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SAFETY PRECAUTIONS

The Catalog Nos. 72-430 and 72-432 operate solely from dry batteries of
low veltage and, therefore, meet the classification of "extra-low energy
source" (ANSI €39.5-1974), "Safety Requirements for Electrical and
Electronic Measuring and Controlling Instrumentation", Para. 3. They

do not present a shock hazard in themselves, but as with all electrical
equipment, safety rules must be observed. Particular care should be
taken that wires carrying high voltages or power are not connected to
the instrument binding posts. Such connections can cause shock hazard
to the operator and damage the instrument.

RECEIVING INSTRUCTIONS

Your Wheatstone Bridge has been thoroughly tested and inspected to rigid
inspection specifications before being shipped and is ready for use
when received. Check the equipment received against the packing list.
Notify Biddle Instruments, Blue Bell, PA 19422 of any shortage of

materials. The instrument should be examined for damage received in

transit., If any damage is found, file a claim with the carrier at
once and notify Biddle Instruments or its nearest representative
giving a detailed description of the damages observed.
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1. Measuring {Rheostat) Dials. 8. Multiplier Selector Dial.
2. Meter Electrical Zero Adjust. 9. External Detector Binding Posts.
. 3. Detector Key. 10. Detector Internal-External
. i . . 4. Battery Key. Selector Key.
Measuring (Rheostat) Dials. 5. Detector Semsitivity Control. 5. Detector Sensitivity Control. 11. Resistance-Murray-Varley
Meter Electrical Zero Adjust. 6. Meter Mechanical Zero Adjust. 6. Meter Mechanical Zero Adjust. Test Mode Selector Key.
Detector Key. 7. Bridge/Resistance Box 7. Bridge/Resistance Box 12. Battery Internal-External-
Battery Key. Binding Posts. . Binding Posts Check Selector Key.
8. Multiplier Selector Dial. 13. External Battery Binding Posts.
Figure 1: Portable Wheatstone Bridge, Catalog No. 72-430. Figure 2: Portable Wheatstone Bridge, Catalog No. 72-432.
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PORTABLE WHEATSTONE BRIDGES
CATALOG NOS. 72-430 and 72-432

1. GENERAL:

The Catalog Nos. 72-430 and 72-432 are compact, rugged, portable
Wheatstone Bridges designed for wide range resistance measurements in
the laboratory, plant or field. The Cat. No. 72-432 Bridge consists of
a complete 72-430 Bridge plus Murvay and Varley loop circuitry for
location of grounds, crosses and opens in multi-conductor communication
and power cable. The self-heating in the unknown resistance is limited

to less than 10 milliwatts for all resistance measurements above 10 ohms.

The bridges are fully self-contained being equipped with their own
batteries and solid state null detector. The bridge rheostat arm may
be used independently as a 4-dial resistance box.

2. SPECIFICATIONS for both INSTRUMENTS; exceptions noted.

A. Range:
As a Bridge: 0.1 ohm to 11.1 megohms in 7 ranges.
As a Resistance Box: 0 to 11,110 ohms.

8. Limit of Error:

As a Bridge: +(0.1% of reading + 0.01 ohm)
As a Resistance Box: +{0.05% of reading + 0.02 ohm)}

C. Measuring Dials: (Rheostat Arm)

Consists of 4 decades giving steps of 10{1000 + 100 + 10 + 1)
ohms. The Cat. No. 72-432 is equipped with an additional
position for infinity. :

© D. Multiplier Dial: {Ratio Arm)

Seven positions for selecting resistance multipiier values of
0.001, 0.01, 0.1, 1, 10, 100 and 1000. These positions contain
the ratio resistors of the bridge circuit and provide automatic
current limiting for each setting of the multiplier dial. The
BAT CHK position {Cat. Mo. 72-430 only) sets the instrument

to indicate state of charge of the measuring circuit battery
directly on the meter. The OFF position electromagnetically
shorts the meter and disconnects the amplifier and batteries.

