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30A TRANSMISSION MEASURING SET 

1. GENERAL 

1,01 This section is based on notes pre-
pared by the Bell Telephone Laborato­

ries. It describes the 30A transmission 
measuring set (J64030-A), which has been 
developed for use primarily with the types 
J, Kand C carrier telephone systems. The 
set consists essentially of a thermocouple, 
meter, attenuators, keys and jacks arranged 
to facilitate the various types of tests 
which are required, and means for calibra­
tion. It is assembled in a portable case 
which may be mounted on a table, a tea wag­
on, or a shelf at a testboard, A separate 
source of testing power such as the 17A or 
17B oscillator is required. 
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1,03 The 30A transmission measuring set 
was designed primarily for use at 

frequencies up to 150 kilocycles. With the 
attenuators in the set it can be used to 
measure gains up to about 90 db, With lim­
itations described later, gains up to 120 
db can be measured. The maximum loss that 
can be measured without a supplementary am­
plifier will depend on the maximum testing 
power w·hich can be used at the input to the 
circuit under test. The overall accuracy 
varies somewhat with the type of measure­
ment, but, in general, an accuracy of~ .2 
db or better may be expected, 

1.04 The impedance of the set is 135 ohms, 
including attenuators, pads and ther­

mocouple circuit. Two coils having an im­
pedance ratio of 600:135 ohms are included 
to permit measurements of 600-ohm circuits. 
These coils affect the accuracy and fre­
quency range as discussed later. Because 

of the low impedance, level measurements on 
a bridging basis cannot be made. 

1,05 A simplified schematic of the 30A 
transmission measuring set is shown 

in Fig, 1. Two comparison paths, which are 
controlled by a switching key, are provided 
between the input to the set and the ther­
mocouple and meter. One path contains an 
adjustable attenuator and both paths con­
tain suitable jacks for measuring losses, 
gains, and incoming power. A potentiometer 
is provided in the input to the set for ac­
curately adjusting the testing power, and 
three key-controlled pads are provided 
ahead of the meter for protection purposes, 
An additional 10 db pad is provided on 
jacks. A set of multiple jacks is also in­
cluded. 

1.06 The thermocouple and meter are ar-
ranged to read with reference to a 

test power of one milliwatt. The set is 
calibrated on direct current from a dry 
cell battery contained in the set, and 
means are provided for building out the 
thermocouple resistance to 135 ohms and ad­
justing the 1 sensitivity of the thermocouple 
circuit. 

1,07 All of the equipment is mounted in a 
portable assembly with the operating 

dials, keys, jack strip and meter being 
mounted on a panel approximately 19-1/4 11 x 
11-11/16". A face view of the set with the 
cover removed is shown in Fig. 2. The com­
plete assembly weighs 36 pounds. The set 
is designed to be used with the panel in a 
horizontal position. 

2, DESCRIPTION OF CIRCUITS AND EQ,UIPMENT 

(A) Current Measuring Circuit 

2.01 The current measuring circuit is com-
posed of the meter, thermocouple and 

the associated calibrating circuit, The 
meter used is a milliammeter per KS-7897 
which has a resistance of about 10. ohm.s and 
gives a full scale deflection a,!, abogt 200 
micro_1ID1Reres direct curren~. The meter 
scale, as showri in Fig. 3, is calibrated in 
decibels referred to 1 milliwatt and ex­
tends from -10 db to +3.4 db with the O db 
index near mid-scale. A "no current" index 
line is provided bel9w the "-10 db" divi­
sion mark for the "zero correction" of the 
pointer. Because of the variation of the 
temperature-resistance characteristic with 
different thermocouples, the accuracy at 
the extreme portions of the scale will not 
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be as good as that near the zero mark where 
the thermocouple is calibrated. For this 
reason the meter scale has been made promi­
nent between the limits of~ 1 db so as to 
emphasize the fact that reading should be 
kept between these limits whenever possi­
ble, unless a special scale calibration is 
made. 

Fig. 3 - Meter Scale. 

2.02 The 22-AM thermocouple used in this 
set has a heater resistance between 

80 and 100 ohms. The 50-ohm rheostat des-
1gnaTett··ot1rt~·2, and a 20-ohm fixed resist­
ance are in series with the heater element 
and permit the input resistance of the 
thermocouple to be built out to 135 ohms 
when the heater current is 2.:722 milliam­
peres at any particular room· fernperature. 
The thermocouple is provided with bayonet 
base contacts to permit mounting in a vacu­
um tube socket. (Some of the first models 
of the 30A set used the D-89322 thermo­
couple, having a heater resistance between 
100 and 125 ohms, and did not require the 
fixed 20-ohm resistance. In order to make 
these earlier sets suitable for use with 
the 22-AM thermocouple, a 20-ohm resistance 
must be added as shown in Drawings 
SD-64049-01 and ED-64049-01. In sets which 
are provided with this 20-ohm resistance, 
it will probably be necessary to strap the 
resistance out when a D-89322 thermocouple 
is used,) 

