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Vib. 

1-2 

6-5 

For Serial Numbers 1-970 

To (INSTALLATION RECORD) 

ADD 

"Contract Number NObsr-49270 Date of 

Contract 26 June 1950" 

"Contract Number NObsr-52462 Date of 

Contract 26 May 1951" 

"Contract Number NObsr-59239 Date of 

Contract 25 Nov. 1951" 

To (PARAGRAPH 2-b) 

ADD 

"Contract NObsr-49270 Dated 26 June 1950" 

"Contract NObsr-52462 Dated 26 May 1951" 

"Contract NObsr-59239 Dated 25 May 1951" 

To (TABLE 6-1 TABLE OF REPLACEABLE 

PARTS) 

ADD to "STANDARD NAVY STOCK NUMBER 

COLUMN" 

SYMBOL STOCK NUMBER 

  

C134 N16 -C -29128 -2490 

C138 N16 -C -29075 -4678 
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PAGE 

(6-6 

6-6 

SYMBOL 

F101 

E102 

E110 

EM 
E116 

E120 - 

H101 | 

H102. 

H104 

H108 

H110 

HS 285: 

H17 

H119 

H120 

I 101 

L101. 

L102 © 

L103 

STOCK NUMBER 

N17-P -69135 -6825 

N17-P-69135 -6827 

N16 -K -700314-438 

N16 -T-20551-1039 

N17-1-49510 -1125 

_ NIT-I-47377-6602 

_ NI6-H-150001-325 

_ NI6-H-150001-324 

N42 -L-2605 -6620 

NI6-V-230001-113 

N16 -V -230001-112 

~NI6-R-503580-251 

N16 -S-800650-101 

N43 -B-27099 -6290 

N42-B-27099-6235 

N17-L-6806 -130 

 'NIT-T-81988 -9633 

N17-T-81891-6201 

N16 -C -72758-1451 
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PAGE 

6-14 

6-14 

6-14 

6-15 

6-15 

6-15 

6-15 

6-16 

6-16 

6-17 

6-17 

6-18 

6-19 

6 19 

6-19 

6-20 

6-26 

6-27 

6-29. 

SYMBOL 

N103 

0101 

0102 

0109 

O110 

Olll 

P101C 

~P10iD 

PIO1E 

R105 

R106 

R11O 

R15 

R122 

R123 

R126 

S105A 

S105D 

T104 

STOCK NUMBER 

N16 -S -117101-735 

N16 -M-60905 -1376 

N17-I-77279-8201 

N16 -B-750001-795 

N16 -V-300087-301 

N17-G-157338-766 

N17-C -802555-801 

N17-C -802584-311 

N17-S-46693 -6851 

NI6-R-88009-4261 

N16 -R-78700-6959 

N16 -R-79407-8759 

N16 -R-79472-2001 

N16 -R-50200-721 

N16 -R-50497-391 

NI6-R-50399-141 

N17-S-91897 -8910 

N17-S-91897-8911 

N17-T -81141-6201 
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PAGE SYMBOL 

6-3] W102A 

6-33 XV101 

6-34 7101 

6-13%* M101 

STOCK NUMBER 

N15 -W -2195 -5100 

N16 -S -62153 -1191 

N16 -F -44608 -4081 | 

Delete "N17-M-29374-1203 METER: 
arbitrary scale; panel mounted; DC 

round; phenolic case; style No.15 MBCA 

Ref Dwg Group 27; flange size 3-11/16" 
dia. x 3/16" thick; 2-5/32" body dia; 
1-11/32"' body depth from mtg ‘surface, 

excluding terminals; Sun Electric Corp, 

Part #M-910-1" — | 

ADD 

"METER: arbitrary scale; panel mount- 
ed; DC round; metal case; style No. 15 
MBCA Ref Dwg Group 27; flange size 
2-11/16" x3/8" thick; 2-1/16" body dia; 
1-1/16" body depth from mtg. surface, 
excluding terminals; Burlington Instru- 

ment Co. Part No. CB-M-910-1B." 

*NOTE: SNSN N17-M-29374-1203 used on Contract NObsr- 
43157 only. Part No. CB-M-910-1B used on Contracts 
NObsr-49270, NObsr-52462, and NObsr-59239 should 

be requested when a replacement is required on ALL 
contracts. Standard Navy Stock Number for Part No. 
CB-M-910-1B, not available at time of this publica- 
tion, will be supplied by Electronic Supply Office Great 
Lakes, I[llinois. 
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Guarantee NAVSHIPS 91704 FRONT MATTER 

ZN-11 U 

GUARANTEE 

The equipment, including all parts and spare parts, except 

vacuum tubes, batteries, rubber and material normally consumed 
in operation, is guaranteed for a period of one year from the 
date of delivery of the equipment to and acceptance by the Gov- 
ernment with the understanding that all such items found to be 
defective as to material, workmanship or manufacture will be 
repaired or replaced, f.o.b. and point within the continental 
limits of the United States designated by the Government, with- 
out delay and at no expense to the Government; provided that 
such guarantee will not obligate the Contractor to make repair 
or replacement of any such defective items unless the defect 
appears within the aforementioned period and the Contractor is 
notified thereof in writing withina reasonable time and the defect 
is not the result of normal expected shelf life deterioration. 

To the extent the equipment, includingall partsand spare parts, 
as defined above, is of the Contractor's design or is of a design 
selected by the Contractor, it is also guaranteed, subject to the 

foregoing conditions, against defects in design with the under- 
standing that if ten percent (10%) or more ofany such said item, 
but not less than two of any such item, of the total quantity com- 
prising such item furnished under the contract, are found to be 
defective as to design, such item will be conclusively presumed 
to be of defective design and subject to one hundred percent (100%) 
correction or replacement by a suitably redesigned item. 

Ail such defective items will be subject to ultimate return to 
the Contractor. In view of the fact that normal activities of the 
Naval Service may result in the use of equipment in such remote 
portions of the world or under such conditions as to preclude the 
return of the defective items for repair or replacement with- 
out jeopardizing the integrity of Naval communications, the 
exigencies of the Service, therefore, may necessitate expenditious 
repair of such items in order to prevent extended interruption of 
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FRONT MATTER NAVSHIPS 91704 Guarantee and 

ZM-11/U Miscellaneous Data 

communications. In such cases the return of the defective items 

for examination by the Contractor prior to repair or replacement 

will not be mandatory. The report of a responsible authority, 

including details of the conditions surrounding the failure, will 

be acceptable as a basis for affecting expenditious adjustment 

under the provisions of this contractual guarantee. 

The above one year period will not include any portion of time 

the equipment fails to perform satisfactorily due to any defects, 

and any items repaired or replaced by the Contractor will guar- 

anteed anew under this provision. 

INSTALLATION RECORD 

Contract Number: NObsr-43157 Date of Contract: 9 Dec. 1948 

Serial number of equipment 

Date of acceptance by the Navy 

Date of delivery to contract destination .........-----.---------------- o 

Date of completion of installation 

Date placed in service   
Blank spaces on this page shall be filled in at time of installa- 

tion. 
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Failure Report NAVSHIPS 91704 FRONT MATTER 
Ordering Parts ZM-11 U 

REPORT OF FAILURE 

Report of failure of any part of this equipment, during its en- 
tire service life, shall be made to the Bureau of Ships in ac- 
cordance with current regulations using form NAVSHIPS NBS 
383 (revised). The report shall cover all details of the failure 
and give the date of installation of the equipment. For proce- 
dure in reporting failures see Chapter 67 of the Bureau of Ships 
Manual or superceding instructions, 

ORDERING PARTS 

All requests or requisitions for replacement material should 
include the following data: 

1. Standard Navy stock number or, when ordering froma Marine 
Corps or Signal Corps supply depot, the Signal Corps stock 
number. 

2. Name and short description of part. 

If the appropriate stock number is not available the following 
shall be specified: 

1. Equipment model or type designation, circuit symbol, and 
item number. 

2. Name of part and complete description. 

3. Manufacturer's designation. 

4. Contractor's drawing and part number. 

0. JAN or Navy type number. 
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FRONT MATTER NAVSHIPS 91704 Safety Notice 

ZM-11/U 

SAFETY NOTICE 

WARNING 

observed. 

This equipment employs voltage which is dangerous and may 

be fatal if contacted by operating personnel, Extreme caution 

should be exercised when working with the equipment. 

While every practicable safety precaution has been incorpo- 

rated in this equipment, the following rules must be strictly ob- 

served: 

KEEP AWAY FROM LIVE CIRCUITS: 

Operating personnel must at all time observe all safety regu- 

lations. Do not change tubes or make adjustments inside equip- 

ment with the power cord connected. Under certain conditions 

dangerous potentials may exist in circuits with power controls 

in the off position due to charges retained by capacitors. To 

avoid accident always remove power and discharge and ground 

circuits prior to touching them. 

An approved poster illustrating the rules for resustitation by 

the prone pressure method shall be prominently displayed in 

each radio, radar, or sonar enclosure. Posters may be obtained 

upon request to the Bureau of Medicine and Surgery. 

ORIGINAL ix



T Section NAVSHIPS 91704 GENERAL 
ZM-11/U DESCRIPTION 

         
INSTRUCTION 

| BOOK 

, POWER CORD 
| AND PLUG 

(STOWED) 

CARRYING 
HANDLE 

Figure 1-1. Capacitance, Inductance, Resistance Bridge, ZM-11 /U 

1-0 ORIGINAL



GENERAL NAVSHIPS 91704 ‘ Section I 

DESCRIPTION ZM-11 U Paragraph 

SECTION |! 

GENERAL DESCRIPTION 

1. GENERAL DESCRIPTION. 

in lid. It is used to measure capacitance, inductance, resistance, 

transformer turn ratio, dissipation factor of inductors and capa- 

citors, and storage factor of inductors at 1000 cycles-per- 

second; and insulation resistance of capacitors and other parts 

as well as leakage in electrolytic capacitors at direct current. 

General condition of many capacitors may be examined without 

removal from circuit using a test frequency of 10.75 Megacycles. 

By use of the ZM-11/U Bridge, many electronic parts such as 

resistors, capacitors (paper, mica, electrolytic), coils, chokes 

and transformers may be examined for condition and suitability 

for installation. 

While designed primarily for service measurements, its over- 

all accuracy is about half that usually realised by laboratory 

equivalents of greater bulk and complexity. It is self-contained 

except for a source of line power and embodies its own source 

of 1000 cycle bridge current together with a sensitive bridge 

balance indicator; an adjustable source of direct current for 

electrolytic capacitor and insulation resistance testing; and a 

meter with suitable ranges for leakage current tests on elec- 

trolytic capacitors. Additionally, a quality test for ascertaining 

whether a capacitor is open or shorted even though a resistance 

or inductance remains connected across it at the time of meas- 

urement is included. The turns ratio of an iron-cored trans- 

former may also be determined. 

ORIGINAL 
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Section NAVSHIPS 91704 GENERAL 
Paragraph 1 ZM-11 /U DESCRIPTION 

The basic measurements of resistance, capacitance, inductance 
and turn ratio are made by suitable bridge circuits. Incidental 
to these, the dissipation or storage factor of capacitors and 
coils is balanced and read on suitable dials and this result may 
be applied to circuit problems with due regard for the test fre- 
quency which is 1000 cycles, Polarizing voltage may be applied 
to electrolytic capacitors while determining their capacitance 
and dissipation, and their direct current leakage may be deter- 
mined either with or without the Capacitance and dissipation. 
Insulation resistance of capacitors and other parts may be deter- 
mined within the ranges and accuracies shown in Table 1-1. 

2. REFERENCE DATA. 

a. Nomenclature: Capacitance-Inductance-Resistance Bridge, 
ZM-11/U. 

b. Contract: NObsr-43157 dated 9 December 1948. 

c. Contractor: The Clough-Brengle Co., Chicago, Illinois. 

d. Cognizant Inspector: Inspector of Naval Material, Chicago, 
Illinois. 

e. One package per equipment. No equipment spares. 

f. Cubical contents of shipment are, crated .89 cu. ft., un- 
crated .23 cu. ft.,no equipment spares included. 14 pounds. 

h. All bridge measurements are made at 1000 cycles-per- 
second. Capacitor quality test at 10.75 megacycles and 
1000 cycles. Leakage and insulation resistance tests at 
direct current. 

i, Line power required from single phase source of alternating 
current, 105 to 125 volts, 50 to 1000 cycles. 

j. Input power requirements: for normal bridge operation is 

1-2 7 ORIGINAL



  

NAVSHIPS 91704 Section I GENERAL 
ZM-11/U DESCRIPTION 
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T Section NAVSHIPS 91704 GENERAL 
ZM-11/U DESCRIPTION 

29 watts; with 400 volt, 4 milliampere output from d-c 
power supply, 36 watts. 

TABLE 1-2. EQUIPMENT SUPPLIED 

  

  

  

  

  
            

Te 
OVERALL ly E 

Pain al i ia DIMENSIONS ie} 
- u |G 

M | H 
Wish | Width | Depth E F 

2 Pe 2f a : cE ea 

1 Capacitance- 

Inductance- 

Resistance 

Bridge ZM-11/U__|5-11/16 | 8-27/32/ 9-5/8 |.23/14 

1 Cable assembly, R-F 
(P101) 172 1/2 | 48 sal Ma: 

1 Test Lead, Red 1/2 1/2136 a 
(W101) 

1 | Test Lead, Black 1/2 1/2 | 36 x | x 
(W102) 

2 Instruction Books 7 5-3/4 172 i * 7 
for Bridge 
ZM-11/U. : 
  

Dimensions are in inches, volume in cubic feet, weight in 
pounds. 

* Denotes items normally stowed in lid and included in basic 
weight and volume. 
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GENERAL NAVSHIPS 91704 __ Sechou. ll 

DESCRIPTION ZM-11 U 

TABLE 1-3. ELECTRON TUBE COMPLEMENT. 

  

  

   
   

   NUMBER OF TUBES 

OF TYPE INDICATED 

      

  

         

To
ta
l 

No
. 

