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This invention relates to radio receivers and
particularly to superheterodyne receivers of the
multirange type.

It is well known that the design of any multi-
range receiver involves the satisfying of various
conflicting requirements or, in general, the choice
of a preferred compromise between the conflict-
ing design requirements. The problem is par-
ticularly difficult when the rigid conditions are
imposed that the receiver is to be of the super-
heterodyne type and that the same intermediate
frequency is to be employed for all carrier wave
ranges. High efficiency and satisfactory opera-
tion over a plurality of ranges may be attained
by the use of “plug-in” inductances and/or tun-
ing condensers, or by the use of vernier adjust-
ments to correct for a faulty alinement .of the
several tuning elements but such arrangements
are not advisable in radio receivers that are to
be manufactured commercially for general dis-
tribution to the public. A receiver for general
use should be of the single control type -and
should have selectivity and sensitivity character-~
istics in the broadcast band which are com-
parable with those of the usual Single-range
broadcast receivers. The performance in the
other ranges, which are usually of higher fre-
quency or “short wave” ranges may .be less sat-
isfactory than is possible with receivers designed
to receive only the higher frequencies but .the
primary use of all receivers is on the broadcast
band and it is therefore essential that good recep-
tion on that band must not be sacrificed in ex-
tending the operating range of a receiver to in-
clude other frequency ranges.

An object of the present invention is to pro-
vide an improved type of superheterodyne re-
ceiver for operation over a plurality of frequency
ranges. An object is to provide a multirange
superheterodyne receiver which has high selec-
tivity .in the lower frequency ranges and which
has a high sensitivity in the higher frequency
ranges. A further object is to provide a super-

heterodyne receiver including a fixed interme-

diate frequency amplifier and a dual-function
stage preceding the intermediate frequency am-
plifier, the said stage operating as a.tuned car~
rier wave amplifier during the reception of sig-
nals falling within one or more ranges of rela-
tively low carrier frequencies and as a first de-
tector stage during the reception. of signals fall-
ing within higher frequency ranges. More spe-
cifically, an object of the invention is.to provide
a superheterodyne receiver including one or
more inductances:and- associated switching SyS=-

tems for adapting the inductances to resonate
with sections of a gang tuning condenser over
different tuning ranges, a local oscillator includ-
ing inductances and switches which adapt the
oscillator to operate over the different tuning 5
ranges, a pair of cascaded tubes, and a circuit
network including switches for associating the
tubes with the tuned circuits and the oscillator
in such manner that the two tubes operate as
a carrier wave amplifier and a first detector in 10-
the reception of low frequency signals and as a
first detector and intermediate frequency am-
plifier in the reception of high frequency signals.

Further specific objects of the invention are to
provide a mnovel form of multirange oscillator 15
network which may be alined with multirange
carrier circuits to produce a constant beat or
intermediate - frequency for all adjustments of
the carrier wave and oscillator circuits.

These and other objects and advantages of 20
the invention will be apparent from the accom-
banying drawing in which the single figure is a
fragmentary circuit diagram of a multirange
superheterodyne receiver embodying the inven-
tion. ) 25
The drawing -illustrates only those parts .of
the receiver which are peculiar to the present
invention and omits the details of thé main in-
termediate frequency amplifier, the detector, the
audio amplifier and the reproducer. The par- gg
ticular construction of these elements may. con-
form {o any appropriate or desired design and
forms no part of the present invention.

As iliustrated, the input system between the
antenna A and the first tube { of the receiver 35
ingludes the inductance 2 in parallel with the
tuning condenser C which is preferably one sec-
tion of a gang condenser. A high frequency in-
ductance 3 in series with a switch S; is connected
across the inductance 2 and, as is well known, 40
the closing of the switch S: changes the tuning
range of the input system to cover a higher band
of carrier frequencies. The coupling system to
the next.tube 4 includes both an intermediate
frequency and a lower range carrier frequency 45
impedance in the output network of the tube {,
the intermediate frequency impedance being the
primary winding 5 which has a secondary wind-~
ing 6, and the carrier wave impedance being the

.inductance 1 which has a tapped connection to 50

the plate of tube I by relatively fixed condenser

8. 'The inductarce 7 is tunable over -the ilow

range carrier range by the shunt condenser C
which may be and preferably is a .section of a
gang tuning condenser. The .condenser 8 is ad- 55
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justable to tune the primary winding 5 to the
intermediate frequency, and the connection of

-~ ¢ondenser 8 to coil T is* preferably adjustable.