2.03 The calibration in general consists 
of four steps, the switching opera-

'tions being accomplished by turning the 
switch located just to the left of the me­
ter scale to the· proper positions. (See 
Fig. 2) A direct current of 2,722 milliam­
peres is first passed through a 135-ohm 
standard resistance in series with the me­
ter shunt of the meter and produces a mid­
scale, 0 db, meter deflection. Then the 
thermocouple heater circuit is substituted 
for the 135-ohm sta'ndard resistance and the 
same meter deflection is obtained by ad­
justing the variable resistance in series 
with the thermocouple heater. The thermo­
couple heater circuit then has 135 ohms re­
sistance and ,2.722 millic)Jl1peres flowing 
through it. Next, the meter is connected 
to the thermocouple. The resistance. in 
series with the thermocouple and meter is 
adjusted both direct. and reversed, to give 
the same meter reading as before. When an 
alternating current of 2.722 milliamperes 
is passed through the the~nocouple the me-
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ter should register O db. Thereafter as 
the current is increased or decreased with­
in certain limits, the meter will register 
the corresponding db change from 1 milli­
watt. 

(BATTERY) ~ ~O..-----i'.)--K....T_ -_ti_-_ C_T_ ~-U~+------<1 

/}, 't ///.) ,(l.,( u· ./ 

1.5V 

120w 200"' 

Fig. 4 - Battery Voltage Adjustment -
Switch in DIAL 1 Position. 

2.04 The circuit for adjusting the cali-
brating current is shown in Fig. 4 

and is set up by turning the switch to the 
DIAL 1 position. A non-locking key desig­
nated BATTERY connects a 1.5-volt dry bat­
tery to a 135-ohm standard resistance which 
is in series with a rheostat designated 
DIAL 1 and the meter shunt. This shunt is 
of such a value that when 2.722 milliam­
peres is flowing through it the meter reg­
isters at the O db mark on the scale. The 
rheostat marked DIAL 1 compensates for va­
riations in battery voltage and should be 
adjusted to give the proper current so that 
the meter reads O db. 
2.05 The second step consists in adjusting 

the thermocouple heater circuit re­
sistance to 135'ohms. For this adjustment 
the switch is turned to the position desig­
nated DIAL 2. This replaces the 135-ohm 
standard resistance in the circuit de­
scribed above by the heater circuit of the 
thermocouple and the rheostat DIAL 2, as 
shown in Fig. 5, the meter remaining con­
nected to the shunt. If the resistance of 
the heater circuit and the rheostat in 
series is 135 ohms, the same current as be­
fore, 2,722 milliamperes, will be flowing 
in the circuit and the meter reading will 
again be O db. If the reading is less than 
0 db it indicates that the resistance of 
the thermocouple heater circuit and the 
rheostat is greater than 135 ohms. If the 
reading is more than O db, it indicates a 
combined resistance of less than 135 ohms. 
The rheostat should be adjusted so as to 
produce a meter reading of O db which cor­
responds to a circuit resistance of 135 
ohms. 

/ ' / 
J "' 

Fig, 5 - Heater Circuit Resistance Adjust­
ment - Switch in DIAL 2 Position. 
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2.06 By operating the switch to position 
DIAL 3 NORMAL, the meter which has 

been connected to the meter shunt for the 
preceding adjustments is removed from the 
shunt and then connected to the galvanome­
ter terminals of the thermocouple ih series 
with the rheostat DIAL 3. This is shown on 
Fig. 6. This rheostat, which is adjusted 
until the meter reads O db, is provided to 
compensate for the difference in efficien­
cies of thermocouples so that the meter may 
always be made to read O db when a current 
corresponding to 1 milliwatt (2.722 milli­
amperes) is flowing through the 135-ohm 
heater circuit. Some thermocouples may 
produce a different meter reading when the 
current through the heater element is re­
versed. The dial must, therefore, be set 
so that the mean of the two readings is 0. 
This is checked by operating the switch to 
the DIAL 3 REVERSED position which reverses 
the current through the heater. If the me­
ter does not read O db, the DIAL 3 rheostat 
is readjusted so that with the heater cur­
rent in one direction the meter reads low 
by the same amount that it reads high when 
the current is reversed. This completes 
the calibration of the thermocouple cir­
cuit. 

