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To all whom 4t mm; CONCErn'

Be 1t known that 1, HARI{Y W. HITOHOOGI{ -
residing at New ¥ ork in the county of New__
York, borouo'h of Bronx, and State of New

1011{ have invented certain Improvements

1n Electmc&l Measuring Apparatus, of Whlch' .

the following is a Q1:)6(311‘1«0zﬂsmn

This 1nvent10n relates to an electllcfxl'_

measuring apparatus, and especially to
means +0r determmmg the 1mpedance of an
electric circuit at various frequencies.

In the co-pending application of Hitch-

cock, Serial No. 417 763, filed October 18,
192 0 there has been descmbed a, method and”

means for determining the impedance of an

‘electric cireuit in which the potential of a

two-phase generator has been applied to the

pha%e shifter. This invention is a modifica-
tion of the arrangement shown in the afore-

said co-pending apphcatmn in that 1t pro-
vides an arrangement for applying the cur-

rent from one of the phases of a two-phase

ured without the interposition of an induc-
tive armnﬂement such - as the phase Shlfter

referred to ,_
~ This invention wﬂl be made cleqrer from-

the following description when read in con-

nection w1th the attached drawing, of which
Figures 1 and 2 show two forms of embodl-_

ment of the invention.

Tn the arrangement shown in Flg
marine cable 15 is connected with the ratio
arm R at the point 13, 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 eqnal in magnitude are connected

together at the point 12. Bridged across the

pomtq 18 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 colls

G

5 and 6 of the dvnamometers Dy and Dx.

' represents a two-phase sine wave generator

comprising the windings 1 and 2. One ter-

60 minal of winding 1is O'rounded and the other
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terminal is connected ¥with the field coil 3 of

the dvnamometer Dy which is also connected
tiveen the midpoint 12 of the ratio arms and

oround,

with the midpoint 12 of the ratio arms. One
terminal of the other windine 2 of the said

generator 1S cr:t‘ounded snd the other term»—:

Spemﬁcatmn of Letters Patem

, sub-
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" nal 18 connected W1th one termma,l of the
field coil 4 of the dynamometer Dy, the other
terminal of which is connected to oround -
through a resistance R’/ in series w:tth an
artificial line 25. Since the combination of
the resistance R’/ and the artificial line 25
© .18 designed to balance the combination of
the resistance R and the line 15 1n parallel
with the resistance R’ and the artificial line
16, the value of resistance R’/ is equftl 11
] 'maﬂmtude to one-half of either R or R
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‘,and

hhewme the value of the artificial 111'1@ 95 1s
equal in magnitude to one- -half of _e1the1‘ the

line 15 or Lhe ﬂrtlﬁcml line 16.

have been used to indicate p‘lI‘tS whmh are

the same in I‘ws 1 and 2. . The arrange-
ment qhown in IFig. 2 dlffers {from that

shown in Fig. 1 by the use of a phase bal-

ancer 26 mste‘id of the combination of the
reqlsmnce R’’ and the artificial line 25 shown
in Fig. 1 to equalize currents flowing through
the field coﬂs 3 and 4. ~The phase halancer
26 comprises two windings, 27 and 28, the
former of which is connected In series with

generator directly to the circuit to be meas-
'-wmdmﬂ 1 of the generator ( and the latter

In Fig. 2, the same designating symbols”-'?()' :

80"

is connected i In series with the Wmdmcr 9 of

the said generator.
on whlch these windings are placed is a ro-

tor, preferably of the squirrel-cage type,
which 1s adapted to-rotate therein. Tn
cordance with the principles well known to

tiallv the currents in the two phases and to

.Tnfu*ntfun the desired phase relation.

Located within the core .
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those skilled "in the art. the action of this -
phase balancer tends to equalize substan-

Tn order to obtain the best results; 1t 1s im-

yortant that the -resistance

actance. Since the resistance of the circuit
includes that of the ratio arms 1t 1s obvious

that the magnitude of the resistance com-

ponent may be increased by makmg the

vﬂlue of the ratio arms great. ;
“Having in mind the foreﬂomg descrlptmn

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 descnp— |

thI’l of 1ts mode of operation.
Considering Fig. 1, let 1t be asgumed that

- | | | , CQmT)OHGIlt -
should be great relative to the inductive re-
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the generator G is :zpplymo* a potential be-

and also across the resistance R’
and the artifici le line 25 to ground The

110
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| :' . ejurrénts_.' resulting from the 'appllicaftion of

" mometer Dx is connected to the other phase.
“Impecance compr

15

the ppteiitial_s. of the two phases will cause

a flow of current through the field colls &
“and 4 respectively of the dynamometer Dy
“and Dy. 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 coll 3'will be at all times equal to
~twice the current in the line 15 and will be

10 exactly in phase with it.

