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My invention relates, generally, to communica 
tion Systems and, more particularly, to a system 
Whereby telephone messages may be sent over cir 
cuits which are used for remote metering. 
Systems of remote metering have been devised 

Which transmit several different metering indi 
cations Over a single pair of wires, the different 
indications being transmitted over the Wires at 
different audio frequencies and being distin 
guished from each other at the receiving station 
by means of frequency responsive devices. Such 
a metering system is described in the patent to 
R. N. Stoddard, 2,081,684, issued May 25, 1937. 
Telephone communication between such sending 
and receiving stations is usually provided. 
An object of my invention is to provide a 

telephone system which shall operate on the cir 
cuit of a remote metering system without inter 
ference from the metering frequencies. 
Another object of the invention is to provide 

a communication System which shall function 
to transmit and receive a plurality of fixed fre 
quencies Over a circuit Without appreciably in 
terfering with the transmission of a compara 
tively wide band of frequencies being transmitted 
OVer the circuit. 
A further object of the invention is to provide 

a communication circuit over which speech fre 
quencies are transmitted with means for trans 
mitting a plurality of fixed frequencies within the 
Speech frequency range Over the circuit Without 
appreciably interfering with the reception of 
speech over the circuit. 
These and other objects and advantages of the 

invention will be apparent from the following de 
tailed description taken in connection with the 
accompanying drawing, in which: 

Figure 1 is a diagrammatic illustration of the 
cooperative relationships of the elements of the 
invention showing a plurality of bridge circuits 
for stopping a plurality of metering frequencies 
from entering a telephone circuit. 

Fig. 2 is a diagrammatic illustration of a modi 
fication of the invention in which a single bridge 
is employed for stopping a plurality of meter 
ing frequencies. 

Fig. 3 is a diagrammatic illustration of an al 
ternative bridge arrangement which may be used 
in place of the bridge arrangements of FigS. 1 
and 2. 

Fig. 4 is a diagrammatic illustration of a trans 
former bridge arrangement for accomplishing the 
results of the devices of Figs. 1, 2 and 3. 

In practicing the invention, a remote metering 
system over which one or more distinct fre 

(C. 179-2) 
quencies are transmitted is provided with tele 
phone communication equipment and one or 
more Wheatstone bridge arrangements each hav 
ing as One of its legs a circuit which is resonant 
at one of the metering frequencies and which has 5 
an impedance. Such as to balance the bridge at 
the resonant frequency. 

In another modification the several fixed meter 
ing frequencies are prevented from entering the 
telephone circuit by a single bridge having sev- 0 
eral parallel impedances each of Which is res 
onant at One of the fixed metering frequencies. 

In a third modification, a transformer bridge 
may be used to balance at the metering frequen 
cies and to pass the speech frequencies. 

Referring now to Fig. 1 of the drawing, the 
remote metering equipment shown, which may 
comprise Such equipment as that disclosed in the 
hereinbefore referred to Stoddard patent, is con 
nected to a single circuit comprising conductors 20 
X, Y. This metering equipment may energize 
the circuit X, Y with Several distinct fixed fre 
quencies for the different metering operations in 
a Well-known manner. 
The telephone apparatus shown may comprise 25 

any standard telephone receiving and transmit 
ting apparatus and is connected to the circuit 
X-Y through a series of bridge circuits 10, 2 
and 4. The bridge circuit () comprises three 
resistances R, R2, R3 forming the three legs of 30 
a. WheatStone bridge circuit and a condenser CEO 
and inductance IO and a resistor Rf O connect 
ed in series to form the fourth leg of the Wheat 
stone bridge. The bridge O is connected to the 
circuit X-Y by conductors 6 and 7 and is con- 35 
nected to the second bridge 2 by conductors 8 
and 28, the bridge 2 comprising elements simi 
lar to those of bridge O and being connected, in 
turn, to a similar bridge f4 which is connected 
to the telephone apparatus. 
The inductances and condensers of each of the 

bridge circuits 0, 2 and 4 are such as to make 
the branch of their respective bridges in which 
they are connected resonant at a different one 
of the metering frequencies which is being ap- 45 
plied to the circuit X-Y by the remote meter 
ing apparatus. It Will be seen that the bridge 
circuit 0 will pass all frequencies except that 
to which the branch of the bridge which con 
tains inductance and capacity is resonant. This 50 
will follow from the fact that at the resonant fre 
quency, the impedance of the lower branch of 
the bridge will be merely the resistance R.O, and 
Since the resistances R, R2, R3 and R0 are so 
chosen as to make the product of resistances R. 55 
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2 
and R3 equal to the product of the resistances 
R2 and R 0, the bridge Will balance when this 
condition obtains. 

