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13-Claims.
1

Thiy invention: relates: to the art of ‘eléctrical
measuring and more particularlyto apparatug for
‘measuring’ either the short cireuit transfer cori-
ductance of & network or the short: circuif trays-
ferrconductariee ratio- of’ two neétworks.

Inithe construetion of some of the riore ecom-
plex networks used in:modern cireuitry it is some-
times found' necéssary to measure the short cir-
cuit transfér conductance of 'a complicated three-
terminal network. .In some cases the absohite
value of the conduétance need not be known but
rather is it essential’tHat thie"short cireuit trans-
fer conductance ratio of two networks.be ac-
curately known. Networks resolvihg" thHemselves
into two-terminal networks are easily measured
with conventional bridge’ structures but when
these -networks-areof- the: three-terminal: type
the-transfer conductancerand- transfer conditct-
-ance ratios are: not readily: measured:on-corven-
tional. bridges:.

By- the term “short-eircuit: transfer conduct-
ance” is meant.theratio:of the outputieurrent: of
a-network. to-the-electromotive: foree-applied: to
the input.circuit. with: the: -output-términals short

circuited. It will-be: found that: this defthition 25

follows. from:the definitiomn of transfer impedance
given:-by Ernst: Av. Guillemin: in: his” Hook: “Coms
munication-Networks;?’ volume 1, page-155:

TIt:is the: object.of this inventiory:tor provide:s
citeuit: structure capgble:of- gccurately: messurs
ing eitHer-the short: circuit:transfer-confucts ]

ratio: of: twounetworks: ox: the: absolites valusiof.

the:short: cxrcuiintmnsfenmxfductan&eﬁef ‘oneiinhs
work.
_The:foregeitig: object: is+ schisved: |

comptising: o plurality: of tesf termmals for-both

networks;. 4- source’ of electromoptive: fores: ¢oYi=

nected-to-some of the:-tést terminals: for supplit

ing.energy to:the' mput CIrCUIt of one“of“the net- :

works;-a.-eireuit pat
test term_mals for 't

&) 1l output cir=
cuits,. 4 -circuit-vath: conmectmg heoutput: cigs

cuit: of the amplifier tosthe: Anput test: termitisls .

for the other network; apotetitial divider: having
two: outer. terminals’ and: an. iritepriediate . tage
minal, the. two- outer: terminals beitig: conneéted
in-series with the soutce of’eledtromiotive: foice
and- the -amplifier output: cireuit; a: rull voltage
detector, and circuits connecting the:intermes
diate: terminal- of: the: potential. divider: .
mull: detector between: the input: ci
amplifier and the output:test-terminals:

The -invention: may> Be: better: understosd: by

(CL 324—62)
referrifig” t0+ the dcComipatiyiilg” drawWIngs in
which: . .

Fig. 1 ig’illustrativaiof & preferred-embodiment
of the invention;

Fig: 2 illustrates s modifieation of the mven-
tion;

Figs. §, 4,5 and- 6 illusteute: vaiious types of
threée-terminsl networks wHhich' may e measured
by the* apparatus of the nvention e

(S

10

nected to rietworks of thé type- shown m FlgS 3
and-4;

Pig. 8 illustiates the
clesed m E1g 2 for"

furﬁher modificgtion: of - the: inv‘e’nt;b"“”‘
Reference gy oW b made‘:t Fqg 1 whxch
Is 38

FEBUE
téarmedmue point | 4 on the pote’nti - -
connected to the input cifcuit of ampl1ﬁer 8.
While either or both tésistors can be made varia-
ble, it is preferred tHat' R 1 b the variable résistor

and-thdt: it be calibrated - to divectly vedd the e~
sistande. ratic o R and R2 .

of* Flg.‘ I exeept that: the test tel‘mmals con:t‘c‘rm
to the: three termlnal cOnﬂ_gi

5 termlﬂaxs 2 ant;t & Jém\‘éd fﬁg&ﬁh@i‘ w fi)‘i'ﬁ‘i test
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3
terminal 24. The circuit is otherwise identical
with Fig, 1.

Before describing the operation of the circuits
of Pigs. 1 and 2, reference will be made to the
several networks shown in Figs. 3,4, 5 and 6. The
operation then will be described in greater detail
in connection with ¥ig. 7.

