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This invention relates to transformer cir-
cuits and particularly to input transformer
circuits for electric discharge devices re-
(f};lire_d to transmit waves of a wide range of

‘equency. : :

Transformers are ordinarily employed in
transmission systems for matching imped-
ances between individual parts to obtain ef-
ficient and uniform transmission 6f the de-
sired waves.. With an electric discharge
amplifier the output current is proportional
to the input voltage, and uniform power
throughout the frequency range will be de-
livered provided the input voltage is con-
stant. The primary requirement for an in-
put transformer, therefore, is that the ratio
between the supply voltage and the input
voltage be kept constant throughout the
transmitted frequency range. Generally, it
is required to match the impedances on the

primary side of the transformer, but this is

not the controlling factor. Heretofore, it
has been found that the transmission is im-
proved by resonating the leakage inductance
of the transformer with the effective input
capacities of the discharge device. Also, the
requirement of impedance match is attained
by the use of a resistance element, having a
resistance approximately equal to the im-
pedance of the input circuit, connected in
shunt to the primary winding of the trans-
former. However, this arrangement gives a
uniform transmission characteristic only for
one particular transformer ratio, while other

ratios give a. non-uniform characteristic, so

that it is not always possible. to use the most
advantageous transformer ratio. Similarly,
8 resistance in shunt to the secondary wind-
ing of the transformer tends to give a fall-
ing characteristic. : - .

In a specific preferred embodiment this
invention comprises an input transformer

-arrangement for an electric discharge ampli-

fier, in which, the leakage reactance of the
input- transformer resonates with the com-

bined distributed capacity of the secondary
winding and the input capacity of the electric
discharge amplifier at a frequency near the
upper limiting frequency. of a wide range of
frequencies to be transmitted, and a resist-
ance element is connected in shunt to each
of the windings of the transformer. These
elements are so proportioned with respect. to
one another and the transformer ratio that
the impedance looking into the primary of
the transformer with the resistance in shunt
therewith is matched to the impedance of
the transmitting circuit at frequencies in the
lower portion of the range of frequencies to
be transmitted. The resistances are further
so proportioned with respect to the leakage

reactance at the resonant frequency that the

ratio between the input voltage and the sec-
ondary voltage of the transformer is the
same at the resonant frequency as at the
frequencies at which the primary impedances
are matched. This arrangement has been
found to maintain the voltage ratio substan-
tially constant throughout the intermediate
frequency range and is very flexible, making

ossible the choice of the preferable trans-
?ormer ratio. ~ '

While this invention is particularly de-
scribed as applied to an input transformer
for an electric discharge amplifier it may be
found useful for use with other circuits of
capacity reactance.
matching is not the primary goal it has been
found that the arrangement of this invention
gives a substantial impedance match through-

Although impedance

55.

60

85

70

75

80

out the larger portion of the frequency range ‘

of the waves to be transmitted.

"This invention will be better understood by
reference to the following detailed descrip-

tion taken in connection with the accom-
panying drawing in which:
* Fig. 1 represents in schematic form a re-

‘peater circuit in accordance with this inven-
‘tion comprising an input transformer serv-




ing as a coupling between a transmission line

- and a vacuum tube amplifier;

5

10

Fig. 2 shows an equivalent simplified cir-
.cuit In which the transformer has been re-
placed by its equivalent unity ratio T net-
-work ;

Fig. 8 is a modification of Fig. 2 and rep-
resents the net work at the high frequencies
where the mutual impedance is so high as to

be negligible; ‘
Fig. 4 is a chart from which the proper

~ values of the resistances connected in shunt.
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to the windings of the transformer may be de-
termined for any given condition; ‘

Tig. 5 shows the characteristic curves rep--
resenting the voltage amplification, or gain,
of the transformer circuit working into the
vacuum tube and covering a range of fre-
quencies from 16 cycles to approximately
81,000 cycles, for three different conditions,
namely, when a resistance is connected in
shunt to the primary winding only, when the
resistance is connected in shunt to the sec-
ondary winding only, and when two resist-
ances are connected in shunt to the primary
and secondary windings respectively; and

Fig. 6 represents a transmission system
employing the amplifier circuit of Fig. 1 in
connection with an output transformer.

The arrangements shown in the several
figures of the drawing are particularly adapt-
able to signaling systems in which uniform
transmission is required over a wide band of
frequencies ranging, for example, from about
20 cycles to 81,000 cyecles per second, and these
a.rrlangements will now be described in de-
tail.

