Panel Controls, Indicators and Connectors
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e. Read measured resistance value on CRL counter.
(Observe decimal point location and units displayed
in window below meter.)

Note

For maximum resolution, final CRL coun-
ter display should be greater than 0100.

3-13. MILLIOHMS AND MEGOHMS MEASUREMENTS.
For measurements between 10 milliohms and 100 ohms
or between 10 kilohms and 10 megohms, a sensitive
dc null voltmeter such as the HP 413A should be used.
Refer to Paragraph 3-15 for voltage and current meas-
urements for the unknown R. Connect the null volt-
meter and make resistance measurements as follows:

a. Remove the shorting strap on the voltmeter rear
panel ground terminals to avoid ground loops.

b. Perform the turn-on procedure outlined in Para-
graph 3-3.

c. Connect the voltmeter input ground or low term-
inal to the rear-panel detector ground terminal on the
Universal Bridge. Connect UNKNOWN LOW terminal
to the other Voltmeter input terminal.

d. Set FUNCTION switch to R.

e. Connect the resistor to be measured to the UN-
KNOWN terminals.

f. Set RANGE switch for meter indication near the
center and increase meter sensitivity by rotating
SENSITIVITY control clockwise. If meter indication
is right of center, turn CRL control C C W. If left, turn
CRL control C W. Adjust CRL control for meter cen-
ter indication while increasing SENSITIVITY control
to maximum sensitivity (full CW).

g. Read measured resistance value on CRL coun-
ter. (Observe decimal point location and units dis-
played in window below meter.)

CAUTION FOR LOW RESISTANCE
MEASUREMENTS

For best connection to the bridge, leads
should be inserted into the binding posts,
and the binding posts should be screwed
tightly to reduce contact resistance. Short
heavy leads can be used. Lead resistance
should be measured with the free ends con-
nected together. Subtract the lead resis-
tance from the bridge reading.

3-14. The fastest procedure for R measurements is
as follows:

a. Set FUNCTION switch to R position.

b. Connect the resistor to the UNKNOWN terminals.

c. Turn CRL control cw to 1030.

d. Increase SENSITIVITY for deflection
left) on the null meter.
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e. Rotate the RANGE switch until the meter pointer
passes the null. If meter deflection is right, perform
step f. If meter deflection is left, turn RANGE switch
one step cw. Adjust SENSITIVITY control for right
deflection.

f. Turn CRL control ccw to obtain a null on the
meter; set SENSITIVITY control full C W, adjust for
the null with CRL control.

g. Read the final resistance on CRL counter along
with the units display.

3-15. VOLTAGE AND CURRENT FOR UNKNOWN R.
When voltage and current values for the unknown are
to be measured, a dc voltmeter such as the HP 413A
should be used with a current meter such as the HP
428B clip-on milliammeter. Make voltage and cur-
rent measurements as follows:

a. Make the resistance measurements as outlined
in Paragraph 3-12 or 3-13 and leave the Model 4260A
set up for the null.

b. Remove the shorting strap on the voltmeter rear
panel ground terminals to avoid ground loops.

c. Connect the voltmeter input ground or low ter-
minal to the rear-panel detector ground terminal on
the Universal Bridge. Connect the UNKNOWN high
terminal to the other voltmeter input terminal.

d. Read voltage across the unknown R on the volt-
meter.

e. For current through the unknown R, clip the
milliammeter probe to one of the unknown leads and
read unknown current.

3-16. CAPACITANCE MEASUREMENTS.

3-17. INTRODUCTION.

3-18. Capacitance measurements are normally made
at a frequency of 1 kHz from the internal oscillator.
For C measurements at frequencies between 20 Hz
and 20 kHz, an external oscillator can be connected,
as outlined in Paragraph 3-42, Special Measurements.
Direction lights indicate the correct rotation direc-
tion for Cp AUTO measurements. The measured C
value is displayed on the CRL counter with correct
decimal point location, units and equivalent circuit
also displayed. Dissipation factor (D) can be meas-
ured after the bridge is balanced for the capacitance
measurement. The measured D value is displayed on
the DQ dial.

3-19. RESIDUAL CAPACITANCE.

3-20. The residual capacitance of the UNKNOWN
terminals can be measured with nothing connected to
these terminals. Its value is typically 2 pf or less.
When small capacitance measurements are made, this
residual capacitance should be subtracted from the
measured value. If external leads are used to connect
the unknown, the residual capacitance measurement
should include the lead capacitance. Errors caused by
residual and lead capacitances are listed in Table 3-1.
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Table 3-1. Correction Terms for Residual Load Errors
(Add to Measured Value as Indicated)

3-21. Cs AND Cp MEASUREMENT DIFFERENCES.

3-22. The measured value of capacitance depends on
whether a series or parallel equivalent circuit is used
for the measurement. The relationship between a
series capacitance (Cs) circuit and a parallel capaci-
tance (Cp) circuit is as follows: Cs = (1 + D2) Cp,
where D is the measured D value. The difference
between Cs and Cp is large when D is greater than
0.1 but Cs is within 1% of Cp if D is 0.1 or less.

3-23. MEASUREMENT PROCEDURE.

a. Perform the turn-on procedure outlined in Para-
graph 3-3.

b. Check to insure that the 3 DQ RESISTOR and BIAS
terminal pairs on the rear panel are shorted with their
respective shorting straps.

c. Rotate the SENSITIVITY control full ccw.

d. Set FUNCTION switch to Cp AUTO position.

e. Connect the capacitor to be measured to the UN-
KNOWN terminals. "WARNING"-Discharge capacitor
to be tested before connecting to UNKOWN terminals.

3-4

f. If the right direction indicator is lit, rotate CRL
control clockwise. If the left direction indicator is
lit, rotate CRL control counterclockwise. Rotate
SENSITIVTY control clockwise to give near full scale
meter deflection.

g. If the CRL control is fully cw and the right di-
rection indicator remains lit, turn RANGE switch ccw
until left direction indicator lights. Adjust CRL con-
trol for meter null and rotate SENSITIVITY control
cw as null is approached.

h. When null (bridge balance) is achieved below
0100 on the CRL indicator, set RANGE switch to the
next position cw and rotate CRL control for null indi-
cation. (This is possible for all measurements above
100 pf.) Capacitance is indicated on the CRL counter.

i. To measure D for the unknown capacitor, set
FUNCTION switch to Cp HIGH D position.

j. Adjust DQ control for minimum meter indication.
(The CRL control can be adjusted slightly for best
null. )

k. When a null indication is
HIGH D position, set FUNCTION

impossible in the Cp
switch to Cs LOW D.
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Adjust DQ control for minimum meter indication. The
D of the unknown capacitor is read from the D scale
indicated by the red pointer in the DQ window.

3-24. The fastest procedure for C measurements is
as follows:

a.

b.

c.

d.

Set FUNCTION switch to Cp AUTO position.

Connect capacitor to unknown terminals.

Turn the CRL control cw to 1030.

Rotate RANGE switch until a crossover point of
the indicator lights is obtained. (Left indicator lights
instead of right one and vice versa.) If you cannot
obtain a crossover, see step e note.

e. If left indicator lights, adjust SENSITIVITY con-
trol for a right deflection of the null meter pointer.
If the right indicator lights, turn RANGE switch one
step ccw and adjust SENSITIVITY control for a right
deflection of the null meter pointer. Note: if the
right indicator stays lit regardless of the RANGE
switch position, the unknown value of the capacitor
must be beyond the highest range of the bridge ( >
1000 µf). If the left indicator stays lit regardless of
the RANGE switch position, the unknown value of the
capacitor must be below 1000 pF.

f. Rotate the CRL control ccw until a crossover of
the indicator lights is obtained.

g. Set SENSITIVITY full cw and adjust for null with
CRL control.

h. Read final capacitor value on the CRL counter
and units display.

3-25. VOLTAGE ACROSS UNKNOWN C.

3-26. When voltage across the unknown C is to be
measured, a vacuum tube voltmeter such as an HP
400D, 400H, or 400L should be used. The procedure
is as follows:

a. Make the capacitance measurement as outlined
in Paragraph 3-23, and leave the instrument set up at
null.

b. Isolate the Voltmeter from power line ground by
using a two-prong power cord adapter and leaving the
adapter pigtail lead disconnected from ground.

c. Connect the Voltmeter input ground terminal to
the 4260A rear panel detector ground terminal.

d. Connect the other voltmeter input terminal to the
4260A UNKNOWN terminal (not the LOW terminal).
Read the voltage across the unknown Con the voltmeter.

3-27. INFLUENCE OF D IN Cp AUTO
MEASUREMENT .

3-28. The accuracy that is specified for Cp AUTO
measurement is obtained when D is less than 1. When
D is greater than 1, accuracy of Cp AUTO measure-
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ment is reduced due to the reactance of the variable
resistance circuit of the AUTO null. Typical data is
shown in Figure 3-2.

Figure 3-2. Capacitance and Inductance
Errors in AUTO vs D & Q

3-29. INDUCTANCE MEASUREMENTS.

3-30. INTRODUCTION.

3-31. Inductance measurements are normally made
at frequency of 1 kHz from the internal oscillator. For
L measurements at frequencies between 20 Hz and 20
kHz, an external oscillator can be connected, as out-
lined in Paragraph 3-42, Special Measurements. Di-
rection lights indicate the correct rotation direction
for Ls AUTO measurements. The measured L value
is displayed on the CRL counter with correct decimal
point location, units, and equivalent circuit also dis-
played. Quality factor (Q) can be measured after the
bridge is balanced for the inductance measurement.
The measured Q value is displayed on the DQ dial.

3-32. RESIDUAL INDUCTANCE.

3-33. Residual inductance of the UNKNOWN terminals
can be measured with heavy short wire connected to
these terminals. Its value is typically 1 µ h or less.
When small inductance measurements are made, this
residual inductance should be subtracted from the
measured value. If external leads are used to connect
the unknown, the residual inductance measurement
should include the lead inductance. Errors caused by
residual and lead inductances are listed in Table 3-1.

3-34. Ls AND Lp MEASUREMENT DIFFERENCES.

3-35. The measured value of inductance depends on
whether a series or parallel equivalent circuit is used
for the measurement. The relationship between a
series inductance (Ls) circuit and a parallel inductance
(Lp) circuit is as follows:
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where Q is the measured Q value. The difference be-
tween Ls and Lp is large when Q is smaller than 10,
but Ls is within 1% of Lp if Q is 10 or greater.

