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causing the output hybrid coil to function 
s a repeating coil. The operator's listen 

Patented Nov. 6, 1928. 

PANY, INCORPORATED, of NEw YoRK, 

This invention relates to automatic test 
ing systems and more particularly to sys 
tens for the automatic testing of repeaters 
and amplifiers. : . . . . . . . . . . . . . . . . . . . . 

S In the usual repeater circuits used for 
telephone transmission, two stations distant 
from one another are interconnected by a 
transmission line, repeaters being inserted in 

10 the speech currents transmitted over the cir 
cuit. These repeaters are usually of the vac 
uum tube type and have associated there 
with balancing networks which simulate the 
impedances of the lines. Abnormal condi 
tions existing in the repeaters or networks 
cause reflections on the lines and also pro 
duce singing. This singing limits the pos 
sible gain of the repeaters and the quality 
of transmission is impaired. For a more 

a description of repeater circuits and 
ence is made to a paper entitled Telephone 
repeaters, by Bancroft Gherardi and Frank 
B. Jewett, in the Proceedings of the Ameri 

: We 

are made by attendants to insure high qual 
ity transmission. The equipment for per 
forming these tests is usually in the form 

30 of separate testing sets which require man 
ual operation to connect the testing circuits 
to the repeater. For instance, the unbal 
anced condition of a repeater may be de 
tected by placing a short circuit across the 
network of the output line section thereby 

supervising set is connected to the ter through a monitoring winding and 
. . . . . . . . . . increased step-by step, 

repeater. The gain at the singing point 
may be observed from the reading of the 
potentiometers or other means for increas 
ing the repeater gain, and the unbalance be 
tween the transmission lines and repeater 
may then he deterRained. Such an arrange 
ment. - - 

No. 1404,288, dated January 24, 1922. In 
another arrangement, disclosed in C. S. De 
marest, Patent No. 1355,898, issued October 
19, 1920, the gain of the repeater is tested 
by transmitting oseillations from a source 
associated with the testing circuit to an in 

G. WILSON, of BROOKLYN, NEW YORK, ASSIGNOR. To wesTERN ELECTRIC com 
N. Y., A CORPORATION of NEw York. 

An object of the present invention is to 
periodically test, repeaters for maintenance 

the line at intermediate stations to amplify 

'quirements for practical use refer 

tute of Electrical Engineers. No- delay testing on the busy repeater. . 
er, 1919. Various maintenance tests 

ntil the operator detects singing in the 

is disclosed in W. H. Harden, Patent 
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Application filed December 30, 1926. Serial No. 157,902. 

dicating means either through the repeater 55 
or through an auxiliary path. These tests. 
require considerable time and attention, and 
reduce the line operating time because of the 
disconnection of the repeater from Service. 

o. 60 

purposes with a minimum of manual atten 
tion and minimum interruption to normal 
service. . . . . . . . . . . is 
A more specific object of the invention is 65 

to automatically perform a series of routine 
tests on a repeater to determine the presence 
of abnormal conditions, 

In accordance with the embodiment of the 
present invention which has been selected 70. 
for illustration, any one of a number of re 
peaters may be selected for testing purposes, 
and if found to be in use, the test is auto-, matically delayed and the testing equip 
linent waits until the repeater is idle. This 5 
arrangement consists of suitable monitoring 
conductors automatically connected to an 
amplifier-detector which energizes a relay to 
The invention also comprises a combina- 80 

tion of apparatus for setting up various test 
conditions to operate signaling devices if 
abnormal conditions are present in the ap- - 
paratus under test and to actuate indicat 
ing means to denote the trouble. In this 85 
combination certain groups of test imped 
ance networks are connected in proper se 
quence to the repeater in place of the trans 
liaission lines and associated networks. In a particular group of impedances associated 90 
with the repeater, the values are such as to 
produce singing on the test repeater if above. 
the maximum limit of gain, adjustment and 
the singing caused by this condition E, os 
ates a signaling device to indicate the high 9 
gain condition present in the repeater. If 
such an abnormal condition is found, test 
ing on the selected repeater is automati 
cally stopped and an alarm given. To de 
termine if the repeater is operating below 100 
the prescribed maximum gain limit, another 
group of impedances is automatically con 
nected to the repeater which causes singing 
if the repeater is functioning above the pre 
scribed minimum limits, that is, if the opera-05 
tion of the repeater in this respect is satis 
factory. However, if singing does not oc 
cur under this condition another signaling. 

  

  

  

  

  

  

  

  

  

  

  

  



5. 

O 

20 

25 

30 

35 

O 

55 

60 

65 

2 

device is automatically operated to call the 
operator's attention to the low gain condi 
tion of the repeater. If the latter abnormal 
condition exists, testing is again discon 
tinued automatically. Other routine tests 
are made automatically in a given order to 
determine whether the balance between the 
line and network of a selected repeater is 
within prescribed maximum and minimum 
limits of unbalance. The various gain and 
unbalance tests are made on a selected re 
peater in sequence and if the repeater is op 
erating within the prescribed limits the 
same tests are automatically applied to suc 
cessively selected repeaters. 
The repeater is selected by a selector 

switch arrangement which is connected to 
a series of relays which operate to discon 
nect either one of the lines or networks from 
the repeater and to substitute therefor suit 
able test networks for testing the repeater. 
A control relay operates pulsing relays to 
transmit pulses to a bank of sequence relays 
which, in turn, control the operation of test 
selecting relays which are interconnected 
through the test selector switches to energize 
the test relays. The test relays connect cer 
tain test networks of predetermined values of 
impedances in proper sequence in place nor 
mally connected to the lines and networks of 
the repeater under test through the discon 
nect relays associated with the repeater. 
A feature of the invention relates to the 

determination of abnormal conditions pres 
ent in the repeater, which for normal oper 
ation should function between certain maxi 
mum and minimum gain or unbalance limits, 
and indicating to the attendant, when the 
gain or unbalance is outside the range as 
determined by the predetermined limits. 

Another feature of the invention relates 
to the operation of the routine tests from a 
point remote from the repeaters, such as a 
central office, whereby a single testing equip 
ment may be utilized to test all the repeaters 
located in a given area. 
Another feature of the invention relates 

to means for automatically indicating to an 
attendant that a particular repeater is being 
tested so that this particular repeater will 
not be connected in service during the test. 
A more detailed destription of the inven 

tion follows, and is illustrated in the ac 
companying drawings in which, 

Fig. 1 illustrates a repeater to be tested 
having associated therewith a number of 
disconnect relays connected to the repeater 
selector switches, 

Fig. 2 shows the circuit connections of 
control and indicating relays and a series 
of test selector switches in the system of the 
invention, 

Fig. 3 illustrates the sequence relays which 
operate the test selecting relays associated 
with the test selector switches of Fig. 2, 
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Fig. 4 shows the circuit connections of 
test relays and associated test networks to 
be connected to the repeater for the vari 
ous tests and 

Fig. 5 is a diagram showing the order in 
which the various figures of the drawings 
should be arranged to illustrate the com 
plete system. 

General description. 
Referring to the drawings, the automatic 

routine testing of repeaters in sequence is 
initiated by closing the key 28, for an in 
stant, to energize the stepping magnet 29, 
which is normally deenergized, to step the 
repeater selector switches 10 to 14 inclusive 
and test selector switches 15 to 22 inclusive. to 
the positions for testing the first repeater. 
These sclector switches are mounted on a 
common shaft so that the brushes will al 
ways be on corresponding contacts. When 
the routine tests on the first repeater are 
completed the switches are automatically ad 
vanced to apply the same tests to the next 
repeater. For a more complete disclosure 
of the tvpe of repeater to which this in 
vention is applicable, reference is made to 
W. H. Harden. Patent No. 1404,288, dated 
January 24, 1922. Assuming the third re 
peater designated R is selected for testing, 
the advancement of the repeater selector 
switches to position 3 energizes relay 25 
through repeater selector switch 10, to dis 
connect the monitoring conductors 70 from 
the monitoring equipment located at the re 
Deater station and to connect conductors 70 
to switches 13 and 14. Attached to switches 
13 and 14 are conductors 71 and 72 respec 
tively, which are connected to an amplifier 
detector AD (see Fig. 2) having a relay 
30 in its output circuit. If the repeater R 
is busy, current will be induced in the 
monitoring conductors 70 by the voice cur 
rents transmitted over the line and relay 30 
will be operated to delay testing on the 
busy repeater. When the repeater becomes 
idle, relay 30 will release its armature and 
control relay 31 will operate. The con 
trol relay 31 is slow operating so that a nor 
mal pause in the conversation being repeated 
on the line will not cause this relay to oper 
ate. When relay 31 operates, a locking cir 
cuit is established through the armature of 
relay 32. Relay 33 is also operated. A sig 
nal lamp 34 is also illuminated by the opera 
tion of control relay 31 to indicate that a 
repeater is being tested. 