2.07 To connect the the~nocouple meter for 
measuring, the switch is thrown to 

the position designated MEASURE. This con­
nects the thermocouple to the 135-ohm TC 
jacks through three 10 db pads as shown on 
Fig. 7. The pads are controlled by non­
locking keys in order to afford some pro­
tection to the thermocouple from high cur­
rents which may accidentally be transmitted 
to the couple. These keys should be oper-

ated one at a time while watching the me­
ter. If the meter reads higher than -7 db, 
then additional keys should not be operat­
ed. These units may also be used to extend 
the range of gain measurement as much as 30 
db, in 10 db steps, by leaving one or more 
of the keys non-operated. However, when 
this is done, care should be exercised that 
the circuit under test is not overloaded. 
All key contacts for the networks are par­
alleled to improve the reliability of con­
tact. The 10 db networks are "square type" 
pads, An additional 10 db network is pro­
vided on jacks, 

(B) Comparison Circuit 

2.08 The test key (ADJUST-COMPARE) pro-
vides control of the comparison cir­

cuit, as shown on Fig. 1. This key is com­
posed of two units equivalent to a four 
pole double throw switch. The test power 
is connected to one pair of transfer con­
tacts and the other pair of transfer con­
tacts is connected to the current measuring 
circuit. The two pairs of transfer con­
tacts thus provide a means for setting up 
two circuit paths for comparison purposes, 
one of which containsthe variable attenua­
tor. Jacks have been provided at various 
points in the circuit in order to afford 
the flexibility desired for various types 
of measurements. 

2.09 The attenuator in the comparison cir-
cuit consists of three units connect­

ed in tandem. Two of the ATTENUATOR units 
are controlled by dial switches with wiping 
contacts, one dial having a Oto 50 db 
range in steps of 10 db and the other dial 

Fig, 6 - Sensitivity Adjustment - -Switch in 
DIAL 3 Position. 
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Fig. 7 Measuring Circuit - Switch in MEA­
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a Oto 10 db range in steps of l db. The 
third unit provides 30 db attenuation which 
is controlled by a locking key designated 
1130 db 11 and is normally out of the circuit. 
The input and output terminals of the at­
tenuator are connected to jacks designated 
as ATTENUATOR IN and ATTENUATOR OUT so that 
when desired the attenuator can be patched 
to an external circuit. The pads in the 10 
db attenuator unit are of the bridged 11H11 

type, and the 30 db and 50 db pad units are 
of the 11square" type. The impedance of all 
units is 135 ohms. 

(C) Test Current Supply 

2.10 When making local measurements test 
current must be obtained from an ex­

ternal source such as a 17A or 17B oscilla­
tor or a standard l milliwatt 1000-cycle 
supply. Where sources of test current 
which have an output impedance of 600 ohms 
are employed, it will be necessary to pro­
vide a 600:135-ohm impedance matching coil 
between the supply and the measuring set. 
Two such coils, which are shielded and 
grounded to the set case, are provided in 
the set and may be picked up at the 135-ohm 
and 600-ohm jacks. However, when making 
measurements on equipment having 600-ohm 
impedances, the coils provided in the set 
will be used with the equipment under mea­
surement, and an additional coil associated 
with the source of supply will be required. 

2.11 The sleeves of the test current sup-
ply jacks on the carrier bay should 

be grounded so that ground for the set may 
be picked up automatically by employing a 
three conductor cord in patching from the 
t~st current jack to the measuring set 
jacks. Otherwise it will be necessary to 
supply a ground lead to the GROUND terminal 
in the set. The set ground is wired to the 
sleeves of all jacks, the shields of the 
paired wiring, etc. 

2,12 A slide wire potentiometer having a 2 
db range (5 to 7 db loss) is provided 

,g ,7...,,.....,..."l'TT..,,,,"fflm" 
! ,6!-+'N-!+t+ttl+ft+tti!; 
0 -~ 1--++'-+'-l!lkr+tffi!i+lt!t' 
~-4Mf+l->l+A~ 
::, .3 i.i+iW'!lilH-H-H-Hf 
~ .2 i+:!-,!+r,+,+,H-H4fttt 
t:; ., lii:ffl<!fl;l,'l,-H+lf+!+H­
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to permit a precise adjustment of the input 
test power. The coarse adjustment is of 
course made with the output control for the 
oscillator. Where a standard 1 milliwatt 
1000-cycle supply is used as the source of 
test power, it is connected to the TEST KEY 
IN jacks which omits the test currentpo­
tentiometer from the circuit. 

(D) Assembly 

2.13 The measuring set is arranged in 
portable form in a housing consisting 

of two parts, a panel assembly and a casing 
assembly. The panel is made of aluminum 
with the face finished in aluminite dyed 
black, The designations for the jacks, 
keys, dials, etc., and a circuit schematic 
of the set are etched on the aluminum pan­
el. The casing assembly is made of sheet 
aluminum and is provided with a leather 
carrying handle. The pansl is 19-1/4 11 x 
11-11/16 11 and the overall height of the 
case is 6-7/16 11 • The panel assembly is se­
cured to the casing by screws through the 
sides of the casing. To remove the panel 
assembly from the casing, the set should be 
turned on its face, the screws removed, and 
the casing lifted off. A cover is provided 
to protect the top panel of the set when 
the set is not in use and during shipment. 

