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RADIOTRANSMITTING AND RECEWING 
SYSTEM 

Frank M. Davis, Cedar Rapids, Iowa, assignor to 
Collins Radio Company, a corporation of Iowa. 

Application February 28, 1944, Serial No. 524,205 
(C. 250-13) Claims. 

This invention, relates to a radio transmitting 
and receiving system, and more particularly to 
a system ensuring transmission and reception on 
the Same frequency. 
One feature of this: invention is that it pro 

vides an improved radio transmitting and re 
ceiving system; another feature of this invention 
is that a single tuning means effects, coordinated 
selection of a desired selected frequency in both 
the transmitting, and receiving portions of the 
system; still another feature of this invention is 
...that transmission ... and reception take place on 
the same frequency despite any variation of os 
ciliator frequency from its calibrated frequen 
scies; yet another feature of this invention is that 
the system is readily tunable to any desired fre 
quency in any of a plurality of frequency ranges; 
and a further feature of this invention is that an 
intermediate frequency amplifier tunable Over 
only a single band is adapted to be operative for 
reception in any of the frequency ranges. Other 
features and advantages of this. invention. Will 
be apparent from the following specification and 
the drawings, in which: 

Figure 1 is a block diagram of a system, em 
bodying my invention; and Figure 2, comprising 
the portions 2a and 2b, is a circuit diagram of 
ran operable embodiment of a transmitting and 
receiving system corresponding to the diagram 
of Figure. . 
Two-way radio communication is becoming of 

increasing importance, and under many circum 
stances it is desirable to have the transmitting 
and receiving equipment tunable over a desired 
frequency range, or a plurality of frequency 
ranges. Under such conditions the transmitted 
frequency cannot be crystal controlled, but must 
have a frequency-controlled by a tunable oscil 
lator tank circuit. Despite the greatest care in 
design and construction, an oscillator tank cir 
cuit undergoes frequency changes as the result of 
its exposure to variations in temperature, humid 
ity, etc., and this makes it difficult to determine 
accurately, by any system of dial calibration, the 
frequency being transmitted or received, par 
ticularly in the higher frequency bands, as those 
used in aircraft Work. 
I have devised and am here disclosing a single 

control radio transmitting and receiving System 
wherein transmission and reception on the same 
frequency are ensured. This enables an opera 
tor. to tune in on another station- which is trans 
mitting, and then to go on the air himself as soon 

2 as the other station ceases transmission with full 
assurance that his signalis. On the Same frequency 
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as that on which the other station Was trans 
mitting, regardless of the setting of his tuning 
dial or the accuracy of its calibration. The sys 
tem which I am here disclosing and claiming is 
a. Variation of and an improvement on - a System. 
for achieving the desired result by displacement 
of the oscillator frequency a given percentage, 
the broader idea, being the subject matter of a co 
pending application of Arthur A. Collins, Serial 
No. 524,204, filed Feb. 28, 1944. The desired re 
Sult of transmitting and receiving on the same 
frequency by a single-control arrangement may 
also be secured by other systems which are the 
subject matter of other copending applications 
of myself and of Melvin L. Doelz, Serial. No. 
548,978, filed August 11, 1944, and Serial No. 
524,206, filed February 28, 1944, respectively, my 
other said application containing broad claims 
generic to the Systems shown in this and all of 
the other above-mentioned applications. 
My system comprises, as its principal elements, 

Wave generating means variable over a plurality 
of predetermined frequency ranges, as a tunable 
oscillator with associated frequency multiplying 
means; means for amplifying and transmitting 
waves of a selected frequency in any of said 
ranges; means for displacing the frequency of 
the Waves by predetermined given percentages 
(rather than by a given frequency), these per 
Centages having a certain ratio to the multipli 
cation factor thereafter used; and a super-heter 
odyne receiving system having an intermediate 
frequency amplifier tunable over a certain band, 
tuning of the oscillator and the intermediate fre 
quency amplifier being "ganged' or coordinated 
by operation of a single tuning control, and the 
displaced waves serving as the local heterodyn 
ing waves for the receiving System. When one 
has ceased transmitting, rendering the displac 
ing means and System operative Without touch 
ing the tuning control ensures reception on the 
exact frequency being previously transmitted; 
and conversely, when one has finished receiving 
another signal, switching to transmission ensures 
sending on the exact frequency of the signal pre 
viously heard, regardless of any differences be 
tween actual oscillator frequency and dial setting. 
While I am terming the System disclosed here 