In like manner the bridge circuit 2 Will fail 
to pass the frequency to which its lower branch 
is resonant and bridge 4 will fail to pass the 
frequency to Which its lower branch is resonant. 
In this manner all frequencies except the meter 
ing frequencies are permitted to enter the circuit 
to the telephone apparatus. 

It is understood that the resistance RO may 
be the resistance of whatever inductance appa 
ratus is employed to provide the inductance L. 
and the resistances R, R2 and R3 may be made 
equal to the resistance RO to produce the best 
results. This condition is true also of bridge 
circuits 2 and 4. It is also understood that 
there are a number of bridge circuits equal to 
the number of metering frequencies applied to 
the conductors X-Y, so that each of these fre 
quencies will be prevented from entering the 
telephone apparatus. 

Since each of the bridge circuits consumes con 
Siderable energy, the modification shown in Fig. 
2 of the drawing may be employed for prevent 
ing the metering frequencies from entering the 
telephone circuits. In this embodiment the usual 
remote metering apparatus and telephone appa 
ratus is shown, and a single bridge is employed 
with three of its legs made up of resistances R., 
R2 and R3 as Was explained in connection With 
the description of the modification of Fig. 1, and 
its fourth leg is made up of parallel circuits of 
capacity, inductance and resistance, each of the 
parallel circuits being resonant to a different one 
of the metering frequencies. The resistances of 
the inductance coils in each of these parallel cir 
cuits is so chosen as to make the product of the 
resistance and R2 equal the product of R and 
R3 at the frequency to Which the parallel circuit 
is resonant. In this way it will be seen that the 
bridge will be unbalanced when any frequencies 
are applied thereto other than the frequencies to 
which the three parallel circuits are resonant, 
and that the bridge Will pass all frequencies, ex 
cept the metering frequencies, to the telephone 
apparatus. It will be seen that since this circuit 
of Fig. 2 has fewer resistances in series than that 
of Fig. 1, less of the energy will be consumed 
before reaching the telephone apparatus. 
An alternative method of constructing the 

bridge circuits for this system is shown in Fig. 
3. This bridge circuit is the same as those 
shown in Fig. 1 except that the condensers Ci 
and C2 are substituted for resistances R and R2, 
and are so chosen as to make the product of the 
resistance of the lower branch at the frequency 
at which it is desired to balance the bridge and 
the capacity of condenser C2 equal to the prod 
uct of the resistance R3 and the capacity of the 
condenser C. Such a circuit has the advantage 
that there is less power loss in this bridge than 
in those of the circuits of FigS. 1 and 2. It is 
understood that a series of parallel circuits may 
be used in the lower branch of the bridge of Fig. 
3 in the manner described in connection with 
the bridge of Fig. 2. 
In Fig. 4 there is shown a transformer bridge 

arrangement for preventing the metering fre 
quencies from entering the telephone apparatus. 
In this arrangement a transformer 22 has a sec 
ondary Winding 24 to which the telephone ap 
paratus is connected and a Split primary Winding 
26 with its two Windings connected in parallel 
and in opposition to the circuit X-Y by the 

2,154,694 
conductors 6 and 6' and the common con 
ductor 7. One coil of the primary winding 26 
is connected in series with the resistance R3 and 
the other coil is connected in Series With a Con 
denser C0, an inductance L () and a resistance 
R, G, the inductance and condenser being so 
chosen as to be resonant at the metering fre 
quency which it is desired to prevent from en 
tering the telephone apparatus. The resistance 
R, which may be the equivalent l'esistance of 
the inductance coil Life at the resonant fre 
quency is so chosen as to be equal to resistance 
R3 at the resonant frequency. Thus it will be 
seen that the inductances in circuit with the two 
parts of the primary winding Will be equal at the 
resonant frequency, and Since these Windings are 
so connected as to oppose each other, the reso 
nant frequency will not affect the secondary 24 
of the transformer and none of this frequency 
will be transmitted to the telephone apparatus. 
At frequencies other than the metering fre 

quency which it is desired to prevent from en 
tering the telephone apparatus, the circuit of 
that part of the primary winding of the trans 
former containing the inductance and the ca 
pacity will have a higher impedance than the 
circuit of the other part of the primary winding 
and unequal currents will flow through the two 
Windings of the primary of the transformer pro 
ducing a resultant flux which will affect the sec 
ondary winding 24 and transmit these frequencies 
to the telephone apparatus. 

