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My invention relates to a multi-band tuning
system particularly suited to the requirements
of a multi-band radio receiver adapted to re-
ceive programs within the standard broadcast
band and also within one or more of the short
wave broadcast bands.

The present standard American broadcast
band is slightly wider than 1000 kilocycles, ex-
tending from about 550 ke, to 1600 ke. For
convenience, this band may hereinafter be
termed the “broadeast” or “B” band. The
radio frequency spectrum is also sometimes arbi-
trarily divided into several broad high frequency
bands. For the purposes of illustration I may
hereinafter refer to the band extending from
about 2.2 me. to 7 me. as the “C” band, and to
the band extending from about 7 me. to 22 mec.
as the “D” band, since these subdivisions with-
in .the high Irequency spectrum are those
adopted in one commercial practice.

Within the “C” and “D” bands are to be found
a number of widely separated bands, called the
“short wave broadcast bands.” They are also
commonly known as the 49, 31, 25, 19, 16, 13
meter bands, etc., because each of these bands is
relatively narrow, having a width of from 100
to 350 kec., and lies in the vicinity of a frequency
corresponding to one of these wave lengths.
The frequencies of the important short wave
broadcast stations of the world are grouped
within these narrow bands and there are few
stations located in-the relatively wide ranges
between these bands which are of interest to the
general public.

If coil switching is employed in conventional
superheterodyne broadcast receivers in order to
permit the usual gang tuning condenser to op-
.erate over the “C,” “D,” or higher frequency
bands, as well as over the “B” band, large sec-
tions of the tuning scales for the high frequency
ranges are inactive. Purthermore, the tuning
adjustments become increasingly eritical for the
higher frequency short wave broadcast bands
as the ratio of band width to mean band fre-
quency decreases. Accordingly, various ar-
rangements have heretofore been proposed to
provide so-called band spread tuning. Such
systems in general have incorporated switching
means for selecting a desired short wave band
and special tuning means for expanding the
tuning range over each selected band in order to
bermit accurate selection of each short wave
broadcast station. Each of these narrow bands
is therefore sometimes termed a “spread band.”

To the best of applicant’s knowledge, it has
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heretofore been thought that satisfactory band
spread tuning could only be accomplished by the
addition of receiver elements of special design
to those normally required in the receiver. For
example, some systems have used different in-
ductance coils for each spread band, either tuned
in conjunction with different padding capacitors
in series with the main gang condenser, or in
conjunction with a specially designed cut plate
gang condenser; others have used variable in-
ductance tuning devices of special design; still
others have used special mechanical tuning drive
arrangements in conjunection with band switch-
ing and indexing means. o

It is an important object of my invention to
brovide an improved band spread tuning system
wherein the indexing and switching operations
are greatly simplified and wherein a minimum
number of circuit elements are required.

It is specifically an object of my invention to
provide an improved tuning system for a multi-
band radio receiver which requires no band
spread tuning inductances of special design and
which permits all of the desired spread bands to
be tuned by a single variable capacity device,

Briefly, preferred embodiments of my inven-
tion incorporate a main tuning capacitor assem-
bly which may be adjusted to any one of a plu-
rality of preselected values so as to select any
one of a corresponding plurality of short wave
broadcast bands. A single variable buning ca-
pacitor assembly is then utilized to provide band
spread tuning over each band, the tuning varia-
tlon characteristics of the variable tuning as-
sembly being so correlated to the breselected
capacity values of the main tuning assembly that

-adjustment to any station within each of the

spread bands is easily and accurately accom-
plished. '

It is specifically an object of my invention to
brovide an improved tuning system for a multi-
band receiver which is capable of operation over
the standard broadcast band and one or more
of the short wave broadcast bands, or capable

.of operation over at least two of the short

wave broadcast bands, and which employs only
the usual tuning inductances and g single vari-
able capacity device for spreading all frequency
bands approximately the same amount,

Still another and more specific object of my
invention is to provide an improved tuning sys-
tem for a multi-band receiver wherein the same
tuning capacitor -assembly utilized for tuning
over the broadcast band is also utilized to pro-
vide band spreading over g plurality of short




2
wave broadeast bands, without recourse to com-
plicated switching arrangements or special band
spreading inductance devices.

A further object of my invention is to provide
an improved band spread tuning system for a
multi-band receiver which gives high quality
performance and yet requires only a few stand-
ard electrical parts that are relatively inexpen-
sive and readily available on the market.

The features of my invention which I helieve
to be novel are set forth with particularity in
the appended claims. My invention itself, how-
ever, together with further objects and advan-
tages thereof, may best be understood by refer-
ence to the following description taken in con-
nection with the sccompanying drawings, In
which Fig. 1 is a simplified schematic diagram
of one circuit arrangement embodying my in-
vention; Fig. 2 is a graphical representation of
the capacity variation characteristics of one
form of variable capacity device which may be
utilized in tuning systems constructed in accord-
ance with my invention; Figs. 3 and 4 are sim-
plified schematic diagrams illustrating other em-
bodiments in my invention; Pig. 5 represents
one form of straight-line tuning indicator and
scale assembly which may be used with the em-
bodiments illustrated in Figs. 3 and 4; Figs. 6
and 7 are simplified diagrammatic diagrams 1il-
lustrating further modifications of my invention;
Fig. 8 is a circuit diagram of a multi-band su-
perheterodyne radio receiver in which those cir-
cuits necessary to a complete understanding of
my invention are represented in detail and in
which those circuits which may be conventional
are merely indicated in simplified block form; and
Fig. 9 represents one form of straight-line tun-
ing indicator and scale assembly which may be
used with the embodiments illustrated in Figs,
6, 7 and 8. Corresponding reference numerals
have been applied to corresponding elements in
the several figures of the drawings wherever pos-
sible.