-4-

SPECIFICATIONS, Continued...

Cat. No. 72-432 is equipped with additional positions for
MUR 1000, MUR 100, MUR 10 and MUR 1 Murray loop tests.

Current Rating:

Current r@ting of rheostat arm when used as a resistance box
is determined by the highest rheostat decade in use. The rated
and maximum permissible currents are as follows:

CURRENT CURRENT
RHEOSTAT DECADE {RATED ACCURACY) {MAXIMUM)
1K ohms 7 milliamperes 16 milliamperes
100 ohms 23 " 50 "
10 ohms 70 " 160 "
1 ohm 230 " 500 "
Detector:

The null Qetector consists of a ruggedized zero center meter
zgd a i011d state high gain differential amplifier which drive
e meter.

1. Sensitivity: 4 microvolts,
2. Input resistance: 5000 ohms. .
3. Resolution: Sufficient to detect the following resistance

changes:
1 ohm to 100K ohms -~ at least 0.1%
@ 1 megohm ~ 0.5%
@ 10 megohms - 0.5%

Overload: 35V dc continuous without permanent damage.
Zero .Control: Provides minimum adjustment of 2200uV to
compensate for thermal emf's and Tong-term-dvift voltages.
6. Sens1tivity Control: Continuously adjustable from full
sensitivity to 40:1 reduction of sensitivity.
7. Meter: 1-1/2" with rugged taut-band suspension. Scale is
10-0-10 divisions.
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SPECIFICATIONS, Continued...

G.

Keys:

Separate battery and detector keys are provided to permit choice
of circuit closure sequence. Both keys can be locked down when
desired. .

In Cat. No. 72-432, additional lever keys are provided fo select
Resistance, Varley, or Murray test mode; Internal or External
Detection; and Internal, External or Check Battery.

Binding Posts:

Three 5-way type binding posts with 3/4" spacing are provided
for connection of unknown resistance and for using the rheostat
arm as a 4-dial resistance box.

The Cat. No. 72-432 is provided with five additional binding
posts: One pair to connect an External Battery, one pair to
connect an External Detector, and one post for connecting to
ground.

Battery Requirements:

1. Measuring circuit: Three 1-1/2 volt "D" size cells in
series (4.5V). Normal battery Iife is in excess of 1000
hours.

2. MNull detector: Two 9V Burgess 2U6 or Everady 216 (NEDA 1604);
1ife exceeds 400 hours. .

Enclosure:
Top panel is aluminum with off-white enamel finish. Case is an
ABS plastic with gray textured finish and has a hinged removable
cover. .

Dimensions: 8" x 7-1/2" x 7-1/2" high, (23 x 19 x 19 cm).

Weight: 5-1/2 1bs., (2.5 kg).

AT

3.

OPERATING PROCEDURE:

A. Meter Zero Adjustment:

1. Ro;ate MULTIPLIER dial to OFF position, then adjust meter
pointer to 0" by rotating screw in meter cover.

2. Rotate MULTIPLIER dial to desired setting, the SENS control
to extreme clockwise position (maximum sensitivity), then

adjust meter pointer to electrical 0" by rotating ZERO
control,

B. Battery Check:
1. Adjust meter pointer to "0" as described above.

2. Catalog No. 72-430: Rotate MULTIPLIER dial to BAT CHEK;
depress BAT KEY and note meter deflection.

Catalog No. 72-432: - Rotate MULTIPLIER selector dial to
any Multiplier position; push Lever Key (Chk, Int, Ext.)}
to CHK position and note meter deflection.

3. A_new‘battery (nominal 4,5V} will deflect meter pointer
ﬁ]gh in the green band. Replace measuring circuit battery
if pointer deflects below the green band. :

C. Resistance Measurements:

Loor
>.l
X

= Multiplier Dial Setting

X = MR

3
i

Rheostat Dial Reading

e
i

Unknown Resistance

-7-



OPERATING PROCEDURE. Continued. .. OPERATING PROCEDURE, Continued. ..