foutine gain tests. 
The operation of control relay 31 also 

starts the pulsing relays 35 and 36 to oper 
ating and releasing thereby sending out a 
series of pulses over conductor 37 to the se 
quence relays (see Fig. 3). The first pulse 
causes the operation of sequence relays 38 
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and 38, test selecting relay 45, and relay 51 
to apply the first test to the repeater R. Re 
lays 23 and 26 are energized by the opera 
tion of test selecting relay 45 through its 
inner right hand contact and selector switch 
11, to disconnect conductors. 73 from the 
transmission line and conductors 74 from 
the associated balancing network for line 1. 
Relays 24 and 27 are also energized through 
selector 12 and the intermediate right hand 
contact of test selecting relay 45, to discon 
nect conductors 75 from the transmission 
line 2 and conductors 76 from the associated 
balancing network for line 2. The opera 
tion of relay 45 also energizes test relay 55 
(see Fig. 4) through test selector switch 15 
and the outer right hand contact of relay 
45. The operation of relay 55 places the 
test network Z, in circuit with conductors 
73 through conductors 98. Network Z, is 
thus connected to the repeater R in place of 
line 1. Test relay. 56 is energized through 
test selector Switch 19 and the inner left 
hand contact of relay 45 to place a short 
circuit on conductors 75 of repeater R in 
place of line 2. Test relay 57 is operated 
through test selector switch 22 and the in 
termediate left hand contact of relay 45 to 
place test network N Z in circuit with con 
ductors 74 in place of the the normally as 
sociated balancing network for line 1. The 
operation of relay 27, leaves conductors 76 
open circuited by the disconnection of the 
Elly associated balancing network for 
ine 2. - . . . 

The test networks Z, and NZ, substi 
tuted for line 1 and its associated balancing 
net work are of such values and the condi 
tion set up for the repeater is such that if 
the repeater R is operating below the pre 
scribed maximum limit of transmission 
gain, no singing will be produced. How 
ever, if this condition produces singing, due 
to a gain higher than the maximum limit, 
relay 30 will be energized, thereby operating 
signal relay 53 (see Fig. 2) through the 
front contacts of relays 51 and 30 and the 
lamp 77 will be illuminated to indicate the 
high gain condition of the repeater R. The 
operation of signal relay 53 causes the oper 
ation of relay 32, thereby causing the release 
of control relay 31, relay 22, and the non 
operation of the pulsing relays 35 and 36. 
Further testing is automatically discon 
tinued on the selected repeater. The opera 
tion of signal relay 53 also closes a circuit 
to energize relay 44, thereby removing 
grounded battery from the sequence relays 
38 and 38. The release of these relays 
causes test selecting relay 45 to deemergize 
and the testing condition applied to the re 
peater R will be discontinued by the release 
of the test relays 55, 56 and 57. At the 
same time stepping magnet 29 is energized 
through the left-hand armature and contact 

3 

of signal relay 53 and conductors 139, 136 
and 80. The stepping magnet 29, however, 
does not advance the selector switches to 
the next terminal until a break key 137 as 
sociated with signal relay 53 is operated to 
release the locking circuit for this relay. 
When the stepping magnet 29 is deenergized 
it advances the brushes of the selector 
switches to the next terminal and the first 
test is applied to the repeater connected to 
the fourth terminal of the selector switches. 
The abnormal repeater may be removed 

t 

from service and the trouble indicated by 
the testing equipment rectified. 

If the first test is within limits, the next 
pulse sent over conductor 37 causes the oper 
ation of sequence relays 39' and 39 in a 
manner similar to the operation of relays 
38 and 38, test selecting relay 46 and relay 
52. The operation of sequence relay 39 
opens the circuit for test selecting relay 45 
through the right-hand armature and back 
contact of relay 39, thereby releasing all 
the relays set up for the previous test com 
bination. . . . . . . 
The operation of relay 46 energizes re 

lays 23 and 26 through repeater selector 
switch 11 and the inner right-hand contact 
of relay 46, and relays 24 and 27 through re 
peater selector switch 12 and the intermedi 
ate right-hand contact of relay 46, for a pur 
pose similar to that described in connection 
with the first test. At the same time test 
relay 58 is caused to operate through test 
selector switch 16 and the outer right-hand 
contact of relay 46, to place the test net 
work Z, on conductors 73. Test relays 36 
and 57 are again energized through selector 
switches 19 and 22 and the left-hand inner 
and intermediate contacts of relay 46 re 
spectively, to set up the same conditions on 
conductor's 75 and 76 as described heretofore. 
The values of the substituted networks Z. 
and NZ, are such as to produce singing in 
the repeater R, if the repeater is operating 
above the prescribed minimum liait of gain. 

However, if no singing is produced by 
the above condition indicating a low gain, 
signal relay 54 will be operated through the 
front contacts of relays 52 and 33, thereby 
lighting signal lamp 78, to indicate that the 
transmission gain is below the minimum 
limit. The operation of relay 54 also en 
ergizes relay 32 to automatically discontinue 
testing on the abnormal repeater and all the 
relays set up for the test are released 
through the energization of relay 44. Step 
ping magnet 29 is also energized. The lock 
ing circuit for signal relay 54 may be broken 
by operating break key 138 to return the 
testing equipment to normal condition and 
cause the brushes of the selector switches to 
be advanced to the next terminal by de 
energizing magnet 29. The above tests in 
dicate whether or not the repeater R is op 

Si 

its 

l10 

20 

25 

30 



() 

5 

- e. 

30 

35 

30 

(5 

4. 

erating within the prescribed limits of gain. 
Routine unbalance tests. 

Assuming that the repeater R is operat 
ing within the prescribed gain limits, the 
next pulse sent over conductor 37 operates 
sequence relay 40', which causes the opera 
tion of sequence relay 40, test selecting relay 
47 and relay 51. The operation of relay 40' 
opens the circuit for test selecting relay 46 
thereby releasing all the test and test Se 
lecting relays set up for the previous com 
bination. The operation of relay 47 causes 
relays 24 and 27 to operate through selector 
switch 12 and the inner right-hand contact 
of relay 47, to disconnect conductor's 75 
from line 2 and conductors 6 from the net 
work for line 2. Relay 59 is also energized 
through test selector switch 20 and the 
outer right-hand contact of l'elay 47, to con 
nect the test network Z, to the conductors 75 
through conductors 104 and the front Con 
tacts of relay 24, in place of line 2. During 
this test line 1 remains normal, that is. line 
1 and its associated network are connected to 
the repeater R with the impedance Z. sub 
stituted for line 2 and the balancing net 
work for line 2 disconnected from the re 
peater through the operation of disconnect 
relay 27. The impedance of the test net 
work Z, is of such value and the conditions 
set up with respect to the connections to the 
repeater R are such that if the balance be 
tween line 1 and its associated network is 
above the limit of minimum unbalance, 
nothing will happen and the next test is ap 
plied to repeater R. However, if an un 
balanced condition is present, either in the 
hybrid coil associated with line 1 or the bal 
ancing network of line 1, singing will be 
produced. Current in the monitoring con 
ductors 70, caused by this singing is ampli 
fied and rectified by the amplifier detector 
AD to energize relay 30. Signal relay 53 
will be energized through the front contacts 
of relays 30 and 51, and the lamp 77 will be 
illuminated, to indicate the unbalance of the 
repeater is above the maximum limit. The 
operation of relay 53 again discontinues the 
test by operating relay 32, causing the re 
lease of all the relays set up for this unbal 
ance test by operating relay 44 and the se 
lector switches are advanced to the next re 
peater in a manner hereinbefore described. 

