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This invention relates to apparatus for indicat- primary winding of a transformer 42 whose sec-
ing the phase relationship between two alternat- ondary winding is positioneq in the input circuit
ing quantities, "of balanced rectifier 28. Leads 38, 33 joined to

- The general object of the invention is to indi- leads {5, i6 at, points intermediate the input of
cate continuously the phase angle between two § modulator {4 ‘and the secondary windings of
electrical quantities in a manner which substan- transformer 3¢, connect the leads 1B, 15 to the
tlally obviates the effect of the amplitudes of such primary winding of transformer 43 whose sec-
two quantities, : ondary winding is embodied in the input circuit

In a specific embodiment, the present inven- of rectifier 3§. This rectifier comprises diode
tion comprises two independent sources of elec- 10 tubes 35 and 86. In the output circuits of the in-
. trical quantities, means for translating the phase dividual tubeg 35 and 86 are R.-C. networks 37

difference between such two quantities into a di- and 38, respectively An indicator 4i is connected
rect current voltage whose magnitude is propor- - across the output terminals 89, 49 of rectifier 34,
tlonal to sin @, where a is the phase difference The eircuit shown in the drawing operates to

between the two quantities, and Independent of 18 produce across the terminals 38 and 48 a rectified
the amplitudes thereof, and means responsive to voliage which has a magnitude proportional to
such direct current voltage for continuously indi- sin-a, where ¢ is the phase angle between the
cating the phase angle between the two quanti- signal voltages V1 and Va and which is independ-
ties, ent of the amplitudes of both these voltages, in
The invention will be readily understood from 20 s manner that will now be expiained.
the following description taken together with the Let it be assumed that the signal voltage Vi=V;
drawing, the single figure of which illustrates a sin (p?); the signal voltage V:=V; sin oi+a), .
specific embodiment of the invention, where ¢ is the phase angle between the two sig-
Referring to the drawing, a signel transmission nal voltages Vi and Vz; the carrier voltage Vu
line 8 transmits a signal voltage Vi and a signal 28 (input to modulator I0)=Vu sin (Q%); and the
transmission line 9 trahsmits a signa} voltage V. carrier voltage Vis. (input to the modulator
The input circuit of modulator [0 is connected 18) =V sin (Qt+46), where ¢ is the phase differ-
to the line 8 and the corresponding ends of leads ence established between the carrier voltages Vi
i1, 1 whose opposite ends are connected to the and Vi; in & manner to be explained later, the
output circuit of phase shifter 12. The input cir- 30 yoltase Vig being identical in phase and magitude
cuit of this phase shifter is connected to a source with the voltage Vis except as hereinafter pointed
18 of carrier voltage of preselected frequency. out. Then, V=KV, sin [(p—@)t] and Ve=KV:
The input circuit of modulator {4 is connected sin [(p—@)¢+a—0]. Hence,
to the line 9 and corresponding ends of leads 15, ,
15 whose opposite ends are also joined to the out- 35 Vi=Vo+Vi=K{ Vasin [(p—Q) t+
put circuit of the phase shifter I 2 This phase \ : 4014 Vs sin [(p_Q)t])
shifter serves to establish initially a' 90-degree ’ _
phase difference between the carrier voltage por- V‘°=V3‘V7=.K (Va sin [(p—@) ¢4 ; ) t])
tions transmitted on the leads {1, (I and {5, 5. 4—61—V1 sin [(p—Q
3 H r 4, .
cog&ggfﬁg?ﬁ;ﬁ;&i%ﬁg? E‘Itlgrz ' gez'ggcg,;l; 0 Thus, the tube {7 rectifies the input voltage Vi7
P 3 s e which comprises the voltage across the second-
to the input circuit of a balanced rectifier {6
i i1 dieed : ary winding of transformer & plus the voltage
comprising individual diode tubes {7 and 8. In .
the output circuits of the tubes 17 and {8 are dis- across the upper secondary winding of transform-
; 7. The tube (8 rectifies the input voltage
posed R.-C. networks {9 and 20, respectively. 45 er u
Leads 25, 25 connect output terminals 2( and 22~ Which comprises the voltage across the second.