Of
 
Tu

be
s 

  

CIRCUIT APPLICATION 6
A
V
6
 

Electron Ray Indicator for 

bridge balance 1 1 

Bridge oscillator 

Electron tube voltmeter Sy 

(quality test) 

Amplifier, 1 kc aan 

erneanes | | | | 
pe power ovaumnor || | 
line Power ecuier || 

ee 
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THEORY OF NAVSHIPS 91704 Section 2 

OPERATION ZM-11/U Paragraph 1 

SECTION 2 

THEORY OF OPERATION 

1. BASIC BRIDGE CIRCUIT. GENERATOR AND INDICATOR. 

a. Figure 2-1 shows a bridge circuit in its most elementary 

form. An alternating current generator, G, passes current 

through two resistors, A and B, called the ratio arms and through 

resistors, Rx and Rs, called the unknown and standard, respec- 

tively. From consideration of the voltage drops, no current 

will pass through the head-telephone indicator, HT, when 

Rx A A 
Rs =x, or Rx = Bs 

RATIO ARMS 

ee ae ge os 

  
UNKNOWN STANDARD 

Figure 2-1. Elementary Bridge Circuit. 

ORIGINAL 
2=1



2 Section NAVSHIPS 91704 THEORY OF 
Paragraph la ZM-11/U OPERATION 

hence no response will be heard. If A and B are precalibrated 
in some convenient way, one has only to connect an unknown re- 
sistor and adjust A and B until silence is had in the head tele- 
phone; then the value of Rx may be read directly from the calib- 
rations on A and B. 

6. In practice, the generator must have special properties 
such as low admittance to ground, in order that the accuracy 
will be preserved when using high ratios of Ato B. It must 
also have adequate output of good waveform, since, in some 
applications, the bridge cannot be balanced simultaneously at 
thefundamentaland a harmonic. The method used in generating 
the 1000 cycle test current used in the ZM-11/U Bridge is 
shown in Figure 2-2. Vacuum tube V103 is the 1000 cycle os- 
cillator, V102 amplifies the output thereof and transformer 
T102 connects the amplifier output to the bridge circuits. 

Tube V103 is connected as an amplifier. Bias is supplied by 
a cathode resistor, R141 which is by passed by capacitor C103. 
Plate voltage is through resistor R142. The signal output is 
passed into a ladder network of four capacitor-resistor com- 
binations;C122, R138; C121, R137;C120, R136 and C119, R135. 
Each combination shifts the phase somewhat, the proportions 
being such that a 1000 cycle impulse is shifted 180 degrees in 
passing through the four combinations. The shifted output is 
returned to the grid of V103 and, due to the amplifying property, 
sustained oscillation results. Any tendency to fly into wide 
swings of highly distorted waveform is effectively prevented by 
a Slight pulse of grid current at the positive peak. 

One grid of a push-pull amplifier, V102, is connected to the 
junction between capacitors C120 and C121. Here the phase has 
not been through the full 180 degree reversal but the voltage is 
suitable. Some of the plate signal of V103 is taken off through 
a capacitor C125 and fed through a two step ladder; R143, C124 
and R144, C123. This ladder has shunt capacitors and series 
resistances while the other ladder (C122, R138 and C121, R137) 
has shunt resistances and series capacitors. Thus the one 
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THEORY OF NAVSHIPS 91704 Section 2 

OPERATION ZM-11/U Paragraph 16 

; OUTPUT 
: TO 

BRIDGE 
CIRCUITS 

   
VECTOR 

PHASE 
RELATIONS 

scot erent eee or | 

] 

| ci21 | clzel 
AN | | 

oad | | 

= | | 

[RSs R36 R37) RIBB 

PE ees en SOO sw cpl fae gl 4 

R139, R144, and R143). 
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2 section NAVSHIPS 91704 THEORY OF 
Paragraph ZM-11 U OPERATION 

The construction of the output transformer T102 is shown in 
Figure 5-9. The primary, hidden by its supporting bracket 
which is also the interwinding shield, is tuned to 1000 cycles 
for highest efficiency and to suppress harmonics in the output. 
The secondary is supported with a minimum of solid material 
to keep the capacitance and leakage to the core at a minimum. 
Placing of the primary and secondary at the opposite ends of 
the long core produces high leakage inductance and causes the 
output to be self regulating with respect to the connected im- 
pedance. 

c. Headphones lack the necessary sensitivity for balancing 
and are supplanted by a balance indicator for the Bridge, ZM- 
11/U. It consists of anamplifier V105, together with an electron- 
ray tube indicator, V101. The amplifier-indicator combination 
is necessarily so sensitive that only a fraction of a millivolt 
is needed to cause an appreciable closure of the eye pattern. 
Normally the pattern would close entirely withonly a few milli- 
volts input, corresponding to a very small unbalance and show 
no further movement for greater unbalance. This would be un- 
desirable sincebalanceis more readily reached if the operator 
has some idea of the direction of the needed change, even when 
far from the actual balance. To make this possible a simple 
automatic gain controlhas been embodied inthe amplifier; eye- 
pattern activity may be seen at levels as high as one volt. 

C129 SIOSE-REAR    
B2 

7 ~~ \ 
' Ci27 

‘o AANA RI5O ‘i 

RIZ6 

   

          

INPUT CiI26 
FROM 
BRIDGE 
CIRCUITS SIOSC-FRONT 

CLOSES ON 100-IIOO0 UF RANGE 

B2 

Figure 2-3. Amplifier-Indicator Circuit. 
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THEORY OF NAVSHIPS 91704 Section 2 

OPERATION ZM-11/U Paragraph 

Figure 2-3 shows the connections of the amplifier -indicator 

for all bridge circuit positions of the Function switch. The four 

elements, R146, C127, C126 and R152, form a broadly resonant 

= 1000 cycle filter to the amplifier input, V105. Cathode bias is 

from resistor R147 which is not bypassed except on the 100- 

1100 microfarad range where extra gain is required due to the 

large ratio employed. Screen supply is from. the junction of 

R148-R155 while plate supply is through R149. C129 and R153 

act as blocking-capacitor and grid leak, respectively, for v101, 

while the four elements, R149, C129, R153 and C130 form an- 

other filter broadly resonant to 1000 cycles like the one in the 

input. For a large signal to the amplifier, the grid of V101 

rectifies and becomes negative due to the capacitor -leak action. 

The symbolic generator and the headphone indicator will con- 

tinue to be used in discussion of the various bridge circuits 

employed in the Type ZM-11/U, it being understood that the 

actual counterparts described above are in use. 

2. RESISTANCE BRIDGE. 

sistance) the bridge circuit is connected as shown in Figure 

ORIGINAL 
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Paragraph 2a ZNM-11,U OPERATION 

G 

RI56 R157 
Perr a ail 

| 100 R107 

i {1 1000 Ri08 U 

MULTIPLIER 
10,000 _ RI34 

100,000 RIIO 

100,000 _ Rill 

EIO4 E102 
OU O 

Ry 
100   

Figure 2-4. Resistance Bridge, Essential Circuits. 

shown are part of the RANGE SWITCH S102. 

b. If the action of the two switch parts shown are traced out 
in the schematic diagram, Figure 5-14, for the various positions 
of the RANGE switch it will be found that the seven resistance 
bridge ranges are formed as shown in Table 2-1. 

It will be seen that the standard resistance changes after the 
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OPERATION ZM-11/U Paragraph 2a 

TABLE 2-1. RESISTANCE BRIDGE RANGES. 

      

      

   

  

   
    

1.0 
100 11.0 

100 10.0 
100 110.0 

100 100 
100 1,100 

100 1,000 
100 11,000 

10,000|100,000}; 10,000 
10,000/100,000! 110,000 

1,000|100,000} 100,000 
1,000/100,000| 1,100,000 

100|100,000| 1,000,000 
100|100,000 [11,000,000 

fourth range and that three of the basic ratios are re-used with 

the new standard in the last three ranges. This plan requires a 

minimum of calibrated resistors and permits a wide range of 

measurement without extreme ratios of A/B which would in- 

troduce undersirable complications. 

3. CAPACITANCE BRIDGE. 

a. Figure 2-5 shows a simplified circuit of the capacitance 

measurement. As the balance equation shows, it is actually the 

capacity-reactance rather than the capacitance which is bal- 
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Cs Cx 

  

Figure 2-5. Capacitance Bridge, Essential Circuits. 
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OPERATION ZM-11/U Paragraph 3a 

have to have a new calibration which would be non-uniform 

corresponding to a reciprocal relationship. 

b. Inadditionto its reactive property, the unknown capacitance 

will always have some loss. This loss may have the property 

of either a shunt or series resistance or may be, perhaps, a 

combination of both. Whatever its true nature it can be repre- 

sented by a simple series resistance, Px, as has been done in 

Figure 2-5 and which can be balanced by a calibrated series 

resistance, Ps, in the standard side. Rather than to calibrate 

this control in its actual resistance it is an operational con- 

venience to calibrate it in dissipation, D, as defined in Figure 

2-5, then the control provides the means for completing the 

capacitance balance and its dial shows a merit figure for the 

capacitor under test. 

c. The actual circuit arrangement for capacitance measure- 

ment is in Figure 2-6, corresponding to the "C"' position of the 

FUNCTION switch. Note that the ''A'' arm is the same one used 

for resistance measurement as isthe 'B" arm with the addition 

of one resistor for an extreme range. Similiarly, two capaci- 

tance standards are used. With these arrangements, eight 

continuous and progressive ranges in capacitance are formed 

as shown in Table 2-2. 

d. Because two values of standard capacitance are used, two 

values of the dissipation control must also be provided. These 

are gauged on one shaft which bears the '"D" panel dial. Note 

that these controls do not bear the same ratio to each other as 

their respective standard capacitances. Table 2-2 shows that 

the 1000 mmf standard is used through the firstfour capacitance 

ranges, 10 mmf to 0.11 MF. The capacitors measured in this 

range are usually of mica or paper dielectric and cannot have 

very high dissipation before their condition is suspect. For this 

ORIGINAL 2-9
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G 

100-1100 UUF 
10-110 UUF iO RIO6 
i800 RIIG 

lOO RIO7 
ig80 | RIT 

A 1000 =—-RIOB 4 0 
é RI56 =| RI57 | > 

O—00 10.000 R134. gs fp SIO2A | 
(FRONT) 1 {1 e 

100,000 RIIO S102B 
MULTIPLIER (REAR) 

ome: ees ois ee | aes | _-_—- BO Cre Ore ee 

a 
H R102B u 0 

100 
CIOl 

| | 1.0 UF 

SIO2A | 
0 (REAR) O+— D-*.06 E103 E104 & 

@ +O 

ie ceed 

10.000 i C102 
IOOOUUF niger 

Figure 2-6. Capacitance Bridge, Measuring Circuit. 

reason, a maximum range of "D" of 0.06 was selected for use 
with the 1000 mmf standard. This gives best readability in the 
region of usual interest. 

The remaining four capacitance ranges cover 0.1 MF to 1100 
MF’. Particularly in the higher end of this range, the capacitor 
tested is apt tobe of electrolytic construction and a wider range 
of "D" is required to balance acceptable units. Hence a range 
of 0 to 0.6 in "D" is provided in these ranges. Attention is 
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OPERATION ZM-11/U Paragraph 3d 

TABLE 2-2. CAPICITANCE BRIDGE RANGES 

  

Range Mult. Stand. A 

Range Switch By Resis. Resis. Capac. Cx— — XCs 

No. On Dial “A” “Bl! Cs B 

  

  

10 mmf; 1.0 1000 |100,000)1000 uuf 10 uuf 

1.0 | 11000 |100,000) 1000 uuf 110 uuf 

100 mmf; 1.0 1000 | 10,000) 1000 uuf 100 uuf 

1.0 {11000 | 10,000)1000 uuf | 1100 uuf 

1000 mmf; 1.0 1000 1,000}1000 uuf | 1000 uuf 

1.0 |11000 1,000/1000 uuf {11000 uuf 

  

(0.011 uf) 
01 MF| 1.0 | 1000 100] 1000 uuf 01 uf 

4 01 MF| 11.0 |11000 100/1000 uuf 11 uf 
oe ama decane fatten Panes omy a el ad a a 4------ SE ae Sica a Pre? SWC SNA 

1 MF! 1.0 | 1000 |100,000| 1.0uf 1 uf 
5 ‘1 MF/| 11.0 [11000 | 10,000] 1.0uf| 1.1 uf 

1.0 MF! 1.0 | 1000] 1,000] 1.0uf| 1.0 uf 
6 1.0 MF! 11.0 |11000| 1,000) 1.0uf| 11.0 uf 

10 MF! 1.0 | 1000 100! 1.0uf} 10.0 uf 
7 10  MF/ 11.0 |11000 100| 1.0uf| 110.0 uf 

100 MFI 1.0 | 1000 10| 1.0uf| 100.0 uf 
8 00 MFI 11.0 |11000 10/  1.0uf|1100.0 uf 
  

called to this feature inthe reverse color segment of the RANGE 

switch designation marked "'D x 10", indicating that all "D" dial 

readings are to be multiplied by ten when using these ranges. 

e. The capacitance between the panel binding posts, E103 and 

E104, together with that of the connecting wiring and switch 

contacts which amounts to 17 to 18 mmf is already taken care 
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Paragraph 3e ZM-11/U OPERATION 

of in every capacitance measurement. This prevents possible 
error or neglect on the part of the operator to include this 
necessary correction for stray capacitance. 

It will be noted that for the 10 to 110 mmf range, the resis- 
tance of the "A" arm is 100 ohms per mmf, thus for this range 
an 1800 ohm resistance inserted in the "A' arm has the effect 
of subtracting 18 mmf from the reading of the 'MULTIPLY 
RANGE SETTING BY dial. Similiarly, insertion of 180 ohms 
has the effect of subtracting 18 mmf on the 100 to 1100 mmf 
range. These insertions of selected resistors, R116 and R117, 
are made automatically by suitable contacts on the FUNCTION 
and RANGE switches. The residual capacitance is negligible 
on the higher ranges and its effect is uncompensated. 

