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My invention relates to coupling devices for 
electric circuits and more particularly to coupling 
units which are adapted to be used in coupling 
successive stages of an electron discharge ampli 

y, ñer system. 
The advantages of transformer coupling in 

high frequency electric circuits over other forms 
of coupling are well known. This type of cou 

' pling is particularly advantageous in connection 
with electron discharge amplifiers wherein it is 
desirable to obtain the highest degree of undis 
torted amplification with a minimum number of 
circuit elements. However, the conventional type 
of coupling transformer now employed for this 
purpose is open to the limitation that a uniform 
amplification response characteristic can not be 
obtained over a Wide band of frequencies. This 
limitation is due to the fact that series resonant 
conditions are produced in the windings of a 
transformer at certain frequencies which lie 
Within the operating range and which produce 
attenuation of the components of current having 
frequencies corresponding to such series reso 
nant frequencies. It has therefore been the 
practice in the past to employ resistance cou~ 
pling in those circuits wherein it was desired to 
»transmit currents having a wide band of fre 
quencies between two electrically coupled circuits. 

It is an object of my invention to provide in 
a high frequency circuit'a transformer which is 
capable of transmitting between two circuits elec 
tric oscillations having component frequencies 
extending over a wide range with equalized trans 
mission eñiciency for all of the frequency com 
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ponents within the range. 
It is a further object of my invention to pro 

vide a transformer having the above operating 
characteristics which is self-contained, which is 
small in size, and which is of economical con 
struction. 
In accordance with my invention, the above 

objects are attained by dividing the primary and 
secondary windings of the transformer into coil 
sections. These sections are designed to have 

' different resonant frequencies and the sections 
of each of the two windings are so disposed on 
the transformer core and so connected that a 
high leakage reactance obtains between the re 
spective coil sections. 

Further, in accordance with my invention, the 
effects of series resonance between any two coil 
sections of either of the windings are obviated 
by shunting the sections having the higher reso 
nant frequencies with resistances having values 

»55 equal to the reactance values of the coil sec 

(Cl. 178-44) 
tions which they shunt at the frequency where 
resonance obtains between the shunted coil sec 
tion and the coil section having an immediately 
lowei` resonant frequency. 
A transformer constructed in accordance with p 

my invention may be considered as comprising 
a plurality of frequency transmission channels, 
each capable of transmitting a predetermined 
portion of the operating frequency band. The 
coil sections described above included in each È 
of these channels are so connected and so dis- t 
posed about the core of the transformer that 
the respective channels operate substantially in 
dependently of each other and no undesired in 
teraction between the different channels, such . 
as loading effects, are produced. In this man 
ner, all of the frequency components existing 
in the output from a source of ̀ oscillations may 
be impressed on any form of utilizing circuit 
with a uniform transmission efficiency. 
The novel features which I believe to be char 

acteristic of my invention are set forth with 
particularity in the appended claims. My in 
vention itself, however, both as to its organiza` 
tion and the method of operation, together with 
further objects and advantages thereof, will best 
be understood by reference to the specification, 
taken in connection with the .accompanying 
drawings, in which Fig. l illustrates a circuit 
having one form of my improved coupling unit 
included therein; Figs. 2 and 3 illustrate curves 
relating to the unit shown in Fig. 1; Fig. 4 illus 
trates a modification of the unit shown in Fig. 
1; Fig. 5 illustrates a physical embodiment of 
my improved transformer; Fig. 6 illustrates the 
circuit connections for the transformer shown 
in Fig. 5; Figs. '7 `to 13 inclusive illustrate the 
equivalent circuits of the coupling unit shown 
in Fig. 5 when different frequency bands are 
considered; Fig. 14 illustrates another physical 
embodiment of my improved transformer, and 
Fig. 15 illustrates the circuit connections for the 
transformer shown in Fig. 14. 

Referring to Fig. 1 of the drawings, I have illus 
trated the simplest form of my improved cou 
pling unit at I as a device for impressing the 
output from an electron discharge amplifier 2 
on the input circuit of an electron discharge 
amplifier 3. As shown, the coupling unit I com 
prises a core 4 upon which are wound primary 
and secondary windings 5 and 6. The primary 
winding 5 is illustrated as comprising a pair of 
series connected sections 'l and 8 and the sec 
ondary winding ß is comprised of a pair of series 
connected sections 9 and I0. In order to pre- _ 
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2 
vent electrostatic or capacity coupling between 
the windings 5 and B an electrostatic shield Il 
is provided which is maintained at ground po 
tential. 
In certain applications, as for example in tele 

vision modulation circuits, the oscillations which 
it is desired to transmit between the two coupled 
circuits may have frequency components extend 
ing over an exceedingly wide range. Thus, the 
discharge amplifiers ‘.2 and 3 may form a part of 
an amplifying system for amplifying the signal 
currents generated in a circuit whose energize 
tion is controlled in response to the energization 
of a television pick-up device. 