a 'single-control System' it will be understood it 
is meant that there Would be only a single tuning 
control for both the transmitting and receiving 
portions of the System, which would normally 
be housed in a single cabinet. In addition of 
course, there would be a band switch, antenna, 
coupling and loading controls, an on-off switch or 
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several of such switches, and generally a man 
ual volume control for the receiving portion of 
the System. The SWitch-over from transmission 
to reception would normally be effected by a key 
ing relay, or by a push-button-operated relay as 
sociated with the microphone of the transmitter. 
With a system of this kind, no matter how in 
experienced the operator may be, once he finds 
and hears a given station (whether it be another 
airplane, a ground station, or the like) he is sure 
to be able to talk to it, sure to be on the fre 
quency to which the receiver of that other sta 
tion is tuned. Another advantage, claimed in one 
of the other co-pending applications (my appli 
cation Serial No. 548,978, filed August 11, 1944), 
is that the same antenna tuning and loading cir 
cuit may be used for coupling both the transmit 
ter and receiver to the antenna, so that the an 
tenna, can be tuned during reception, without 
breaking radio silence, with assurance that trans 
mission will be at or very near maximum possible 
power without loss of time for adjustment of the 
antenna tuning and loading controls after trans 
mission has been started. 
In the particular embodiment of my system 

illustrated here, and referring first more particu 
arly to the block diagram, Figure 1, a tunable 
oscillator A delivers its output to a first multiplier 
B, this output being delivered in turn to a sec. 
ond multiplier C, these comprising means for 
generating waves of any desired frequency in any 
of a plurality of bands, the multipliers being 
adapted to provide an output Which bears a rela 
tion to the oscillator output, resulting from mul 
tiplication by a factor of anything from unity up 
to about 20. The output of the multiplier C is 
connected to the movable element of a two-posi 
tion switch. C' (shown in the transmitting posi 
tion in dotted lines and in the receiving position 
in solid lines), being delivered to the power am 
plifier D during transmission. The amplified car 
rier Wave is modulated in conventional manner 
by a modulator here identified as E. The modul 
lated output of the power amplifier is connected 
through another switch D (in its transmitting 
position) to the tunable antenna, tank and load 
ing network F, this being in turn connected to 
the antenna, and to ground. This arrangement 
comprises a conventional tunable transmitting 
system. 
The oscillator has associated With it another 

transmission-reception Switch A adapted to con 
nect another fixed reactance element into the tank 
circuit of the oscillator and to disconnect it there 
from, to displace the frequency of the oscillator 
a desired percentage. In this particular system, 
illustrated as designed for use on four bands, any 
of four fixed condensers (determined by the band 
switch A') is thrown into or out of circuit, as 
desired, by the SWitch A. The transmission-re 
ception switches throughout the System, as the 
switches A, B' and C', are ganged so that they 
operate in Synchronism, generally by a relay op 
erated by the closing of a single contact. The 
movable elements of these three switches stand in 
the position shown in Solid lines for reception, 
and move to the position shown in dotted lines for 
transmission. 
When the system is switched from transmission 

to reception, Without touching the tuning control, 
the operation of the displacing SWitch. A causes 
the frequency of the oscillator to be displaced a 
certain percentage determined by the band switch 
operative. For example, the displacement con 
denser used on the first band might have such a 
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relation to the fixed condenser in the oscillator 
tank circuit as to result in a frequency displace 
ment of 10%; that used in the second band might 
provide a displacement of 5%; that in the third 
band, a displacement of 3%%; and that in the 
fourth band, a displacement of 2%. With the 
transmission-reception Switches set for reception, 
the output of the multiplier C is delivered to the 
tunable filter G, which is turned to and designed 
to pass only the displaced frequency; the antenna, 
and its associated network are connected through 
the switch D' to the input of the radio frequency 
amplifier H; and the output of this amplifier H 
is delivered to the mixer or first detector stage J 
Where the displaced wave from the wave gen 
erating means, delivered through the tunable fil 
ter G, serves as the local heterodyning Wave to 
beat the incoming signal down to an intermediate 
frequency. The reduced frequency signal is de 
livered to the tunable intermediate frequency am 
plifier K and then passes through a second de 
tector T, and an audio amplifier M, where it is de 
livered to Some translating means, as earphones, 
not shown, 

