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7 Cla,lms

My 1mrent10n rela,tes to telewsmn receivers or
the like wherein it is desired to amplify signals
In a plurality of frequency bands. Specifically
I have applied my invention to a combination

television receiver and broadcast receiver in

which the sound sighnals accompanying the pic-

- ture are in a high frequency band such as a 9.75

10

20

" more, a large number of amplifier tubes was re-.

megacycle band and in which the sound mgna,ls
from broadcast transmitters are in a compara-
tively low frequency band such as 2 460 Kkilocycle
band. -

It has prevmusly heen the practlce in design-

- ing combination receivers of the above-men-

15 oo frequency amplifiers for the television sound

tloned type to .employ two separate intermedi-

signals and the broadcast sound signals. These

two amplifiers had a common audio amplifier to

which they could be connected selectively by
means of suitable switches.
the feature of switching the two I. F. amplifiers
to the audio amplifier was undesirable.. Further-

quired for the two separate 1. F. amplifiers.

It is accordingly an ohject of my invention to |

provide an improved combination receiver of the

| above-mentmned type which does not ‘require

30

that the audio amplifier be S‘WltClled to the de-
sired amplifier channel.

It is a further object of my mventmn to pPro-

vide a simplified combination recelver of the
above-mentioned type. |

It i1s a still further object of my lnventmn to
provide an improved amplifier in which one am-

- plifier tube selectively amplifies sagna,ls in a plu-

35

40°

rauty of frequency bhands.
- It is a still further object of my mventlon to

- provide an improved coupling network for con-

necting amplifier tubes in cascade relation.

In a preferred embodiment of my invention as
applied to a combined television and broadcast
receiver,

amplifier comprising amplifier tubes which are

~connected in cascade, each tube being coupled
45

to the succeeding tube through two I. F. trans-
formers, one transformer being designed to pass
the high frequency television sound signals and
having the primary and secondary coupled

through a common coupling coil and the other

50:

transformer being designed to pass the compar-

atively low frequency broadcast sound signals,

The receiver 1s provided  with switching

- means whereby either television sound. signals or

66

broadcast sound signals are supplied to the com-

mon I. F. amplifier as desired. The two I. P,

For various reasons | :
cludes two superheterodyne receiver sections I

I supply the television sound signals
and the broadcast sound signals to a common I, P,

(CL 250-—-20)

| transformers in each ampllﬁer stage are So cou- |

pled and designed that each one is effectively
out of the circuit for signals of the frequency |

.tha,t the other transformer is designed to pass.

The invention will be better understood from
the following description taken in cannectmn

. with the accompanying drawings in which

l“lg‘ure 1 is a circuit diagram of a combmed

-telewsmn receiver and broadcast recewer em- -
- bodying my mventwn

- Figures 2 and 3 are mrcmt dlagrams Whlch
are referred to in explammg the operatlon of
_the receiver shown in Figure 1,

Figure 4 is a circuit dmgram of another em- 16

bediment of my invention, and’
Figures 5 and 6 are circuit dla,grams Whmh

| are referred to in eaplammg the operatmn of

the circuit shown in Figure 4.

Referring to Fig. 1, the combined receiver in- 20

and 2, receiver section | being designed for re-

 ceiving picture signals and the accompanymg
- sound signals on very high frequency carrier
waves (40 to 80 megacycles, for example) and
receiver section 2 being designed for receiving
sound signals in the ordinary broadcast band-
(650 to 1500 k. ¢., for example). |

- Receiver section | includes a first detector 3,

a tunable oscillator 4, and a plcture amplifier 6_
through which plcture signals are supplied to a

cathode ray tube 7.
cuits are not illustrated as they form no part-_

The usual deﬂectmg cir-

of the present invention, .

The television sound 51gna,ls are supphed to'

an amplifier 8 having - its output circuit con-

‘nected to an I. . amplifier which is to amplify
- pboth televmmn and broadcast sound 31gna,ls as
wﬂl he e plamed hereinafter. |

b

16

25

30

35

"The receiver section i may me mmﬂar to the

~corresponding section of the receiver descrlbed

in Carlson Patent 1,975,056.
The broadcast receiver section 2 1ncludes 2

40

radio frequency amplifier 9, a tunable oscilla- =

tor ¢ and a first detector 2. The I. F. broad-

cast sound signals are supplied from the output
circuit of detector 12 to the first I. F. amplifier

tube 13 through a couplmg circuit {4 designed
The other

- 1. F. amplifier sta,ges indicated at {6 which sup-
- ply the I. . signal to the second detector I'l are

| the same as the precedmg stage 13—14,.

in accordance with my invention.