It is known that to operate satisfactorily a 
coupling device or coupling network between two 
electrically coupled circuits must be capable of 
transmitting between the circuits all of the fre 
quency components of the alternating voltage 
impressed across terminals of the coupling sys 
tem with a uniform transmission efficiency. 
Obviously, to obtain this uniform transmission 
eñiciency the impedance of the coupling device 
or network must be maintained above a certain 
predetermined value for all of the frequency 
components of current flowing therein. 
As will be pointed out in detail hereinafter, 

certain difficult problems are involved in the con 
struction of a transformer offering the desired 
high impedance to currents of all frequencies 
within a wide range. One such problem which 
arises in the construction of a transformer suit 
able for transmitting between windings currents 
having a wide band of frequencies is that of 
eliminating undesired reductions in the imped 
ance _of the windings produced by series reso 
nance effects between the inductance and dis 
tributed capacity of the windings at certain fre 
quencies. 
Such resonance effects may be overcome by 

dividing the primary and secondary windings 
into sections having different resonant frequency 
,characteristics thereby to provide a plurality of 
channels for the transmission of energy between 
the two coupled circuits. Thus the sections 3 
and if! and the coupling therebetween may be 
considered as comprising one channel of the cou 
pling device of Fig. 1, and the inductively related 
sections l' and S may be considered as the other 
channel. By dividing the windings in this man 
ner each of the inductively related pairs of sec 
tions may be designed to transmit a particular 
portion of the operating frequency range. For 
example, the winding sections 8 and iii may each 
comprise a small number of turns as compared 
to the number of turns in the sections 'i and 9 
respectively, and may be designed to have a very 
low distributed capacity and a higher resonant 
frequency than that of the sections 'l and 9. As 
thus constructed, these inductively related sec 
tions operate to transfer between the two ampli 
ner stages the high frequency components of the 
oscillations generated in the output circuit of 
the amplifier 2 and the relatively larger sections 
‘i and 9 operate to transfer the low frequency 
components of the oscillations. 
One difficulty encountered in utilizing this 

multi-channel method of coupling is that pro 
duced by resonance effects occurring between the 
reactances ci' the coil sections at certain Vfre 
quencies within the operating frequency range. 
These resonance effects reduce the effective iin 
pedance of the coupling device at certain fre 
quencies to such an extent that the transmission 
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of currents having these frequencies may be 
materially reduced or completely prevented. 
The effect of resonance between the reactance 

of the winding sections to reduce the impedance 
between the terminals of the windings to cur 
rents of certain frequencies may more clearly be 
understood by reference to Fig. 2 wherein the 
impedance characteristics of the winding sec 
tions 'i and 3 of the primary Winding 5 are 
plotted as a function of frequency, assuming no 
load conditions of the transformer. In this fig 
ure, the curves i2 and I3 represent thercalcu 
lated internal inductive reactances of the wind 
ing sections l and 8 respectively as a function of 
frequency and the curves iii and l5 illustrate the 
apparent external reactance of the same circuit 
elements including the effects of Vdistributed ca 
pacity of these elements. The curves Iâ and Il 
show the apparent resistances of the windings “l 
and 8 for the various frequencies within the 
operating range. 

it will be observed that due to the distributed 
capacity of the coil section l, this coil is in a reso 
nant condition at a frequency F1 and at higher 
frequencies it is at first increasingly capacitively 
reactive and later decreasingly capacitively reac 
tive. This capacitive reactance is sufficient at 
frequencies F2 (slightly higher than frequency 
F1) and F3 to form a series resonant circuit with 
the inductive reactance of the section ii. How 
ever, at the frequency F2, the apparent resistance 
of the section l, as shown by curve i6, is sufli 
cient to maintain the impedance between the 
terminals of the primary winding 5 above that 
predetermined value below which the source of 
impressed voltage is overloaded. At F3, however, 
the apparent resistance of the winding 'i is negli 
gible and the series resonance produced between 
the reactances of the sections 'i' and 8 reduces 
substantially to Zero the overall impedances of 
the primary windings to currents of these fre 
quencies. Hence, at this frequency, F3, and in 
the absence of additional means for maintaining 
the overall terminal impedance above the prede 
termined value necessary to produce equalized 
transmission efficiency, substantially no transfer 
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of energy having this frequency will occur be 
tween the primary and secondary windings. 

