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UNITED | STATES PATENT OFFICE. 

HARRY W. HITCHCOCK, OF NEW YORK, N. Y., ASSIGNOR TO AMERICAN TELEPHONE 
AND TELEGRAPH COMPANY, A CORPORATION OF NEW YORK. : 

ELECTRICAL MEASURING APPARATUS. 

1,419,674, 

Application filed October 18, 1920. 

To all whom it may concern: 
Be it known that I, Harry W. Hirercocs, 

residing at. New Y ork, in the county of New 
York, borough of Bronx, and State of New 
York, have Snvented certain Improvements 
in Electrical Measuring Apparatus, of which 
the following is a specification, 

This invention relates to an electrical 
measuring apparatus, and especially to 
means for determining the impedance of an 
electric circuit at various frequencies. 

In the co-pending application of Hitch- 
cock, Serial No. 417,763, filed October. 18, 
192 20, there has been described a method and 
means for determining the impedance of an 
electric circuit in which the potential of a 
two-phase generator has been applied to the 
real line and to the artificial balancing line 
by means of an inductive device known as a 
phase shifter. This invention is a modifica- 
tion of the arrangement shown in the afore- 
said co-pending application in that it pro 
vides an arrangement for applying the cur- 
rent from one of the phases of a two-phase 
generator directly to the circuit to be meas- 
ured without the. interposition of an induc- 
tive arrangement such as the phase shifter 
referred to. 

This invention will be made clearer from 
the following description when read in con- 
nection with | the attached drawing, of which 
Figures 1 and 2 show two forms ‘ot embodi- 
ment of the invention. 

Tn the arrangement shown in Fig. 1, a sub- 
marine cable 15 is connected with the ratio 
arm R at the point 18, and an artificial line 
16 is connected with the ratio arm R’ at the 
point 14. The two ratio arms R and R’ 
which are equal in magnitude are connected 
together at the point 12. Bridged across the 
points 13 and 14 and connected therewith 
by means of the conductors 17 and 18 re- 
spectively is a distortionless amplifier 19, 
preferably of the thermionic type, the out- 
put side of which is connected by means of 
conductors:20 and 21 with the movable coils 
5 and 6 of the dynamometers Dp and Dx. G 
represents a two-phase sine wave generator 
comprising the windings 1 and 2. One ter- 

50 minal of winding 1 is erounded and the other 

BS 

terminal is connected with the field coil 3 of 
the dvnamometer Dz which i is also connected 
with the midpoint 12 of the ratio arms. One 
terminal of the other winding 2 of the said 
generator is grounded and the other termi- 
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‘nal is connected with one terminal: of. the 
field coil 4 of the dynamometer Dx, the other 
terminal of which is connected to ground.” 
through a resistance R’’ in series with an 
artificial line 25. Since the combination of 
the resistance. R’’ and the artificial line 25 
is designed to balance the combination of 
the resistance-R and the line 15 in parallel 
with the resistance R’ and the artificial line 
16, the value of. resistance R’’ is equal in 
magnitude to one-half of either R or R’, and 
likewi ise the value of the artificial line 25 is 
equal in magnitude to one-half of either the 
line 15 or the artificial line 16. 

In Fig. 2, the same designating symbols 
have been used to indicate parts. which are 
the same in Figs. 1 and 2... The arrange- 
ment shown in Fig. 2 differs from that 
shown in Fig. 1 by “the use of a phase bal- 
ancer 26 instead of the combination of the 
resistance R”’ and the artificial line 25 shown 

_ in Fig. 1 to equalize currents flowing through’ 
the field coils 3 and 4. “The phase ‘balancer 
26 comprises two windings, 27 and 98,.the 
former of which is connected in seriés with 
winding 1 of the generator G and the latter 
is connected in series with the winding 2 of 
the said generator. Located within the core 
on which these windings are placed is a ro- 
tor, preferably of the squirrel-cage’ type, 
which is adapted to-rotate therein. In ac- 
cordance with the principles well known to 
those skilled ‘in the art, the action of this 
phase balancer tends to equalize substan- 
tially the currents in the two phases and to 
maintain the desired phase relation. 