-~ The output circuit of the second detect'or I'l

15 connected to an audio amplifier I8 which sup-
plies either television sound signals or broadcast

sound signals to a loudspeaker (8, depending
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upon whether sound signals are supplied from
the receiver | or from the receiver 2.

Referring now to the design of the I. F. am-
plifier {3—I14, the high frequency tuned trans-
former or band pass filter includes a primary
coil 21, a secondary coil 22 and a coupling coil

92  The coils 21 and 22 are shunted by tuning
condensers 24 and 26, respectively, the exact

tuning of the primary and secondary circuitvs
being done by means of movable magnetic cores
in the coils 2! and 22. This high frequency
transformer is of the type described and claimed
in application Serial No. 129,804, filed March 9,
1937, as a joint invention of H. C. Allen and
G. L. Grundmann, and assigned to the Radio
Corporation of America. |

For reasons which will appear later, two con-

densers 27 and 28 of comparatively large capac-

ity are connected in series between coils 2{ and
99 and the coupling coil 23 is connected hetween
the junction point of the two condensers and
sround. ‘'The condensers 2T and 28 have such
large capacity that at the high frequency sound
band their effect in the circuit is negligible.

Tt will be seen that the output capacity of de-
tector 12 indicated at 29 is across both the pri-
mary coil 2§ and the coupling coil 23. Likewise

the input capacity of ampliler tube 3 indicated

at 31 is across both the secondary coil 22 and
the coupling coil 23. Thus the capacities 29 and
31 form part of the tuning capacity of the pri-
mary circuit and the secondary circuit, respec-
tively. Since the inductance of the coupling coil
23 is small compared with the inductance of
primary coil 2{ and secondary coil 22. the fact
that condensers 24 and 26 are not across all the
inductance in the primary and secondary cir-
cuits, respectively, is not of importance. AS to
the relative values of coils 21, 22 and 23, coils 2
and 22 may have approximately 25 turns each
and coil 23 may have 5 turns. It may be noted
that in some receiver designs the condensers 24
and 26 may be omitted and the coils 21 and 22
tuned entirely by the tube capacities 29 and 2.

Referring now to the low frequency tuned
transformer or band pass filter, it includes a pri-
mary coil 32 and a secondary coil 33 which are
spaced apart the correct amount to give the de-
sired inductive coupling indicated by the letter
M. Plate voltage is supplied to the detector 2
through a filter resistor 34, the primary coil 32, a
conductor 36 and the primary coil 2. A filter
condenser 27 is connected between the high po-
tential end of filter resistor 34 and ground.

The high potential end of secondary coil 33
is connected to the control grid 38 of amplifier
tube 13 through a conductor 29 and through the
secondary coil 22. The other end of coil 33 1s
connected to the cathode 4{ of amplifier tube
{3 through a suitable biasing source (not shown).
A filter condenser 42 is connected between the
low potential end of coil 33 and ground.

The primary coil 32 and the secondary coil
23 are effectively shunted by condensers 27 and
28. respectively, at frequencies in the low fre-

‘quency band whereby the primary and secondary

circuits are tuned to provide the desired band
pass characteristic. 'This results from the fact
that the coupling coil 23 presents substantially
no impedance to signals in the low frequency
band. Also the filter condensers 3T and 42 are of
such capacity as to present a low impedance to
these signals. |

The operation of the coupling circuit {4 will
be more clearly understood by referring to ¥igs,

2,183,741

2 and 3. In these figures parts corresponding to
like parts in Fig. 1 are indicated by the same
reference numerais. |

Referring first to Fig. 2, there is shown the
portion of circuit {2 which is effective as a band
pass filter for signals in the high frequency hand.

The coils 32 and 33 of the low frequency trans-
former present such high impedances to signals
in the high frequency band that they are effec-

tively out of the high frequency band circuit.
Also, condensers 21 and 28 are efiectively out of
the high frequency circuit because of their low
impedance. Therefore, at the high frequency

band, the primary circuit comprises coils 21 and

992 tuned by capacities 24 and 29 while the sec-
ondary circuit comprises coils 22 and 23 tuned by
capacities 26 and 31. The coupling between the
primary and secondary circuits is provided by
ithe coil 23 which is common to the two circuits.
Referring next to Fig. 3, the effective circuit
for signals in the low frequency band 1s as indi-
cated because the coils 2f, 22 and 23 present
substantially no impedance to these lower fre-
quencies. It will be seen that tuning condenser
27 is connected across coil 32 through filter con-
denser 31 and that tuning condenser 28 is con-
nected across coil 33 through filter condenser 42.
The tube capacities 28 and 3{ are in parallel
with tuning condensers 27 and 28, respectively.
From the foregoing description it will be ap-
parent that the coupling network {4 functions
as a band pass filter for either the high frequency
sound band or for the low irequency sound band.
If a picture and the accompanying sound are
to be received, the voltage supply is switched off
the broadcast receiver section 2 by means of an
on—off switch 10 thus taking voltage off the