In order to obviate the above diñiculty and 
provide the necessary impedance in the inter 
mediate frequency zone at which neither of the 
windings 'i or 8 is otherwise effective to transmit 
energy, the resistance I8 is provided in shunt 
with the primary winding section 8. 
At the frequency of resonance between the 

reactances of the windings l and 8 the resistance 
i8 should be very low in order to prevent series 
resonance. However, if such a value of resist 
ance be employed, substantially the entire ef 
fective primary section would be short-circuited 
at frequencies above this series resonant i're 
quency. Accordingly, it has been found desir 
able to use a compromised value of resistance 
IB, the value being determined to be equal to 
the inductive reacta-nce of the winding section 
B at the resonant frequency where this inductive 
reactance is equal to the apparent capacitive 
reactance of the winding section '1. 
The presence of distributed capacity in and 

load across tlie secondary windings 9 and lli 
affects the apparent reactances of the primary 
windings to the extent that the resonant fre 
quencies F1 and Fi are shifted slightly toward 
decreasing frequency and furthermore the peak 
values of apparent reactances and resistances 
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may be reduced, but in general the relations eX 
pressed above between the values of the primaryk 
circuit constants remain substantially un 
changed. 
With the resistance i8 connected in shunt with 

the winding 8 and having the value designated 
above, the impedance characteristic of the pri 
mary winding as a function of frequency is as 
shown vby curve i9 of Fig. 3. This curve shows 
that the overall impedance between the terminals 
of the primary winding does not decrease below' 
a predetermined minimum value at any fre 
quency up to the resonant frequency F4 of the 
winding 8. The curve further shows that at low 
frequencies the greater portion of the impedance 
between the terminals of the primary winding is 
due -to 4the impedance of the winding section l 
and‘at high frequencies the impedance of the 
winding section 3 is predominant. At the inter 
mediate frequencies where the reactance of the 
winding l is partially or totally in series reso 
nance with the inductive reactance of the wind 
ing 8, the impedance between the primary wind 
ing terminals is due almost entirely to the ap 
parent resistance of the shunt resistor i8 in 
parallel with >winding 3. 
As shown by curve I9 of Fig. 3, if the winding 

sections ‘l and S be constructed in the manner 
described above and the resistance i3 be pro 
vided in shunt with the section 8, the impedance 
is sufficient to transmit currents having all fre 
quencies Vless than a frequency slightly higher 
than the resonant frequency of the high fre 
quency winding 8. ' 
Although I have described only the effects of 

series resonance in the primary winding, it will, 
of course, be understood that these effects also 
occur in the secondary winding and, accordingly, 
it is desirable to provide resistors connected in 
shunt `with one secondary winding or in shunt 
with each of the secondary winding sections for 
the purpose of preventing series resonance ef 
fects between the winding sections from lowering 
the impedance of the winding to currents having 
frequencies corresponding to the frequencies at 
which such resonance effects occur. The value 
of these resistors is determined in accordance 
with the principles discussed above in connection 
with the primary section shunting resistance. 
Thus, in the two section secondary winding of 
the device illustrated in Fig. 1 a resistor E@ is 
provided having a value equal to the inductive 
reactance of the winding section i@ at the fre 
quency where resonance obtains between this 
reactance and the apparent capacitive reactance 
of the section 9, inclusive of eiIects on this re 
actance of such coupling as may exist between 
all windings. 
The frequency range may be extended by add 

ing additional winding sections having resonant 
frequencies increasingly higher than that of the 
high frequency sections 8 and il) and shunting 
each of these sections with a resistance having a 
value equal to the inductive reactance which it 
shunts at the frequency of resonance of the re 
actance of this winding with the reactance of 
the next lowerV resonant frequency winding 
section. 

Thus, in Fig. 4, I have illustrated a trans 
former constructed in accordance with the prin 
ciples outlined above in which three channels 
are provided for transmitting the low, interme 
diate and high frequency portions of the fre 
quency band between the two windings. This 
>transformer is illustrated as including primary 

