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This mventlon relatesto o method and toap-
paratus for measuring an electrical constant
of a transmission line without materially

bsmrbmw the normal functions of such line.

Dore speciﬁcaﬂy, it relates to the measuring

of the electrical impedance of a-battery feed-
ing transmission line éxtending from a main
exchange to a private branch exchange in
a telephene system and without interrupting
the operation of the private branch exchange.

It 15 necessary in ‘the maintenance of tele-
plxone service where & large number of pri-
vate branch exchanges are worked frem a
central oche to- chebk up periodieally on the
vezistance of the battery feeding. transmis-
sien lines extending from the main exchange
to the private bre mch exchanges. Here’co-
fore, a number of methods of m;easuring- such
1esistances have been employed but in so far

s the applicant is awave all of the relatively
ae ““uuﬁe metheods have-involved disconnect-
ing the feeder from the private branch ex-
chzmoe Disconnecting the feeder hagneces-

:ued taking the measurement at some time
when the puvate branch exchange was not
in operation. It was therefore not always
¢ Avlvenient to. take the measurement, par-
ticularly as some of the private branch ex-
changes are in-operation during the major
po*tmn of the twenty four hours of the day.
. "The present invention ‘provides a method
mv olving two steps in which known methods

£ resistance measurement are. applied in a
p articular manner and sequence to obtain
the desired measurement.

In accordance with the mventlon the first
step consists in connecting in p‘trallel with
the load at the private branch exchange an
impedance which is equal to or bears a de-

ugue atio to the load of the private branch:

exchange. This step may be conveniently

perfor med using 'a Wheatstone -bridge ar-

rangement. The only precaution necessary

LO obse1 ve is for the tester to make sure that:
the load on the prn‘ate branch exchange has

not changed during the measuring interval
by some. act of the operator such as ‘the chang-
mg{ of a cord.

Having connected such 1mped‘1nce in par—

alle] with the private branch exchance load o3

the potentlal at the point of connection of the

load and parallel impedance to the line may
be noted. The parallel 1mpedance is then
cisconnected .and an impedance is connected
in series with the load and is adjusted until 4
the potential at the point of connection of
the Ioad with the feeder is the same as in the
previous step. It can be shown that under
the conditions outlined for the measurement,
the resistance necessary to bring :this pomt 60
to the same potential as before, is a direct .
measure of the impedance of the feeder. ’
In accordance with the invention, appa-
ratus. for ‘performing the method as above
outlined is provided in the convenient .and
compact form of a single instrument. The
tester can make the entire measurement by

85

‘merely manipulating the keys of the instru-
ment in sequence or alternately, noting the

effect in a telephone receiver. ~This embodi- 70
ment of the invention, comprises adjustable
resistance, two. condensers and a telephone
receiver connected mto keyed. eircuits and
arranged to compare the potentials at a point ,
between the line and the load under different 76 .
cireuit conditions. - The-apparvatus may con-
veniently be arranged in the form of a port-
able test set, but it is thought the invention
will be bett er understood from diagrammatic
drawings. In the drawings, Fig. 1isasim- 80
ple circuit diagram illustrative o the method
of this invention and Fig. 2 is a schematic
diagram of the circuits in a-pr oposed test set
or instrument. o
The general features of the method will 85
be outlined with particular reference to Fig. -
1 of the drawing. In this figure the battery
P is located at the main ofﬁce and the.load -
at the private branch exchange is indicated

fby the resistance L. This load is made up 90
of the apparatus in use at the private branch

exchange which varies from time to time,
but Wh1ch will ordinarily remain constant
for a sufficient time to permit the necessary
measurements to be made. - The transmission 95
line which is'known in the art as a private
branch exchange battery feeder extends from
the battery P to the terminal X at the private
branch exchange.. While the resistance of

1o feeder is in practice distributed along 100
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2

convenience of descrip-
) a lumped resistance ¥
which represents the resistance of the feeder
as & whole, in other words the resistance fo
be measvred. The point K is ordinarily
connected to the point J, by a fuse indicated
in dotted lines: 'The adjustable resistances

A and B form a part of the test set which is
connected across the points K and J and
the fuse.is then removed. .