The low potential (carrier frequency) terminal
of the inductance § is connected to an appro-
priate source of plate potential -4-B, through the
isolating resistance 8 and is bypassed to the
cathode of tube | for carrier frequencies by the
condenser C’. -The tuned circuit 7, C includes
the larse coupling capacity 18 for coupling to a
similar tuned circuit T, C and, preferably, an
additional coupling capacity I is provided be-
tweer- the high potential terminals of these
tuned circuits to improve the sensitivity versus
frequency characteristic of these tuned -circuits.

The secondary & of the intermediate frequency
coupling. system is tuned by the adjustable bub
relatively fixed condenser 12, and the low poten-
tial terminals of the inductances 6 and 1" are
grounded through the high resistance i3 which is
in parallel with. the coupling condenser i0.  The
high potential terminals of the intermediate fre-
quency- and carrier wave frequency coupling cir-
cuits are connected, respectively, to the fixed con-
tacts’ 14, 15 of the switch contact S2 which is
corinected to the control grid of. the tube 4.  The
intermediate frequency circuits I. F. into which
tube 4@ works may be of the usual or desired
design. -

The circuits associated with the local oscillator
tube 18 are of appropriate design for operation

‘over @ plurality of frequency ranges and include

a low frequency coil T in series with the gang
tuning condenser section C-and with the padding
or lagging capacity which is provided by the rela-
tively large fixed condenser: {8 and the smaller
adjustable condenser {9. A coil 20 of lower in-
ductance than the coil 17 isin series with a small
adjustable condenser -2f, the condenser being
shunted by a switch S; and these serially con-
nected elements form a path in shunt with the
elements C, 18 and the elements 1, 19. A small
condenser 22 is shunted across the tuning con~
denser C for alining -the high frequency tuning
range of the oscillator with the carrier circuit.

One common terminal of the three parallel paths
of the oscillatory network is grounded and the
other is connected to the grid G of tube 16
through the blocking condenser 23, the grid
bias being obtained through the usual grid re-

With the switch S; open the oscillator may be
alined for tuning over the low frequency range.
The inductance of the coil 1T is somewhat  less
than that of the carrier circuit coils 2, 7 and T
and ‘adjustment of the condensers 18 and 21 per-

~mits 4 single control of the funing circuits, by
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the gang condenser, to maintain a substantially
constant- intermediate frequency.. With . the
switch Ss closed for operation on the high fre-
quency range, the required lower value of the
oscillator tuning inductance is provided by the
coils 17, 26 which are now. effectively in parallel.
The series padding or lagging capacity is now pro-
vided substantially entirely by the condenser {8
and, as previously noted, the condenser &2 is

adjustable to aline the oscillator tuning with that .

of ‘the higher carrier range tc obtain the same
constant intermediate frequenscy by the single
control adjustment of the gang tuning condenser.

The plate feedback coupling is obtained through
the tickler coil 25 and from the potential drcp
across the padding condenser 19 through- the
coupling condenser 28. The direct-current feed
to the plate P is through the resistor 27 which is

2,022,805

connected between an appropriate source, in-
dicated as B, and the junction. of coil 25 and
condenser 26. The plate tickler coil 25 is cou-
pled to both the coil 17 and the coil 26, ‘the three
coils being conveniently wound on the same form.

A coupling coil 28 is connected to one contact
29 of a switch Ss and, through the bias resistor
38 and its shunting condenser 31, to- ground.
The other contact 82 of the switch is grounded
and the cathode leads 33, 34 of the tubes | and

10

4, respectively, are so connected to the four con- .

tacts of the switch that one cathode circuit is
returned directly to ground while the other is
connected to ground through the coupling coil
of the local oscillator.
cludes a bias resistor 35 and bypass condenser 36,
the resistors being of such magnitude as to fur-
nish an automatic bias suitable for operation
of the associated tube as an amplifier, and the
additional bias necessary for operation of either
tube as an efficient first detector is furnished by

Each cathode. lead in-~

20

the potential drop across the resistor 30 in the -

coupling circuit. 3 )

As illustrated in the drawing, the several
switches are adjusted for the reception of sig-
nals in the lower frequency band. The switches
S:1 and S3 are open t0 permit-the simultaneous
tuning of the input cireuit of tube -1 and the os-

 cillator cireuit over their lower range, the switch

Sa couples the grid of tube & to the tuned car-
rier circuit 17, C and the switeh Sq is-positioned to

25

30

ground the cathode circuit of-tube f-and to in---

troduce the local oscillator voltage into-the cath-
ode circuit of the tube 4.  The tube & operates as
the first detector and the three tuned carrier cir-
cuits preceding this -tube provide adequate se-
lectivity for the reception of signals in the broad-
cast range of from 550 to 1590 kilocycles. For op-
eration over the higher range, the switches Sz
and S: ‘are adjusted totheir alternative posi-
tions, and the switches S1 and Sz are closed to
adjust. the inductances of the respective asso-
ciated circuits for tuning over the higher fre-
quency range. - X