3 

winding sections 2|, 22 and 23 and secondary 
wíndingsections 2li, 25 and 26, the sections be 
ing so designed that the inductively coupled 
sections 2l and 24 constitute the low frequency 
transmitting channel, the sections 22 and 25 
constitute the intermediate frequency trans 
mitting channel, and the sections 23 and 26 con 
stitute the high frequency transmitting channel. 
Each of the higher resonant frequency sections 
2-2, >2?», 25 .and .2S is shunted by a resistor hav 
ing a value determined in the manner set forth 
above. It will, of course, be understood that in 
practiceadditional frequency channels may be 
provided by increasing the number of winding 
sections and .providing additional shunt resistors. 
In the construction of a transformer wherein 

all of theinductively coupled coil sections consti 
tuting the various frequency transmitting chan 
nels are mounted upon the same core, it is nec 
essary, if satisfactory operation is to be obtained, 
so to arrange the sections of each winding that a 
considerable leakage reactance is obtained be 
tween the respective sections of the primary and 
secondary windings. This necessity arises from 
the fact that the low capacity reactance of cer 
tain of the windings may constitute a heavy 
load on the other windings if the winding sec 
tions are in closely coupled inductive relation. 
In accordance with my invention, the above 

difficulty is obviated by mounting the winding 
sections on the transformer core in the manner 
illustratedin Fig. 5 and connecting the elements 
of the coupling unit in accordance with the cir 
cuit shown in Fig. 6 wherein elements identical 
to those of Fig. 5 are identified by like reference 
characters. 

Referring to Fig. 5 of 'the drawings I have il 
lustrated the transformer as comprising a core 
2l upon which are mounted primary winding 
sectons 28, 29 and 3l), and secondary winding 
sectionsßl, 32, 33, Sli and 35. The primary wind 
ing section 28 and the secondary section 3l are 
arranged in closely coupled inductive relation 
upon the center leg of the core and constitute the 
Channel for transmitting currents having fre 
quencies extending over the low portion of the 
operating frequency range. The high frequency 
transmitting channels are comprised of the pri 
mary sections 29 and til and the secondary sec 
tions 32, 33, @il and 35. It will be observed that 
the winding sections included in the high fre 
quency channels are mounted on the outer legs 
of the three-legged core 2l thereby to provide a 
high leakage reactance between these winding 
sections and the sections of the low frequency 
channel. , 

As will be more clearly brought out herein 
after the respective primary winding sections 
are connected in such a manner that when the 
respective winding sections are energized the 
sections of the high frequency channels includ 
ing the primary winding sections 29 and 3E] are 
magnetically isolated. Thus, the windings are 
connected in such l anner that when the primary 
winding 28 is enev 'ized a ñux «p1 indicated by 
the dash lines is produced in the core which 
traverses the core in the direction indicated by 
the arrows appended to the identified dash lines. 
Similarly the winding sections 29 and .30 are con 
nected so that when they are energized a flux 
«p2 is produced in the core having the directon 
indicated. It will be observed that the two fluxes 
¢1 and (p2 traverse the core in such a directon 
that the voltage induced in the sections 29, 30, 32 
and 33 are opposite and, hence, the two high fre 
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4 
quency windings 29, 32 and 3U, 33 are in effect 
magnetically isolated from the windings 28 and 
3l . The secondary winding sections 39 and 39 are 
connected so that the flux «p1 induces equal and 
aiding voltages in each of these sections, while 
the flux (p2 induces canceling voltages. In this 
manner the two sections 34 and 35 are magnet 
ically isolated from the windings formed by the 
winding sections 29, 32 and 39, 33. 
The Complete circuit diagram for one form of 

a coupling unit having a transformer such as 
described above embodied therein is shown in 
Fig. 6. In the circuit illustrated the transformer 
is shown as being embodied in a coupling unit 
for impressing the output oscillations of an elec 
tron discharge amplifier 2’ on a load illustrated 
as a resistance The respective primary and 
secondary winding sections 28 to 35 inclusive are 
shown diagrammatically as being connected in 
a manner which will produce the desired ilux in 
teraction as described in the preceding para 
graph. In addition, a pair of circuits are pro 
vided for further insuring complete isolation of 
the respective frequency band transmission 
channels, One of these circuits comprises a con 
denser 36 connected in series with the primary 
winding sections 29 and 39 across the primary 
winding section 28. A resistance 31 is provided 
for preventing an undesired lowering of the 
operable primary winding impedance due to series 
resonance between the winding sections 29, 39 and 
‘58. Similarly, a resistance 49 is connected in 
shunt with the sections 34 and 35 for the same 
purpose. The other circuit comprises a con 
denser 38 connected in parallel with a resistance 
39 in series with the secondary winding sections 
32 and 33 across the series connected secondary 
winding sections 3l, 34 and 35. 
While ‘the connections shown in Fig. 6, and 

described in detail hereafter, pertain to a trans 
former with multi-section windings some of 
which are effectively paralleled, this is not to be 
construed as any limitation on the theory of op 
eration of dthe transformers described in con 
nection with the totally series-connected wind 
ing transformers illustrated in Figs. 1 to 4 in 
clusive. No structural changes in the transform 
ers shown in Fig. 5 and Fig'. 14 are involved 
thereby. 
The operation of the coupling unit illustrated 