Tach of the switch elements associated with
the band change switches in the schematic dia-
grams of Figs. 1, 3, 4, 6 and 7 is shown in such a
position that band spread tuning may be accom-
pilshed over one or more selected short wave
proadcast bands. For the purposes of illustra-
tion, each of these diagrams may be taken to
“illustrate the radio frequency and oscillator tun-
ing circuits in a superheterodyne radio receiver
of the type having a two-gang tuning capacitor
assembly. TFor example, in each giagram the in-
ductance -1 8 may be considered as the radio fre-
quency tuned circuit inductance, and the in-
ductance {1 as the oscillator tuned frequency de-
termining circuit inductance. These inductances
are tuned in the usual manner by means of
variable capacitors 12 and 13, respectively, which
are mechanically coupled together or ganged for
simultaneous adjustment by a common actuating
or uni-control means, indicated conventionally
by the dashed line interconnecting their rotors.

As is well understood in the art, in a super-
heterodyne receiver the tuning capacitors {2 and
13 are arranged to “track” over their tuning
ranges so as to maintain a constant frequency
difference between the resonant frequencies of
the circuits tuned thereby, this frequency dif-
ference being equal to the intermediate fre-
quency of the receiver. Tt will be obvious that
the usual padding and trimming ecapacitors,

omitted to simplify the diagrams, may be utilized

to assist in securing this result. T+ will also be
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obvious that one or more additional tuned cir-
cuits may also be included, as where the receiver
incorporates one or more radio frequency am-
pifying stages. To further simplify the sketches,
only a single fixed inductance has been shown in
each tuned circuit, although it will be understood
that compound or tapped inductances, or a plu-
rality of inductances, may be used in -accordance
with common practice and that these may be
switched by the operation of the band change
switch. While as a practical matter my inven-
tion is paritcularly appiicable to the superhet-
erodyne type of receive, it will be appreciated
that it might be applied to a tuned radio fre-
quency type of receiver, in which case each of
the tuned circuits is maintained tuned to the
same radio frequency. It is believed that these
and other obvious details and modifications will
be apparent to those skilled in the art of radio
receiver design.

Referring now particularly to ¥ig. 1, when it is
desired to tune the receiver over one of the short
wave spread bands, the movable contact members
18 and t5 of the band change switch are moved
to the position shown by means of a suitable
mechanical uni-control member, indicated sche-
matically by the dashed line. It will be observed
that the variable capacitors 16 and 17 are there-
by connected respectively in shunt to the main
tuning capacitors (2 and 13. These capacitors
16 and 7 are similarly ganged together for uni-
control operation and comprise the two sections
of a band spread gang assembly.

As previously mentioned, the capacitors {2 and
13 may be -utilized in conjunction with one set
of inductance coils for tuning over the “B” band
and in conjunction with other sets of coils for
tuning over the “C,” “D” or other high fre-
quency ranges. In Pig.1 it may be assumed that
the circuts 19, 12, and 11, 13 are capable of ad-
justment so that the receiver may be tuned over
one of the higher frequency ranges, for example,
the “D” band, which band in turn includes the
31, 25, 19, 16, and 13 meter short wave broad-
cast bands.

One of these narrow short wave bands is next
selected or “spotted” by indexing the main tuning
gang assembled to a predetermined angular posi-
tion. This position is such that, in the absence
of the capacitors 6 and {7, the circuits would
be tuned to frequencies slightly higher than
those required to tune the receiver to the desired
short wave band. This operation may be car-
ried out by any one of a large number of me-
chanical indexing or push button tuning mecha-
nisms which are well known and commonly em-
ployed in present-day entertainment receivers.

In accordance with my invention it is proposed
to secure vernier tuning over any one of the se-
lected short wave bands through operation of
the capacitors 16 and IT of the band spread gang
assembly. It has heretofore been thought that
satisfactory band spreading could not be accom-
plished in this manner because & variation of
approximately 20 micromicrofarads is required
for tuning over the 31 meter band, whereas suc-
cessively smaller capacity ranges are required for
the higher frequency spread bands, down to a
tuning range of only about 1.5 micromicrofarads
for the 13 meter band. Thus it has been thought
that a variable capacitor having the range re-
quired for the 31 meter band would give succes-
sively less band spread on the higher frequency
bands, or conversely that a variable capacitor
having the range required for the 13 meter band
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Wwould give more and more incomplete coverage of
the lower frequency spread bands. Contrary to
these beliefs, applicant has found it possible to
secure satisfactory band spread tuning over all
of these bands with only the circuit elements
shown in Fig. 1. The manner in which this is
achieved will now be explained in greater detail.

It will be recalled that the various short wave
broadcast bands are only from 100 tg 350 kilo-
cycles wide, whereas the broadcast band. is over
10060 kilocycles wide. Experience has shown that
it is unnecessary to spread these short wave
banks so that they occupy much greater space
on the receiver tuning scale than 100 to 350 ke.
occupies on the scale for the broadecast band.
Otherwise, it would be equally desirable to em-
"ploy further spreading of the broadcast band,
which has been shown to be uneconomical and
unnecessary. Consequently, none of the short
wave broadcast bands need occupy more than
about one-third of the total range of the tun-
ing indicator scale associated with the receiver,
assuming that the dial calibration for the broad-
cast band occupies the entire tuning range.