Since the dyna-

of the generator in series with the artificial
| e ising. the resistance R’ 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 1n

tho field coil 4 will then be at all times equal

~ to-the current in the field coil 3 of Dy,
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" line 16 will produce a difference of potential
“aeross the input side of the ampbfier 19
~and the resultant current flowing through
~ the movable coils 5 and.6 will be 90 degrees
displaced in phase from the current flowing

18 and 14, and consequently, no current

- the resistance unbalance.
b5

no difference of potential across the points

exceedingly high vesistance, so as to mini-
mize the current flow between: these two

points. ~TFurthermore the current supplied

to the line may be held constant by means

of a generator field regulator placed: in
gerfes with the input ciréuit of the amplifier.
- Teet it be assumed that there is a small
resistance unbalance between the line 15 and
the artificial line 16. This will cause a dif-
~ ference of potential across the points. 13
and 14 which will cause a flow of current

through the input circuit of the amphifier. connected with the circuit of the dyna-

The amplifier current in the output side of

the circuit will flow through. the mevable.
- coils 5 and: 6 which are serially connected.
 Since the unbalance is produced by a re-

- 45 sistance, the current in the Iine will be 1n

phase with the said difference of potential.

The current in the line flows through the
feld coil 8 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
ifi phase, no deflection

the unbalance and its magnitude are known.
-~ In a similar manner, a reactance unbal-
ance between the line 15 and its-artificial

but
90 degrees: displaced from it in phase. 1Ii
the impedance of the line 15 18 exactly equal
to:that of the artificial line 16, there will be

will
flow through the movable coils 5 and 6 of
‘the dynamometers, and accordingly
will be no deflection: of the said coils. The
input circuit of the amplifier should be ot

‘digplaced in phase by 90. degrees.

“there

“at higher frequencies,.

closed in-certain particular- off em-
bodiment: it is apparent that it is capable
of embodiment in other and different Torms

of the a.ppend:edf Clﬂ;ims 3' |

| phe 0 deflection will be produced by
 the dynamometer Dy. Thus, the nature of

1,419,674

that flowing

the dynamometer Dy buta deflection propor-

tional to the magnitude of the reactance un-
“halance will be produced by the dynamom-

_' thfdugh the cbil 3, bt Iﬁriﬂ'be in;'ph_agse with™ -
at flow through the  coil 4. Conse-
quently, no deflection will be produced by

70

eter Dy.  And in like manner, the impedance -

1. In this arvangement, the phase balancer

tendency of the currents through the wind- |
98 to vary would be counter-

ings 27 and

actod by the. operation of this: device, and
the currents in the windings 3 and

therehy

upbalance comprising both resistance and.
reactance components will produce deflec-
tions in both of the dynamometers Dz and
Dy the magnitudes of which will be propor-—
tional to the resistance and. the reactance

components-of the unbalance.

75

. The mode of: operation __811,0?;?&?11.:1-’(1.' Fig. 2.
is in general the same as that shown.in Fig.

80

26 takes the place of the impedance R’ plus
the artificial line 25 shown in Fig. 1. Any.

35

4 are maintained equal in magnitude and

an. arrangement for m aintaining the cur-

duch -

90

rents of the two phases equalis best; adapted.

for. frequencies up. to. approximately 50 or -
60 cycles. Consequently,. for measurements. -

shown in Fig. 1 is preferable. |

- Tn order to- clearly show t

the arrangement:

9%,

he invention,
there have. been purposely omitted there-
from certain details. which, are well known.
to. those skilled in the art. Thus, to -
crease the efficiency of the. arrangement, a. 100
voltage regulating .device should be con-
nected with the generator in order to. ensure.

constancy of voltage. Ifurthermore, some !

form of current regulating deviee should be

105

mometer field ceils in order to ensure con-

stancy of the current flowing: therethrough.

Tt will he seen from: the foregoing that

this invention provides means for the. direct
measurement of the resistance and the te-

actance components of the impedance not

“only of a circuit, such as 1s; shown, but also
~of all types of circuits and apparatus. - -

Althongh this invention has - been sdis-

. ~

forms . off em- 1

115

without departing from the spirit and scope

- What is claimed 18:.

1. Tn an electrical measuring: device, the

combination with an impedance of a second

impedance adjusted to approximately bal- '

ance eclectrically - said first impedance, a

source of two-phase potential having one
phase winding connected with said imped-

impedances and said souree of potential to

125

ances in parallel, and the second phase wind-
ing connected with a current-balancing ar-
rangement, and means connected with said

130
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indicate the nature and "magnitude of the

~unbalance existing hetween said impedances.
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2. in an electrical measuring device, the

combination with a line of an artificial line
adjusted to approximately balance electri-

caﬂy ﬂ’l@&fﬂld 1ine3 a SOHI‘CG_'Of ﬁﬁro_phase DO~

tential having one phase connected with the
sald 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 saic artificial line and with the said

source of potential to indicate the unbalance

between the said line and the said artificial
line. ' o -

combination with a line of an artificial line
acljusted to approximately balance electri-
cally the said line, ratio arms connecting

sald liné and said artificial line in parallel,

a plurality of electrical indicating instru-

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

3. In an electrical measuring device, the

artificial line.

device for equalizing the currents in both

phases and means bridged across the said '.
ratlo arms to Impress upon the movable

colis of said instruments any difference of
potential existing across said ratio arms.
4. In an electrical measuring cevice, 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

.

field Wiﬁdiﬁg' of the other instrument to a

30

35

to approximate electrically the said line and

the said first artificial Jine in parallel, a two-
phase generator having one phase connected
with the said ratio arms and the other phase

phase

with the said second artificial line and indi-
cating means connected with the said source

40

and the said ratio arms adapted to show

the magnitude and the nature of the un-
balance between the said line and the said

In testimony '.Wher'e'of.f.,' T have signéd'-my
name to this specification this 15th day of

~QOctober 1920.

HARRY W. HITCHCOCK.
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