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Reflexed Intercarrier Sound

Introduction

This bulletin describes a circuit for simplifying intercarrier

sound receivers. This simplification is accomplished by employing the

last i-f stage to amplify the 4.5-Mc intercarrier beat as well as the
picture and sound i—-f carriers. In receivers which use two pentode stages
for sound i-f amplification, 'the basic cost reduction resulting from re-

flexing consists in the elimination of one of these tubes and its as-
sociated power drain. In receivers which use the video amplifier as an
intercarrier sound amplifier, the substitution of reflexing through the
video i-f amplifier produces higher gain with less amplitude modulation,
particularly where the video amplifier is designed to provide effective
noise clipping.

With good design no difficulty was experienced with crosstalk
between the picture and sound signals, the stability and gain of the video
i-f amplifier were unaffected, and stable gains at 4.5 Mc of the order of
40 db were obtained. No undesirable effects on either the picture or sound
channel were noted under impulse noise conditions. Because of the greater
frequency separation between the 4.5-Mc intercarrier beat and the inter-
mediate frequency in41-Mc i—-f receivers, reflexing is more readily applied

to 41-Mc receivers than to 21-Mc receivers.

Reflexed Circuit

The basic circuit applied to a 41-Mc i-f circuit serves to complete the video
receiver is shown in Fig. la. This circuit may cuit of the last video i-f stage. The amplified
be compared with a commonly used circuit shown 4.5-Mc signal developed across the tank circuit
in Fig. 1b which employs an amplifier preceding is fed to the grid circuit of the f-m detector
the f-m detector driver. In the reflexed cir- driver. From this point, the reflexed circuit
cuit, the 4.5-Mc voltage is taken off in the is the same as thc unmodified circuit.
same manner and fed into the grid circuit of parison of the two circuits shows that the

last video i-f stage. This is accomplished saving which results from the reflexing con-
5y ungrounding the low side of the video i-f sists of the elimination of the amplifier tube,
coil and using the tank condenser of the 4.5-Mc the socket, several resistors and condensers,
tuned circuit tocomplete the video i—-f circuit. and the associated power drain.

A similar arrangement is used in the plate
circuit of the video i-f amplifier. Here the Several versions of this circuit were
cold side of the bifilar plate winding is considered. The one shown in Fig.

la has the
‘pened and a 4.5-Mc tuned circuit is inserted. advantages of simplicity and effectiveness
Again the tank condenser of this 4.5-Mc tuned isolating the video i—-f and 4.5-Mc circuits.
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Fig. | — Reflexed and conventional intercarrier sound circuits.
Cross Modulation there is little possibility of cross modulation
of the sound into the picture. However,

To obtain optimum performance from the
reflexed amplifier, it is necessary to minimize
the possibility of cross modulation of the
sound into the picture. This in turn requires
that the 4.5-Mc level at the grid be kept to a
low value. In order to obtain the greatest
4.5-Mc output consistent with this requirement,
the 4.5-Mc load impedance in the plate of the
reflexed tube should be as high as possible.
This reduces the amplitude of the 4.5-Mc ex-
cursions of plate current for a given 4.5-Mc
outpwt. The impedance level in the grid circuit
of thereflexed tube may then be made relatively

low, which is desirable from the viewpoint of Again from the viewpoint of minimum cross

(a) making it possible to provide good video modulation of the sound into the picture,

i-f bypassing, (b) reducing the level of the video i-f gain of the reflexed tube should be

4.5-Mc grid swing, and (c) making the circuit as high as possible so that the tube

stable as far as grid-plate feedback is con- with minimum grid swing for a given output.

cerned. a stagger—tuned amplifier, the frequency of the
In receiver designs where the video de- last video i—-f tuned circuit should therefore

tector operates at a relatively low level, be close to the picture carrier frequency since

factory operation has been obtained even
receivers which have relatively poor a.g.c.
and where the detector operating level
to almost the full capability of the last video
i-f stage. Under these conditions
portant to adequately bias the
tube. In the case of the type 6CBs6,
resistor of not less than 180 ohms
The screen should preferably be fed through a
series dropping resistor so as to provide an
operating screen voltage of 150 volts,
degeneration of the d-c operating point by
means of the series resistor.

it
last video

is required.

is operated

D)
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(:‘he maximum amount of energy in the signal is

2 the neighborhood of the picture carrier. It
has been general practice to design receivers
so as to meet this requirement.