4. POLARIZING CAPACITORS—D. C. SUPPLY 

NOTE 

Capacitors of electrolytic construction for d. c. opera- 
tion often require the application of a d. c. voltage in 
order to exhibit the same capacitance and dissipation 
factor that they would in practical circuit operation. 
When a d.c. voltage equalor less thanthe marked work- 
ing voltage is applied there is a sudden rush of current 
which falls back to a smaller steady value after 3 or 4 
minutes, if the capacitor is in good condition. This 
steady value of current is called the leakage current. 
When the stable current value is reached the capacitor 
is said to be polarized. 

a. If Cx in Figure 2-5 is electrolytic constructed, its cap - 
acitance and dissipation may be desired under simulated oper - 
ating conditions and, for this, an hypothetical battery and meter 
are shown. A Series capacitor blocks the battery from the 
indicator and the d-c flow will be through the ''B"' arm and the 
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unknown, Cx, Px. The d-c leakage current may be read on the 

Wicter. 

b. In the Model ZM-11/U the battery function is by a power 

supply of the RF type. Figure 2-7 shows the circuit when the 

OSCILLATOR switch is in the D. C. VOLTS position. V107 co- 

operates with transformer assembly T1083 to oscillate at about 

300 kilocycles. It has a secondary winding of very high Q and 

inductance/capacitance ratio which develops a relatively high 

RF voltage. This is rectified by tube V106 and smoothed by a 

resistance -capacitance combination, R121, C107 and C106. 

Plate supply tothe oscillator tube is at Bl corresponding to the 

d-c bus of the same marking in Figure 5-14. The amplitude of 

DC 
OUTPUT 

Ri2I 
coe VIO6 lOe 

i felley:} 

i feelers, , al 
TI03 A o 

a. Pap aa moen! i 7 

@ 

< S104B = 5 | 
2 FRONT S104B BI ¥SIO4A 

REAR REAR 
C Bl RI26 

RI23 it _ 

V
Q
O
Y
V
U
C
 

Figure 2-7. D-C Power Supply, RF Type. 
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the RF oscillation, and hence the d-c output, is controlled by 

the VOLTAGE CONTROL; R105, which controls the screen 

supply to the oscillating tube. With the FUNCTION switch in 

the C-CHG (charge) position, this d-c is connected into the 

bridge circuit ina manner analogous to the battery connection 

of Figure 2-5. 

c. The advantages of an RF type supply, when compared to 

direct rectification and filtering of line power, are several; 

ease of filtering, due tothe higher frequency; control by a small 

low wattage potentiometer; high efficiency; poor regulation at 

high currents, making the unit self protective for shorted ca- 

pacitors and protecting the operator against high-current shocks; 

and manifest savings in weight and bulk of equipment. 

5. D-C METER CIRCUIT. 

a. For control of the direct current the panel meter, M101, 

is normally connected as a 0-500 voltmeter sothe operator can 

observe the potential applied to the sample. When the METER 

SWITCH S103 is turned to MA positions, current ranges of 25, 

5 and 1 milliampere (see shunts R113, R114) are selected in 

turn to measure the current leakage through the connected 

electrolytic capacitor. 

6. Attention is called to the fact that the d-c power supply 

and meter circuits are so arranged and connected that the nor- 

mal capacitance-bridge circuits are in no way interfered with, 

therefore the capacitance and dissipation of the electrolytic 

capacitor may be measured while the capacitor is polarized to 

the desired extent. 

6. TURN RATIO TEST FOR TRANSFORMERS. 

a. If operation of the basic bridge circuit, Figure 2-1, is 

interpreted as a balancing of the ratio arms against the res- 

pective voltage drops across R, and R,, then it is apparent that 

the same ratio arms can be balanced against the voltage drops 
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across two windings of a transformer. This is shown schema- 
tically in Figure 2-8. If Ny and No are the turns of two closely 

coupled windings connected series-aiding as shown, then the 

bridge current through these will cause voltages, Ey and E9 

  
Figure 2-8. Turn Ratio Test. 
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Paragraph 6a ZM-11/U OPERATION 

proportional to the respective turns. Obviously, the bridge will 

balance when A and B have this same ratio. 

b. With the FUNCTION switch set at Ny/No, the connections 

are the same as shown in Figure 2-4 for resistance except for 

omissionof the resistance standards. Since there are only four 

basic ratios (four values of the B arm) there are only four 

marked values of turn-ratio on the RANGE SWITCH, against 

which the MULTIPLY BY dial applies. 

7. INDUCTANCE BRIDGE CIRCUITS. 

a. These circuits employ the existing capacitance standards 

and loss controls so far as possible. Also, a wider range of 

dissipation must be provided to accommodate the practical range 

of inductors; powdered ironcore coils designed for audio filters 

will show relatively low dissipation when measured at 1000 

cycles while RF coils, even though of low-loss construction for 

their normal operating frequency, will show high dissipation 

when measured at 1000 cycles. 

Bothfor reference and measurement it is convenient to intro- 

duce the storage factor, Q, which is the ratio of inductive re- 

actance to resistance of a coil. It is also the reciprocal (1/D) 

of the dissipation. 

In order to accommodate the large existing range in loss 

factors, two basic circuits are employed; the Hay bridge for 

coils with low losses at 1 kc (low D or high Q);and the Maxwell 

circuit for those having higher losses (high D, or low Q). 

b. Hay's circuit, in effect when the FUNCTION SWITCH is at 

L(D), and its basic balance equations are shown in Figure 2-9, 

Equations (3) and (4) assume that D2 may be neglected with 

respect to 1.0 under certain conditions. For D = 0.05, the. error 

from so doing is 1/4%; above this, the error rises rapidly and 

becomes appreciable with respect to the basic accuracy of the 
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STANDARD 
RATIO ARM CAPACITOR 

  RATIO ARM 

UNKNOWN INDUCTANGE 
  ae 

L” 2T fLx 
_, ABGs _ ABCs st 

Me 1+ (2M FCgP5) 1+D2 BALANCE EQUATIONS MUST BE 
SIMULTANEOUSLY BROUGHT 

ma AB(2M¥£Gs)" Ps AB2T¥CsIPs of ABOUT TO BALANCE BRIDGE. 

x" 1+(2TS£CsPs5)? 1+ D2 

WHEN D“1IS SMALL WITH RESPECT TO 1 

DIVIDING (4) BY (3) AND 2TT¥‘- 

Px 
z 21TfCoPco=D (5) 2 TfL FCs S 

Ly ABCs (3) 
  

2 
Py + AB(2T?¥£Cs) Ps (4) H 

BASIC CALIBRATION OF D 

DIAL 

FHS: 18 5 OR D OF THE INDUCTOR. 

Figure 2-9. Inductance Bridge, Hay’s Circuit. 
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Model ZM-11/U. This limitation is expressed on the panel in 

abbreviated form by "IF D, -05 ON L(D), REBALANCE ON 

L(Q)". In other words, if the dissipation, when using the Hay 

circuit exceeds 0.05, change tothe Maxwell circuit, discussed 

in the next paragraph, and balance the loss factor of the coil in 

terms of the Q of the coil. 

The algebra on Figure 2-9 also points out the justification 

for using the same dissipation control (D dial) in series with 

the standard capacitor which was employed in the capacitance- 

bridge connection, Figure 2-6. 

c. Figure 2-10 shows the basic form of the bridge connection 

used for measuring coils having larger losses than expressed 

by D= .05 The only change is a new loss-control in shunt to 

the standard capacitor, rather than the series control used in 

the Hay bridge. As shown in the algebra, this control is con- 

veniently calibrated in Q, the storage factor of the inductor 

measured. This requires a second loss control on the panel of 

the Type ZM-11/U Bridge, marked Q. This control is in effect 

when the FUNCTION SWITCH is turned to L(Q). 

d. Comparison of equation (3) of Figure 2-9 with equation (1) 

of Figure 2-10 shows that the balance, for inductance, is the 

same for either circuit. This permits use of the same markings 

on the RANGE SWITCH for both the L(D) and L(Q) settings of 

the FUNCTION SWITCH. The simplified and combined circuit 

of Figure 2-11 shows that the only change is substitution of the 

shunt less control R103 for the series control R102. The elec- 

trical switching is completed by a mechanical interlock between 

the D and Q dials necessitating that either must be returned to 

its initial position before the other can be turned appreciably. 

Note, the resistors of the B arm are arranged in the same 

manner with respect to the standard capacitances that was em- 

ployed for the capacitance-bridge connection. The principle 

difference is that the measured result now depends on the pro- 

duct of the ratio arms, A x B, rather than on the quotient, A/B. 
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This accounts for the unsystematic arrangement of the inductance 

ranges. 

RATIO ARM STANDARD CAPACITOR 

  
2 ee ae ek a RATIO ARM 

  

Ly= ABC, (1) | must BE SIMULTANEOUSLY 
Ly TRUE TO BALANCE BRIDGE. 

S$ Plea (2) 

L L 
SINGE Q, -2Tf 5" AND FROM (2) B =GgS 

Q,=2TLfCsS (3) 

Figure 2-10. Inductance Bridge, Maxwell's Circuit. 
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Figure 2-11. inductance Bridge, Measuring Circuit. 

8. CAPACITOR QUALITY TESTS. 

a. Special testing facilities are included in the Model ZM-11/U 

for determining if a capacitor is either shorted or open without 

disconnecting it from its circuit and even though it is shunted 

with aresistor or inductor of not too low a value. (This limita - | 

tion is fully covered in Section 4, Operation.) Withthe FUNCTION 

and RANGE switches in the required positions for this test, the 
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essential circuits are shown in Figures 2-12 and 2-13. Both 

show the triode, V104, connected as an electronic voltmeter of 

the grid rectifying type. Figure 92-12 shows its grid grounded 

inthe SET METER positionof the CAPACITOR QUALITY TEST 

switch so the meter in its plate circuit may be set to full scale 

by potentiometer, R105, (VOLTAGE CONTROL). Recall now 

that the grid rectifying electronic voltmeter gives full scale 

deflection for zero input and deflects down-scale for appreciable 

applied voltage. 

hb. In the OPEN test connection, the electronic voltmeter is 

connected across the output winding of the oscillating trans- 

former, T104. Connected in parallel to these are the impedance 

element, Z101, and the quality test cable, P101. The impedance 

element acts as terminal loading for the cable so that the com- 

bination has the qualities of a quarter-wave transmission line 

at a frequency of about 10.75 megacycles. It will be recalled 

JIOl PIOl 

SIO4A-REAR 

SIO4B-FRONT Bi 
RiOS ZiOl [ C 

VIO7 

  

    

   

    

        

  

     

  

RIO! ny ie = OPEN TEST Z 

reatey:) i ClO © 
| 

w 

: fan) 

|S; {ser METER ip 
“NS 5 bh O 

OSCILLATOR : Pr 
ADJUST L SIO4A 

ai aa” FRONT 

VOLTAGE 
Ri22 

S104B CONTROL 

REAR BI 

clos = +" 

RI23 o-! | 

Figure 2-12. Capacitor Quality, Calibrate and Open Test. 
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that animpedance connected tothe output end of a quarter-wave 

line is reflected to the sending end as the reciprocal of the con- 

nected impedance, that is, an open on the output end appears as 

a short on the sending end and vice-versa. 

Thus, with the cable clips open, a short appears across the 

T104 output winding whenthe frequency is carefully adjusted to 

the quarter-wave frequency of the line by means of the panel 

controlled capacitor,C115. The electronic voltmeter connected 

in parallel to this short accordingly reads full scale, corres- 

ponding to zero voltage. 

c. If the cable output is now clipped across a good capacitor, 

still connected in its circuit, some impedance other than zero 

will appear across the input of the quarter-wave combination 

and the voltage across the v.t.v.m. will rise causing the meter 

reading to drop. If the presumed capacitor is open, there will 

be no change in reading of meter M101. 

d. The OPEN test is subject to certain limitations with res- 

pect to the size of the capacitor being examined and the relative 

size and kind of impedance connected across it in its own 

circuit. 

If the capacitor is shunted by a resistor of less than60 ohms, 

the reactionof the resistor alone onthe quarter-wave line raises 

the input end impedance causing the electronic voltmeter to 

read down scale. This isthe indicationfor "capacitor not open." 

Since the low valued resistor alone can produce the same read- 

ing the capacitor may, in fact, be open. 

If the capacitor is shunted by an inductor and together they 

resonate to a frequency higher than the test frequency, then the 

parallel circuit so formed will have inductive rather than cap- 

acitive reactance at the test frequency. The condition of the 

capacitor is accordingly masked. 

If the capacitor is 45mmfor lessit has a capacitive reactance 
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of 500 ohms or more at the test frequency and this will be re- 

flected to the cable input as 29.5 ohms reactance or lower. This 

is sufficiently close to the open end cable condition to show 

"open" capacitor, whereas the capacitor is merely too small to 

give proper indication. 

Likewise, if the capacitor is between 45 and 170 mmf and is 

shunted by a resistor that is low relative to its reactance at the 

test frequency, the capacity reactance is obscured by the low 

resistance and false indication may result. 

e. The SHORT test, Figure 2-13, employs the same electron 

tube voltmeter and meter setting procedure as the other test, 

butis suppliedfrom the 1000 cycle generator of the Model ZM- 

frequency and serves simply asa connecting means to the doubt- 

ful capacitor. Obviously, if the capacitor is shorted, the elec- 

tronic voltmeter will receive no input and will remain at full 

scale. If the capacitor is not shorted, the meter will drop. 

    
     

SEE FIGURE 

2-2 FOR DETAILS 

OF GENERATOR 

CIRCUIT 

SECONDARY 

OF TI102 

    

   
  

APPROX 10 

OPEN CIRCUIT 

C101 VOLTS. 1000 CYCLES. 

| | 
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If the capacitor is 50 microfarads or more it will have a 
capacitive reactance of 3 ohms or less at the 1000 cycle test 
frequency. This low value will indicate a Short, whereas the 
capacitor is merely exhibiting its normal reactance to the test 
circuit. 

Likewise if some smaller capacitor is shunted by a resistor 
of 5 ohms or less, the resistor alone will cause a short indica - 
tion which may be false. 

9. INSULATION RESISTANCE TEST. 

6b. In the CAL(ibrate) INS. RES. position of the FUNCTION 
switch, the RF type d-c power Supply and electronic voltmeter 
described in paragraphs 2-4 and 2-5 are connected and ener- 
gized. With the meter set to full scale, exactly 1.0 milliampere 
flows in the meter circuit and establishes a + 3.0 volt drop 
across the resistor R120. This is applied to the grid of V101 
through a 60 megohm resistor chain and would normally cause 
the eye-pattern to openfully. This is countered by an adjustable 
cathode bias, R104. (CALIBRATE INS. TEST on panel) so that 
the pattern can be made to just close, but not overlap. The 
applied calibrating voltage is the same as that which would be 
applied to the grid of V101 by a current of 0.05 microampere 
through the 60 megohm resistor, hence, the eye-tube has, in 
effect, been calibrated as an ammeter of 0.05 uA sensitivity. 

c. Withthe FUNCTION switch inthe 10000 M(egohm) position, 
the calibrating voltage is shorted out and the power supply with 
supervisory voltmeter are connected to the panel post E102. 

