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7o aZZ fw/aom, i mmj concerivg

Be it known that we, WirLiam H. I‘IAI{DL;N
wind Michask

anid New York, tespectively, have invente ed
certaln Improvements m.

the following Is a spemﬁeatleﬂ

ThlS mventlon relates to a testme method_ |

‘and system and has. for its object “the Pro-
ystem for making

vision of a method and s
the t‘lell’lﬂ'--C()l’l-

ductors in a telephene systeml,
The invention contemplates a method of

- 111%1{1110* tran emlssmn tests on telephoiﬂe 1111ee}
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Jast of the train of switches, when set, se-
lecting a predetermined pair of eonductms_-
Wthh lead back to the transmission testing
In making transmission tests between .-
the S.Elld pair of conductors are con-
0 a pair of trunk conductors thh_-
5 terminate in a regular Incoming

35

40

4D

B0

nected

Whleh COIISlStS in connecting the transmis--
sion test set and a calhnﬂ* device to any
trunk to be tested, COIlthHlIlﬂ' atttomatic
switches to select.a predetel mmed telephone. - pe
line leagdling back to the transmission test set.
at the. pemt of origin, and holding the e1r-
cuit thus estqbllehed while the neceeeaw'

transmission tests are mede
The equipment for carrying out. this 111et11'-

od. consists of a transmission:. test set of ANy

weh kuewn construction toeether with 4
source of current supply, in conjunction
W1t_,.1 a device for eontmlluw automatic
switches, also m any well known type, the

set.
officas,

normal.

selector. these tluﬂk conductors telmmetm

in the transmission test set. |
Figure 1 represents this invention apphed

o 111{.11{9 transmission tests between two

offices 1n a full mechanical step- -hy- step WS—_
ten. |

Kig. 2 1eplu~e11ts the 11]1fellt1011 apphed to

_nmhe tmnsimeemn
switeh in o full mechame‘ll step- by-etep S8~

tem.

tests on a

IF1g. 3 1epreeente the invention aeplltd to

i ke transmission -tests between a meehqmv{
eal office and & dletant manual office.
~ Referring. NOW MOre p,;utleulflrly to Fig.
1 49 1epfesente A1l outoomu trunk 1epeater- :

_ A GRAHFENLCKLR residing at
Brooklyn and New York, in the coiinties
of Kings and Bronx and State of New Yoirk

Testing Systems
tor Machine- SWltehmn* Qucmts 01 Whlch_'

- minals

‘the dial. D of the dialing
office. A, it 1is- evident that a circuit will be.

estabhshed from the transmission mea,sur'—'
ing. set TMS by way of ‘the repeater 49 in

eoaneetm_

At 487 and 49 to operate
of the incoming: selector 59, ThlS selector

citeuit at ofhce A, connected by Way of cablé.
conductors 70, qnd 71, to an incoming -se-
lector 59, of the well known Strowger typet
“at office B Similarly, 89 1ep1ese11ts a sec-

55

ond’ trink repeater eircuit at office A, ordi--

office B. The test line TL

narily connected. by way of conductors 86
and: 8( to another incoming selector 99, at

of the connector
70" connected, to the termmale 82 and 83 of

60

tha eonnector multiple bank is extended by

way of the COHdUCtors 92 and 93 to the ter-
minals 76 and 77. ‘The leads 56 Whlch ordi-

narily connect conductors. 86 and 87 to ter-
98 and. 29 of the selector 99; are con-

nected to termmals 7 6 and "7 Whlle the

65

transmission tests are In progress, SO that

- the test line TL is now extended by means
of the leads 92 and 93, cross-wiring 56, and
cable conductors 86 and 87to the trunk Te-
eater circuit 89 at office. A... Thus, when-

aver the test line TI; is called by operatmg
board DB in

70

75

ofﬁce A, conductors 70 and 71, selectors 59 '

and 69, connector 79, test lme TL, (all in
office’ B)

set TMS. The apparatus shown in Fig. 1
for purposes of 1llustration, shows one meth-

‘conductors- 86 and 87, repeater 89
in office. A to the transmlssmn meftsurnw.. _

30

od of aecomphshmcr this object end will now

be described in greater detail.