_ The first step in the method of determining
the rasistance of I is to adjust A to a definite
ratio (usually equality) to L holding B short-
circuited. The potential at the point J with
A connected to ground may then be deter-
mined. - : . o

The second step consists in disconnecting A
from ground, removing the short-¢ireuit from

B and adjusting the resistance B until the

its length it has for
tion been shown as

potential at.J is the same as that previously

noted: - When  this condition 1s obtained
F=nB where n is the ratio of A to 1. Ifn
is'unity #=2A8. .This may be shown mathe-
matically as follows: :

Tf the potential at J or E; is to be the same
under the two conditions set forth above and
E, the potential of the battery P remains
E;

Eo

constant it follows that. 1s the same un-

der both test conditions.
With B short circuited and A included

AL
E, _ A+L AL (i)
E, AL A F_AL+AF+FL '
A+L
With A open-circuited and B included
E L '
E - L+B¥r @
Equating 1-and 2
AL L

AL+AF+FL L+B+F
AL+AB+AF=AL+AF+FL
AB=FL

Z ; :
If 7 s assumed to be n, F=nbB"

if 7l=1? F=5

Tn Fig. 2 the circuit arrangement used in a

test set embodying the invention is particu-

Iarly designed for measurement of the resist-

ance of the private branch exchange battery

feeders but.is not limited to such use. In'the
test-set as actually constructed the various re-
- sistances, keys .and circnit connections are

mounted in a portable box and the adjustable

1,788,585

resistances take the form of ordinary dial
type resistances such as are commonly used in
ordinary Wheatstone bridge measuring de-
vices. The set is provided with the usual
binding posts for connection to the feeder to
be measured and to the-load of the private
branch exchange. In Fig. 2 the same refer-
ence characters have been used to designate

-the parts which are common to that figure and

to Fig. 1. The additional apparatus not
shown in Fig. 1 will be now described.

There are two keys used, one of which is
designated as BF and the other as AL, These
keys are of the orvdinary type used in tele-
phone exchanges in which the contacts are
operated by an oscillating lever. The key AL
is arranged so that when its lever is thrown
in one direction the contacts are in the position
shown and when thtown in the other direction
the contacts-are moved to take up alternate
or opposite positions. ,

The BF key contains two sets of contacts
which are operated from a single oscillating
lever. The contacts are shown in the neutral
position. . On movement from neutral posi-
tion to one position, the upper set of contacts,
as shown, are actuated, and on movement to
the other position, the lower set of contacts
are actuated. The arrangement is such that
the operating lever BF in passing from one
extreme position to the other causes the res-
toration of one set of contacts and changes the
setting of the other contacts. It may also be
mentioned that the contact 1 of the upper set
of contacts connected with the BF key is ar-
ranged so that it is opened before the other
contacts are closed and the key is returned to
normal.

An inspection of the circnits will show that
with the BF key in its upper position the
condenser Z will be charged at a point J'.
When the BE key is in upper or in its nor-
mal or neutral position the condenser Y is
connected to pomt J” through a contact of
the AL key 1w its normal position. When
the BF key is in its lower position the con-
denser Y is connected to the condenser Z in
opposing relation through the telephone re-
ceiver-R.  With the BF key in its normal or
neutral position the operation of the AL key
merely places the telephone receiver across

- the opposite points of the Wheatstone bridge

formed by arms C, D, L and A.

t will now be assumed that it is desired
to measure the resistance ¥ with the test set
of Fig. 2 connected as shown, and the opera-

tion of making this measurement will now

be described.  With the ratio of C to D at
equality, the first step is to make the resist-
ance 4 equal to the resistance L. If there is
a difference of potential between points J’
and H of the bridge a click will be heard in
the telephone as the key AT is moved. The
AT, key iz successively operated. while the
istance A is adjusted until no click is heard
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in the telephone receiver R which indicates
that there is no difference in potential be-
tween the nomus J7-and H. As'is usual in
wfhcatstom bridge measurements the ratio

on arms C and D may be-equal or bsar any -

definite ratio, but ¢l ney may cconveniently be
equal vesistances possibly of low value. It

will be noted that while this measurement is -

being made the resistance B is short-circuited
through the left contact of the key BF.
Having made this adjustment the BF key
is altelnately operated from its uppermost
to its lowermost position and the resistance
B is adjusted. As pointed out in describing
manipulation of this Ley
causes the following eperations to take place.