2224 
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The grid circuit of V101 is likewise connected to the panel post 

E101. With the unknown connected between these two panel 

As an operating convenience, this division has already been 

d. With the FUNCTION switch inthe 5000 M(egohm) position, 

half the grid resistor of V101 is shorted out. This decreases 

the sensitivity of the eye-tube microammeter by one-half to 

0.1 uA. The range in megohms is accordingly halved. 
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e. As stated in paragraph a, the method is basically the volt- 
meter-ammeter method where R= E/I. Thus on the 10,000 
megohm range I is always 0.05 uA. At an applied voltage of 
300, for example, the indicated resistance will be 300/0.05 uA 
or 6000 megohms. On the 5000 megohm range, I is always 
0.1 uA and with, say, 250 volts applied the indicated resistance 
is 250/0.1 uA or 2500 megohms. 
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SECTION 3 

INSTALLATION 

1. UNPACKING. 

a. The Bridge, ZM-11/U, may be received in an export pack- 

ing case, domestic packing case or in its own case with the 

weatherproof lid secured. When new equipment is received, 

select a location where the equipment may be unpacked without 

exposure to the elements and convenient to the permanent or 

semi-permanent installation. 

b. Figure 3-1 shows the details of the export packaging and 

contains numbered instructions for the unpacking procedure. 

Check the contents against the master packing slip. 

NOTE 

Save the original packing cases and containers for both 

export and domestic shipments, when possible. They 

can be used again when the equipment is repacked for 

storage or shipment. 

2. INSTALLATION. 

a. Sincethe ZM-11/U is a self-contained portable instrument 

the only installation precautions are to see that a suitable power 

source is conveniently available and that the instrument and 

items to be tested are on a substantial bench, preferably. Re- 

lease the cover of the Type ZM-11/U by means of the four snap 

catches, revealing the front panel as shown in Figures 1-1 and 

4-1. Uncoil the line supply cord from the panel posts. Most 

tests require a ground connection to the case. Connect the 

black wire coming out of the supply cord at the plug end to the 

electrical conduit or to a water pipe. In temporary situations a 

3-1 
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3. INITIAL ADJUSTMENTS. 

Turn the POWER switch ON. The pilot lamp to the left should 

nd after a minutes warm-up the greenish pattern should 

INDICATOR tube. The ZM-11/U is now ready for 
appear in the 

d measurement operations detailed 
any of the numerous test an 

in the next Section. 

ORIGINAL



A Section NAVSHIPS 91704 OPERATION 
Paragraph 1 ZM-11/U 

  
Figure 4-1. ZM/11U Bridge, Set up for Operation. 
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SECTION 4 

OPERATION 

CAUTION 

The ZM-11/U Bridge has its own self contained sources 
of power for all tests described in this section. Before 

connecting the Bridge to any component in a receiver or 

transmitter, make certain that all sources of power to 
the latter, both line and battery are disconnected. Dis- 
charge all capacitors before connecting the Bridge. 
Failure to observe this may result in damage to the 
Bridge or destroying its basic accuracy. 

1. INTRODUCTION. 

a. The tests and measurements of which the ZM-11/U Bridge 
is capable are numerous and of wide range so it would be well 
to become as familiar as possible with the panel and control 

layout as early as possible. Figure 4-1 shows a view of the 
panel and general appearance as set up for operation. The 
panel designations are necessarily abbreviated in many in- 
stances, consistent with the limited panel area available. These 
are now amplified with brief statements on what the various 
controls are for. 

b. Description of panel controls, 

FUNCTION SWITCH— upper left, Positions named clockwise, 

CAP. Capacitor Quality. For general condition, 
QUAL. short or open, NOT for capacitance mea- 

surement, 

R Resistance. Bridge measurement at 1000 
cycles. 
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Turn Ratio. Bridge measurement. Refers 

to number of turns of respective windings 

of transformer. 

Inductance. Bridge measurement, Dis- 

sipation factor balanced and read on D dial 

at lower left. 

Inductance, Bridge measurement, Storage 

factor of coil balanced and read on Q dial, 

just above D dial. 

Capacitance. Bridge measurement, Losses 

are balanced and read on D dial. 

Capacitance, Charge. Same as C function 

but with d-c polarization applied to unknown 

capacitor. 

5000 M(egohms) Insulation Resistance test 

10000 M(egohms) with direct current. Two 
CAL(ibrate) rangesavailableas named. 

RANGE SWITCH—uwupper left. Selects the bridge ranges. 

N,/No 
ring 

ring 

Read when making Turn Ratio measure- 

ment, Ratios .01,1,1 or 10 to be multiplied 

by the setting of the MULTIPLY RANGE 

SETTINGS BY dial. 

10 mmf (micromicrofarads) 

100 mmf 

1000 mmf 

-01 MF’ (microfarads) 
1 MF 

1 MF Note reverse color 

10 MF Sector, these ranges. 

100 MF D x 10 
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L 100 MH (millihenries) 

ring 10 MH 

1 MH 
.l1 MH Note reverse color sec- 

10 H (henries) tor, these ranges. 

1 H D x 10 

R 1 (ohm) 

ring 10 

100 
1 K@ (kilohm or 1000's of ohms) 

10 KQ 

.1. M® (megohm or 1,000,000's Of ohms) 

1 M?? 

CAP. Shows position of RANGE switch for capa- 

QUAL. citance quality tests. 

Q DIAL—LOWER LEFT 

0-20 Storage factor of coil. This is infinity to 

.05 in dissipation, hence this dial overlaps:- 

D DIAL—LOWER LEFT 

0 - .06 Dissipation factor. Reads 0 - 0.6 when used 

on the D x 10 ranges of the L(D) and C func- 

tions. 

MULTIPLY RANGE SETTING BY— Main lower dial. 

1.0 - 11.0 This is an interpolating control covering 

all increments between settings of the RANGE 

switch. 
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METER SWITCH— just below panel meter. 

DC VOLTS Range 0-500. Spring returns switch to this 
position. 

29 
5 MA (milliampere - .001 ampere) Selects suit- 
1 able range for reading leakage current. 

OSCILLATOR SWITCH— right hand center. 

DC VOLTS Connects r-f type power supply so that d-c 
voltage is available for capacitor charging 
and insulation resistance tests. 

OFF Disconnects next above. 

OPEN Three positions for the CAPACITOR QUA- 
SET METER LITY TESTS. 
SHORT 

OSCILLATOR ADJUST— to the right of the panel meter. 

(No marks) Adjusts the 10.75 mc oscillator to exact 
quarter wave relationship with the line for 
making the Open Test - Capacitor Quality. 

VOLTAGE CONTROL— upper right hand. 

0 - MAX Adjusts the output from the d-c power sup- 
ply. Used in connection with the Insulation 
Test, Capacitor Quality Tests and polariz- 
ing electrolytic capacitors. 

CALIBRATE-INS. TEST— lower left of panel meter, 

Calibrate Insulation Test. Controls. the 
initial indicator pattern prior to making 
the insulation test. 
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POWER, ON-OFF— lower right 

Controls line power to all internal circuits. 

Pilot lamp at left indicates line "ON". 

2. CAPACITOR QUALITY TESTS. 

4. General. These tests determine the condition of a capaci- 

tor, ina general way, without removing it from its chassis or 

circuit. The tests are included for quick checks of many Capa- 

citors without disconnecting each one for testing. When the 

quality test indicates any abnormality, one end of the capacitor 

should be disconnected and the capacitor checked in the usual 

manner. 

To start the test, remove the coaxial cable (RF Cable As- 

sembly P101) from the lid and plug it into the QUALITY TEST 

jack at the right. 

b. OPEN test. Let the cable lay loosely to one side and make 

certain the clips are not touching each other. Turn the 

FUNCTION switch to CAP. QUAL. 

RANGE switch to CAP. QUAL. 

D dial to 0. 

VOLTAGE CONTROL to 0. 

OSCILLATOR switch to SET METER. 

Advance the VOLTAGE CONTROL until the meter reads full 

scale and 

Turn OSCILLATOR switch to OPEN. 

Set OSCILLATOR ADJUST until the meter 

meter reads full scale. 

Now the meter is calibrated and the oscillator is adjusted to 

the quarter wave frequency of the transmission line and you 

may connect the clips to the capacitor to be tested, connecting 

ORIGINAL 
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the ground lead of P101 to ground lead or lead nearest ground 
of the capacitor being tested. If the meter continues to read 
full scale, the capacitor is open unless:- 

(1) It is shunted by a resistor of less than 60 ohms. 
(2) It is shunted by an inductor which resonates it to a 

frequency higher than 9 megacycles. 
(3) It is less than 45 micromicrofarads. 
(4) It is small and shunted by a resistor less than the 

value shown in Table 4-1. 

If the meter reads downscale, that is, at other than full scale, 
the capacitor is either all right or short-circuited. The actual 
meter reading has no importance. 

Applicability of (1), (3) or (4) is determined by inspection of 
the circuit constants of the device in which the capacitor is in- 
stalled. Likewise applicability of (2) may be determined from 
the tuning ranges of the device or fromthe product of the capa- 
citor under test and the value of the shunting inductance. In 
general, if the product of the capacitor (in mmf) and the induc- 
tance (in microhenries) is less than 300,the inductor should be 
disconnected before testing the capacitor. 

c. SHORT Test. When the OPEN test indicates that the capa- 
citor is short-circuited or not open, it is necessary to make the 
SHORT test to differentiate. Turn the 

OSCILLATOR switch to SHORT 

and observe the meter reading. If it returns to full scale, as 
previously calibrated, the capacitor is short circuited. If it 
reads below full scale, the capacitor is not short circuited. 
This indication may be false if:- 

(1) The capacitor is shunted by a resistance of less 
than 5 ohms. 

(2) The capacitor has a nominal value greater than 
50 microfarads. 

This test is included for quick checks of many capacitors 
without disconnecting each one for testing. When the quality test 
indicates an adnormality, one end of the capacitor should be 
disconnected and the capacitor checked int he usual manner. 
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TABLE 4-1. MINIMUM SIZE SHUNTING RESISTOR BELOW 

WHICH OPEN QUALITY TEST IS VOID. 

] 
  

  

    

NOMINAL MINIMUM NOMINAL MINIMUM 

SIZE OF SIZE OF SIZE OF SIZE OF 

CAPACITOR RESISTOR CAPACITOR RESISTOR 

MMF OHMS MMF OHMS 

70 715 1000 

140 60 2000 

120 50 5000 

110 47 10000 

100 45 Infinite     

  

  

Applicability of (1) or (2) can usually be determined from the 

circuit diagram and data of the device in whichthe capacitor is 

a part. 

3. RESISTANCE. Range 1 ohm to 11.0 megohms. 

4, Turn the FUNCTION switch to R. Connect the unknown to 

the R posts, second and fourth from the left. Select a suitable 

RANGE setting, reading from the R ring. Turn the MULTIPLY 

BY dial until the INDICATOR pattern shows the maximum pos- 

sible opening, indicating balance. If this comes at either extreme 

of the dial, take the next higher or lower setting of the RANGE 

switch and rebalance. Multiply the RANGE setting by the MUL- 

TIPLY BY dial setting to get the resistance, 

b. The resistance as determined by the bridge circuit is the 

1000 cycle value. Some difficulty may be had in obtaining a 

sharpbalance with inductive resistors. Such units may be shunt- 

ed by a variable capacitance during measurement, this being 

varied until a sharp balance point is obtained. The resistance 

value read from the bridge will not be affected by this reactance 

neutralization. 
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The resistance of highly inductive units may be better de- 
termined by measuring them as inductances and computing the 
1000 cycle resistance from the Q or D determination thereof. 
The way to do this is fully explained in paragraph 5c. 

c. When non-inductive resistors of 100,000 ohms and higher 
are connected to the bridge with the test leads, the balance may 
be impaired by the capacitance between the leads. Connection 
of the resistor directly to the binding posts is recommended 
for the higher values. 

4. TRANSFORMER TURN RATIO. Range 0.01 to 110. 

a, Turn the FUNCTION switch to N1/N2. Connect one wind- 
ing to the N1 posts, second and fourth from left, and the other 
winding to the N2 posts, second and fifth. At each of the four 
RANGE switch positions, N1/N2, run the MULTIPLY BY dial 
over its range while watching the INDICATOR pattern. If no 
balance is obtained, (balance is indicated by maximum opening 
of the eye tube) reverse the binding post connections to one 
winding and repeat. If balance is nowhad but is fuzzy or broad, 
reverse the connections to both windings to eliminate the effect 
of interwinding capacitance and rebalance. The turn Ratio is 
the setting of the RANGE switch, read in the N1 /N2 ring, times 
the setting of the MULTIPLY BY dial. 

6. Effect of Coupling Coefficient. The theory of the Turn 
Ratio measurement shows that the true ratio is measured only 
when the transformer has complete magnetic coupling between 
the two windings, that is, a coupling coefficient of 1.0. The 
possible error, otherwise, is negligible for a ratio of 1.0 but 
increases with the ratio. To get a working idea of this, see_ 
Table 4-2. 

The stated errors are in the direction that makes the meas- 
ured ratio appear higher than actual. 

Well designed two-winding transformers will usually have 
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TABLE 4-2. ERROR IN TURN RATIO DUE TO IMPERFECT 

COUPLING. 

RATIO 
  

COUPLING 
COEF. 

K 

    
sufficiently close coupling so the errors will be negligible ex- 

cept for the highest ratios, The Turn Ratio test is useless on 

intermediate and radio frequency transformers because of the 

very slight coupling of such coils. For the same reason, their 

turn ratio is not usually of interest. 

5. INDUCTANCE Range 100 microhenries to 110 henry. 

a. Connect the unknown inductor to the L posts, second and 

fourth from left. Turn the FUNCTION switch to the L(D) or 

L(Q) position depending on the probable loss factor of the coil 

being tested. Usually coils with powdered-iron cores designed 

for operation in the audio range will fall within the loss range 

of L(D) while others, such as RF and IF coils will fall in the 

loss range of L(Q). If unable to guess which, attempt a balance 

on the L(Q) setting. Select a probable RANGE setting, L ring, 

and attempt a balance by rotating the MULTIPLY BY dial. If 

any indication of balance is had, try to perfect it by simultaneous 

adjustment of the Q dial. If balance is approached at either end 

of the MULTIPLER dial, try the next higher or lower RANGE 

setting and perfect the balance. 

