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6 Claims.

The subject matter of the invention is an in-
ductive coupling in television amplifiers which
operate with carrier frequency amplification. In
this connection there arises the problem of trans-
mitting from one tube to the next one in even
faghion, possibly with a slight lifting of the ex-
treme side band frequencies, a frequency band
of the width of the double image point fre-
quency, the middle frequency of which is repre-
sented by the unmodulated carrier wave. Al-
though the carrier-frequency method effects a
decrease in the relative width of the frequency
band as the carrier frequency increases, there
still remains in respect of the amplifier trans-
former a difficult technical problem in even
transmission of the double side-band width.
This is particularly the case in connection with
long carrier waves, as shown by the following
table, in which the first column designates the
carrier wave, the second the highest frequency
to be transmitted, the third the carrier frequency
and the last the ratio of the frequency band
to be transmitted to the carrier frequency:

MO | ymex | fp | Zmex
ip
Kilo-
cycles Percent
30 600 107 12
150 m. 600 2., 108 60

In two earlier applications Ser. No. 749,511
and Ser. No. 24,901/35 the applicant has already
described means for controlling in the case of
resonance transformers the requisite width of
band. Two types of transformers are involved.
The earlier application Ser. No. 749,511 describes
the de-tuned transformer, the one pair of coils
of which are tuned to a higher and the other
pair of coils of which are tuned to a lower natural
frequency than that occurring in practice. The
amplification takes place in the saddle between
the two natural frequencies. The resonances are
‘flattened by parallel damping. The second ap-
plication describes a fundamentally different
transformer, in which primary circuit and sec-
ondary circuit are tuned to the same natural
frequency, and whereby, by a fixed coupling of
the two circuits, there occurs a separation of the
previously unitary resonance into two coupling
resonances. The present application describes
an additional development of this latter system.

In the drawings

Fig, 1 shows two valves, the output of the one
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valve being coupled by means of a transformer
with the input of the succeeding valve.

Fig. 2 illustrates a form of embodiment of the
transformer according to the present invention.

Fig. 2a shows another circuit diagram of the
transformer.

Fig. 3 shows the transmission ratio # of the
transiormer according to the invention as a
function of the frequency w.

Fig. 4 shows a particular form of embodiment
of the transformer adapted for push-pull opera-
tion.

According to Fig. 1, the natural frequency of
the primary coil | and also of the secondary coil
2 is adjusted merely by effecting winding with a
certain number of turns in conjunction with the
natural capacities 3 and 4 of the connection.
A special trimmer capacity is, in accordance with
the invention, purposely avoided. In this way
there is obtained the ratio of

L

C

which is the most favourable conceivable in in-
dividual cases, and for obtaining a prescribed dec-
rement the comparatively smallest possible aux-
iliary ohmic damping is required. According to
the invention, the natural frequency of the cir-
cuit 3, | is made equal to the natural frequency
of the circuit 2, 4 if the two coils are very loosely
coupled. Both natural frequencies are made
equal to the unmodulated carrier wave in respect
of which the amplifier is intended to operate.
After this tuning of the single circuits has been
completed the circuits are so tightly coupled
with each other (coupling factor k) that there
occurs the known separation of the natural fre-
quencies into two coupling frequencies. On the
basis of the known equation for these coupling
waves

Ke)) Nyz=Ny1E K

it is possible by strengthening the coupling to
space the two coupling waves, in accordance with
the invention, to a greater extent apart than is
required by the side-band width employed in
practice. In accordance, therefore, with the in-
vention operations in this case are also pber-
formed in the saddle of the frequency curve dis-
posed between the two coupling maxima. In this
saddle the transformer is equivalent to a re-
sistance coupling, in which the effective work-
ing resistance has the following size:
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In this L. is the inductance of the primary
coil 1, M the adjusted mutual-inductance, Cg
the grid-earth capacity of the succeeding am-
plifier tube, designated 4 in Fig. 1, and wo the
carrier frequency. The equation discloses clear-
ly the technical advantage of the elimination in
accordance with the invention of special tuning
condensers and the reduction of the parallel ca-
pacities to the structurally available minimum.

According to the invention, there are provided
in parallel with the primary and secondary cir-
cuits damping resistances 5 or 6 of such size that
the increase of the coupling resonances as CoIl~
pared with the transmission value represented
by the Equation 2 disappears. In special cases a
small resonance increase if approximately 10—
209% may be desirakle, as by raising the maxi-
mum modulation frequencies it may be utilized
for compensating lack of sharpness occurring at
other points of the apparatus. In this case the
damping resistances 5 and 6 are made somewhat
larger.