in Figs. 5 and 6 will best be understood by ref‘ 
erence to Figs. '7 to 13 inclusive wherein I have 
shown the equivalent circuits for the net work 
of Fig. 6, when particular frequency bands are 
considered. 
For a band of frequencies extending over the 

lower portion of the operating frequency range 
the tightly coupled primary and secondary sec 
tions 28 and 3l respectively are effective to pro 
vide a transmission channel for currents having 
frequencies within this portion of the operating 
range. Over the effective transmission range of 
these two winding sections the condensers 36 
and 38 and the resistance 39 together with the 
high leakage reactance between the respective 
primary and secondary winding sections effec 
tively isolate the transmitting channels compris 
ing the sections 519, 32 and 39, 33 and prevent 
these channels from affecting the transmission 
efficiency of the channel formed by the sections 
28 and 3|. For currents having frequencies eX 
tending over this low portion of the operating 
frequency range the impedance of the secondary 
sections 34 and 35 is very low and hence the 

2,125,119 
ratio of voltage transformation is effectively de 
termined by the turn ratio between the sections 
28 and 3l. 
When the range of frequencies referred to in 

the preceding paragraph is considered, the equiv 
alent circuit for the coupling unit and tube 2' 
becomes as shown in Fig. '7 wherein e0 repre 
sents the voltage available a't the input termi 
nals of the electron discharge device multiplied 
by the amplification factor of the `discharge de 
vice, ïp represents the internal anode to cath 
ode resistance of the discharge device 2', R is 
the equivalent resistance formed by referring 
the resistance 3’ to the primary side of the 
transformer and X1 is the primary magnetizing 
reactance. 
At a slightly higher band of frequencies the 

leakage reactance between the winding sections 
28 and 3l becomes appreciable as compared to R 
and the equivalent circuit becomes as shown 
in Fig. 8. In this circuit the reactance :r2 rep 
resents the leakage reactance between the sec 
tions 28 and 3l. Over this band of frequencies 
the primary magnetizing reactance of the trans 
former becomes so large as to have a negligible 
effect on the operation of the network and, ac 
cordingly, it is omitted from the equivalent cir 
cuit shown. 
At a still higher band of frequencies the equiv 

alent circuit becomes as shown in Fig. 9 wherein 
c1 represents the capacity of the condenser 36, 
c2 represents the capacitance of the condenser 
38 referred to the primary side of the trans 
former, the resistance R1 represents the resist 
ance 3l, R2 represents the resistance 39 re 
ferred to the primary side of the transformer, and 
the reactance x3 represents the magnetizing re 
actance of the winding sections 29 and 3l).k Over 
this band of frequencies the leakage reactance 
:r2 is of a magnitudeV such that the voltage drop 
therethrough tends to lower the voltage across 
the terminals of the equivalent resistance R. 
However, the condensers 36 and 38 become ef 
fective over this frequency band to open up the> 
transmission channels 29, 32 and 39, 33 thereby 
to maintain the desired value of impressed volt 
age across the terminals of resistance R. It 
will of course be understood that the turn ratio 
between the sections 29, 32 and the sections 30, 
33 must be the same as the turn ratio between 
the sections 28, 3| if the voltage across the re 
sistance R is to be maintained at the `desired 
value. 
By making the reactance of condenser c1 

approximately equal to .r3 in this portion of the 
frequency range and further by making R1, x3, 
R2 and wz all equal to each other and greater 
than R, the network will be broadly tuned, there 
by increasing the current flowing in 9:2 and R by 
an amount sufficient to compensate for the volt 
age drop produced by the resistance R1. The 
resistance 31, or in Fig. 9 resistance R1, oper 
ates to prevent series resonance, between the 
capacitive reactance of condenser 36, in Fig. 9, 
ci and the inductive reactance .ra at any fre 
quency. Similarly the resistance 39, or in Fig. 9 
resistance R2, prevents series resonance between 
the secondary magnetizing reactance of the 
winding sections 32 and 33 and the low frequency 
blocking condenser 38. 
At still higher frequencies the magnetizing 

reactance x3 of the network shown in Fig. 9 
becomes so large as to have practically no ef 
fect on the operation of the circuit. Further, 
capacitive reactance of condenser C2, becomes 
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so small with respect to the resistance R2 that 
the latter has little effect on the circuit. Thus, 
the equivalent circuit for a band of frequencies 
covering this portion of the operating frequency 
range becomes as shown in Fig. 10. Partial reso 
nance of the network voccurs over the band of 
frequencies which is sufficient to compensate 
for the voltage drop produced by the resistor R2. 
At a still higher band of frequencies the equív 