Referring to Fig. 1, there is shown an input
transformer 12, employed for coupling. an
amplifying vacuum tube 13 to a line 14 which
is connected at its opposite end to a source 15
of waves of a wide frequency range. Con-
nected in shunt respectively to the primary
and secondary windings of the transformer
are resistance elements 16 and 17 which have
values so proportioned with respect to each
other and to-the leakage reactance of the
transformer as to substantially match the im-
pedance of the transformer with the imped-
ance of the line throughout a large portion
of a wide band of frequencies ranging from

about 20 cycles to approximately 31,000 cycles

per second. The transformer 1s so designed
that the leakage inductance resonates with
the combined distributed capacity of the sec-
ondary winding and the input capacity of the
amplifying vacuum tube at substantially the
upper fimiting frequency of the above men-
tioned band. This combined capacity is rep-
resented in the circuit of Fig. 1 by the dotted
condenser across the input circuit of tube 13.
‘The impedances of the primary circuit of the
transformer are matched to the impedance
of the line at the lower limiting frequency of
theband. Thisarrangement gives a constant

-alent of that shown in Fig. 2.
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ratio between the input voltage and the sec-
ondary voltage of the transformer through-
out the entire frequency band. While here-
tofore it has been possible to obtain uniform
transmission for a fairly wide range of fre-
quencies the choice of transformer ratios was
generally very limited, with this.invention

values which will keep the value of the ratio
%
wL

described, 7 being the impedance ratio of the

between 0 and 2, as will hereinafter be

‘transformer, %,, the input impedance and wL

the leakage reactance at the resonant fre-
quency. L .
In ‘connection with the coupling circuit

‘which has just been described, design formu-

lze were developed which show the relation
between the shunting resistances and the

Jeakage reactance at the resonant frequency,

the transformer coil ratio, the transmitting
end impedance, and the values of the shunt
resistances 16 and 17 required to obtain a
substantially flat transmission characteris-
tic for the combination. For the purpose
of analysis the essential parts of the circuit
of Fig.1 are shown in a simplified schematic

70

‘the transformer ratio is only limited to those
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form in Fig. 2 in which the transformer 12

is replaced. by the well known equivalent T
network of unity ratio. In this network the
inductances of the arms are designated in
terms of leakage inductance of which L in-
dicates the total leakage in both primary
and secondary windings of the transformer
and %l indicates . the mutual ‘inductance.
The resistance elements 16 and 17 are desig-
nated R, and R, respectively for the purpose
of analysis and in assuming the transformer
to be of unity ratio the electrical impedances
on the primary side of the transformer are
multipled by » which represents the im-
pedance ratio of the transformer. In this
way the transmitting or input impedance %y
becomes 7, the resistance R, becomes rRi
and the transmitting voltage e becomes e/r.

In this discussion the mutual inductance
%l (of which % is the coupling factor of the
transformer and 7 the high side inductance)
may be disregarded at most of the frequen-

cies under consideration since the value of

%l is high as compared with L. .
Neglecting the mutual inductance &l the
schematic circuit shown in Fig. 8 is the equiv-

The . following formule have béen de-

_veloped for the purpose of determining the -

values to be assigned to the resistances R,
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and R, in-order that the transmission char- -

acteristic of the coupling circuit will be sub-
stantially flat over the entire range. In
these formule C denotes the capacity be-
tween the input -electrodes of the amplify-
ing vacuum tube 13 plus the distributed ca-
pacity of the transformer, V, represents the

%
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voltage drop across resistance 16, 'V, the
voltage applied to the grid -of tube 13,
the impedance of the line 14, Z; the im-
pedance looking into the transformer, and -
5 I, I, and T, the currents in the various por-~
tions of the circuit, as indicated in the
drawing. Referring to Fig. 3:

1) 13=V3(Ri2+jw0)rwbeihg equal to 2r
10 o .

- multiplied by the frequency. v »
@ Vi=VitioL() =V,+ijV,(R%2+ ij) :

5 Y
oW .
- o 17,+ij7,(%+7@0)-
@ LTt L=V +ju0) 4 2

rRl' ’

29

(6) eVr=r& I+ Vzl ‘ | . |
| - 1, N V&L . 1 . N s
©) ngfrzlv( R,=+~7w0>+ =k +79L(E+7w0)]+V,[1+wa(E+,«0)]

"0 el (§ri0)] [ 1 iien(f+ia0))
w® F- syt |

Formula (8) is obtained from Equation-
(7) by limiting o to the resonant frequency, or
o?LC=1. "Solving for the absolute value of

2 o7

er 2 [rZ&\? \ oL\ % )2 2rZ,(§ )
©) [T] = (E) + B0 ( R,) ( BT+ R (g
40 Now at low frequencies where L is small and wiois large as compared to the value ofR, -

(10) %= R: lilf;ﬁ =two resistances in parallel.