Assuming that the wiring of the test lme
TL of eonneeter 79 in office B has been ex-
tended in. the manner prewously described
and that the. fransmission measuring set

TMS and dialing board DB have been Ccon-
nected: to the trunk repeatere 49 and 89 at

the jacks' J and J* by means of’ the plugs
96 and 97 and their associated cords, the ap-

paretue Wlll then be arranged as shown at
A in Fig. 1

operate relay 48 as

winding ot relay 48. 667, 50, 41, 39, 46; 43, 42,

3785, b1, 66 to crreund at the 10wer Wmdmg._
Rehy 48 operated eleses a cireulf
the .impulse relay

of relay 48

bemﬂr Well kﬂOWIl 1S not, shewn in detaﬂ but

To. dial the test line TL in,
oﬁice B, the key K, of the dialing board DB,

1S ‘oper ated to pOSItlon 38 elesmg circuit to_
follows : batfery, upper
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. connector 1n the proper level which we will

4/)
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1s merely 1ndicated by brushes 80 and 81.
It may be of the type shown and described
in detail in Patent No. 1,176,269, issued
March 21, 1916, to A. H. Blessmo‘ When
the dial D is moved off normal and released,

retardation coil 46 is short circeunited at 44
and 45 and the circuit to operate relay 48

premouslv traced, 1s 1ntermittently opened
at 42 and 43 of Ll'ae dial D, Kach time this

circuit is opened at 42 and 43, relay 48 re-
leases and opens at 48’ and 19" the circuit

through the impulse relay of the incoming
selector 59. It will, of course, be understood
that the relays 58 and 68 are not bridged

across the tall {1110‘ conductors during 'the
‘period relay 48 is malﬂng and breqkmo the

1mpulse ecircuit, but that this bI‘ldO‘e 18
opened during that

ent. The selector 59 functions in the ma,n-
ner well known in the art and selects an idle
trunk 1n the proper level, which we will as-
sume to be the selector 69. This selector
may be of the type shown and described in
said patent.
moved off normal and released, relay 48
agaln opens and closes contacts 18" and 49’
to interrupt the circuit through the 1mpulse
relay (not shown) in selector 69, causing
selector 69 to function and hunt for an idle

assume to be the connector 79. This con-

nector may be of the type shown in said
The cial D 1s again moved off nor-

patent.
mal and released as before and as 1t 1"emms

to normal the circuit through the dial D is
intermittently opened at contacts 49 and 43,

again intermittently operating relay 48.
Relay 48 is turn opemtes reh 78 which
causes the brushes 72 and 73 of the connec-
tor 79 to step to the proper 1eve1 ‘When the
final digit 1s dialled, the connector 79 rotates
to the ‘i,eﬂmn Is of tne desired line, which we
will assu me to be the test line TL and ma-
chine ringing is applied to the line. The

key K is now cperated to position 32, sub-

stituting the It,tmrlflt]on coill 47 for the re-
tardation coil 46 upon the repeater 011'01,1 1t 49,
thus preventing the connector 79 from re-
leasing.
tion 89 , the retardation coil 46 is connected
to the reﬂeatﬂ circnit 89 by way of the CON -
tacts 35, 34, 80 and 31 of the key K. A
bridge is now connected across thﬂ conduc-
tors 8 and 87 1n a manner not shown, caus-
ing the machine ringing current supplied
from the connector 7 9 to be removed from

the test Iine TL in a manner well known in-

the art. A circuit i 1s now established to the
transmission measuring set TMS ‘1s follows:
contact 27 of the (311'01111: closmg cey  CCK,
19, 18, 23,179, 6, 29, 50, 66’ 60, 70, 80 90, 52

62, 72, 82, 92, 76, 36, 54 64, 74. 84, 20 2 1.
11, 12, 13, 10, 9, 21, 85, 75, 65, 55, 87,7
83, 73, 63, 53, 91, 81, 71, 61, 66, 51 24

93

period by a slow relay.
as shown and described in cetail 1n said pat-

When the dial D 1s again

With the key IC operated to posi-

4 22,
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to contact 26 of the circuit closing key CCK.
It will be observed that the 1"etardatmn co1ls
46 and 47 and the following relays or groups

of relays re bridged across this cirenit - 48, 58
and 68, 78, 88, 98 and f"“, and 67. The re-

tqvﬁat]on cmls 46 and 47 are so arranged as

to offer a resistance to direct current Suﬁ—
ciently low to insure the holding of the cir-
cuit being tested, while the 1mpechnce to
alternating current at frequencies ordinarily
used 1n testmo 1s sufficiently high to intro-
duce a peﬂhﬂlhle transmission 1oss

The source of alternating current 16 is

connected over an obwous cucult including

vincdings 14 and 15 of the transformer T.'
ITence Whon contacts 26 and 27 of the cir-

cuit closing key CCX are closed, the circuit
prevmwly traced, 1mcluding Wll’ldlIlO'S 18

and 19 of the trqnsfo*"mer T 1S completed'

and alt ernating current is comﬂected over the
circuit previou slv traced to the AC ammeter
13, which will give a certain reading.

When the cahlbratm key CK is opermted
and the cireuit 01%1110 Lev CCX 15 closed,

the windings 18 and 19 Of transformer T

are eonﬂected by way of the contacts 4, 3, 5

and 7 of the mlzbmtmo ey CK to the A_"“.