Several circuits, each of them resonant to a 
separate fixed metering frequency, imay be con 
nected in parallel in the circuit of one part of 
the primary winding to prevent a plurality of nine 
tering frequencies from entering the telephone 
apparatus circuit. It is understood that in 
ductances could be used in place of the condenser 
C and C2 in the bridge circuit of Fig. 3 and that 
either inductances or condense's could be used 
in a like manner in the bridge circuit of Fig. 2. 

It will be seen that I have provided simple and 
inexpensive apparatus for preventing a plurality 
of fixed metering frequencies from entering tele 
phone apparatus which is connected to the same 
circuit as the metering apparatus, thus permit 
ting a single circuit to be employed as a telephone 
communication circuit and a remote metering 
circuit carrying several frequencies simultane 
Ously. 
In compliance with the requirements of the 

patent statutes, I have shown and described here 
in the preferred embodiments of my invention. 
It is understood, however, that the invention is 
not limited to the precise constructions shown 
and described, but is capable of modification by 
one skilled in the art, the embodiments herein 
shown being merely illustrative of the principles 
of my invention. 

I claim as my invention: 
1. In a communication System in which a band 

of frequencies and a fixed frequency are super 
posed upon a single circuit, means for prevent 
ing said fixed frequency from interfering with 
the reception of said band of frequencies com 
prising a Wheatstone bridge arrangement con 
nected to said circuit, three legs of the bridge 
having equal impedances at all frequencies and 
the fourth leg having an impedance equal to 
that of the others only at said fixed frequency. 

2. In a device for preventing the flow of cur 
rent of one of tWO different frequencies from One 
circuit having both of said frequencies imposed 
thereon to another circuit, a Wheatstone bridge 
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2,154,694 
arrangement connected between the two circuits, 
Said bridge having the impedances of its legs Such 
as to balance the bridge at the one frequency 
and to unbalance the bridge at the other fre 
quency. 

3. In a communication System in which a band 
of frequencies and a fixed frequency are Super 
posed upon a single circuit, means for prevent 
ing said fixed frequency from interfering with 
the reception of said band of frequencies com 
prising a Wheatstone bridge arrangement con 
nected to said circuit, said bridge having the 
impedances of its legs such as to balance the 
bridge at Said fixed frequency only. 

4. In a communication System in which a band 
of frequencies and a plurality of different fixed 
frequencies are Superposed upon a single circuit, 
means for preventing said fixed frequencies from 
interfering with the reception of Said band of 
frequencies comprising a plurality of Wheatstone 
bridge arrangements in cascade connection con 
nected to said circuit, each of said bridges having 
the impedances of its legs such as to balance the 
bridge only at a different one of Said fixed fre 
quencies. 

5. In a device for preventing the flow of cur 
rent of a plurality of fixed frequencies from one 
circuit having said frequencies imposed thereon 
to another circuit, a plurality of Wheatstone 
bridge arrangements in cascade connection be 
tween said circuits, each of said bridges having 
the impedances of its legs such as to balance 
the bridge only at a different one of said fixed 
frequencies. 

6. In a communication System in which a band 
of frequencies and a plurality of fixed frequencies 
are superposed upon a single circuit, means for 
preventing said fixed frequencies from interfer 
ing with the reception of said band of frequencies 
comprising a plurality of Wheatstone bridge ar 
rangements connected in cascade to said circuit, 
three of the legs of each bridge having equal 
impedances at all frequencies and the fourth leg 
of each bridge having an impedance equal to 
that of the other legs only at different ones of 
said fixed frequencies. 

7. In a communication system in which a band 
of frequencies and a plurality of different fixed 
frequencies are Superposed upon a single circuit, 
means for preventing said fixed frequencies from 
interfering with the reception of said band of 
frequencies comprising a Wheatstone bridge ar 
rangement connected to said circuit, said bridge 
having the impedance of its legs such as to bal 
ance the bridge only at said fixed frequencies. 

8. In a device for preventing the flow of cur 
rent of a plurality of fixed frequencies from one 
circuit having said frequencies imposed thereon 
to another circuit, a Wheatstone bridge arrange 
ment connected between said circuits, the in 
pedance of the legs of said bridge being such as 
to balance the bridge Only at Said fixed fre 
quencies. 