If the repeater R is within normal oper 
iting limits the next pulse operates sequence 
relay 41', which causes the operation of se 
quence relav 41, test selecting relay 48, and 
relay 52. This test is substantially the same 
as the previous test except that test relay 61 
is energized through test selector switch 21 
and the outer right-hand contact of relay 
48, to connect the test network Z, to con 
ductors 75 in place of line 2. The condi 
tions set up by this test will induce singing 
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in the repeater R if the balance between line 
1 and its associated network is above the 
prescribed minimum limit of unbalance. 
Non-singing of the repeater causes the oper 
ation of signal relay 54 and lamp S will be 
illuminated, to indicate the unbalance is be 
low the minimum limit. Relay 32 is again 
operated to discontinue testing and all the 
relays set up for this test are released by the 
operation of relay 44, in a manner hereto 
fore described. The testing system is again 
returned to normal by the operation of 
break key 138 to deenergize relay 54. 
If the balance between line 1 and its asso 

ciated network is within the prescribed 
limits the next pulse operates sequence relay 
42', which causes the operation of sequence 
relay 42, test selecting relay 49 and relay 51. 
Relay 42'opens the circuit for test selecting 
relay 48 thereby releasing all the relays ener 
gized in the previous test. The operation 
of relay 49 energizes relays 23 and 26 to dis 
connect conductors 73 from line 1 and con 
ductors 74 from the balancing network for 
line 1. At the same time test relay 60 is 
energized through test selector switch 17 to 
connect the test network Z to conductors 73 
in place of line 1. In this test, line 2 re 
mains normal, that is; line 2 and its asso 
ciated balancing network are connected to 
the repeater with the impedance Z substi 
tuted for line 1 and the network for line 1 
disconnected from the repeater. The im 
pedance of network Z is of such a value 
that singing does not occur if the balance 
between line 2 and its associated network is 
above the prescribed minimum limit. Now, 
if singing occurs indicating an unbalanced 
condition above the maximum limit caused 
by the hybrid coil associated with line 2 or 
the network of line 2, signal relay 53 will be 
energized through relays 30 and 51 and the 
lamp 77 will be illuminated to indicate the 
unbalanced condition. The operation of re 
lay 53 again discontinues the test through 
the operation of relay 32 and releases all 
the relays set up for this test by the opera 
tion of relay 44. 
Assuming that no abnormal conditions are 

present in the repeater R, another pulse is 
sent over the conductor 37 to energize sc 
quence relay 43’ which locks up through se 
quence relay 43, operates test selector relay 
50 and relay 52 and releases all the relays 
energized in the previous test by opening the 
circuit for test selecting relay 49. The oper 
ation of relay 50 energizes relays 23 and 26 
and substantially the same conditions are set 
up for this test as in the last test except that 
relay 62 is energized through test selector 
switch 18 to connect the test network Z, to 
conductors 73 in place of line 1. This con 
dition will cause singing in the repeater if 
the repeater is below the maximum limit, and 
nothing further will happen. If the re 
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peater does not sing under these conditions, 
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the brush S1 is advanced to the third ter 
indicating that the unbalance is above the minal of switch 10 and energizing circuit 
maximum limit, signal relay 54 will be ener 
gized to illuminate the lamp 78 and i. 

Soate the trouble in the repeater. This com 
i 

pletes the series of tests on the individual 
repeater and assuming no abnormal condi 
tions exist in repeater R, the final pulse 
operates relay 44 which restores all the se 
quence relays to normal, relay 32 to cause the 
release of control relay 32, and also operates 
the stepping magnet 29 to advance the selec 
tor switches 10 to 22 inclusive to , 
repeater to be tested. . . . . . . 
This arrangement performs automatically 

a series of routine tests on the repeaters of a ince and automatically indi 
eater is not operating within 

prescribed limits. When abnormal condi 
tions are present in the repeater such as when 
the gain is above or below the maximum and 
minimum limit prescribed for the particular 
repeater or unbalances are present in the hy 
brid coils or networks, alarms will be given 
indicating the trouble and the abnormal re 
peater may be removed from service. The 
testing AEP is restored to normal by 

indant operating the break key asso the atte 
ciated with either signal relay and the rou 
tine tests are applied to the next repeater. 
Since the tests are made continuously, cir 
cuit equivalents may be more closely main 
tained . 

Detailed description. 
Let it be assumed that a plurality of re 

peaters are located at an intermediate re 
peater station between two terminal sta 
tions and that the repeater testing equip 
ment is located at one of the terminal 
stations. It is also assumed that an auto 
matic routine test is to be made on the third 
repeater having its disconnect relays 23 to 
27 inclusive, connected to the third terminal. 
of the repeater selector switches 10 to 14 
inclusive. The operation of key 28 closes 
a circuit which is normally open, from 
ground, conductor S0, winding of magnet 
29 to grounded battery. This circuit ener 
gizes stepping magnet 29. When key 28 is 
released, the deemergization of relay 29 
causes the advance of the brushes of the 
repeater selector switches 10 to 14 inclusive 
and test selector switches 15 to 22 inclusive 
to the first repeater to be tested. When the 
routine tests have been applied to this re 
peater and no abnormal condition has been 
located in the first repeater, stepping magnet 
29 is automatically energized and the test. 
are applied to the next repeater. If an ab 
normal condition is encountered in the re 
peater being tested, all tests are automatical 
ly stopped, and it will be necessary for the 
operator: to press the starting key 28, again 

ground, brush '81, terminal of switch 10, 
conductor 82, winding of relay. 25, to grounded battery. The operation of relay 

is established for disconnect relay 25, from 
70 

25 draws up its armatures to disconnect the station monitoring equipment from the 
monitoring conductors 70 of repeater R and 
to connect the amplifier detector AD (see 
Fig. 2) to the monitoring conductors 70. 

75 
One side of this circuit extends through the 
inner armature and front contact of relay 
25, conductor 83, terminal of repeater se 
lector switch 13, brush 84, conductor 71, 
to one input terminal of amplifier detector 

80 

AD. The return circuit is completed over . . 
conductor 72, brush 86, third terminal of 
repeater selector switch 14, conductor 87 
and outer armature and front contact of re 
lay 25. If the repeater R is busy, the voice 
currents transmitted over the line will induce 
corresponding currents in the monitoring 
conditictors 70 of the repeater, and these cur 
rents will be transmitted to the amplifier 
detector AD which will cause relay 30 to 

90 

operate over conductors 85 connected to the ... 
output circuit of the amplifier detector. 
When relay 30 is energized it draws up its 
armature and removes ground from the test 
controlling circuit and thereby delays test 
ing on a busy repeater R. Testing on the 

95. 

repeater R which is selected for test is dis 
continued until the repeater is idle. This 
arrangement automatically monitors on a 
repeater to be tested to determine whether 
the repeater is busy or idle. . . . . . 
When the repeater R becomes idle, relay 

30 is deemergized and the test controlling 
circuit is established for the operation of 

100 

relay 31. This relay is of the slow operat 
ing type to prevent the operation thereof 
during a pause in the conversation being 
repeated. The circuit for this relay may be 
traced from ground, armature and back con 
tact of relay 30, arriature and back contact 

6 - l: '' Y - - - - of relay 33, winding of relay 31 to grounded 
battery. The operation of the control re 

0. 

lay 31 completes a locking circuit through 
its inner armature and contact and the arma 
ture and contact of relay 32 to ground. A 
signal circuit is also completed from ground, 

31, outer armature and contact of relay 
lamp 34 to grounded battery. The illumi 
nation of lip 34 indicates that a repeater 
is being tested so that the repeater attend 
ant will not connect it in service during the 

over conductor 88, to open the original ener 
gizing circuit for control relay 31 which is 
now locked. This circuit may be traced 
from ground, armature and contact of re 

illis 

120 

test. The pulsing circuit is also established 
over the middle amature and contact of 
control relay 31, and i'elay 33 is energized S5 

in order that the tests may go on. When lay 32, middle armature and contact of re-180 
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lay 31, conductor 88, winding of relay 33 
to grounded battery. Relay 33 is also en 
ergized to prepare a partial circuit for the 
alarm circuit to be hereinafter described. 