“sereen erid of detector 12 whereby it cannot pass

signals. Television sound signals are supplied
through amplifier 8 and a conductor 43 to the
input end of coupling network (4. They then
pass through the portion of the circuit shown
in Fig. 2 to the tube i3, and then through similar
I.F. stages to the second detector IT.

It will be noted that plate voltage is supplied
to tube 8 through the same circuit supplying it
to detector 12. Since the output capacity of tube
8. indicated at 44, is in parallel with the tube
capacity 29 it, of course, functions as part of the
tuning capacity in the primary circuit of the
high frequency band pass portion of the coupling
network.

If the broadcast sound is to be received, the
voltage supply is taken off receiver [ whereby
there is no voltage on the screen grid of tube 8
and no sienals are passed by it. The broadcast
sound signals appearing in the output circuit of
detector {2 pass through the portion of the cou-
pling network shown in Fig. 3 and through simi-
l1ar network portions to the second detector 11.

It will be evident that my invention permits a
saving in the number of amplifier tubes and that
it eliminates the switching of the audio amplifier
that would be necessary if two distinct sound

I.F. amplifiers were employed.

In Fig. 1 the capacities of condensers 24, 26,

27 and 28 have been indicated in micro-micro-
farads by way of example. These values are for
o, receiver in which the mean frequency of the
high frequency pass band is 9.75 megacycles and
in which the mean frequency of the low fre-
quency pass band is 460 kilocycles.

In Fig. 4 there is shown an embodiment of my
invention in which the I. F'. amplifier feeds into a
second detector of the diode type. If the second
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preceding it may be the same as the coupling
“network 14 shown in Fig. 1. However, if a diode
detector is employed certam changes ‘are de-
- sirable.

2188741

detector is a trlode or. the Iike, the clrcmt just

In Fig. 4 parts correspondmg to those in Flig.

1 are indicated by the same reference numerals.

-~ In this figure I have shown a couphng network
‘between the final I. . a,mpllﬁer tube 46 and the

10

- put and - input cspe,cltles for tubes 46 a_,_nd 471

second detector 471 of the: chode ‘type. 'The out-

_.'-a,re indicated at 48 and 49, respectively.

18

“The diode detector 47 requires the usual re-.
'snstor 51 and shunting condenser 52 connected
between the diode cathode and the low potentml |
end of the secondary coil 33. The gudio s1gnal is

'tsken from. the resistor 51 as indicated.

20

It will be seen that if a single coupling coil
23 were employed as in Fig. 1, the condenser 52
and the condenser 28 would- be connected in se-

‘ries across the secondary 33. This would not

25

be satisfactory becatise condenser 52 cannot be

given a capacity large enough to make its nn-_
pedance negligible at the low intermediate fre-

quency. In order to avoid this difficulty I em-

ploy coupling coils §3 and 54 in place of the sin-

 gle coupling coil 23 shown in Fig. 1.

30"

35"

40

~ductance of coil 23.

Each of the coils 53 and 54 has twice the in-
23. Since they are effectively
in parallel for signals in the high frequency band,
as will be shown in the following paragraphs,
their combined inductance and coupling actlon
is the same as that of the single coil 23.

An additional condenser 56 is connected be-{
tween tuning _condensers 27 and 28. Coupling
coil 53 is connected between ground and the junec-

tion point of condensers 271 and 56 while coupling
coil 94 is. connected between the low potential end
of secondary 33 and the junction point of con-
densers 28 and 56 through a conductor 55.
Since condenser 52 has negllglble impedance

to sighals in the hlgh frequency band, the low

~ potential end of secondary 33 is at ground for

these s1gns1s
45

impedance for these signals. Therefore, coupling

- coils 83 and 54 are in parallel at the high fre-

- quencies.