1. Connect unknown resistance to binding posts X] and Xo. , E. External Batter (Cat. No. 72-432 Only):
2. Catalog No. 72-432 only: Connect external battery to BAT posts observing proper polarity.

Set BAT lever k iti ;
a. Set test mode lever key at RES. i 20-12 vo;ts?y to EXT position. Maximum external voltage

b. Set BAT and DET lever keys at INT (INTERNAL). !

F. External Detect - .
3. Set MULTIPLIER dial in accordance with the table below. etector (Cat. No. 72-432 Only):
Connect ext
Unknown Resistance Multiplier Dial Setting For pgsii?oﬁfna] detector to DET posts. Set DET lever key to

Below 10 ohms 0.001 4. FAULT MEASUREMENT N
10 ohms to 100 ohme 0.01 e tENTS IN MULTI-CONDUCTOR CABLES (Cat. No. 72-432 Only):
100 ohms to 1K ohms 0.1 A. Picki S
1K ohms  to 10K ohme 1. cking Out Faulty Wires:
10K ohms to 100K ohms 10.

100K ohms to 1M ohms 100. \\;:::::

X, + GRD '
™ ohms to  11M ohms 1K. mﬁ__._ O @ }M
4. -Adjust meter to "0" as described in Section 3 "OPERATING {

PROCEDURE", Item A.

5. Depress BAT and DET keys and adjust rheostat dials {R) until
meter pointer is nearest "Q". If deflection is to the right, 1. Grounded Wire:
bridge dial settings are too high; if to the left, too low. T

Set Multiplier Dial at MUR 1K, lever switch at MUR and

6. lock down DET key and readjust last measuring dial, if : " .
necessary, for nﬁT] meter deflection while depressing and Egegigﬁﬁdd;i]§a§§et2§eagh sggtgggéecgogggcﬁ ;?e GRD post
releasing BAT key. one after another, to post Xy. The faulty :irg :;;?Sée

NOTE: Adjust SENS control to obtain optimum detector sensi- gﬁéegﬁidaﬁﬁ Sg;]k;;:Tgrgegggrgiggsctw?getg Ehetrig@t when
tivity‘or to reduce sensitivity during preliminary sufficiently sensitive to deflect 6ne sca?g S? or is
balancing. Clockwise rotation of SENS control increases for 4.5 volts through 1000 megohms, henc Tvision
sensitivity; counter-clockwise rotation decreases resistance fault or ground can bo &etegtgda very high

sensitivity.

L 2. Cross or Sh i it-
7. Rotate MULTIPLIER dial to OFF position after completing =22 O onort Circuit:

measurements. ‘ Test procedure is the same as for a grounded wire except

D. Use as Resistance Box: that the GRB post s connected to one of the suspected
wires instead of to ground.

Set MULTIPLIER dial to OFF position and connect to the two
binding posts marked R.
-8 -9-



OPERATING PROCEDURE, Continued... OPERATING PROCEDURE, Continued...
3. Open Circuited Wire: 1. Murray Loop Test:

Test procedure is similar to that for a grounded wire.
Connect the GRD post to ground or cable sheath. Connect
the suspected wires to ground or cable sheath at far end
of cable. At the near end of cable connect the wires,

one after another, to post Xy. The meter pointer will not
deflect if the wire has an open circuit.

B. Locating a Ground or Cross:

Use the Murray loop test to locate a ground or cross in velatively
Tow resistance loops, and Varley loop test for high resistance
loops. Both tests involve the measurement of resisiance. In

each method join faulty and good wires at far end of cable.

Connect faulty wire to X, and good wire to Xj. Connect GRD post

to ground, or it fault iS a cross, connect second faulty wire to
GRD post. Set lever switch at RES and measure total resistance (r)

of the Toop as described in "Resistance Measurements”. : Rr. 2LR
. Xa = 3 and Da = gyp

%a = resistance of faulty wire from bridge to fault.
r = total resistance of loop.
Continued... R = rheostat dial reading.
A = multiplier dial setting.
Da = distance from bridge to fault.
L - length of one wire.
NOTE: The above formula for distance applies only when wires
are of the same gauge and of equal length.