:.1:’*11i1ea.u 13 and Vama,mle resistance 11.
Vith all of resistance 11 in the circuit, a

eeltmn deflection will he obtained on the
kb ainmeter

azter referred to as the “constant reading™
711l bﬂ noted by the tester. The cahblatm 8
ey CK is now released and the cirenit over

the 1111{,-} upuer test previously traced, is ve-
estabiiched, and another reading will be ob-
taimmed. The amount of realstance in the cir-
cuil is now reduced by vqrmnﬂ the variable

resistance 11 of the transmission measnrmﬁr

set TS until the “consuﬂnt reading” is
agaln obtained. Tho 1088 1 any desn (]
unit of i“‘ill‘%?’l}.‘SSiOH ot the cu*cmt nnder te%r
may now be read directly from the sczﬂ(., Of
the resistance 11. The tmmnnsslan toss of
the test line TL, conductors 92 and 03, cable
conductors 86 and 87, and the trunk re-
peater 89, has previously been determined.
hence by subt: acting this loss from the total
loss indicated on the seale of the resisty nee,

- the tmhmwmmﬂ loss and the balance of ﬂl{"‘

HT

netvwork n be determ ned. If the loss
‘tlmb d@*{amumd 15 not within the proper
Iimats, the tester kno ve that the transmis-
81011, u‘_mi acteristics ot the circuit are defec-
tive, By eliminating the outgoing trunk ve
peater 45 or the connector 79, or both f_wm
the mmmt a new reading ean he obtained
which. wheﬂ resistance 1_1 18 varied as be-

fore, will indicate the transmission loss jn
By eliminating

the balance of the circuit.
any part of the network, for examnple, the
utgoing trunk repeater 49 or the connector
79 from the cirenit and subsumtmn trunk
conductors of kunown resistance therefo the
trar 511115%1011 loss for fhe balance of the net -

13 and thl%‘ deflection helem-_
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regular subseriber’s

line TL3 {Flg 3) is di
fransmitted over.the conductors 830 and 331
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work may be completed. If the resulting

loss is within the proper limits, the teetu‘
knows that the particular network or ‘piece

of apparatus eliminated is defective and
proceeds to examine the defective apparatus
in detail in order to remove the cause of
the defect. Ordinarily, when the tester en-
counters a defective circuit, he will make a

'lTlemeIuﬂeem threeot and then proceed to
alance of the remaining circuits 1

test the b
the orou

D before attemptn o to locate the

11.211:11 e of the trouble 1n the defeetlve circuit.

When the tests on the circuit meluding
59, 69
key CCK is released, removing the
current from the line. “The
is now removed from the test jack
J and ingerted in a stmilar test jack associ-
ated ﬁ"leh another outgoing trunk 1"epeater
cireult and the tests are then repeated.
Transmission measuring ‘tests may be
made on any switch or series of switches in
A 1*"”*1,10111;11" office by arranging the circuit
in the manner shown 1n Flo 2 where for

d]tQI'i etilw
plug 96

convenience the circuit 1s sho wn arrvanged

for a t1 ensnnsemn measuring test on the
ransmission network of 2 connector circuit.

The transmission measuring set ’F\ISE and

the dialing board DB? are smmlar In every
reéspect to the transmission pleasuring set
and dialing board She“m in Fig. 1.

nlugs 296 and 297 are in thle case connected _

to the jacks 286 and 287, pectlvely, n
the manner shown 1in Tlg. '..._.«. The jack
287 is associated with a test line TL? whic
is reached by dialing ‘the ‘proper mumber of
cigits, depe&dme upon
switches in the series. In accordance with

~the arrangement shown 1 Fig. 2, 1t would

Le necessary to dial two dmu,s to establish
a eoimeutmn ‘between the eenneetor Cll"C‘dlE
chown a,nd the test line TLA o

Tm

G vemm t“‘

.. to a manual office C.
In this case, the plugs 396 and 397 are 1n-
certed 1nthe ]ae};e 586 and 387 , respectively,

of the trunks 388 and 389 w1th which they-

The transmission measur Ing
and ‘the dialing board DB? are

are assoclated.
(_‘ﬂ{} = ..L"FIS

similar 1 all respects to the ‘transmission
“measuring set TMp .

_ and dialing boa ld Di3
in Fig. 1. The test lines TI2 and TL b ap-
pear in the multiple before the operator at
the call 1ndicator position in the ‘manual
ofice C and are
multjple in the usual
manner. The ley K (g, 1) 1s ‘operated
to the nosition 38 and the number of the test
talled and the impulses

to o call mdicator temporarily qesoelated
with -the circuat 398 at office C, which cause

ma ay

9, and 79 are completed, the circuit

'___51011 measuring sot TMS®.
- served that thig circuit is in inductive

the niumber of tion with a circuit as fol]owg'

' '340 350,

relation wit

-shows a method followed n - con-
SINISSION 1116‘18111‘1‘110 tests on the

C 11 cuits from a step-bv-step me(}hanlml office m‘l

agilened numbers 1n the

'the ‘plug 396 is removed from the jack

s at the office C (Fig.
the number of the test line L. to-be dig-

pleved bef01e the operator at off ce C. Call

indicator c¢iveults are well known and there-

fore need not be shown. The call mndicator
vy be of the type described on pages 541
to -343 of Smith and Campbell’s ‘book on
Automatic Telephony, 2nd edition.
phm 368 is thereupon inserted m the jack

878 associated with the test line TLA, which
causes the call indicator to restore in the

wéll ‘known manner. The key K (Fig. 1)

is ow switched to the position marked “327,

thus connecting the retarchtmn coil 47 (Fig.