Foutine gain tests. 
The operation of control relay 31 estab 

lishes a circuit for the pulsing relays 35 and 
36. The circuit for these relays may be 
traced from ground, armature and contact 
of relay 32, middle armature and contact 
of control relay 31, armature and contact of 
relay 36, winding of relay 35 to grounded 
battery. Relay 35 will be energized to draw 
up its right and left hand armatures and 
thereby establish an energizing circuit for 
pulsing relay 36 from ground, left hand 
arnature and contact of relay 35, winding 
of relay 36 to grounded battery. The oper 
:tion of relay 36 opens the energizing 
circuit of relay 35 and the deenergization of 
relay 35 causes in turn the deemergization of 
relay 36, at which time the original circuit 
conditions are established and the cycle is 
repeated. These relays are of the slow re 
leasing type. For each successive operation 
of relay 35 a pulse will be transmitted over 
conductor. 37 to operate the sequence or 
counting relays 38 to 43 inclusive. The first 
pulse sent over conductor 37 energizes relay 
38 over a circuit which may be traced from 
ground, right-hand armature and contact 
of relay 35, conductor 37, armature and back 
contact of relay 38, winding of relay 38', 
conductor 89, armature and contact of relay 
44 to grounded battery. The operation of 
sequence relay 38 prepares a locking circuit 
for itself in series with sequence relay 3S. 
Relay 38, however, is not energized at this 
time since it is shunted at the right-hand 
arnature and contact of pulsing relay 35. 
When relay 35 deemergizes it permits se 
quence relays 38 and 38 to lock up in series 
with each other. This locking circuit may 
be traced from ground, left-hand armature 
and contact of relay 38', windings of relays 
38 and 38', conductor S9, armature and con 
tact of relay 44, to grounded battery. Relay 
38 establishes a circuit for test selecting 
relay 45 from ground, right-hand armature 
and back contact of relay 43', right-hand 
armature and back contact of relay 42', 
right-hand armature and back contact of 
relay 1, right-hand armature and back con 
tact of relay 40', right-hand armature and 
back contact of relay 39', right-hand arma 
ture and contact of relay 3S, conductor 90, 
winding of relay 45, to grounded battery. 
When test selecting relay 45 operates a cir 
cuit is established to energize relays 23 and 
26, associated with the repeater R, to dis 
connect conductors 73 from the incoming line 
1 and conductors 74 from the balancing net 
work for incoming line 1. This circuit may 
be traced from ground, inner right-hand 
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armature and contact of relay 45, conductor 
91, brush 92, terminal of repeater selector 
switch 11, and then over a divided path, one 
branch going through the winding of relay 
23 to grounded battery, and the other branch 
through the winding of relay 26 to grounded 
battery. At the same time, a circuit is es 
tablished to disconnect conductors 75 from 
outgoing line 2 and conductors 76 from the 
balancing network for outgoing line 2. This 
circuit may be traced from ground, middle 
right-hand al'mature and contact of relay 45, 
conductor 93, brush 94, terminal of selector 
Switch 12 and then over a divided path, one 
branch going through the winding of relay 
24 to grounded battery, and the other 
branch through the winding of relay 27 to 
grounded battery. The repeater R is now 
disconnected from its associated transmis 
sion lines and networks and the first test is 
to be made on the repeater. 

In Fig. 4 is shown a bank of test networks 
having associated therewith test relays for 
substituting different values of impedances 
for the transmission lines and balancing net 
works of the repeater to be tested. It will 
be noted that the test networks Z, Z, Z and 
Z are individual to line 1, short-circuit con 
nection 100, test networks Z, and Z, are 
individual to line 2, and the test network 
N, Z, is individual to the balancing network 
for line 1. Furthermore, it is to be noted 
that a single bank of test networks is pro 
vided and these networks may be multipled 
to a large number of repeaters to be tested. 

Test relay 55 is energized by the operation 
of test selecting relay 45, to connect the test 
network Z, to conductors 73. The energizing 
circuit for relay 55 may be traced from 
ground, Outer right-hand armature and con 
tact of relay 45, conductor 95, brush 96, third 
terminal of test selector switch 15, conductor 
9, winding of relay 55 to grounded battery. 
When relay 55 is energized a circuit is corn 
pleted through its right and left hand arma 
tures and contacts to connect the test net 
work Z, to conductors 73, over conductors 9S 
and the closed armatures and front contacts 
of relay 23. Test relay 56 is operated to 
substitute the short-circuit connection 100 
in place of line 2. The energizing circuit 
for relay 56 may be traced from ground, in 
ner left-hand armature and contact of relay 
45, conductor 101, brush 102, terminal of test 
Selector Switch 19, conductor 103, winding 
of relay 56 to grounded battery. When re 
lay 56 operates a short-circuit is established 
for conductors 75 of repeater IR over conduc 
tor's 104 and the closed armatures and front 
contacts of relay 24. Test relay 57 is also 
Operated to connect the test network N. Z, 
to conductor's 74 of the repeater. An ener 
gizing circuit for relay 57 may be traced 
from ground, middle left-hand armature and 
contact of relay 45, conductor 105, brush 106, 
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iterminal of test selector switch 22, conductor 
107, winding of relay 57 to grounded bat 
tery. The operation of relay 57 establishes 
a circuit for the network NZ, thtrough the 
closed armature, and contacts of relay 57, 
conductors 108 and the closed armatures and 
front contacts of relay 26. Relay 51 is also 
energized over a circuit, from ground, outer 
left-hand armature and contact of relay 45, 

4) 

next gain test. 

winding of relay 51 to grounded battery. 
The operation of relay, 51 forms a partial 
circuit for the alarm circuit to be hereinafter 
described. - 
The conditions for the first test are now 

set up for the repeater R, with the test net 
work Z, substituted for line 1 of the repeater, 
the test network N Z substituted for the 
balancing network of line 1, the short-cir 
cuit connection 100 substituted for line 2 and 
the balancing network for line 2 discon 
nected from the repeater R. The imped 
ances of the test networks. Z, and N. Z are 
of such values and the other connections of 
the circuit are such that if the repeater is 
below the prescribed maximum limit of gain, 
no singing will take place and a second pulse 
will be sent over the conductor 37 to ener 
gize sequence relay 39, for setting up the 

Let us assume, however, that under the 
test conditions set up by the operation of 
relay 45, the repeater sings due to the am 
plification being above the maximum limit 
prescribed. The singing will cause current 
to be transmitted over the monitoring con 
ductors (0 to the amplifier detector AD, 
thereby energizing relay 30 which draws 
up its armature to place ground on conduc 
tor 109 to operate signal relay 53, over a 
eircuit which may be traced from ground, 
armature and front contact of relay 30, 
conductor 109, armature and contact of 
eperated relay 51, conductor. 110, winding 
of relay 53, to grounded battery. The oper, 
lation of relay 53 closes an alarm circuit, 
from ground, through its right-hand arma 
ture and contact and lamp 77 to grounded 
battery, thereby indicating to the test at 
tendant that the gain of the repeater Ris 
above the maximum operating limit. Re 
lay. 53 also closes a circuit for the operation 
of relays 32 and 44, from ground, left-hand 
armature and contact of relay 53, and then 
ever a divided path, the branch for relay 
32 including conductor 111 and winding of 
relay 32 to grounded battery, and the branch 
for relay 44 including conductor 139 and 
winding of relay 44 to grounded battery. 
The operation of relay 32 discontinues the 
test, since control relay 31 will be deener 
gized by the opening of its locking circuit 
through the armature and contact of relay 
32. They operation of relay, 44 removes 
grounded battery from the sequence relays 
38 and 38. Relay 38, upon deenergization 

y 
releases test selecting relay 45, thereby caus 
ing the release of relay 51, test relays 55, 
56 and 57, and disconnect relays 23, 24, 26 
and 27. At the same time, stepping magnet 
29 is energized over a circuit, which may be 7 
traced from ground, left-hand armature and 
contact of signal relay 53, conductors 139, 
136 and 80, winding of stepping magnet 29, 
to grounded battery. Signal relay 53 still 
remains energized due to the locking circuit 7: 
formed through its right-hand armature and 
contact. After the test attendant has in 
formed the repeater attendant of the abnor 
mal gain condition of repeater R, a break 
key, 137, associated with the signal relay 53, 8 
may be operated to disconnect battery from 
the signal relay, 53. Upon the release of 
signal relay 53, lamp 77 is extinguished, 
relays 32 and 44 are deemergized, and the 
brushes of the selector. Switches 10 to 22 
inclusive, are advanced to the next terminal 
when magnet 29 is deenergized. The test 
ing equipment has now returned to normal 
condition except that the brushes of the re 
peater selector switches 10 to 14 inclusive 
and the brushes of the test, selector Switches 
15 to 22 inclusive are connected to the re 
peater associated with the fourth terminal 
of these switches, to apply the routine tests 
to the fourth repeater. . . . . . . . 