In any particular band or frequency range, 
the difference between the desired incoming sig 
nal and the displaced frequency wave delivered 
to the mixer J varies (in the sense of absolute 
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frequency) as a result of variations in the fre 
quency of the Wave generating means. That is, 
the Same percentage displacement results in a 
greater frequency difference at the upper end of 
the Oscillator tuning range than at the lower end, 
Which in turn results in the frequency of the beat 
note; and to take care of this intermediate fre 
quency variation, the intermediate frequency am 
plifier is made tunable. As illustrated in the 
block diagram, the tuning controls of all of the 
tunable portions of the system are ganged. The 
ganging and tracking of the intermediate fre 
quency, amplifier tuned circuit with the oscillator 
tuned circuit may be done accurately, the circuits 
being of the same type, and there not being the 
problems present in accurate tracking of fixed 
frequency displacement arrangements, where 
tracking is usually accurate at only two or three 
points. The various tuned circuits are provided 
With different fixed reactance elements adapted 
to be switched in when different bands are to be 
covered, of course, the coordination being effect 
ed by tracking of the variable reactance elements, 
and not being lost or disturbed by the addition 
and Subtraction of fixed reactances of the oppo 
Site character. 

For the purposes of this description it will be 
assumed that the oscillator A is so designed as 
to be variable over a range of 1,000 to 1,500 kc. 
during transmission; and that operation of the 
frequency displacing switch. A results in the os 
Cillator tuning through a different band during 
reception, a band displaced by a percentage de 
termined by the particular frequency range or 
band on which the set is operating at that time. 
In this regard, it will be understood that the word 
"displacement' is intended broadly to cover either 
an increase or a decrease of frequency through 
out the range, and that it can be accomplished 
by removal or addition of fixed reactance to the 
tank circuit. For convenience of description, the 
frequency used for transmission is being termed 
the “initial' or “desired' frequency, and the dif 
ferent frequency used for local heterodyning pur 
poses is being termed the “displaced' frequency. 

If One multiplier is doubling and the other 
merely passing the signal with a unity multipli 
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cation factor, transmission may be on any select 
ed frequency in the range of 2,000 to 3,000 kc., 
determined by the setting of the tuning control; 
and for purposes of illustration, it may be as 
3sumed that a signal is being transmitted on 2,000 
jkc. On this first band the additional condenser 
used in conjunction - with the larger: fixed Con 
denser in the tank circuit of the Oscillator may 
have: a value. Such that operation of the displac 
ling Switch. A causes the oscillator frequency to be 
a displaced 10%, so that: at the lower-end of the 
band, where the tuning control is set, the oscil 
ilator frequency is displaced from 1,000 kc. to 
1,100.3 kc. In the particular system here being 

a disclosed, I use a wave which is a different mul 
Stiple for reception than for transmission, "pref 
serably one multiple different. In the case of the 
first band or frequency range of the System being 
described, the multiplication : factor used for 
'transmission would be. 2, while that used for re 
sception: Would be 1, the displaced Oscillator fre 
"quency being used directly, as ther local hetero 
"dyning Wave. 

It will be recalled that transmission was at a 
:frequency of 2,000 kc. ... Without disturbing the 
tuning controls, throwing, the Set Over to receiv. 
sing : causes displacement: of the oscillator fre 
...quency to 1,100 kc.; and when this wave is de 
livered to the 'mixer of the Super-heterodyne re 

... ceiving portion of the System and beat against a 
2,000 kc. incoming, signal, the resultant is a 900 

- kc. intermediate frequency. At the upper end of 
...the: range of the Oscillator: the transmitted fre 
quency. Would be 3,000 kc., the displaced or local 
heterodyning frequency 1,650 kc., so that the in 

"Etermediate frequency would be 1,350 kc. That is, 
a the intermediate frequency amplifier of the 're 
: ceiving portion of the system must be made tun 
able over a band from 900 to 1,350 kc., in this par 