1) across the trunL. 388 (Fig. 3) to plevent
the operator at office C from receiving the
chseonneet signal due to the release of super
visory 334. The contacts 42 and 43 of the
dial D (Fig. 1) will now be connected in

series with the circuit 389 at office A (Fig.

3) ‘and the number of the test line TL* may
now be dialled and the number of that line
displayed on 2 call indicator temporarily

associated with the circuit 399 -at ofﬁce .

The

1ack 879 of the test line TL*.
TL and TL:# are connected too'ether in the
manner shown in Tg. 3. Hence with ‘the
plugs 368 and 569 mselted 1n the ]aeks 378

plug 869 is thereupon inserted in ‘the

and 379, the machine ringing current on cir--

The

The test lines

0

75

80

85

90

cuits 298 and 399 will be 1"emoved from the

“cirenit in g manner ‘well ‘known in the ait

The =

and a cir eui’t will be eleaed as follows: from
the transmission measuring set T\T‘:"" 301,
311, 896, 321, 381, 315, 305, 330, 320, 306 310
9OO to the eendmﬂ' mrewt of tle t1 enepns—
It will be ob-
rela-
winding 306
of the repeating coil RC m the trunk 398,
360, 3;3, 3843, 339, 336, 326, Uez,'
613 351j 341, 329, 910} f(} 300.
be noted that this civ cuit is also in inductive
\ the transmission receiving set
lows: winding 325 of the 1epeat—
O 32{%

--’-r

circuit as fol
ing coil RC! in the trank u()e,, 35, 333,
381, t}ctmsmmswn Tecelving cucmt
M83 880, 370,322,332,t0325. It will be o}
Served that relays 309, 318 and 319, and 39{
are connected 1n br 1dﬂe with the circuit 388,
fmd relays 359, 348 “and 349, and 3837 in
bridege with the cireuit 389. IIence.J whe:
the alte crnating current from the transmis-
sion’ measuring set TMS? 1s applied to the
trunk 388, it will be inductively repr ocluced
in the mtermediate circuits 398 and-399 and

finally reproduced in the circuit 389 and
| tlansmlesmn recelving circuit of the trans-

mMIisslon Measuring: set TMS?  The loss sus-
tained may be determined in a manner simi-
L‘:ll to that described in connection with Fig.

‘When the necessary tests ave eompteted
586,
oiving the disconnect signal on trunk 398,
due to rela Ly 334 1*e1<,aem to the opemtei
The connection to

test line TL* b} way. _of trunk 399 may be

It will

114)
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retained however if desired, until all other
trunks in the group have b been tested, when
the cireuits may be restored to 1101'11111 by
removing the plugs 396 and 397 from the

jacks associated with the lines under test.
While the method of measuring transmis-
S101) 10f:ses 1in telephone lines 11‘18 for pur-

poses of illustration, been shown ; in connec-
tlon with the sten- *}T*-Step machine gwitching

elephone Lgrftem 1t 1s not so himited but the
001161 al method of determining transmission
losses shown her ein, inay be used in connec-
tion with any other testing or transmission
testing system 1in the same general manner,

V?’hdt 1 claimed is:

"Wethod of establishing a tr ansmission
testmn C 1cmt which consists 10 connecting
a transmission testing set to separvated pomt%
In any circuit to be tested and completing
a testing loop by controlling automatic se-
lector switches to interconnect the parts of
the circuit to which the set is connected and
1n holding the circuit thus established while
the tests are made.

2. Method of eSt‘lthhlﬂ“ 2 transmission
testing circuit which consists in COIllleCtln'D
a source of current supply, & transmission
testing set and 2 calling device to g circuit
leadma to a mechanical office, controlling
automatic switches thereat to build up a
connection to a circuit which leads back to
the transmission testing set in the originat-
Ing office, and in holdnw the loop circuit
thus estabhslmd until the tmnsmlssmn tests
are made.

3. Method of establishing a tl‘fll’lSHllSSlOH_

testing circuit which eonslqts; In connecting
2 source of current supply, a transmission
test set and an 1mpulse sender to a circuit
leading to a step-by-step mechanical office,
controlling automatic switches thereat to
provide a loop circuit back over a predeter-
mined line wwhose nimber corresponds to the
number dnlled to the transmission testing
set, ancl 1 holding the loop circuit thus es-
tablished while the transmission tests are
raacle.