Referring back now to a previous condi 
tion and assuming that the first gain test ap 
plied to the repeater R, connected to the 
third terminals of the selector switches 

O 

found the repeater operating below the pre-l 
scribed maximum limit of gain, and a sec 
ond pulse is sent over conductor. 37 to en 
ergize sequence relay 39'. The energizing 
circuit for relay 39 may be traced from 
ground, right-hand armature and contact of 
relay 35, conductor. 37, armature and front 
contact of relay 38 which is locked in oper 
ated position, arnature and back contact of 
relay 39, winding of relay 39, conductor. 89, 
and armature and contact of relay 44 to 
grounded battery. The energization of se 
(; lence relay 39 pulls up its right and left 
hand armatures. The circuit for test select 
ing relay 45 is opened at the right-hand ar 
mature and back contact, of relay 39'. 
When relay 45 releases, the circuits estab 
lished over conductors 91, 93, 95, 101 and 
105 are opened causing the release of dis 
gonnect relays 23, 26, 24 and 27, and test re 
lays 55, 56 and 57. Relay. 51 is also de 
energized by the removal of the ground con 
nection through the outer left-hand arma 
ture and contact of relay 45. 
When relay 39' is operated an energizing 

circuit is prepared for relay 39 from ground, 
left-hand armature and contact of relay 39, 
windings of relay 39 and relay 39, to estab 
lish a locking circuit for these relays when 
pulsing relay 35 releases. A circuit is also 
established for the energization of testse 
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lecting relay 46, from ground, right-hand 
almature and back contact of relay 43', 
light-hand armature and back contact of re 
lay 42, right-hand armature and back co 
tact of relay 41', right-hand armature and 
back contact of relay 40, right-hand arma 
tlle and front contact of operated relay 3S, 
conductor 112, winding of relay 46 to 
grounded battery. When relay 46 operates, 
a circuit is completed over its innel right 
land armatire and contact, conductor 91. 
brush 92, and terminal of repeater selector 
switch 11, to again energize disconnect re 
lays 23 and 20 in the same manner as de 
Scribed in connection with the first gain test. 
A circuit is also completed over the middle 
right-hand armature and contact of relay 46, 
conductor 93, brush 94, terminal of repeater 
Selectol switch 12, to energize disconnect 
relays 24 and 27 for disconnecting line 2 
and its associated balancing network from 
the repeater R. Relay 52 is energized over 
a circuit from ground, Outer left-hand arma 
ture and contact of relay 46, winding of re 
lay 52, to grounded battery. This relay is 
operated to form a partial circuit for the 
alarm circuit to be hereinafter described. 
The test relay 58 is energized over a cir 

cuit, from ground, Outer right-hand arma 
ture and contact of relay 46, conductor 113, 
brush 114, terminal of test selector Switch 
16, conductor 115, winding of relay 5S to 
grounded battery. The operation of relay 
5S connects the test network Z to the coln 
ductors 73 in place of line 1, over conductors 
98, and the armatures and front contacts of 
operated relay 23. Relay 56 is again ener 
gized to Substitute the short circuit connec 
tion 100 in place of line 2, over a circuit 
from ground, inner left-hand armature and 
contact of relay 46, conductor 101, brush 
102, terminal of test Selector switch 19, con 
ductor 103, and winding of relay 56 to 
grounded battery. The short-circuit con 
lection 100 is connected across the outgoing 
conductors 75 of the repeater by the conduc 
tors 104. and the armatures and front co 
tacts of operated relay 24. Relay 57 is en 
ergized over a circuit from ground, middle 
left-hand armature and contact of relay 46, 
conductor 105, brush 106, terminal of test 
Selector switch 22, conductor 107, and wind 
ing of relay 57 to grounded battery. The 
operation of relay 57 closes a circuit through 
its armatures and contacts and connects test 
network N. Z, across conductors 74, through 
conductors 108, and the armatures and front 
contacts of operated relay 26, thereby sub 
stituting the test network N. Z, for the bal 
ancing network for line 1. 
The Second gain test is now applied to the 

repeater R, with the test network Z, con 
nected to the input conductors 73 of the re 
peater, the test network N. Z, substituted 
for the balancing network for line 1, the 
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short-circuit connection 100 connected across 
the output conductors 75 of the repeater, and 
the balancing network for line 2 discon 
nected from the repeater by the operation of 
relay 27. The conditions set up for this test 
and the impedances of the test networks are 
of such values that singing will be produced 
in the 'epeater R if the repeater is operat 
ing above the prescribed minimum limit. 
if singing is produced indicating that the 
repeater is within the prescribed limits of 
gain, relay 30 will be energized due to cur 
rent being transmitted to the amplifier de 
tector Al). Signal relay 54, with which the 
lamp S is associated, is prevented from be 
ing ene;"gized by the opening, at the arma 
ture and front contact of relay 30, of an 
(therwise completed energizing circuit ex 
tending through the armature and front 
contact of relay 33, conductor 116, armature 
and front contact of relay 52, conductor 117, 
and winding of relay 54 to grounded bat 
tery. Under these conditions the next pulse 
sent over conductor 37 will energize sequence 
Irelay 40' to apply the Subsequent balance 
test to the repeater R. 

However, when the conditions set up in 
connection with the second gain test on the 
repeater R do not produce singing, indi 
cating that the gain is lower than the mini 
mum limit, the energizing circuit for signal 
relay 54, previously traced, is completed at 
the armature and back contact of relay 30. 
The operation of signal relay 54 closes a 
locking circuit, from ground, through its 
light-hand armature and contact, and at the 
same time closes a circuit for the lamp 78, 
from ground, right-hand armature and con 
tact of relay 54, signal lamp 78 to grounded 
battery. The illumination of lamp 78, indi 
cates to the test attendant that the repeater 
is operating below the minimum gain limit. 
Further testing on the repeater R is discon 
tinued by the operation of relay 32, which is 
energized over a circuit from ground, left 
hand al'mature and contact of relay 54, con 
ductor 111, relay 32 to grounded battery. 
This relay causes the release of relay 31, due 
to the interruption of its locking circuit. 
The repeater attendant will be informed as to 
the low gain condition of the repeater R, so 
that the attendant may rectify the abnormal 
condition of the repeater. Relay 44 and 
stepping magnet 29 will be energized 
through the left-hand armature and contact 
of signal relay 54 over circuits similar to 
those described in connection with signal 
relay 53. The locking circuit for relay 54 
may be broken by operating key 138. 
Again referring back to the next preced 

ing condition and assuming that the previous 
tests applied to the repeater R, disclosed no 
abnormal conditions in the repeater, the 
third pulse sent over the conductor 37 will 
energize Sequence relay 40', over a circuit 
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which may be traced from ground, right 
hand armature and contact of relay 35, con 
ductor 37, armature and front contact of re 
lay 38, armature and front contact of re 
lay 39, armature and back contact of relay 
40, winding of relay 40’, conductor 89, arma 
ture and contact of relay 44, to grounded 
battery. When relay 40' operates it draws 
up both its armatures. An energizing cir 
cuit is prepared at the left-hand armature 
and contact for sequence relay 40, which, 
however, does not operate immediately, due 
to the shunt circuit established by the 
grounded armature of pulsing relay 35. As 
soon as relay 35 releases, a locking circuit is 
established for sequence relays 40 and 40 
from ground, left-hand armature and con 
tact of relay 40, windings of relays 40 and 
40 in series, and conductor 89 to grounded 
battery through the armature and contact of 
relay 44. When the right-hand armature 
of relay 40' moves to its front contact the 
energizing circuit for test selecting relay 46 
is broken, at the back contact. Test select 
ing relay 46 is thereupon deemergized and 
the disconnect relays 23, 24, 26 and 27 are de 
energized to connect the respective conduc 
tors to the normally connected lines and bal 
ancing networks of the repeater R. At the 
same time test relays 56, 57 and 58 are de 
energized to open the circuits for the test 
networks. This completes the gain tests 
on the repeater R. 

Unbalance tests for line 1. 
The operation of sequence relay 40 es 

tablishes at its right-hand armature and 
front contact an energizing circuit for the 
test selecting relay 47. This circuit may be 
traced from ground, right-hand armature 
and back contact of relay 43', right-hand 
armature and back contact of relay 42, 
right-hand armature and back contact of 
relay 41, right-hand armature and front 
contact of relay 40’, conductor 118, and 
winding of relay 47 to grounded battery. 
The operation of relay 47 completes a cir 
cuit from ground, inner right-hand arma 
ture and contact of relay 47, conductor 93, 
brush94, and terminal of selector switch 12, 
to again energize relays 24 and 27. The 

O 

matures of relay 24, Relay 5 is energized 

energization of relays 24 and 27 as before 
disconnect respectively conductors 75 from 
line 2 and conductors 76 from the balancing 
network for line 2. Test relay 59 is ener 
gized over a circuit from ground, outer 
right-hand armature and contact of relay 
47, conductor 119, brush 120, third terminal 
of selector switch 20, conductor 121, wind 
ing of test relay 59, to grounded battery. 
When the armatures and contacts of relay 
59 are closed the test network Z, is connected 
to conductors 75 of the repeater R over con 
ductor's 104, and the front contacts and ar 

justments. 
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over a circuit, which may be traced from 
ground, left-hand armature and contact of 
relay 47, conductor 122, and winding of re 
lay 51, to grounded battery, to prepare a 
partial circuit for the signaling circuit to be 
hereinafter described. 
The repeater R is now in condition for 

the third routine test or first unbalance 
test in which line 1 and its associated net 
work are normally connected to the repeater 
R, test network Z, is substituted for line 2, 
and the associated network for line 2 is dis 
connected from the repeater. The imped 
ance of the test network Z is so chosen that, 
if the balance between the line and network 
of the repeater is below the prescribed max 
imum limit of unbalance, singing will not 
take place and no current will be induced 
in the monitoring conductor 70 to energize 
the relay 30. The next pulse sent over con 
ductor 37 will therefore energize sequence 
relay 41, to initiate the fourth routine test 
on the repeater R. 