3-36. MEASUREMENT PROCEDURE.

a. Perform the turn-on procedure outlined in Para-
graph 3-3.

b. Check to insure that the 3 DQ RESISTOR and
BIAS terminal pairs on the rear panel are shorted with
their respective shorting straps.

c. Rotate the SENSITIVITY control full ccw.

d. Set FUNCTION switch to Ls AUTO position.

e. Connect the inductor to be measured to the UN-
KNOWN terminals.

f. If the right direction indicator is lit, rotate CRL
control clockwise. If the left direction indicator is
lit, rotate CRL control counterclockwise. Rotate
SENSITIVITY control clockwise to give near full scale
meter deflection.

g. If the CRL control is fully cw and the right di-
rection indicator remains lit, turn RANGE switch cw
until left direction indicator lights. Adjust CRL con-
trol for meter null and rotate SENSITIVITY control
cw as null is approached.

h. When null (bridge balance) is achieved below
0100 on the CRL counter, set RANGE switch to next
position ccw and rotate CRL control for null indica-
tion. (This is possible for all measurements above
100 µH.) Inductance value is indicated on the CRL
counter.

i. To measure Q for the unknown inductor, set the
FUNCTION switch to Ls LOW Q position.

j. Adjust DQ control for minimum meter indica-
tion. (The CRL control can be adjusted slightly for
best null.)

k. When a null indication is impossible in the Ls
LOW Q position, set FUNCTION switch to Lp HIGH Q.
Adjust DQ control for minimum meter indication.
The Q of the unknown indicator is read from the Q
scale indicated by the red pointer in the DQ window.

3-37. The fastest procedure for L measurements is
as follows:

a. Set FUNCTION switch to Ls AUTO position.

b. Connect inductor to unknown terminals.

c. Turn CRL control cw to 1030.

d. Rotate RANGE switch until a crossover point of
the indicator lights is obtained. (Left indicator lights
instead of right one and vice versa.) If you cannot
obtain a crossover, see step e note.

e. If the left indicator lights, adjust SENSITIVITY
control for right deflection of the null meter pointer.
If the right indicator lights, turn RANGE switch one
step cw and adjust SENSITIVITY control for right de-
flection of the null meter pointer. Note: if the right
indicator stays lit regardless of the RANGE position,
the unknown value of the inductor must be beyond the
highest range of the bridge (> 1000 H). If the left in-
dicator stays lit regardless of the RANGE position,
the unknown value of the inductor must be below 1000
microhenries.

f. Rotate CRL control ccw until a crossover of the
indicator lights is obtained.

g. Set SENSITIVITY full cw and adjust for null with
the CRL control.

h. Read final inductor value on the CRL counter and
units display.

3-38. VOLTAGE ACROSS UNKNOWN L.

3-39. When voltage across the unknown L is to be
measured, a vacuum tube voltmeter such as an HP
400D, 400H, or 400L should be used along with a
capacitive voltage divider (HP 11041A). The proce-
dure is as follows:

a. Make the inductance measurement as outlined
in Paragraph 3-36, and leave the instrument set up at
null.

b. Isolate the Voltmeter from power line ground by
using a two-prong power cord adapter and leaving the
adapter pigtail lead disconnected from ground.

c. Connect the Voltmeter divider ground lead to the
4260A rear panel detector ground terminal.

d. Connect the Voltmeter divider probe to the UN-
KNOWN terminal (not the LOW terminal). Read the
voltage across the unknown L on the Voltmeter.

3-40. INFLUENCE OF Q IN Ls AUTO
MEASUREMENT.

3-41. The accuracy specified for Ls AUTO measure-
ment is obtained when Q is more than 1. When Q is
smaller than 1, accuracy of the Ls AUTO measure-
ment is reduced due to the reactance of the variable
resistance circuit of the AUTO NULL. Typical data
is shown in Figure 3-2.

3-42. SPECIAL MEASUREMENTS.

3-43. 20 Hz TO 20 kHz MEASUREMENTS.

3-44. Since the 4260A internal oscillator frequency is
fixed at 1 kHz, an external generator must be con-
nected for measurements at frequencies between 20
HZ and 20 kHZ. For such measurements, an audio
oscillator with 600 ohms output impedance (Hp 208A,
204B, or 200CD) and a voltmeter (HP 403B or 400D,
400H, 400L) are recommended.

3-45. If the presence of a non-linear unknown causes
appreciable distortion in the 4260A detector, the best
null indication may not give the correct value for the
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measured unknown. Also, if electromagnetic or static
induction from the ac line or other source affects the
unknown, a satisfactory null indication will be difficult.
In these cases, a tuned null detector or selective amp-
lifier with 90 dB gain and input impedance above 10K
ohms is recommended.

Note

The electronic auto null circuit and direction
indicator lights do not operate for measure-
ments with an external oscillator.

3-46. OPERATION WITH EXTERNAL GENERATOR.

CAUTION

DO NOT APPLY MORE THAN 2 VOLTS RMS
AT THE EXT. OSCILLATOR TERMINALS.

3-47. For impedance measurements at frequencies
other than 1 kHz (between 20 Hz and 20 kHz), con-
nect the external oscillator and associated equipment
as shown in Figure 3-3 and proceed.

a. Check to insure that the DQ RESISTOR Cs Lp
and Cp Ls terminals and BIAS terminals on the instru-
ment rear panel are shorted by their shorting straps.

b. Set external oscillator output voltage to mini-
mum and connect to EXT. OSCILLATOR terminals
(see Figure 3-3).

c. For the most accurate and sensitive measure-
ments, a tuned null detector such as the HP 302A is
recommended. However, an oscilloscope with 100
microvolt/cm such as the HP 140A with 1400A plug-
in can be used. Connect the 4260A UNKNOWN LOW
terminal to the null detector high input terminal. Con-
nect the detector low or ground terminal to the 4260A
rear-panel detector ground terminal.

TM 11-6625-2639-14
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Note

Bridge null can be obtained using a tuned
null detector with less than 90 dB gain con-
nected to the DETECTOR terminals. (The
DETECTOR terminals are connected to the
output of the internal pre-amplifier.) For
most accurate and sensitive measurements,
t h e  m e t h o d shown in  Figure  3-3  is
recommended.

d. Set the 4260A INT-EXT OSCILLATOR switch to
EXT.

e. Set the FUNCTION switch to Cs LOW D or Cp
HIGH D for capacitance measurements, or to Ls LOW
Q or Lp HIGH Q for inductance measurements.

f, Connect the unknown component to the UNKNOWN
terminals.

g. Adjust the SENSITIVITY control for near full
scale deflection and set RANGE switch for minimum
on meter.

h. Adjust CRL and DQ controls for minimum meter
indication. SENSITIVITY control can be adjusted cw
as bridge balance is approached.

i. Read capacitance or inductance of the unknown
on the CRL counter. Correct decimal point, units,
and equivalent circuit are also displayed. The D or Q
of the unknown is computed as follows:

For LOW D (D of series C):

the D value at applied frequency f (kHz), D  is the D

where D isf

reading on the D scale.

For HIGH D (D of parallel C):

r

Figure 3-3. Operation with External Generator
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For LOW Q (Q of series L):

where Qf is the Q value at applied frequency f (kHz)
and Qr is the Q reading on the Q male.

For HIGH Q (Q of parallel L):

3-48. INFLUENCE OF RESIDUAL AND LEAD
IMPEDANCES.

3-49. At frequencies above 1 kHz, errors resulting
from residual bridge impedances and lead impedances
become significant. Table 3-1 lists the correction
terms for these errors.

3-50. D AND Q MEASUREMENTS.

3-51. GENERAL. Measured D or Q values are a
function of the frequency applied during measurement.
Figure 3-4 illustrates the possible values of D or Q
for minimum error at various frequencies. D or Q
values which fall in the overlap area of Figure 3-4
can be measured with the FUNCTION switch set for
any D or Q measurement except AUTO. However,
below 650 Hz there is a group of D or Q values (shaded
area of Figure 3-4) which can be measured by adding
an external DQ resistor, This DQ resistor addition
is outlined in the following paragraph.

3-52. EXTENDING THE D AND Q RANGES. An ex-
ternal resistor added at the instrument rear-panel DQ
RESISTOR terminals will extend the D and Q ranges.
To avoid error, Cp HIGH D and Ls LOW Q should not
be extended below a value of 0.1 at the frequency of
measurement. The DQ resistor should be added as
follows:

Figure 3-4. DQ Range vs Frequency
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a, For Cs LOW D or Lp HIGH Q measurements,
remove the shorting strap from the rear-panel DQ
RESISTOR Cs Lp terminals.

b. The external resistor should be selected as
follows:

1) maximum current: 6 milliamperes, resistance
range: 0 to 300K ohms.

2) use a metal film or carbon film resistor.

Note

The resistance of the external resistor used
can be measured with the 4260A after the D
or Q measurement is completed.

c. Connect the external resistor to the DQ resistor
terminals from which the shorting strap was removed
in step a.

d. With the external DQ resistor and oscillator con-
nected, balance the bridge with the RANGE switch,
CRL, and DQ controls. Read  t he  va lue  o f  t he
unknown from the CRL counter and decimal point,
units, and equivalent circuit as displayed.

3-53. The D or Q or the unknown is given as follows:
for LOW D (D of Cs), D = (1.256R + Dr) f where Df is
the D value at applied frequency f (kHz); Dr is the D
reading on the D scale; and R is the external resistor
value in K ohms. For HIGH D (D of Cp),

For LOW Q (Q of Ls), Qf = (1.256 R + Qr) f; where
Q f is the Q value at applied frequency f (kHz); Qr is
the Q reading on the Q scale; and R is the external
resistor value in K ohms. For HIGH Q (Q of Lp),

3-54.

3-55.
can be
during

C MEASUREMENTS WITH DC BIAS.

GENERAL. A dc bias voltage (6 vdc maximum)
applied to capacitors such as electrolytic types
the C measurement. Figure 3-5 schematically

illustrates the dc bias application. Operating proce-
dure for de-biased measurements is described below
and pictorially shown in Figure 3-5. The following
equipment will be required:

1.

2.

3.

4.

6 Vdc battery or dry cell.

electrolytic capacitor (aluminum or tantalum) des-
ignated Cy) 6 Vdcw, more than 100 µ F at 1 kHz
or more than (100 kHz/f) µ F.

dc voltmeter, VTVM not required.

electrolytic capacitor (aluminum or tantalum) ales-
ignated (CL) 6 Vdcw, more than (20 ) µF for
less than 1% error measurements. D x is the D
value of the unknown.
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With the FUNCTION switch set to Cp HIGH D, the ca-
pacitance of CL required depends upon the unknown D
and desired accuracy. The error introduced by CL is:

where C t = 0.2 µF and Cx or Dx is the correct C or D
value of the unknown.

3-56. PROCEDURE.

a. Connect the measurement setup as shown in Fig-
ure 3-5. All instrument cabinets except 4260A must
be isolated from power line ground.

2
x

b. Connect the unknown C to the UNKNOWN termi-
nals.

CAUTION

The LOW UNKNOWN terminal is at dc posi-
tive potential. DO NOT APPLY A DC BIAS
VOLTAGE GREATER THAN 6 VDC OR A
DC BIAS CURRENT GREATER THAN 10
MILLIAMPERES.

c. Set FUNCTION switch to Cp AUTO position for
measurements with the internal 1 kHz generator. Ad-
just RANGE switch and CRL control for bridge bal-
ance (meter null). Read the measured C value on the
CRL counter.

3-57. L MEASUREMENTS WITH DC BIAS.

3-58. GENERAL. A dc bias voltage (6 Vdc maximum)
can be applied to an unknown inductor during the L

measurement. Figure 3-6 schematically illustrates
the dc bias application. Operating procedure for dc-
biased measurements is described below and pic-
torially shown in Figure 3-6. The following equipment
will be required:

1. 6 Vdc battery or dry cell.