45 Therefore by making Z, =12, to properly
match the impedances between the transmit--
~ting end and the receiving end.

_ T.R!R2 :
50 (11) : rzl_R}'f‘TRj,

~

substitutedinEiluatidn 9). ? , . :

B 18 [T opgpgy 0D 420D rP200D 48 g2
(13) [ Vs A r Zl W 0 + Rzz, '_. "R‘ ;3"' '..+ R" + R’ _F’z‘

Equation (13) might be solved for R, di- L '

rectly but as R, appears in all powers up to

60 R.* the solution would be very complicated.
It is therefore preferable to solve for rZ, in
terms of R, giving an implicit solution.

(12) Then % + 1) = 2—%‘ which can be |

Since at low frequencies e?’.' =2, as half the
. 3 .
65 transmitting voltage is consumed in the
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transmitting impedance when the impedances

© 1,752,046

- From the fact that,

are matched, this ratio should also equal 2 +R.Ry
at the resonant frequency in order to main- sz'—‘m
tain the voltage ratio constant up to the res- - .- ' S :
onant frequency after which the transmission v 1% .
falls rapidly corresponding to the cut-off of =
a filter. _ ' ' , Ry R’.
i . e 1'/7. . . or
Assuming nA =2 and solving Equation e & _ &
(13) R, ' : it follows that the ordinate distance between
I PR B L |
%, —-[4— &7 i\/ (4— o 4Lw C°R2+ B 1— B 4_
15 (14) B - 2 LE
2 o[ woRs 455~ 1]

Multiplying through, simplifying and sub-
20 stituting wlL for 0 o

——— e

15) éjz(%)z"ziz\/(?o%z'i
L @&

25
' B e wL
By cglculatlng z, with various jralues of i
g9 and then dividing,
1%,
w'&i:% the ratios for %Z; and %
35 By 3

were obtained and the curve of Fig. 4 plotted
therefrom. '

Trom this curve R, can be determined when

#%, and oL are known. R, is a minimum

‘40 when wL=r%, and is infinite when rZ;=0 or

oL is infinite. To obtain ré when L
O)L R2

zero, it is assumed that %f‘- is very. sniall

i8

{15)
—2+2v @—
i R R
wL
01._%:52%2@ wh'er.lv % is large c'ompargd to1l
o5 ‘ '
or %=

Since the two resistances R, and Rz; which
are effectively in parallel when viewed from
60 the low side of the transformer, must equal

%
%, then ITi

must be a minimum when 7% =wL as ihdi-_
65 cated in Fig. 4. ‘ . \

compared to 1,-and substitute in Equation -

the curve and unity represents g—i, so if it is
assumed that '

and increasing values of % are plotted down-
1
ward, the same curve can be used for obtain-
ing R, as for obtaining Rz,'% is then equal
: 23]

to unity at the ends of the curve and is mini-
mum when wL=7r%; when it approximately
equals a value of 0.3. _ ’

The use of this curve may be better under-
stood by reference to the following design
in which it is assumed !that

1
W

- %, =600 ohms, r=44 and —

7= oL =48,000

ohms at 31,000 cycles
then r#&,=26,400
rZ: 26,400 _
and 7 =73000
From the curve

55

= -2—6’3412(—) =51,7 00 ohms

600

= e——==

and R[ 49

In designing & transformer according to
this invention the transformer low side im-
jpedance can be assumed as a shunt imped-

.Then R,

1,225 ohms.

‘ance between two equal resistances equal to

the transmitter impedance, which is assumed
to be resistive, when considering the lowest
frequency to be transmitted. This impedance
can be made such a value that the transmis-
sion loss cansed by it at the lowest frequency
is less than a certain amount. The required
ratio and the coupling factor of the design
used are then determined in such a way that
the leakage inductance considered from the
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high side will resonate with the tube and the transformer. A shell type transformer
transformer coil capacities at or above the up- with pure resistances connected respectively
per limiting frequency. From the ratio of across the primary and secondary windings
the transmitting impedance multiplied by the thereof and proportioned in the manner as
impedance ratio, to the high side leakage re- hereinbefore stated, may be adapted to con-
actance at the resonant requency, the ab- ‘nect a 600 ohm line to the input of a vacuum
sciss® are obtained for the design chart tube without producing serious distortion in
shown in Fig. 4, the ordinates of the curve. the transmitted signals. The shell type core is
giving the relation of the shunting resist- preferably made up of E and I shaped lami-
ances R, or R, to the transmitting end im- nations of a nickel-iron alloy having 78.5%
pedance and coil impedance ratio. Other de-" nickel, generally known as 78.5% permalloy.
sign charts of course can be derived if any. The laminations are staggered in such a man-
relation between coil and line impedance 1§ ner as to furnish a substantially closed mag-
desired other than a substantial match but netic eircuit for the purpose of causing a high
this is the most usual condition in telephone mutual inductance.” Mounted upon the core
Ppractice, : ' are primary and secondary windings which