alent circuit for the coupling unit illustrated in 
Fig. 6 may be accurately represented by the cir 
cuit of Fig. l1 wherein R3 represents the resist~ 
'ance Ml of Fig. 6, :r4 represents the inductive 
reactance of the winding sections 3i and 35, C3 
represents'the equivalent distributed capacity of 
the winding sections 2S and 3i referred to the 
primary windings 29 and 3o and X5 is the leak 
age reactance between primary windings 29 and 
3o and secondary windings 32 and 33. Within 
this band of frequencies the equivalent dis 
tributed capacity c3 of the winding section 3l 
becomes of sufficient magnitude. to constitute a 
considerable load across .resistance 3) which 
tends to reduce the voltage available at the ter 
inlz-¿ials of the resista-nce or in Fig. l'l.- R. How 
ever, at such frequencies the winding sections 
34 and 35 shunted by the resistance dii main~ 
tain the overall impedance of this branch of 
the equivalent circuit at a value sufficient to pre 
vent the undesired reduction in voltage. If the 
circuit elements are selected having the correct 
impedance values, it is possible to obtain the 
same voltage transfer ratio in this portion of 
the operating frequency range as is attained in 
the lower portions of the range. 
In the arrangement of Figs. 5 and 6 it is nec 

essary that the distributed capacity of winding 
28 be sufficiently low as not Ito constitute an ob 
jectionable load on discharge device 2’. 
At the lower portion of the frequency range 

in which coils 34 and 35 are operative the equiva 
lent inductance mi of the winding sections 3d 
and 35 is substantially equal to the equivalent 
capacitive reactance corresponding to the dis- 
tributed capacity of the winding section 3i. 
Thus, the apparent resistance R3 corresponding 
to the resistance ¿lil as viewed from the input 
terminals of the coupling unit is the impedance 
which prevents excessive loading of the wind 
ings 32. and 33. over this band of frequencies. It 
becomes. apparent from a consi-deration of this 
equivalent circuit that the resistances R1 and R3 
must be large as compared to the resistance R if 
a uniform response characteristic is to be ob 
tained over a frequency range including the 
band at present being considered. 
When a still higher band of frequencies is con 

sidered the equivalent circuit becomes as shown 
in Fig. 12 since the reactances represented by C3 
and Cae-re now negligible and x4 extremely high. 
At a> still higher band of frequencies covering 

a range extending to the upper limit of the op 
erating frequency range the equivalent circuit 
becomes as shown in Fig. 13. In this frequency 
band the distributed capacity of the winding 
sections 29, 3ft, 3.2> and 33 begins to have a load 
ing effect due to the capacitive reactance there 
of, which is effectively in shunt to the resistance 
R. The equivalent capacity representing these 
components of distributed capacity is repre 
sented. by the condenser c4. At higher frequen 
cies the loading effect of this condensive reac 
tance is increasingly greater until a frequency is 
reached where this reactance is equal to the 
leakage inductivev reactance frs. 'I'his frequency 

represents» the absolute upper frequency limit 
for the operating range of the structure shown 
in Fig. 5 and the voltage ratio characteristic falls 
off rapidly at frequencies above this value. 

It has been found that in certain cases the dis 
tributed capacity of the winding 28 tends to over 
load the source at frequencies extending over the 
upper portion of the operating range. This unde 
sired effect may be overcome by employing the 
4ransformer illustrated in Fig. 14 wherein a pair 
ol primary winding sections M and 42 are pro« 
vided in addition to the elements of the trans 
former illustrated in Fig. 5 vthese windings being 
connected asshown in Fig. 15. The sections 4I 
and ¿i? are mounted on the outer legs of the trans 
former cere and are connected to be magnetically 
isolated from the winding sections 29, 30, 32 and 

They are designed to have a very low dis 
tributed capacity and are shunted by a resistor 43 
for preventing series resonance effects between 
the inductance thereof- and the equivalent ca 
pacitive reactance formed by the distributed ca 
pacity of the winding sections 28 and 3 l. This ob 
viates the necessity of designing winding 28 to 
have low distributed capacity. 