4.5-Mc Feedthrough

In this circuit the 4.5-Mc signal developed
at the video detector is applied to the grid of
the last video i-f tube. |f enough of the
( mplified 4.5-Mc output should reach the video
detector as a result of 4.5-Mc feedthrough to
the secondary winding of the video i—-f plate
transformer, regeneration will result. For-
tunately, the difference between the 4.5-Mc
intercarrier beat and the video i-f frequency
is sufficiently great so that regeneration can
be prevented.

There are two paths by which the 4.5-Mc
energy can reach the secondary winding. One is
through capacitive coupling between the primary
and secondary windings of the bifilar trans-
former, since the entire primary winding is

hot" at 4.5 Mc. The second source of 4.5-Mc
voltage across the secondary winding is that
due to inductive coupling between the two
windings. Both of these sources of coupling are
analyzed in the Appendix. For a typical 41-Mc
bifilar winding with unity coupling, it turns
out that 1 volt of 4.5-Mc signal at the grid of
the reflexed tube will induce a voltage of 0.14
volt across the seco.dary. If it is further
assumed that the grid-to-plate gain at 4.5 Mc
is equal to 100, then the effect of the capa-
citive coupling can be determined. It is shown
in the Appendix that 2 puf of interwinding
capacitance will cause the same amount of
voltage across the secondary winding (0.14 volt)
as is due to the inductive feedthrough. Since
this capacitance is distributed uniformly along
the length of the winding, and since one side
of the secondary winding is grounded, the
effective capacitive coupling lumped at the

high" end of the windings is approximately
one-third the distributed capacitance. The
interwinding capacitance is therefore equal to
6 uwuf for equal contributions to the secondary
voltage from the inductive and capacitive
couplings. There is no advantage in reducing

he capacitive coupling below this value,
since the capacitive and inductive couplings

produce voltages across the secondary which are
in quadrature.

Regeneration can also take place as a
result of feedthrough of 4.5 Mc to the 4.5-Mc
takeoff coil by direct capacitive coupling
from the 4.5-Mc plate coil (L, in Fig. 1a) to
the components in the video detector output
circuit. This coupling can readily beeliminated
by proper layout.

Emphasis is placed in this bulletin on the
problems which arise when a single-tuned video
i-f interstage drives thevideo detector because
this coupling is more widely used than double-
tuned transformer coupling. When double—-tuned
coupling isused, there is no problem introduced
by the reflexing since both the inductive and
capacitive feedthrough of 4.5-Mc voltage to the
secondary winding is very much lower than when
a bifilar winding is used.
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(c) Two-layer transformer

Fig. 2 — Comparison of bifilar and two-layer i-f

transformers. The variation in coupling coefficient

and interwinding capacitance with separation of
windings is shown in (c).

The conventional interwound ortrue bifilar
construction shown in Fig. 2a is not suitable
for use with reflexing because it yields inter—
winding capacitances of the order of 40 ppf.
Very much lower capacitance can be obtained by
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winding the secondary directly over the primary
as shown in Fig. 2b. The capacitance which
results from this construction depends on the
thickness of the dielectric and the dielectric
constant separating the two windings. Although
the coefficient of coupling fallsas thewindings
are separated, (Fig. 2c), it is still possible
to obtain coupling coefficients of the order of
0.8 and at the same time reduce the interwinding
capacitance to approximately 6 ppf. |t
desirable to drop the coupling coefficient much
below 0.8 because of the resulting reduction in
the video i-f gain. |t can be shown that the
bandwidth of the circuit is independent of the
coupling coefficient and that the gain
to 1 + k so that a 10 per cent drop in coupling
coefficient produces a 5 per cent drop in gain.