...ticular case. Other undesired signals of an ini 
tial frequency such that they would beat to...this 

'; same intermediate frequency would be eliminated 
- by the tuned circuits in the radio frequency por 
tions of the receiving system, in accordance with 
general practice, so...that the frequency received 
would be exactly, the same as that transmitted. 
This is merely a function of the proper setting 

2 and tracking of the various circuits of the set, 
... Something which can be done during manufac 
...turing : Or in Service and maintenance depots, 
and the operator is always, assured that he is 
transmitting and receiving on the same frequen 
cy, whether or not temperature or other variables 

...cause that frequency to be different from the fre 
is quency indicated by his tuning dial. 

: Four representative bands of frequency ranges, 
is and the oscillator and multiplier output frequen 
icies, are shown in the following table: 

Percent Oscillator Multiplier Ingrine 
Band frequency displace- output frtiey 

1 trans--------- 3:68) 10 KS3) 900-1,350 
1,000-500 3,000-4500 50-5ii } 5 { Si63,iii. 900-1,350 

Esi :::::::8: 84.333). 900-1,850 
4trans--------- ,000-500 6,000-9,000 4 rec----------- 1636-1536 } 2 { i06-7,656 } 900-1,350 

It will be noted that the ratio of the percentage 
displacement used in various bands is the recip 

a rocal of the ratio of the multiplication factor 
used for the local heterodyning wave; and this 
nultiplication factor is different from that used 
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: ceratages of displacement in the different bands 

6 
plication factor in the second band (for the 
local heterodyne Wave) is 2 while that for the 
first band is 1; and 5% displacement is used in 
the second band as compared with 10% in the 
first band. This results in the same absolute fre 
quency shift or displacement of the waves at any 
given point of the oscillator turning band, in the 
various frequency ranges. This in turn, results 
in the difference between the local heterodyning 
wave and the desired signal frequency being the 
same in each of the different bands, as a glance 
at , the figures listed under “intermediate fre 
quency' will show. Accordingly, although the 
intermediate frequency amplifier must be made 
tunable, it and the Oscillator are always tunable 
OVer the same band, their ranges are the same 
(1.5/1), and no band switching is necessary. in 
either of these tuned circuits and they are easily 
ganged and tracked. Obviously, a different mull 
tiple would not have to be used for the local 

... heterodyne waves, but the same multiple could be 
used and the percentage ratio SO chosen that the 
intermediate frequency bands still need only be 
tunable. Over a single range. 
displacement and doubling:Were used for the local 

For example, if 10% 

heterodyne Waves in the first band, this would 
... provide. a multiplier output of 2,200-3,300 kc., 
- Which would require an intermediate frequency 
amplifier tunable from 200-300 kc. It would 

r then be necesa Sry to use a 6%% displacement in 
the Second-band which, with tripling, would give 

... a local heterodyining frequency of 3,200-4,800 kc., 
or again an intermediate froquency of 200-300 

In any event, the ratio of the various per 

should be the reciprocal of the ratics of the mull 
tiplication factors used for the local heterodyning 
Waves in Order to use a single intermediate fre 
qllency amplifier tuning band. 

Referring. now more particularly to the circuit 
diagram of Figure 2 (comprising portions. 2a and 
2b), the portions coirresponding to the various 
rectangles of the block diagram of Figure 1 are 
Similarly lettered. The oscillator A is shown as 
comprising a tube (), which may be tube type No. 
12SJ, having a tank circuit comprising a perme 
ability tuned variable inductance f f, a fixed con 
denser 2 permanently in circuit, and additional 
fixed condensers f3a-d adapted to be connected 
to or disconnected from the tank circuit in ac 
cordance with the position of the displacing 
SWitch A and the band switches associated. With 
each condenser. Merely for trimming purposes, 
another fixed condenser f3e of small capacity is 
in shunt. With the main condenser f2 when the 
SWitch A' is in its upper or transmitting position. 
It Will be understood that the condensers f3a-d 
are S0 proportioned that, in combination." With 
the condenser 2, they give the desired displace 
ment (on their respective bands) from the fre 
quency generated by the combination of the coil 

and the condensers f2 and 3e. Since these 
fixed condensers may all be of the same type and 
general character, temperature or other variables 
Will affect them similarly, and the percentage dis 
placements will always stay the same under op 
erating Conditions. While the various tuned 
tank circuits throughout the system are shown 
as having fixed condensers (fixed except for such 
slight variations as may be desirable for trim 
ming) and variable inductances, it will be under 
stood that the principles are equally applicable 
to circuits where the inductances are fixed and 
tuned by variable condensers, displacement being 