However, if singing is produced in the 
repeater, indieating that the unbalance is 
above the maximum limit, relay 30 will be 
cnergized over conductors, 71 and 72 in a 
laanner hereinbefore described and an ener 
gizing circuit will be completed for signal 
ing relay 53. This circuit may be traced 
from ground, armature and front contact of 
leay 30, conductor 109, armature and con 
tact of operated relay 51 conductor 110, and 
winding of signaling relay 53 to grounded 
battery. The operation of relay 53 again 
lights the signal lamp 77 and at the same 
time discontinues further testing on the re 
peater by operating relay 32. The repeater 
attendant will again be informed of the high 
unbalance of the repeater and the repeater 
may be disconnected from service for ad 

Relay 44 is again energized, in a 
manner hereinbefore described, to return the 
operated sequence relays to normal position 
thereby releasing the relays set up for the 
previous test. - 
gized to advance the brushes of the selector 
switches to the next terminal when the mag 
net is deemergized. Signal relay 53 which 
still remains energized, due to its locking cir 
cuit, may be released by operating key 137. 
Upon the operation of key 137 stepping 
magnet 29 is released and advances the 
brushes to the next terminal. 

But returning once more to a previous 
condition and assuming that the third test 
applied to the repeater R indicates that the 
repeater is operating within the prescribed 
limits of unbalance, the next pulse operates 
relay 41’’, over a circuit which may be traced 
from ground, right-hand armature and 
contact of pulsing relay 35 conductor 37, 
armature and front contact of sequence relay 
38, arnature and front contact of sequence 
relay 39, siniature ind fi'i it goitief of 

Stepping magnet 29 is ener 
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sequence relay 40, al'mature and back contact 
of relay 41, winding of sequence relay 41, 
and conductor 89, to grounded battery 
through the armature and contact of re 
lay 44. 
When sequence relay 41 operates, the cir 

cuit for test selecting relay 47 is opened 
at the right-hanel ariature and lack contact 
of relay 41. thereby deemergizing all the 
relays set up for the previous test. A circuit 
is also formed through the right-hand arma 
ture and front contact of relay 41' for the 
energization of test selecting relay 4S. This 
circuit may be traced from ground, right 
land armature and back contact of Irelay 
43', right-hand arnature and back contact 
of relay 42, right-hand alimature and front 
contact of relay 4i, conductor 123, and 
winding of relay 4S to grounded battery. A 
circuit is also prepared for the operation of 
sequence relay 41 from ground left-hand 
armature and contact of relay 41', windings 
of relay 41 and 41 in series, conductor 
S9, arnature and contact of relay 44 to 
grounded battery, but relay 41 does not op 
erate until the short circuit is removed hy 
the deemergization of pulsing relay 35. At 
the operation of relay 41 a locking circuit 
for itself and sequence relay 41 in series is 
formed. When test selecting relay 48 oper 
ates a circuit is completed from ground, in 
ner right-hand armature and contact of re 
lay 48, conductor 93, brush 94, and terminal 
of repeater selector switch 12, to operate 
disconnect relays 24 and 27, thereby discon 
necting conductors 5 from line 2, and con 
ductors 76 from the associated balancing net 
work for ine. 2. A circuit is also completed 
for the energization of test relay 61, fron) 
ground, outer right-hand ariature and con 
tact of relay 4S, conductor 124, brush 125, 
terminal of test selector switch 21, conduc 
tor 126, winding of relay 61 to groundel 
battery. Test relay 61 completes a circuit. 
through both its armatures and contacts, to 
connect the test network Z, across conductor's 
5, over conductol's 10-4 and the front con 

tacts and armatures of relay 24. Relay 52 
is also energized over a circuit from ground, 
left-hand armature and contact of relay 4S, 
conductor 127, and winding of reiay 52 to 
grounded battery. The operation of relay 
52 again forms a partial circuit for the op 
eration of signal relay 54 hereinafter to be de 
scribed. 
The fourth routine test is now applied to 

the repeater R and the conditions of the re 
peater are as follows: Line 1 and its asso 
ciated balancing network are normally con 
nected to the repeater, with the test network 
Z, substituted fo' line 2 and the associated 
lalancing network for line 2 disconnected 
from the repeater. This test is also an un 
balance test to determine if the unbalance 
of the repeater is below the minimum limit, 
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it being often desirable to deteriline if the 
actual value of balance has changed from a 
value indicated by a previous test, even 
though the test indicates the balance condi 
tion to be satisfactory, to determine the mar 
gin of safety. If the balance between line 1 
and its associated network is a love the pre 
scribed minimum limits, singing will be pro 
duced and relay 30 will l:e energized by the 
induced currents in monitoring conductors 
70 passing to the amplifier detector A.D. 
When relay 30 is energized it draws up its 
armature to the front contact, and no signal 
will be given. The next pulse sent over con 
ductor 37 will energize scouence relay 42, 
to get up the fifth test for balance of line 2. 

However, if the fourth test condition ap 
plied to the repeater R does not produce 
singing in the repeater, a signaling circuit 
will be formed from ground, armature and 
back contact of relay 30, armature and front 
contact of relay 33, conductor 116, arma 
ture and contact of operated relay 52, con 
ductor 117, winding of signal relay 54, to 
grounded battery. The operation of relay 
54 again forms a locking circuit through its 
right-hand armature and contact and lights 
the signal lamp 78, to indicate that the 
unbalance of the repeater R is below the 
minimum limit. The test will again be dis 
continued through the closing of a circuit 
for relay 32, from ground, left-hand arma 
ture and contact of relay 54, conductor 111, 
and winding of relay 32 to grounded battery. 
Control relay 31 is again released through 
the removal of the ground connection of 
relay 32. When the signal lamp 78 lights 
the test attendant will notify the repeater 
attendant of the low unbalance in the re 
peater R and the trouble may be remedied. 
Upon the operation of signal relay 54, 'elay 
44 is energized to release the operated Se 
quence relays and cause the release of 
selecting relay 48, thereby disconnecting the 
test connections set up for the previous te:t. 
Stepping magnet 29 is again energized to 
prepare the advance of the selector brushes to 
the next position. The locking circuit for 
signal relay 54 may be broken by operating 
key 138 whereupon stepping lagnet 29 is 
deenergized and the brushes of the selector 
switches are advanced to the next terminal. 

Unbalance tests for line 2. 
Once again going back to a previous con 

dition, let us assume that the fourth routile 
test applied to the repeater R determines 
that the repeater is operating within the 
normal limits of unbalance and that accord 
ingly another pulse has been sent over con 
ductor 37 to energize sequence relay 42 as 
stated. The energizing circuit for relay 42 
may be traced from ground, right-hand 
armature and contact of relay 35, conductor 
37, armature and front contact of relay 38, 
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armature and front contact of relay 39, 
armature and front contact of relay 40, 
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armature and front contact of relay 41, 
armature and back contact of relay 42, wind 
ing of relay 42, conductor 89,and arma 
ture and contact of relay 44 to grounded battery. The operation of sequence relay 42 
prepares a circuit for itself in series with 
sequence relay 42 through its left-hand 
armature and contact. Relay 42, however, 
is not energized until relay 35 releases. At 
the same time the energizing circuit for test 
Selecting relay 48 is opened at the right 
hand armature and back contact of relay 42 
whereupon all the relays set up for the pre 
vious test are deenergized. A circuit is also 
completed for the energization of test select 
ing relay 49, from ground, right-hand arma 
ture and back contact of relay 43', right 
hand armature and front contact of relay 
42', conductor 128, and winding of test 
selecting relay 49, to grounded battery. 
When test selecting relay 49 operates a cir 
cuit is closed for the energization of dis 
connect relays 23 and 26, from ground, inner 
right-hand armature and contact of relay 
49, conductor 91, brush 92, terminal of 
repeater selector switch 11, and then over the 
divided path to the windings of relays 23 
and 26 to grounded battery. The operation 
of these relays disconnects conductors 73 
from line 1 and conductors 74 from the asso 
ciated network for line le. A circuit is also 
closed for the energization of test relay 60, 
from ground, outer right-hand armature and 
contact of test selecting relay 49, conductor 
129, brush 130, terminal of selector switch 
17, conductor 131, and winding of relay 60 
to grounded battery. Upon energization 
relay 60 draws up its armatures to connect 
test network Z, to conductors 73 by way of 
conductoi's 98 and the front contacts and 
armatures of operated relay 23. Relay 51 is 
energized through the operation of test 
selecting relay 49 over a circuit which may 
be traced from ground, left-hand arma 
ture and contact of relay 49, conductor 122, 
and winding of relay 51 to grounded battery. 
The operation of relay 51 prepares a partial 
circuit for the energization of signal relay 

which will be hereinafter described. 
The circuit connections for the fifth 

routine test on the repeater R. are now set 
up and the conditions of the test are as 
follows: The test network Z is connected 
across the conductors 73 in place of line. 1; 
the balancing network for line 1 is discon 
nected from the repeater; and line 2 and 
its associated balancing network are con 
nected to the repeater R in the usual way. 
If the unbalance in the repeater is below 
the prescribed maximum limit, the next test 
will be applied to the repeater. 