- Pirst, when the key. BF is in its upper posi-

20

<30

[ 5]
<t

40

- 80

tion condenser % is' charged -at point: J’
through contact 1. The key BF opens the
contact 1 bef ore it'closes the circuit to the A
resistance and before it chort-circuits the B
resistance, so that the charge on the con-
denser will not be changed bv the closing of
these circuits. ' In the neutral position of “the

5 key the condenser Y'is charged to the poten-

tial of point J’ through an obvious circuit in-
clumno the contact ot the key AL The key
B{* at its lower posﬂzlon or setting connects

he two condensers in series with the ‘tele-
phone R, the chargés on the condensers op-
posing ‘each other.. If the DOte”lﬁlal to which
the condensers Y and Z have been charoed
is equal, no click will be heard in the receiver
R. This condition indicates that the resist-

5 ance B has been ad]usted to the final desired

vilue and i is a measure of the rea1stance F.
The test sef as 'shown and described is ar-
ranged to'check the potential of point J” for
the two eircuit: conditions, to determine if
point J h‘LS the same: potentlal for both con-
ditions:

. Hor the Mranaement oi Flg 2 the equa-
twns are as follows '

‘Wlth B shmt c1rcmted and A 1ncluded

(A+D) (L+ 0)

3
"+ Assume that SRS
: o A+ D
~I¥0 oy
L+0+B+F L+0+F+ET
: B-‘-..E '
' F—nB

which is tho same requlb a3 obtamed for the
circuit of Fig. 1.

- The keys ALi and BF may be operated al-
ternately -and with considerable rapidity so
that each adjustment and the final measure-
ment may be made in a very short time. . The

measured value is readily checked by manipu-

lation, first of key AL and later of key BT,
while listening in the telephone receiver R
to make sure there is no click. This check is

a very brief or rapid step in.this method of-
If the load L is changed in the in-

testing.

(1

, 75 ;

80

terval of taking the measurement the value

of resistance A is the only Value that needs

to be changed,

920

Althouo'h the arr angement is partlcularly :

adapted to measuring the resistance of pri-

Vate branch exchange battery feeders by the

method above set forth it is also capable of
measuring other  resistances. “In order to
more readily adapt it for this latter purpose
there is'provided a key G and a fixed resist-
ance M which may be part of the set and may
be'used-as a substitute for the load 1.  The
resistance F' may be measured independently
of ‘the load or at-a point intermediate the
bdttery supply and the normal load.

Tt will be obvious that a voltmeter may be

’substltuted for each of the condensers Y +2

and the comparison of potentials made . di-
rectly.. Alternatively a single voltmeter may
be used and the potentials at point J” may be
measur ed successwely for the two unbalanced

E;, A+D+L+0 ~ (A+D) (L+0) .
“E“o“ (A+D) (L+0)+F (A+D) (L+O) +AF+DF+LF+0F
- AFDILFC

W 1th A open cucmted fmd B 1ncluded
L E; L+0 ( 4) ’
B, L+ 0+B+F
Equwtmg (3) and (4)

(A+D) (L+ 0)

@

%

100 -

110

1156 L

cond1t10ns, the one voltmetel being used for

both measurements.

It will also be obvious that ‘the 1mpedance o

B may be made up of a variable resistance

‘and a varmble 1nductance in serles Wlth one

: L+0

(A}D) T+0) +AF+DF+LF+ 0F~ L+0+B+F“

(A+D) (L+0+B+F) (A+D) (L+O)+(A+D)F+ (L+0)F [

(L+C’)
CA+D

L+0+B+F L+C’+F+ F

-120

125

180
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another, and these may be adjusted to be equal
to or to be a measure of the value F. An
A. C. voltmeter or meters may then be used
as suggested in the paragraph above in con-
nection with this arrangement when the cur-
rent in the private branch exchange feeder
is an alternaling current. The impedance in
the two different unbalanced conditions may
be then measured directly and successively.
The value of impedance B will be properly
adjusted when the voltmeter readings are
alike for the two different unbalanced condi-
tions. :