- for transmission, generally one less. The multi- 75c effected in either case by a small fixed reactance 
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of the same character as the main fixed re 
actance. 
The output of the oscillator is coupled to the 

first multiplier, here shown as comprising the 
tube 4, which may be tube type No. 12A6, and 
its tuned circuits. The two turning combina 
tions both employ the single variable or tunable 
coil 15 having selectively associated thereWith 
two sets of fixed condensers 6a-d and Tb-d. 

. During transmission one of the condensers 6d-d 
(depending upon the position of the band 
switch associated with them) is in Shunt. With 
the coil 5, while during reception a direct 
connection (on the first band) or a . Sini 
lar one of the condensers f is used to provide 
(with the same setting of the coil 5) a tank 
circuit tuned to the displaced frequency. The 
output of the multiplier B is delivered to the mul 
tiplier C comprising the tube 8 and another sini 
lar arrangement of tuned circuits, band Switches, 
transmission-reception switches, etc. These are 
here identified as comprising the tunable coil 9 
and the cooperating sets of condensers 20 and 2. 
As before a direct connection or an appropriate 
one of the condensers 20 is associated With the 
coil 9 during transmission. When this second 
multiplier is operative; and a direct connection or 
an appropriate one of the condensers 2 is a S 
sociated with the coil. When the displaced waves 
are being delivered, this latter tuning combina 
tion providing the tunable filter for delivering the 
displaced local heterodyning Waves to the mixer. 
While the band switches and transmission-recep 
tion SWitches are distributed throughout the cir 
cuit diagram in Such a Way that, as is the Case 
with the tuned coils, it Would be difficult to 
show that they are ganged, it would be under 
stood that the band SWitches and the transmis 
sion-reception switches are ganged or coordi 
nated, just as the tuning of the Various tunable 
coils throughout the System. 
When transmitting, the output of the multi 

plier section of the System is delivered to the 
power amplifier here shown as comprising the 
tubes 22 and 23, which may be of tube type No. 
1625, and which would in commercial practice 
be preceded by a driver stage and possibly also a 
pre-amplifier stage, these being Omitted here for 
simplicity. The Space current in these tubes 
would be modulated by waves derived from the 5 
modulating portion of the System, ShoWin in the 
upper right-hand half of the sheet identified as 
Figure 2b. This is here shown as Comprising a 
jack 24 adapted to have a microphone or keying 
means connecting thereto, this being coupled to 
a driver tube 25, which may be tube type No. 
12A6 tube (and which in practice Would generally 
be preceded by a pre-amplifier tube) in turn 
transformer coupled to modulator tubes 26 and 
27, which may of tube type No. 1625, the output 
of these modulator tubes affecting both the Screen 
and plate Voltages of the power amplifying tubes 
22 and 23, through the wires c and d. The wire 
a carries the positive plate supply Voltage for the 
receiving portion of the System, and the wire b 
provides the connection between the multiplier 
tunable filter circuit output and one of the grids 
of the mixer tube in the Super-heterodyne receiv 
ing portion of the System. 
The modulated output of the power amplifier 

is delivered, when the SWitch D' is in its upper or 
transmitting position, to the antenna, tank circuit 
comprising the condenser 28 and the variable in 
ductance 29. This is coupled, where it is to be 
used with a short antenna, to antenna, loading 
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8 
means here shown as comprising a tapped coil 30 
and a variometer 3, the terminal 32 being adapt 
ed to be connected to the antenna. 
When the System is thrown over to receiving, 