If you reach a point where you pass through a partial balance 

ORIGINAL 
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on the MULTIPLY BY dial but are unable to perfect it because 
of lack of range on the Q dial, the coil probably has a Q factor 
greater than 20 and you should shift the FUNCTION switch set- 
ting to L(D). You should now be able to perfect the balance 
using the D dial. Note the mechanical interlock between the 
D and Q dials which makes it necessary to return either one 
to its initial position before the other can be turned. 

b, Read the RANGE setting and multiply it by the setting of 
the MULTIPLY BY dial. The product is the inductance of the 
unknown. Note the setting of the D or Q dial at which balance 
was had. If inductance balance was had in one of the reverse 
color ranges, 10 or1 henry, the D dial setting is to be multiplied 
by 10. If the apparent value of D, as measured on the L(D) 
function is in excess of 0.05, the balance point must have been 
missed on the L(Q) function or should be repeated there for best 
accuracy in the inductance determination. 

c. If the equivalent series resistance, at 1000 cycles, of the 
coil is desired it may be computed from 

_2q7fL 6280xL 
- Q Q 

  

R 

or from 

R=2 fLD=#6280 LxD 

In either computation, don't forget to point off three places 
if L is in millihenries, six if in microhenries. 

Example 1: Assume a coil has been measured on the ZM- 
11/U and found to have an inductance of 90 millihenries anda 
Q of 15. Then 

_ 6280 x 90 = 37.680 ohms. R 
15 for MH. 
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Example 2: Assume a coilmeasured 15.0 Henries and a Dof 

0.03. Then 

R = 6280 x 15 x .03 = 2826 ohms 

NOTE 

Where the very highest accuracy of results is required, 

readings of the Q dial should be corrected in accordance 

with the correction curve found in the lid of the instru- 

ment under the instruction manual. 

d. lf the measured inductance is in excess of 10 henries and 

the test leads have been used for connection, eliminate or sep- 

aratethemas muchas possiblefor minimum mutual capacitance 

where highest accuracy is needed. At 1000 cycles, sufficient 

capacitance may be present from bunched leads to cause the 

inductance to measure a little high. 

6. CAPACITANCE. Range 10 micromicrofarads to 1100 

microfarads. 

ua. Connect the unknown capacitor to the C posts, third and 

fourth from left. Turn the FUNCTION switch to C. Select a 

suitable RANGE setting, C ring. Attempt a balance with the 

MULTIPLY BY dial, perfecting it by simultaneous adjustment 

of the D dial. With complete balance, read the capacitance as 

the product of the RANGE setting and the MULTIPLY BY dial. 

Read the D dial for the loss factor. Multiply the D dial reading 

by ten when using any RANGE in the reverse color sector. 

b. If required, the equivalent series resistance of the capa- 

citor at 1000 cycles may be computed from 

B D 
—$—$— 

R-ge fc 7159 Cm 
where Cm is the measured value of the 

capacitor in microfarads. If C is in micromicrofarads, mul- 

tiply by 1,000,000. 

ORIGINAL 4-1]



A Section NAVSHIPS 91704 Operation 
Paragraph 6b ZM-11/U 

Example I: Assume that a capacitor has been found to have 
a capacitance of 18 MF and a D of 0.3. Then 

159 x .3 

18 

Example 2: Another capacitor has a capacitance of 120 mmf 
and a D of 0.04. Then 

R - ee x 1,000,000 = .053 x 1,000,000 = 53,000 

c. When very small capacitors are measured, readings of D 
somewhat different than the actual dissipation of the sample 
capacitor will be obtained. This is due to the losses in the 
binding post and switch deck insulation as well as other inevit- 
able solid dielectric material in parallel with the capacitor 
while it is being measured. When the true value of dissipation 
is required it may be computed from 

i= = 2.67 ohms. 

  

Ly 
Gmm* (D - .02) d= D+ 

  

where d is the actual dissipation 

D is the reading of the D dial 
Cmm is the capacitance in mmf. 

Example I: Cmm isfound to be 40 mmf and D, read fromthe 
dial, is .035, Then 

d = .035 + e (.035 - .02) = .0413 

Example 2: Cmm is 60 mmf and D is .01. Then 

d=.01+ aa (.01 - 02) .00717 

or the value may be interpolated from the graph in Figure 4-2, 
For values of C higher than 100 uuf, the correction is negligible 
for practical purposes. 
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ZM-11/U Paragraph 6d 
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READING OF D DIAL 

Figure 4-2. Correction Curve for D when measuring Small Capacitors. 

d. Electrolytic Capacitors. Observe the polarity marks ad- 

jacent to the C binding posts when making connections to the 

unknown. Turn the VOLTAGE CONTROL to 0, After this, turn 

the FUNCTION switch to C.CHG. (charge) and the OSCILLATOR 

switch to D.C. VOLTS. The pilot adjacent to the meter will 
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4 Section NAVSHIPS 91704 Operation 
Paragraph 6d ZM-11/U 

light indicating that the charging power supply is connected. 
Advance the VOLTAGE CONTROL, slowly until the meter reads 

capacitor voltage. Failure of the meter to respond means a 
shorted or excessively leaky capacitor. One which has not seen 
servicefor some time will form or polarize very slowly. Some 
will perhaps require current that is in excess of the power 

output from the ZM-11/U power supply which is capable of:- 

10 milliamperes up to 100 volts 

5 milliamperes up to 300 volts 
3.5 milliamperes up to 450 volts 

When the voltmeter reading is stable at the rated capacitor 

voltage or lower, if desired, proceed with measurement. Capa- 
citance and dissipation are determined by balancing the bridge 
in the same manner directed for the C function. Electrolytic 
units often show somewhat different characteristics when 

polarized: 

WARNING 

High voltages are employed in the above test. Always use the 
insulated clips. 

Turn the voltage control to 0 immediately after use. Kaenrw9 AWwhy 

at 4 metal, Discha i Ai . is age ton while ‘Te “ ae ae ALAS, f Tet i} 
te The 2 f)- Ma Stew is s Br ds ga, Remove the « “per We wed § She + 

( ee ha y fT: Ter CSA Rap; I a. sry yr vas strt | 

ir Garvan Peeahaee: Witte the “electrolytic capacitor 

ra £ oe 

. Direct 
is eal ed as above, its direct current leakage may be de- 
termined by turning the METER switch to the 25 MA (milli- 
ampere) position. If the indicated current is less than 5 MA, 
turn to the 5MA range and similiarly to the 1 MA range in 

order to read well upscale on the meter. Do not attempt to 
read the leakage current until complete polarization is indicated 
by a stable voltage reading. Failure to observe this may result 
in damage to the meter. 
'See paragraph 304C of NAVSHIPS 900,628 for additional data on recharging capacitors 
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Operation NAVSHIPS 91704 Section & 
ZM-11/U Paragraph 7a 

7. INSULATION RESISTANCE. Range 200 to 10,000 megohms 
at d-c. 

a. Connect the sample to the INS. RES. posts, first and second 
from the left, 

Turn FUNCTION switch to CALIBRATE 

Turn OSCILLATOR switch to D. C. Volts. 

Advance VOLTAGE CONTROL until meter reads 500 volts. 

Turn CALIBRATE yntil INDICATOR pattern just closes. 
INS. TEST epee pe 

5000 M(egohms) 
Turn FUNCTION switch to or 

10000 M(egohms) 

If the INDICATION pattern closes permanently, the resistance 
of the sample is in excess of the full range selected. If the 
pattern opens, reduce the applied voltage (VOLTAGE CONTROL) 
until the pattern is just closed, the same as employed in cali- 
bration. Read the insulation resistance from the meter scale, 

  

b. It will be noted in Figure 2-14 that the sample, if a capa- 
citor, must charge through a very large resistance. If the 

capacitor is large this may take a matter of minutes, This 
delay may be a nuisance, particularly if the line voltage fluctu- 
ates amd further delay is required for the capacitor toassume 
its new charge. The test will be speeded if one of the test leads 
is connected to the GND binding post and its tip tapped on the 
left hand post while making the final adjustment of the INDICA- 
TOR pattern. This provides a low resistance charging path for 
the large capacitor. 

8. ACCURACY OF MEASUREMENTS. 

The basic accuracy of the Bridge ZM-11/U as received from 

the factory and with the various precautions of these instruc- 

tions observed is shown in Table 4-3. 
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Maintenance NAVSHIPS 91704 Section 5 
ZM-11/U 

FAILURE REPORT 

A failure report must be filled out for the failure 
of any part of the equipment whether caused by de- 
fective or worn parts, improper operation, or external 
influences, It should be made on Failure Report, 
form NBS-383, which has been designed to simplify 
this requirement, The card must be filled out and 
forwarded to BUSHIPS in the franked envelope which 
is provided, Full instructions are to be foundon each 
card. 

Use great care in filling the card out to make cér- 
tain that it carries adequate information. For example 
under ''Circuit Symbol" use the proper circuit identi- 
fication taken from the schematic drawings, such as 
T803, in the case of a transformer, or R207, for a 
resistor. Do not substitute brevity for clarity. Use 
the back of the card to completely describe the cause 
of failure andattachan extra piece of paper, if neces- 
sary. 

The purpose of this report is to inform BUSHIPS 
of the cause and rate of failures, The information is 
used by the Bureau in the design of future equipment 
and in the maintenance of adequate supplies to keep 
the present equipment going. The cards you send in, 
together with those from hundreds of other ships, 
furnish a store of information permitting the Bureau 
to keep in touch with the performance of the equip- 
ment of your ship and all other ships of the Navy. 

This report is not a requisition, You must request 
the replacement of parts through your Officer-in- 
Charge in the usual manner. | 

Make certain you have a supply of Failure Report 
cards and envelopes on board, They may be obtained 
from the nearest District Printing and publications 
office.   
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5 Section NAVSHIPS 91704 Maintenance 

Paragraph 1 ZM-11/U 

SECTION 5 

MAINTENANCE 
1. GENERAL. 

Since C-R-L Bridge, A-N Type ZM-11/U, is essentially 

a maintenance instrument it may go unused for considerable 

periods of time but, when needed, it must be in first class op- 

erating condition and its calibrations unimpaired to be of any 

value whatsoever. Because of this, the value of routine checks 

on its operating condition cannot be overemphasized, 

2. EMERGENCY MAINTENANCE. 

Table 5-1 shows the indications of fuse failure. Two fuses 

in turn-cap mounts appear on the panel, Figure 4-1, and one is 

connected in each side of the power line circuit. The proper 

ELECTRONIC EQUIPMENT FAILURE REPORT (SIG) NOTICE —Reod notes on cover * REPORT 
MAVSHIFS (N@S) 38> (REV 11 45) prior to preparing this form. ? _ DATE 

| MAME AMD RANK OF OF FICE R ACCOUNTABLE FOR MAINTE MAL 

  
  

    

          

    

                
  

Otver segues 

L_] Power sma 

TRACT 
  

  

  

  

c 

TRACT TA var DATE EQUIPMENT RECEIVED 

    

. wich a "1 TEM WHICH FAILEO 

THIS SIDE FOR TUBES 4 THIS SIDE FOR PARTS (NOTE 9) 
  

  

DING PREFIX LETTERS SERIAL "0 (MOTE 8) 

CONTRACT MO (MOTE 8) 
  

  

  

“CHECK OFF OR TAG DATA (NOTE 9) 

  

BRICF OLSCRIPTION AND CAUSE OF FAIL     
    

    
Figure 5-1. Failure Report, Sample Form. 

5=2 ORIGINAL



Maintenance NAVSHIPS 91704 Section 5 
ZM-11/U Paragraph 2 

size is 3/4 ampere as marked adjacent to the fuse mounts. 
Access holes in the top of these mounts permit insertion of 
test prods for determining the condition of the fuses and the 
line connection. A spare fuse for emergency use is mounted in 
clips on the back of the panel. The location is shown in Figure 
O-2. See paragraph 4a for instructions for removal of the in- 
strument from its case. 

REPLACEMENT OF FUSES 

WARNING 

Never replace a fuse with one of a higher rating unless continued 
operation is more important than probable damage. If a fuse 
burns out immediately after replacement, do not replace it a sec- 
ond time until the cause has been corrected. 

Pilot lamps maybe replaced from the panel side by unscrew- 
ing the jewel cap after which the lamp may be released from 
its receptacle by a slight twist. 

Replacement of fuses and pilot lamps is the only emergency 
maintenance permissible during operation of the ZM-11/U 
Bridge. 

3. PREVENTIVE MAINTENANCE. 

a. GENERAL - Preventive maintenance is maintenance per- 
formed on equipment (usually when the equipment is not in use) 
to keep it in good working order, Preventive maintenance dif- 
fers from trouble shooting and repair in that its object is to 
prevent the occurrence of troubles. 

6. ROUTINE MAINTENANCE CHECK CHART, - The pro- 
cedures listed in Table 5-1 are to be performed weekly, unless 
the interval is modified by the officer-in-charge. 
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NOTE 

The attention of maintenance personnel is invited to the require- 
ments of Chapter 67 of the Bureau of Ships Manual, of the latest 
issue. 

c. RE-TROPICALLIZATION, - The Bridge, Type ZM-11/U, 
has been moistureproofed and fungusproofed at assembly. No 
further treatment is required unless parts are replaced. Refer 
to Specification JAN-T-152, Treatment, Moisture - and Fungus- 
resistant, of Communications, Electronic, and Associated Elec- 
trical Equipment for the procedures to be used in re-tropicalli- 

zation following parts replacement. 

4. CORRECTIVE MAINTENANCE. 

a. GENERAL. - Paragraphs 4 through 6 describe the symptoms 
produced by malfunctioning of the Type ZM-11/U circuits and 
the procedures for localizing and correcting the trouble. Cali- 
bration procedures are included in Paragraph 8 to permit res- 
toration of the instrument to its original accuracy after replace- 
ment of any of the precision components. Table 5-1 covers 
all of the useful checks which can be made without removal of 
the instrument from its case. 