In order to obtain the best results, it is im- 
portant that the -resistance component 
should be great relative to the inductive re- 
actance. Since the resistance of the circuit 
includes that of the ratio arms it is obvious 
that the magnitude of the resistance com- 
ponent. may be increased by making the 
value of the ratio arms great. : 
~Having in mind the foregoing description 

of the various parts that. comprise the ar- 
rangement shown in Figs. 1 and 2, and their 
relation to each other. the invention will be 
fully understood from the following descrip- 
tion of its mode of operation. 

Considering Fig. 1) let it be assumed that 
the generator G is applying a potential -be- 
tween the midpoint 12 of the ratio.arms and 
ground, and also across the resistance R’’ 
and the artificial line 25 to ground. The 
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currents resulting from the application of 

the potentials of the two phases will cause 

a flow: of current’ through the field: coils 3 

and 4 respectively of the dynamometer Dz 

and Dx. Since the line 15 ‘and the arti- 

ficial line 16 are identical except for mag- 

nitudes of the second order, the current in 

the field ‘coil 3° will be at all times equal to 

twice the current in the line 15 and will be 

exactly in phase with it. Since the dyna- 

mometer Dx is connected:to the other phase 

of.the generator in. series with the artificial 

“impedance comprising the resistance RR” and 

the artificial line 25, which are equal in value 

to: the impedance of the line, and the: arti- 

ficial: line is measured between the apex 12 

of the ratio arms and ground, the current in 

the field coil 4 will then be at all times equal 

to the current in the field coil 3.of Dx, but 

90 degrees: displaced from. it in phase. If 

the impedance of the line 15 is exactly equal 

to that of’ the artificial line 16, there will be 

no difference of potential. across the points 

13 and 14, and consequently, no current will 

flow through the movable coils 5 and 6 of 

the dynamometers, and accordingly there 

will’ be no deflection of the said coils. The 

input circuit of the amplifier should be: of 

exceedingly. high resistance, so: as to mini- 

mize the current flow. between: these two 

points: Furthermore the current supphed 

to the line:may be held constant by means 

of a generator field regulator placed: in 

series with the input.ciréuit of the amplifier. 

Tuet it be assumed that there is a small 

: pesistance unbalance between the line 15 and 

the artificial line 16. This will cause a dif- 

ference of potential across the points. 18 

and 14 which will cause a flow of ctrrent 

through the input circuit of the amplifier. 

The amplifier current in the output side of 

the circuit will flow through the movable 

coils 5 and: 6 which are serially connected. 

Since the unbalance is produced by a re- 

sistance, the current in the line will be in 

phase with the said difference of potential. 

The current. in the line flows through the 

field coil 3 and the currents resulting from. 

the difference of potential across the points 

13 and 14 flow through the coils 5 and 6. 

Since the currents in the coils 3. and'5 are 

in phase, they will be displaced by an 

amount proportional to the magnitude of 
Since the currents 

in the coils 4 and 6 are displaced 90 degrees 

in phase, no deflection will be produced by 

the dynamometer Dx. Thus, the nature of 

the unbalance and its magnitude are known. 

Tn a similar manner, a reactance unbal- 

ance between the line 15 and its artificial 

line 16 will produce a difference of potential 

across the input’ side of the amplifier 19 

and the resultant current flowing through 

the movable coils 5 and.6 will be 90 degrees 

displaced in phase from the current flowing 
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through the coil 3, but will be in phase with 

that. flowing through the coil 4. Conse- 

guently, no deflection: will be produced by 

the dynamometer D, but a deflection propor- 

tional to the magnitude of the reactance un- 

balance will be produced by the dynamom- 

eter. Dx. And in like manner, the impedance 

unbalance comprising both resistance and. 

reactance components will produce deflec- 

tions in both of the dynamometers Dp and 

Dx the magnitudes of which will be propor-. 

tional to the resistance. and: the . reactance 

components -of the unbalance. ; 

The mode of: operation shown in Fig. 2 

is in general. the same as that: shown.in Fig. 