For greater clearness of illustration, the sev-
eral switches 81, Sg, etc., are shown as separate
elements adjacent the particular portions of the
-circuits which they control but it-will be under-
stood. that a common operating member will be
provided to control the several switches simulta-
neously. : . TR

The tube | now functions as.the first detector
since . the local oscillator “voltage is introduced
jnto the ‘cathode circuit of that tube while the
cathode circuit of tube 4 is returned to ground.
The single tuned circuit preceding the tube I pro-

vides adeguate selectivity in the higher frequency.

range, and high sensitivity is obtained by the ad-

It will be understood that the invention is not
limited to the particular circuit arrangements
herein illustrated ~and described as the novel
method of altering the functions of certain tubes
to obtain optimum transmission characteristics
in different frequency ranges may be employed
with tunied circuits of other desigh .and, in par-
ticular, with tuned circuits which are adapted-
to be tuned over more than two frequency ranges.
Additional tuning ranges may be provided /in
either or both of the two general circuit arrange-
ments that are controlled by the adustment: of
the switch Ss . : s :

1 claim: - )

1. In a radio receiver adapted to tune continu-
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~ dition of one stage to the intermediate frequency
- amplifier.
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ously over a plurality of frequency ranges, the
combination-with a tube; an input circuit for said
tube, said circuit. comprising a plurality. of in-
ductances and switch means cooperating with. a
condenser; adjustable to. tune said ecircuit. .over
a plurality of frequency ranges, and a second
tube, of a coupling network between said tubes,
said network including circuit elements compris-
ingtwoindependent and electrically parallel paths
for transmitting high frequency currents.of sitb-
stantially different ranges, one of said paths con-
sisting of relatively fixed circuit elements.and the
other path including a circuit tunable over one of
the said frequency ranges, and switch means for
alternatively rendering one transmission path
operative and the other inoperative in accord-
ance with the adjustment of said tuned input
circuit for operation over a particular frequency
range.

2..1In a superheterodyne receiver; the combina-
tion with a plurality of cascaded circuits simul-
taneously tunable over a relatively low frequency
range, means adjusting one of said circuits for
tuning over a higher frequency range, a tube
succeeding the multirange tunable circuit in the
direction of transmission through the receiver, a
second tube having an output cireuit tuned to a
fixed infermediate frequency, an intermediate
frequency coupling circuit adapted to serve as a
coupling between said tubes, an oscillator tunable
simultaneously with said multirange tunable cir-
cuit to produce an oscillator voltage differing by
the said fixed frequency from the resonant fre-
quency of the multirange tunable circuit, and
circuit elements including switch means for com-
pleting a transmission circuit including' both
tubes and all of said cascaded tunable circuits or
alternatively for completing 3 second transmis-
sion circuit including said multirange tunable
circuit and said intermediate frequency coupling
circuit between said tubes, said switch means and
circuit elements coupling said local oscillator to
said second tube when the first transmission cir-
cuit 'is established and coupling said local os-
cillator to the first tube when the second trans-
mission cireuit is established. )

3. In a superheterodyne radio receiver, -the
combination with a tube having an input circuit
tunable over a plurality of carrier frequency
ranges, of a second tube having an output circuit
tuned to an intermediate frequency, and a local
oscillator including a network tunable over a
plurality of frequency ranges, of means for al-
ternatively introducing the loeal oscillator voli-
age into a circuit of one or the other of said
tubes, a coupling network between said tubes in-
cluding circuit elements forming a pair of trans-
mission paths for passing substantially differ-
ent frequency ranges, and means for alternative-
ly rendering one of said paths operative and the

. second path inoperative in accordance with se-
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lection of the tube upon which the local oscil-
lator voltage is impressed.