In Fig. 5 are shown transmission character- are also inferleaved for the purpose of cut-
istic curves obtainéd by tests and represent- ting down the leakage between them. It was
ing in each case the relation between the volt- found necessary to employ this type of con-
age amplification or ratio of a particular Struction to obtain the low leakage induc-

one case a pure resistance element is con- Ing such a wide band of frequencies.

nected in shunt to the primary winding only; . The output transformer may be of the shell
in another the resistance element is connected type but preferably should be of the toroidal
in shunt to the secondary winding only; and type, the core being a solid ring of 78.5%
still, in another two resistance elements are permalloy and have mounted thereon pri-
connected in shunt to the primary and sec- mary and secondary windings interleaved,
ondary windings respectively as shown in these features being provided for the sarme
Fig. 1. In the first two cases, these resistances purpose as stated in connection with the in-
were given such values as to match the im- put transformer. The shell type of output

- pedances at the primary side of the trans-, transformer is the same as the input trans-

40

former to that of the line, For the case of the  former described above except that no re-
shunt across the primary winding, the char- sistive shunts are connected across the pri-
acteristic indicated by A rises to a peak at mary and secondary windings and the posi-
the high frequencjes while for the shunt - tion of the transformer in the transmission
across the secondary causes the characteristic circuit is reversed so that it acts as a step
indicated by B droops in the same range. down‘transformer. The output transformer

he arrangement of this invention as indi- may have in addition a.third winding (not
cated by curve D gives a substantially con- shown) energized from battery 21 in series
stant voltage ratio even at the high frequen- with a resistance (not shown) to produce suf-
cies of a band ranging from about 20 cyclesto ficient flux to neutralize the effect of the flux

approximtaely 31,000 cycles per - second. set-up by the direct current in the primary

45

50

55

This voltage is obtained for various coil ra- winding. ,

tios and it is to be noted that the gainintrans-  The toroidal output transformers are capa-

mission units is constant within one T. U. for ble of transmitting a band of frequencies
2 range of frequencies from 20 cycles to which is still wider than the band transmit-

31,000 cycles. L : ted by the input transformers described, the
. In Fig. 6 is illustrated a transmission sys- - output transiP

from about 20 cycles to 31,000 cycles per sec- per second. The output transformers do not

ond and-which comprises.a transmitting de- require resistances connected across the pri-

‘- \the-primary,and secondary windings thereof, of the band, inasmuch as there is no distor-

& vacuum tube amplifier 13, output transfor- tion at this point for the reason that the cou-

- mer 19, and receiver 20. The input transfor- pled circuits have impedances which are prac-

o 60

.mer 12 and ‘the output transformer 19 are tically independent of frequency, the match-

preferably of different types.. 'The input ing of impedances being obtained by the par-

- transformer may be of the shell type, for ex- ticular ratio used..

ample, and may have a lower coil ratio than It is to be understood that the numerical

hereinbefore assumed in. order t obtain a values that have been given in the foregoing

‘high primary imipedance . to improve the specification, for the frequency limits of the

 transmission "at the lower frequencies, but band or‘for other' quantities, are not to be

.65

-able sacrifice is made in the step-up voltage of amples,

with a higher primary impedance s consider- taken as limiting but are cited by way of ex-

; ormer frequency band ranging
-tem required to transmit waves of frequencies approximatel from'5 cycles to 35,000 cycles
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-actance, to transmit

. What is claimed is: .
©'1.%A-circuit for coupling a line to a sec-

ondary circuit having a capacity reactance to
fransmit a wide band of frequencies, com-

- prising a transformer having primary and

secondary windings and leakage inductance,
said leakage inductance being of such a-value
as to resonate with said capacity reactance
near the upper limit of said band, and resist-
ances in shunt, respectively, to said primary
and secondary windings, and proportioned
with respect to each other so as to give said
coupling circuit a substantially flat transmis-
sion characteristic over said band.

