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Patented Nov. 2, 1943 2,452,568 
UNITED STATES PATENT OFFICE 

2,452,560 
BAND-PASS TRANSFORMER. 

Joseph B. Gainer, Washington, D. C. 
Application. August 11, 1945, Seria! No. 610,373 

(Cl. 178—44) 

(Granted under the act of March 3, 1883, as 
amended April 30, 1928; 30 O. G. 75) 

C Clains. 

1. 
My invention relates to transformers and par 

ticularly to transfortners utilized in radio-fre 
quency amplifier or oscillator circuits. 

In accordance with my invention, the primary 
and secondary Windings of a transformer are 
mounted in a fixed relative position affording 
greater than optimum or critical coupling and a 
tertiary winding inductively related to both the 
primary and Secondary windings is adjustable to 
reduce their effective mutual inductance to an 
extent affording the desired frequency-response 
characteristic, of an interstage transformer for 
example, or to afford the desired amount of a 
feedback in an oscillator, detector or amplifier 
System. 
My invention further resides in features of con 

struction and arrangement hereinafter described 
and clained. 

For an understanding of my invention and ill 
lustration of embodiments thereof, reference is 
made to the accompanying drawings, in which: 

Fig. 1, in perspective, shows an interstage trans 
former. 

Fig. 2 is an explanatory figure mentioned in dis 
cussion of Figs. 1 and 3. 

Fig. 3 schematically shows a portion of an am 
plifier System using the transformer of Fig. 1. 

Fig. 4, in perspective, shows another type trans 
former. 

Fig. 5 Schematically shows an oscillator system 
using the transformer of Fig. 4. 

Referring to Fig. 1, the primary winding P and 
Secondary Winding S of an interStage transformer 
T are Wound respectively on the tubular forms 
and 2 suitably fastened to the base member 3. 
The coil and base assembly is enclosed by a con 
ductive shield 4 provided with lugs, not shown, 
which pass through notches 5 in the base 3 and 
through the receiver chassis, or equivalent, not, 
shown. The terminals 6 to 9 fastened to and ex 
tending through base 3 provide for external con 
nection of the transformer windings to other 
circuit elements, for example, Fig. 3, to the out 
put and input electrodes respectively of ampli 
fiers tubes W1, W2 for simplicity only shown as 
triodes. The inductances of the Windings P and 
S may be and usually are more or less exactly 
eqUlla. 

It is usually desired that the frequency-re 
SpOn Se Cult” Ve Of Such an jinterStage transformer as 
tuned by condensers C1, C2 and/or by the cores 2, 
3 shall have the general shape of curve G, Fig. 

2, characterized by a relatively fiat top and steep 
sides to provide for substantially uniform ampli 
fication of all frequencies throughout a band of 
frequencies f1 to f2 and with great attenuation 
for all frequencies lower and higher than fi and 
fe respectively. 

Because of the interdependent variabies in 
volved, it is difficult to design and manufacture 
radio-frequency transformers which have the 
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desired band-pass characteristics both as to width 
of band and limiting frequencies: moireover when 
the desired band-width is but a Small fraction of 
the nean frequency fo, the required coupling is so 
Sinn all the corresponding relatively great physical 
Separation of the windings enforces, Wien the 
usual practice is followed, age overall dinnen 
Si QMS Of the transformer. 

In accordance with my invention however, the 
Windings P and S aire purposely positioned close 
to one another affording a percent coupling which 
is substantially in excess of optimum of critical 
and resulting in a band-pass characteristic gen 
erally as exemplified by curve : , Fig. 2. To re 
dUCe the mutual inductance of transfOl’Iner T, 
there is provided a tertiary winding W comprising 
one or note turns coupled to and slidable along 
tine primaty and Secondary Windings P and S. 
By adjustinent of Winding W along the coils 