3. TRANSMISSION PERFORMANCE 

3.01 The performance of the set is sub-
stantially independent of frequency 

up to 150 kc. when measuring balanced cir­
cuits having an impedance of 135 ohms. 
Measurements of 600-ohm circuits require 
the use of 135:600-ohm impedance matching 
coils, the characteristics of which vary 
somewhat with frequency, particularly at 
the lower and higher frequencies, as dis­
cussed below. In measuring unbalanced 135-
ohm circuits, it will generally be necessa­
ry to provide shielded coils ahead of the 
equipment under measurement; the two 
135:600-ohm coils may be connected in tan­
dem to provide a 1:1 arrangement • . 

< ,190() 10,000 , 

"/, ;,FREQUENCY-CYCLES PER SECOND :3 :\ 11 h ,, 

Fig. 8 - Loss Frequency Characteristic of 
No. 146A Repeating Coil. 
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3.02 The loss frequency characteristics of 
the 135:600-ohm repeating coils 

(146A) are shown in Fig. 8, A correction 
should be applied for each coil used. This 
will be about .. 15 db for frequencies be­
tween 700 cycles ~n~35 kc.; the losses at 
other frequencies are indicated on Fig. 8. 
The balance to ground of the 146A coils is 
sufficiently good to use these coils in 
connection with the 5A impedance bridge 
which contains no coils. 

3.03 In addition to the coil losses, al-
lowance must be r;iade for the losses 

introduced by connecting cords or trunks. 
These losses will vary depending on the 
type and length of the cord or trunk, the 
impedance of the circuit, and the frequen­
cy. It is desirable to arrange the measur­
ing set-up to keep these losses low but in 
some cases losses ranging up to 1 db or 
more may be difficult to avoid. In 135-ohm 
circuits, these losses are due mainly to 
cord resistance and are largely independent 
of frequency. In a 600-ohm circuit, the 
effect of the cord capacity is more impor­
tant and the loss will vary considerably 
with frequency. In general, the losses of 
the connecting cords, or of the connecting 
cords and coils, to be used in a particular 
test should be determined by measurement 
with the 30A set and applied as a correc­
tion to the test measurements. Where long 
leads must be used i~ a test, attention 
must be given to the type of lead used in 
order to eliminate reflection effects. In 
such cases, rubber covered shielded pair 
per D-96232 should be used for 135-ohm cir­
cuits, and spaced wires used for 600-ohm 
circuits carrying the high frequencies of 
the type 11J 11 carrier system. 

3.04 The loss of the attenuator, which in-
cludes the 30 db pad, will be within 

.1 db of the indicated value throughout the 
frequency range of the set. The three 10 
db key controlled pads and the additional 
10 db pad appearing on jacks have an accur­
acy of better than ! .. 05.db. of their nomi­
nal value. The test current potentiometer 
provides an attenuation range between 5 db 
and 7 db, although different potentiometers 
may vary from this by as much as .5 db. 
1'his is not important since it is used only 
to supplement the output adjustment of the 
source of test current. 

3,05 The impedances of the test current 
potentiometer, the attenuator, and 

the 10 db pads are within 3% of 135 ohms 
resistance with a negligible reactance com­
ponent for frequencies up to 150 kc. The 
impedance characteristics of the 135:600-
ohm repeating coils (146A) are given in 
Fig. 9, which show the variation in impe­
dance of each side of the coil when the oth­
er side is terminated in the required im­
pedance, 

3.06 With 1 milliwatt, 0 db on the meter 
scale, the accuracy of the thermo­

couple circuit and meter after calibration 
is within limits of - .1 db, Because of 
variations in the charact'erfstics of ther­
mocouples the accuracy at the extreme por­
tions of the meter scale will not be as 
good as this. It is expected, however, 
that for a scale reading of -10 db the ac­
curacy will always be within limits of! .7 
db of that at the O db reading, At the 
+3.4 point the limits will be within! .5 
db. A typical curve of scale reading ac­
curacy is shown on Fig. 10. This accuracy 

'I : ' T: !rn :(( '. 
1 

, :: : , !;1:1•~1:>~ 0 :1~i /: :: : "(~ } [~ J :: ; ::·. 
1
L : .. j. : : : . : !, :1_'.li! · ~ '.: · -1=rHutt1dl!W%:!f.Rlll~RJn~ 1 r.n~1!lliu~ 1!. d--r l8&2~ .. 

I 

100 1000 10,000 100,000 

FREQUENCY- CYCLES PER SECOND 

Fig. 9 - Impedance Characteristics of 146A Repeating Coil. 
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may be improved for a particular set by se­
lecting thermocouples, or a special scale 
calibration may be made. 