4. A method of eatablishing a transmis-
sion testing cireuit which mllS}f"‘tq 1IN CON-
necting a source of current sunply, a trans-
misgion testing set, and a calline device to
a civeult Teading to a mechanieal office, con-
trolling automatic switehes thereat to build
un a connection to a cireult which leads
back to the transmission testing sef i the

origmating '}ﬁifo closing the loop cirvenit to
be tested., and holmnﬂ the ]00) cncmt
Hm&; ef;tabhf“hﬂd until ﬂw i;*m%:mamon tests

are comnleted. -

5. A methﬂﬂ 0t esty 1'ﬂi%h‘i.n;1' ao transmis-
sion testing civenit which consists in con-
necting a source of current supply. a trans-
mission test set, and an impulse sender to a
circuit leading to a step- bv—%-ﬂ*) mechanical
office, controlling automatic switches thereat

1,570,741

to provide =2 cilcuit back over a predeter-
mined trunk whose number corresponds to
the number dialled to the transmission test-
g set, closing the loop circuit to be tested
and 1n 110161110' the loop circuit thus estab-
hished, while the tra imsms:ssion tests are com-
pleted. '

0. In a testing system for testing the
transmission characteristics of automati-
cally connected telephone talking circuits,
means for connecting a transmission testmﬂ
set to separated pou’rts In any circuit to be
tested, means to control automatm switches
to complete a testing loop for interconnect-
ing the parts of the mruut to which said set
is connected and means to hoeld the circuit
thus establiched while the tests are made.

in a testing system, a source of current
mpph, a transimission Lestmg set, means for
connecting said source of curr ent upply to
said testing Eet? a plurality of sets of con-
ducters, means for connecting said testing
set to any predetermined set of conductms
:«mother set of conductors, means for con-
necting said testing cet to the last mentioned
cet of conﬂucto:rs means for connecting said
predetermined set of conductors to said last
mentioned set of conductors a circuit In-
clucing the source of current suplz)h;fj 8 vVari-
able resmtance the current responsive de-
vice, and o LeV ot said testing set, for ob-
taining a 1e..1dmf>" of the tla,r-saus%lon char-
acteristics of S"nd circult by means of said
current responsive device, a second ecircuit
including the elements aforesaid and said
pledetelmmed and last mentioned, sets of
conductors, and means tor varying said re-
sistance, to produce the reading first ob-
tained. -

8. In a multi- ofﬁce testing system, a
source of current supply, a calling device, a
first office, a second office, a plurfthty of sets
of conductors between said first office and
sald second offices, means for connecting said
source of current and said calling device to
any predetermined set of cond: 1ctors at said
first cffice, another set of conductors be-
tween said first and second offices, a pair of
conductors in said second office having a dis-
tinguishing code number, means In said
second office for onnectma salc secondly
mentioned set of conductors between said
first and second offices with said code num-
bered conductors in said second offtce, auto-

2

80

90

95

100

1030

110

115

matic apparatus in said second wbce agg0- 120

ciative with said predetermined set of con-
ductors responsive to said calling device for
differentiating between said code numbered
conr‘hlct(‘us and any other conductors termi-

mting m gaid seconcd oifice, a device Iespon- 125
sive to current at said fll'ﬁt ofiice. means in -

said first office for connecting said current
responsive device to said smcondl‘v men-
tioned set of conductors to said second of-

Q=

fice, and a cireuit including said source of 140
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| Supnl}
of conduct ors, automatic switching appara-

ing e}"etem & source of altern

7. ond- ofiice, a phu

current supply, said prcceternnned -said
secondly mentioned and said code numbered
conductors, and .;;fud

device. | ]
9. Ina Le““no 3eten1 R S:OL ce 0f current
28 01111110 device, a plurality or sets

tus 1esponsive to said calling dewce, means
for connecting

set of COIhl‘dCtOlf;, o second set of conductors

mi 11tmled before and accessible to the last

switch in the train of switchi ng ‘*Lppfl ATUS,
a third set of conductors, means for

teristics, means for ccnnectnlo sald third set

of ccnducters to said cur rcnt responsive.de-

vice, and a circuit including said source of
current supply, said predeterrmned second,
and third, sets of conductors, said ewﬁchmcr

:apparetus, und eld current 1e8pcnswe de—~

vice. |
10, In a tmnsnneswn 1116‘18111"111g srstem
a source of alter iating current supply,-

plurality

dc[emeed set of conductors, another set of
ccneu(;tcle., a deﬁecteble indicating dewce

connecting said cur rent respcnswe device to
saic secendty mentioned set of conductors,

means to control automatic ew1tcéhes for

connecting said predetermined set of con-
ductors to the. secondly mentioned set of
conductors, and a circult including said
source of - qlternfrtlne current Supply, ‘said

predeternnned and seccndly mentioned sets
~of conductors and said current 1espcnswe
devie - - -