REMOVAL FROM CASE. 

NOTE 

Never remove the instrument from the case without first discon- 
necting the line cord. Even a slight shock may cause you to invol- 
untarily drop or throw the instrument. 

Upend the case and remove the two hexagonal headed screws 
appearing on the bottom of the case. Back off the seven round 
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head captive screws appearing around the edge of the panel 

marked Gin Figure 4-1, These can be identified by their bright 

nickel finish, Have a helper hold the case, if necessary, while 

you grasp the panel handles and lift the entire unit clear of the 

case, 

PRECAUTIONS, - Careless inspection and replacement of 

parts often makes new faults inevitable. Note the following 

points: 

  

  

XV1IO$ EIO0S E104 E103 E102 

XV 102 ~_ c< 24 , ee coe _ EIOl 

XVIO3 3 : 

E 107. 

E106 
a» $ 1058 « 

XV 104 — 
—~E109 

cio9g” 

XV1IO07-—— OnO 

$104 

XV 101 

XV106 — 

TB 105~_ 

—_ toon F IOS 
(SPARE) 

Fiqure 5-2. ZM-11/U Bridge, Removed from Case. 
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(1) Avoid pointless tampering at all times. Never release 
the dial screws ona panel control unless you have thoroughly 

considered the reasons for doing so as well as the facilities at 
hand for restoring the calibration of the dial when the knob is 
replaced. 

(2) Do not needlessly push or pull on leads. This may 
necessitate a time consuming recalibration when only a simple 

replacement was required. 

(3) Before unsoldering a part, note the position of the leads. 
If the part, such as a transformer, has anumber of connections, 
tag each of the leads to it or make a notation of the colors of 
the leads. If you remove a capacitor whose construction per- 
mits reversal when replaced, mark it So you can replace it in 
the original manner. When connecting or disconnecting a close 
tolerance resistor (5 percent or less) that has a short lead, 

grasp the lead between the resistor and the lug to which it con- 
nects with pliers, then apply a freshly-cleaned well-tinned iron 

to the lug to release or apply solder. The pliers will draw off 
the heat from the lead. 

(4) Do not allowdrops of solder to fall into the instrument, 

since they may cause short circuits. For the same reason never 

use steel wool within the instrument. 

(5) A carelessly soldered connection may cause a new fault. 
A poorly soldered joint is one of the most difficult faults to find. 

b. THEORY OF LOCALIZATION, - The ZM-11/U has basic 
bridge balance functions for 

Resistance 

Turn Ratio 

Inductance 

Capacitance 
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TABLE 5-2. ACTIVE ELEMENTS OF THE BRIDGE CIRCUITS 
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R156| R106 
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(f-front of deck, r 

S105 $102 
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Auxiliary functions are 

Capacitance Charging 
Insulation Resistance Test 

Capacitor Quality Test 

The 1000 cycle oscillator-amplifier (V103, V102), the ampli- 
fier-indicator (105, V101) and the ''A"' ratio arm are common 
to all the bridge functions so failure of one of these will cause 
the bridge to fail to balance or to balance broadly in all func- 

tions and all ranges. Likewise, an inaccuracy in the "A" arm 
will be reflected aS a corresponding inaccuracy in all of the 
ranges and functions, 

The "'B" arm, viewed as a resistor group, is common to all 
bridge functions, but defects in any one resistor of the group 
will be reflected only in certain ranges. 

The standard resistors (R111, R112) are employed only for 
the resistance balance while the capacitance standards (C101, 
C102) are employed for both the capacitance and inductance 
bridge functions. In either case, which of the standards em- 
ployed depends on the function and range in use, 

The various combinations of ratio arms and standards used 
for the various functions and ranges are clarified by Table 5-2 
which shows the specific element in use for eachrange and func- 
tion by its symbol number. Additionally, the portion of the 
switch controlling the insertion is shown at the bottom of the 
table, 

The internal RF type power supply is used for capacitor char- 
ging and as a source for the Insulation Resistance test. Its 
output is continually supervised by the panel voltmeter so its 
failure or weakening will ordinarily be apparent from the meter 
readings. 

The Insulation Resistance test employs the indicator tube 
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(V101) of the amplifier-indicator so that broad bridge balance 

together with difficulty in calibrating the Insulation Test will 

ordinarily point tosome weakness in this tube or its immediate 

circuit, Likewise, the 1000 cycle oscillator-amplifier circuit 

is common to the bridge functions and to the Short Test of the 

Capacitor Quality determination. The electronic voltmeter 

formed by the panel meter and tube V104 is employed throughout 

the Capacitor Quality Tests. The tube V107 functions as an RF 

oscillator for both the d-c charging supply and in the Open test 

of the Capacitor Quality circuits, so any weakness will be re- 

flected in both operations, 

Specific troubles and the methods used for tracing them are 

shown in Table 5-3. 

5. VOLTAGE RESISTANCE CHART. 

(See Figure 5-3) 

CAUTION 

Withdraw the line plug from the power receptacle before meas- 

uring resistance. Failure to observe this precaution may damage 

the ohmmeter as well as the ZM/11U Bridge. 

Magnitudes of the voltage and resistance to chassis from the 

base pins of all tubes are contained in the voltage-resistance 

chart. Observe carefully the notes calling for particular set- 

tings of the controls and switches in order to obtain the values 

shown. Access to the pin sides of tubes V106, V107 and V104 

is had only after removal of the bottom pan shield as shown in 

Figure 5-2. It is secured with four binder-head screws. 
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R 60,000 
v_0(B) 

  
NOTES: 

Voltages are to chassis with 20,000 ohms -per-volt meter 
and are positive unless otherwise marked. 

Resistances are to chassis and in ohms, unless marked MEG 
** Indicates voltages between adjacent pins. 
NC No connecting wire. 
NMNot measured, no significance. 
6 Zero, as read on ohmeter. 

Figure 5-3. Voltage and Resistance Chart. 
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NOTES: (CONT.) 

VOLTAGES: VARIATION WITH SWITCHING 

(A) With output from C;CHG., as much as 10 volts lower. 

(B) Except with FUNCTION at INS. RES., then depends on CALIBRATE Qais 

INS. RES. setting (R104 

(C) With R, No binding post (102) shorted to chassis 

(D) OSCILLATOR at SET METER; 

(E) OSCILLATOR at SET METER; adjusted per Sec. 4, Par. 2a. 

(F) (FUNCTION at C.CHG; OSCILLATOR on D;C. VOLTS and (F)  (G) (H) 

(G) VOLTAGE CONTROL to 500 panel meter volts -20 285 54 

(H) 
FUNCTION at CAP. QUAL; OSCILLATOR at OPEN -4 250 40 

(J) FUNCTION at C.CHG; OSCILLATOR at D.C.VOLTS. at various settings 

of VOLTAGE CONTROL, should agree with panel meter. 

RESISTANCES: VARIATION WITH SWITCHING 

(K) FUNCTION at INS. RES. CAL., 1000 M, or CAP. QUAL. 60 MEG 

FUNCTION at 5000 MEG 
30 MEG 

FUNCTION at any other position 
10 MEG 

(L) Except FUNCTION at any INS. RES. depends on 0-25,000 

CALIBRATE INS. TEST (R104) 

(M) FUNCTION at any except CAP. QUAL. 
Inf. 

FUNCTION at CAP. QUAL; OSCILLAT OR at any CAP 0-60,000 

TEST depends on VOLTAGE CONTROL (R105) 

(N) OSCILLATOR at D.C. VOLTS 
22,000 

OSCILLATOR at any other 
51,000 

(P) OSCILLATOR at D.C. VOLTS 
63,000 

OSCILLATOR at OFF 
Inf. 

OSCILLATOR at any CAPACITOR QUALITY 70,000 

(Q) OSCILLATOR at D.C. VOLTS depends on setting of 0-60,000 

VOLTAGE CONTROL (R105) 

OSCILLATOR at OFF 
Inf. 

OSCILLATOR at any CAPACITOR QUALITY setting 200,000 

(R) FUNCTION at C.CHG; OSCILLATOR at D.C. VOLTS 0.5 MEG 

FUNCTION at CAP. QUAL; OSCILLATOR at CAPACITOR 3000-60,000 

QUAL. depends on VOLTAGE CONTROL (R105) 

(S) FUNCTION at INS. RES. 
3.7 MEG 

FUNCTION at any other 
14. MEG 

Figure 5-3. Voltage and Resistance Chart (cont.) 
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V 5.7AC V24AC V0.6 AC RI4O0 R141 
R .27 MEG.|R .27 MEG. |R .27 MEG. 

  

  

NOTE: AC VOLTAGES TAKEN WITH 
VACUUM TUBE VOLTMETER 

      
R142 Cl25 Ri45 = Ci24¢ =   

Figure 5-5. Capacitor-Resistor 
Assembly, E107. 

R137 

    
  

  

Figure 5-4. Capacitor- 
Resistor Assembly, E106. 

  

  

      
  

        
R .27 MEG 

C 127 

C 126 

Figure 5-6. Capacitor- | Figure 5-7. Capacitor-Resistor 
Resistor Assembly, E108. Assembly, E109. 
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6. TROUBLE SHOOTING CHART. 

(See Table 5-3) 

Commonly encountered trouble symptoms, probable location 

of faults and procedures for locating defective components are 

contained in Table 5-3 to be used in conjunction with Table 5-2. 

Refer to the callouts in the various photographs and line illus- 

trations for the location of components. Table 5-4 lists the 

appearances of the callouts and will aid in doing this. 

7. REPLACEMENT OF ELECTRON TUBES. 

Any electron tube in the ZM-11/U may be replaced without 

recalibration of the instrument except for the operational cali- 

brations described in Section 4, Figures 5-2 and 5-3 show the 

locations of the electron tubes as seen from the bottom of the 

chassis while Figure 5-11 shows the locations from the top of 

the chassis. 

To replace V101 (see Figure 5-11) release the clamp around 

the base and insert a thin tool, if necessary, between the tube 

base and socket to pry the tube upward until the pins are re- 

leased. The tube may then be passed upward through the view- 

ing bezel. Insert a new tube in the reverse way. 

Tubes V102, V103 and V105 (see Figure 5-9) are enclosed by 

shields. There is sufficient overhead clearance to pass these 

shields upward free of the tube. Press the shield and turn it 

slightly to release the bayonet lock on it. It will then spring 

upward and can be passed over the tube and off, after which the 

tube may be removed. 

Tube V108 (see Figure 5-6) is readily removable after re- 

moval of the clamp securing it. Pinch the back lip of the clamp 

toward the post to release it. 

Access to tubes V106, V107 and V104 is had after removal of 
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TABLE 5-4. SYMBOL NUMBERS — REFERENCES AND CALLOUTS. 

Symbol Detail Pictorial Symbol Detail Pictorial 

Desig. Schematic Callout Desig. Schematic Callout 
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TABLE 5-4. SYMBOL NUMBERS — REFERENCES AND 
CALLOUTS. (CONT.) 

Symbol Detail Pictorial Pictorial 
Desig. Schematic Callout i Callout | 
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Pictorial 
Callout 

TABLE 5-4. SYMBOL NUMBERS — REFERENCES AND 

CALLOUTS. (CONT.) 

Pictorial 

Callout     

  

         

       

   

   

    

5-7 5-11 
5-7 5-2 
5-7 5-11 
5-7 5-11 
5-7 5-11 
5-7 5-11 
5-7 5-11 
5-10 5-11 

5-11 
5-11 
4-1 
4-1 
4-1,5-8 
5-2 
5-2 
5-2 
5-2 
5-2 
5-2 
5-2 
5-2 
5-11    

For symbol numbers not mentioned in this table see Figure 5-14 (tip-in at the end 

of this section and Section 6. 

  

the end shield covering them (see Figure 5-8). Remove the two 

screws under the handle marked "A". Loosen the six screws 

marked B; these will pass through the slots as the shield is slid 

out. The shield may be started by a tool inserted through a slot 

at the lower edge. These three tubes are secured by post-type 

clamps like the one securing V108. 
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Figure 5-8. Bridge ZM-11/U, Front Side. 

8. CALIBRATION. 

a. GENERAL - Bridge ZM-11/U was calibrated when manu- 
factured, In general, replacement of any of the components 
Shown in Table 5-5 will require recalibration of part or all of 
the functions in order to assure the original accuracy of the 
instrument. Table 5-5 shows the minimum required recalibra- 
tion work by reference to the paragraph in which the recalibra- 
tion procedure is described. Other parts may be replaced 
without effect on the calibration provided care is used not to 
disturb the parts enumerated in Table 5-5 or the connections 
thereto. 

NOTE 
The calibration procedures assume a normal room temperature 
of 22 degrees Centigrade throughout. 

5-22 ORIGINAL



Maintenance NAVSHIPS 91704 Section 5 

ZM-11/U Paragraph 8a 

TABLE 5-5. REPLACEMENT OF PARTS REQUIRING RECALIBRATION 

RECAL. 

"A" RATIO ARM : : 8c 7 

8e 

"B" RATIO ARM R106, R107, R108, E112, or R110| 8d 

RESISTANCE STANDARDS |R111 or R112 

CAPACITANCE STANDARDS|C101 or C102 (T102) 82(8}) 

COMPENSATION (Low C) |R116 or R117 

D CONTROL 

R158, R159, R160 or N102 

M101, R115, or R120 

M101, R113, or R114 

b. EQUIPMENT REQUIRED - The following equipment is 

needed for complete calibration of the ZM-11/U Bridge:- 

           

     
    

FUNCTION SYMBOL OF PART      

   

  

   
      

 
 
 
 
 
 

        

R102 or N101         

  

   

  

      

Q CONTROL 

  

      

   

    

    

  

D-C VOLTMETER 

D-C MILLIAMMETER 

INSULATION TEST    

    
R120, R128, R129, R130, R131 

R132, or R133 

(1) Resistance bridge, wide range d-c type, accuracy 0.19 

percent suchas Resistance Bridge ZM-4/U Series or equivalent. 
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Figure 5-9. Bridge, ZM-11/U, Back Side. 