Referring to Fig. 3 it will be noted that a three-
terminal network is connected in the form of a
four-terminal network with terminals 8, 9, il
and {2,

tively, these being connected in the form of a pi
or delta type of network. The short circuit trans-
fer conductance Gst of such a network is equal to
the series path conductance Ge. As this latter
conductance is the direct conductance between
terminals & and 9, it cannot be measured easily
with an ordinary bridge network.

g, 4 discloses a three-terminal network hav- =

;ing terminals 8, 9 and 10 and conductances Ga,
Ge and Gr respectively, connected in the form of
a - conventional] .T network. The short circuit
transfer conductance Gst of such a network is
equal to the product of the two series branch
conductances Ga and Ge divided by the sum of
all -three conductances. Here again it will be
evident that the short circuit transfer conduct-
ance is not eagily measured on any known con-
ventional bridge network.

Fig, 5 actually discloses a simple two-terminal
network with the short circuit transfer conduct-
ance Gs connected directly between terminals 8
and 8. While such a network is easily measured
on a conventional bridge, the network of the
presenf, inventien can measure this transfer con-
ductance with equal facility. Also, such a simple
two-terminal conductance can be precisely made
.to a known standard value and can, therefore, be
-used as a standard conductance of reference for
‘measuring the absolute value of ancther network
-as will be described more in detall in connectlon
with Fig. 8,

The network of PFig. 6; while somewhat fanci-

-ful in nature, is disclesed to illustrate the great

eagse with which the apparatus of this invention
.can- measure such complex -networks with the
same facility as it would measure the simple
-conductance shown in Fig. 5. It will be recog-

nized that the network of Fig. 6 -is somewhat ™

_similar to a conventional ladder- type network.
In fact, any conductance network-of the three-
terminal type, regardless of its .complexity, is
readily measured by the: apparatus of this inven-
tion. -

Fig, 7 dysnloses the network of Flg 1 with a
condugtance network Gi.and a conductance net-
work G connected to the two sets of test termi-
nals. An analysis of this civeuit network will dis-
close that the ratio of the short circuit transfer
‘eonductances of the two networks is equal to the
ratio of resistor Ri to the resistor Rs provided
that the amp‘lﬁcatlon # of amplifier 6 is large
’compared with L

(1 o

In ac‘tual prattice Ri cdn be conveniently made
to vary from zero to ‘a valiue approximating the
resistance of Ra.. Consequently, the amplification
need only be large compared with the number 2.
In = practical embodiment of this invention a di-
rect-current amplifier, similar to the one dig-
closed in an article by BEdwin A. Goldberg, pub-
411shed m the RCA ReVlEW for J une 1950, , page 296,

It is assumed that this network com-~ -
prises three conductances Ge, Gv and .Ge respec- .

40

(0

€5

(i

4

was employed. This amplifier had a gain of 20,-
000,000 and provided a measurement of the short
circuit transfer conductance ratio to a precision
of about one part in ten million or better. If this
high degree of accuracy is not required, an am-
plifier of considerably less gain may be employed.

In using the apparatus of PFig. 7, the two net-
works are connected to the test terminals as
shown, Power is turned on by a conventional
switch means (not shown) and the variable re-
sistor R is adjusted until the null detector T in-
dicates a null condition, that is, a condition
where no potential difference exists between the
upper and lower output terminals across which
detector 7 is connected. The short circuit trans-
fer conductance ratio of the two networks is then
equal to the ratio of the two resistors R1 and Ra
to a very close order of approximation.

In analyzing the circuit of Fig. 7 it will be
found that the ratio of the supply voltage E to the
output voltage ¢ of the amplifier at balance is
equal to the ratio of the short circuit transfer
conductance G2 to that of Gi1 and that this ratio
is equal to a function of the resistances of the re-
sistors R1 and Rz and the amplification x of am-
plifier § as expressed in the following equation:

E _ Gy 1 ]
G1 [1 o (1 +R2)
If:
/z>><1 +R )
it is evideht that:
G R
@R,

The circuit arrangement shown in Fig. 8 il-
lustrates the use of the invention as employed
in Pig. 2 for measuring the absolute value of the
short circuit transfer conductance of a network
G in terms of the known short circuit transfer
conductance of a standard network Ga. It is evi-