Set lever switch at MUR. Set multiplier dial to MUR 1K
which places 1000 ohms in bridge ratio arm (A in equation).
Depress the BAT and DET keys and adjust the rheostat dials
(R) for null meter deflection.

~10- <11~



OPERATING PROCEDURE, Continued...

2. Varley Loop Test:

| L
1

LooP

A

Ge

D X
M 2
“—v x“-——.-
R -

GRD

1

- AR 2L {r - AR)
Xa = ; T and Da = vy

Symbols have same significance as in the Murray Loop Test.

Set Tever switch at VAR. Set multiplier dial (A) at 0.01 if

r is less than 100 ohms, 0.1 if r is over 100 ohms, and 1if

r is over 1000 ohms. Depress the BAT and DET keys and adjust
the rheostat dials (R} for null meter deflection.

~-12-

OPERATING PROCEDURE, Continued...

Locating an Open:

The Tocation of opens involves the intercomparison of capacities
and requires the use of a telephone receiver or headset, and a
source of alternating current such as produced by a buzzer or tone
test set. Connect the telephone receiver or headset to the DET
posts and the alternating current source to the BAT posts. Set the
DET and BAT lever switches to the EXT (External) position.

1. Locating an Open in a (Quadded Cable:

L
Good PAIR

o »
FAULTY PAIR
N

/1

GRD

Symbols have the same significance as in Murray Loop Test.

Set lever switch at MUR. Set multiplier dial at MUR 1K which
places 1000 ohms in bridge ratic arm (A in equation). Connect
the open wire to post X, and a good wire of equal gauge and
length in another pair %0 post X], then strap them together
at the far end of the cable. Join the mates of these wires

at both ends of the cable. Connect the near end of the joined
mates to the GRD post. A1l four wires must be Free from
grounds and crosses. Depress the BAT and DET keys and adjust
the rheostat dials (R).until a silence or minimum sound is
heard in the telephone receiver. If a satisfactory balance
cannot be obtained with multiplier dial at MUR 1K, set at

MUR 100, MUR 10 or MUR 1.

-13-



OPERATING PROCEDURE, Continued...

2. locating an Open in a Pair:

Symbols have the same significance as in Murray Loop Test.

Set Tever switch at MUR. Set multiplier dial at MUR 1K.
Connect the near end of the open wire to post Xy and the far
end to ground or cable sheath. Ground the near end of its
m§te and leave the far end open. Connect one terminal of the
mica capacitor (C} to post X and the other terminal to
ground. Connect the GRD pos% to ground. Depress the BAT

and DET keys and adjust the rheostat dials (Ry value) until

- a silence or minimum sound is heard in the telephone receiver.

Disconneqt the near end of the open wire from post Xy and
connect it to ground. Disconnect the near end of the good
wire from ground and connect it to post X7. Balance the
bridge and note rheostat dial reading as Ro.

-4~

5.

MAINTENANCE

A. General:

1. Instruments having only periodic use should have the
measuring dials rotated several times over their full travel
previous to making a measurement.

2. To remove bridge fram case, remove the four panel sérews,
then carefully 1ift panel assembly from case.

Battery Replacement:

Replace measuring circuit battery when the meter pointer de-
flects below the green band when checking the battery as de-
scribed in Section 3B, Page 7. Replace null detector batteries
when the meter pointer cannot be adjusted to "0" as described
in Section 3A, Page 7. The battery requirements are described
in Sections 21, Page 6,and their connections are as noted in
the schematic diagrams on Pages 21 and 22.

NOTE: Incorrect installation of null detector batteries,
defective batteries, or failure to make contact with
battery holders will cause meter pointer to defiect
violently off scale or result in failure of peinter to
move when ZERO control is rotated with MULTIPLIER dial
set at any of the multiplier positions.