:g +J.O ~·:. -~·-:-:··--: - -:--
~ - --· ..... ------
~ ... 0.5 -1 

~ 
"' 0: ... - ____ ,_ -
0 - • ------l- .. 

i-o : - -· : .-. i --r-t·: -F ~~ 
O -, 0 
< -10-8-7·6-5-4 -3 -2 ·I O +I +2 +3 

M£TER READING 

Fig. 10 - Variation in Accuracy with Scale 
Reading, 

3.07 The heater of the thermocouple should 
not ordinarily be subjected to more 

than 6 db above 1 milliwatt because of the 
danger of changing its characteristics. 
Greater overload may permanently affect the 
thermocouple and if allowed to continue may 
burn out the couple. If overloads occur 
the calibration should be rechecked before 
making further measurements, 

3.08 The attenuator and pad resistances 
have been designed to accept power 

on the input side up to about six watts 
(which can be obtained from type J system 
line amplifiers) without danger of damage. 

3.09 The life of the dry-cell battery used 
for calibration purposes is conserved 

by employing a non-locking push type key 
for connecting it to the circuit during 
calibration. It is expected that its life 
ordinarily will be approximately six months. 
When it is found that the setting on DIAL 1 
cannot be increased sufficiently to obtain 
the normal reading during the first step of 
calibration, it will be necessary to re­
place the battery. 

4. OPERATION 

4,01 The method of using the set for mea-
suring gain, loss, received power, 

and line attenuation, as described below, 
represents typical uses of the set which 
is quite flexible and may be used in a.va­
riety of ways, so long as care is exercised 
in its use regarding load capacity, etc., 
described herein. Uses of the set in mak­
ine tests on any system, in addition to 
those described below, will ordinarily be 
described in tests of such system. 

4,02 In using the measuring set, the read-
ings on the meter should be kept 

within 1 db of the O db point in order to 
obtain maximum accuracy. A test is given 
below for checking and improving the accur­
acy at other points on the meter scale. 
Care should also be taken to insure that 
the set is properly grounded either by us­
ing a three conductor patch cord and jacks 
having their sleeves grounded, or by sup-
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plying a separate ground to the GROUND 
post. When measuring unbalanced circuits, 
balanced and shielded coils should be used 
in the circuit ahead of the equipment under 
measurement. 

4.03 Measurements of filter losses greater 
than about 20 db may be inaccurate 

unless precautions are taken to suppress 
harmonics of the test frequency. For exam­
ple, if it is desired to measure the atten­
uation of a high-pass filter or a band fil­
ter at frequencies which are in the attenu­
ation region and which have harmonics which 
fall into the transmission region, the fun­
damental r.rny be attenuated by the filter to 
an amount equal to or less than the harmon­
ics which are transmitted through the fil­
ter. It follows that low-pass filter char­
acteristics are the only ones which can be 
measured without filtering the test power. 
This filtering may be accomplished by 
patching a filter which sufficiently sup­
presses harmonics in the transmitting re­
gion of the filter under test between the 
test current supply and the test potentiom­
eter. 

(A) Calibration 

4.04 The set should be calibrated before 
each group of measurements to obtain 

best accuracy. The set may be calibrated 
as follows: 

(1) Turn dial switch to position DIAL 
1. 

(2) Depress the non-locking key BAT­
TERY. 

(3) Adjust DIAL 1 until the meter reads 
exactly 110 db. 11 (See Fig. 4) 

(4) Turn dial switch to the DIAL 2 po­
sition. 

(5) Adjust DIAL 2 until the meter reads 
exactly 110 db. 11 (See Fig, 5) 

( 6) Turn dial switch to the DIAL 3 NOR-
MAL position. 

(7) Adjust DIAL 3 until meter reads ex-
actly 110 db, 11 (See Fig. 6) 

(8) Turn dial switch to the DIAL 3 RE-
VERSED POSITION. (See Fig. 6) 

(9) Note the reading of the meter. 

(10) If the meter does not read 110 db" 
change DIAL 3 until the average for 
(7) and (9) is exactly O db. 

(11) Release the battery key. 

(12) Turn the dial switch to the MEASURE 
position. The set is now in the 

measuring condition. 
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4.05 If it is desired to check the accur-
acy of the meter scale with a given 

thermocouple the fol lowing procedure may be 
used. If desired, thermocouples may be so 
chosen as to provide a higher degree of ac­
curacy than could be obtained by random se­
lection of couples. 

(1) Calibrate the set as described un­
der 4.04. 

(2) Patch a test oscillator to the PO-
TENTIOMETER IN jacks. The frequen­

cy chosen is not important but 1 kilo­
cycle is suggssted. 

(3) Set the attenuator dials for a loss 
of 3 db. 

(4) Operate the test key to the ADJUST 
position. 

(5) Adjust the oscillator output and 
the TEST CURRENT POTENTIOMETER un­

til the meter reads O db with all of 
the ten db meter protection pads out of 
the circuit. 

(6) Increase the attenuator setting to 
10 db and note the meter reading. 

The departure from the -7 db mark indi­
cates the combined error of the thermo­
couple and the meter at this point. 