The transformer according to Fig, 1 is em-
ployed with particular advantage in conjunction
with screen grid tubes, as in the case of the
latter the considerable increase of the capacities
3 and 4 occurring by reason of the grid-anode
capacity in conjunction with the amplifying op-
eration is missing. Taking as a basis tubes of
this kind, the Equation 2 results in operating re-
sistance of approximately 4,000 ohms for the
equivalent resistance coupling. Since in the two
coupling resonance points the apparent trans-
former resistance may be assumed to be very
much higher, there result in respect of 5 and 6
values of the same order of magnitude as the
value derived from the Eguation 2. In actual
practice, for example, the following dimensions
were found:

Carrier frequency 2000 kc. (A=150 metres),
Image point frequency 540 k. c.,

Capacity attainable ca: 20 cm,,

Natural wave of both coil circuits, 180 metres,
Coupling factor k==approx. 50%,

Damping on the grid side 6:5,000 ohms,
Damping on the anode side 5:5,000 ohms.

Upon the assembly of a transformer of this
kind particular coupling effects of a peculiar kind
take place by reason of the existence of the
mutual capacity of the windings. If has become
possible to utilise in practice this effect, which
is designated “influence coupling”, in the follow-
ing manner: According to Fig. 2, a coupling
transformer of the kind described in Fig, 1 is
produced in reproducible form by fitting two
cylindrical coils one within the other. Owing to
the fact that the position of the outer secondary
coil over the inner primary coil is made variable
the coupling factor and accordingly the width of
band may be adjusted in practice and trimmed
to the frequency band corresponding with the
number of lines to be transmitted. According to
the Equation 2 a decrease in the counter-induct-
ance M, and accordingly a decrease in the num-
ber of image points, results in an increase in the
effective coupling resistance, i. e., in an improved
total amplification. In this way it is readily pos-
sible to furnish receivers with different widths of
band with in each case the optimum total
amplification. The stated influence coupling oc-
curs according to Fig. 2a through the medium of
the winding capacity 1. The resulting frequency
curve which is caused by the superimposing of
the intended inductive coupling with the addi-
tional capacitative influence coupling 7T is wholly

2,152,853

different dependent on the fact as to whether the
two couplings operate in opposition to each other
or together.

The applicant has found that in the case of coils
wound in the same direction, so-called congruent
coils, a much better transmission curve is ob-
tained if the current flowing from the battery
pole 8 of the anode battery to the tube anode
§ traverses the primary coil in an upward direc-
tion, whilst the current flowing from the battery
pole 10 of the grid battery to the control grid I1
of the next tube traverses the secondary coil in
the opposite direction, i. e., in this case in the
downward direction. This effect when employ-
ing the aid of the part-inductance 12 in Fig. 2a¢
may be shown as a series resonance between 12
and 4, taking into consideration that the cou-
pling by means of the influence condenser 1in the
example quoted according to the invention takes
places with the proper polarity. The frequency
curve resulting in the stated example is desig-
nated 13 in Fig, 3. The same shows the trans-
mission ratio i traced against the frequency
wo is the unmodulated carrier wave, w1 the higher
side band frequency augmented by the image
point frequency, and we the lower side band fre-
quency. Upon reversal of the polarity of the
secondary coil the portion i4, which was added
to the normal curve 13a, is subtracted and re-
sults in the curve I3b, which reveals an unde-
sirably strong drop at the short-wave end.

The stated curves were obtained with a radii
ratio of 5:6 and a height of the winding amount-
ing to approximately 15-20 cm. In other forms
of construction of the transformer this auxiliary
coupling 7 may be smaller. According to the in-
vention, the most favourable effect of the fre-
quency litting according to Fig. 3 may be obtained
in practice by the provision of a special coupling
condenser 4 as shown in Fig. 2¢. This may
also be employed with advantage in those cases
in which the mutual capacity has been elimi-
nated entirely by a special screening means be-
tween the coils.

A particular form of embodiment according
to the same system of equally tuned coil cir-
cuits, but adapted for push-pull operation, is
shown in Fig. 4. The feature according to the
invention resides in this case, in addition to the
equal wave tuning and fixed coupling, in the

first place in a considerable difference in diam- ¢

eter between the primary coil and secondary coil:
ratio of the radii=1.5, and in a large axial ex-
panse of the secondary coil 2 in relation to the
primary coil I, so that the length of the two
coils is as far as possible the same.
as already shown in an earlier application Ser.
No. 747,011, it may be accomplished that upon
displacement of the outer coil over the inner coil
in an axial direction the potentials occurring at
the winding ends 15 and 18 of the unloaded
coil take place exactly in phase opposition and
in equal amount as compared with the middle
point of the winding i1. By reason of the stated
ratio of the radii set forth according to the in-
vention the effect of the influence coupling is
reduced to a considerable extent in this push-
pull transformer. A primary damping 95 is ap-
plied in the case of a normal transformer ac-
cording to Fig. 1 in parallel with the primary
coil, 'The secondary damping is preferably di-
vided at the middle (8, 6’), and the middle of
the damping connected with the middle of the
winding (1. In this way there is obtained an
additional balancing of the counter-cadence po-

In this way, °
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tentials. A consuming apparatus, for example
the grid path of an amplifying tube, is repre-
sented by the operator I8 in Pig. 4. The number
of turns which require to be brovided for the
secondary coil 2 of a transformer of this kind
amount to more than twice the number as com-
pared with a normal transformer according to
Fig. 1 since, as well known, the capacities against
earth of a connected electronic tube 19 are, in
the case of a push-pull connection, in series.