(2) Two four-dial decade resistance boxes, 11,110 ohms 
per box, accuracy 0.1 percent at 1000 cycles. In lieu of these, 
Stable non-inductive resistors freshly calibrated on the preci- 
Sion d-c bridge (1) may be used, 

(3) Standard capacitances of 10 uuf, 100 uuf, 1000 uuf, 0.01 
uf and 1.0 uf; accuracy 1 uuf or 0.25 percent, whichever is 
greater, The number of values shownis minimum for complete 
calibration of the capacitance ranges. The two smaller values 
should be physically arranged so that they may be plugged into 
the C posts ofthe ZM-11/U Bridge witha minimum of connect- 
ing lead error, If a decade or otherwise subdivided unit of large 
capacitance is available, it will be useful for checking the upper 
ranges of capacitance. 
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(4) Standard inductors as available. Inductance and dis- 
Sipation or storage factor at 1000 cycles should be known; 0.25 
percent for inductance and 5 percent for the factor. 

(5) A d-c voltmeter - to 500 or 600 volts, accuracy 0.25 
percent, such as standard Navy Stock Number G-17-V-960 or 
equivalent. Anadjustable d-c power supply will alsobe required 

to deflect the standard meter over its entire range. 

(6) A standard millivoltmeter such as standard Navy Stock 
Number SNSN G-17-M-2625, 0 to 15 and 0 to 150 millivolts, 
accuracy 0.25 percent, or equivalent. This should be provided 
with standard precision shunting resistors for forming milliam- 

meter ranges consistent with those of the ZM-11/U Bridge. 

c. CALIBRATION OF THE "A" RATIO ARM. (R156, R157) - 
Disconnect one end of the secondary of transformer T102 to 
prevent its appearing in shunt to the ratio arms. Turn the 

FUNCTION SWITCH to Nj/N2. Connect the precision d-c bridge 
to binding posts E103 and E104 where it will now measure R157 
and R156 in series. Now set the d-c bridge to measure 1000 

ohms and turn the shaft of R157 until balance is had. At this 
rotation of R157, the pointer must read exactly 1.0. If it does 
not, the pointer set screws should be released and the pointer 
turned until this is true. Other points of the dial should be 
checked for the tolerances shown in Table 5-6, 

TABLE-5-6. TOLERANCES FOR MULTIPLY BY DIAL. 

. RESISTANCE — OHMS 

Low High        
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If the arm is outside the tolerances shown, the potentiometer 

R157 is wornout or damaged beyond use and should be replaced 

in accordance with Paragraph 9m. After calibration or re- 

placement, the connection to the secondary of T102 should be 

resoldered. 

d. CALIBRATION OF THE "'B" ARM - Disconnect one end of 

the secondary of transformer T102 to prevent its appearance in 

shunt to the ratio arms. Connect the precision d-c bridge to 

binding posts E103 and E105. Turn the FUNCTION switch to 

Nj/No. Table 5-2 shows which of the "B" arm resistors is in 
service at each setting of the RANGE switch. Measure each 

value, It should be within 1/2 percent of the value stated in the 

parts list. If any value is found out of tolerance, the unit should 

be replaced. When all five values of the ''B" arm measure Ccor- 

rectly inthe eight positions of the RANGE switch, the secondary 

of T102 should be reconnected, 

e. CHECKING THE BASIC RATIOS - TURN RATIO. - The 

basic ratios of the Bridge Type ZM-11/U may be checked, 

together with the performance of the 1000 cycle oscillator- 

amplifier and amplifier - indicator by turning the FUNCTION 

switch to N;/No and connecting standard resistors to the cor- 

responding Ny and No posts. These standard resistors are most 

conveniently settings of two decade resistance boxes but may 

also be a pair of ordinary radio type resistors carefully mea- 

sured on the precision d-c bridge and their ratio calculated, 

just prior to use. Such a pair will be required for each ratio to 

be tested. The basic ratio of the ZM-11/U with the MULTIPLY 
BY dial at 10.0 is shown in parenthesis in Table 5-2 under the 

''B" arm resistor symbol for each position of the RANGE switch. 

Other settings than 10.0 may be employed, the ratio being pro- 

portionate to the dial setting. 

If this ratio test is carefully carried out for all ranges, the 

results should be found to be within the tolerance indicated for 

Turn Ratio in Table 4-3. If not, then probably some faulty ele- 

ment has been overlooked in the tests of Paragraphs 8c or 8d 
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and that work should be repeated. When the stated accuracies 

have been confirmed, the accuracy of the ratio arms has been 

confirmed for all bridge functions. Additionally, the basic ac- 

curacy of the Turn Ratio test is assured because there is no 

consideration of coupling to be considered as would be the case 

with actual transformer samples. 

f. CHECKING THE RESISTANCE STANDARDS - The standard 

resistors R111 andR112 may be checked independent of the ratio 

arms by connecting the precision d-c bridge to binding posts 

E102 and E105 and turning the FUNCTION switch to R. The 

standard in service is shown in Table 5-2 for various settings 

of the RANGE switch. The standards should measure within 

0.5 percent of nominal value. 

Confirming data onthe resistance ranges may be had by ener- 

gizing the ZM-11/U Bridge and measuring a decade resistance 

box at various settings or various resistor units previously 

measured on the precision d-c bridge. 

g. CHECKING THE CAPACITANCE RANGES, - Examination 

of Table 5-2 shows that, if the basic ratios of the bridge are 

correct as tested in Paragraph 8e, the accuracy of the capaci- 

tance measurments depends on the accuracy of the capacitance 

standards C101 and C102, except for the first two ranges where 

the values of the compensating resistors R116 and R117 also 

enter, 

To check the accuracy of the standard C101 and, thereby the 

probable accuracy of the upper four capacitance ranges, repeat 

the ratio test of Paragraph 8e for the number 5 position of the 

RANGE switch and, with externally connected standard resistors 

havinga ratioof exactly 1,00, balance the bridge and record the 

exact reading of the MULTIPLY BY dial. This may not be ex- 

actly 10.0 but some value such as 9.95 or 10,03. Now, turn the 

FUNCTION switch toC and connect the 1.0 uf external standard 

to the C posts and balance it on the ZM-11/U bridge as an un- 
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known. The exact balance point on the MULTIPLY BY dial should 

be the same as previously noted in the ratio test or to as much 

as 1/2 percent higher, corresponding to the permissible toler- 
ance in C101. If this is not the case, then probably the standard 
capacitor C101 is out of tolerance (+ 0.0, -1/2 percent), Con- 
firm this, if possible by direct measurement on a precision 
capacitance bridge before discarding C101. 

If larger external standard capacitors are available, the up- 
per ranges of the ZM-11/U may be checked against these; 
otherwise they will have to be taken for granted premised on 

the ratio tests and the test on internal standard C101. 

The smaller internal standard C102 is never replaced for any 
but the grossest defects inasmuch as it is adjustable within the 
ZM-11/U Bridge. To find out if such adjustment is necessary, 
make the ratio test of Paragraph 8e with the RANGE switch in 

the number 4 position and with externally connected resistors 
having a ratio of exactly 10,00. Balance the bridge and record 
the exact required setting of the MULTIPLY BY dial. Turn the 
FUNCTION switch toC and connect the external 0.01 uf standard 

capacitor to the C posts. Balance the ZM-11/U Bridge for C 
in the usual manner, The required balance point on the MULTI- 
PLY BY dial should be exactly the same as was required and 
noted in the ratio test. If it is not, insert a long insulated screw 
driver into the bridge from the front, alongside the fuses, to 
engage the slot in capacitor C102B (see Figure 5-10) and adjust 
as necessary to obtain exactly the same balance point obtained 
in the ratio test. The smaller of the internal standards has now 
been adjusted for the third and fourth capacitance ranges, but 
the compensation for binding post and stray capacitances re- 
mains to be checked in the first and second ranges. 

Turn the RANGE to 100 mmf and balance the 100 uuf and 1000 
uuf external standards successively on this range. Record the 
reading of the MULTIPLY BY dial for each, If there is any 

discrepancy in common to the two readings, a correction in the 
compensating resistor R117 is indicated. For example, assume 
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the 100 uuf standard balanced at 1.1(110 mmf) and the 1000 uuf 

standard at 10.13 (1013 mmf), The common discrepancy is 10 

mmf and the MULTIPLY BY dial has a variational rate of 10 

ohms per mmf in this range, hence the indication is to increase 

R117 by 100 ohms over its existing value. 

In the same way, the first range is tested for compensation 

by balancing the 10 uuf and 100 uuf external standards on the 

10 mmf setting of the RANGE switch. The common discrepancy 

is again noted while the compensating resistor R116 for this 

range is alteredat the rate of 100 ohms per uuf of common dis- 

crepancy. 

4. CHECKING THE DISSIPATION CONTROL - This is actually 

a dual control, R102A and R102B. The terminals of the control 

are conveniently accessible under the lower left-hand corner 
of the panel and they are best checked with the d-c precision 
bridge. Table 5-7 shows tolerances for various settings of the 
"D" dial, 

1. CHECKING THE ''Q"' CONTROL - This is also a dual con- 

trol, R158A and R158B. The resistance elements of the control 
are Swamped by resistors R159 and R160 respectively. At low 

TABLE 5-7. D DIAL—RESISTANCE TOLERANCES. 

R102A—FRONT R102A—BACK 

Low High Low High 
Ohms Ohms 

0 320 

2540 3820 

9410 7310 

8280 10820 82.8   
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settings of theQ dial, the swamps have little affect onthe calib- 
ration, At higher settings the swamps affect the calibration 
materially. These calibrations are also readily checked by 
connecting the d-c precision resistance bridge directly to the 
terminals of the unit in question, The FUNCTION switch should 
be in the CAP. QUAL. position to eliminate extraneous re- 

sistance elements from the determination, Resistance for the 

"Q" controls are shown in Table 5-8, 

If the Q dial has been removed from R158 or the control has 
been replaced, turn the shaft of R158 counter-clockwise to the 
stop. Place the Q dial squarely, as it appears in Figure 4-1 and 
secure the dial set screws. Turn the dial to read exactly 15, 
with the precision d-c bridge, select the swamps R159 and R160 
until the effective resistance values Q = 15, Table 5-8 are se- 
cured. For the other Q dial settings of Table 5-8, measure the 

TABLE 5-8. Q DIAL—CALIBRATION DATA. 

Resistance Resistance 

R158A—Front R158B—Rear 

Ohms Ohms 

79,500 

159,000 

318,000 

477,000 

795,000 

1,590,000 

2,385,000 

3,180,000   
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terminal resistances and record them. This is the data for a 

new correction curve in the lid of the ZM-11/U. 

Jj. CALIBRATION OF THE INDUCTANCE RANGES - The ba- 
Sic design and construction of the ZM-11/U Bridge is such that, 
if the basic ratios check according to Paragraph 8e and the ca- 
pacitance ranges check in accordance with Paragraph 8g, it is 
a valid assumption that the inductance ranges are correct, as- 
suming that good clean balances can be obtained throughout the 
"L" ranges, 

If suitable inductance standards are at hand, ranges corres- 
ponding to their values may be cross-checked, however, by 
connecting such standards as unknowns and balancing them on 
the ZM-11/U Bridge. In order to obtain a check, it is particu- 
larly important that the inductance standards used shall have 
been certified at 1000 cycles and that, if they contain ironcores, 
they shall have been certified at values of voltage across ter- 
minals comparable to those impressed by the ZM-11/U Bridge. 

k. CALIBRATING THE VOLTMETER - Make certainthat the 
line cord of the ZM-11/Uis not in the power socket and turnthe 
FUNCTION SWITCH to C CHG. Connect the positive terminal 
of the precision voltmeter and its connected power supply to 
binding post E102, second from the left, and the negative term- 
inal to E103, third from the left, The precision voltmeter should 
now be set to various cardinal values throughout the range 0 to 
900 volts and the corresponding readings of the ZM-11/U meter 
recorded, Such readings should be true to within one percent 
plus 10 volts. Failure to meet these tolerances probably in- 
dicates improper value of the multiplier resistance R115, a 
shorted or open Ssub-multiplier R120 or incorrect current sen- 
sitivity in the meter M101, which should be proportional to 1.0 
milliampere full scale and + 0.02 MA at any scale division. 

/. CALIBRATING THE MILLIAMMETER - Insert a 10,000 
ohm variable resistance in series with the standard milliam- 
meter (or millivoltmeter arranged as a milliammeter) and 
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connect the combination to the C posts, observing the polarity 

marking. Turn the FUNCTION switch to C. CHG; the OSCIL- 

LATOR switch to D.C. VOLTS; and the RANGE switch to 100 

MF. With various settings of the VOLTAGE CONTROL, adjust 

the external series resistance to the desired panel meter cur- 

rent and compare with the reading of the external standard. 

Tolerances are stated in Table 4-3. 

Failureto meet tolerance in the 1 MA range will be accounted 

for by the basic current sensitivity of meter M101, stated in 

Paragraph 8k. Discrepancies inthe basic meter current will 

also be evident in the 5 MA and 25 MA ranges in addition to 

discrepancies in the respective current shunts R113 and R114. 

The stated values of these shunts is premised on a meter drop 

of 100 millivolts + 2-1/2 percent at 22 degrees C, 

m. CALIBRATING THE INSULATION RESISTANCE TEST - 

The panel voltmeter calibration, Paragraph 8k, is part of the 

Insulation Test calibration, 

With the precision d-c bridge, measure the resistance from 

the grid (pin 3) of V101 to CHASSIS with the FUNCTION switch 

in the 10000M position and again with the FUNCTION switch in 

the 5000M position. These values should be 60 megohms and 

30 megohms, respectively, + 5 percent. If the precision bridge 

lacks range or sensitivity to measure these values the individual 

resistors R128, R129, R130, R131, R132, and R133 may be 

measured and summed. Now, measure the value of the drop 

resistor R120. This is nominally 3000 ohms but some selection 

may be necessary to make it highor lowby the same percentage 

that the previously measured 60 megohm value was high or low. 

Accurate and stable standards of resistance of the order 

measured by the Insulation Test are unusual and assuming that 

the operations above are properly carried out and that the In- 

sulation Test circuits are functionally correct as indicated by 

(5) of Table 5-1, the calibration of the Test will be assumed to 
be correct. 
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9. REMOVAL AND REPLACEMENT OF PARTS, 

a. CAPACITOR ASSEMBLY, C101 - This unit, see Figures 
9-8 and 5-11, consists of one major capacitor of 1.0 uf, or 
Slightly less, swamp-adjusted by none to three smaller capac- 
itors and all mounted on a metal mounting plate. Because of the 
close tolerance maintained in its construction it is replaceable 
only as a unit, The whole plate should be removed when re- 
placement is contemplated. 

b6. CAPACITOR-RESISTOR ASSEMBLY, E106 - This is called 
out in Figure 5-2 and detailed in Figure 5-4. To remove it:- 

Remove three connecting leads. 