; : . 8 ltage
of the rectifier {6 across a capacitor 27 in the in- &IV Winding of transformer 8 minus the vo
put circuit of a variable-x electronic tube 28, in across the lower secondary winding of transform-
-Series with the secondary winding of a trans-  er 1. The transformer 7 is so designed that volt.

former 28. This transformer has its primary 50 ages produced across its individual secondary
winding connected by leads 30, 30 to leads {{, {{,  windingsare equal in magnitude, . \
The output circult of amplifier 28 embodies the Theivoltage across R.-C, network {9 is propor-
primary winding of transformer 2 which in-  tional to the peak of the effective input voltage
cludes two coupled secondary windings each of Vir rectifled by tube 17, which rectified voltage
hich is interposed in series in one of the leads 55
m’», u?. Leadspsz, 32 connect leads 11, {1 to the Vie=K/Vi+ Vii+2V17; cos (a—0)
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y 3
The voltage across the
portional to the peak of the effective input voltage
V13 rectified by the tube {8 which rectified voltage

. V=K Va+Vi—2V,V) cos (a—6)
As the R.-C. networks 19 and 20 are connected
in opposition in the output circuits of the respec-
tive tubes 17 and 18, the rectified voltage Vas ef-
fective across terminals 21 and 22 and supplied
over leads 25, 25 to capacitor 27 is the difference
between the rectified voltage Vie and Vao. Thus,
_2Ki\NV,

B Vu 1( ‘V 12 + V Z’ (1)

Also, let it be assumed that the parameters of
the tube 28 and the circuit associated therewith
are so chosen that the gain of tube 28 is no, that
is, the voltage Va1 (across secondary windings of
transformer 31) =noV1, where the rectified volt-
age V=0, and the gain of tube 28 changes pro-
portionally to variations of the rectified voltage
Vas with reference to zero. Accordingly, the volt-

cos (a—6)

_age Vai=(no-+-n1Vzs) V1. Hence

Vis=V1a+Va ’
- =Vt (no+niVas) Vi 2)

The carrier voltages Vi1 and Vis may be in-
itially selected by proper adjustment of the phase
shifter 12 so that a phase quadrature relationship
exists therebetween. Now, considering the condi-
tion Vas=0 .

Vis=V1a sin (Qt-+¥) +noV1 sin (QL)

" or

- =V sin (Qt-4-6)
Since _ !
“ 0- _l§'.
then
Vi=Visin (Qt+3)
that is, :
Vm co8 ?§+ﬂoVu= Vn cos %=0
Vi sin &=V} sin 5=Vu
from which v
: i Yu
7 gin = Vo

cos &= —yT=ai 5= —y/ 1355
A 'Vn!

— .
sz-\/l—%= —nVu
Vi~ yitnd .

in which obviously the (+4-) sign must be used.
Substituting these values in Equation 2,

Vis= V1 sin [(Q t+gin~?) (‘/—I:i_ﬁ)] +

R.-C. network 20 is pro- '

10
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35

40

45

50

56

1V sin (Qf) +n VsV sin (QF) go

=V sin (Q+F )+mVasVu sin (@0

= Vm/m sin (Qt‘i'%'l‘tﬂn_l ﬂlvza)
so that ,
§=tan—! n;V2§+—;—'-‘ ‘

Substituting this value of ¢ in Equation 1, .

—_ 2K1V;Vz ( _ -1
Vs w/_———Vﬁ 7 cos { a—tan
VoV Vit V2 _

2K, ViV,

[ ARAVEV?
o ARV VS
tan Vo2 (Vi3+ Vah) .

7y Vas

a—tan™! ==CO8™
mVas .

65

70

4
. or
4KA3V AV ~1+ 1
ton a= Vasd (Vid+Va?) n Ve
L] iKavavs __,
Ve ¥ Vet (V24 V2)
1 4K2V2V? 1 ‘
tan 6= 29 =V VR (VA Vz‘)—l(H'ma tana)

1 1
tan? a—2 tan an—_1V25+ iV

\4K1’~V}QV32 +8 KﬂV]’Vz’ tan a +
Ve (Vo+ Va) ' np Vet (Vi+ Vs~
'K12V13V32 tan’a —1—2 1 .