11, ln a multi-office trenenussrcn meeeur
tmtr current

m

Supph, a calling device, a first of

fice, means for connecting said source of cur-
rent supply and said cfllhnn device to any

predetermined set of conductors at said first
qfotlce, another set of con ductcrs between said .

first ard second offices, & set of conductors in

said second office hawno o distinguishing.
ccdc nu 1nber means in said second ofﬁce for |

connecting smd secondly mentioned ‘set of

_ccndrctcre between gaid first and second of-
nce with said code numbered conductors in
said second office, automatic apparatus in

said second office associative with said first
1nent10nec1 predetermined set- of conductors

“responsive to said calling device for differ-

entiating between said c0f1e numbered con-
duectors ‘llld any other conductcrs terminat-

nm ;u said seccnd office, means for connect-
ing .58 aid first mentmned predetermined set
01 rencnctcrcs to. e{ud code munbered ccn—_

current respcuswe -
- said secondly ‘mentioned set of conductors
to said second office, and a circuit including

said source of alternating current supply,:
secondly mentioned, -

| a,nd code numbe‘“ed ccnducters and sald our-

_smd source of current supply:
and said calling device to any predetermined

con-
necting Sdld second to said third set of con-

ductors s, & deﬂecteble indicating device re- ¢
sponsive to varying transmission charac-

of sets of ccnductcle means. for
connecting said source of carrent to any pre-

(Jeq ﬂ. SEC' _
lity cf sets of conductors.
between said first office and S‘Ud seccnd of |

ductors, a demce respcnswe 10 alternatmg.
current, means in said first office for con-

necting said current responewe device to

said

predetermined,

rent 1esponsive. device.

12, In a. transmission’ measurmg system,
‘a source of .alternating. current supply, a

calling device, a plurality of sets of conduc—
tors. 6‘1(}11 set asscciated with automatic

S'Wltdlll’lg appare atus responsive to said call-
1ng device, means for connecting said source.

of alternqtmg current supply and said call-

ing device to any predetermined: set of con-
~-duct0r

a second set of conductors: multi-
pled befor and accessible to the last switch

in the train of switching apparatus, a third

70
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set of conductors, means for connecting said -

ﬂeccnd to said third set of conductors a de-

vice responsive.to ftlternetmo current, means

for connecting said thlrd set of conductors
to said current responsive device, and a cir-

mt 1nc1udlno said. source of elteln*‘rtmo

current su :)ply, said predetermined, second
and third sets ef conductors, said eW1tcnlno B

apparatus. and . ald current ‘responsive de—

ViCe.

18. In a telephcne trensnnssmn measur-

ing system, a source of alternating current
r:;upply, a plurality telephone lines forming
‘2 group, means for connecting said source

v b
of alternating current to any predetermzned

telephcne hne in said g
indicating device reeponswe to alternating
current, means for connecting said current
responsive device to a second predeternnned
line 1n the group aforesaid; means to control

“automatic SWltChES for connectmﬂ' said first

and second predetermined hnes together,

“and a cireuit including said source “of al-
ternating current, said first and second men-

t1011ed ‘telephone

sponsive. device. -
14. In a mrltl office telephene transmis-

sion measuring. system, a source of alternat-

lmes and sald current Te-

90

100
group, a: deflectable

165

110

Ing current supply, a calling device, a first

.o‘nce a second -office, a plurehty of tele-
phcne Jlines forming a group between said
first and second ofﬁces, means for connecting
snid source of .alternating current and said
calling” dewce to any pledetermlned tele-
-phone line in the group at said first office,

a second predetermined. telephone line in

120

said group, a test line in said second office

]nvmcr a dlStlIlO'UIShlnﬂ' code number, means

in said second office for ccnnectlnﬂ said
second predeternnned telephone line to sald.
test line, automatic apparatus in- said sec-
ond office’ associative with said first men..

125

tioned predetermined telephone line respon-

sive to said calling. dewce for differentiat-
-.'1ng between said test line a.nd any other line

130
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and said ¢
0

-
e Tl

a

terminating in said second office, a device
responsive "o alternating current, means in
said first office for conneetma' said current
responsive device to said Seeondly mentioned
predetermined telephone line, and a circuit
neluding said source of alternating current
supply, said first and second mentioned pre-
determined telephone lines, said test line
1rrent responsive device.