In accordance with my invention the plates
of each of the variable capacitors 16 and 7 are
given such shapes that within approximately
the first third of the capacitor rotation a wide
encugh capacity variation is secured to cover
the lowest one of the bands to be spread, e. g.,
the 31 meter band, whereas within approxi-
Imately the last third of its rotation the capacity
variation is only sufficient to cover the highest

one of the bands to be spread, e. g., the 13 meter

band. Intervening bands can then be positioned
at intervening positions of the capacitor rota-
tions so as to give the necessary intermediate
capacity variation. It then only remains to pre-
set the main tuning gang capacitors 2 and {3
at such values that rotation of the band sbread
gang capacitors 1§ and {7 takes place over the
proper portions of their ranges for each of the
spread bands.

It is customary in present practice to cali-
brate radio receiver tuning scales in terms of
frequency. Hence, the tuning capacitors com-
monly employed have plates so shaped as to
provide an approximation to a straight-line fre-
quency curve. The curve {8 in PFig. 2 illustrates
the manner in which the capacity varies with
angular position of the rotor in a capacitor of
this type. This curve is of course a non-linear
capacity curve. A linesr capacity curve, or
straight-line capacity curve, is indicated by the
dashed line {8 for purposes of comparison.
Near the minimum capacity setting, correspond-
ing to the full open position, the rate of change
of capacity is relatively slow. Tt continuously
increases up to the maximum capacity setting,
corresponding to the full closed position, where
the slope of the curve is relatively great.

It so happens that the capacity curve produced
by a straight-line frequency capacitor is very
close to the ideal curve which will provide equal
spreading for all bands in accordance with my
invention. In a system using this type of ca-
pacitor each spread band may be so “spotted”
on the band spread capacitor by presetting the
main tuning gang capacitors 12 and { 2, that it
includes ‘& point in the range of movement of
the roter at which the rate of frequency varia-
tion is the same as for a point in each of the
other spread bands. These points will neces-
"sarily occur progressively nearer the position of
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3
Increaseés. This spoiting of the spread bands on
the non-linear variable capacitor the character-
istic of which is indicated at {8 in Fig. 2 is
shown by the heavy horizontal lines in the upper
portion of the figure. 'These lines have legends
agreeing with the spread bands indicated in
Fig. 5. However, the shape of the capacity curve
is not critical and I may use capacitors having
other non-linear capacity curves giving only ap-
proximately uniform band spread where it is
more economical to do so. For example, there
is on the market a so-called “modified straight-
line frequency” capacitor which is often used
in lower-priced superheterodyne receivers. I
have found that in a particular receiver, such
a8 capacitor can ke used to spread the 13 meter
band from about .1 to .3 of its total rotation
and to spread the 31 meter band from about 4
to .8 of its total rotation. This type of capac-
itor therefore gives proportionately less spread
over the 13 meter band, but even so this is greater
than the spread which is obtained when using
such a capacitor for tuning over the same fre-
quency. range, i. e., 350 kc., near the high fre-
quency end of the broadcast band.

It will be appreciated that the tuning system
of Fig. 1 requires one scale pointer and drive
mechanism for the main tuning gang assembly
and a separate scale pointer and drive mecha-
nism for the band spread gang assembly. Pigs.3
and 4 show modifications of my invention which
permit a single tuning indicator and scale as-
sembly to be used for all bands. In these
embodiments both the main tuning gang and
the band spread gang are combined in one as-
sembly and mechanically interconnected for si-
multaneous movement. A single tuning indi-
cator or pointer may therefore be used with this
common tuning assembly. In these modifications
each section of the band change switch has two
movable members, 14a, 14b, and 18a, i5b, for
switching the various capacitors in and out of
circuit with the inductances o and (1, respec-
tively.

In the modification of Fig. 3 a separate short
wave gang assembly, comprising the variable ca-
pacitors 20 and 21, is provided for presetting or
“spotting” the circuits in order to select the vari-
ous short wave broadcast bands. The capacitors
20 and 2{ may be indexed by any of the many
suitable mechanical push button arrangements
known to the art, in which case no tuning indi-
cator is required for them. With the band
change switch in the bosition illustrated, only
the band spread capacitors i§ and {71 are con-
nected in shunt to the tuned circuits 10, 26 and
ti, 21, respectively. Band spread tuning may
how be accomplished in the Same manner as
in the modification of Fig. 1. When the band
change switch is moved to its alternate position,
the capacitors 20 and 21 are removed from the
circuit and the main tuning capacitors 12 and
13 are switched into the circuit. The inductances
{8 and ! may now be tuned over one of the
“B,” “C” or “D” bands by the capacitors 12, 18,
and {8, {7, in parallsl. In a practical construc-
tion the capacitors 1§ and 17 may comprise a few
rotor and stator plates which are carried by the
same frame assembly as the rotor and stator
plates of the main tuning capacitors {2 and (3
but electrically isoiated from them.

In the modification of Fig. 4 a plurality of
Individual capacitors 20¢, 2ig and 208D, 21b are
provided instead of the short wave gang assem-
bly 20, 21 of Fig. 3. The capacitors in each of
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these pairs are preset for “gpotting” the short
wave spread bands on the band spread condenser
in the same manner as the mechanically indexed
gang capacitor assembly of Fig. 3. Each pair is
selectively switched into circuit by operaticn of
the band change switch. There will of course be
as many groups of these capacitors as there are
spread bands to he covered, although only two
groups are shown in the diagram to simplify the
drawings. The band change switch will also nec-
essarily have as many groups of contact as there
are spread bands, plus the additional contacts
required for tuning over the “RB,” “C” and “D”
bands. Otherwise the adjustments and opera-
tion of the circuits of Fig. 4 are essentially the
same as those of Fig. 3. .