Tt will be obvious that the method and ap
paratus disclosed is available to the measure-
ment of resistances or impedances of any
sort, whether the impedance is due to resist-
ance, capacity or inductance, and without de-
parting from the spirit and scope of this in-
vention. C :

What is claimed is:

1. The method of measuring an electrical
constant of a transmission line without dis-

‘turbing the load thereon which consists in

connecting an impedance in parallel with the
load, said impedance being equal to that of

_the load, determining the potential at the

junction of the load and the line, removing
the first impedance from association with the
line and load, and inserting sufficient im-
pedance in series with the load to establish
the same potential at the junction as was pre-
viously determined, whereby the last imped-
ance so inserted is equal to said constant.

9. The method of measuring the impedance
of a transmission line between a source of en-
ergy applied at one end of the line and any
point on the line which consists in varying
the impedance beyond said point, determin-

ing the potential at said point, restoring the

impedance beyond: said point to its original
value, and inserting between said source and
point an impedance sufficient to bring the po-

_tential at the point to the value previously

determined, whereby said last mentioned im-
pedance is a measure of the impedance to be
measured. . -

3. The method of measuring the impedénce :

~of a transmission line between: a source of

65

energy applied at one end of the line and any
point on the line which consists in reducing

“the impedance beyond said point to onehalf

determining the potential at said point, re-
storing the impedance beyond said point to
its original value, and inserting between said
source and point an impedance sufficient to
bring the potential at the point to the value

previously determined, whereby said last
mentioned impedance equals the impedance

to be measured. 7 :

4. The method of measuring the impedance
of a transmission line between a source of en-
ergy and a point which consists in breaking
the line at the point and inserting a shunted
variable impedance at the point, connecting

1,733,585

a second variable impedance in parallel with
the load beéyond the point, varying the sec-
ond impedance to a predetermined factor of
the load, obtaining a measure of the votential
at the point, disconnecting the second imped-
ance and the shunt on the first variable im-
pedance, and adjusting the first variable im-
pedance until the measure of the potential
at the point is the same as that previously ob-
tained, whereby said first- impedance multi-
plied by a factor determined by the relative
values of the second variable impedance and
the load beyond the point is equal to the im-
pedance to be measured.

5. The method of measuring the impedance
of a transmission line between a source of en-
ergy and a point, which consists in connect-
ing a variable impedance to the point and in
parallel with a load beyond the point, ad-
justing the variable impedance to a predeter-
mined ratio of the load; storing a measure of
the potential at the point, disconnecting the
variable impedance, inserting between the
source and point a second variableimpedance,
and varying the said second impedance until
the measure of the potential at the point is

cequivalent to the previously stored measure

of the potential at the point, whereby the
second impedance multiplied by the ratio of
the first variable impedance to the load im-
pedance equals the impedance to be meas-
ured. :

6. The method of measuring the resistance
of a transmission line between a source of

-energy and a point, which consists in con-

necting a variable resistance to the point and
in parallel with a load beyond the point, ad-
justing the variable resistance to a predeter-
mined ratio of the load; storing a measure
of the potential at the point, disconnecting

the variable resistance, inserting between the

source and point a variable resistance and
varying the resistance until the measure of
the potential at the point is equivalent to
the previously stored measure of the poten-
tial at the point, whereby the second resistance
multiplied by the ratio of the first variable
resistance to the load impedance equals the re-
sistance to be measured. : :

7. The method of measuring the imped-
ance of a transmission line between a source

-of energy and any point which consists in

changing the impedance beyond said point,
storing a measure of the potential at the point,
restoring the impedance beyond said point to

‘its original value, inserting between said

source and point a variable impedance, stor-
ing a measuring of the potential at the point
and comparing said last mentioned stored
measure. of the potential with the previously
stored measure of potential to determine if
they are equal, and alternately varying the
last impedance and comparing the stored po-
tentials at the point for the two conditions
until it is found that the potentials are equal,
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whereby the last impedance is a measure of
the value of the impedance of the line.

