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TRANSMITTER 

L I LzT ITa 

F NOTES:-

RECEIVER 

_J EM 

GM®_ 
AI 

CM � L1 
� 

T T 
1'20V 
AC 

1'---'L-__;; .... +--_, 
CM- CHART DRIVE L2 v. 
EM- ELE CTRO MAGNET(IOV45MA.DC) 
GM - GEAA TAAIN MOTOA F 
M -CAM MOTOA • T M S- MEACUAY SWiTCH ' 
F -lAMP. FUSED LINE SWITCHES RECOMMENDED. POWER suPPLY 120V 
1. SEE NAME PLATE OF INSTA UMENTS 

MODEL 9J I OR 
9J 2 A c 

FOR PROPER VOLTAGE & FREQUENCY. 
2. FOR VOLTAGES OTHER THAN 120V, 
TRANSFOAMERS MUST BE USED. W.D. 014089 
3. ONE WIRE OF TAANSMISSION CIRCUIT 
MAY BE REPLACED BY A GOOD GROUND. 

4. ADDITIONAL DIAGRAMS WILL BE FURNISHED 
AS REQUIRED COVERING ALARMS, CONTROLS, 
INTEGRATORS, ETC. 120V-e� 

AC _. � 
F 

TRANSMISSION LINE 
45 MA. DC 

MAX. LOOP RES ISTANC E 2000 OHMS 

FIGURE WIRING DIAGRAM OF TYPICAL IETAMETER CIRCU.IT 

Note: This instruction covers only the installation, operation and service of Bristol's 
Metameter Telemetering Equipment. See separate instructions covering the measuring ele­
ment, recording system, etc., as required. 

PART I 
The American Standards Association 

defines the word "telemetering" as "the 
indicating, recording or integrating of a 
quan tity at a distance by el ectrical 
translating means". There are many types 
of tel emetering systems available. The 
Bristol Company makes use of the impulse­
duration type in its Metameter telemeter­
ing equipment. In this system, the value 
of the measured variable is transmitted 
as a function of time rather than as an 
ele c tr ic al magn itude. 

Figure l shows a typical Metameter 
circuit which includes one transmitter, 
one receiver and one direct-current power 
pack. The exact wiring diagram for your 
particular Metameter circuit is furnished 
with your instruction book. The number of 
this diagram is stamped on the name plate 
of the instruments and must be used for 
the ac tual wiring . 

Metameter equipment may include more 
than one transmitter, more than one re­
ceiver, and such accessory equipment as 
power packs, relays, filter boxes, etc., 
as r equired. 

PRINCIPLES 
A. The Meta meter Transm itter 

The Metameter transmitter contains 
the measuring element, transmitting unit 
and a n  indicating poin ter. 

The measuring element is linked to 
the cam f o llower and the indicating 
pointer; therefore any change in the 
value of the measured variable will change 
the pos ition of the cam follower and 
indic ating pointer . 

Note: Ammeter, voltmeter and watt­
meter transmitters do not have an indicat­
ing pointer and do not have a linkage 
between the cam follower and measuring 
element. The cam follower, in this case, 
is directly connectei to the measuring 
el ement. 

The transmitting unit consists of a 
continuously rotating cam, a synchronous 
motor, a cam follower and a magnetic-type 
mercury-switch assembly. There are three 
different transmitting units available: 
a 2-second, 5-second and 15-second unit. 
The 15-second transmitting unit is•stand­
ard on most transmitters, but a 5-second www . 
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I. Locking Screw 

2. Bearing Screw 

3. Trip Plate 

�. Fixed Arm 

s. Cam 

6, Cam Follower 

7. Point Adjustment for 

8. Lock in g Screw 

9. Point Adjustment for 

10. Link 

II. Link 
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FIGURE 2 DETAILS OF TYPICAL METAMETER TRANSMITTER 

CODE TO FIGURE 2 

12. Span Adjustment for Indicating Pointer 

13. Measuring Element 

1�. Span Adjustment for Cam Follower 

15. Mercury Switch 

16. Permanent Magnet 

17. Indicating Pointer 

Cam Follower 18. Lever with Vane 

19. Cam for Balance 

Indicating Pointer 20. Bearing Screw 

21. Locking Screw 

22. Shaft www . 
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FIGURE 3 DETAILS OF MODEL M METAM�TER RECEIVER MOVEMENT 