Compensating for long Term Detector Drift:

It may be necessary to readjust the amplifier zero balance
circuit to compensate for long-term drift changes beyond the
range of the ZEROQ ADJ control. If the meter pointer cannot be
adjusted to "0" and the batteries are known to be good, proceed
as follows: .

1. Remove panel assembly from case.

2. Rotate function selector switch to any MULTIPLIER setting,
and SENS control to mid-position. .

NOTE: Do not depress the DET key during this procedure.

~15-



MAINTENANCE, Continued...

3. Rotate ZERQ ADJ control to the extreme clockwise position,
then extreme counter-clockwise position while observing the
meter pointer deflection. The pointer should normally
deflect approximately the same amount in both directions.

If deflection of the meter pointer remains to the right
side of "0" (or barely to the left side of "0") when the
ZERQ ADJ control is fully counter-clockwise, the total
resistance of the amplifier resistors Rx + Rx! must be
increased,

If the meter pointer remains to the left of "0" {or barely
to the right side of "(0") when the ZERD ADJ control is
fully clockwise, the total resistance of Ry + Ry! must

be increased or the total of Rx + Rx! must be decreased.

4. Remove the three screws which secure the amplifier assembly
and carefully roll back assembly so that the circuit side
of the printed circuit board is exposed. Llocate resistors
Rx, Rx', Ry, and Ry! by the printed circuit board markings.

5. Increase or decrease the total value of Rx + Rx! or
Ry + Ry! as required, using metal film resistors. (It is
recommended that a decade resistance box be used to determine

the exact value required before permanently installing
resistors).

6. The correct resistance value will give approximately equal
deflections on either side of "0Q".

7. Reassemble the instrument.

Meter:

Failure ysually occurs by suspension breakage due to a severe
shock. If broken, meter pointer will not deflect when an un-
balance is known to exist. To replace, disconnect wires and
remove contral mounting panel from meter terminals, then remove
ring nut, screws or snap bracket holding meter in place. Install
new meter so that the shafts of the SENS and ZERO controls do not
bind. Connect Gray and White/Gray wire (Cat. No. 72-430) or
White/Gray wire (Cat. No. 72-432} to positive (+) terminal and
White/Orange wire to Negative (-) terminal.

~16-

6. REPLACEMENT PARTS LIST:
A. PARTS COMMON TO CAT. NUMBERS 72-430 and 72-432:
Biddle Quantity o

Part No. Per Instrument Description

72-4302J 1 Instruction Manual

13005 1 Case, complete

10998 1 Case, bottom

10999-1 1 Case, lid

11859 1 Battery holder, case bottom

16643 1 Label, Battery check

11874 1 Meter .

11166-2 30r8 Binding Posts (Superior #DF31BC)

11507-7 2 Potentiometer, ZERD anq SENS controls

11945-1 1 Mounting plate, potentiometer

13357-3 2 Switch Pushbutton, BAT and DET

13353-3 1 Amplifier assembly .

11444-8 3 Stand-off spacers, amplifier

11868 2 Knob, ZERO and SENS control.
(Stockwell Rubber Co. #LC9250-1)

4690-8 1 Knob, multiplier dial,
(Buckeye #PS-95RL-2)

11970 3 knob, {X100,X10,X1)

11923-5 1 Resistor-Switch assembly (X100}

11923-3 1 Resistor-Switch assembly (X10)

11923-1 1 Resistor-Switch assembly {X1}

11933-1 3 Switch {X100,X10,X1)

11916 4 Resistor Mounting Plate (X1000,X100,X10,X1)

11998 1 Resistor Mounting Plate (MULTIPLIER)

1303-78 35 Screws, Resistor mounting )

0397-2 6 Solder Lug, MULTIPLIER Resistor-Switch
Assembly :

10000-164 6 Resistor, 2000 ohms (Rl to R6)