(7) Reset the attenuator to 3 db and 
readjust the potentiometer for a 0 

db reading of the meter if necessary. 

(8) Set the attenuator for a O db loss 
and note the meter reading. The 

departure from the +3 db mark indicates 

TEST 
CURRENT 

~:H: 

the combined error of the thermocouple 
and the meter at this point. If the 
errors are greater than are permitted 
for the type of test involved, the 
thermocouple should be replaced and the 
check repeated. 

(9) To make a complete calibration of 
the scale the attenuator may be 

varied in 1 db steps and the true db 
readings recorded and plotted for sub­
sequent reference. 

(B) Gain Measurement 

4.06 Gain measurements are made by patch-
ing the circuit to be tested in the 

attenuator side of the circuit, as indica­
ted in Fig. 11. The attenuator is then ad­
justed until the meter reading is the same 
for both positions of the test key. The 
gain of the circuit is the setting of the 
attenuator plus the algebraic value of the 
meter reading. The circuit under test 
should preferably be placed after the at­
tenuator in order to prevent overloading of 
the equipment. When measuring a 600-ohm 
circuit the impedance matching coils should 
be patched into the circuit at the input 
and output of the circuit under test and 
corrections rnust be made for the loss in­
troduced by the coils and connecting leads. 

4.07 A typical measurement is given below. 

(1) Calibrate the measuring set as de­
scribed in 4.04. 

(2) Patch the test current to the Po­
tentiometer IN or the TEST KEY IN 

jacks. 

ATTEN. 
OUT GAIN OUT 

~ 
~--- TEST KEY _____ A:;i~J~ -0-0-------,..-,. , 

¥ COMPARE l 
----o-c---.~o-c ---------' 

IOdb IOdb IOdb 

OUT OUT OUT 

Fig. 11 - Gain Measurement. 
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(3A) For a 135-ohm circuit patch the in­
put of the circuit to the ATTENUA­

TOR OUT jacks, and the output of the 
circuit to the GAIN OUT jacks. 

(3B) For a 600-ohm circuit proceed as 
follows: Patch the ATTENUATOR OUT 

to 135-ohm jacks of one coil and the 
600-ohm jacks of the same coil to the 
input of circuit under test. Patch the 
output of circuit under test to the 
600-ohm jacks of the second coil and 
the 135-ohm jacks of the second coil to 
the GAIN OUT jacks, 

(4) Operate the test key to the COMPARE 
position and adjust the oscillator 

output control and the TEST CURRENT PO­
TENTIOMETER until the meter reading is 
0 db with all 10 db pad keys in the OUT 
position. 

(5) Set attenuator for a loss equal to 
the approximate gain of circuit un­

der test, or for maximum loss, 

(6) Operate the test key 
position and change 

settings until the meter 
as possible to O db with 
keys in the OUT position, 

to the ADJUST 
the attenuator 
reads as close 

all 10 db pad 

(7) The gain of the circuit is the set-
, ting of the attenuator plus the al-
• gebrai c value of the r:ieter reading, i.e., 
meter readings below O db are subtracted 
from the attenuator setting while meter 
readings above O db are added to the at­
tenuator setting, In addition,the loss 
of connecting cords and 135:600-dhfu 
coils which are used to patch the cir­
cuit being measured to the set should 
be added to the attenuator and meter 
readings, The corrections to be made 
are discussed in Sections 3.02 and 3,03, 

SECTION E40.225 

(C) Loss ,Measurement 

4,08 The measurement of the loss of a cir-
cuit is made by patching the circuit 

under test in the side of the comparison 
circuit containing the LOSS jacks as indi­
cated in Fig. 12. The attenuator is then 
adjusted until the neter re~ding is the 
same for both posi ti onP. of the test key. 
The loss of the equipment is the setting of 
the attenuator when corrected by the read­
ing of the meter, The maximum loss which 
can be measured without the use of added 
amplification will depend on the maximum 
testing power which may be used at the in­
put of the circuit under test. This will 
be determined by either the characteristics 
of the circuit under test or the maximum 
output obtainable from the test oscillator. 
Best accuracy is obtained when the testing 
power is such as to give a meter reading in 
the vicinity of O db. When added amplifi­
cation is necessary to obtain this condi­
tion, a spare amplifier should be used be­
tween the output of the test key and the 
thermocouple. The 10 db pad should be used 
with the spare amplifier if no amplifier 
gain control is provided in order to pre­
vent a possible overloading of the thermo­
couple, If the frequencies are different 
in the two positions of the test key the 
difference in the gain of the spare ampli­
fier at the two frequencies will have to be 
taken into account, A frequency difference 
may exist if the circuit under test in­
cludes modulators or demodulators. Also, 
if an araplifier having a 600-ohm impedance 
is used when measuring the loss of a 135-
ohm circuit a 135:600-ohmcoil shouldbe 
used at the amplifier input, No correction 
for this coil loss is necessary since it is 
in a common portion of the test circuit, 

ATTEN. GAIN 
OUT OUT 

TEST 
CURRENT 

~~J ~7U~· 
o~~~~ 

POT TEST Ir gr:fATT~~:a,7 
~-d~~ l---T~c,~ ADJus_r_l -~-SJ 

~-~ . L-w~ TEST KEY ~~~P~RE j TES;. KEY OUT 
LOSS LOSS 

IN jli)T 

135"' 600...., 

:=3C:H: 
Fig. 12 - Loss Measurement. 