4. A superheterodyne receiver of the multi-
range type comprising a pair of tubes serially
arranged in the direction of transmission through
the receiver, an input circuit for the first of said
tubes and including means for tuning the same
over a plurality of frequency ranges, an interme-

diate frequency output circuit for the second tube,

a local oscillator tunable over a plurality of fre-
quency ranges to produce the same constant in-
termediate frequency when the oscillator voltage
is combined with the desired signal voltage of
any of said ranges, a plurality of alternatively

3
operable coupling circuits-between said tubes, one

of .sald coupling circuits being tuned to the same
intermediate frequency as that of the output cir-
cuit-of the second tube and another of said cou-
pling circuits being tunable over:-one of the fre- 5
quency ranges -of ' the said input circuit, and
means for introducing the oscillator voltage into
the second tube and simultaneously coupling said
tubes by a.tunable:coupling circuit, whereby the
first: tube operates as .a carrier wave amplifier 1¢
working into the second tube, or alternatively in-
troducing the oscillator voltage into the first tube
and ceupling said tubes by said intermediate fre~
quency coupling circuit, whereby the second tube
operates.as an intermediate frequency amplifier 15
working out of said first tube. :

5. In a superheterodyne receiver, the combina-
tion -with a.carrier frequency circuit and an
oscillator network each tunable over g plurality
of frequency ranges to. produce the same-con- 20
stant intermediate frequency for all carrier fre-
quency ranges,.an oscillator: tube: connected to
said oscillator network, a pair :of: tubes serially
arranged in the line of signal transmission
through the receiver, said carrier frequency cir- 25
cuit being the input circuit of the first tube, and
an intermediate frequency cireuit into which the
second of said tubes works, of means including
switch elements for impressing the oscillatory
voltage developed by said oscillator network and 30
tube alternatively upon either of the tubes of said
pair, whereby either tube of said pair may be
operated as the first detector of the receiver, and
means alternatively adjustable to constitute a
carrier frequency or an intermediate frequency 35
transmission path between said pair of tubes as,
respectively, the second or the first tube of said
palr is operated as the first detector.,

6. In a superheterodyne receiver, the combi-
nation with a first tube having an input circuit 40
tunable over ga plurality of carrier frequency
ranges, an oscillator having a network tunable
simultaneously with said input circuit and over
a plurality of frequency ranges to exhibit a con-
stant difference between the oscillator frequency 45
and the resonant frequency of the input cireuit,
and a second tube having an output circuit tuned
to a beat frequency resulting from the combin-
ing of the carrier and oscillator voltages, of a
coupling network between said tubes and said 50
oscillator; said network including a transmission
path tuned to the said beat frequency and a trans-
mission path tunable simultaneously with said
input circuit over a lower range of frequency to
which said input circuit is tunable, and switch 55
means for introducing the oscillator output volt-
age into the second tube and coupling said tubes
through said tunable transmission path or al-
ternatively introducing the oscillator output volt-
age into sald first tube and coupling said tubes 60
through said beat frequency tranmission path.

7. In a superheterodyne receiver, a tube hav-
ing an input circuit including tuning means and
a switch for adjusting said cireuit for operation
over a plurality of frequency ranges, an output 65
network for said tube including a circuit tuned
to a fixed intermediate frequency and a circuit
tunable simultaneously with said input circuit
over the lower frequency range of said input
circuit, a second tube, input circuit means for 70
said second tube including a switch for alterna-
tively coupling said tubes through either one of
the circuits of said output network, an output
circuit for said second tube tuned to the said in-
termediate frequency, an oscillator having a net- L)
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work tunable over 4 plurality of frequency ranges,
means for tuning said oscillator network simul-

taneously with the tuning of said input circuib
to produce an oscillator voltage that may be com-

“bined with the desired carrier voltage to produce

a beat frequency equal to the said intermediate
frequency, and means for introducing the oscil-
lator voltage into a circuit of the second tube
when said input circuit is tuned over a lower fre-
quency range and said tubes are coupled through
said tunable circuit of the output network or al-
ternatively for introducing the oscillator volt-
age into a circuit of said first tube when said
input circuit is tuned over a higher frequency

- range and said tubes are coupled through the

fixed intermediate frequency circuit of said out-
put network.

8. A receiver as claimed in claim 7, wherein
said means for alternatively introducing the os-
cillator voltage into a circuit of .either- tube in-
cludes means for adjusting the bias voltages on
said tubes to alternative values for amplification
or alternatively for detection.

2,022,805

9. In a- multirange superheterodyne. treceiver;
the combination ‘with a circuit tumable over a
low and a high frequency range by a section of
a gang condenser; of an oscillator tube having an
oscillatory network tunable over corresponding
frequency ranges by another section of the gang
condenser; said network including a fixed and
an adjustable condenser in series with the said
other gang condenser section and an inductance,
and a path connected across said serially con-
nected elements at the junction of the fixed con-
denser and the inductance and the junction of
the said other condenser section and the adjust-
able condenser, said path including a second in-
ductance in series with an adjustable condenser
shunted by a shorting switch, said second induc-
tance being of lower value than said first induc-
tance, and an adjustable condenser shunted across
the said other condenser section, the said junc-
tions serving as the opposite terminals of the os-
cillatory network.

: PAUL O. FARNHAM.
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