15. In a telephone transmission measur-
1ng system, a source of alternating current
Qupply, a, calling device, a plur e.hty of tele-
phone lines formmo a group, each line
equipped with *111130111:;1’[1(3 switching appara-

‘tus responsive to said calling device, means

for connecting said source of current Sup-
ply and said calhnfr device to any predeter-
mined telephone line in said oroup, a test
line multipled before and accessible to the

last switeh in the train of switching appara-

tus, a second predetermined telephone line
1n the group aforesald, means for connecting
said test line to said second predeterminec
telephone line, a device responsive to alter-
nating current, means for connecting said
second predetermined line to said current
responsive device, and a circuit including
said source of alternating current Supply,
sald precdetermined first, and second, tele-

‘phone lines, said SWItCthD eplz)amtus sald

test line, and said current responsive device.
16. In a telephone transmission measur-

ing system, a source of current supply, a

35 -

4()

€0

Go-

forming a gloep between

transmission testing set, means for connect-
1ng the source of current supply to the test-
ing set, a plurality of telephone lines form-
ing a group, means for connecting said
testing set to any predetermined telephene
line 1n sald group, a second predetermined
telephone line in the group aforesaid, means

for connecting said first mentioned predeter-

mined telephone line to said secondly men-
tioned telephone line, means for connecting
said secondly mentioned telephone line to
the testing set, a circuit including the source
of current euppl}j a variable resistance, the
current responsive device, and a key of said
testing set for obtamlng a reading on said
civeuit by means ot said current responsive
device, a second circuit including the ele-
ments aforesaid, and said 1)1edete1111111ed
and last mentioned telephone lines, and
means tor varying said resistance to 1:)1"oduce
{he readmﬂ first obtained.

- Tn a multi-office transmission measur-
g %y stem, a source of current supply, =
tr ansmission testing set, means for connect-
ing the source of current supply to the test-
g set, a calling device, a first office, a
second ofﬁce ] *’Jlm ality of telephone lines
sald first and
means for connecting said

second offices,

testing set and the calling device to a pre-

group at the first

determmed line 1n the .
a second predetermined line in said

office,

1,570,741

group, a test line in said second office hawno‘
a distinguishing code number, means in Sald

second efﬁee iox connecting said secondly

mentioned predetermined telephene line to
sald test line, antomatic apparatus in the
second office associative with sudﬁret nmen-
tioned predetermined telephone line respon-
sive to said calling device for dlﬁerentlatnw
between said test, line and any other lme
terminating in said second office, means in

said first oﬂiee for connecting the tlesting

set to said secondly mentioned predeter-
mined telephone line, a circuit including the
source of current supply, a variable resist-
ance, the current responsive device and a key
of said testing set for obtaining a reading

0

75

80

on sald circuif by means of said current re-

sponsive device, a second circuit including
the elements efezesald sarcl first mentloned
said secondly mentioned predetermined tele-
phone lines and said test line, and means for
varying said resistance to produce the read-
1ng first obtained.

18. In a multi-office transmission measur-
Ing system, a source of alternating current
supply, a transmission testing set, means for
connecting the source of
rent supphr to the testing set, a llno ce-
vice, a first office, a second efﬁceﬂ i) )lurahtv
of ‘felephoﬂe lines forming a group between

said first and second offices, means for con-
neetmﬁ the testing set and the calling de-
vice to a predetermmed telephone line in
the group at the first office, a second pre-
determined line in said Group, a test line in
said second office having a distinguishing
code number, means in said second office for
connecting the second predetermined tele-
phone hne to said test line, automatic ap-
paratus in the second office associative with
sald first mentioned predetermined tele-
phone line, responsive to said calling device,

for differ en’(mtmo between gaid test hne end

any other line termin ating 1n said second
office, means in said first office for connecting
the teetme set to sald secondly mentioned
pr edetermined telephone line, a circuit in-
cluding a variable resistance, the current re-

sponsive device and a key of said testing set,

in inductive relation with a circuit includ-
ing said source of alternating current sup-
ply, for obtaining a I‘F}‘ldlnﬂ on the first

mentioned circuit by means of said current

responsive device, a third circuit, in induc-
tive relation with the cir cult 1mncluding said
source of alternating current supplyf, com-
prising the elements afores aid, said first,

and secondly mentioned pr edetermined tele-

phone lines, and said test line, and means
for varying eald resistance to produce the
re‘ldmo ﬁrst obtained.

19, In a multi-office transmission measur-
Ing system, a source of alternating current
supply, a transmission fes ting set, means for
connectmo the source of alterllqtlnﬁ' current

Itern ‘1t1no cur-
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to a
group at the first office, a second predeter |
mined line in said group, a test line i the
second office havmo A chstmmushmo* code
‘number, means in the second office for con-
‘necting said second predetermined telephone

first oilice, a seco: nd ofﬁce, a plumhty of
telepnhone lme% forming a group between

saild first and second Oﬂlces means for con-

necting the testing set and the calhno* devme
pr edetermmed telephone line in the

line to seud test line, automatic apparatus 1n

the second office associative with both said

first and second mentioned predetermined
telephone lines responsive to said calling de-

vice for differentiating between said teet line

cther lme terminating 1n said

and any

second office, means 1n said ﬁxst office for

connecting the testing set to said secondly

mentioned predetermmed line, a circuit 1n-
cluding a variable resistance, the current re-

sponsive device and a key of said testing set,
in inductive relation with a circuit includ-
ing the source of alternating current supply o

for obtaining a reading on the first men-
tioned circuit. by means . of said current re-
“sponsive device, a third circuit, in inductive

relation  with the circuit mcludmo sud

source of alternating current *quppl*;;j com- -
prising the elements afor esaid, said first and-

secondly mentioned | predete,l"'nnne(fl tele-
phone lines, and said test line, and means for
varying said resistance to produce thu read-
ing first obtained. . '