50°

this circuit functlons the

In Fig. 6, there is shown the 01rcu1t Whlch 18
effective at the Iow frequency bsnd The tun-

- ing condenser 27 is connected across .coil 32 the
“same as shown in Fig. 3. The tuning condense1

ab
70

75

28 is connected across the coil 33 through the
~conductor 85, the coil 54, like the coil 53, helng
effectively out of the clrcult st the lower fre-

- quency.

It will be noted thst in the low frequeney hand

? the condenser 58 is in parallel with the by- ~-pass
condenser 52 of the diode circuit. = -
From the foregoing description it will be ap- -
my in-
- frequency band.

parent that the second embodiment of
vention functions in the same way as the first
described embodiment. A receiver having a sec-

ond detector of  the dlode type will ordinarily
employ a coupling network such as the network
i4 in Fig. 1 for the I. F. stages up to the last
I. . stage, only the final I. F. coupling network

being of the type shown in Fig. 4.

In Fig. 4 the cepscltles of condensers 24, 28, |
21, 28, 56, and 52 are indicated in micro-micro--
by way of example, for a network de-.-
sighed to pass the 9.75 megacycle and 460 kllO-.

f arsds

cycle ba,nds

Condenser 56 also has neghgﬂ:}le |

This is illustrated in Fig. 5 where the
~effective circuit for the high frequency band is.
" shown. Obvmusly,
same as the circuit shown in Fig. 2.

nected in cascade,

It will be apparent that I have provided a com-

 bined television and broadcast receiver of sim-

plified design.  Also, it will- be seen that I have

provided a couplmg network comprising I. F.
transformers for passing different frequency

bands, the high frequency transformer being of

~a preferred design which includes a coupling coil

3

common to the primary and secondary circuits -

~and the low frequency transformer bemg of the 10

inductively coupled type.
I claim as my invention:

- 1. An amplifier for passmg' s1gnals in g com-
- paratively high frequency band and for passing
signals in g comparatively low frequency band,

sald amplifier comprising g plurality of amplifier

15'

tubes connected in cascade through coupling net-

- works,each tube he,vmg a plate circuit and a grid
circuit, each of said networks including a band
~pass filter for passing only the signals in said
“high frequency band and a band pass filter for
~ passing only the signals in said low frequency
band, said band pass filters being of the tuned
-transformer type each having a tuned primary

and a tuned secondary, the primaries being con-
nected in series with the plate circuit of one

amplifier tube and the secondaries being con-

nected in serles with the grid circuit of the suc-
- ceeding amplifier tube.

2. An amplifier for passing .sngna,ls in a h1gh
frequency band and for passing signals in a

electric - discharge tube having a- plate circuif

‘and an electric discharge tube having an 1nput

circuit, a network for coupling said tubes, said.
network comprising a primary coil of compara-
tively high inductance and a primary coil of

comparatively low 1nducta,nee connected in series
- with each other and in series . with said plate
- clrcuit, a secondary coil of comparatively high

1nductance and a secondary coil of compsratwely-
low inductance connected in series with. each

other and in series with said 1nput circuit, said

3&

low frequency band, said amplifier comprising an =

high inductance primary and said high induct- -

ance secondary being inductively coupled, two

tuning condensers connected in series and con-

- nected between the junction point of said pri-

maries and the junction point of said secondaries,
a comparatively low inductance coupling coil

connected between ground and the junction point
- of said tuning condensels for coupling said low
inductance primary and said low inductance sec-
ondary, said tuning condensers being of sufficient
capacity to.tune the high inductance primary
- and the high inductance secondary to pass sig-

nals in said low frequency band, said low in-

85

ductance primary and said low inductance sec-

ondary. each being tuned by  capacity to pass

signals in said high frequency band, said two

frequency bands differing so widely in frequency

that said low inductance coils present substanti-

. ally no impedance to szgnsls in the low frequency

band and that said tuning condensers present
substantially no 1mpedance to signals 1n the high

3. In a COIIIblIlEd television end bros,dcsst re-

ceiver, means for converting the sound signals
accompanying picture signals into intermediate
frequency signals having a comparatively high

frequency, means for converting the sound sig-
nals in the broadcast bend Into intermediate

frequency .signals having gz compara.twely low
frequency, an intermediate frequency amplifier

comprising a plnrahty of amplifier tubes con-
a, second detector, means for

supplymg both bands of 1ntermed1ate frequency

-y i'-._'
60"