In 21-Mc video i—-f amplifiers, the
pedance of the windings to 4.5 Mc is four times
as great. This means that the inductive feed-
through will be four times as great as in 41-Mc
i—-f amplifiers. The capacitive feedthrough will
also be four times as great for a given
winding capacitance. In receivers using 21-Mc
i-f amplifiers, therefore, the interwinding
capacitance must also be held to 6 uuf if the
capacitive feedthrough is not to exceed the
inductive feedthrough. When this condition
obtains, the feedthrough will
great as in 41-Mc receivers. The greater amount
of feedthrough at 21 Mc is to be expected since
at 21 Mc the ratio between the video i.f. and
the 4.5-Mc intercarrier beat is only 5 to 1 as
against 10 to 1 for the 41-Mc frequency. There
is also a possibility of the fifth harmonic of
4.5 Mc causing a beat with the picture carrier
in 21-Mc receivers.

is not

is equal

im-

inter—

be four times as

4.5-Mc Stability

The relatively high grid-to-plate capa-
citance of the type 6CB6 makes it worth cal-

culating the maximum 4.5-Mc impedance in the
grid circuit of the reflexed tube. Assuming
that the grid-to-plate amplification is 100,

the negative resistance contributed by the
grid-to—-plate capacitance is given by:

- l . | .
R = - 8 —12
mfCy, 9,R1 TMx4.5x10 x0.015x107 “x100

"

47,000 ohms

Thus the threshold of 4.5-Mc oscillation will
be reached when the grid impedance at 4.5 Mc is
to 47,000 ohms. To provide a reasonable
safety factor, thé grid impedance should not
exceed some 20 per cent of this value or 10,000
ohms. |f the grid circuit is tuned with 100
upf, this implies that the operating Q of the
4.5-Mc grid-tuned circuit should not exceed
25 to meet this criterion of stability at 4.5
Mc.

equal

Single-Tuned vs Double-Tuned Interstage

In arriving at the circuit in Fig. 1,
consideration was given to the relative merits
of the single-tuned vs double-tuned 4.5-Mc
input to the f-m detector-driver tube. |t was
decided to use single-tuned interstage coupling
on the basis that no appreciable gain improve-
ment could be obtained with a double-tuned
transformer. If a double-tuned transformer is
used, its primary must be tuned with at least
60 ppf in order to provide an adequate video
i-f bypass. Its secondary must tune with es-
sentially the same amount in order to avoid
excessive detuning with changes in signal leve’
and to avoid excessive reduction in secondary
circuit Qdue to grid loading. Since the double-
tuned circuit thus requires a total capacitance
of almost 100 uuf, it offers no gain advantage
over the single-tuned circuit. However,
be used where the additional adjacent chanr~l
selectivity is desired.

it may

4.5-Mc Rectification

In the course of work on the reflexed
circuit it was noted that the nonlinearity in
the last video i-f stage produces a 4.5-Mc
component which feeds directly into the f-m
detector driver grid circuit, bypassing com-
pletely the normal 4.5-Mc takeoff circuit.
The amount of 4.5-Mc signal produced in this
way was found to be approximately 20 db dowr

and did not produce any undesirable effects.

Layout

Radiation of the second and fourth har

monics of the video i.f. from the vicinity of

)

)

)

)



"he last video i-f stage and the video detector
s always a problem.
carrier sound
such as to minimize chassis currents and lead the plate video i-f transformer to avoid 4.5-Mc
To obtain short bypass leads at 41 Mc chassis currents.

its harmonics, the grid and plate tank

Reflexed Intercarrier Sound

the layout should be The plate 4.5-Mc coil

condensers of the 4.5-Mc circuit should be
Where reflexed inter- placed directly at the video i—-f tube socket.

may be placed close to

&._c%«...._.’

Appendix

Calculation of Feedthrough

The following conditions are assumed:
(a) I-f load circuit resonant at 45 Mc

with total of 15-uuf capacitance.

(b) 1-volt 4.5-Mc signal at grid of re-
flexed video i-f tube; g, = 6000 umhos.

Since X, = 24 ohms at 4.5-Mc, the 4.5-Mc
signal induced across the primary is equal to

€nq = 6000x107°x24 = 0.14 volt.

If the coupling is unity, the voltage
across the secondary will equal 0.14 volt.
The capacitive component of 4.5-Mc voltage
across the secondary is readily calculated. |f
the grid-plate amplification is assumed as 100,
and the capacitive reactance of the interwinding
capacitance is equal to X., then the voltage
4
across the secondary = 100 x-é}—vo]ts. | f this

is to equal the inductive compo%ent

100 x 2% - 0.14
Cc
XC = 17,000 ohms
and C = 2 puf

Jack Avins