135...., 
TC 

I0db I0db I0db 

OUT OUT OUT 
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SECTION E40. 225 

4.09 When measuring a 600-ohm circuit the 
600:135-ohm coils should be used as 

indicated in Fig, 12 to reduce the impe­
dances of the circuit under test to that of 
the measuring set. With this set-up, if a 
spare amplifier is required, one having an 
input impedance of 135 ohms should be used 
since the two coils supplied in the set are 
in use. If an mnplifier having 600-ohm im­
pedance is to be used .one 135:600-ohm coil 
should be patched to the ATTEN OUT and the 
GAIN OUT jacks, and the second 135:600-ohm 
coil between the LOSS IN jack and the input 
of the loss to be measured. In this case, 
the loss due to the mismatch in impedance 
between the output of the amplifier and the 
135-ohm TC circuit need not be corrected 
for, since it is in a common portion of the 
test circuit. 

4.10 The following test illustrates the 
method of measuring the loss of a 

135-ohm circuit. 

(1) Calibrate the measuring set as de­
scribed under 4.04. 

(2) Patch the test current to the PO­
TENTIOMETER IN or TEST KEY IN 

jacks. 

(3) Patch the input of the circuit un­
der test to the LOSS IN jacks. 

(4) Patch the output of the circuit un­
der test to the LOSS OUT jacks. 

(5) If the loss to be measured does not 
require added amplification proceed 

to ( 9) • 

(6) If added amplification is required, 
patch from TEST KEY OUT to 10 db IN 

jacks. 

(7) Patch from 10 db OUT jacks to the 
input of the spare amplifier, using 

a 135:600-ohm coil, if necessary. 

(8) Patch from the output of the spare 
amplifier to the 135-ohm TC jacks. 

(9) Operate the test key to the COMPARE 
position and adjust the 10 db pad 

keys until a reading as near as possi­
ble to O db is read on the meter. When 
the above patches ( 6), (7), and (8) are 
made, remove 10 db pad by patching from 
TEST KEY OUT to the input of spare am­
plifier if the reading of the meter is 
below -7 with all pad keys in the OUT 
position. Note meter reading and set­
ting of pad keys. 

(10) Set the attenuator for maximum 
loss. 

(11) Operate the test key to the ADJUST 
position and with the pad keys set 

for the condition used in (9) adjust 
the attenuator until a reading as close 
as possible to the meter reading in (9) 
is obtained. Note the reading of the 
meter and the attenuator setting. 
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(12) The loss of the circuit under test 
is computed as follows: Compute 

the difference between the meter read­
ing in (9) and (11). If the reading in 
(9) was the higher subtract the differ­
ence from the attenuator setting. If 
the reading in (9) ~as the lower, add 
the difference to the attenuator set­
ting. 

(13) When measuring a 600-ohm loss, the 
result obtained in (12) should be 

corrected for the loss of 135:600-ohm 
coils and connecting cords; the losses 
in the adjust circult should be added 
and those in the compare circuit sub­
tracted from the attenuator setting. 
The corrected attenuator setting is the 
loss of the circuit under measurement. 
The corrections to be made are dis­
cussed in Sections 3,02 and 3.03. 

(14) An alternative method of me~suring 
losses when an amp,lifier 1s re­

quired, especially when the gain of the 
amplifier is not readily adjustable, is 
to patch the loss to be measured ahead 
of the amplifier and then patch these 
between the ATTENUATOR OUT jacks and 
the GAIN OUT jacks. With the test key 
operated to the ADJUST position, the 
attenuator and test potentiometer are 
adjusted to give a reading of O db on 
the meter, and the setting noted of the 
attenuator. The loss to be measured is 
then removed fro rn the circuit, and the 
attenuator is again set to give a read­
ing as close as possible to O db. This 
setting of the attenuator, plus or mi~ 
nus the meter reading, is subtractea ~~ 
from the above setting to obtain the 
loss of the circuit under measurement. 

(D) Measurement of Incoming Power 

4.11 Measurements of received power are 
made by patching the circuit under 

test to the input of the variable attenua­
tor, as indicated in Fig. 13, and adjusting 
the attenuator until a satisfactory reading 
is obtained on the meter. Power levels 
down to 10 db below 1 milliwatt may be mea­
sured by this method. When measuring power 
from a 600-ohm circuit it is necessary to 
use a 600:135-ohm coil between the circuit 
under measurement and the set. Correction 
should be made for the losses introduced by 
the patching cords and the impedance match­
ing coil if used. 