Fig. 5 represents a straight-line tuning indi-
cator and scale assembly suitable for a commer-
cia] receiver utilizing the hasic circuit arrange-
ment of either Fig. 3 or Fig. 4. A single vertical
pointer 22 is arranged to be movad horizontally
over all of the scales in direct proportion to the
movement of the combined main and band spread
tuning gang assembly. Any conventional pointer
drive arrangement may be employed. Hence this
is not shown, but merely indicated by a pointer
drive cord 2T passing over pulleys 28. It will be
observed that the scale calibrations are those re-
sulting when both the main and band spread ca-
pacitors are of the “modified straight-line fre-
quency” type. In a particular receiver in which
this scale assembly was used, different coils were
switched to permit tuning in the conventional
manner over the “B,” “C” and “D” bands. The
upper three scales show the calibrations oh-
tained for these bands. The “C” band colls were
then utilized in conjunction with the hand spread
gang for spreading the 49 meter band. The ap-
proximate spread chtained for this band is rep-~
resented by the heavy horizontal bar on the
fourth scale. Similarly, the “D” band coils were
employed in conjunction with the band spread
gang for spreading the 31, 25, 19, and 18 meter
bands, the scale calibrations for these bands he-
ing represented by the lower four scales. It will
be observed that the positions of these latter four
bands, as indicated by the heavy horizontal bars,
are progressively displaced toward the high fre-
quency end of the tuning range in accordance
with the invention. The frequencies covered by
the heavy horizontal bars are those specified by
the Federal Communications Commission for the
respective bands.

All of the embodiments heretofore described
require both main tuning capaciters and band
spread tuning capacitors. Figs. 6 and 7 ilius-
trate further modifications in which a single tun-
ing gang assembly is used for all bands. A con-
ventional tuning capacitor suitable for onerafion
over the “B,” “C” and “D” bands may have 2
range from about 10 micromicrofarads to about
500 micromicrotarads. In the modifications of
Figs. 6 and 7 the variable capacitors 23 and 24
may be of this type. For band spread tuning
their capacity variation range is reduced by
switching relatively small padding capacitors 25
and 26 in series with the capacitors 23 and 24,
respectively. In a typical receiver these padding
capacitors may be of the order of about 30 mi-
cromicrofarads. The addition of a series capac-
itor of this value results in a very non-linear
capacity variation. However, in this case the
resultant capacity variation curve has the oppo-
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quency”’ capacitor. In other words, the region
of slower capacity change occurs with the ca-
pacitors 23 and 24 near their fully closed posi-
tions. A characteristic of this type is represent-
ed by the curve 18’ of Fig. 2. In these modifica-
tions the tuning scales are therefore positioned
progressively nearer the fully closed position of
the capacitors for progressively higher spread
pbands. This will be apparent from an inspection
of Fig. 9 which shows a straight-line indicator
and scale assembly generally similar to that of
Tig. 5 but adapted for use with a circuit of the
type shown in Figs. 6 and 7.

The circuits of Figs. 6 and 7 not only eliminate
the need for a separate band spread gang but
provide somewhat greater spread for the high fre-
quency bands than when the commercial “mod-
ified straight line frequency” type of capacitor
is used in the circuits of Figs. 1, 3 or 4. This
will be apparent from a comparison of the cor-
responding scales of Figs. 5 and 9. The addi-
tion of the series padding capacitors causes the
resultant capacity curve to have a more pro-
nounced non-linearity than the capacity curve of
the variable gang capacitor assembly alone. In
both cases the degree of band spread for all the
short wave bands is considerably greater than
the degree of spread obtained over the same fre-
guency ranges near the high frequency end of
the broadcast band, as will be apparent from an
inspection of Figs. 5 and 9.

Howaver, it will be appreciated that these are
merely effects obtainable with commercially
available gang capacitors, with and without se-
ries padding capacitors. Gbviously any desired
curve of capacity variation for spreading the
higher frequency spread bands either more or
less than the low frequency spread bands may
be provided by simply utilizing capacitors having
suitably shaped plates.

For tuning over the “B,” “C” and “D” bands
in the circuits of Figs. 6 and 7, the band change
switch elements (4a, 15a, and 14D, 150 are moved
{0 their extreme right-hand positions. It will be
observed that the series padders 25 and 26 are
thereby short-circuited and only the main tuning
capacitors 23 and 24 are placed in circuit with
the coils 18 and 1{. The left-hand portions of
the circuits of Figs. 6 and 7 may be identical to
the left-hand portions of the circuits of Figs. 3
and 4, respectively.

1t will be observed that the present capacitors
20a, 2ia and 20b, 2ib are similar to the usual
trimmer capacitors employed to assist in “track-
ing” the tunable circuits of a superheterodyne
receiver. They differ cnly in that their capaci-
ties will be somewhat larger, e. g., the preses
capacitors required for the lower frequency
spread bands may have values approaching those
of the imain tuning capacitor itself. The cir-
cuits of Fig. 7 are therefore generally to be pre~
ferred because the number of component parts
can be reduced to a minimum. The preset
capacitors may be employed not only to “spot”
the short wave spread bands on the band spread
capecitcr but also to assist in aligning the re-
ceiver for operation within these bands. The
band spreading circuits then require, in addition,
only certain switch contacts and connections
and a single series padding capacitor for each
tuned circuit in order to give satisfactory spread-
ing of all bands.