2. electrolytic capacitor (designated Cy ), aluminum
or tantalum, 6 Vdcw, more than 10 µF at 1 kHz
or more than (100 kHz/f) µF.

3. dc milliammeter, VTVM not recommended, or
clip-on milliammeter HP 428B.

4. electrolytic capacitor (designated CL), aluminum
or tantalum, 6 vdcw, more than (20/Q ) µF for
less than 1% error measurements. Q x is the Q
of the unknown L.

With the FUNCTION switch set to Lp HIGH Q, the ca-
pacitance of CL depends upon the unknown Q and de-
sired accuracy. The error introduced by CL is:

the correct L or Q value of the unknown.

3-59. PROCEDURE.

a. Connect the measurement setup as shown in Fig-
ure 3-6. Ground only the 4260A cabinet to power
line ground.

Figure 3-5. Dc Biased Capacitance
Measurement

Figure 3-6. Dc Biased Inductance
Measurement
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b. Connect the unknown L to the UNKNOWN
terminals.

CAUTION

DO NOT APPLY A DC BIAS VOLTAGE
GREATER THAN 6 VDC OR A DC BIAS
CURRENT GREATER THAN 10 MA.

c. Set FUNCTION switch to Ls AUTO position for
measurements with the internal 1 kHz generator. Ad-
just RANGE switch and CRL control for bridge bal-
ance (meter null). Read the measured L value on the
CRL counter.

3-60. RESISTANCE MEASUREMENT AT 1 kHz.

3-61. To make AC resistance measurement at 1 kHz
refer to Figure 3-1, and perform the following steps:

Model 4260A

a. Remove shorting strap across DQ RESISTOR
(CsLp) terminals on rear panel.

b. Connect accurate 500 ohm metal film resistor
(+1% or less) between right CsLp terminal and CpLs
terminal immediately below. DO NOT REMOVE
STRAP ON CpLs TERMINAL.

c. Set DQ knobs full counter clockwise,

d. Set FUNCTION switch to Lp HIGH Q.

e. Make measurement using RANGE switch and
CRL dial.

f. Multiply inductance reading in Henries by 10,000
to convert to ohms. For example, 1 millihenry is
10 ohms.
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SECTION IV

THEORY OF OPERATION

4-1. INTRODUCTION.

4-2. This section includes circuit operation details
for the Universal Bridge. A general description of
operation is given first, with details of the various
circuits following. Each assembly in the instrument
is discussed in the order of its assembly designation
(A100, A200, etc.) as listed in Table 4-1.

Table 4-1. Assembly Designations

4-3. DESCRIPTION.

4-4. GENERAL.

4-5. For capacitance and inductance measurements
with the FUNCTION switch set to Cp AUTO or Ls
AUTO, a 1 kHz signal drives the bridge and balance
is achieved by selecting the proper range and adjust-
ing only the CRL control. This is possible because
a voltage-controlled resistor is substituted for one
resistor in the bridge circuit. Thus, simultaneous
adjustment of more than one control is eliminated.

4-6. BLOCK DIAGRAM.

4-7. Figure 7-2 illustrates the bridge and auto null
circuits. The auto null circuits are used when the
FUNCTION switch is set to Cp AUTO or Ls AUTO
position. As seen in Figure 7-2, the phase detector
receives two signals: 1) an error voltage from the
detector amplifier which is proportional to bridge
unbalance, and 2) a reference voltage derived from
the 1 kHz signal source. The phase detector output
voltage is therefore proportional to bridge unbalance.
This proportional voltage is applied through a dc am-
plifier to the voltage-controlled resistor circuit. This
controlled value is the resistance of the one arm of
the bridge. As the CRL control is rotated to achieve
bridge balance, the voltage-controlled resistor value
electronically follows the CRL control. Thus, when
bridge balance is achieved, no error voltage is pres-
ent and the null meter indicates zero.

4-8. In generating the reference signal input to the
phase detector, two voltages are applied to the ref-
erence phase comparator. The comparator voltage
output has a phase relationship, θ, with respect to
the driving signal. The phase multiplier translates
this relationship to 2 θ since 2 θ is the most effec-
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tive angle for maximum sensitivity in the circuit.
This 2 θ information is applied to the reference volt-
age generator and a 1 kHz square wave results which
is displaced in phase by 2 θ from the driving voltage.
The generated 2 θ reference signal is then applied to
the phase detector for comparison with the bridge
error voltage.

4-9. BASIC BRIDGE FOR RESISTANCE
MEASUREMENTS.

4-10. Figure 4-1A shows the basic bridge circuit
used to measure resistance. A four-arm bridge cir-
cuit is formed by resistors Ra, Rx, Rs, and Rb. Rx
is the fixed unknown R to be measured; Ra is deter-
mined by the value of Rx; Rs is a fixed value; and Rb
is variable to adjust for bridge balance. In actual use,
the Model 4260A bridge circuit is adjusted for a null
indication on the meter with the CRL control and the
unknown resistance is read directly from the display
with correct units and decimal point placement.

4-11. BASIC CIRCUITS FOR CAPACITANCE
MEASUREMENTS.

4-12. Figure 4-lB illustrates the basic bridge cir-
cuit for parallel capacitance (Cp HIGH D) measure-
ments at 1 kHz. Figure 4-lC illustrates a basic bridge
circuit for series capacitance (Cs LOW D) measure-
ments. For parallel capacitance measurements with
the FUNCTION control set to Cp AUTO, the basic
bridge circuit is shown in Figure 4-lD.

4-13. BASIC CIRCUITS FOR INDUCTANCE
MEASUREMENTS.

4-14. Figure 4-lE illustrates the basic bridge circuit
for series inductance (LOW Q) measurements at 1 kHz.
Figure 4-1F illustrates the basic bridge circuit for
parallel inductance (HIGH Q) measurements at 1 kHz.
For series inductance measurements with the FUNC-
TION switch set to Ls AUTO, the basic bridge circuit
is shown in Figure 4-lG.

4-15. RANGE AND FUNCTION SWITCH A100.
(Schematic  Diagram, Figure 7-3 ➀ )

4-16. Assembly A100 consists of RANGE switch S101,
FUNCTION switch S102, and a printed circuit board
for lead and component connections. The RANGE and
FUNCTION switches route signals in the instrument
for proper operation. RANGE switch S101 selects the
resistor which forms one arm of the bridge circuit
for balancing during a measurement. The selected
resistor correctly attenuates the applied signal. Ca-
pacitors C101 through C105 provide frequency comp-
ensation for certain ranges when ac voltages are
applied during L or C measurements.
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4-17. FUNCTION switch S102 routes signals to and
from various functional circuits in the instrument.
When set to R position, 40 Vdc is routed through S102
and RANGE switch S101 to the unknown R. For L
measurements, the bridge arm connections to the DQ
and CRL controls are reversed from that for C meas-
urements. This technique maintains the same phase
relationship for the bridge error signal and the ref-
erence voltage for the AUTO null circuit. The CRL
direction indicator lights are also energized for Cp
AUTO or Ls AUTO position of the FUNCTION switch.
R110 and R111 are fixed bridge resistors selected by
FUNCTION switch S102.

4-18. POWER SUPPLY AND 1 kHz
OSCILLATOR A200
(Schematic Diagram, Figure 7-4 ➀ )

4-19. Assembly A200 includes four power supply sec-
tions which generate operating dc voltages and also a
1 kHz oscillator circuit. The +13 Vdc and -12 Vdc
outputs are regulated and the +40 Vdc and +110 Vdc
outputs are not. The oscillator circuit generates the
1 kHz signal for driving the instrument bridge circuit
during L or C measurements.

4-20. PQWER SUPPLY.

4-21. PRIMARY POWER. As shown in the schematic
of Figure 7-4 ➀ , either 115 Vac or 230 Vac is applied
through fuse F1 and LINE switch S1 to T1 primary.
Rear-panel 115/230 switch S2 connects T1 primaries
in parallel for 115 Vac operation or in series for 230
Vac operation.

4-22. +13 VDC SUPPLY. The regulated +13 Vdc sup-
ply consists of full-wave rectifier CR201, CR202 whose
output is smoothed by C201, regulated by Q201, Q202,
Q203, and further filtered by C203. Breakdown diode
CR203 provides a 12.7 volt reference at Q203 emitter.
Output voltage variations are sensed at Q203 base,
amplified, and supplied to driver Q202 base. Q202
then controls regulator Q201 to oppose the output volt-
age change. Resistor R204 across Q201 collector-
emitter provides protection for Q201 when the +13 Vdc
output is overloaded.

4-23. -12 VDC SUPPLY. The regulated -12 Vdc
supply consists of half-wave rectifier CR204 whose
output is smoothed by C204, regulated by Q204, and
further filtered by C205. Breakdown diode CR205 pro-
vides a 12.7 volt reference at Q204 base. When the
output voltage starts to change, this change is sensed
by regulator Q204 which changes its dynamic resis-
tance to oppose the voltage change.

4-24. +40 VDC SUPPLY. The unregulated +40 Vdc
supply consists of half-wave rectifier CR206 whose
output is filtered by the RC combination of R207 and
C206. Series resistor R207 limits the output voltage
to the UNKNOWN terminals during R measurements.

4-25. +110 VDC SUPPLY. The unregulated +110 Vdc
supply consists of half-wave rectifier CR207 whose
output is filtered by C207. This +110 Vdc is supplied
via pin P, FUNCTION switch S102, and RANGE switch
S101 to the decimal point and direction indicator neons.

4-26. 1 kHz OSCILLATOR.

4-27. Transistors Q205, Q206, and associated compo-
nents form a 1 kHz oscillator circuit. Emitter fol-
lower Q207 provides the buffered 1 kHz output to
transformer T2 to drive the bridge circuit for L and
C measurements. The oscillator is an RC type with
positive feedback from Q206 collector to Q205 base
to maintain oscillations. Operating frequency is pri-
marily determined by C209, C210, R208, R209, and
R210. Variable resistor R210 permits frequency ad-
justment. R213 is the output level control. Plus 13
Vdc is supplied from pin D via OSCILLATOR INT-EXT
switch S3 to pin U. Thus, the oscillator circuit is
energized only when S3 is set to INT. Capacitors
C208 and C214 filter 1 kHz from the +13 Vdc line.

4-28. REFERENCE VOLTAGE ASSEMBLY A300.
(Schematic Diagram, Figure 7-5 ➀ ) .

4-29. INTRODUCTION.

4-30. The circuits of assembly A300 receive the 1
kHz signal from bridge transformer T2 and generate
a negative output pulse. The duration of this pulse
is equal to twice the phase angle ( θ ) between the bridge
driving signal from T2 and the 1 kHz sigml across
one arm of the bridge circuit. This 2 θ pulse duration.
thus represents a phase relationship in part of the
bridge circuit and is used to detect the error signal
component in phase with the reference voltage of the
phase detector. Detector output drives the voltage-
controlled resistor automatically for bridge balance.
This automatic action occurs when the FUNCTION
switch is set to Cp AUTO or Ls AUTO. The 2 θ re-
lationship is used because it provides maximum null
resolution and stability for the loop circuit.

4-31. REFERENCE PHASE CIRCUITS.