17~




REPLACEMENT PARTS LIST...Continued \ REPLACEMENT PARTS LIST...Continued

A. PARTS COMMON TO CAT. NUMBERS 72-430 and 72-432: C. PARTS FOR CAT. NUMBER 72-432 ONLY:
Biddle Quantity ‘ Biddle Quantity
Part No. Per Instrument Description * Part No. Per Instrument Description
10000~ 162 6 Resistor, 200 ohms (R7 to R12) 11962-2 1 Instrument Panel
10000-154 [ Resistor, 20 ohms (R13 to R18) 11186-3 2 Switch, lever, DET-INT-EXT and RES-MUR-VAR
10000-38 6 Resistor, 2 ohms (R19 to R24) 11186-5 1 Switch, lever, BAT CHK-INT-EXT
10000- 16 2 Resistor, 0.999 ohms {R25,R26) 11970-1 1 Knob {X1000)
10000-17 2 Resistor, 8.902 ohms (R27,R28) 13007 1 Resistor-Switch assembly (X1000)
10000-19 2 Resistor, 81.008 ohms (R29,R30) 11922-10 1 Switch (X1000)
10000-21 2 Resistor, 409.091 ohms (R31,R32) 13229 1 Resistor-Switch assembly (MULTIPLIER)
8857 3 Battery, 1% Volt "D" size cell 11922-20 1 Switch (MULTIPLIER)
1482 2 Battery, 9 Volts, Burgess 2U6 or 10000-23 1 Resistor, 1.001 ohms (R33)
Eveready 216 (NEDA 1604) 10000-24 1 Resistor, 10.101 ohms (R32)
10000-25 1 Resistor, 111.11 ohms (R35)
B. PARTS FOR CAT. NUMBER 72-430 ONLY:
4501-162 1 Resistor, 3k ohms, +5%, %M,
11939-2 1 Instrument Panel MIL R11 type, (R36)
11970 1 Knob, (X1000) 4501-148 3 Resistor, 51 ohms, 5%, M,
11923-7 1 Resistor-Switch assembly (X1000) MIL R11 type, (R37,R43,R47)
11933-1 1 Switch (X1000) 4501-149 2 Resistor, 510 ohms, 5%, W,
13010 1 Resistor-Switch assembly (MULTIPLIER) MIL R11 type, {R38,R42}
4501-146 1 Resistor, 5.6k ohms, 5%, XMW,
11922-11 ] Switch (MULTIPLIER) MIL R11 type, (R39)
4501-148 3 Resistor, 51 ohm, 5%, %M, 4501-171 1 Resistor, 4.7k ohms, 5%, %M,
MIL R11 type, {R33-R35) MIL R11 type, (R41)
4501-149 2 Resistor, 510 ohms, 5%, W, - ! 4501-165 1 Resistor, 13k ohms, 5%, %M,
MIL R11 type, (R36, R37) MIL R11 type, (R40)
4501-171 1 Resistor, 4.7k ohms, 5%, %M, 4501-168 1 Resistor, 15 ohms, 5%, %M,
: MIL R11 type, (R38) MIL R11 type, {(R44)
4501-165 1 Resistor, 13k ohms, 5%, LW, : 4501-130 1 Resistor, 43 ohms, 5%, X,
MIL R11 type, (R39) MIL R11 type, {R45)
4501-146 1 Resistor, 5.6k ohms, 5%, %W, 4501-150 1 Resistor, 300 ohms, 5%, XM,
MIL R11 type, (R40) MIL R11 type, (R46)
4501-169 1 Resistor, 47k ohms, +5%, 4, 4501-169 1 Resistor, 47k ohms, 5%, W,
MIL R11 type, (R41) MIL R11 type, (R49)
4501- 147 1 Resistor, 1k ohms, +5%, %M,

MIL R11 type, (R48)
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7.

WARRANTY and REPAIRS:

A,

WARRANTY :

A1l products supplied by Biddle Instruments are warranted

against all defects in
one year following ship

material and workmanship for a period of
ment. Our liability is specifically

Timited to replacing or repairing, at our option, defective
equipment. Equipment returned to the factory for repair will

be shipped Prepaid and

Insured. The warranty does not include

batteries, lamps or tubes, where the original manufacturer's

warranty shall apply.