However, if the unbalance in the repeater 
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R. is above the prescribed maximum limit, 65 
singing will take place in the repeater, 
whereupon current in the monitoring con 
ductors (0. will be transmitted to the am 
plifier detector AD over conductors 71 and 
72. Relay 30, will be energized and draw up 
its armature, closing a circuit through its 
front contact for the energization of relay 
53 from ground, conductor 109, armature and 
contact of operated relay 51, conductor 110, 
and winding of relay 53 to grounded bat 
tery. The operation of relay 53 again lights 
the signal lamp 77, and also stops the test 
by completing an energizing circuit for relay 
32 through its left-hand armature and con 
tact, which in turn removes the ground con 
nection from the control relay 31. The test 
attendant again informs the repeater at 
tendant that the unbalance condition of the 
repeater is above the maximum limit, and 
the repeater attendant will disconnect the 
repeater from service, to locate the unbalance 
and remedy the defect. Operation of signal 
relay 53 again releases all the relays as here 
inbefore described. Key 137 may be oper 
ated to release the locking circuit for relay 
53 and deemergized magnet 29 to advance the 
Selector brushes to the next terminal. 

If the repeater R is operating below the 
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prescribed maximum limit of unbalance, the 
conditions set up with the fifth test will not 
produce singing and the next pulse will oper 
ate sequence relay 43 over a circuit from 
ground, right-hand armature and contact of 
relay 35, conductor 37, each of the armatures 
and front contacts of the preceding operated 
sequence relays, the armature: and back con 
tact of sequence relay 43, winding of relay 

95 

43, conductor 89 and armature and contact 
of relay 44, to grounded battery. The oper 
ation of relay 43 forms a locking circuit for 
itself in series with the winding of relay 43 
through its left-hand armature and contact. 
The energizing circuit for test relay 49 is 
opened by the operation of the right-hand 
armature of relay 43 and all the relays set 
up for the previous test combination are de 
energized. At the same time test selecting 
relay 50 is energized over a circuit from 
ground, right-hand armature and front con 
tact of relay 43', conductor 132 and winding 
of relay 50, to grounded battery. The oper 
ation of relay 50 again closes a circuit for 
disconnect relays 23 and 26 from ground, 
inner right-hand armature and contact of 
relay 50, conductor 91, brush92, terminal of 
repeater selector switch 11, and then over 
a divided path to the windings of relays 23 
and 26 to grounded battery. The operation 
of these relays disconnect conductors 73 
from line 1 and conductors 74 from the bal 
ance network for line 1. Test relay 62 is 
energized over a circuit from ground outer 
right-hand armature and contact of relay 50, 
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conductor 133, brush 134, terminal of test 
selector switch 18, conductor 135 and wind 
ing of relay 62 to grounded battery. When 
relay 62 is energized the test network Z is 
connected across conductors 73 by way of 
conductors 98 and the front contacts and 
armatures of relay 23. Relay 52 is also en 
ergized over a circuit which may be traced 
from ground, left-hand armature and contact 
of relay 50, conductor 127 and winding of 
relay 52 to grounded battery. The opera 
tion of this relay prepares a partial circuit 
for the energization of signaling relay 54. 
This is the last test to be applied to the 

repeater R and the conditions set up for this 
test are as follows: The test network Z is 
substituted for line 1: the associated balanc 
ing network for line 1 is disconnected from 
the repeater; and line 2 and its associated 
balancing network are connected to the re 
peater in the usual manner. The value of 
the impedance of the test network Z, and the 
other circuit connections are so chosen as to 
cause singing in the repeater R if the re 
peater is operating below the minimum un 
balance limit. When singing occurs, relay 
30 is energized, and no signal is given. The 
next pulse sent over conductor 37 energizes 
relay 44, to remove the battery and ground 
connection from all the sequence relays pre 
viously set up and they return to normal 
condition. The deenergization of relay 43' 
releases relay 50, thereby releasing all the 
relays set up in the previous test combina 
tion. At the same time a pulse will be sent 
over conductor 136 and conductor 80 to en 
ergize stepping magnet 29 which advances 
the brushes of selector switches 10 to 14 in 
clusive and the test selector Switches 15 to 
22 inclusive to the next terminal of each 
switch when it deenergizes, preparatory to 
testing the next repeater. Relay 32 is also 
energized by the last pulse over conductors 
139 and 111. When relay 32 operates, relay 
31 is released, thereby discontinuing the 
sending of further impulses, and then when 
pulsing relay 35 is deenergized stepping 
magnet 29 is released to advance the brushes 
to the next terminal. 

IIowever, if the unbalance of the repeater 
is below the minimum limit under the ('o- 
(litions described in connection with the last 
test... the repeater will not sing and an en 
ergizing circuit for signal relay 54 will he 
formed from ground. arnature and back 
contact of relav 30. arnature and front coin 
tact of relay 33, conductor 116, armature and 
contact of operated relay 52, conductor 117 
and winding of relay 54 to grounded bat 
tery. Relay 54 will again cause the illumi 
nation of signal lamp S and the discontinu 
ation of the test through the operation of re 
lay 32. Lamp 78 gives a visual indication 
that the unbalance of the repeater R is be 

1,690,213 

low the prescribed minimum limit. The ab 
normal repeater may be removed for the al 
justment of the unbalance. Signal relay i5-4 
again is released by operating key 1:38. 
This completes the routine tests on the re 

peater R and the stepping of the brushes to 
the succeeding terminals of the switches ini 
tiates the same cycle of tests for the next re 
peater. 
While the above specific description re 

lates to a particular embodiment and oper 
ation of the routine testing of repeaters it 
is apparent that various modifications may 
be made in the testing system and other 
routine tests may be applied to repeaters and 
amplifiers within the scope of this inven 
tion and is only to be limited by the ap 
pended claims. 
What is claimed is: 
i. In a system for automatically testing 

repeaters, testing equipment, means for con 
necting said equiplinent to a repeater to be 
tested, and means inder the control of said 
ecipient and automatically responsive to 
an abnormal condition in the repeater under 
test for indicating said condition. 

2. In a system for automatically testing 
I'epeaters, a plurality of repeaters, testing 
(equipment, switching means for associating 
said repeatel's individually with said test 
ing equipment and means under the con 
trol of said switching means and automat 
ically responsive to the operation thereof for 
selecting said repeaters for test in sequence. 

3. In a system for automatically testing 
repeaters, testing equipment comprising a 
plurality of elements, different ones of said 
clements being used for different types of 
tests, and means for automatically connect 
ing said elements to a repeater in a given 
order for testing the gain and impedance 
unbalance of the repeater. 

4. In a system for automatically testing 
repeaters, a repeater which is to operatelle 
tween predetermined maximum and mini 
mum limits of gain, testing equipment, 
means for connecting said cynipment to the 
repeater to be tested, and means under the 
control of said testing equipment and auto 
matically responsive to a gain condition in 
said repeater outside said in its for causing 
an indication thereof. 

5. In a system for automatically testing 
repeaters, a repeater in which the allowable 
unbalance for satisfactory operatio) is bo 
tween certain predetermined vallies, it eans 
for testing the unbalance of sail repeater. 
and indicating means under the control of 
said testing means and automatically re 
sponsive to an unbalanced condition in said 
repeater outside the range of said prede 
termined values. 

6. In a system for automatically testing 
repeaters, testing equipment comprising a 
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plurality of testing elements, different OeS 
of said elements being adapted for applying 
different types of tests to a repeater to be 
tested, a switching means, and means under 
the control of said switching means and 
automatically responsive to the operation 
thereof for connecting the proper elements 
to said repeater to be tested and applying 
a plurality of different tests thereto in 
Sequence. . . 

a repeater, testing Tiger comprising 
monitoring means and test control means, 
means for automatically connecting said 
monitoring means to EY repeater to deter 
mine, if said repeater is idle, and means 
under the contro of said monitoring means 
to establish an energizing circuit said 

7. In a system for automatically testing 

test control means, said test control means 
being inoperative if said repeater is idle 
only for an interval corresponding to a nor 
malpause in the transmission being repeated. 