P and S, the frequency-response characteristic 
may be varied from one having generally the 
shape of curve to one having generally the 
sinape of the curve : 3, Winding W may be se 
cured in a properly adjusted position by a Suitable 
coil cement, tape or the like. It is understood that 
the physical position of Winding W may be altered 
to produce either an a diditive or substractive effect, 
on the coupling between coils P and Sas, by reason 
of the closeness of coupling between the primary 
Coil P and one part of the winding W and be 
tween the secondary coil S and the other part 
of the winding W, the winding W can be adjusted 
to have considerable effect on the coupling be 
tWeen coils P and S so that it may be adjusted 
to the point where it not only reduces the nor 
Inally over-COllped condition between coils P 
and S to Zero but actually produces a revers of 
phase in the output of coil S. The two parts of 
Winding W may be cross-connected, as shown, so 
that the part on form 2 opposes the secondary 
coil S or the part of winding W on form 2 may be 
Wound in a direction to aid the secondary coil S 
When it is desired to increase the mutual coul 
pling between cois P and S. The adjustment 
of W also can be used to compensate for stray 
coupling of coil leads or components such as con 
densers or resistors within the shield A. 

Variation of the mutual inductance of two cir 
cuits individually turned to sane frequency, sub 
stantially equally aid simultaneously shifts the 
upper and lowei resonant, frequencies fa and f4 
toward or away from the median frequency. Con 
sequently although the aforesaid adjustinent of 
winding W may afford the desired band-pass re 
quirements and shape of curve (), the position 
of the frequency band passed may not exactly 
coincide in the frequency spectrum with the de 
sired band because of manufacturing Variations 
or tolerances in self inductance of WindingS P 
and S. 

Preferably therefore, the self-inductance of 
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each of windings P and S may be individually ad 
justed by cores 2 and 3 which may be of mag 
netic material, such as powdered iron, or of non 
magnetic material such as copper or braSS, or in 
the whole or part of dielectric, the choice of imar 
terial depending at least in part on the position 
in the frequency spectrum at which the trans 
former is to Operate. 
and 3, the upper and lower frequencies fs and 
f4 may be individually shifted so that in combina 
tion. With Winding W, the desired band width and 
the desired upper and lower frequencies of the 
band may be accurately determined without need 
for precise manufacturing tolerances and con 
Struction. 
As shown in Fig. 1, the cores may be mounted 

within and rather closely fit the tubes and 2 
for adjustment by the rods 4, 5 which are en 
gaged by threaded inserts, 6, 7, Fig. 1 secured 
to the upper ends of forms and 2. This trans 
former has the desirable feature that all freely 
Variable tuning adjustments are from the Sane 
side of the transformer and usually outside of the 
chassis, the winding W being fixedly secured in 
position by cement, tape, or the like when finally 2: 
adjusted before the shield is placed in position. 

Preferably the rods 4, 5 of Fig. 1 and metallic 
parts electrically connected thereto are grounded 
through spring material 8 and the shield can 
4 to avoid effects of external coupling and capac 
ity during alignment. 

In amplifiers used in television receivers for 
example where the band-width is large, for ex 
ample 4 to 6 negacycles as contrasted with a max 
inum of 10 or 15 kilocycles for broadcast recep- . : 
tion, damping resistors, such as resistances 9 and 
28, may be used. 
By way of example, the dimensions of the 

transformer T for use at frequencies between 
50-56 megacycles are as follows: 

Overall height -------------------inches.- 15% - 
Overall diameter ---------------- inches-- 1% 
Coil forms diameter---------------- inch-- is 
Coil forms length---------------- inches-- A 
Coil form turns (iF26-enanneled wire) -- 
Center to center of Coils P-S------ inch-- is . 
Tertiary Winding turns------------------- 2 
Condenser C1, C2------------------ mmif. - 7-10 
F?esistor pri —————————————————————— OhmS. 1800 
FeSiStOT Se3 ---------------------------- Ohm S. 2700 