the antenna, tank circuit is connected, as shown 
in the drawings, through the Wire f to the signal 
grid of the radio frequency amplifying tube 33, 
which may be tube type No. 12SK7 tube, plate 
Supply for the Super-heterodyne receiving SyS 
ten being then provided by a connection through 
the plate-Supply change-over switch... N, ganged 
With the other transmission-reception SWitches. 
The input of the radio frequency amplifier is, of 
course, tuned by the tank circuit here shown as 
associated with the antenna. The output is 
tuned by a tank circuit comprising the Variable 
inductance 34 and the appropriate one of the 
condensers in the Set 35, according to the posi 
tion of the band Switch. m 
The output of the radio frequency amplifying 

arrangement is coupled to one of the grids of the 
mixer tube 36; while another grid of this tube 
is Supplied. With the local heterodyning or dis 
placed Waves derived from the Wave generating 
means comprising the OScillator and multipliers, 
these waves being delivered through the wire b, 
as previously mentioned. The mixer, in accord 
ance With conventional practice, beats the signal 
frequency down to intermediate frequency which, 
in the case of the sets of facts assumed above, is 
in the band comprising 900-1,350 kc. 
This intermediate frequency output is deliv 

ered to an intermediate frequency amplifier K 
here shown as comprising the tube 37, which may 
be tube type No. 12SK7 tube, it being understood 
that in commercial practice at least two similar 
stages of Such intermediate frequency ampli 
fication Would be used in cascade, one such stage 
being Omitted from this circuit diagram for sim 
plicity of illustration. In accordance With con 
Ventional intermediate frequency amplifier prac 
tice both the inputs and outputs of a transformer 
Coupling arrangement are tuned; but, contrary to 
normal practice, these coupled tuned circuits are 

5 tunable over a band, as the 900-1,350 kc. band 
aSSumed. The input side of the intermediate fre 
quency coupling arrangement is here shown as 
comprising the tunable coil 38 and the condensers 
39, 40 and 4, this latter condenser being com 
mon With the output tank circuit of the arrange 
ment, comprising the other condensers 42 and 43 
and the tunable coil 44. 
The output of the tube 3 is delivered through 

- a fixedly tuned band pass arrangement, here 
5 identified in general as 45, designed to pass a 

900-1,350 kc. band, to a detector, beat-fre 
quency-oscillator tube 46, which may be tube 
type No. 12SR7. The two anodes are connected 
together to achieve the desired detection func 
tion, while the additional grid and plate ele 
ments cooperate With the cathode to provide a 
beat frequency oscillator when desired, this be 
ing turned off by opening the on-off switch 47 
When Voice is being received. The audio output 
of the detector tube 46 is delivered to an audio 
amplifying tube 48, which may be tube type No. 
i2SK7, the output of this tube being here shown 
as delivered to a jack 49 which is adapted to be 
connected to any desired translating device, as 
earphones. In practice it Will be understood 
that the tube 48 would normally be followed by 
at least one additional power stage of audio alm 
plification. 
An operative circuit of the character described 

and-for, the bands and frequency ranges preWi 
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ously assumed, might have the oscillator induct 
ance if variable from:11-225 microhenries; the 
multiplier, antenna tanks circuit, and mixer in 
ductances; 5, 9, 29 and 34 variable from 6.2-14. 
microhenries; and the intermediate frequency 
primary and secondary inductances variable 
from 175-490 microhenries: Under these cir 
cumstances, the oscillator tank circuit principal 
condenser 2 might have a capacity of 800 mi 
Crosmicrofarads, and the condenser f3e (asso 
ciated with it during transmission only), a capac 
ity of 200 micro-microfarads; while the con 
densers 3a-dmight have: capacities, for the 
bands assumed, of 28, 110; 125 and 160 micro 
microfarads. The condensers Sa-d in the in 
put of the first multiplier might have a capacity 
of 450, 200, 112 and 50 micro-microfarads; and 
these same values might be used for the sets of 
condensers 28 and 35; while the condensers 
20b-d would have values corresponding to the 
condensers 6b-d. The condensers fib-d and 
2b-d might have values of 163, 92 and 41 
micro-microfarads, respectively; while the con 
densers 39-43, in the tuned portion of the in 
termediate frequency amplifier, might have val 
ues of 80, 8,000, 10,000, 80 and 8,000 micro 
microfarads. 
Other circuit constants would be of conven 

tional value for the particular tubes used. The 
coupling condensers between the tubes to and 