4-32. The reference phase circuits reconstruct the
bridge driving signal from T2 and compose a 1 kHz
square wave which is in phase with this driving source.
This reference square wave is applied to the phase
comparator. The reference phase circuits include
high-impedance amplifier No. 1 (Q305, Q306), dif-
ferential amplifier (Q303, Q304), and limiting amp-
lifier Q307.

4-33. The 1 kHz signal from T2(4) and switch assem-
bly A100 is applied at A300(9). From pin 9 the signal
is ac coupled through C307 to Q306 base. Q306 and
Q305 amplify the signal current and apply it to dif-
ferential amplifier transistor Q304. Capacitor C305
is selected to provide positive feedback to Q306. This
compensates input capacitance of the amplifier and
stray capacitance of CRL resistor R3. The other in-
put to the differential amplifier is from Q301 emitter,
which is the other signal from the bridge circuit. Thus
the differentially summed output at Q303 collector is
a reconstructed sine wave in phase with the bridge
driving signal. From Q303 collector, the sine wave
is ac coupled through C309 to Q307 base. Diodes
CR301, CR302 limit peaks, so the output from Q307
collector is a squared wave. This squared wave is
ac coupled through C317 to the phase comparator
circuit.
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4-34. VARIABLE PHASE CIRCUITS.

4-35. The variable phase circuits receive an ac volt-
age from one arm of the bridge circuit and supply a
square wave which is out of phase with the bridge
driving signal at T2. The variable phase circuits
include high- impedance amplifier No. 2 (Q301, Q302)
and limiting amplifiers Q308 and Q309.

4-36. The 1 kHz signal from T2(3) and switch assem-
bly A100 is applied at A300(7). From pin 7 the signal
is ac coupled through C301 to Q301 base. Q301 and
Q302 amplify the signal and supply it to limiter amp-
lifier Q308. (From Q301 emitter, the signal is also
supplied to Q303 base in the reference phase circuit. )
Diodes CR303, CR304 limit signal peaks, so Q309 in-
put is a clipped sine wave. Limiting amplifier Q309
and diodes CR305, CR306 further limit peaks, so Q309
output is a square wave. This square wave is the
second input to the phase comparator circuit.

4-37. PHASE COMPARATOR.

4-38. Phase comparator Q310, Q311 receives two
square wave inputs: 1) one from the reference phase
circuits which is in phase with the bridge driving sig-
nal, and 2) a second from the variable phase circuits
which has a phase relationship θ with the bridge
driving signal. The phase comparator output at Q311
collector is a negative pulse whose duration is equal
to phase angle θ

4-39. The phase comparator acts as an AND gate;
that is, when the variable -phase square wave input
at Q31O base is positive-going and the reference
square wave at Q311 base is negative-going, a nega-
tive pulse results at Q311 collector. This negative
pulse is  θ wide;  i ts  durat ion is  equal  to  the
phase difference between the two phase comparator
inputs.

4-40. MILLER INTEGRATOR.

4-41. The Miller integrator circuit receives the
negative pulse from the phase comparator and gener-
ates a positive “A” shaped waveform. The duration
of the “A” shaped pulse is twice that of the input neg-
ative pulse. C318 is the integrating capacitor.

4-42. SWITCH.

4-43. Transistor switch Q313 makes a square wave
from the “A” shaped input pulse. The square wave
output duration is equal to the input pulse duration.
Q313 is normally off. When the input pulse starts,
Q313 saturates and remains on until the input pulse
returns to its base line value. The switched output
is supplied at pin 15 to drive the one-shot multivi-
brator on detector assembly A400.

4-44. DETECTOR ASSEMBLY A400
(schematic Diagram, Figure 7-6 ➀ )

4-45. INTRODUCTION.

4-46. Assembly A400 circuits receive the bridge
unbalance information and the 2 θ pulse from refer-
ence voltage assembly A300. These inputs are used
to automatically adjust a variable resistance circuit

4-4

which replaces a resistance in one arm of the bridge
for Cp AUTO or Ls AUTO functions. In addition, these
inputs are used to control the direction indicator lights.
The right or left direction light is on, depending on
which way the CRL control must be rotated to balance
the bridge. Detector circuits include the error sig-
nal amplifier, phase detector, one- shot multivibra-
tor, differential amplifier, Miller integrator, vari-
able resistance circuit, and CRL d i r e c t i o n light
control.

4-47. ERROR SIGNAL AMPLIFIER.

4-48. This 80 dB amplifier includes transistors Q401
through Q405 and associated components. Input at pin
1 is a 1 kHz sine wave (if internal oscillator is used;
otherwise frequency of external oscillator) whose amp-
litude represents the amount of bridge unbalance
(error signal). Sine wave outputs from Q404 drive
part of the phase detector and also the meter circuit.
An output from Q405 emitter (phase-shifted 90° lead-
ing) drives that part of the phase detector which con-
trols the direction indicator light circuit. Thus, when
an unknown L or C is connected across the UNKNOWN
terminals, the bridge circuit is unbalanced and an
error signal results. This causes a meter reading, a
direction light to be on, and also controlled value for
the variable resistance.

4-49. The error signal is applied at pin 1 and ampli-
fied by Q401, Q402, and Q403. Diodes CR402 through
CR405 provide limiting at Q402 to obtain logarithmic
a m p l i f i e r characteristics. Also, when oscillator
switch S3 is set to INT (pins 6 and 7 shorted), nega-
tive feedback occurs from Q404 emitter to Q403 base
through a twin T filter. The T filter provides mini-
mum negative feedback at 1 kHz, which peaks the
amplifier at this frequency and it effectively becomes
a tuned amplifier with overall loop gain maximum.
Breakdown diode CR401 in Q403 emitter establishes
the dc operating point for this transistor. Q404 is an
emitter follower which supplies the amplified error
signal to part of the phase detector. Phase-shifting
network R420 and C412 cause the output voltage wave-
form at Q405 emitter to lead the error signal by 90°.
Diodes CR406 through CR409 are a full-wave rectifier
to provide a dc for the meter which is proportional
to bridge unbalance.

4-50. ONE SHOT MULTIVIBRATOR.

4-51. The one-shot multivibrator (OS MV) receives
the negative pulse via pin 12 from switching amplifier
Q313 and generates 1 kHz square waves. Comple-
mentary square waves from both collectors of the OS
MV are applied to phase detector diodes CR412 and
CR413.

4-52. The quiescent state of the OS MV is Q406 off,
Q407 on. RC combination C416, C417, R425 differ-
entiates the positive-going trailing edge of the nega-
tive input pulse. The resulting positive pulse at Q406
base turns this transistor on. RC combination R428,
C418 determines how long the Q407 off, Q406 on con- –
dition exists. Diodes CR410, CR411 provide a speed-
up action for the OS MV when it changes states so that
the square wave edges are sharpened.

02337-1



Model

4-53.

4-54.
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PHASE DETECTOR.

The phase detector circuit receives square
from the OS MV and sine wave from the error

signal amplifier. Avarying dc output results at R435,
R436 junction which is proportional to bridge unbal-
ante. The phase detector is actually two phase de-
tecting circuits: one for the variable resistance cir-
cuit, and a second for the CRL direction light control
circuit.

4-55. The error signal sinewave from Q404 emitter
is applied through C411 to CR412, CR413 junction.
The complementary square waves from the OS MV are
applied through R433 and R434 to the other ends of
these diodes. When Q406 collector is positive (+4. 4
volts), and Q407 collector is zero, diodes CR412 and
CR413 conduct. Error signal amplifier output voltage
appears at R435, R436 junction without attenuation.
When Q406 collector voltage is zero and Q407 collec-
tor is +4.4 volts, CR412 and CR413 are cut off; error
signal amplifier output voltage does not appear at R435,
R436 and this junction is the same voltage level as the
average voltage level of +2.2 volts. The voltage level
at R430, R431 junction is the average level of +2. 2
volts. Thus the differential output between R435, R436
junction and R430, R431 junction is the synchronized
rectified output of the error signal. This output is
supplied to Q408 for proportional control of the vari-
able resistance circuit.

4-56. Operation of the CR414, CR415 light control
section of the phase detector is similar, except that
the error signal sine wave is phase-shifted 90° ahead
by R420, C412, Q405 combination. When the bridge
is unbalanced with the CRL counter too low, an error
signal is applied and the dc output to the light control
differential amplifier is more positive. With the CRL
counter too high, output is less positive.

4-57. DIFFERENTIAL AMPLIFIER AND
MILLER INTEGRATOR.

4-58. This circuit uses the phase detector output to
control the variable resistance circuit. The Miller
integrator provides stability for the overall feedback
loop near null or bridge balance when most sensitivity
is required. The differential amplifier output at Q408
collector is a dc level which changes with the phase
detector input at Q408 base. Integrator circuit Q410
and C420 amplifies Q408 output and stabilizes control
of the variable resistance circuit. Near null or bridge
balance point, noise and random variations are mini-
mized by the integrator circuit.

4-59. VARIABLE RESISTANCE CIRCUIT.

4-60. The variable resistance circuit includes +6 Vdc
regulator Q415, phase splitter Q411, and emitter fol-
lowers Q412, Q413, Q414. Diodes CR419, CR420 are
the heart of the variable resistance circuit, with their
bias state controlling their resistance. In Cp or Ls
AUTO position, this controlled resistance becomes the
R value which replaces the DQ control in one arm of
the bridge (see Block Diagram, Figure 7-2).

TM 11-6625-2639-14
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4-61. Phase splitter Q411 conduction controls CR419,
CR420 bias through emitter followers Q412, Q413, and
Q414. When Q411 base voltage decreases, current
through R446 and R447 decreases; base voltage levels
of Q412 and Q413 increase, and the forward current
through CR419, CR420 increases. This causes the
effective resistance of the diodes to become smaller.
When Q411 input voltage causes Q411 to be cut off,
current begins to flow through CR416, CR417, and
CR418; base voltage level of Q412 and Q413 cannot
increase. At this time, diodes CR419, CR420 have
the minimum resistance for the bridge arm. When
Q411 base voltage increases, Q411 turns on and Q411
collector to emitter voltage becomes small. Diodes
CR419, CR420 are cut off and their effective resist-
ance becomes several hundred megohms. Thus, the
variable resistance circuit changes its resistance as
controlled by bridge balance information from the
phase detector.

4-62. DIFFERENTIAL AMPLIFIER AND
LAMP DRIVER.

4-63. This circuit uses information from the phase
detector circuit (Paragraph 4-56) to light the cor-
rect CRL direction lamp. Figure 4-2 is a simpli-
fied diagram of the light control circuit. The error
dc level at Q416 base is added with the reference level
at Q417 base by the differential amplifier to give a
resulting dc level at driver Q418 base. When the CRL
control is set too low for bridge balance, Q416 is
turned on; this causes Q418 to be off with its collec-
tor voltage rising to near +110 volts, and right CRL
light V602 is energized through R456. With the CRL
control too high, Q416 is off, Q418 is on, and left
CRL light V601 is energized through R457, Q418, and
R455.

Figure 4-2. CRL Light Control
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4-64. CHASSIS ASSEMBLY A500.