8. The method of measuring an electrical
constant of a transmission line without dis-
turbing the load thereon which consists. in
connecting an impedance in parallel with the
load, said impedance being in a predetermined
ratio to that of the load, determining the
potential at the junction of the load and the
line, removing the first impedance from asso-
ciation with the line and load, and inserting

sufficient impedance in series with the load -
to establish the same potential at the junction -

as was previously determined, whereby the
last impedance so added multiplied by the
ratio of the first variable impedance to the
load impedance is equal to said constant.

9. In an impedance measuring set, a
plurality of condensers, an indicating device,
switching means for connecting the con-
densers in succession to a point in a line the
impedence of which is to be measured and
then to said indicating device, and means for
discharging the condensers in opposing rela-
tion through the indicating device. |

10. In an impedance measuring device for
measuring the impedance of a particular part
of a line, to a' given point, the combination
of impedances with switching means and cir-
cuits for alternately changing the impedance
of the line beyond said point by a given
multiple, and for substituting such an im-
pedance on the other side of said point as to
maintain the potential at said point, un-
changed. _

11. In an impedance measuring set, means
for multiplying the impedance on one side of
a point in a transmission line by a prede-
termined value, means for determining the
potential at the point, means for restoring
the original impedance beyond the point and
means for adding sufficient impedance on the
other side of said point to bring the potential
at said point to the value already determined,
said added impedance serving as a measure
of the impedance of the transmission line to
the said point.

12. In an impedance measuring set, means
for multiplying the impedance on one side
of a point in a transmission line, means for
storing a measure of the potential at the point
under varying conditions, means: for restor-
ing the original impedance beyond the point,
means for adding impedance on the other side
of said point in order to bring the potential
at such point to its former value, means for
storing a measure of potential at the point
for varying added impedances and means for
comparing the stored measures of potential
at the point.

13. A resistance measuring device for
measuring the resistance of battery feeding
lines between telephone exchanges compris-
ing means for alternately connecting a re-
sistance in parallel with the load supplied by

5

said feeding line and connecting an adjﬁsta- L
ble resistance in series with said load, and

means for indicating the relation between the
two potentials at the point of connection ad-
jacent the load for each alternative circuit
condition. :

14. In a test set,
a variable arm of a Wheatstone bridge, means
for connecting a fised impedance such as a
private branch exchange load to form :the
fourth arm of the bridge, a variable imped-
ance, a receiver, a switch to connect said re-

two fixed ratio arms and -

70

5

ceiver across said bridge to test the balance -

thereof, two condensers each connected on one
side to ground, a second switch for grounding
the variable arm, for shunting or for connect-
ing the variable impedance in series with the

80

bridge and between the point of connection

of the bridge and the line of the private.
branch exchange, and for charging one con.
denser, and a third switch controlled by the

85

key of said second switch and ‘arranged to

charge the other condenser at the potential
of the point in the line or when operated by
the key of said second switch to discharge
both condensers, in opposition, to said re-
ceiver, e S

15. In a test set, a Wheatstone hridge,
means for connecting one end of the bridge
to a point in a line to be tested, means for con-
necting the other end to ground, means to
disconnect one arm of said bridge and to sub-

9

stitute therefor a load such as that of a private
branch exchange in parallel with the varia- -

ble arm of the. bridge, a shunted varia-

- ble impedance connected in series with the

bridge and with the load of the private
branch exchange, but on the other side of the
point of connection to the private branch
exchange, a receiver, two condensers each
connected on one side to ground, a switch op-
erable to connect said receiver across said
bridge to test the.balance thereof, and to
charge the other condenser at the potential
of the point in the line when the variable

‘impedance is shunted, a switch arranged to

take the shunt from said impedance, to re-
move the variable arm from the Wheatstone

100

bridge and to close a path to charge one con-

denser at the potential of the point of connec-
tion of the private branch exchange load,
and a third switch controlled by the key of
the second switch for connecting the other
sides of the condensers simultaneously to op-
posite sides of the receiver. o

In witness whereof, I hereunto subscribe
my name this 27th day of May, A.D. 1927.

‘ JOSEPH W. DEHN.
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