(Va+Va)na Vst ™ Vs tan a
' 1

12Vt tan? a ®
Equation 3 may be solved for Vas and then
the factor (n1) .chosen so that the voltage Vas is
made very nearly equal fo zero. In such case,
cos (a—¢) in Equation 1 is also made very nearly
equal to zero since K1, V1 and Vz individually
have values other than zero; and therefore under

the equilibrium condition
T
a—6= b}
" very nearly or
C x
‘ 9% a—3g (3a)
By a similar analysls, it can be demonstrated that
Vi (across termigals 39, 40) =2V—I§;%——-% cos 8=
2K, VuVis .
- Vv
As Vis=V1, very nearly, then
Va=KiVu sin a 4
Referring to Equation 1 and assuming
=X ‘
=3
then .
AL sin @ ®)

Va= Vatve
The factor (71) tends to vary the amount of
current in the output circuit of the tube 28 with
reference to the amount of current prevailing
therein under the equilibrium condition and
thereby the phase of the carrier voltage Vis. As
the phase of carrier voltage Vis differs initially
from the phase of carrier voltage Vi by 90 de-
grees, the effect of the factor (n1) is to vary the
phase of carrier voltage Vs, with reference to
the 90 degrees, in & proportional manner, Hence,
the variation of the phase of carrier voltage Vis
with reference to 90 degrees is proportional to
the voltage (Vas). As above pointed out, the gain
(n1) of tube 28, or the voltage Vzs, tends to re-
duce the factor cos (¢=9) in Equation 1 to a very
small quantity. This tends to establish a phase
relationship between Vi and Vis such as to set up
s guadrature relatichship between the voltages
V7 and Vs, and hence makes the phase relation-
ship between the carrier voltages Vi and Vis differ
from '
k3

2

by an amount @ as indicated in Equation 3a.
Referring to Equation 4, the factors Ki and Vu

75 are design constants of the circuit. Hence, the
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g
voltage Vi depends only upon these constants
and sin e where @ is the phase difference between
the two signal voltages Vi and V2, and is inde-
pendent of their amplitudes. The rectified volt-
age Va produces appropriate phase readings on
indicator 8. This indicator is calibrated to pro-
duce g zero reading when sin a is zero, that is,
when phase gquadrature substantially occurs be-
tween the carrier voltages Vi and Vis.

© It will be-understood that the variable ~u tube
28 is illustrative of one type of device capable of
utilizing rectified voltage for accomplishing phase
control, and other devices equally suitable for
the salme purpose will occur to those skilled in
the art.

What is claimed is:

1. A phase detecting circuit comprising two
modulating devices, means for producing two car-
rier voltages in phase quadrature, circuit means
for applying each of two signal voltages to the
input circuit of a respective one of said modu-

&
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%)
>

voltage, means for utilizing such rectified voltage
to control the phase of the translated portion of

“one of said two carrier voltages with reference to

90 degrees, and further differential means for de-
tecting the rhase difference between the two
translated portions of the two carrier voltages,
with reference to the initial 80-degree phase dif-
ference therebetween, to obtain an indication of
the phase difference between said two signal volt-
ages.

3. In g system for measuring the phase differ-
ence between two signal voltages, two independent
sources of signal voltage, means for producing
two carrier voltages differing in phase by 90 de-
grees, Means for transiating each signal voltage
and a first portion of each carrier voltage into a
a further voliage, differential means for detecting
said further voltages to produce a- rectified volt-
age, means for utilizing such rectified voltage
and a second portion of one carrier voltage to

. control the phase of the translated first portion

. lating devices, additional circuit means for ap- -

plying each of sald two carrier voltages to the
Input circuit of a respective one of said modulat-
ing devices, differential detecting means con-
nected to the output circuits of both said modu-
lating devices for producing g rectified Voltage,
phase changing means controlled by said first-
mentioned rectified -voitage to vary the relative
phases of the carrier voltages applied to said
modulating devices, further differential detecting
means connected $o said additional circuit means
for producing a second- rectified voltage, and an
indicator connected to said further detecting
means and responsive to the second rectified
voltage. :

2. In combination in a circuit for indicating
the phase difference between two signal voltages,
two discrete sources of signal voltage whose phase
difference is to be indicated, means for producing
two carrier voltages one of which differs in
phase from the other by 90 degrees, means for
translating said two signal voltages and one por-
tion of each of said two carrier voltages into two
further voltages, differential means for detecting
sald two further voltages to produce a rectified

25

30

40

45

of the second carrier voltage, further differential
means for utilizing a third portion of the one
carrier voltage and a further portion of the trans-
lated first portion of the second carrier voltage
to produce a rectified voltage proportional to
sin g, where @ is the phase difference between the
two signal voltages, and independent of the am-
plitudes of the two signal voltages, and means
responsive to the last rectifled voltage for indi-
cating the phase difference between the two sig-
nal voltages. '
JOHN H. BOLLMAN.
JOHN G. KREER, Jk.
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