Fig. 8 is a circuit diagram of one form of com-
mercially practicable multi-band superhetero-
dyne receiver embodying my invention. The
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tuning circuits of Fig. 8 are fundamentally the
same as those represented by the simplified dia-
gram of Fig. 7. Corresponding reference nu-
merals have been employed where possible. The
high frequency circuits between the antenna and
the intermediate frequency amplifiers are shown
in detail, whereas the remaining circuits, whose
details are not material to a complete under-
standing of the principles of my invention, are
merely indicated in conventionalized block form.

In this particular receiver the signal-modu-
lated carrier waves are received on the antenna
38 and are converted to carrier waves of the
fixed intermediate frequency in the converter
21 and associated circuits. The remaining por-
tions of the receiver may comprise the usual in-
termediate frequency amplifier 32, second de-
detector and audio frequency amplifier 82, audio
power amplifier 34, and loud speaker 35. The
particular receiver illustrated is arranged to pro-
vide continuous tuning over the “B,” “C” and
“D” bands and band spread tuning over the 31,
25, 19, and 16 meter bands. Fig. 9 represents
the tuning indicator and scale assembly used
with an actual receiver having the circuit ar-
rangement of Fig, 8.

The band change switch in the receiver of Fig.
8 has four sections, 36, 37, 38 and 29. This
switch may conveniently be of the so-called “two-
wafer” type wherein the sections 36 and 37 rep-
resent the front and back portions of one of the
wafers, and the sections 38 and 39 represent the
front and back portions of the other of the
wafers, respectively. = The switch is of the twelve-
Dposition type, each section having twelve station-
ary contacts which have been designated by ref-
erence letters a-I, inclusive. Only seven posi-
tions are utilized in this receiver, corresponding
to the seven scales of Fig. 9. Band switching is
accomplished by the simultaneous rotation of a
bridging member or contact shoe 40 asscciated
with section 28, g contact shoe 41 associated with
section 37, a contact shoe 42 associated with
section 38, and contact shoes 43 and 24 asso-
clated with the section 39. These shoes are
shown in solid outlines to indicate their posi-
tions when the receiver is conditioned for the
reception of stations within the standard broad-
cast or “B” band, and in dashed outlines to indi-
cate their positions when the receiver is condi-
tioned for band spread tuning over the 25 meter
band. For a better understanding of the ar-
rangement and operation of the receiver, the es-
sential circuit connections will be briefly traced
for these two positions of the band change
switch.

Consider first the circuits completed with the
movable elements of the band change switch in
their solid line positions for “B” band tuning.
The antenna to ground circuit extends from the
antenna 39 through conductor 59, contact g of
section 86, shoe 48, contact h, conductor 51, an-

tenna coupling coil 52, and conductor 53 to .

ground. The signal grid to ground circuit for
the converter 8! extends from the signal grid
54 through conductors 55 and 56, contact n of
section 37, shoe 41, contact i, conductors 57 and
58, the “B” band antenna coil and a blocking
capacitor 53 to ground. It will be observed
that the series padding capacitor 25 is short-cir-
cuited through the conductor 56, contact i of
section 37, shoe 41, contact d, and conductor
68. The grid circuit is tuned by means of the
variable capacitor 23. . .
The local oscillation circuits associated with
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the converter 31 may also be traced as follows: A
circuit may be traced from the oscillator grid 70
through conductors 71 and 12, contact 7 of sec-
tion 38, shoe 42, contact 7, conductor 13, a series
“tracking” capacitor 14, conductor 75 and the
“B” band oscillator coil to ground. The cathode
to ground portion of the converter circuit may
be traced from the cathode 76 through conduc-
tor 17, contact ¢ of section 29, shoe 44, contact e,
and conductor 78 to an intermediate tap on the
“B” band oscillator coil, and through the lower
portion of this coil to ground. It will be observed
that the series padding capacitor 26 is likewise
short-circuited through the conductor 12, con-
tact 7 of section 88, shoe 42, contact d, and con-
ductor ¥9. The oscillator circuit is tuned by the
variable capacitor 24, :

The next two switch positions in counterclock-
wise rotation of the band change switch provide
circuit connections for tuning over the “C” and
“D” bands, respectively. The circuits may be
traced for these bands in similar manner and
will not be detailed. It will be noted that when
the receiver is being tuned over the “C” band,
the “B” band antenna coil is connected in the
antenna o ground circuit, and likewise, ‘when
the receiver is being tuned over the “D” band,
the “C” band antenna coil is connected in the
antenna to ground circuit, to provide antenna
coupling in accordance with common practice.
Automatic volume control potentials are supplied
from the second detector 38 over the conductor
89 when operating on the “B” and “C” bands. It
will also be apparent upon inspection that the
shoe 43 of section 39 provides means for short-
circuiting various unused portions of the “B,”
“C” and “D” band oscillator coils as is necessary
to prevent undesirable reaction between them.