‘dent that if the ratio of two transfer conductances

is known to a very close order of approximation
and that if one of these transfer conductances
is also known, the absolute value of the other is
uniquely determined. In Fig. 8 the standard
conductance is conveniently selected as a two-
terminal network and may be any conventional
calibrated conductance box. That a simple two-
terminal network can be used in this case will
become evident when it is reahzed that the short
circuit transfer conductance of such a network is
numerically equal to its conductance. The con-
ductance Gu to be measured may be of any con-

figuration so long as thé measurement mvolves

no more than three accessible téerminals. For ex-
ample, it may be the complex’ conﬁguratlon of
the network shown in Fig. 6, in which case ter-
minals 8 and 9 are connected to test terminals
{ and 3 as shown'in Fig. 8 and test terminal 13
is connected to either terminal ii or terminal 12
of Fig. 6. It may be mentioned that the circuit
of Fig. 1 may be used inh exactly the same way
if- the standard network provides a connection

‘between the two lower test términals 2 and 4 or

that these terminals are otherwise connected to-
gether. If the standard network is of the form
shown in Fig. 5; this will be automatically ac-
complished by the conductor between termlnals
i1 and {2.

The circuit of Fig. 8§ is used in the same manner
as the circuit of Fig. 1 which was described with
special reference to Fig. 7.

- A Turther modification of the invention is dis-
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closed in: Fig.: 9 in which" conditctors: {6 and. 7
of Pigs. I and: 2 are interchanged with respect to
terminals- i4 and 5. THis merely: results in the
interchange: of: the:detector: 1-and the-input cir-
cuit of amplifier 6. It will be noted that in each
case the-detector- and the. amplifier input eireuit
are connected in series through a commen test
terminal ‘such -as- terminal 24 of Fig. 2 and that
this series circuit ig connected -hetween- the in-
termediate divider: terminal - 14 - and terminal’ (5.
The~circuit operation remains substantially un-
changed. However, the gain requirements for the
amplifier are no longer determined by a func-
tion of ‘the ratio of R; to Re-as-heretofore but by
& function of the parameters of the two networks
under test. For this reason, the modification of
Fig: 9 is not a preferred arrangement:

‘While the invention has been described with
reference to speciﬁc'embodiments'thereof, it is

evident to- anyone skille-}'in the art-that certain -

modifications may be made without- departing
from the scope of the invention: The voltage
source & may be of any conventional form as for
example a battery. In fact, this may be an al-
ternating source if"proper phase considerations
are observed. The null voltage detector may be
either a simple galvanometer, a vacuum tube volt-~
meter or any other sensitive means for determin-
ing the potential difference between two terminals
and may include an amplifier, if necessary. The
only requirements for amplifier § are that it be
capable of fransmitting direct current and that
it have a sufficiently high gain to meet the pre-
cision requirements as indicated by the equation
above.
potentiometer if the precision requirements are
low. For high brecision, it is preferred to use
the arrangement shown where resistor Ri is a
high precision resistance box conveniently ar-
ranged in decades and resistor Re is fixed.

Whast is claimed is:

1. An apparatus for measuring the short circuit
transfer conductance ratio of two three-termi-
nal networks, saidq apparatus comprising a set of

test terminals for each of said networks, each

set comprising an input test terminal, an output
test terminal and a common test terminal, a
source of electromotive force, an amplifier having

input and output circuits, means including the ,

common fest terminals for connecting said source
and the amplifier output circuit in series and be-
tween said input test terminals, a potential di-
vider having two outer terminals and an inter-
mediate terminal, the two outer terminals being
connected to said input test terminals, a con-
ductor connecting said output test terminals to-
gether, a null voltage detector, means for con-
necting said detector and said amplifier input
circuit in series and between said conductor and
said intermediate terminal.

2. The combination of claim 1 with a standard
conductanece of known value connected to one set
of test terminals, whereby the absolute vaiue of
the ghort cireuit fransfer conductance of an un-
known network may be measured when connected
to the other set of test terminals.

3. The combination of claim 1 wherein said po-
tential divider comprises two series-connected
resistors, at least one of which is variable, said
resistors being calibrateq to indicate their ratio,

4. The combination of claim 8 with a standard
conductance of known value connected to one set
of test terminals, whereby the absolyte value of
the short circuit transfer conductance of an un-

The potential divider may be a simple *

knownnetwork may.be measured-when.connected
tothe-other set: of test “terminals. . ’