4.12 A typical measurement of 
power is outlined below: 

(1) Calibrate the set as 
outlined. 

(2) Set the attenuators for 
loss. 

incoming 

previously 

maximum 

(3) Operate the test key to the ADJUST 
position. 



SECTION E40, 225 

TO 600 OHM ~ c135

~ 
CIRCUIT ~ ~ I 

ATTEN. 
IN 

TO Cll~~u?fM ~ 

l ~"' p 

-~..--<;..o..~ C ' ADJUST 

'-'lv'Jv-e>-o---'-✓' ]--=,_T_K_E_Y-------~--0-t-->--~' 
- " ~ ' COMPARE l 

IOdb IOdb IOdb 

OUT OUT OUT 

Fig. 13 - Incoming Power Measurement. 

(4) Patch the ATTENUATOR IN jacks to 
the circuit under test, with pre­

cautions with respect to test cords and 
trunks as indicated in Section 3,03. 
A 600:135-ohm coil should be used if 
the line impedance is 600 ohms. 

(5) Reduce the attenuator setting in 10 
db steps until a small reading on 

the scale is observed, then by 1 db 
steps until a reading as near as possi­
ble to O db is obtained on the meter 
with all the 10 db pad keys operated to 
OUT. 

(6) The power from the circuit under 
measurement, as compared to one 

milliwatt, is equal to the attenuator 
setting plus or minus the reading of 
the meter. The result should be in­
creased by the loss in the patching 
cords and in the · impedance matching 
coil if used. 

(E) Line Loss Measurement 

4.13 One of the uses to which the measur-
ing set wili be put is the measure­

ment of the line loss between offices, us­
ing a set at each end of the line. The 
test is made by transmitting test power at 
a certain level from one office, measuring 
the received power at the receiving office, 
and measuring the gain of any amplifiers in 
the circuit. A 135:600-ohm coil should be 
used between the measuring set and the cir­
cuit under test if it is a 600-ohm circuit. 
The general set-up for this type of test is 
illustrated in Fig. 14. 

4.14 The procedure at the sending terminal 
is as follows: 

4.15 

(1) Calibrate the set as previously 
outlined. 

(2) Set the attenuator for a loss equal 
to the desired sending level. 

(3) Patch the LOSS IN jacks to the cir-
cuit under test, with precautions 

with respect to test cords and trunks 
as indicated in Section 3,03, A 
135:600-ohm coil should be used if the 
line impedance is 600 ohms. 

(4) Patch the test current to the PO-
TENTIOMETER IN jacks. A 17B oscil­

lator or its equivalent should be used, 
if required, to obtain sufficient out­
put. 

(5) Operate the test key to the ADJUST 
position and adjust the oscillator 

output control and the test potentiom­
eter until O db is read on the meter 
with the 10 db pad keys in the OUT po­
sition. 

(6) Operate the test key to the COMPARE 
position to transmit the test power 

to the circuit under test. 

The procedure at the receiving ter­
minal is as follows: 

(1) Calibrate the set as previously 
outlined. 

(2) Set the attenuator for 
loss. 

maximum 
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SECTION E40.225 

SENDING TERMINAL 

POTENTIOMETER 
/IN 

OUT OUT OUT 

135"' 600"' 
RECEIVING TERMINAL ~· 

J C ~ 600"' LINE 

135"' LINE 

POT//"~o•AETER F 
, . ~ l 

1--~~ "'-.I 

Fig. 14 - Line Loss Measurement. 

(3) Patch from the ATTENUATOR IN jacks 
to the circuit under test, using 

600 to 135-ohm coils, if necessary. 
Ordinarily there will be an amplifier 
in the line at the receiving office so 
that the level out of this amplifier 
will be approximately the same as the 
output level at the sending office. 

(4) Operate the test key to the ADJUST 
position and adjust the attenuator 

until a reading as close as possible to 
0 db is obtained. 

(5) The difference between the setting 
of the attenuator at the sending 

end, and the setting of the attenuator 
plus or minus the meter reading at the 
receiving .end is the net loss or gain 
of the line. It is a loss if the set­
ting of the attenuator at the receiving 
end is smaller than the setting at the 
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transmitting end, and vice versa. The 
attenuation of the line can be deter­
mined by adding the net loss to, or 
subtracting the net gain from, the gain 
of any amplifiers in the line. The 
measured loss should be reduced by the 
amount of the loss in such patching 
cords and impedance modifying coils as 
are used, 

5. DRAWINGS AND SPECIFICATION 

(A) Drawings, Not Attached .. -

SD-64049-01 Circuit Schematic 
ED-64049-01 Assembly and Equipment 

(B) Specification 

J64030 
(Section 
AA268.512) 

30A Portable Transmission Mea­
suring Set for Use on Carrier 
Telephone Systems 