CODE TO FIGURE 3 

I. Synchronous Motor 

2. Lever Arm 

3. Differential Stop 

�. Braking Disk 

5. Hair Spring 

unit is st andard in a Metameter trans­
mitter used with Bristol's Multiplexing 
Equipment. The cam rotates continuously 
in a counterclockwis e direction, making 
a complete revolution once every 2 seconds 
in a 2-second unit, once every 5 seconds 
in a 5-second unit and once ever y  15 
s econds in a 15-second unit. The cam 
contour will vary with the type of chart 
r ecord required. For example, a flow­
meter transmitter will use a square-root 
cam when a linear chart is required in 
the receiver and a linear cam when a law­
of-squares chart is r equ ired. 

1. Description of Operation. Trans­
mitters with linear cams have a fixed arm 
mounted on the trip plate in such a way 
that a shoe mounted on the back of the 
arm will slide up on the surface of the 
cam when the leading edge of the rotating 
cam reaches it. As the shoe on the fixed 
arm slides onto the cam, the trip plate 
is displaced. A second shoe mounted on 
t he back of the cam follower glides up on 
the cam an instant after the shoe on the 
fixed arm does and keeps the trip plate 
displaced even after t he shoe of the 
fixed arm has dropped off the trailing 

6. Segment Gear 

7. Brake Shoe 

8. Lever Arm 

9. Electromagnet 

edge of the cam. When the c am follower 
drops off the cam, the trip plate returns 
to its original pos ition. 

When the trip plate is displaced, a 
vane mounted on an arm attached to the 
right end of the trip-plate shaft is also 
displaced. When the cam follower is off 
the cam, the vane is between the perma­
nent magnet and mercury switch, and the 
circuit thru the mercury switch is made. 
When the cam follower is on the cam, the 
vane moves out from between the permanent 
magnet and mercury switch, and the circuit 
thru the mercury switch is broken. The 
circuit thru the mercury switch, then, is 
made and broken once for each revolution 
of the cam. The ratio of the time the 
circuit is made to the time the circuit is 
broken is determined by the angular posi­
tion of the cam follower and the design of 
the cam. Because the cam follower is 
linked to the measuring element, any 
change in the value of the measured vari­
able will change the angular position of 
the cam follower and, therefore, the dura­
tion of the electrical impulses to the re­
ceiv er. 

On older models with square-root cams. www . 
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SIRIKE ARM 

I 
HA1rl. SPRING 

DIFFERENIIAL STOP 

\ BRAKING DISK 

PINION . 
LEVER 
Arl.M 

BRAKE SHOES 

FIGURE� PHOTO OF MODEL MIM, IS-SECOND METAMETER RECEIVER MOVEMENT 

4111--0IL CUP 

----OIL HOLE 

FIGURE 5 PHOTO OF MODEL MIM, 2-SECOND METAMETER RECEIVER MOVEMENT 
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there was no fixed arm and the cam fol­
lower displaced the trip plate directly. 

B. The Meta meter Receiver 

The metameter receiver contains the 
receiving mechanism, the necessary re­
cording or indicating components and may 
contain such accessory items as alar� 
contacts, controls, integrators, etc. , as 
ordered. Separate instructions will be 
furnished as required covering these 
attachments. Note: Some case styles 
will not permit the use of controls or 
alarms because of their space limitations. 

I. Description of Operation. The 
receiver mechanism consists essentially 
of two differential units which are driven 
continuously by a constant-speed motor. 
Hairsprings attached to the shafts of the 
differential units tend to hold the free 
ends of the differential units against 
fixed stops. The free ends of the 

·
differ­

ential units drive their respective 
braking discs according to whether the 
electromagnet is energized or deenergized. 

The armature of the electromagnet has 
two brake shoes. One brake shoe engages 
one braking disc when the magnet is de­
energized, and the other shoe engages the 
other braking disc when the magnet is 
energized. On the Model M (see Figure 2) 
the brake shoes are mounted on a separate 
bracket which is linked to the armature. 

Attached to each differential shaft is 
a lever arm which may engage the lever 
arm fixed to a loosely mounted pinion. 
Both pinions mesh with a common segment 
gear. The shaft of the segment gear is 

PART I I  
A. The Meta meter Tra nsmitter 

See separate instructions furnished 
covering the mounting of the case and in­
stallat ion of  the measuring system. 