{.. In this arrangement, the phase balancer 

96 takes the place of the impedance R” plus 

the artificial line 25.shown in, Fig. 1. Any. 

70 

75° 

80 

tendency of the currents through the. wind: : 

ings 27 and 28 to vary would be counter: 

‘acted by the. operation of this device, and 

thereby the currents in the windings. 3 and 

4 ave maintained equal: in magnitude and. 

displaced in phase by 90. degrees. Such 

an. arrangement for maintaining the cur- 

rents of the two phases equal:is best adapted. 

85 

90. 

for. frequencies twp. to ‘approximately 50 or. 

60° cycles. Consequently,. for measurements 

at higher frequencies,, the arrangement 

shown in. Fig. tis preferable. . 

Tn order to. clearly. show the invention, 

there have. been purposely. omitted there- 

from certain. details. which, are well known. 

to. those skilled in the art. Thus, to in- 

erease the efficiency of the. arrangement, a 

yoltage regulating device should, be con- 

nected with. the generator in order to. ensure, 

constancy of voltage. Furthermore, some 

95; 

100 

form of current regulating device should be . 

connected with. the cireuit. of the dyna- 

monieter -field. coils ‘in order. to ensure. con: 

staney of the current. flowing: therethrough. 

Tt will be seen from, the. foregoing that 

this invention provides means for the. direct 

measurement of the resistarice and. the. re- 

actance components of the impedance not 

only ofa circuit, such as is. shown, but also 

of all types of circuits and apparatus. - 

Althongh this invention has been: ::dis- 

closed: in-certain particular. forms .of em- 

bodiment; it is apparent that it. is capable. 

of embodiment in other and different forms 
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without departing from the spirit and scope _ 

of the appended claims. 
What is claimed is: 
1. Tn an electrical measuring device, the 

combination with an. impedance of a second 

impedance adjusted to approximately. bal- 

ance: electrically. said first impedance, a 

source of two-phase - potential having one 

phase winding connected’ with said: imped- 

ances in parallel, and the second phase wind- 

ing connected with a current-balancing ar- 

rangement, and means connected with said 

impedances. and. said source of potential. to. 
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indicate the nature and magnitude of the 
unbalance existing between said impedances. 

2. in an electrical measuring device, the 
combination with a line of an artificial line 
adjusted to approximately balance electri- 
cally the said line, a source of two-phase po- 
tential having one phase connected with the 
said line and the said artificial line in par- 
allel and. the second phase connected with 
means to equalize the current in both phases, 
and means connected with the said line and 
the said artificial line and with the said 
source of potential to indicate the unbalance 
between the said line and the said artificial 
line. 

3. In an electrical measuring device, the 
combination with a line of an artificial line 
adjusted to approximately balance electri- 
cally the said line, ratio arms connecting 
said line and said artificial line in parallel, 
« plurality of electrical indicating instry- 
ments, a two-phase source of potential hav- 
ing one phase connected through the field 
winding of one instrument to the ratio arms, 
and the other phase connected through the 

& 

field winding of the other instrument to a 
device for equalizing the currents in both 
phases and means bridged across the said 
ratio arms to impress upon the movable 
cols of said instruments any difference ‘of 
potential existing across said ratio arms. 

4. In an electrical meastiring device, the 
combination with a line of an artificial line 
adjusted to approximately balance electri- 
cally the said line and correlated by means of 
ratio arms, a second artificial line designed 
to approximate electrically the said line and 
the said first artificial line in parallel, a two- 
phase generator having one phase connected 
with the said ratio arms and the other phase 
with the said second artificial line and indi- 
cating means connected with the said source 
and the said ratio arms adapted to show 
the magnitude and the nature of the un- 
balance between the said line and the said 
artificial line. a 

In testimony whereof, I have signed my 
name to this specification this 15th day of 
October 1920.’ 

HARRY W. HITCHCOCK. 
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