5. An-apparatus for measuring the: short. cir-
cuit® transfer conductance ratio of two three-
terminal networks, said apparatus comprising an
input:test terminal, an output test terminal and
8 common test. terminal for each of said net-
works, a.source of ‘electromotive force connected
to.one of said input test terminals and its associ~
ated’ common terminal, a conductcor connecting
together: said two common -test, terrninals, a sec-
ond conductor connecting together saiq two out-
but:test terminals, an amplifier having an input
circuit:and an output: cireuit, said output cireuit
being connected: between the other of said input -
test terminals and. its associated common ter-
minal, a potential divider having two outer ter-
minals and an intermediate terminal, the two
outer terminals being connected between said two
input:test terminals, a null voltage detector, and
means connecting said detector and said ampli-
fier input circuit to: said common test terminals
and in series with said second conductor-and said
intermediate terminal,

6. An apparatus for measuring the-shert eir-
cuit-transfer conductance ratio of two networks,
each networl having input and- output circuits,
said apparatus comprising test terminals for con-~
nection. to the input and output circuits of said
two networks, a source of electromotive force con-
nected to the test terminals for the input circuit
of one of said networks, a eircuit path connect-
ing together in paraliel the test terminals for the
output circuits of said networks, g null voltage de-
tector connected across said cireuit path, an am-
plifier having an output circuit connected to the
test terminals for the input circuit of the other
of said networks, a potential divider having two
outer terminals and an intermediate terminal,
the two outer terminals being connected in se-
ries with the source of electromotive force and
the amplifier output circuit, and an input circuit
for the amplifier connected to said intermediate
terminal. )

7. An apparatus for measuring the short cir-
cuit transfer conductance ratio of two networks,
each network having input and output ecircuits,
said apparatus comprising a pair of input test
terminals and a pair of output test terminals for
each of said two networks, a source of electro-
motive force connected to the pair of input test
terminals for one of saig networks, a pair of con-
ductors forming a ecircuit path connecting one
pair of said output test terminals in parallel with
said other pair of output test terminals, g null
voltage detector connected across saig circuit
path, an amplifier having input ang output cir-
cuits said amplifier output cireuit being connected
to said other pair of input test terminals, a poten-
tial divider having two outer terminals and an
intermediate terminal, the two outer terminals
being connected in series with the source of elec-
tromotive force and the amplifier output circuit,
and a cireuit connecting said amplifier input cir-
cuit to said intermediate terminal,

8. An apparatus for measuring the short cir-
cuit transfer conductance ratio of two three-
terminal networks, said apparatus having a set
of test terminals comprising an input test ter-
minal, an output test terminal and a common test
terminal for each of said networks, a source of
electromotive force connected to one of said
input test terminals ang its associated common
terminal, a conductor connecting together said
two output test terminals, a second conductor

" connecting together said two common terminals,



2,677,102

7

a null voltage detector connected between said
two conductors, an amplifier having an input
circuit and an output circuif, said output circuit
being connected between the other of said input
test terminals and its associated common ter-
minal, a potential divider nhaving iwo outer ter-
minals and an intermediate terminal, the two
outer terminals being connected between said two
input test terminals, and a circuit connecting
said amplifier input circuit between said inter-
mediate terminal and said common test ter-
minals.

9. The combination of claim 8 with a standard
conductance of known short circuit transfer con-
ductance connected to one set of said test ter-
minals, whereby the absolute value of the short
circuit transfer conductance of an unknown net-
work may be measured when connected to the
other set of test terminals.

10. An apparatus for measuring the short ecir-
cuit transfer conductance ratio of two three-ter~
minal networks, said apparatus comprising two
sets of test terminals for connecting said net-
works to the apparatus, a source of electromotive
force connected to one of said sets for supplying
current to one of the networks, an amplifier hav-
ing input and output cireuits, said output circuit
being connected to the other of said sets for sup-
plying current to the other of said networks, a

10

null detector connected to both sets of test ter-
minals for indicating a zero potential difference
across terminals of both networks, a potential di-
vider having an input circuit connected in se-
ries with said source and with said amplifier out-
put circuit, and an output circuit for said divider
connected to the input circuit of said amplifier.

11, The combination of claim 10 with a stand-
ard conductance of known value connected to
one set of test terminals, whereby the absolute
value of the short circuit transfer conductance
of an unknown network may be measured when
connected to the other set of test terminals.

12. The combination of claim 10 wherein said
potential divider comprises two series-connected
resistors, at least one of which is variable, said
resistors being calibrated to indicate their ratio.

13. The combination of claim 12 with a stand-
ard conductance of known value cornected to
one set of test terminals, whereby the abosolute
value of the short circuit transfer conductance
of an unknown network may be measured when
connected to the other set of test terminals.
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