After mounting the transmitter, re­
move any rubber bands or thread used to 
keep parts in place during shipment. 
Do not disturb any adjustments. Do not 
manipulate the cam follower or cam by 
han d .  

When installing float-and-pulley-type 
liquid-level gauges or mechanical-motion 
transmitters, make sur e  that th e c am 
follower is never moved outside its range 
because this will damage the instrument 
me c h an ism . 

connected, thru linkage, to the indicc 
ing p ointer or pen arm. 

One of the differential units with: 
lever will rotate thru an angle propc 
tional to the time the magnet is energi: 
or deenergized. If the lever arm enga@ 
its associated arm, the pen or point 
will move to a new position. At t 
termination of an impulse the release 
the locked disc and the engagement of t 
free disc take place simultaneously. Tb 
the lever arm and its corresponding di 
ferential unit (which was advanced) wi 
be reset to the stop under influence 
the hairspring. The instant the diffe 
ential unit starts to return to its sto 
the other lever arm and differential un 
will b egin to move. 

If successive impulses, correspondi 
to a steady value of the measured quanti 
are of interchanging value, each of t: 
lever arms will just reach its associat' 
arm when it will be reset to its st< 
without moving its associated arm. If t 
relative duration of "on" and "off" ir 
pulses should vary, the relative advancE 
of the two associated arms will be alter� 
and the pen or pointer will move to a n� 
position corresponding to the new vall 
o f  t he m easured variable.  

The 2-second receiver mechanism (s� 
Figure 5) differs slightly from the � 
second and 15-second mechanisms in tha 
it has inertia discs on the differentia 
shafts in  order to prevent the bounc 
when the differential units return t 
thei r respective stops. 

INSTALLATION 
On wattmeter transmitters a specie 

transparent proteotion plate is mountE 
in front of the transmitting unit. Th: 
plate must be removed in order to remo• 
the s hipping device (rubber b and c 
thread) holding the lifter plate do¥ 
during shipment. Use extreme cautic 
when removing the shipping device so c 
not to disturb or damage the cam followe 
the cam follower in a wattmeter has 1 

be extremely light and fragile because 
is mounted directly on the wattmeter mov( 
ment. Be sure to replace the transparer 
protection plate after removing the shi] 
ping d ev i ce. 

I. Wiring .  See wiring diagram 
diagrams furnished with your Metamet 
equipment. The correct wiring-diagr www . 
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number is stamped on the name plate of 
each instrument. C heck name p la te of 
instrument for proper line voltage and 
frequency. 

Co nnect a 120 volt a-c supply to 
term inals marked 11 and 12 . The cam 
should now start revolving. Where the 
supply voltage is 220 volts or higher, 
a suitable step-down transformer must be 
used. This transformer should be mounted 
out s ide the ins t r ument. 

Connect the two transmission wires to 
terminals marke d T1 and T2. Because the 
mercury switch is in series with the 
transmission wires, it makes no differ­
ence which wire is connected to T1 or T2. 

2. Mercury Switch. There is a pos­
sibility that, after s hipment ,  a small 
amount of mercury might stick to the sides 
of the glass tube with the result that not 
enough mercury will be left in the bottom 
of the tube t o  mak e  electric contact. 
Therefore, after the transmitter has been 
installed, it is advisable to lightly tap 
one of the clips holding_ th e mercury 
switch in order to shake loose any drops 
of mercury sticking t o  th� sides of the 
gla s s  t ub e. 

B. The Metamete r Receiver 

See separate instruct ions furnished 
cover ing the m o unting o f  th e c a se. 

After mouating the receiver, rem ove 
any rubber ba�ds or thread used to keep 
part s in pla c e  d ur i ng s hip ment. 

1. Wiring . See w i ring diagram or 
diagrams furnished with your Metameter 
equipment. The correct wiring-diagram 
number is st amped o n  the name plate of 
each instrument. Check name plate of 
instrument for p roper line voltage and 
f r eq u e ncy. 

Connect a 120-volt a-c supply to 
terminals marked 11 and 12. Where the 
supply voltage is 220 volt s or higher, 
a suitable step-down transformer must be 
used. This transformer should be mounted 
outsi de the i ns t r u ment .  