70
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4 _
signals to said second detector through said in-
termediate frequency amplifier, and an audio
amplifier connected to said second detector, the

tubes in said intermediate frequency amplifier
being connected through networks each of which

includes a band pass circuit for the high fre-
quency band and a band pass circuit for the
low frequency band, said band pass circuits be-

ing so designed that the characteristics of one

are substantially independent cf tﬂe characteris-

tics of the other.
4. A coupling circuit for couplmg two electrm

discharee tubes in cascade, each of said tubes
having an input circuit and an cutput circuit
said coupling circuit comprising a primary coil
conhected to the output circuit of one of said

“tubes to form a primary circuit and a secondary
coil connected to the input circuit of another

of said tubes to form a secondary circuit, said

coils being coupled by means of an inductance

coil common to the primary and secondary cir-
cuits, said primary and secondary coils eac

having a capacity thereacross to tune them to

pass a band of frequencies at a comparatively

{ high frequency, a transformer having primary
‘and secondary coils which are

highly inductive
as compared with said first mentioned primary
and secondary coils and said coupling coil, said
primary coils being connected in series in salid

“output circuit and said secondary coils being

connected in series in s2id input circuit, a tuning
condenser connected between szid first primary
coil and said coupling coil for tuning said second
primary coil, and a tuning condenser connected

"hetween said first secondaryv coil and saild cou-

pling coil for tuning said second secondary cGil,
said tuning condensers having such canaclty that
said transformer is tuned to pass a band of
frequencies at a comparatively low frequency.

5. A circuit for coupnling two electric discharge
tubes, said circuit comprising a primary circuit

which includes a primary coil and a ccunling
coil in series and means for tuning said primary

circuit, a secondary circuit including a secondary
coil and said coupling ccil in series and means

“for tuning said secondary circuit, said primary

and secondary circuits being so tuned and cou-
pled as to pass a band of frequencies having 2
comparatively high frequency, 2 tuning condense?
connected between said primary coil and said
coupling coil, a second tuning condenser con-
nected hetween said secondary coil and said
coupling coil, a highly inductive primary coil
connected to the junction vocint of said first pri-
mary coil and said first tuning condenser and
in series with said first primary coil, and a highly
inductive secondary coil connected to the junc-
tion point of said first secondary coil and said
second tuning condenser and in series with said
first secondary coil. said highly inductive nri-
mary and secondary coils being so inductively
coupled and being so tuned by said tuning COn-

- output circuit and said secondary

2,183,741

densers as to pass a band of frequencies having
a comparatively low frequency.

6. A coupling network for passing signals in a
hich frequency band and in 2 low frequency
band, said network comprising a high ifrequency
band pass circuit having a tuned primary cir-
cuit including a primary coil and a. tuned second-
ary circuit including a secondary coil, at least

one inductance coil common to said circuits and

coupling them the correct amount to give them a
band pass characteristic, and a low frequency
band pass transformer having inductively cou-

pled primary and secocndary coils, said primary
coils being connected in series and said secondary

coils being connected in series, and means for

so tuning said low frequency transformer as to
give it a band pass characteristic without dis-
turbing the action of said high frequency band
pass circuit in said high frequency band.

7. A coupling circuit for coupling two electric
discharge tubes in cascade, each of said tubes

having an input circuit and an output circuit

said coupling circuit comprising a primary coil

connected to the output circuit of one of said

tubes to form a primary circuit and a secondary
coil connected to the input circuit of another of
said tubes to form a secondary circuit, said coils
being coupled by means of a pair of inductance

coils in parallel with each other at high fre-

guencies and common to the primary and sec-
ondary circuits, said primary and secondary ceils
each having a capacity thereacross to tune them

to pass a band of frequencies at a comparatively

high frequency, a transformer having primary
and secondary coils which are highly inductive
as compared with said first mentioned primary
and secondary coils and said coupling coil, said
primary coils being connected in series in said
coils being
connected in series in said input circuit, a tuning
condenser connected hetween said first primary
coil and one of said coupling coils for tuning said
second primary coil, ' |

ond secondary coil, said tuning condensers hav-

ing such capacity that said transformer is tuned

to pass a band of frequencies at a comparatively
low frequency, 2 blocking condenser connected in
series with sa2id tuning condensers and between
the high potential ends of said counling coils,
a diode and a resgistor connected in series with

each other and in series with said secondaries,

and a condenser connected across said resistor,
one of said coupling coils having its high poten-
tial end connected to the junction point of said
blocking condenser and said second tuning con-
denser and having its low votential end. con-
nected to the junction point of said resistor and
said second secondary coil.

GUSTAVE L. GRUNDMANN,

a tuning condenser con-
nected between said first secondary coil and the
other of said coupling coils for tuning said sec-
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