8. In a system for automatically testing 
a repeater, a repeater having Associated 
there with a transmission line, means auto matically disconnecting said repeater from 
said transmission line, means to connect an 
impedance of predetermined value to said 
repeater in place of said transmission line, 
and signaling means operated by said re 
peater if said repeater is in an abnormal 
condition. 
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9. In a system for automatically testing 
repeaters, means for selecting a repeater 
for test, means controlled by the selected 
repeater if busy to delay the test until said 
repeater is idle, means operative when the 
selected repeater is idle to perform a given 
test of said repeater, and indicating means 
operative when said test determines said re 
peater to be in an abnormal condition. 10. In a system for automatically test 
ing repeaters, means for selecting a repeater 
for test, means controlled by the repeater if 
busy to delay the test until said repeater is 
idle, control means operative when the se 
lected repeater is idle to set up a given test 
ing condition on said repeater, signaling 
means operated by said repeater when said 
given testing condition determines an abnor 
mal condition, and means operated by said 
signaling means to release said control 
means when an abnormal condition is dis 
covered to discontinue testing on said re 
peater. . . . . . . . . . 

11. In a system for automatically testing 
repeaters, means for selecting a repeater for 
test, means controlled by the repeater if 
busy to delay the test until said repeater is 
idle, control means operative when said re 
peater is idle to set up a given testing con 
dition on said repeater, indicating means 
operated by said repeater when said given 
testing condition produces an abnormal con 

dition in the repeater, means to disconnect 
said given testing condition from said re 
peater, and means operative to automatically. 
apply the same test to another repeater. 

12. In a system for automatically testing 
repeaters, Switching means for selecting each 
of a group of repeaters in sequence, and 
test control means for setting up proper test 
E. conditions for the selected repeater if 
ide, said control means being inoperative if 
said repeater is idle only for an interval of 
duration corresponding to a normal pause 
in transmission through said selected re 
peater. . 

13. En a system for automatically testing 
repeaters, a control element, switching means 
under the control of said element and auto 
matically responsive to the operation thereof 
for selecting each of a group of repeaters in 
sequence, testing equipment comprising a 
plurality of test selecting devices, and test 
control means controlled by said switching 
means and responsive to the operation there 
of to connect said test selecting devices to 
the selected repeater, and to energize thein 
in sequence to apply various test conditions 
to said selected repeater. . . . . 

14. In a system for automatically testing 
repeaters, Switching means for selecting each 
of a group of repeaters in sequence, means 
operated by the selected repeater to delay 
testing if the repeater is busy, test selecting 
devices, and test control means operative 
when said selected repeater is idle to energize. 
said test selecting devices in sequence to 
apply various test conditions to said selected 
repeater. . . . . . . 

15. In a system for automatically te 
repeaters, a control element, switching means 
under the control of said element and auto matically responsive to the operation thereof 
for selecting each of a group of repeaters in sequence, testing equipment comprising test 
selecting devices and test networks having 
predetermined values of impedances, test 
control means under the control of said con 
trol element and automatically responsive 
to the operation thereof to energize said test 
selecting devices to automatically connect 
different groups of said test networks to said 
selected repeater in a given order, and means 
under the control of the connected networks 

thereof. 16. In a system for automatically testing 
repeaters, a plurality of repeaters, transmis 
Sion lines and line balancing networks asso 
ciated with each repeater, a control element, 
switching means under the control of said 
element and automatically responsive to the 
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and automatically responsive to an abnormal 
condition in the gain and impedance un 
balance of said repeater to give an indication 
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operation thereof to select each of said re 
peaters in sequence, testing equipment com 
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prising a plurality of test networks, means 
automatically responsive to the selection of 
a given repeater to disconnect said repeater 
from one of said lines and its balancing net 
works, and to substitute one of said test net 
works for the transmission line disconnected 
from the repeater, and means under the con 
trol of the substituted network and auto 
matically responsive to an unbalance condi 
tion in said repeater to give an indication 
thereof. 

17. In a system for testing repeaters, a 
plurality of repeaters, transmission lines and 
networks associated with each repeater, 
switching means for automatically Selecting 
each of said repeaters in sequence, test Se 
lecting devices, control means for energizing 
said devices to disconnect said repeater from 
one of said transmission lines, means oper 
ated by said devices to substitute an imped 
ance of a predetermined value in place of 
said disconnected line, means operated to dis 
connect said repeater from the network as 
sociated with the line having the substitute 
impedance, and means operated by said re 
peater to indicate the unbalance between the 
other transmission line and its associated net 
work. 

18. In a system for automatically testing 
the gain of a repeater, a repeater which is 
to operate between maximum and minimum 
limits of gain, switching means for auto 
matically selecting said repeater, test select 
ing, relays, a control relay operative when 
said repeater is idle to energize said test 
selecting relays, test networks, means to Sub 
stitute one of said test networks for the in 
coming line of said repeater, means to sub 
stitute another test network for the balanc 
ing network of said incoming line, means to 
short-circuit the outgoing line of Said re 
peater, the test condition set up being such 
that if said repeater is above the prede 
termined maximum limit of gain singing 
will take place, and means operated by said 
singing condition to indicate that the gain 
is higher than the predetermined maximum 
limit. . 

19. In a system for automatically testing 
repeaters, a repeater having an incoming 
line, an outgoing line and balancing net 
works for each of said lines, disconnecting 
means associated with said repeater and each 
of said lines and networks, means for auto 
matically selecting a repeater for test, con 
trol means energized when said repeater be 
comes idle, pulsing means energized by said 
control means to operate a series of Sequence 
relays, testing selecting relays operated by 
said sequence relays, test networks individ 
ual to said incoming line, test networks 
individual to said outgoing line, a test net 
work individual to one of said balanc 
ing networks, and means operated by said 
test selecting relays to successively connect 
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said test networks in place of the respective 
lines and one of said balancing networks. 

20. In a system for automatically testing 
repeaters, a repeater having an incoming 
line, an outgoing line, balancing networks 
for each of said lines, disconnecting means 
associated with said repeater and each of 
said lines and networks, means for auto 
matically selecting a repeater for test, con 
trol means energized when said repeater be 
comes idle, pulsing means energized by Said 
control means to operate a series of Sequence 
relays, testing selecting relays operated by 
said sequence relays, test networks individual 
to said incoming line, test networks indivi 
dual to said outgoing line, a test network in 
dividual to one of said balancing networks, 
means to connect certain of said test net 
works to said repeater through said discon 
necting means, and means operated by said 
repeater to indicate an abnormal condition 
when said test networks are connected to the 
repeater. 

21. In a system for automatically testing 
repeaters, a repeater having associated there 
with transmission lines and networks, 
switching means automatically selecting said 
repeater to be tested, means operated by said 
switching means to disconnect the transmis 
sion lines and networks from said repeater, 
control means. pulsing means energized by 
said control means, progressively operated 
ineans energized by said pulsing means, test 
Selecting means operated by said progres 
sively operated means, a plurality of differ 
ent test networks, relays associated with said 
test networks, switching means connecting 
said test selecting means to said relays, and 
circuit connections substituting certain of 
said test networks for said transmission lines 
and one of said networks. 

22. In a system for automatically testing 
repeaters, a repeater having associated there 
with transmission lines and networks. 
switching means automatically selecting said 
repeater to be tested, means operated by said 
switching means to disconnect the transmis 
sion lines and networks from said repeater, 
means to institute a series of tests of said 
repeater, test selecting relays operated by 
said means, a plurality of test networks of 
different values, a relay associated with each 
of said networks. and switching means indi 
vidual to said relays, certain of said switch 
ing means being selected by said test select 
ing means to energize said relays and con 
nect said test networks with said repeater. 

23. In a system for automatically testing 
repeaters, switching means to automatically 
select a repeater for test, means operated by 
said switching means to connect a monitor 
ing winding of said selected repeater to said 
switching means, and monitoring means aut 
tomatically operated by said repeater to de 
lay testing if said repeater is busy. 
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24. In a system for automatically testing 
repeaters, Switching means automatically Se 
lecting a repeater for test, testing equipment, 
means for connecting said testing equipment 

5 to the selected repeater, a control relay for 
controlling the testing of said selected re 
peater, and a visual indicator operatively 

connected to said control relay to automati 
cally indicate to an operator, when the re 
peater is being tested. 
In witness whereof, I hereunto subscribe 

my name this 29th day of December A. D., 
1926. 

IRA. G. WILSON. 
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