WE MAKE NO OTHER WARRANTY.

The warranty is void in the event of abuse or failure by the
customer to perform specified maintenance as indicated in the

manual.

REPAIRS:

Biddle Instrumenis maintains a complete instrument repair

service. Should this i

nstrument ever require repairs, we

recommend it be returned to the factory for repair by our

instrument specialists.

When returning instruments for repairs,

either in or out of warranty, they should be shipped Prepaid

and Insured and marked
Service Manager.

for the attention of the Instrument
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R4 Rin w21 g2 R28-—2fLEacw
\ CTe
™ e VEETED hl%.mn

& e TERES MOE {TrP)
2 {rmen Pos)

jox19

. Tmuh:; -Eiem ®
e B [V ¢ o ols
£LEC. o v gs 215 §_§_
1 BACH
J[l RE @-—— [ 1) g
101K Qemk T ERER N Ixmx g g
(1800T) DET
3 BT T
® c ¥ o
LB oo
CYS)
B
Eigc. o 7T BB RS Ri6  RY - 2000 BACK :}1’ A
WY
(mwl)vro— o sommmtm———
= Il L—wl
10 x30002 + 1, l, L, L, bl e
LLLESY 3Y L
o Ay Yo dedodede e, lan Ds:r/*lo 3
B coee——— 20681 usgr Lo B
ADTUET Fok
MAKE BEFORE
BRAAK
BEc. " RiZ R4 RE R RIT = 20 QLBacH
10x108 e N
(4923-33 ® L. tl/o l/o L- 1( e LRI8 NPT
"——} 200
GM
B8 "

{1at3-) ®iT

e fR2AE
28

1 /
e CONbARY CALLD.
(422 SERDS(Topy PRIMARY CALIS

LBADS (Tr)
K waTRR 1SQLosasT .
o st 0 _MEASURING DIALS

FHITCHE S




SEE TABLE Fom
_MulTiPugR A
Crary \m)

4 8 o StoP POt
22 4 ¢ 7 § 9 ¢ o
. d . 4 s 2 #
! 12 Bot, Gol. (38332 Tre} s 53 22 3¢ a¢ 58 58 35 r‘::s\‘: (reed
u\o q RN T LR A
TRIRA RATERMAL ? » “
e o e ST vl
. it v 1 4 8 1 & 4 4 3 2 1 e Gt T
: e fan 4 Bans) RS < 264 (e [LL13 Y -3 | [T TRRM m.,
f Jumrae ~id wly eld old old @ld o4 wlg PCITIRRSY
0 4 CMBCH.P98) i Ea ane SebER 343 agd 245 $ox S3T1R2% 527 349
* BnaTEI TR S Bor Hig Ken 639 K1 ®3x €22 wia
8 & Torz, o Swkcs e |9 e 1T 1 e %
10 x i SL 8 r @ 4/"‘"\"\&( T enn ¢ ; ; - ’ °o\un unuun- T e 5 " s
(nazs- 73 v E g & = Pt 2 e & Buec. Fuscrion
Chni, LBAR " - 4 FaR BACH Pas.
Ay Tr o T g W L
le L 20 ' |~ DaLETED
A AT £104BST ——ie A "0 ] § [P S BRTRRMAN,
K g - ey | TR
RS- = .
o ;-3
-]
w Ll 4
Bt e Zo0 8 CTVE) 4 3 LA i‘\ Ay K aaree claseaT ooy
» (¥ Sl ot o e o e e e F+— o= / To SURET Bud
o @li—— baLeTen Fireal CALIR, " * 3 & 1 #]
B @ i R N 4 v R T LR A.A
2
oxtoo & [ 11 : o ; e ©
- 2 BY3 3
(H923-5) A'i_ ‘L‘ L_! !‘7_ 3 45\6(5.51) L ; §
————— e — — — 4 ¢
N R BAT \p i L3 Ml' L3
— {n3s3-3) - (uag13) 78 1Y XJR
- ABI Fum seasce w
REEsEh BRALE
R R RS R RV e 2oR(TYR)
rs Bx |w/u
2 By @ ® o" [ i
‘; BYL —_“—"qqgi?f t‘l‘—sva &Y WY
doxten el w4 (BT e v
(wae3-3) Ay F J, L J/ l( j/ o e A';P"_.._ﬁrﬂ____. 353-3) kg
1 1z ') R
L -—{ 200 = - A S (n874)
A T R Ry ! ¢
e ¢ AAP A [we /o 4
.
) 35 wiY | Y] R] oR o
o e
Ll K
B3 RZs B2 B2 K23 < 2R(TeP) ° r -
i ZERO  SENS
* {mer-7 ) {nsat-1)
s 1ox1a sl =
CuAza- + Lf l( L‘ J{ L/ o
My e e To e de w lrte
A I z8
MEASURING
PiaLs
i Figure 3: Schematic Drawing of Cat. No. 72-430
-21-