When a receiver is equipped w ith an 
integrator, alarm contacts, electric con­
trol, etc., a separate diagram will be 
furnished to c o v er it s wiring. 

C. P.ower Supply 

The D-C Power Supply is always furn­
ished a s  part of th e Me tameter S ystem 

- 7 - Instructions IU72( 

unless user specifies that he has his 01 

d-e supply. 

1. Part 66768. This power �uppJ 
is for use on a 120 volt, 50 or 60 eye: 
a-c supply. It must be mounted with tl 
vacuum tube in an upri gh t p osition. 

T he variable re sist o r  in the powE 
supply should be adjuste d to limit tl 
current in the circui t  to the recei� 
magnet to approximately 45 milliamper< 
d-e. This re quires t h a t  a d-e mill 
arrmeter be wired in series with the pow' 
supply. 

See y our particu lar wiring diagr< 
for the exact wir ing to the power suppl 

2 • �1 o d e 1 9 J I , P a r t 9 6 2 0 0 . T h  
power supply is for u se on 120 volt, 
cycles supply and is the present standa 
r eplaci�g p ar t  66768. 

Mount power supply wi th termin 
block h orizon tal. 

Adjustment is made a s  follow s: d 
pre ss p u sh bu tt on and a d just rhe o st 
until a mmeter show s proper curren t 
called for on wiring d ia gram. ( Standc: 
current requirement is 45 milliampere< 

3. Model 9J2, Part 9620 1. Same 
9J1 above excep t for u se on 120 vol 
25 cycle supply . 

D. The Transmission Circuit 

The transmission circuit is usua: 
made up of two wires or one wire anc 
good ground .  T h ese wire s are e itr 
supplied by the customer or leased fl 
the telephone or telegraph compan y. 
circuits may include such items as int 
mediate repeaters, carrier, superviso 
micro wave or multiplexing e quipmer 

The variable re si stor (located 
power supply) has been adju sted at 
factory so as to limit the current to 
electromagnet to approximately 45 mil 
amperes d-e. (The stand ard magnet 
rated at 10 volts, 45 milliamperes 
Two other ma gnets have been used to m 

special requirements. One is rated at 
volts, 24 milliampere s d-e and the ot 
at 100 volts, 20 milliamperes d-e.) 
adjustment of the resistor is based on 
loop resistance speci fied on tile c 
taner' s order or calculated from the ki 
size and le ngth of the transmiss.ion wir 

T he l oo p  resi sta nce is the to 
resistance of the two transmissior: wir www . 
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TRANSMITTER RECEIVER 

NOTE:-
I. LIGHTNING ARRESTORS FURNISHED ONLY 

WHEN SPECIALLY ORDERED. 
2. LIGHTNING A RRESTORS S HOULD BE MOUNTED 

EITHER IN A WEATHERPP.OOF HOUSING OR R1 
LT L;T• Tz INDOOP!S. 

1kot 
AC 

WESTERN ELECTRIC 
� MODEL 9SA PROTECTORS 

(; I �T .. I .:!:. 
Lc I L 

-

TRANSMISSION LINES 

\ 
l<l_ 

I �T� I � 
L< I L 

R2 
L.!-

1-- 120V Ll-1-- A C 

POWER SUPPLY 
MODEL 9J I OPt qJz 

w.o. Ol4oeq 

11T1 Tz AI R2 

1
1
zo� 

AC 

FIGURE 6 WIRING DIAGRAM SHOWING USE OF LIG HTNING ARRESTORS 

If a circuit consists of a single wire and 
ground return, the loop resi stance is 
fi gure d  as the resistance of a single 
conductor, the ground b eing considered 
as zero resistance. 

If the resistance of the transmission 
wires should differ considerably from that 
allowed for by  The Bri stol Company, it 
may be necessary to readjust the variable 
resi stor in the power supply. 

E. Lig ht ning Pr otection 

The danger from lightning is quite 
serious in some locations, especially 
where t he trans mi ss ion l ine is open 
wiring. Therefore, it is advisab le to 

PART Ill 

A. St arti ng the Metameter Equipment 

With transmission and po wer con­
nections properly made and with the 
measuring system properly installed and 
operating, turn on power-supply switches. 

provi de lightning prot ection such as 
Western Electric Model 98A Protectors. 
See Fig ur e  6. 