30. In a telephone transmission measur-
ing system, a source of alternating current
supply.}, a transmission testing set, a calling
device, a plurahty of telephone lines form-
ing a group, each line equipped with auto-
matic swﬂehhw apparatus responsive 1o
said calling aewce means for connecting
sald source of alternahnﬂ_ current. Qupply
to the testing set, means for connecting the
testing set and the calling domge o any pre-
determined telephone line in said oroup, a
test line multipled before

paratus, a second predetermined telephone
line in the oroup aforesaid, means for con-
necting said test line to said secondly men-
tioned predetermined telephone line, means
for connecting said secondly mentioned pre-

determined telephone line to said testing

set, a circuit including a variable resistance,
current responsive dewce,, and a key of said
testing set. 1n 1nductive relatlon with a

second circuit including said source of alter-

nating current supply, for obtaining a re ead-

ing on the first mentioned circuit by means

of said current responsive device, a third
cireuit in inductive relation with the circuit
including said source of alternating current
supply, comprising the elements aforesud

aid first and secondly mentioned predeter-
mined telephone lme- fmd said test lme

'and meatn% for mrymcr
produce the reading first obtained.

| transnnssmn Joss 18 Kﬂow

the transmission testing
‘mine the transmission loss of the combina-

llnes

and accessible to
the last switeh 1n the train of switching ap-

21. The method of testing the cha acter-
istics of transmission lines “"ul{}h consists 1n
taking' one of said lines and a line whose
vice to these

transmission mea \SUring d

-
[
-
. +
.

ﬂld 16515’{&1’1@& to

70

counecting the

lmes estabhshmﬂ a connection at a distant

pomt over the line to be test ed 1n accord-

ance with its normal mode of operation to

the line whose loss is known, manipulating
device to deter-

tion, releasing the Iine tested, mathemati-

"call‘y determmnw the transmission loss of

the line tested, al’*d deducing therefrom 1t%
transmission characteristics. - |

22. The method of testing the charactel-"

1stics of transmission lines whlch consists 1n
taking one of szud lines and a line whose
transmission loss is ‘known, connecting the

75

80

85

transmission measuring device to these lines,

_estabhshmo* a connection at a distant point

over the line to be tested in accordance with

1ts normal mode of operation to the line 9

whose loss is known, manipulating the

transmission testing demce to determine the
; transmlqsmn loss 01 the combination, releas-
ing the line tested, mqthemat]cally deter-
mining the tmnsmlssmn loss of the line
_teqtecL and of deducing therefrom its trans-
all steps 1n the

mission charactemstlcs
method belng cenducted without 1nterfer-
ing with the normal use of Eubscrlbers

23. The method of testing the ch‘lracter-

00

95

100

istics of transmission lihes thh consists in

taking one of ‘”-‘Elld Iines and a lme Whose
transmlssmn loss 1s known of assigning =

distinguishing desw‘natlon to the 1111e of

known loss, connectnm the fransmission

measuring device to these lines, establishing
Q. conn&ctlon at a distant pomt over the lme-

to be tested in accordance with its normal
mode of opemtlon to the line whose loss 1s

known, manipulating the transmission test-
’1110 devme to determine the transmission
'loss of the combination, releasing the line
tested,
tramnnssmn loss of the line tested., and de-
| ducmo* therefrom its transmaission chqmctew |

dﬂtermmmo* the

mathematically

istics, all steps in the method being con-
ducted without interfering wﬂh the normal
use of subscriber’s Tines.. |

24, The method of testing the chcuacte‘
istics of transmission lines Whlch consists in
taking one of sald lines and a 1]116 Whoqe
transmission loss is known, of assigning a
distinguishing designation to the line of
known loss, connectmo

ing demgnatmn of the line of known loss
over the line tested whereby a connection is
esta bhshefl at the dlstant point Wlth the line

the transmission
measuring device to these lines, transmit-
ting Swn&ls cmrespondmo to a distinguish-

110
115

120



€3 - ' 1,570,741

“whose loss 1S known mfunpulatmo the method being conducted without interfer-

tr ‘111811‘118810]?1 testing dewce to determine the 1ng with the normal use of subseriber’s lines.
transmission loss of the combination, re-  In te stimony whereof, we have signed our 10

leasing the line tested, mathematically de- names to this spﬁcdlcatmﬂ this 28rd d‘i} 0f
termin mg the transmission loss of the line August, 1923. -
tested, and deducing therefrom its trans- CYWILLIARM I 1 HARDEN.

mission characteristics, all steps in the MICHALL A, GRAEFENECKER.
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