Next assume that circuits are completed with
the movable elements of the band change switch
in the dashed line positions so that spread band
tuning may be accomplished over the 25 meter
band. The antenna to ground circuit may be
traced from the antenna 20 through conductor
80, contact g of section 28, shoe 40, contact 4,
conductors 98 and 21, the “C” band antenna, coil,
and blocking capacitor 59 to ground. The signal
grid to ground circuit may be traced from the
signal grid 54 through conductors 55 and 56,
contact 7 of section 871, shoe 41, contact k, con~
ductor €8, and the “D” band antenna coil to
ground. It will be observed that in this position
of the band change switch the contact d of the
section 87 is disengaged from the shoe 41 so that
the padding capacitor 25 in series with the vari-
able tuning capacitor 23 is connected between
the grid 54 and ground. Also the presetting or
“spotting” trimmer capacitor 20b required for
this band is connected in shunt to the series ca-
pacitors 25 and 23 through a circuit which may
be traced from the conductor 56 through contact
h of section 37, shoe 41, contact ¢, and capaci-
tor 200 to ground.

The oscillator grid to ground circuit for the 25
meter band may be traced from the oscillator
grid 18 through conductors T1 and 12, contact &
of section 38, shoe 42, contact %, a series “track-
ing” capacitor 81, and the “D” band oscillator
coil to ground. The cathode to ground circuit
may be traced from the cathode 716 through con-
ductor 71, contact ¢ of section 29, shoe 44, con-
tact 4, and conductor 82 to an intermediate tap
on the “D” band oscillator coil, and through the
lower portion of this coil to ground. Since the
contact d of section 28 of the band change switch
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is disengaged from the shoe 42, the series pad-
ding capacitor 26 is now effectively in series with
the oscillator tuning capacitor 24 across the “D”
band oscillator coil. A circuit for the trimmer
capacitor 21b, which “spots” the 25 meter band
for the oscillator tuning circuit, is also completed
from the conductor 72 through contact h of sec-
tion 38, shoe 42, contact a, and capacitor 21b to
ground.

Tt is believed unnecessary to trace the circuits
for the other short wave spread bands. It will be
observed that the “D” band antenna and oscil-
lator coils are utilized for all of the shor{ wave
broadcast bands within the “D” band. In this
particular receiver it was found unnecessary to
employ additional trimmer capacitors for “spot-
ting” the 16 meter band since the regular “D”
band trimmer capacitors 83 and 84 also per-
formed this “spotting” function for the 16 meter
band.

The simplicity of the receiver illustrated in
Fig. 8 is emphasized by the fact that operation
over three regular frequency bands and four
spread bands may be achieved with a band
change switch of standard type having only two
«ywafers” A band change switch having this
number of “wafers” is not uncommonly used on
many receivers which do not provide any band
spreading. It will be seen that this economy is
secured because, in all of the embodiments of my
invention disclosed herein, grid circuit switching
is performed merely by connecting one terminal
of each of the selected circuit elements to 2 grid.
Thus in the receiver shown in Fig. 8, the shoes
41 and 42 perform all of the switching operations
for the signal grid 53 and cscillator grid 70, re-
spectively.

Tt will now be apparent that I have provided
simple and effective circuits for obtaining prac-
tically any required degree of band spread over
any of the narrow short wave broadcast bands.
As @ further advantage, a minimum number of
circuit elements are required and these need not
be of special design. While I have shown partic-
ular embodiments of my invention, it wiil of
course be understood that I do not wish to be lim-
ited thereto since various modifications may be
made, and I contemplate by the appended claims
to cover any such modifications as fall within the
true spirit and scope of my invention.

What I claim as new and desire to secure by
Letters Patent of the United States is:

1. A turnable circuit having first capacity tun-
ing means capable of being selectively adjusted
to provide a plurality of different capacity values
and variable capacity tuning means arranged to
tune said circuit over a different selected band
of frequencies for each of said values, said vari-
able means including a pair of capacity deter-
mining elements relatively movable in a prede-
termined manner such that equal increments of
movement produce progressively decreasing ca-
pacity variations toward one end of a range of
movement, the total capacity variation over said
range being sufficiently great that sald eircuit
may be tuned over each of said selected bands
by moving said elements over a fraction only of
said range, the capacity values of said first
means being so selected that the fraction of

. Lrd
movement of said variable means required to

cover any one of said bands provides approxi-
mately the same rate of frequency variation as
for any other of said bands.

2. In a resonant circuit structure, first tuning
means providing a plurality of different prede-
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termined capacities, second tuning means con-
tinuously variable over a capacity range, means
for selectively connecting said predetermined ca-
pacities in shunt to said second means whereby
said circuit may be tuned over a plurality of dif-
ferent frequency bands, and movable means ar-
ranged to vary the capacity of sald second
means over said capacity range in such a manner
that the rate of capacity variation progressively
decreases as said movable means approaches a
position corresponding to one end of said range,
each of said predetermined capacities being so
adjusted that there is a point in the range of
movement of said movable means for each of
s2id bands at which the rate of frequency varia-
tion is substantially the same in all of the bands,
said points occurring nearer said end position as
seid bands include higher frequencies.

3. A band spread tuning system for a multi-
band radio receiver comprising, in combination,
tuning means providing at least two different pre-
determined tuning adjustments, vernier means
comprising a variable capacitor having a rotor
and a stator for modifying said adjustments to
provide band spread tuning over at least two dif-
ferent short wave bands, said vernier means pro-
viding a progressively decreasing capacity vari-
ation per degree of rotation of said rotor as one
of its Himits of capacity variation is approached,
the total capacity variation of said vernier
means being sufficiently great that said receiver
can be tuned over each of said bands by moving
said rotor over a fraction only of its capacity
range, said predetermined tuning adjustments
being so selected that the fraction required to
tune said receiver over the higher frequency
hand occurs nearer said limit than the fraction
required to tune said receiver over the lower fre-
guency band.