Transmission lines Ieased from the 
telephone company usually carry protective 
equipment; therefore no further protection 
is n e cessary. 

F .  Special Equipme nt 

Additional equipment, such as relay 
b oxes, filters, repeating coils, etc., 
may b e  furnished with your Metameter 
equipment, depending on the system's 
requirements. See special diagram fur­
nished, covering the wiring and approxi­
mate location of this special equipment. 

OPERATION 

Instruments will then start to indicate 
or r ecord the value of the meas ured 
va ria b l e .  

See separate instructions covering 
the operation of the measuring system, 
recording, controlling, etc., as required. 
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B. Stopping t he Me tameter Equipment 

If it is necessary to stop the trans­
mitter cam at any time, do not stop it 
with the shoe of the cam follower resting 
on the surface of the cam. Always permit 
the cam to continue rotating until the 
cam f ollower is free to move over the 
whole range without interference by the 
cam. 

The receiver may be stopped at any 
time .  

- 9 - Instructions Ml7200 

c. Zer o  Adjustment 

I. On Metameter Transmitters. The 
indicating pointer and cam follower 

·
should 

read zero when the measuring element is at 
zero (or low end of scale) . If they do 
not, adjust point adjustments (Items 9 
and 7 in Figure 2) . 

2. On Meta meter Receivers. The 
recording pen should read zero when the 
measuring element is at zero (or low end 
of scale) . If it does not, adjust point 
adjustment on pen arm. 

PART IV SERVICE 

A. Routine M aintenance 

1. Lubrica tion 

a. Metameter transmitter cam. 
The front surface of the transmitter cam 
should be oiled once every 90 days of 
service with #20 or #30 SAE motor oil. 
Before oiling, clean cam with a soft cloth 
soaked in carbon tetrachlOride, benzine 
or gasoline. Wipe surface dry; then 
apply oil to the cam with a finger while 
the cam is rotating. Only a light film 
of o il is required. 

b. Metameter transmitter bearing s. 
Oil the two trip-plate-shaft bearings 
every 90 days of service with light clock 
o i l. A p p l y the o i l s par i ng l y with a 
toothpick. Before oiling, clean bearings 
with a camel's-hair brush soaked in ben­
zine or carbon tetrachloride. Let dry 
before oiling. Under ordinary service no 
lubrication is required by bearings in the 
linkage between the measuring element and 
indicating-pointer mounting and cam­
follo wer mounting. 

c. Receiver Mechanism. All shaft 
bearings and the hub of the idler gear 
between motor pinion and differential-gear 
assembly should be lubricated every 90 
days of service with light machine oil. 
Before oiling, clean with a camel's-hair 
brush soaked in carbon tetrachloride, 
benzine or gasoline. Let dry before oil­
ing. Apply oil sparingly with a tooth­
pick. It is generally unnecessary to oil 
the gear teeth unless corrosion gives 
trouble. If any gear becomes sticky with 
dust and oil, clean with a camel's-hair 
brush soaked in carbon tetrachloride, 
benzin e  or g a soline. 

On a 2-second movement a Holtzer­
Cabot motor is used. This motor should be 
oiled once a month with Gulf electric 
motor oil. There is an oil cup for the 
front bearing and an oil hole for the 
rear bearing. Wipe excess oil from over­
flow hole a t  r ea r  b ea ring . 

2. Mercury Switch. After shipment or 
long service, a portion of the mercury may 
stick to the sides of the glass tube with 
the result that not enough mercury will be 
left in the bottom of the tube to make 
electric contact. To dislodge the mer­
cury, gently tap the clips holding the 
glass tu be. 

a. Repla cing Mercury Switch. 
To replace a mercury switch, proceed as 
follows: l. Disconnect switch lead wires 
from terminal block. 2. Gently break 
the sealing cement holding the two clips 
to the switch. 3. Remove mercury switch 
and slip a new one into the clips. Adjust 
switch so that the moving stee

.
l contact 

inside the switch is exactly opposite the 
poles of the permanent magnet. 4. Con­
nect switch leads to terminal block. 
Test for correct action of the mercury 
switch by'raising and lowering trip plate 
with the fingers. Movement of the steel 
contact inside the switch can be both 
seen and heard. 5. After switch has 
been correctly positioned and tested, 
cement it in place with Duco cement or 
white shellac. 