4-65. Chassis assembly A500 consists of the main
mounting plate (top deck and rear panel) and those
parts that are perrnanently riveted on it. These parts
are identified as: J1, ac power input jack; J2, 18-pin
connector for printed circuit assembly A200; J3, 15-
pin connector for printed circuit assembly A300; J4,
15-pin connector for printed circuit assembly A400;
and S2, 115/230 volt ac power slide switch.

4-6

Model 4260A

4-66. DECIMAL POINT AND DIRECTION
INDICATOR LAMP A600

(Schematic Diagram. Figure 7-3 ➁ )

4-67. This assembly includes decimal point neons
V603, V604, V605, series resistor R601 and CRL
direction neons V601, V602. Decimal point lights are
controlled by the position of the RANGE and FUNC-
TION switches. CRL direction light control is ex-
plained in Paragraph 4-63.
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SECTION V

M A I N T E N A N C E

5-1.
5-2.

INTRODUCTION.
This section provides maintenance and adjust-

ment information for the Model 4260A. The section
contains four areas of information as follows:

a. performance checks are included in Table 5-2
to verify operation of instrument circuits;

b. troubleshooting and repair information is in-
tended to aid systematic troubleshooting and repair;

c. adjustment procedures are given in the order
recommended f o r use; these adjustments include
checks of critical components in the bridge circuit
and also selection procedures for factory- selected
components;

d. operation checks of printed circuit assemblies.

5-3. TEST EQUIPMENT.

5-4. Recommended test equipment for performing
the checks and adjustments outlined in this section
is listed in tabular form with the procedure to be per-
formed. Test instruments other than those listed can
be used if their specifications equal or. exceed the listed
characteristics.

5-5. INSTRUMENT COVER REMOVAL.

5-6. To remove top or bottom cover, remove two
screws at rear of cover, slide cover toward rear of
instrument, and lift cover off. Slide covers are re-
moved by taking out four screws in each cover and
lifting cover off.

WARNING
115 or 230 volt ac terminals are exposed
when bottom or side covers are removed.
E x e r c i s e caution during troubleshooting,
adjustments, or repair. To avoid damage,
disconnect power during adjustment or repair.

5-7. ASSEMBLY IDENTIFICATION.

5-8. Table 4-1 lists the assemblies in the Universal
Bridge. Assemblies are identified by assembly num-
ber: for example, A200.

5-9. PERFORMANCE CHECK.
5-10. Performance checks outlined in Table 5-2 can
be used as an operating check for the instrument.
These checks can also be used:

a. as part of an incoming inspection check of instru-
ment specifications;

b. periodically, for instruments used in systems
where reliability is of utmost importance;

c. as part of a troubleshooting procedure to locate
operation problems, and

d. after any repairs or adjustments, before return-
ing instrument to regular service.
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Table 5-2. Performance Checks
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5-11. TROUBLESHOOTING.

5-12. The best approach to isolating trouble is to first
ensure that the trouble is not a result of conditions
external to the 4260A; then obtain all possible inform-
ation from the controls and indicators and logically
apply this information to locate the defective unit or
component. Figure 3-1 (Controls and Indicators,
front panel, Controls and Connectors, rear panel), and
component location figures and schematic diagrams
can be used to understand operation and locate parts.
Table 5-3 lists test equipment required for trouble-
shooting. Table 5-4 (Troubleshooting) lists possible
trouble symptoms and checks for their cause. Table
5-5 shows decimal point and units indication logic.
Troubleshooting of printed circuit assemblies is simp-
lified if a suspected assembly is replaced with an op-
erating assembly. Printed circuit operation checks
are outlined in Paragraphs 5-39 through 5-51 .

5-13. As a general check procedure, the following
questions are a guide for isolating trouble:

a. Are external instruments operating and con-
nected correctly ?

b. Is the unknown component connected correctly?

c. Are rear-panel shorting straps in place?

5-14. REPAIR.

5-15. COVER AND FRONT PANEL REMOVAL.

5-16. Instrument covers are removed by taking out
screws in each cover. To remove front panel, remove
all front-panel knobs and side covers. In Figure 5-3
10 cat e the four screws “A” which hold the side
frames; loosen these screws. Carefully pull front
panel towards front while holding side frames apart
to release panel. Loosen deck side screws also.

5-17. PRINTED CIRCUIT COMPONENT
REPLACEMENT

5-18. To replace c o m p o n e n t s on printed circuit
boards, the following procedure is recommended:

a. Clip leads of defective component and remove.

b. With toothpick and soldering iron, clean compo-
nent mounting holes.

c. Insert replacement component leads into holes.
Use heat and solder sparingly and solder leads in
place.

d. Refer to Paragraphs 5-39 through 5-51 for op-
eration checks of printed circuit assemblies.

5-19. CRL COUNTER AND R3 REPLACEMENT.

5-20. CRL COUNTER. To remove this counter, re-
move two screws “B” in Figure 5-3 and lift out counter.
Refer to Paragraph 5-27 (CRL ADJUSTMENTS) be-
fore installing counter.

5-21. CRL RESISTOR R3. For R3 replacement, re-
move CRL knob and four screws “C” in Figure 5-3.

Install replacement R3. Adjustment is required; re-
fer to Paragraph 5-27 (CRL ADJUSTMENTS).

5-22. DQ DIAL AND R5 REPLACEMENT.

5-23. The DQ dial and resistor R5 are installed as a
calibrated unit and therefore not separately replace-
able. Contact the nearest Hewlett-Packard Sales/
Service Office for service assistance (see lists at the
back of this manual).

5-24. ADJUSTMENTS.

5-25. 1 kHz OSCILLATOR LEVEL & FREQUENCY.
With 4260A top cover removed, connect oscilloscope
and electronic counter to pin T of J2. Adjust R213
for level between 4.5 and 6.7 volts peak-to-peak, with
positive peak clipped not more than 100 microseconds.
Adjust frequency with R210 for 995 to 1005 Hz. Repeat
level and frequency adjustments until both are within
these values.

5-26. ERROR SIGNAL PHASE AND GAIN. To check
phase and gain of the error signal amplifier on detec-
tor assembly A400, the test setup of Figure 5-4 is
required.

a. Disconnect the shielded cable from pin 1 of J4.

b. Connect the equipment as shown in Figure 5-4.

c. Set 4260A LINE switch to ON.

d. Adjust the oscillator output voltage to 1 volt
peak-to-peak on the oscilloscope. Set oscillator fre-
quency to 1000 Hz, ± 1 Hz.

e. Alternately adjust R415 and R417 so that oscil-
lator output voltage and J4 pin 7 voltage are in phase
and J4 pin 7 voltage level is between O. 9 and 1.1 volt
peak-to-peak.

f. Turnoff 4260A LINE switch and disconnect equip-
ment. Connect shielded cable to J4 pin 1. This comp-
letes the adjustment.

5-27. CRL COUNTER ADJUSTMENT.

a. Remove power cable from the 4260A to unground
the instrument.

b. Disconnect shielded cable from CRL resistor R3.

c. Set CRL counter to 0001.

d. Loosen screws “B” in Figure 5-3 and separate
counter gear from gear train.

e. With a 1% meter or another 4260A with external
null meter, adjust resistance of R3 to be 5.0 ohms.

f. Set CRL counter to 0001 and engage counter with
gear train.

g. Tighten screws loosened in step d and check to
ensure that CRL control operates gear train easily
without slippage. If too stiff, loosen screws and
readjust.

h. Connect shielded cable to R3. This completes
the adjustment.
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Table 5-5. Decimal Point and Units Indication Logic

5-28. DQ DIAL MECHANICAL ZERO. 5-29. BRIDGE CIRCUIT” COMPONENT CHECKS.

a. With instrument power off and top cover removed,
rotate DQ control full ccw.

b. Loosen two allen drive setscrews on R5 pulley.

c. Rotate DQ control ccw until the black line on the
right off -scale end of DQ dial aligns with red index
line on front panel window. Dual wire-wound resis-
tor R5A, B should also be full CCW.

d. Tighten two setscrews. This completes the

5-30. INTRODUCTION. The procedures in Para-
graphs 5-31 through 5-38 outline checks and adjust-
ments for the components in the bridge circuit. These
include f i x e d 0.2 µF capacitor C1, compensating
capacitor C305, CRL resistor R3, trimmers C103,
C104, C3, and accuracy of resistors in the RANGE
switch. The test equipment setup is shown in Figure
5-5. These checks and adjustments should be per-
formed in the order listed when a comprehensive over-
all instrument checkout is desired. Test equipment

adjustment. for these checks is listed in Table 5-6.

Figure 5-4. Error Signal Amplifier Phase and Gain Test Setup
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Table 5-6. Test Equipment for Bridge Circuit Checks.

5-31. C1 CHECK. To check fixed bridge capacitor e. Set rear-panel INT-EXT switch to EXT and set
Cl, connect the instruments as shown in Figure 5-5.

a. Connect a standard 0.1 µF capacitor such as the
YHP Model CS-0.1 and a 16 ohm 5% 1/4 watt resistor
(HP #0686-1605) in series across the UNKNOWN
terminals. The guard terminal of the standard capac-
itor should be connected to the rear-panel ground
terminal of the DETECTOR jack.

b. Set FUNCTION switch to Cs LOW D.

c. Set RANGE switch to display XXX. X nF.

d. Set rear-panel INT-EXT switch to EXT and set
oscillator to 1 kHz.

e. Balance the bridge and read the measured C
value. C value should be: standard value ± 0.3%; for
example 099.7 to 100.3 nF.

5-32. C305 SELECTION. Capacitor C305 compen-
sates for amplifier stray input capacity and the capac-
ity of the CRL control. The procedure for selecting
the correct value for C305 is as follows:

a. Connect the test setup as shown in Figure 5-5.

b. Connect a standard capacitor such as the YHP
Model CS-0.1 µF and a 16K ohm ±5% 1/4 watt resis-
tor in parallel to the UNKNOWN terminals.

c. Set FUNCTION switch to Cp HIGH D.

d. Set RANGE switch for XXX. X nF display.

02337-2

oscillator to 1 kHz.

f. Balance the bridge and read measured C value.
Measured C = _ _ _ . _ nF.

g. Disconnect the parallel 16K ohms resistor from
the UNKNOWN terminals. Connect a 33 ohms 5% 1/4
watt resistor in parallel with the standard capacitor.

h. Change oscillator frequency to 20 kHz.

i. Balance the bridge and read measured C value.
Measured C = _ _ _ . _  nF.

j. Calculate the difference between 1 kHz value and
20 kHz value (steps f and i). Difference should be
within ± 0.2 nF. If not within this tolerance, change
value of C305 and repeat.

5-33. CRL RESISTANCE (R3) AT 500 OHMS. For
maximum accuracy during measurements, CRL re-
sistor R3 should introduce no errors. C305 selection
provides high frequency compensation at the high re-
sistance end of R3. The R3 check at 500 ohms is an
additional check to ensure that R3 resistance is
correct.

a. Connect test equipment setup as shown in Fig-
ure 5-5.

b. Connect the 0.01 µF silvered mica capacitor with
a 160K ohms ±5% 1/4 watt resistor in parallel to the
UNKNOWN terminals.

c. Set FUNCTION switch to Cp HIGH D.
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Section V
Paragraphs 5-34 to 5-36

Model 4260A

d.

e.

f.

g.