and between the power amplifier tubes and 
the antenna tank circuit might be .002 micro 
farad; coupling condensers between the multi 
plier tubes and between the tube 18 and the 
power amplifier, and those associated with the - 
tubes. 33 and 36 might be..001 microfarad ; while 
that coupling the detector tube 46 to the tube 
48 might be .1 microfarad, and that at the input 
of the oscillator tube 100 micro-microfarads. 
The by-pass condensers in the transmitting and 
receiving portions of the system might all be 
-002 microfarad, except the condenser in the fila 
ment circuit of the tube, 48, and those associated 
With the filaments of the driver and modulating 
tubes: 25, 26 and 27, which would preferably be 
in the neighborhood of 20 microfarads. The 
Screen grid resistors in the multipliers and power 
amplifier would generally be 10,000 or 20,000 
ohns; the grid leak resistors in the oscillator, 
multiplier, and audio amplifier tubes about 50,000 
Ohms; that used with the driver tube 25 about 
% megohm; that used with the tube 33 about 
negohn; and those associated with the Signal 
grid of the mixer and intermediate amplifier 
tubes from 100,000 to 500,000 ohms. The screen 
grid resistors used in the receiving portion of the 
System would preferably be of a higher value 
than those used in the transmitting portion, and 
appropriate to the tubes employed, as for ex 
ample 100,000 ohms, while the cathode resistors 
Would be from 200 to 500 ohms depending upon 
the tubes and the desired cathode biasing in 
each portion of the circuit. The other circuit 
elements not specifically described would follow 
Conventional practice in connection With the 
types of tubes named in circuits for the purposes 
shown here. 
While I have shown and described certain em 

bodiments of my invention, it is to be under 
Stood that it is capable of many modifications. 
Changes, therefore, in the construction and ar 
rangement may be made without departing from 
the Spirit and scope of the invention as disclosed 
in the appended claims. 
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I claim: 
1. Radio apparatus of the character described, 

including: Wave generating means variable over 
each of a plurality of predetermined frequency 
ranges; means for amplifying and transmitting 
waves of any Selected frequency in any of said: 
ranges; means for displacing the frequency of 
the waves different given percentages of the 
selected frequency in the different ranges; and a 
Super-heterodyne receiving system having an 
intermediate frequency amplifier tunables over a 
certain band, a mixer delivering its output to ther 
intermediate : frequency amplifier, means for 
coordinating the variation of the generating 
neans with the tuning of the intermediate fre 
quency amplifier, and means for connecting said 
mixer to said generating means, whereby the dis 
placed Waves serve - as the local heterodyning 
Waves for said receiving system: 

2. Radio apparatus of the character described, 
including: Wave generating means variable over 
each of a plurality of predetermined frequency. 
ranges; means for amplifying, and transmitting 
waves - of any selected frequency in any of said. 
ranges; means for displacing the frequency of 
the waves different given percentages of the 
selected frequency in the different ranges; and a 
Super-heterodyne receiving system having an 
intermediate frequency amplifier tunable-over a 
certain band, a mixer delivering its output to the 
intermediate frequency amplifier, means for co 
ordinating the variation of the generating means 
with the tuning of the intermediate frequency 
amplifier, and means for connecting said mixer 
to said generating means, whereby the displaced 
Waves serve as the local heterodyning Waves for 
said receiving system, the displacement per 
centages being so selected that, in all said ranges, 
the difference between the selected frequencies 
and ther local heterodyning frequencies is the 
Sane and corresponds to the band over which 
the intermediate frequency amplifier is tunable. 

3. Radio apparatus; of the character described, 
including: Wave generating means variable over 
each of a plurality of predetermined frequency 
ranges; means for amplifying, and transmitting 
Waves of any selected frequency in any of said 
ranges; means for displacing the frequency of 
the waves different given percentages of the se 
lected frequency in the different ranges; a Super 
heterodyne receiving System having an inter 
mediate frequency amplifier tunable over a cer 
tain band, a mixer delivering its output to the 
intermediate frequency amplifier, and means for 
coordinating the variation of the generating 
means with the tuning of the intermediate fre 
quency amplifier; and selectively operable means 
for connecting the wave generating means to the 
amplifying means in one operative position and 
for actuating the displacing means and connect 
ing the Wave generating means to the mixer of 
the receiving System in another operative posi 
tion, whereby the displaced waves serve as the 
local heterodyning waves for said receiving sys 
tem. 