€1,02,83,484 Ama
BAIRE Lud & Bart
‘D y 3 . HF MULT SWITEN ASRY
Y ‘ ;‘l‘;ﬂll -, 1 o
[ 4 4 2 g 4 a5 -1
CICI IR IR O B N O T
oN] ¥F g ¥z =2 LT €5 ug = A N N BAT,
T Rov. Com(IEAR-E TYE) t 5w & & % & & & ~i ¢ ®
- 2)
TR S e | R " 13 .3 R4s i}
(rcn Pert) iCq ‘j ’q A b 1 qc- e (.:gv ran
o o qd - ° ~ 15w otd - @ig @ N 4
£L8C. 6 . -ﬁ‘,‘ﬁisf,zg:gfﬁzaﬁm..:"ﬁgzgzg Wl hbl‘z'; hiby
\ L] ® i i L ol | | '6"-"3-»;‘ ] | o wy | W8 l
8 @ “3 3 g =29 . 3 3 gl; = s®
101K L+mR ¢ & - ? * 8 % 3§ % t’ jk
CiBaot) AiL DEY b (BLEC. FICTIONS POREACH POB.) I —
e e — — 1_(‘ cows. Crepy [CLTE ol i e o
A ¢ TR che
: s 1 e ek Al
[ ‘g ]
B 3 L
BLEc. o7 ‘Tu L B
87 & £ Ris Ki-=— ZoOR FACH lﬂ N 5 ﬁkj-/ - Ry T
— e cow i 52 2ol
B, cm»-n f A s |3 o A g
W0xioon B r p: L“::,?: MULTIPLIER N x
dodooa 3(‘") i3 22%) §t o A
Ay iz | per A_Lo. b B —
a 20084 ruggr) Lo 748 s :‘;
ARINGY Folt
iz rch, BEFORS ® &
sERAR = R
il
LTI R R4 BIE RiG RIT = 20 QAN - oo
o '
By N (ag2’ i 3 (s !;—(.m“)
J.“ iy k] i A
oxton &1 w EDC S = IR RS W)
TS Anmey Asey (13353-3) N a8
INPUT | s
Ry Ry ?
A [ B T Ry wiok wioR
: £ AP
- Wi R jom |wioR - .
BLEC, v cw ”
R22 R28 <-— 20 Each .‘:{( ,,..%(
S ais] - l
N ::s,erns * :reu:l- {usond {user-D
At R, WS (1t )
ox1 8 " {mBeH Posk
£u823.1) 1/ ai
_I #22#
4
:’l‘i’-‘: BRCbARY LALYS, Z
) PREAEY CALB
{7ved LBADBLTIE) LeADS (t<P>
K WAFRR 13 CLOBEST
M airae T MEASURING DIALS Figure 4: Schematic Drawing of Cat. No. 72-432