It has been found that a small coupling unit 
constructed in the manner described above is 
capable of transmitting electric circuit currents 
extending over an exceedingly wide band of fre 
quencies as for example, from 20 cycles to 100 
kilocycles or even more. By employing the wind 
ing section arrangement illustrated and connect 
ing these sections in the manner shown, the re 
spective frequency band transmission channels 
thus formed may be magnetically isolated there-_ 
by to provide a high leakage reactance between 
the sections included in each channel, without 
employing a core structure of unduly large size. 
It will be apparent to those skilled in the art 
that any number of channels may be provided by 
an obvious extension lof the structural arrange 
ment and circuit connections described in the 
preceding paragraphs and the band width may 
be even further extended. 
While I have shown a particular embodiment 

of my invention, it will of course be understood 
that I do not wish to be limited thereto since 
many modifications in the structure may be made, 
and I contemplate by the appended claims to 
cover all such modifications as fall within the trueî 
spirit and scope of my invention. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. A coupling unit for coupling together two 

electric circuits for the transmission therebetween A. y 
of alternating currents having component fre 
quencies extending over a wide range, comprising 
a transformer having a core, sectionalized pri 
mary and secondary windings on said core, each 
of the sections of each of said windings having 
a resonant frequency different from the resonant 
frequency of each of the other sections of the same 
winding and substantially the same as that of' one 
section of the other winding, and means includ 
ing the inductive coupling between the primary 
and secondary sections havingV like resonant fre 
quencies for providing a plurality of channels 
for transmitting currents having frequencies eX 
tending over predetermined portions of said fre~ 
quency range. 

electric circuits for the transmission therebe 
tween of alternating currents having component 
frequencies extending over a wide range, com 
prisinga transformer having a core, sectional 
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6 
ized primary and secondary windings on said 
core, each of the sections of each of said wind 
ings having a resonant frequency different from 
the resonant frequency of each of the other sec 
tions of the same winding and substantially the 
same as that of one section of the other winding, 
the primary and secondary winding sections hav 
ing the same resonant frequencies being coupled 
in close inductive relation thereby to provide a 
plurality of channels for transmitting currents 
having frequencies extending over predetermined 
portions of said frequency range. 

3. A coupling unit for coupling together two 
electric circuits for the transmission therebe 
tween of alternating currents having component 
frequencies extending over a wide range com 
prising a transformer having a core, sectional 
ized primary and secondary windings on said core, 
each of the sections of each of said windings 
having a resonant frequency different from the 
resonant frequency of each of the other sections 
of the same winding and substantially the same 
as that of one section of the other winding, the 
primary and secondary sections having the same 
resonant frequencies being coupled in close in 
ductive relation thereby to provide a plurality of 
channels for transmitting current having fre 
quencies extending over predetermined portions 
of said frequency range, and means to produce 
relatively large leakage reactance between sec 
tions having different resonant frequencies 
whereby loading of one of said channels due to 
the low capacity reactance of one of said sections 
corresponding to another of said channels is 
prevented. 

4. A coupling unit for coupling together two 
electric circuits for the transmission therebetween 
of alternating currents having component fre 
quencies extending over a wide range compris 
ing a transformer having a core, sectionalized 
primary and secondary windings on said core, 
each of the sections of each of said windings hav 
ing a resonant frequency different from the reso 
nant frequency of each of the other sections of 
the same winding and substantially the same as 
that of one section of the other winding, the pri 
mary and secondary sections having the same 
resonant frequencies being coupled in close in 
ductive relation thereby to provide a plurality of 
channels for transmitting currents having fre 
quencies extending over predetermined portions 
of said frequency range and being arranged on 
said core so that the leakage reactances between 
sections having different resonant frequencies are 
sufficient to prevent loading of any one of said 
channels by the other of said channels, and means 
for preventing lseries resonance effects between 
the respective sections of each of said windings 
from lowering the transmission efficiency of said 
transformer for currents having frequencies cor 
responding to the frequencies at which such 
resonance effects occur. 

5. A coupling unit for coupling together two 
electric circuits for the transmission therebe 
tween of alternating currents having component 
frequencies extending over a wide range, com 
prising a transformer having a core and includ 
ing sectionalized primary and secondary windings, 
said primary and secondary windings each in 
cluding a section having a low resonant frequen 
cy and a plurality of sections having successive 
ly higher resonant frequencies, said primary and 
secondary windings sections being coupled to 
gether in close inductive relation in the order of 
their resonant frequencies thereby to provide a 

2,125,119 
plurality of separate transmission channels each 
effective over a predetermined portion of said fre 
quency range, and means including a resistance 
connected in shunt with each of said high reso 
nant frequency sections for preventing series 
resonance effects between the respective sections 
of each of said windings from lowering the trans 
mission eñiciency of said transformer for cur 
rents having frequencies corresponding to the 
frequencies at which such resonance effects oc 
cur. 

6. A coupling unit for coupling together two 
electric circuits for the transmission therebe 
tween of alternating currents having component 
frequencies extending over a wide range compris 
ing a, transformer having a core and including sec 
tionalized primary and secondary windings on 
said core, said windings each including sections 
having different resonant frequencies and being 
inductively coupled to provide a plurality of 
transmission channels each effective over a pre 
determined portion of said frequency range, and 
means for preventing series resonance effects be 
tween the respective sections of each of said wind 
ings from lowering the transmission efficiency of 
said transformer for currents having frequencies 
corresponding to the frequencies at which such 
resonance effects occur. 