4. Radio apparatus of the character described, 
including: an oscillator for generating waves of a 
variable frequency; means for effecting prede 
termined different multiplications of the fre 
quency of the waves generated by the oscillator to 
provide a plurality of predetermined frequency 
ranges; means for amplifying and transmitting 
the Waves resulting from a selected one of said 
multiplications; means for displacing the fre 
quency of the waves different given percentages of 
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the selected frequency in the different ranges; 
and a super-heterodyne receiving system having 
an intermediate frequency amplifier tunable over 
a certain band, a mixer delivering its output to 
the intermediate frequency amplifier, means for 
Coordinating the variation of the generating 
means with the tuning of the intermediate fre 
quency amplifier, and means for connecting Said 
mixer to said generating means and selecting 
a different predetermined multiplication, whereby 
displaced Waves of a multiplication other than 
that used in transmitting in each said range 
serve as the local heterodyning waves for receiv 
ing in the same range. 

5. Apparatus of the character claimed in claim 
4, wherein the percentages of displacement of the 
selected frequency in the various predetermined 
frequency ranges have a ratio equal to the re 
ciprocal of the ratio of the multiplication of the 
displaced Waves in the Various rangeS, SO that, 
in all said ranges, the difference between the de 
sired frequencies and the local heterodyning fre 
quencies is the same and Corresponds to the band 
OVer which the intermediate frequency amplifier 
is tunable. 

6. Radio apparatus of the character described, 
including: an oscillator having a frequency con 
trolling tank circuit comprising an inductive ele 
ment and a capacitive element in parallel, one of 
said elements being variable and the other fixed; 
means for effecting predetermined different mul 
tiplications of the frequency of the Waves gener 
ated by the oscillator to provide a plurality of 
predetermined frequency rangeS; means for dis 
placing the frequency of the waves different given 
percentages of the selected frequency in the 
different ranges, this means comprising other 
reactive elements of the same character as the 
fixed element and means for connecting them into 
the tank circuit and disconnecting then there 
from; means for amplifying and transmitting 
the Waves resulting from a Selected One of Said 
multiplications; a Super-heterodyne receiving 
System having an intermediate frequency ampli 

| fier tunable over a certain band and a mixer 
delivering its output to the intermediate frequency 
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12. 
amplifier; selectively operable means for effecting 
a given predetermined multiplication and deliver 
ing the output thereof to the amplifying means 
in one operative position and for effecting a 
Selected percentage displacement of the waves, 
a different predetermined multiplication thereof, 
and delivery of them to the receiving system in 
another operative position, whereby the displaced 
Waves Serve as the local heterodyning Waves for 
Said receiving System; and a single means for 
effecting coordinated variation of the variable 
element in the Oscillator tank circuit and tuning 
the intermediate frequency amplifier. 

7. Radio apparatus of the character described, 
including: an OScillator having a frequency con 
trolling tank circuit comprising an inductive ele 
ment and a capacitive element in parallel, one 
of Said elements being variable and the other 
fixed; means for effecting predetermined differ 
ent multiplications of the frequency of the waves 
generated by the oscillator to provide a plurality 
of predetermined frequency ranges; means for 
displacing the frequency of the waves different 
given percentages of the Selected frequency in the 
different ranges, this means comprising other 
reactive elements of the same character as the 
fixed element and means for connecting them into 
the tank circuit and disconnecting them there 
from; means for amplifying and transmitting 
the waves resulting from a selected one of said 
multiplications; a Super-heterodyne receiving 
System having an intermediate frequency ampli 
fier tunable over a certain band and a mixer de 
livering its output to the intermediate frequency 

35 amplifier; means for delivering Waves of a selected 
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45 

predetermined multiplication to the mixer of the 
amplifying means; and means for delivering, in 
each case, displaced waves of a different multipli 
cation to the receiving system; and means for 
COOrdinating Variation of the variable element in 
the oscillator tank circuit with the tuning of the 
intermediate frequency amplifier, the displaced 
WaVeS Serving as the local heterodyning Waves 
for said receiving system. 

FRANK M. DAVIS. 