Fron, the foregoing dinnensions, it is apparent 
that the coil forms and 2 are spaced from each 
other about one-eighth of an inch. Thus, as can 
be seen from Fig. 1, the two parts of winding W 
have very little mutual inductance therebetWeen 
because the turns on form are practically in the 
same plane as those on form 2 and the crossed 
connections between them are very short. and 
cross each other substantially at right angles. 
The latter feature is of considerable importance 
in eliminating mutual inductance between the 
parts of coil W as there can be little inductance 
between very short leads and there is no induct 
ance... between leads which cross at right angles 
in that there can be no interaction between the 
magnetic fields surrounding such leads. 
In absence of an oscilloscope and a SWeep 

frequency generator Suited for wide-band align 
ment, a signal generator and output meter Con 
stitute the only test equipment needed for attain 
ment of proper adjustment of the tertiary Wind 
ing and cores. 
The transformer exemplified in Fig. 4 is for use 

By adjustment of cores. 2. 
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in an oscillator circuit such for example as shown 

4 
in Fig. 5. The construction of transformer T-1, 
is generally similar to transformer T of Fig. 1 and 
accordingly need only briefly be described. 
The primary and secondary coils P1 and S1 are 

in wound respectively on forms 9 and 26 disposed 
side by side and extending from base 2. Ordi 
narily the primary turns are fewer in number 
than the secondary but in any event the mutual 
coupling of these windings is purposely greater 
than that required to sustain oscillations. 

he mutual coupling may effectively be re 
duced in control of the feed-back Voltage intro 
duced by coil P1 into the tuned grid circuit C3, 
S1, Fig. 5, by adjustment of the tertiary coil W1 
which for ease of control is wound on tubular 
forms 26, 27 siidable respectively along forms 9, 
20 and connected by the insulating bridging mem 
ber 28. The knob. 29 and rod 30 connected to 
imenber 28 permit adjustment externally of the 
transformer shield can 3 of the position of the 
feed-back control link W1. Again the phase of 
the tertiary winding may be to aid or oppose the 
mutual coupling. 
A similar transformer may be used in a regen 

erative or degenerative amplifier or detector stage 
in which the feed-back voltage may be deter 
mined or adjusted by a tertiary winding W1. 
Such transformer may for example be used to 
advantage in a regenerative detector circuit util 
izing a screen grid tube, Fig. 5. Ordinarily in 
such circuit, feed-back is controlled by varying 
the screen grid voltage to maintain the operating 
point (i. e. below the threshold of oscillation). 
The chief difficulty or objection is that the voltage 
supplied to the Screen may not correspond with 
the operating point of the tubes characteristic 
curve affording the desired or maximum sensitiv 
ity. With the present arrangement the Screen 
Voltage may be set independently at a point for 
maximum sensitivity and the feed-back inde 
pendently controlled by adjustment of link W1. 
In addition, this construction in common with 
that of the interstage transformer allows for a 
reduction on the physical size of the unit and 
elimination of need for close tolerances in manu 
facture. 
Typical values for an oscillator or a regen 

erative detector embodied in Fig. 5 operating be 
tween 30-50 megacycles. With tetrode W1 follow: 

)turns (if 22 Wire 6 --------------? - - P1 
S1--------------. 15 turns (i.22 Wire) 
Forms diameter- s’’ 
Spacing between 

coil centers---- s' 
WI-------------- 2 turns (#22 wire on 4' forms) 
C1-------------- 250 micro-microfarads (fixed) 
C-------------- 50 micro-microfalads 

(variable) 
F1-------------- 33,000 ohms (grid resistor) 
C3-- ---------------------- .1"micro-farad (fixed) 
L1-------------- High impedance choke 50. 

henries 

This is an electron coupled feed-back circuit 
and it is understood that the same application can 
be used in other types, i. e. Armstrong regener 
ative type oscillator, tuned grid-tuned plate. 
The transformer shown in Fig. 4 may also be 

utilized to coupling the input circuit of an ampli 
fier, detector or oscillator tube to an antenna cir 
cuit or transmission line for reception or trans 
mission of radio-frequency energy. The adjust 
ment of winding W permits impedance matching 
pr desired degree of coupling even though for 
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compactness the primary and secondary Windings 
are them SeveS OWerCOUlpiled. 
The invention described herein itay be manu 

factured and used by or for the Government of 
the United States of America, for governmental 
purposes without the payment of any royalties 
thereon. Or therefor. 
What claim is: 
i. A structure comprising a radio frequency 

transformer including primary and secondary 
Windings inductively coupled and disposed in close 
side by side relation with their axes substantially 
parallel, a two-loop closed circuit tertiary winding 
slidably mounted on said structure having at least 
one turn in each of its loops and one of its loops 
substantially coaxial with said primary winding 
and the other of its loops substantially coaxial 
with said secondary winding, said tertiary wind 
ing being adjustable as a unit towards and away 
from adjacent ends of said primary and Second 
ary windings to effect thereby a variation in the 
mutual coupling between the primary and sec 
ondary windings. 