Remove two hex nuts, 

This terminal board is preferable replaced as a unit. In an 
emergency, individual parts may be replaced always within the 
tolerances stated in the Parts List. The frequency of the oscil- 
lator-amplifier must then be checked to 1000 cycles +5 percent. 
If the frequency falls outside this, individual selection of com- 
ponents will have tobe made to correct the frequency. Increas- 
ing the size of elements deceases the frequency and vice-versa. 
In checking the frequency, the input of the calibrating oscilloscope 
Should be connected to either plate of V102 (pin 1 or 2) and 
chassis, In this way the input impedance of the oscilloscope 
cannot alter the frequency. 

c. CAPACITOR-RESISTOR ASSEMBLY, E107, - This appears 
at the upper center of the chassis, Figure 5-2 and again in detail 
in Figure 5-5. To remove it:- 

Remove five connecting wires. 

Remove four hex nuts. 

It is preferably replaced as a unit, although in an emergency 
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minor replacements of a single element may be made, Major 

replacement will require thata check be made of the phase of 

the grid voltages onamplifier V102. These must be substantially 

180 degrees out of phase and equal in amplitude to secure true 

push-pull operation of the amplifier. This can be checked with 

Oscilloscope OS-8/U or equivalent. Connect the vertical input 

the linear sweep externally to the output of amplifier V102. 

When the ideal push-pull condition has been brought about the 

vertical deflection will be either zero or show a small sym- 

metrical trace of harmonic frequency, that is, the 1000 cycle 

fundamental will cancel out in the cathode lead. 

d. CAPACITOR-RESISTOR ASSEMBLY, E108. - This unit, 

shown in detail in Figure 5-6, mounts in a shielding channel 

beneath the binding post E102, Figure 5-9. Do not remove the 

shield channel or the bracket but simply:- 

Remove the two connecting leads. 

Remove the two hex nuts. (bearing on E108) 

The bakelite panel will now come out. It is preferably replaced 

as a whole although individual elements may be replaced. If 

each element is within specified tolerance satisfactory operation 

will be had without special test. 

e. CAPACITOR-RESISTOR ASSEMBLY, E109, - This appears 

at the upper right of the chassis in Figure 5-2. A detailis shown 

in Figure 5-7. To remove it: 

Remove eight connecting leads. 

Remove four hex nuts. 

This panel is preferably replaced as a unit due to the close and 

interdependent tolerances involved. If replacement of individual 
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parts is necessary, test the remaining values to make certain 

they are within specified tolerance. Connect the vertical side 
of the oscilloscope to the grid (pin 1) of V105 and the horizontal 
to the plate (pin 2) of V101. Measure some capacitor on the 

ZM-11/U in the usual manner and then unbalance until the indi- 
cator pattern shows about 1/16 inch fringe on each side. Adjust 
the oscilloscope gains until a square phase pattern is formed. 
If the indicated phase exceeds 15 degrees, suitable selection of 
either or both C129 and C130 should be made to correct it. 

f. BINDING POSTS - At the upper right hand of Figure 5-9, 
a group of four call-outs brings to particular attention the insul- 
ated parts employed for mounting the binding post E101. In 
addition to the mating ceramic parts E116 and E120, two bake- 
lite washers O102 and O105 are employed on either side of the 

panel. These provide for expansion and contraction of the metal 

parts and should never be omitted in mounting binding posts 

E101, £102, £104 or E105. 

g. IMPEDANCE UNIT, Z101. - To remove this unit: - 

Remove the tube access shield, Figure 5-8. 

Remove two connections. 

Remove one hex nut, securing Z101. (Figure 5-11) 

The unit may now be removed from the shield partition. It is 

always replaced as a unit. 

hb. POWER TRANSFORMER, 1T101. - Referance to Figures 

5-2 and 5-8 shows that the transformer T101, tube and socket 

V106 and capacitor C113 are mounted on a plate which secures 
to the chassis from the underside. To remove this plate:- 

Remove the two round -head screws through the flange 

of the chassis and plate, '"D" in Figures 5-2 and 

0-8. 
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From the underside of the chassis, remove the seven 

round-head screws around the edge of the trans- 

former plate. These engage permanently staked 

T-nuts. 

Remove all leads from transformer T101 and re- 

lease the two cable slamps. The cable can now 

be pushed aside. 

The whole plate with enumerated components may now be re- 

moved from the underside of the chassis. The transformer is 

secured to the plate by four nuts engaging its threaded studs. 

The mounting of the other parts is apparent from inspection of 

the unit. 

7/ REMOVAL OF TRANSFORMER, T102 - To do this:- 

Remove two secondary leads from upper end, ad- 

jacent to binding posts. (See Figure 5-9) 

Remove three primary leads from lower end, under 

chassis. (See Figure 5-2) 

Remove terminal board R107 (See Paragraph 9c). 

Remove two screws, thereby exposed, holding the 

rear end of the transformer bracket. 

Remove the two nuts and screws securing the front 

of the transformer bracket to the flange of the 

chassis, Note position of and save the insulating 

strip between bracket and chassis and the two ex- 

truded bakelite washers between chassis flange 

and nuts. 

The transformer T102 can now be tilted forward and out of the 

assembly. It is ordinarily replaced as a unit. The primary 

tuning capacitor may be replaced provided facilities are at hand 
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to permit selection of proper capacitance to tune the primary 

to resonance at 1000 cycles. 

In reassembling, pay particular attention to insulation of the 

joint between the end of the transformer bracket and the chassis. 

If this bracket shorts to the shield it acts as a low resistance 

short-circuited turn on the transformer and low 1000 cycle 

output will result. There is no other test method for this joint, 

hence the closest visual inspection is necessary. 

j. RF TRANSFORMER, T103. - To remove this unit: - 

Remove the tube access shield, Figure 5-8. This 

will expose the parts shown in the lower portion 

of Figure 5-11, except that the panel will still be 

in place. 

Remove V106 together with its clampand clamp-post, 

the latter secured by one nut under the chassis. 

Remove E101, as instructed in Paragraph 9g. 

Remove four connections from T103, under chassis. 

Remove two hex nuts from T103 under chassis. 

The transformer may now be snaked out. It may be replaced 

as a unit or the nut on top of the shield may be removed, then 

the shield. The latter may be locked by the fungus-proof lacquer 

employed; turn the shield with respect to the base to break the 

seal if necessary. With the shield removed coil L101, tuning 

capacitor C132, grid capacitor C133 and grid-lead R161 will be 

in view. These may be replaced individually with units of toler- 

ance as specified in the Parts List. 

k. RF TRANSFORMER, T104. - To remove this unit: - 

Remove the tube-access shield, Figure 5-8. 
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Remove V104, together with its clamp and clamp- 

post, the latter secured by one nut under chassis. 

Remove the knob from OSCILLATOR ADJUST. This 

will expose two screws on the panel side which 

should be removed, releasing capacitor C115. 

Disconnect the ground lug from C115 and lay the 

capacitor to one side. 

Remove four connections from T104, underside of 

chassis. 

Remove two hex nuts from T104, underside of chassis. 

The transformer may now be snaked out. It may be replaced as 

a unit or the shield may be removed by taking off one hex nut 

above it. Removal of the shield exposes the coil L102, tuning 

capacitor C134, bypass C135, grid-blocker C136 and isolation 

resistor R162. These may be individually replaced as desired 

from parts in accordance with the parts list. 

/. CHASSIS REMOVAL - UNSANDWICHING - Reviewof Para- 

graphs 9a through 9k, above, indicates that many of the major 

parts of the Bridge ZM-11/U have been made accessible without 

separating the panel assembly from the chassis assembly as 

has been done in the companion views, Figures 5-10 and 5-11. 

Careful study of other situations should be made before attempt- 

ing this unsandwiching operation for, as will be seen from study 

of the unwiring schedule below, many disconnects are required 

before the units can be separated as has been done in the il- 

lustration. 

For simple checking and minor repairs a complete separation 

is unnecessary; with this in mind considerable slack has been 

left in those leads where it is electrically permissible. Such 

leads are marked with an asterisk (*) in the schedule. 
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Disconnect Schedule. 

Left hand side of ZM-11/U 

Black lead at R102A 
Red lead at R102B 
Gray lead at contact 9, S102C. 
Yellow lead at contact 10, S102C. 
Green lead at contact 5, S105D. 
Gray lead at contact 7, S105A. 
Blue lead at contact 8, S105C. 
Yellow lead at contact 9, S105C. 

Binding post side of ZM-11/U. (See Figure 5-9) 

Bare wire at E104. 

Bare wire at E105. 

Green lead at C126 on E108. 
* White lead at R105. 

* Red lead at C106. 

* Orange lead at C114. 

Right hand side of ZM-11/U 

Blue lead at C115. 

Brown lead at J101. 

Fuse-post side of ZM-11/U. (See Figure 5-8) 

* Brown lead at C104. 

* Gray lead at S101. 
* Gray lead at XI102. 

Underside of Chassis. (See Figure 5-2) 

Green lead at R153 on E109. 
Red lead at R154 on E109. 
Orange lead at solder lug adjacent to T102. 
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To complete the unsandwiching: - 

Remove the tube access shield, Figure 5-8. 

Remove the knob from the OSCILLATOR switch. 

S105 sio2  cloza c1o2zB RIO2 

’ | lo + R103 

             

     

  
  

L101 

  

   

| 
| | 

RiOS CHS | R14 RUB} $103 JIOl 

H109 HiO8 

Figure 5-10. Bridge, ZM-11/U, Panel Assembly, Unsandwiched. 
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Remove the 3/8 inch nut and lockwasher securing 

switch S104 to the panel. 

Remove six bright nickel hex-head screws from the 

panel. Two are just under the QUALITY TEST 

C10 Viol cil 

| 

  

«-VIOS 

Clls 
-T1I0’% 

V108 > ae ’ ) C103 

5, 

Z101 Vi06 TIO3 S104 VIO TI04 vio4 

Figure 5-11. Bridge, ZM-11/U, Chassis Assembly, Unsandwiched. 
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jack; two to the left of the OSCILLATOR switch; 
and two just above the OSCILLATOR adjust knob. 
(See Figure 4-1) 

Remove three round-head screws from the under 
side of the chassis, corresponding to the lower 
ends of the stanchions seen prominently in Figure 
5-10. 

The chassis and front panel assembly are now separated and 
may be layed back from one another. 

NOTE: ( )*INDICATES LUG ONLY- 

NO CONTACT. 

  
Figure 5-12. Components Mounted Between Switch Decks. 
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m. REPLACEMENT OF THE "A" RATIO ARM, R156, Brot a= 

Replacement of either of these units is always done as a com~- 

bination, the variable resistor R157, the end-limiting resistor 

R156 and the panel dial plate. To do this: - 

Loosen two set screws in the MULTIPLY BY dial 

pointer and remove the pointer. 

Unsandwich the chassis and front panel in accord- 

ance with Paragraph 91. 

Remove the 3/8 inch hex nut and lockwasher securing 

Riots 

Remove the two panel stop-pins which also secure 

the dial. 

Remove the end resistor R156. 

When R157, R156 and the dial plate are replaced it is well to 

make the necessary calibration of them in accordance with 

Paragraph 8c, before reassembling the front panel to the chas- 

sis. If, then, for any reason the new unit is not in tolerance 

much labor will have been avoided. 

10. CABLE ASSEMBLY AND TEST LEADS. 

a. CABLE ASSEMBLY, P101. - Because the electrical per- 

formance of this unit is related to its mechanical length it is 

important that no repair or replacement of it be made with due 

regard for this fact. The correct original length of the cable 

is 48 inches measured from the end of the clip on the center 

conductor to the extreme end of the connector. For repair, 

either end may be cut down by as much as one inch - no more. 

If the cable becomes damaged or worn to an extent requiring a 

greater cut, if should be replaced entirely. 

Figure 5-13 shows the correct procedure for replacing the 

connector on the cable. 
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b. TEST LEADS - The length of these leads has no elec- 
trical importance and they may be cut and repaired until they 
become too short to be practical for use. If intermittant opens 
appear, the wires should be replaced entirely. 
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Cut end of cable even. 

Remove vinyl jacket !2” don’t 
nick braid. 

Push braid back, and remove !3° 

of insulatian and conductor. 

Taper braid. 

Slide sleeve over tapered braid. Fit 
inner shoulder of sleeve squarely 
against end of jacket. 

With sleeve in place, comb out 
braid, fold back smooth as shown, 
and trim 3/32”. 

fte 

Bare center conductor '@ don't 
nick conductor. 

Tin center conductor of cable. Slip 
male contact in place and solder. 

Remove excess solder. Be sure cable 
dielectric is not heated excessively 
and swollen so as to prevent di- 
electric entering body. 

Push into body as far as it will go. 
Slide nut into body and screw into 
place, with wrench, until moder- 
ately tight. Hold cable and shell 
rigidly and rotate nut. 

FINAL ASSEMBLY 

Figure 5-13. Cable P101, Assembly Instructions for 
Connecting UG-88/U to RG-58/U. 
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TABLE 5-9. TUBE OPERATING VOLTAGES AND CURRENTS. 
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6AG5 |Amplifier 

6AL5W| Rectifier : 

(4) (4) |(4) |(4) (4) 
6AQ5 |RF Oscillator G3 

(3) 
6AV6 |Oscillator,1 kc| 120 0-7 6.3 

6AV6 |Electronic (4) 

voltmeter 1.0 6.3 

(1) (1) (5) |(1) 
6E5 Indicator 30 te 0 0.116.3/230 

6J6 

: W 

   
    

  

Amplifier ,1 kc 

6X4 Rectifier 240 AC 300 6.3 

240 AC 

Notes: (1) With R, No binding posts shorted to chassis. 

(2) Not measured. 

(3) Depends on setting of VOLTAGE CONTROL. 

(4) Depends on switch and control settings-See Fig. 5-3. 

(5) Except for INS. RES. - See Fig. a Yoho 

(6) Measurements are made with a 20,000 ohms per volt 

meter for dc and a VTVM for ac. 
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