Set RANGE switch for XXX. XnF display.

Set INT-EXT switch on rear panel to EXT.

Set Oscillator frequency to 1 kHz.

Balance the bridge and read the measured C
value. Measured C = _ _ _ . _ nF.

h. Disconnect parallel 160K resistor and connect a
330 ohm ±5% 1/4 watt resistor in parallel with the
standard silvered mica capacitor.

i. Change oscillator frequency to 20 kHz.

j. Balance the bridge and read measured C value.
Measured C = _ _ _ . _ nF. Capacitance difference
between value obtained in steps g and j should be
within a half digit on the CRL counter.

5-34. C103 CHECK AND ADJUSTMENT. Trimmer
capacitor C 103 is
adjustment can be
switch assembly.

a. Connect test

b. Connect the

inside switch assembly A100. The
done through the access hole in the

equipment as shown in Figure 5-5.

0.01 µF silvered mica capacitor
with a parallel 160K ohms ± 5% 1/4 watt resistor to
the UNKNOWN terminals.

c. Set FUNCTION switch to Cp HIGH D.

d. Set RANGE switch for XX. XX nF display.

e. Set oscillator INT-EXT switch to EXT. and ad-
just oscillator frequency to 1 kHz.

f. Balance the bridge and read measured C value.
Measured C = _ _ . _ _ nF.

g. Disconnect the 160K ohms resistor and connect
a 330 ohms ± 5% 1/4 watt resistor in parallel with the
silvered mica capacitor.

h. Change oscillator frequency to 20 kHz.

i. Balance the bridge and read measured C value.
Measured C = _ _ . _ _ nF. Difference between C
values of steps f and i should be made minimum by
adjusting C103.

j. Adjust C103 slightly and repeat procedure. C103
adjustment is correct when difference between the two
measured C values is minimum.

5-35. C104 CHECK AND ADJUSTMENT. Trimmer
capacitor C104 is inside switch assembly A100. The
adjustment can be done through the access hole in the
switch assembly.

a. Connect test equipment setup as shown in Figure
5-5.

b. Connect the 1000 pF silvered mica capacitor with
a 1.6 megohm ± 5% 1/4 watt resistor in parallel to the
UNKNOWN terminals.

5-10

c. Set FUNCTION switch to Cp HIGH D.

d. Set RANGE switch for XXXX. pF display.

e. Set oscillator INT-EXT switch to EXT. and set
oscillator frequency to 1000 Hz.

f. Balance the bridge and read measured C value.
Measured C = _ _ _ _. pF.

g. Disconnect the 1.6 megohm resistor and connect
a 3300 ohm ± 5% 1/4 watt resistor in parallel with the
1000 pF capacitor.

h. Change oscillator frequency to 20 kHz.

i. Balance the bridge and read measured C value.
Measured C = _ _ _ _ . pF. Difference between C
values for steps f and i should be made minimum by
adjusting C104.

j. Adjust C104 slightly and repeat procedure. Ad-
justment is correct when difference between the two
measured C values is minimum. This completes C104
adjustment.

5-36. C3 ADJUSTMENT. Trimmer capacitor C3 is
adjusted to compensate for transformer T2 capaci-
tance. The procedure is as follows:

a. Connect test equipment setup as shown in Figure
5-5.

b. Connect the 0.01 µF ± 0.2% with a parallel 15.9
K ohms ± 0.5% 1/4 watt resistor to the UNKNOWN
terminals.

c. Set FUNCTION switch to Cp HIGH D.

d. Set RANGE switch for XX.XX nF display.

e. Set oscillator INT-EXT switch to EXT.

f. Set oscillator frequency to 1000 Hz ± 5 Hz.

g. Balance the bridge and read measured D value.
D reading should be 1 ± 0.05.

h. Remove ac power from the 4260A.

i. Remove shorting strap across Cp Ls DQ RE-
SISTOR terminals on rear panel. With another 4260A
measure the dc resistance between the ungrounded
Cp Ls DQ RESISTOR terminal and the white-black lead
end of Cl.

j. Adjust DQ control so that the second 4260A meas-
ures 812 ohms. Disconnect measuring 4260A and
connect shorting strap across Cp Ls DQ RESISTOR
terminals.

k. Apply ac power to 4260A

l. Without moving DC) control,
by adjusting CRL control and C3.
rect when bridge null is obtained.

balance the bridge
Adjustment is cor-
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Model 4260A Section V
Paragraphs 5-37 to 5-38

5-37. FIRST RANGE CHECK (FULL CCW). The fol-
lowing procedure checks 1 ohm resistor R101 inside
the RANGE switch.

a. Connect test setup as shown in Figure 5-5.

b. Connect a standard 1 mH inductor such as a
General Radio 1482E. The inductor high terminal is
connected to the unmarked UNKNOWN terminal and the
inductor low and guard terminals should be connected
to the UNKNOWN LOW terminal. The inductor case
should be isolated from ground.

c. Set FUNCTION switch to Ls LOW Q.

d. Set RANGE switch for XXXX. µH .

e. Set oscillator INT-EXT switch to EXT and set
oscillator frequency to 1 kHz.

f. Balance the bridge and read the measured L
value. Measured L value = _ _ _ _ . µH.

g. Install a 330 ohm ±5% 1/4 watt resistor in series
between the inductor high terminal and the unmarked
UNKNOWN.

h. Set oscillator frequency to 20 kHz.

i. Balance the bridge and read measured L value.
Measured L value = _ _ _ _. µH. Inductance differ-
ence between L values obtained in steps f and i should
be within ± 0005 µH. If not within 0005, measure the

2) Remove all three printed circuit assemblies.

3) Set FUNCTION switch to Lp LOW Q.

4) Remove shorting strap from BIAS BATTERY
terminals.

5) Measure the dc resistance between UNKNOWN
LOW terminal and terminal 40 (Page 7-9).
If this value is 1 ohm ± 0.5%, select C101 for
L difference readings within 0005 as discussed
in step i. If the R value is not 1 ohm ± 0.5%,
check contacts of S101 and S102.

5-38. SECOND RANGE CHECK. The following pro-
cedure checks 10 ohm resistor R102 inside RANGE
switch A100.

a. Connect test setup as shown in Figure 5-5.

b. Connect a standard 1 mH inductor such as a Gen-
eral Radio 1482E. The inductor high terminal is con-
nected to the unmarked UNKNOWN terminal and the
inductor low and guard terminals should be connected
to the UNKNOWN LOW terminal. The inductor case
should be isolated from ground.

c. Set FUNCTION switch to Ls LOW Q.

d. Set RANGE switch for XX.XX mH display.

e. Set oscillator INT-EXT switch to EXT and ad-
just oscillator frequency to 1 kHz.

resistance between UNKOWN LOW terminal and ter- f. Balance the bridge and read the measured Lminal 40 (see Page  7-9) as follows: value. Measured L value = _ _ . _ m H .

1) Remove instrument top, bottom, and right side g. Disconnect the standard inductor from the UN-
covers. Remove two screws in printed circuit KNOWN unmarked terminal and connect a 330 ohm 5%
hold-down cover and lift off. 1/4 watt resistor in series.

Figure 5-5. Test Setup for Adjustments

0 2 3 3 7 - 1 5-11
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h. Set oscillator frequency to 20kHz.

i. Balance the bridge and read measured L va.lue.
Measured L value = _ _ .  _ _ mH. Inductance dif-
ference between measured L values in steps f and i
should be within half a digit. If not within half a digit
on the CRL counter, the measured dc resistance of
R102 should be 10 ohms ± 0.5% (see Paragraph 5-37,
step i).

5-39. OPERATION CHECKS OF PRINTED
CIRCUIT ASSEMBLIES.

5-40. The f o l 1 o w i n g paragraphs outline operating
checks for printed circuit assemblies A200, A300,
and A400.

5-41. POWER SUPPLY AND 1 KHZ OSCILLATOR
ASSEMBLY A200.

5-42. POWER SUPPLY.

a. With LINE switch ON, connect dc voltmeter to
J2 pin D (test point 1). Voltmeter should indicate be-
tween +12.0 and +13.5 Vdc.

b. Connect dc voltmeter to J2 pin F (test point 2).
Voltmeter should indicate between -11.0 and -12.5
Vdc.

c. Connect dc voltmeter to J2 pin P (test point 3).
Voltmeter should indicate between +95 and +115 Vdc.

5-43. 1 kHz OSCILLATOR.

a. With LINE switch ON, set rear-panel oscillator
switch to INT.

b. Connect oscilloscope to J2 pin T (test point 4).
Voltage level should be between 4.5 and 6.7 volts
peak-to-peak. Waveform is shown in Figure 7.4 ➂ .

c. Connect electronic counter to J2 Pin T. Counted
frequency should be between 995 and 1005 Hz.

5-44. REFERENCE VOLTAGE ASSEMBLY A300.

5-45. Operation checks of this assembly are best
made by waveforms. Test points 5 through 16, Fig-
ure ➂ , inicate waveforms for these circuits to be
used with the following procedures. Remove power.

a. Disconnect white-green-blue wire from J4, pin
10, and connect this wire to terminal 3 of DQ resis-
tor R5A.

b. Set FUNCTION switch to Cp AUTO position.

c. Set RANGE switch to display = XXX.X nF.

d. Connect a 100 nF (0.1 µF) ± 5% capacitor (HP
0170-0001) and a 27K ohm ± 5% resistor (0689-2735)
in parallel across the UNKNOWN terminals.

e. Remove detector assembly A400 and install 15-
pin extender board (HP 5060-0049) in A400 jack J4.
Observe correct orientation and insert A400 in ex-
tender
(R430,

5-12

board. Connect
R431 junction).

oscilloscope to test point 19

Model 4260A

f. Apply power to 4260A and adjust CRL and DQ
controls for minimum amplitude of waveform at test
point 19 (bridge balanced). CRL counter should read
between 095.0 nF and 105.0 nF and D reading should
be between 0.053 and 0.065 on HIGH D scale.

g. With the bridge balanced, the waveforms of Fig.
7-5 ➂ or test points 5 through 16 should now result:
Turn power-off and remove reference voltage assem-
bly A300 from J3 and install a 15-pin extender board
in J3. Observe correct orientation and insert A300
in 15-pin extender.

h. Apply power, connect oscilloscope to test points
5 through 16 and compare each waveform with those
shown in Figure 7-5 ➂ .

5-46. DETECTOR ASSEMBLY A400.

5-47. Conditions for observing waveforms at test
points on A400 are the same as outlined in Paragraph
5-45, steps a through f.

5-48 PHASE DETECTOR CIRCUIT. Waveforms
(Figure 7-6 ➂ ) for test points 17 and 18 indicate
normal operation. The difference between dc voltages
at test points 19 and 20, or 19 and 21 is less than 10
millivolts. These voltages must be measured using a
dc voltmeter with an input impedance greater than 10
megohms.

5-49. ERROR SIGNAL AMPLIFIER CIRCUIT. Wave-
forms for test points 22 and 23 are shown in Figure
7-6 ➂ . The changes at these test points when the CRL
control is increased or decreased 0.2% from bridge
balance point are shown as 22a, b and 23a, b. These
waveforms indicate that error signal amplifier gain
is normal and phase relationship is correct.