2. The radio frequency transformer of claim 1 
in which the tertiary winding is arranged to pro 
dulce a flux in opposition to the flux linkage be 
tween said primary and secondary WindingS. 

3. The radio frequency transformer of clain i 
in which the tertiary Winding is arranged to pro 
duce a flux aiding the flux linkage between said 
primary and Secondary WindingS. 

4. The radio frequency transformer of claim i. 
including means for determining the location in 
the frequency Spectrum of the band of frequencies 
passed by said transformer conprising cores ad 
justable to vary the self-inductance of Said pri 
mary and secondary Windings. 

5. A structure comprising a radio frceuency 
transformer including primary and secondary 
windings inductively coupled and disposed in 
close side by side relation with their axes substan 
tially paraliel, means for determining the loca 
tion of the frequency band passed by said trans 
former comprising means to adjust the self in 
ductance of at least one of Said windings, a two 
loop closed circuit tertiary winding slidably 
mounted on said structure having at least one 
turn in each of its loops and one of its loops 
substantially coaxial with said primary winding 
and the other of its loops substantially coaxial 
with said secondary Winding, Said tertiary Wind 
ing being adjustable as a unit towards and a Way 
from adjacent ends of said primary and sec 
ondary windings to effect thereby a variation in 
the mutual coupling between the primary and 
Secondary WindirigS. 
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6. The radio frequency transformer of claim 5 

in which the tertiary winding is arranged to pro 
duce a fluX in opposition to the flux linkage be 
tween said primary and Secondary windings. 

7. A. radio frequency transformer comprising 
first and Second Winding forms disposed in close 
Side by Side relation with their axes substantially 
parallel, a primary Winding disposed on said first 
form, a Secondary Winding disposed on said sec 
Ond form substantially in juxtaposition to said 
first winding and inductively coupled thereto, a 
two-loop closed circuit tertiary winding having at 
least one turn in each of its loops and one of its 
loops disposed on said first form substantially co 
axial with said primary winding and the other of 
its loops disposed on said second form. Substan 
tially coaxial with said secondary Winding, Said 
tertiary winding being adjustable as a unit along 
said forms towards and away from adjacent ends 
of said primary and secondary windings to effect 
thereby a variation in the mutual coupling be 
tween the primary and Secondary Windings. 

8. The radio frequency transformer of claim 7 
in which the tertiary winding is arranged to pro 
duce a fluX in opposition to the fiUX linkage be 
tween said primary and secondary Windings. 

9. The radio frequency transformer of claim 7 
including means for determining the location in 
the frequency spectrum of the band of frequencies 
passed by said transformer comprising cores ad 
justable within Said winding forms to Vary the 
self-inductance of said primary and Secondary 
WindingS. 

i0. The radio frequency transformer of claim 9 
in which the tertiary Winding is arranged to pro 
duce a flux in opposition to the flux linkage be 
tween said primary and secondary Windings. 

JOS. B. GAINER. 

REFERENCES CTED 

The following references are of record in the 
file of this patent: 

UNITED STATES PATENTS 

INUlnber Name Date 
2,051,012 Schaper ----------- Aug. 11, 1936 
2,106,226 Schaper ----------- Jan. 25, 1938 
2,144,214 Below ------------ Jan. 17, 1939 
2,206,041 Moore et al. -------- July 2, 1940 
2,216,874 Case --------------- Oct. 8, 1940 
2,258,147 Roberts ––––––––––– Oct. 7, 1941. 
2,383,475 Dodington -------- ALLg. 28, 1945 

  