3. Spark Suppression. Excessive 
sparking in the mercury switch in the 
transmitter will eventually cause failure 
of the transmission circuit. Therefore, 
it is nec essary to check the mercury www . 
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switch after the initial installation and 
o c c a s i onally th e reafter. 

Sparking c auses the mer cury to 
become vaporized and deposited on the 
sides of the glass enclosure, thus dimin­
ishing the amount of mercury normally con­
tained in the pool at the bottom of the 
glass enclosure. This process will con­
tinue to a point where the pool of mer­
cury is so small that the moving contact, 
when p roperly actuated, does not make 
ele c t ri c al con tact. 

Because actual line condicions 
vary widely,· it is always best practice 
to determine the suppression constants 
directly on the line that the instrument 
is to be used with. Determination of the 
suppreE ion constant is quite simple and 

s ace� plished by observing at wha t  
�Etant the spark occurs a t  the switch. 

ii the spark occurs when the switch is 
mad�, the line is predominantly capaci­
tive. Correction in this case is made by 
inserting an inductance in series with the 
switch at the transmitter. The value of 
the inductance is not critical, and it is 
advisable that the standard sizes 10-, 30-
and SO-millihenry chokes, obtainable in 
most radio stores, be tried. These chokes 
ma y be ordered from The Bristol Company 
un d e r  the following p a r t  nu mbers: 

10-millihenry choke - Part No. 9233S 
30-millihenry choke - Part No. 92339 
SO-millihenry choke - Part No. 9234 0  

Froper suppression will b e  indicated by 
a substantial reduction in sparking on the 
make and possibly a small spark evident on 
the b rea.k . 

If the spark occurs at the instant 
the switch is broken, the t ransmission 
line can be considered to be predominantly 
inductive. Compensation in this case is 
p rov ided by connecting a capacitor and 
resi stor in series across the switch. 
Bri s t o l's standa r d  spark sup p r� s so r  
( 0. 25-mfd. condenser i n  series with a 

1250-ohm resistor ) should be sufficient 
to handle practically all cases of this 
sort. The Bristol Company will supply 
each transmitter with this spark suppres­
sor onl y  when the transmission line is 
k nown to be p redominantly in ductive. 

�. Cleaning Brake Shoes of Receiver 
Mechanism. With receiver and transmission 
power off, insert a narrow strip of stiff 
p a per wet with c arbon tet rachlo ride, 
benzine or gasoline �etween brake discs 
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and brake shoes. Clamp brake down by 
moving electromagnet armature with fingers. 
Pull paper out, while armature is clamped 
down, to wipe dirt off brake shoes. Clean 
al l four brake shoes in this manner. 

B. Trouble-sh ooting Tips 

Because of the wide variety of Meta­
meter circuits available, it is impossible 
to list a group of trouble-shooting tip� 
that woul d apply to all systems. The 
following list of trouble-shooting tips 
is based on the typical circuit shown in 
Figure l and should sene as a guide in 
lo cat ing t roub les in the majority of 
Met a m e te r  c i r c uits. 

While the source of trouble can be 
anywhere in the Metarneter circuit, signs 
of trouble will usually appear as faulty 
readings on the receiver. In this discus­
sion it is assumed that you have first 
checked to see that the measuring element 
(pressure element, flowmeter, wattmeter, 

etc. , ) is working correctly and indicating 
the correct v a lu.es on the transmitter 
scale, and that the correct power supply 
is a va i l a b l e  at all i n s t rume n t s .  

I. Symptom: Receiver pen or pointer 
does not read zero when transmitter reads 
zero. Fault: Pen or pointer requires 
ze ro adju s t m e n t .  

2. Symptom: Receiver pen or pointer 
goes off top of chart or scale and stays 
the r e .  Possible fau lts: 

a. Failure of the mercury switch 
in transmitter to open because of power 
failure at the transmitter while the cam 
follower is off the cam or failure of the 
vane to move out far enough from between 
the permanent magnet and mercury switch. 

b. Short circuit in transmission 
line between transmitter and power pack. 

c. Failure of the electromagnet in 
the receiver to become deenergized because 
of excessive current leakage in trans­
mission wires between transmit te r and 
po w e r  pac k .  

d. Failure of armature to d rop 
away from electromagnet in the receiver 
bec a u se of mec hanical rea so n s .  

e. Binding of the receiver d if­
ferential unit which is nearest the motor 
( rig h t -ha n d  u n it ) . 