5-50. VARIABLE RESISTANCE CIRCUIT. Connect
resistance network as shown in Figure 5-6. DC volt-
age at test point 24 should be between +5.3 and +6.1
volts. Dc voltage or waveform changes at test points
25 through 30 are shown Fig. 7-6 ➂ for a CRL con-
trol change of +0.2% or -0.2% from bridge balance
point.

5-51. NEON LAMP DRIVER. Dc voltage changes at
test points 32 and 33 are shown in Fig. 7-6 ➂ or a
CRL control change of +0.2% or -0.2% from bridge
balance point.

Figure 5-6. Resistance Network for Checks
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Figure 5-7. Top and Bottom Internal Component Location
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SECTION VI

PREVENTIVE MAINTENANCE

6-1. SCOPE OF MAINTENANCE

a. The maintenance duties assigned to the
operator of the ZM-71/U are listed below to-
gether with a reference to the paragraphs cov-
ering the specific maintenance functions. The
duties assigned do not require tools or test
equipment other than those issued with the
equipment.

(1) Operator’s dai ly preventive mainte-
nance checks and services (para 6-4).

(2) Operator’s weekly preventive mainte-
nance checks and services (para 6-5).

(3) Cleaning (para 6-7).
b. The maintenance duties assigned to the

organizational maintenance repairmen of the
equipment are listed below, together with a re-
ference to the paragraphs covering the specific
functions. The duties assigned do not require
tools or test equipment other than those issued
with the equipment.

(1) Organizational mon th ly  p reven t ive
maintenance checks and services (para 6-6).

(2) Rustproofing and paint (para 6-8).

6-2. PREVENTIVE MAINTENANCE

Preventive maintenance is the systematic care,
servicing, and inspection of equipment to pre-
v e n t  t h e  o c c u r r e n c e of  t roub le , reduce
downtime, and assure that the equipment is
serviceable.

a. Systematic Care. The procedures given in
paragraphs 6-4 through 6-7 cover routine sys-
tematic care and cleaning essential to proper
upkeep and operation of the equipment.

b. Preventive Maintenance Checks and Ser-
vices. The preventive maintenance checks and
services charts (para 6-4 and 6-5) outline func-
tions to be performed at specific intervals.
These checks and services are designed to main-
tain Army equipment in a combat-serviceable
condition; that is, in good general (physical)
condition and in good operating condition. To
assist operators in maintaining combat ser-
viceability, the charts indicate what to check,

how to check, and the normal conditions; the
References column lists the paragraphs that
contain detailed repair or replacement proce-
dures. If the defect cannot be remedied by the
operator, a higher category of maintenance or
repair is required. Records and reports of these
checks and services must be made in accordance
with instructions given in TM 38-750.

6-3. PREVENTIVE MAINTENANCE CHECKS
AND SERVICES PERIODS

Preventive maintenance checks and services of
the ZM-71/U are required daily, weekly, and
monthly.

a. Paragraph 6-4 specifies the checks and
services that must be accomplished daily, or
under the special conditions listed below:

(1) Before the equipment is taken on a mis-
sion.

(2) When the equipment is initially instal-
led.

(3) When the equipment is reinstalled after
removal for any reason.

(4) At least once a week, if the equipment is
maintained in standby condition.

b. Paragraphs 6-5 and 6-6 specify additional
checks and services that must be performed
weekly and monthly. Perform the maintenance
functions indicated in the monthly preventive
maintenance checks and services chart (para
6-6) once each month. A month is defined as
approximately 3 0  c a l e n d a r days of 8-
hour-per-day operation. If the equipment is op-
erated 16 hours a day, the monthly preventive
maintenance checks and services should be per-
formed at 15-day intervals. Adjustment of the
maintenance interval must be made to compen-
sate for  any unusual  operat ing condit ions.
Equipment maintained in a standby (ready for
immediate operat ion) condit ion must  have
monthly preventive maintenance checks and
services. Equipment is limited storage (requires
service before operat ion) does not  require
monthly preventive maintenance.
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6-4. OPERATORS DAILY PREVENTIVE MAINTENANCE CHECKS AND SERVICES

6-5. OPERATOR’S WEEKLY PREVENTIVE MAINTENANCE CHECKS AND SERVICES

6-6. ORGANIZATIONAL MONTHLY PREVENTIVE MAINTENANCE CHECKS AND
SERVICES
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6-7. CLEANING

Inspect the exterior of the ZM-71/U. The ex-
terior surface must be free of dust. dirt, grease,
and fungus.

a. Remove dust and loose dirt with a clean,
soft cloth.

WARNING

Prolonged breathing of cleaning com-
pound is dangerous; provide adequate
ventilation. Cleaning compound is
flammable; do not use near a flame.
Avoid contact with the skin; wash off
any that spills on the hands.

b. Remove grease, fungus, and ground-in dirt
from the cases; use a cloth dampened (not wet)
with Cleaning Compound (Federal stock No.
7930-395-9542).

c. Remove dust or dirt from plugs and jacks
with a brush.

CAUTION

Do not press on the meter face (glass)
when cleaning; the meter may become
damaged.

d. Clean the front panel, meter, and control
knobs; use a soft, clean cloth. If necessary, dam-
pen the cloth with water; mild soap may be used
for more effective cleaning.

6-8. RUSTPROOFING

TM 11-6625-2639-14

AND PAINTING

a. Rustproofing. When  the  f in i sh  on  the
ZM–71/U has become badly scarred or damaged,
rust and corrosion can be prevented by touching
up the bare surfaces. Use No. 000 sandpaper to
clean the surface down to the bare metal. Ob-
tain a bright, smooth finish.

b. Painting. Remove rust and corrosion from
metal surfaces by lightly sanding them with
fine sandpaper. Brush two thin coats of paint on
the bare metal to protect it from further corro-
sion. Refer to the applicable cleaning and re-
finishing practices specified in TB 746-10.

6-9. LUBRICATION INSTRUCTIONS

a. Gasoline should not be used as a cleaning
fluid for any purpose. When the equipment is
overhauled or repairs are made, clean the parts
with cleaning compound.

b. Do not use excessive amounts of Lubricat-
ing Oil, Instrument (OAI) (FSN 9150-664-6518)
and do not allow connections to become greasy.

c. Be sure that lubricants and points to be
lubricated are free from sand, grit, or dirt. Use
cleaning compound to clean all parts. Before
lubrication, clean all surfaces to be lubricated;
use a lint-free cloth dampened with cleaning
compound. Keep cleaning compound off sur-
rounding parts.

d. Lubrication intervals designated are for
daily 8-hour periods of operations. For longer
periods of operation, intervals should be shor-
tened.
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SECTION Vll
CIRCUIT DIAGRAMS

7-1. INTRODUCTION
7-2. This section includes the following

a. General Notes for Schematic Diagrams (fig. 7-1).
b. Block diagram (fig. 7-2).
c. Schematic diagrams and part location illustrations.

Waveforms and voltages at indicated test points are also
included.

7-3. The block diagram or schematic diagrams can be
unfolded and used with any other portion of the manual.
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Model 4260A

F i g u r e  7 - 1 . Schematic  Diagram Notes .
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APPENDIX A

REFERENCES

The following publications contain information applicable to the operation and maintenance of
Bridge, Capacitance, Inductance, and Resistance ZM-71/U:

DA Pam 310-4 Index of Technical  Manuals,  Technical  Bullet ins,  Supply Manuals
(types 7, 8, and 9), supply Bulletins, and Lubrication
Orders.

DA Pam 310-7 U.S. Army Equipment Index of Modification Work Orders.
SB 38-100 Preservation,  Packaging, Packing and Marking Materials ,  Supplies,

and Equipment Used by the Army.
TB SIG 222 Solder and Soldering.
TB 746-10 Field Instructions fo r  Pa in t ing and  Prese rv ing Electronics Com-

mand Equipment.
TM 38-750 The Army Maintenance Management System (TAMMS).
TM 740-90-1 Administrative Storage of Equipment.
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APPENDIX B

MAINTENANCE ALLOCATIONS

Section I. INTRODUCTION

B-1. General
This appendix provides a summary of the
maintenance operations covered in the equip-
ment l i terature. I t  authorizes categories of
maintenance for specific maintenance functions
on repairable items and components and the
tools and equipment required to perform each
function. This appendix may be used as an aid in
planning maintenance operations.

B-2. Maintenance Functions

Maintenance functions will be limited to and
defined as follows:

a. Inspect. To determine serviceability of an
item by comparing its physical, mechanical, and
electrical characteristics with established stan-
dards.

b. Test. To verify serviceability and to detect
incipient electrical or mechanical failure by use
of special equipment such as gauges, meters,
etc. This is accomplished with external test
equipment and does not include operation of the
equipment and operator type tests using inter-
nal meters or indicating devices.

c. Service. To clean, to preserve, to charge,
and to add fuel, lubricants, cooling agents, and
air. If it is desired that elements, such as paint-
ing and lubricating, be defined separately, they
may be so listed.

d. Adjust. To rectify to the extent necessary
to bring into proper operating range.

e. Align. To adjust two or more components or
assemblies of an electrical or mechanical system
so tha t  the i r  func t ions  are  proper ly  syn-
chronized. This does not include setting the fre-
quency control  knob of radio receivers or
transmitters to the desired frequency.

f. Calibrate. To determine the corrections to
be made in the readings of instruments or test
equipment used in precise measurement. Con-
sists of the comparison of two instruments, one
of which is a certified standard of known accu-
racy, to detect and adjust any discrepancy in
the accuracy of the instrument being compared
with the certified standard.

g. Install. To set up for use in an operational
environment such as an encampment, site, or
vehicle.

h. Replace. To replace unserviceable items
with serviceable like items.

i. Repair. To restore an item to serviceable
condition through correction of a specific failure
or unserviceable condition. This function in-
cludes, but is not limited to welding, grinding,
r ivet ing, straightening, and replacement of
parts other than the trial and error replacement
of running spare type items such as fuses,
lamps, or electron tubes.

j. Overhaul. Normally, the highest degree of
maintenance performed by the Army in order to
minimize time work in process is consistent with
quality and economy of operation. It consists of
that maintenance necessary to restore an item
to completely serviceable condition as pre-
scribed by maintenance standards in technical
publications for each item of equipment. Over-
haul normally does not return an item to like
new, zero’ mileage, or zero hour condition.

k. Rebuild. The highest degree of materiel
maintenance. It consists of restoring equipment
as nearly as possible to new condition in accor-
dance with original manufacturing standards.
Rebuild is performed only when required by op-
erational considerations or other paramount
factors and then only at the depot maintenance
category. Rebuild reduces to zero the hours or
miles the equipment, or component thereof, has
been in use.

l. Symbols. The uppercase letter placed in the
appropriate column indicates the lowest level at
which that particular maintenance function is
to be performed.