4. In a band spread tuning system for opera-
tion over at least two widely separated short
wave broadcast bands, the combination compris-
ing an inductance requiring a relatively wide
range of capacity variation to tune it over the
lower of said bands and @& relatively narrow
range of capacity variation to tune it over the
higher of said bands, a single non-linear variable
capacity in shunt to said inductance having a
movable capacity varying element, said capacity
requiring approximately the same amounts of
movement of said movable element to traverse
two portions of its total capacity range, one of
said portions providing said relatively wide range
and the other of said portions providing said
relatively narrow range, and means for selective-
ly pretuning said inductance so that one or the
other of said portions is effective, whereby ap-
proximately the same frequency spread is se-
cured over both said bands.

5. In a multi-band radio receiver adapted for
operation over the broadcast band and also over
2 plurality of widely separated, narrow short
wave bands, a variable gang tuning capacitor
assembly having a tuning range sufficient to tune
said receiver over the broadcast band, each ca-
pacitor of said assembly having a non-linear law
of capacity variation approximating a straight-
line frequency curve, means for utilizing said
capacitor assembly fo tune said receiver over the
broadcast band, means for selectively substitut-
ing groups of predetermined capacities for said
assembly, each of said groups being effective to
tune said receiver to a frequency near one of
said short wave bands, and means for connecting
a capacity combination in shunt to each capacity
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within any selected group for tuning said re-
ceiver over a corresponding short wave band,
each of said combinations comprising one of the
capacitors of saild gang in series with a fixed
capacitor, the values of said fixed capacitors and
groups of capacities being so proportioned that
sald receiver may be tuned over any selected
short wave band by moving said gang tuning
capacitor over a fraction of its total range not
less than that required to tune said receiver over
any frequency range of the same width within
the broadcast band.

6. In combination, a reactance, a variable re-
actance resonating therewith,said variable redct-
ance having a movable element for variation of
the reactance thereof, said reactance varying in
progressively increasing increments per liinear
unit of movement of said element from one end
-of its range of movement to the other, the fre-
quency of resonance varying with movement of
said element over a wide range including a num-
ber of non-contiguous narrow ranges, the change
in frequency of resonance with said movement
being too rapid for accurate adjustment in said
narrow ranges, a plurality of additional react-
ances both corresponding to one of said ranges,
and means selectively to connect said additional
reactances in circuit with said first reactance to
reduce the frequency change per unit of move-
ment of said element, each of said additional
reactances being so proportioned that said ele-
ment varies the frequency of resonance over a
range including one of said non-contiguous nar-
row bands and such that said narrow bands are
traversed by movement of the element through
the respective parts of its total range of move-
ment where the rates of change of frequency of
resonance per unit of movement are equal in the
different non-contiguous bands.

. The combination, in a radio receiver tun-
able over a broadcast band of frequencies, a
shortwave band, and a plurality of spread bands
lying in said short wave band, all by movement
of a single main tuning reactance element, of
a plurality of parallel scales, one scale for each
of said bands of frequencies, an index member
movable along all of said scales with movement
of said main tuning element, a plurality of fixed
reactances, one for said broadeast band and one
for said short wave band, and means selectively
to connect said fixed reactances to said main
tuning reactance in accordance with the band
over which tuning is desired, and plurality of
band spread reactances, one for each of said
spread bands, and means selectively to connect
said spread band reactances in circuit with said
fixed reactance for said short wave band to re-
duce the tuning change produced by movement
of said main tuning element, said spread band
reactances being so proportioned that a unit of
length of said scales corresponding to said spread
bands represents 3 frequency change not greater
than the frequency change represented by an
equal unit of length of the scale for the broadcast
band.

8. The combination, in a radio receiver tun-
able over a broadecast band of frequencies, a
shortwave band, and a plurality of spread bands
lying in said short wave bands, all by movement
of a single main tuning reactance element, of a
plurality of parallel scales, one scale for each of
said bands of frequencies, an indeX member mov-
able along all of said scales with movement of
said main tuning element, a plurality of fixed
reactances, one for said broadecast band and one
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for said short wave band, and means selectively
to connect said fixed reactances to said main
tuning reactance in accordance with the band
over which tuning is desired, said main tuning
element having reactance varying at a progres-
sively increasing rate with movement from one
end to the other of its range of movement, and
means to produce a plurality of band spread re-
actances of different value, one value for each of
said spread bands, in circuit with said fixed re-
actance for said short wave band to reduce the
tuning change produced by movement of said
main tuning element, said spread band react-
ance values being so proportioned that the vari-
ation of tuning produced by movement of said
main tuning element varies over different ranges
corresponding to the respective band spread re-
actance value, each range including one of said
spread bands, and such that said spread bands
fall at a point in the range of movement of the
main tuning element where g unit of movement
produces equal tuning variation in all spread
bands and in said broadecast band.

9. The combination, in a radio receiver tun-
able over a broadcast band of frequencies, a
short wave band and a plurality of spread bands
lying in said short wave band, all by movement
of a single main tuning element, a plurality of
fixed reactances respectively for said broadeast
and short wave bands, and means selectively to
conmect said fixed reactances to said main tun-
ing reactance in accordance with the breadcast
or short wave band desired, said main tuning re-
actance element having reactance varying at a
brogressively increasing rate with movement
from one end to the other of its range of move-
ment, and a plurality of band spread reactances
one for each of said spread bands and means
selectively to connect said spread band react-
ances in circuit with said fixed reactance for
short wave band to reduce the tuning change
pbroduced by movement of said main tuning ele-
ment, said spread band reactances being so pro-
portioned that variation of said main tuning ele-
ment varies the tuning over different frequency
ranges, each range including one of said spread
bands and said spread bands falling at points in
the movement of said funing element whereby
adjustment of the frequency of resonance by ad-
justment.of the main tuning element is sub-
stantially equally eritical in all spread bands and
equal to that in the broadeast band.