Fault a can be checked by 
inspection of the transmitter. 
tioned previously, the circuit 

a visual 
As men­
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mercury switch should be made and broken 
once for each revolution of the cam. If 
the vane does not move out far enough 
from between the magnet a n d  mercury 
switch to open the circuit when the cam 
follower is on the cam, the vane may be 
readjusted by loosening the setscrew in 
its hub and shifting the position of the 
vane l e v er a r m  as r e q ui r ed. 

Fault b can be checked by discon­
necting the instruments (including·power 
packs) from the transmission line an d 
connecting an ohmmeter across either end 
of the transmission line. If 'the ohrrJDeter 
reads some value be tween zero a nd the 
actual loop resistance of the line, it 
indicates a short circuit somewhere in 
the t r an s m i s s i o n  l ine. 

Fault c can be checked by inserting 
a milliammeter in series with the trans ­
mission line and disconnecting the trans­
mis sion line at t h e  t r a n s mi tt er. A 
current of more than 15 milliamperes will 
indicate excessive leakage. However in 
the Type D system (a-c, d-e system) and 
in long transmission lines using sensitive 
relays, a current of more than 4 milli­
amperes will indicate exces�ive leakage. 

Fault d can be due to lmproper ad­
justment of helical s pring located on 
electromagnet in receiver. This spring 
should be exerting sufficient force on the 
moving armature of the electromagnet to 
pull it free of the electroma gnet pole 
during periods of no current flow in the 
tr ansmis sion c i r c u i t. 

Fault e refers to the differential 
unit (right-hand unit) which is nearest 
the motor. If, while the electromagnet 
is deerlergized, the right-hand differ­
ential unit is moved by hand in a counter­
clockwise direction and then released, the 
differential unit should immediately be 
returned by its hairspring to a position 
in which its strike arm is against its 
stop. If the differential unit does not 
return to its s top but s ticks short of 
its stop, friction should be looked for. 
Th is can usually be traced to foreign 
matter deposited on the surf ace of the 
gears. If t his is the case, clean the 
gears with a camel's-hair brus h soaked 
in b e n zine or g a s o l in e .  

3. Symptom: Receiver pen or pointer 
goes off bottom of chart or scale and 
stays there. Possible fa u l ts: 

a. Failure of the mercury switch 
in the transmitter to close because of 
power failure at the transmitter while the 
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cam follower is on the cam, because of 
the failure of the vane to move far enough 
in between the permanent magnet and mer­
cury switch, or because some of the mer­
cury has vaporized on the wall of the 
merc u r y  s w i t c h. 

b. Open circuit anywhere in the 
tran s mi s s i on l ine. 

c. Short circuit in the trans­
mission line between power pack and re­
ceiv e r. 

d. Failure of power pack to supply 
proper voltage because of vacuum-tube 
failure, blown fuses, burned-out resistor 
or power f ai l u re, e t c. 

e. Failure of armature to pull into 
electromagnet pole in the receiver because 
o f  m e c h a ni ca l  reaso ns. 

f. Binding of the receiver differ­
ential unit which is nearest magnet (left­
hand uni t). 

Fault a can be checked by a visual 
inspection of the t ransmitter. If the 
vane does not move in far enough between 
the permanent magnet and mercury switch 
to close the circuit when the cam follower 
is off the ca m, the v ane may be readjusted 
by loosening the setscrew in its hub and 
shifting the vane lever arm as required. 
If the mercury appears to have vaporized 
on the wall of the mercury switch, tap the 
clips holding the mercury switch in order 
to d i s l o d g e t he d r o p s  of mercu ry. 

Fault b can be checked by the use 
of a Murray or a Varley loop circuit to 
detect an open in transmission line. If 
transmission line is leased from a tele­
phone or telegraph company, it is their 
responsibility to repair this trouble. 

Fault c can usuall y be checked by 
a visual ins pection of the wires connect­
ing the power pack and receiver because 
most power packs are mo unted nex� to 
their receivers. If there is a consider­
able dis t a nce betwee n power pa ck and 
receiver, then an ohmmeter can be connect­
ed across either end of the transmission 
line after the Metame ter equipment has 
been dis connected from both ends of the 
transmission line. If the ohmmeter reads 
some value between zero and t he actual 
loop resistance of the line, it indicates 
a short circuit somewhere in the trans­
mi ssion l i ne. 