9. In a communication system in which a band 
of frequencies and a plurality of fixed frequencies 
are Superposed upon a single circuit, means for 
preventing said fixed frequencies from interfer 
ing with the reception of said band of frequencies 
comprising a Wheatstone bridge arrangement 
connected to said circuit, three of the legs of 
Said bridge having equal impedances at all fre 
quencies and the fourth leg having an impedance 
equal to that of the other legs only at said fixed 
frequencies. 

10. In a combined telephone and remote meter 

3 
ing system, a single circuit upon which a fixed 
remote metering frequency and telephone fre 
quencies in the speech frequency band are Super 
posed for transmission, means for preventing said 
metering frequency from entering the telephone 
receiver circuit comprising a Wheatstone bridge 
One set of diagonally opposite junctions of Which 
are connected to said single circuit, the other 
diagonally opposite junctions of which may be 
Connected to the telephone receiver, all of the 
legs of the bridge having equal resistances and 
One of Said legs being resonant at said fixed 
metering frequency only. 

11. In a combined remote metering and tele 
phone System, a single circuit upon which tele 
phone frequencies in the speech frequency band 
and a plurality of different fixed remote-metering 
frequencies are Superposed, means for preventing 
Said metering frequencies from entering the tele 
phone receiver circuit comprising a Wheatstone 
bridge one set of diagonally opposite junctions of 
which are connected to said single circuit, the 
other diagonally opposite junctions of which may 
be connected to the telephone receiver, all of the 
legs of the bridge having equal resistance and one 
of Said legs being resonant at said fixed metering 
frequencies only. 

12. In a combined remote metering system and 
telephone system, a single circuit upon which tele 
phone frequencies in the speech frequency range 
and a plurality of different remote-metering fre 
quencies are Superposed, means for preventing 
Said metering frequencies from entering the tele 
phone receiver circuit comprising a plurality of 
Wheatstone bridge arrangements in tandem con 
nection, diagonally opposite junctions of the first 
of said bridges being connected to said single cir 
cuit and diagonally opposite junctions of the last 
of Said bridges being connectible to a telephone 
receiver, all of the legs of each of said bridgeshaw 
ing equal resistances, and one of the legs of each 
of Said bridges being resonant to a different one 
of said metering frequencies only. 

13. In a combined telephone and remote meter 
ing System, a Single circuit upon which a remote 
metering frequency and telephone frequencies in 
the Speech frequency band are superposed for 
transmission, means for preventing said metering 
frequency from entering the telephone receiver 
circuit comprising a Wheatstone bridge arrange 
ment one set of diagonally opposite junctions of 
which are connected to said single circuit, the 
other diagonally opposite junctions of which may 
be connected to the telephone receiver, the two 
legs of the bridge adjacent one of the telephone 
receiver connections being of equal impedance, 
the other two legs of the bridge being of equal 
resistance and one of said other legs being 
resonant at said metering frequency only. 

14. In a device for preventing the flow of cur 
rent of certain of a plurality of frequencies from 
One circuit having all of said frequencies imposed 
thereon to another circuit, a Wheatstone bridge 
arrangement having two diagonally opposite 
junctions connected to Said one circuit and its 
other junctions connected to said other circuit, 
the legs of the bridge adjacent one of said con 
nections to Said other circuit having equal im 
pedances, the other legs having equal resistances 
and one of said other legs being resonant to said 
certain frequencies only. 

15. A device for preventing the flow of current 
of one of two different frequencies from one cir 
cuit having both of Said frequencies imposed 
thereon to another circuit comprising a bridge 
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4 
arrangement having the impedances of its legs 
Such as to balance the bridge at the one frequency only. 

16. In a combined telephone and remote meter 
ing system, a single circuit upon which a remote 
metering frequency and telephone frequencies in 
the speech frequency band are superposed for 
transmission, means for preventing said metering 
frequency from entering the telephone receiver 

0 circuit comprising a Wheatstone bridge arrange 

2,154,894 
ment one set of diagonally opposite junctions of 
which are connected to said single circuit, the 
other set of diagonally opposite junctions of 
which may be connected to the telephone re 
ceiver, the two legs of the bridge adjacent one of 
the telephone receivers being condensers of equal 
capacity, the other two legs of the bridge being 
of equal resistance and one of Said other legs 
being resonant at said metering frequency only. 
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