I claim:

1. A high frequency transformer for carrier-
frequency amplifiers, more particularly for tele-
vision purposes, having a primary winding and
a secondary winding, both of said windings are
tuned to the same natural frequency, said tun-
ing being effected solely by the winding induct-
ance and the inherent capacities, said primary
winding and said secondary winding being tight-
ly coupled, the degree of said tight coupling being

made variable for the purpose to vary the width,

of said frequency band, said transformer wind-
ings being damped by parallel resistances so that
the curve defining the transmission degree over
the whole frequency band is not increased at
the resonance-frequencies but has nearly the
same amplitude over said whole frequency band.

2. A high frequency transformer for carrier-
frequency amplifiers, more particilarly for tele-
vision purposes, having a primary winding and
8 secondary winding, both of said windings are
tuned to the same natural irequency, said tun-
ing being effected solely by the winding induct-
ance and the inherent capacities, said primary
winding and said secondary winding being tight-
1y coupled, the degree of said tight coupling be-
ing made variable for the burpose to vary the
width of said frequency band, and a condenser
for coupling said transformer windings addi-
tionally by a capacitative coupling said wind-
ings being poled in such" manner that the two
couplings superpose each other in the short-wave
range, sald coupling capacity being connected
in such fashion with a tapping of the secondary
coil that series resonance takes place in the
short-wave range of the frequency curve,

3. A high frequency transformer for carrier-
frequency amplifiers, more particularly for tele-
vision purposes, having a primary winding and
& secondary winding, both of said windings are
funed to the same natural irequency, said tun-
ing being effected solely by the winding induct-
ance and the inherent capacities, said primary
and said secondary winding being tightly cou-
pled, the degree of said tight coupling being
made variable for the purpose to vary the width
of sald frequency band, said transformer wind-
ings being coupled in addition to the inductive
coupling by a capacitative coupling, said capaci-
tative coupling being represented by the natural
capacity of said windings with respect to each

other, said windings being poled in such manner -

that the two couplings superpose each other.

4. A high frequency transformer for carrier-
frequency amplifiers, more particularly for tele-
vision purposes, having g primary winding and
2 secondary winding, both of said windings are

3

tuned to the same natural freqiieticy said tun-
ing being effected solely by the winding induct-
ance and the inherent capacities, said primary
winding and said secondary winding being tight-
Iy coupled, the degree of said tight coupling being
made variable for the purpose to vary the width
of said frequency band, said secondary being con-
nected in push-pull fashion and earthed by means
of a resistance in its middie and having damp-
Ing resistances connected in pbarallel between, its
middle-tap and the opposite ends, the axial length
of the said secondary being at least equal to the
axial length of said pbrimary winding, said wind-
ings being axially shiftable with respect to each
other, the ratio of the diameter of said brimary
to that of said secondary being at least 1,5.

5. A high frequency transformer for carrier-
frequency amplifiers, more particularly for tele-
vision purposes, having a primary winding and
& secondary winding, both of said windings are
tuned to the same natural frequency, said tun-
ing being effected solely by the winding induct-
ance and the inherent capacities, said primary
winding and said secondary winding being tight-
Iycoupled, the degree of said tight coupling being
made variable for the purpose to vary the width
of said frequency, and a condenser for coupling
said transformer windings additionally by a ca-
pacitative coupling,
such manner that the two couplings superpose
each other in the short-wave range, said coupling
capacity being connected in such fashion with
a tapping of the secondary coil that series resg-
nance takes place in the short-wave range of the
frequency curve, said windings being wound both
in the same direction, the secondary being con-
nected to the hias potential source and earth re-
spectively with that terminal lying at that side
which is at the primary conneced to the anode
whilst the opposite terminal of the secondary is
connected to the grid of the associated stage.

6. A high frequency transformer for carrier~
frequency amplifiers, more particularly for tele-
vision purposes, having a primary winding and
8 secondary winding, both of said windings are
tuned to the same natural frequency, said tun-
ing being effected solely by the winding induct-
ance and the inherent capacities, said primary
and said secondary winding being tightly coupled,
the degree of said tight coupling being made vari-
able for the purpose to vary the width of said
frequency band, said transformer windings being
coupled in addition to the inductive coupling by
a_ capacitative coupling, said capacitative cou-
pling being represented by the natural capacity
of said windings with respect to each other, said
windings being poled in such manner that the
two couplings superpose each other, said wind-
ings being wound both in the same direction, the
secondary being connected to the bias botential
source and earth respectively with that terminal
lying at that side which is at the primary con-
nected to the anode whilst the opposite terminal
of the secondary is connected to the grid of the
asscciated stage.
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