Fault d can be checked by inserting 
a milliammeter in series with the trans­
mission line. If the s lard magnet 
( 10 volts, 45 milliamperes d.c,\ is used www . 
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in the receiver, a current of from 45 tv 
55 milliamperes should be flowing. If a 
sensitive relay is in the circuit, the 
current should be between 12 and 15 milli­
amperes. B e  sure to check with your 
wiring diagram for all current require­
ments. If the current is not the same as 
that called for by the wiring diagram, 
readjust resistor in power pack until it 
is the same . 

Fault e can be due to improper ad­
justment of helical spring located on 
electromagnet in receiver. If the arma­
ture fails to pull in when the electro­
magnet is energized, it could mean that 
the spring tension is excessive. The 
spring should be exerting only enough 
force o� the armature to pull it free of 
the electromagnet pole when the electro­
mag n e t  is deenergized. 

Fault f refers to the differential 
unit (left-hand unit) which is nearest 
the magnet. If, while the electromagnet 
is energized, the left-hand differential 
unit is moved by hand in a clockwise 
direction and then released, the differ­
ential unit should immediately be returned 
by its hairspring to a position in which 
its strike arm is against its stop. If 
If the differential unit does not return 
to its stop but sticks short of its stop, 
friction should be looked for. This can 
usually be traced to foreign matter de­
posited on the surface of the gears. If 
this is the case, clean the gears with a 
camel's-hair brush soaked in benzine or 
ga soline. 

�. Symptom: Receiver pen or pointer 
runs up and down scale erratically with 
no change in transmitter r eading. 
Pos s ible fa ults: 

a. Loose connection in transmission 
circ uit. 

b. Friction in the receiver differ­
ential units due to dirt or foreign matter. 

c. Sticking brake discs in receiver. 

d. Insufficient tension of spider 
washer located at the back end of shaft 
in receiver to which segment gear is 
attached. 

e.  Friction in receiver magnet 
as s.e m. b 1 y. 

f. Insufficient power to operate 
electromagnet in receiver effectively. 

g .  Friction between segment gear 
and pinions located on the shafts of the 
receiver differential units. 

Most of these faults can be checked 
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by a visual inspection of the receiver 
mechanism. 

5. Symptom: Receiver pen or pointer 
fails to move up or down scale even th0ugh 
primary measurement is changing. Possible 
fault s: 

a. Failure of power supply to the 
receiver. 

b. Sufficient foreign matter on 
the gears which drive the differential 
units of r eceiver to stop the motor. 

c. Damaged motor gear train in 
receiv er.  

d. Slippage of brake mechanism due 
to improper adjustment of linkage of the 
magnet assembly. The linkage is that 
which connects the armature of electro­
magnet with shaft of brake. This applies 
only to the Model M receiver movement. 

Most of these faults can be checked 
by a vis ua l  inspection of the receiver 
mechanism.  

6. Symptom: Receiver pen or pointer 
moves up and down scale slightly each 
revolution of the cam, resulting in a 
wide r ec o rd.  Possible faults: 

a.  Differential stops of receiver 
mo vement r equire adjustment. 

b. Frequency of the a-c power 
supply to transmitter drops below fre­
quency of power supply to r eceiver. 

If the differential stops of the 
receiver movement need adjustment, pro­
cee d  as f ollows: 

With receiver mechanism in full 
operation, loosen the lock screws holding 
stops in position. These lock screws are 
located in the split posts that hold the 
stops and stop adjusting screws. When 
these lock screws are loosened, turn stop 
adjusting screw slightly in a clockwise 
direction until pen stops oscillating. 
Retighten lock screws after adjustment 
has been made. Do not overdo this adjust­
ment as the accuracy and sensitivity of 
the receiver may be disturbed. 

C. Repairs, Correspondence and Shipping 
Send all correspondence and orders to 

the nearest Branch Office. Send all parts 
for repair or exchange to the Branch or 
Main Factories only, not to the Branch 
Offices. Addresses will be found on the 
last page of all instructions books. 

B e  sure to identify your shipment 
fully, including your exact return address 
model and serial number of instrument, 
yo ur order num ber, etc. 

Printed in U.S.A. www . 
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