9. A circuit for coupling a line to the input
of a secondary circuit having capacity re-
a wide band of frequen-
cies, comprising a transformer, having pri-
mary and secondary windings and leakage
inductance, said leakage inductance being of
such value gs to resonate with said capacity
reactance at a frequency near the upper limit
of said band, and resistances in shunt, respec-
tively, to sald primary and secondary wind-
ings ‘and proportioned with respect to each
other and said leakage inductance so as to
give said coupling circuit a substantially flat
transmission characteristic over said band.

3. A circuit for coupling a line to a sec-
ondary circuit having a capacity reactance to
transmit a wide band of frequencies, com-
prising a transformer having primary and
secondary windings and leakage inductance,
said leakage inductance being of such a value
as to resonate with said capacity reactance
near the upper limit of said band, and resist-
ances in shunt, respectively, to said primary
and secondary windings and proportioned
with respect to each other and said leakage
inductance so as to give said coupling circuit
a substantially flat transmission character-

istic over said band and to substantially

match the impedance of said line to the im-
pedance of the primary circuit of said trans-
former over the greater portion of said band.

4, A circuit for coupling a line to a sec-
ondary circuit having a capacity reactance to
transmit a wide band of frequencies, and
comprising a transformer having primary
and secondary windings, said transformer
having series inductive reactance and distrib-
uted shunt capacity, the total effective shunt
capacity impedance including the shunt ca-
pacity reactance of said secondary circuit and
the distributed capacity reactance of said
transformer windings, and the total effective

series inductive reactance being proportioned -

so as to be equal at the highest frequency of
the band to be transmitted, and resistances

respectively in shunt to said primary and

secondary windings and so proportioned
with respect to each other and said total ef-

~ fective series inductive reactance as to give a

transmission characteristic having a maxi-

1,752,046

mum variation of one transmission unit over
said band of frequencies. C
5. In combination, a source of waves of a

wide range of frequencies, a line receiving’

waves therefrom, an electric discharge de-
vice, an input transformer having primary
and secondary windings for coupling said
line to said device, the leakage inductance of
said transformer being such as to resonate
with the combined distributed capacity of
said secondary winding and the input capaci-
ty of said device at a frequency near the upper
limiting frequency of said range, and a re-
sistance element in shunt to each of said wind-
ings, the resistances of said elements being
so proportioned with respect to each other and
the leakage reactance at the resonant fre-
uency that the impedance into the primary
winding and associated shunt resistance is
substantially equal to the line impedance at
frequencies 1n the lower portion of said range
and that the ratio of the voltage of said source
to the secondary voltage of said transformer is
substantially constant throughout said range.
6. A combination according to the preced-
ing claim in which the relation of the resis-
tances of said elements is substantially repre-
sented by the equation:

Ly

R, " R,
in which R, and R, are the resistances of the
clements in shunt to the primary and sec-

TZ]_

‘ondary windings respectively, %, is the im-

pedance of the line, and 7 1s the impedance
ratio of the transformer. ’
7. In combination, a source of waves of a
wide range of frequencies, a line receiving
waves therefrom, an electric discharge de-
vice, an input transformer having primary
and secondary windings for coupling said
line to said device, the leakage inductance of
said transformer being such as to resonate
with the combined distributed capacity of
said secondary winding and the input capaci-
ty of said device at a e(}uency near the up-
per limiting frequency of said range, and a
resistance element in shunt to each of said
windings, the relation of the resistance of
gaid elements to each other and to the other
elements of the circuit being substantially
represented by the following equations:

Z,_, _th
R, 2
and ,
WL _ o, \/ By} _
%, 2(R2 ~2£2 (wL) 1

a2+ (&)
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in which R, and R, are the values of the re- -

sistances in shunt to the primary and sec-
ondary windings respectively, %, is the im-
pedance of the line, 7 is the: impedance ratio
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of the transformer, and oL is the leakage re-
actance at the resonant frequency.
8. In combination, a line adapted for trans-
‘mitting waves of a wide range of frequencies,
5 an electric discharge device, an input trans-
former having primary and secondary wind-
- ings for coupling said line to said device, the
leakage inductance of said transformer be-
ing of such value as to resonate with the com-
10 bined distributed capacity of the windings
and the input capacity of said device at a
frequercy near the upper limiting frequency
of said range, and a resistance element in
shunt to each of said windings and of such
15 relative value as to damp the resonance ef-
fect at said frequency, whereby the voltage
amplification of said transformer is made sub-
stantially constant throughout said range.
© . In witness whereof, I hereunto subscribe
" go my name this 5th day of April, A, D., 1927,
’ - HORACE WHITTLE.
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