'7. A coupling unit for coupling together two 
electric circuits for the transmission therebe 
tween of alternating currents having component 
frequencies extending over a wide range com 
prising a transformerhaving a core, sectionalized 
primary and secondary windings on said core, 
said windings each including sections having 
respectively high and low resonant frequencies, 
said high resonant frequency primary and second 
ary sections being inductively coupled to provide 
a transmission channel effective over the upper 
portion of said frequency range and said low reso 
nant frequency primary and secondary sections 
being inductively coupled to provide a trans 
mission channel eifective over the lower portion 
of said frequency range. 

8. A coupling unit for coupling together two 
electric circuits for the transmission therebetween 
of alternating currents having component fre 
quencies extending over a wide range, compris 
ing a transformer having a core, sectionalized 
primary and secondary windings on said core, 
said windings each including sections having re 
spectively high and low resonant frequencies, said 
high resonant frequency primary and secondary 
sections being coupled in close inductive ‘relation 
thereby to provide a transmission channel effec 
tive over the upper portion of said frequency 
range, said low resonant frequency primary and 
secondary sections being coupled in close in 
ductive relation thereby to provide a transmis 
sion channel effective over the lower portion of 
said frequency range, and means to produce rela 
tively large leakage reactance between said high 
and low frequency sections whereby loading of 
said first-named channel by the other of said 
channels due to the low capacity reactance of said 
low frequency section in said upper portion of 
said range is prevented. 

9. A coupling unit for coupling togetherY two 
electric circuits for the transmission therebetween 
of alternating currents having component fre 
quencies extending over a wide range comprising 
a transformer having a core, sectionalized pri 
mary and secondary windings on said core, said 
windings l»each including sections having re 
spectively high and low resonant frequencies, said , 
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high resonant frequency primary and secondary 
sections being inductively coupled to provide a 
transmission channel effective over the upper por 
tion of said frequency range, said low resonant 
frequency primary and secondary sections being 
coupled to provide a transmission channel effec 
tive over the lower portion of said frequency 
range, said high and low resonant frequency sec 
tions of each of said windings being arranged 
on said core so that the leakage reactances be 
tween said sections are suiiicient to prevent load 
ing of one of said channels by the other of said 
channels, and means for preventing series reso 
nance effects between the respective sections of 
each of said windings from lowering the trans 
mission efûciency of said transformer for currents 
having frequencies corresponding to the fre 
quencies at which such resonance effects occur. 

10. A coupling unit for coupling together two 
electric circuits fo-r the transmission therebe 
tween of alternating currents having component 
frequencies extending over a wide range, com 
prising a transformer having a core, sectional 
ized primary and secondary windings on said 
core, said windings each including sections hav 
ing respectively high and low resonant frequen 
cies, said high resonant frequency primary and 
secondary sections being inductively coupled to 
provide a transmission channel effective over 
the upper portion of said frequency range and 
said low resonant frequency primary and second 
ary sections being coupled to provide a transmis 
sion channel effective over the lower portion of 
said frequency range, said high and low resonant 
frequency windings being connected to form a 

7 
series resonant circuit of substantially zero im 
pedance at a frequency Within said range, and 
means including resistances connected respec 
tively one in shunt with each of said high reso 
nant frequency sections and having a resistance 
value equal to the reactance value of the shunted 
section at the frequency where said series reso 
nance occurs for preventing said series resonance 
effects from lowering the transmission efficiency 
of said transformer for currents having fre 
quencies corresponding to the frequencies at 
which such resonance effects occur. n 

1l. A coupling unit for coupling together two 
electric circuits for the transmission therebe 
tween of alternating currents having component 
frequencies extending over a wide range compris 
ing a coregsectionalized primary and secondary 
windings on said core, said windings each in 
cluding sections having respectively high and 
low resonant frequencies, said high resonant fre 
quency primary and secondary sections being in 
ductively coupled to provide a transmission chan 
nel effective over the upper portion of said fre 
quency range, said low resonant frequency pri 
mary and secondary sections belng inductively 
coupled to provide a transmission channel effec 
tive over the lower portion of said frequency 
range, and means for preventing series resonance 
effects between the respective sections of each of 
said windings from lowering the transmission 
efficiency of said transformer for currents having 
frequencies corresponding to the frequencies at 
which such resonance effects occur. 

HAROLD T. LYMAN. 
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