19. The combination, in a radio receiver, tun-
able over the broadcast, band, a short wave band,

- and a spread band, all by movement of a single

variable tuning reactance element, the reactance
of which varies at a progressively increasing rate
from one end to the other of its range of move-
ment, of a plurality of fixed reactances corre-
sponding respectively to said broadcast band and
short wave band, means selectively to connect
said fixed reactance in circuit with said variable
reactance for tuning over the respective broad-
cast or short wave band, a band spread reactance,
and means to connect said band spread reactance
in circuit with said fixed reactance for said short
wave band to narrow the range of frequencies
over which tuning is varied by movement of said
element, said band spread reactance having such
a value that said spread band falls in said nar-
rowed range and also falls at 3 point in the
movement of said element where the rate of
tuning variation with movement substantially
equals that in the broadecast band. -

11. In combination, a fixed reactance resonat-
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ing with two reactances both in parallel there-
with, one being fixed and the cther variakle, said
variable reactance varying the frequency of said
resonance over a plurality of frequency bands,
said variable reactance having an element mov-
aple through a range to produce progressively
increasing changes in said reactance, and each
of said bands corresponding to different respec-
tive portions of said range of movement of said
element, means to select that one of said plural-
ity of frequency bands over which resonance is
to occur solely by changing the value of said
second mentioned fixed reactance, and the values
of said second mentioned fixed reactance for the
different frequency bands being so proportioned
that equal movements of said movable element
in gdifferent portions of its total range of move-
ment preduce equal changes in frequency of res-
onance in all of said bands by reason of the dif-
ferent rates of change of said variable reactance
in said different portions of said total range of
movement of said element.

12. In combination, a fixed reactance resonat-
ing with two reactances both in parallel there-
with one fixed and one variable, said variable
reactance having an element movable for varia-
tion thereof to vary the frequency of said res-
onance, the linear movements of said element
producing non-linear variation of said variable
reactance, means to vary the value of said fixed
reactance thereby to cause the frequency of res-
onance of said reactances to vary over different
frequency bands, solely by changing the value of
said second fixed reactance, sald different bands
being traversed by movement of said element
through different non-contigitous portions of its
total range of movement, and the values of said
second fixed reactance corresponding to said dif-
ferent frecuency bands being so proportioned
that equal increments of mevement of said mov-
able element produce egqual changes in the fre-
quency of resonance in all of said non-contiguous
bands.

13. In combination, a fixed reactance, & vari-
able reactancs resonating therewith, a movable
element variable to vary said variable reactance
to change the frequency at which resonance oc-
curs over a wide range, & plurality of parallel
seales, an index member movable along said

aales from end to end as said movable element
varies through its range of mevement, and one
of said scales corresponding to said wide fre-
quency range and other of said scales having
portions thereof corresponding to non-contigu-
ous minor portions of said one scale, and means
selectively to connect additional fixed reactances
in shunt with said first fixed reactance, one of
said fixed reactances being so connected for each
of said minor portions of said one scale, said
fixed reactances having such values that a unit
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caid other
the same
and to a
equal unit

of length of any of said portions of
scales corresponds to substantially
change in frequency cof resonance,
smaller change in frequency than an
of length of said one scale.

14, In combination, an inductance, a variable
condenser resonating therewith and having a
rotor movable to change the capacity of said con-
denser, said capacitance varying at a progres-
sively increasing rate with movement of said
rotor through its range of movement, an index
cooperating with a plurality of parallel scales
and movable through the length of all of said
scales simultaneously with movement of said
rotor through its range, one of said scales cor-
responding to a frequency range too wide for
accurate adjustment of said condenser for res-
onance abt desired frequencies therein, a plu-
rality of fixed condensers, each corresponding to
one of the other of said scales, and means se-
lectively to connect said fixed condensers in par-
allel with said inductance, said condensers hav-
ing such values that the resonance of said in-
ductance, variable condenser and respective
fixed condenser is varied by movement of said
rotor through different respective portions of its
total range of movement to an extent per incre-
ment of movement substantially equal in all of
sald portions of its range and each of said por-
tions of its range having a corresponding cali-
bration on a respective one of said other scales.

15. The combination, in a radio receiver tun-
able over a broadcast band of frequencies, a
short wave band, and a plurality of spread bands
lying in said short wave band, all by movement
of a single main tuning reactance element, of a
plurslity of parallel scales, one scale for each of
said bands of frequencies, an index member
movable along all of said scales with movement
of said main tuning element, a plurality of fixed
reactances, one for said broadeast band and one
for said short wave band, means selectively to
connect said fixed reactances to said main tun-
ing reactance in accordance with the band over
which tuning is desired, mesans selectively pro-
viding reactance having different desired values,
one value for each of said spread bands, and
means selectively to connect thz reactance of
said last means in circuit with said fixed react-
ance for said short wave band to reduce the tun-
ing change produced by movement of said main
tuning element, said spread band reactance
values being so proportioned that a unit of length
of said scales corresponding to sald spread bands
represents a frequency change net graater than
the frequency change represented by an equal
unit of length of the scale for the broadcast
band.

CHARLES S, ROOT.