6-3. Explanation of Format

a. Column 1, Group Number. Column 1 lists
group numbers, the purpose of which is to iden-
tify components, assemblies, subassemblies,
and modules with the next higher assembly.

b. Column 2, Functional Group. Column 2
lists the noun names of components, assemblies,
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subassemblies, and modules on which mainte-
nance is authorized.

c. Column 3, Maintenance Functions. Column
3 lists the maintenance category at which per-
formance of the specific maintenance function is
authorized. Authorization to perform a function
at any category also includes authorization to
perform that function at higher categories. The
codes used represent the various maintenance
categories as follows:

Code Maintenance Category

C - - - - - - - Operator/crew
O - - - - - - - Organizational maintenance
F Direct support maintenance- - - - - - -
H General support maintenance- - - - - - -
D Depot maintenance- - - - - - -

d. Column 4, Tools and Equipment. Column 4
specifies, by code, those tools and test equip-
ment required to perform the designated func-
tion. The numbers appearing in this column

refer to specific tools and test equipment which
are identified in table I.

e. Column 5, Remarks. Self-explanatory.

B-4. Explanation of Format of Table I (Tool
and Test Equipment Requirements)

The columns in table I are as follows:
a. Tools and Equipment. The numbers in this

column coincide with the numbers used in the
tools and equipment column of the maintenance
allocation chart .  The numbers indicate the
applicable tool for the maintenance function.

b. Maintenance Category. The codes in this
column indicate the maintenance category
normally allocated the facility.

c. Nomenclature. This column lists tools, test,
and maintenance equipment required to per-
form the maintenance functions.

d. Federal Stock Number. This column lists
the Federal stock number of the specific tool or
test equipment.

e. Tool Number. Not used.

(Next printed page is B-3)
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APPENDIX C

ORGANIZATIONAL, DIRECT SUPPORT AND GENERAL SUPPORT,
MAINTENANCE REPAIR PARTS AND SPECIAL TOOLS LIST

(INCLUDING DEPOT MAINTENANCE REPAIR PARTS AND SPECIAL TOOLS)

Section 1. -INTRODUCTION

C-1. Scope
This appendix lists repair parts required for the
performance of organizational, direct support,
general  support ,  and depot  maintenance of
Bridge, Capacitance-Resistance-Inductance
ZM-71/U.

NOTE

No special tools, test, and support
equipment required.

C-2. General
This repair parts list is divided into the follow-
ing sections:

a. Organizational Maintenance Repair Parts
L i s t -Sec t ion  I I .  A list  or  repair  parts  au-
thorized for the performance of maintenance at
the organizational level.

b. Repair Parts for Direct Support, General
Support, and Depot Maintenance-Section III.
A list of repair parts authorized for the perfor-
mance of maintenance at the direct support,
general support, and depot level.

c. Federal Stock Number Cross-
ReferenceSection IV. A list of Federal stock
numbers in ascending numerical  sequence,
cross-referenced to the figure number, refer-
ence designator, and item sequence number.

d. Manufacturer Part Number Cross-
Reference-Section V. A list of reference num-
bers (manufacturers’ part numbers) in ascend-
ing alphanumeric sequence, cross-referenced to
the Federal supply code for manufacturers, fi-
gure number, reference designator, and item
sequence number.

e. Reference Designator Cross-Refer-
ence-Section VI. A list of reference designators
cross-referenced to item sequence numbers.
C-3. Explanation of Columns

The following provides an explanation in the
tabular lists:

a. Source, Maintenance, and Recoverability
Codes (SMR) and Item Sequence Number (ISN)
Column. The first line in this column lists the
applicable SMR codes for the part. Listed in as-
cending order, directly below the SMR code, is
the item sequence number assigned to the re-
pair part.

(1)  Source code indicates the select ion
status and source for the listed item. Source
codes are:

Code Explanation

P-Repair  parts  which are stocked in or
supplied from the GSA/DSA, or Army
supply system and authorized for use
at indicated maintenance categories.

P2-Repair  parts  which are procured and
stocked for insurance purposes be-
cause the combat or military essential-
ity of the end item dictates that a
minimum quantity be available in the
supply system.

P9-Assigned to items which are NSA design
controlled: unique repair parts, special
tools, test, measuring and diagnostic
equipment, which are stocked and
supplied by the Army COMSEC logistic
system, and which are not subject to
the provisions of AR 380-41.

P10-Assigned to items which are NSA design
controlled: special tools, test, measur-
ing  and  d iagnos t i c  equ ipmen t  fo r
COMSEC support, which are account-
able under the provisions of AR 380-41,
and which are stocked and supplied by
the Army COMSEC logistic system.

M-Repair parts which are not procured or
stocked, but are to be manufactured at
indicated maintenance levels.

A—Assemblies which are not procured or
stocked as such, but are made up of two
or more units. Such component units
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Code Explanation

carry individual stock numbers and
descriptions, are procured and stocked
separately, and can be assembled to
form the required assembly at indi-
cated maintenance categories.

X—Parts and assemblies which are not pro-
cured or stocked and the mortality of
which normally is below that of the
applicable end item or component. The
failure of such part or assembly should
result in retirement of the end item
from the supply system.

Xl-Repair parts which are not procured or
stocked.  The requirement for  such
items will be filled by use of the next
higher assembly or component.

X2-Repair parts which are not stocked. The
indicated maintenance category re-
quiring such repair parts will attempt
to obtain same through cannibaliza-
tion. Where such repair parts are not
obtainable through cannibalization,
requirements will be requisitioned,
with accompanying justification,
through normal supply channels.

G-Major assemblies that are procured with
PEMA funds for initial issue only as
exchange assemblies at DSU and GSU
level. These assemblies will not be
stocked above DS and GS level or re-
turned to depot supply level.

(2) Maintenance code indicates the lowest
category of maintenance authorized to install
the listed item. The maintenance level codes
are:

Code Explanation

Operator/crew
Organizational maintenance
Direct support maintenance
General support maintenance
Depot maintenance

(3) Recoverability code indicates whether
unserviceable items should be returned for re-
covery or salvage. Items not coded are expenda-
ble. Recoverability codes are:

Code Explanation

R—Repair  parts  and assemblies that  are
economically repairable at DSU and
GSU activities and are normally fur-
nished by supply on an exchange basis.

S-Repair parts and assemblies which are
economically repairable at DSU and
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Code Explanation

GSU activities and which normally are
furnished by supply on an exchange
basis. When items are determined by
GSU to be uneconomically repairable,
they will be evacuated to a depot for
evaluation and analysis before final
disposition.

T-High  do l l a r  va lue  recoverab le  repa i r
parts  which are subject  to special
handling and are issued on an ex-
change basis. Such repair parts nor-
mally are repaired or overhauled at
depot maintenance activities.

U—Repair parts specifically selected for sal-
vage by reclamation units because of
precious metal content, critical mate-
rials, or high dollar value reusable cas-
ings or castings.

b. Federal Stock Number. Indicates the Fed-
eral stock number assigned to the item and will
be used for requisitioning purposes.

c. Indent Code. This column indicates the
breakdown of each given part or assembly.
Components, assemblies, and subassemblies are
listed in topdown order; that is, the assemblies
which are part of a component are listed im-
mediately below that component, and the sub-
assemblies which are part of an assembly are
listed immediately below that assembly. An as-
terisk indicates attaching hardware.

d. Description. Indicates the Federal item
name and any additional description of the item
required. A part number or other reference
number is followed by the applicable five-digit
Federal  supply code for  manufacturers  in
parentheses. For subsequent appearances of
the same item, the words “same as” followed by
the item sequence number assigned to the item
when it first appeared in the list will follow the
item name; e.g., “RESISTOR, FIXED, COM-
POSITION: SAME AS A298”.

e. Usable on Code. Not used.
f. Unit of Measure (U/M). A two-character al-

phabetic abbreviation indicating the amount or
quantity of the item upon which the allowances
are based; e.g., ft., ea., pr., etc.

g. Quantity Included in Unit. Indicates the
quanti ty of the item used in  Br idge ,
Capacitance-Resistance-Inductance ZM-71/U.
Subsequent appearances of the same item in the
same assembly are indicated by the letters

h. Allowances. (15-Day Organizational
Maintenance, 30-Day DS/GS Maintenance, 1
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Year Per Equipment (Contingency) and Depot
Maintenance). Items authorized for requisition
as required are identified by an asterisk in the
allowance column.

i. Illustrations.
(1) Figure number. Indicates the f igure

number of the illustration in which the item is
shown.

(2) Reference designator or item number.
Indicates the reference designator  used to
identify the item in the illustration. The suffix
“SEL” indicates the item is a selected value.

C-4. Location of Repair Parts
appendixa .  T h i s con ta ins  th ree  c ross -

-reference indexes (see IV, V, and VI) to be used
to locate a repair part when either the Federal
stock number, reference number (manufactur-
er’s part number), figure number, or reference
designator is known. The first column in each

cross-reference index is prepared, as applicable,
in numerical or alphanumeric sequence. The
last column of each cross-reference index lists
the item sequence number assigned to the part.

b. Refer to the appropriate cross-reference
index (para C-2c, d, e) and note the item sequ-
ence number in the last column; then refer to
the repair parts list to locate the item sequence
number which is listed in ascending order in
column 1 of the repair parts list.

C-5. Federal Supply Code for Manufacturers
The Federal supply code for manufacturers
(FSCM) is used as an element in item identifica-
tion to designate manufacturer, distributor, or
government agency, etc., and is identified in SB
708-42.

C-6. Abbreviations

Not applicable.

(Next printed page is C-5)
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Figure C-1.  Universal  Bridge,  top-view cutaway.
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Figure C-2. Universal bridge, left-side cutawap.
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Figure C-3. Universal bridge, rear cutaway.
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Figure C-4. Universal bridge, right-side cutaway.
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Figure C-5. Power Supply and 1-kHz oscillator A200,

component layout. Figure C-6. Reference voltage assembly A300,

component layout.
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Figure C-7. Detector assembly A400, component layout.
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Figure C-8. Universal bridge, bottom cutaway.
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Figure C-10. Rotary switch assembly A100, component location.
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By Order of the Secretary of the Army:

Official:
VERNE L. BOWERS
Major General, United States Army
The Adjutant General

Distribution:
Active Army:

CNGB (1)
USASA (2)
AMC (1)
ARADCOM (1)
OS Maj Cored (3)
USARPAC (2)
TECOM (2)
USACC (5)
USACC Sig Gp Okinawa (10)
USASTRATCOM-T (2)
USACC Sig Gp Taiwan (10)
USACCPAC (2)
USACC Sig Bale, Korea (2)
Eighth USA (3)
I Corps (2)
USAINTCS (3)
USASESS (5)
HISA (Ft Monmouth) (43)

NG: None.
USAR: None.
For explanation of abbreviations used, see AR 310-50.

FRED C. WEYAND
General, United States Army
Vice Chief of Staff

Depots (1) except
SAAD (20)
TOAD (14)
LBAD (5)

USA Dep (PAC) (2)
Sig Sec USA Dep (PAC) (2)
Sig ep (PAC) (2)
MAAG, Republic of China (2)
Taiwan Defense Cored (5)
USACSA (3)
Sig FLDMS (PAC) (1)
JUSMAG, Korea (1)
USA Ascom Depot (2)
USA Camp Carroll Depot (2)
Units org under fol TOE (1 cy each):

11-302
29-134
29-136
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