
Feb. 28, 1939. J. D. RED 2,149,231 
FREQUENCY CHANGER SYSTEM FOR MULTIPLE RANGE RECEIVERS 

Filed Aug. 3l, l935 2 Sheets-Sheet li 

S ; 

N t 

s 
a 

I wVAM 7" of 

John D. He tal 

"Reuberosk 
A 77OAAVEY 

  



Feb. 28, 1939. J. D. REED 

Filed Aug. 31, 1935 
733 f 191 

AZ G. 2. 

AED At 

FREouency 

19 
A1G. 3. 

179 Bt 
os 

H/GAf Bs 

Fraguesavcy 

A9 

F1 G. 4. 

179 B 
to w t 
Eou EAvc 

149 

2,149,231 
FREQUENCY CHANGER SYSTEM FOR MULTIPLE RANGE RECEIVERS 

2 Sheets-Sheet 2 

Yeare 

A. C. 

AW/AWTO7 

John D. Reid 

A7 7"a Away . 

  

  

  



5 

O 

3 5 

40 

Patented Feb. 28, 1939 

UNITED STATES 

2,149,231 

PATENT OFFICE 
2,149,231 

FREQUENCY CHANGER systEM FoR MUL 
TIPLE RANGE RECEIVERs 

John D. Reid, Philadelphia, Pa., assignor to Radio 
Corporation of America, a corporation of Del 
aWare 

Application August 31, 1935, Serial No. 38,762 
21, Claims. 

The present invention relates to a frequency 
changer system for a multiple range radio re 
ceiver, of the type adapted to receive radio sig 
nals in a plurality of differing frequency bands or 
receiving ranges. Such receivers are in extensive 
commercial use at present. In order to provide 
relatively Wide overall frequency coverage it is at 
present preferred to adjust the receiving circuits 
and Oscillator by shifting coil connections with a 
common tuning capacitor and it is to this type of 
receiver that the invention more particularly 
relates. 
The invention furthermore is concerned with 

the problem of providing effective coupling-be 
tween an oscillator and a mixer or frequency 
changer tube, usually called the first detector, 
and the provision of an oscillator having improved 
stability in operation throughout the full range 
of adjustment of the receiver. 

It is a primary object of the invention to pro 
vide an improved frequency changer system em 
bodying a first detector and an oscillator whereby 
the frequency range of operation of the system 
may be adjusted through a plurality of individual, 
differing ranges providing relatively wide cover 
age and improved frequency stability in the 
oscillator. S. 

It is also an object of the invention to provide 
an oscillator having uniform output over a 
given wide frequency range together with an im 
proved coupling arrangement between the oscil 
lator and the first detector which does not ap 
preciably change the loading of the oscillator and 
the unifornity of signal output from the de 
tector with change in frequency range of 
operation. 

It is a further object of the present invention 
to provide an improved frequency band or tuning 
range changing System for an Oscillator for a 
superheterodyne receiver and an improved cou 
pling arrangement therefor whereby the fre 
quency changer System in which it is included 
provides a signal Output of Substantially uniform 
amplitude. 

Stated more fully, it is an object of the inven 
tion to provide an improved, multi-range, tunable, 
Oscillator System embodying an electric discharge 
oscillator device and an improved frequency 
changer device in connection therewith so inter 
connected and jointly controlled in the various 
Wave bands that uniform amplitude of oscillation, 
high stability and decreased reaction between the 
elements of the frequency changer device may be 
obtained together with a uniform detector signal 
output: at all-frequency bands. . . - 

(C. 250-20) 
In accordance with the invention, the oscillator, 

embodying an electric discharge OScillator device, 
is caused to be connected for differing modes of 
Operation in a Hartley type of circuit generally 
and modifications thereof, depending upon the 
wave band or frequency range to be covered. 
Coupling with a mixer tube of improved electrode 
arrangement is provided between Cathode and 
ground of the oscillator. 
The invention will, however, be better under 

stood from the following description when taken 
in connection with the accompanying drawings 
and itS-scope will be pointed out in the appended 
claims. 

In the dra Wings, 
Fig.-1 is a schematic circuit diagram of a por 

tion of the signal input circuits of a superhetero 
dyne receiver, including a frequency changer sys 
tem embodying the invention, and 

Figs. 2, 3 and 4 are simplified schematic circuit 
diagrams of the oscillator portion of the circuit 
of Fig. 1, showing connections for three differing 
modes of operation as provided by the circuit of 
Fig. 1. 

Referring to Fig. 1, a radio frequency amplifier 
including an electric discharge device 5, is coupled 
through, an adjustable coil system, of which one 
coil or transformer T is shown, to a source of signal 
energy such as an antenna. 9. The amplifier 5 
is in turn coupled through a coil system repre 
sented by a transformer ? , with a first detector, 
frequency changer or mixer tube 3, of the elec 
tric discharge type. An electric discharge oscil 
latOr device is indicated at 5 and forms part of 
an oscillator System, hereinafter described, for 
supplying oscillations to the mixer tube 3. The 
latter is coupled to output leads 7 through a first 
intermedate frequency coupling transformer 9. 
The coil system for the high frequency amplifier 

5 and first detector may be of any suitable type, 
controllable by suitable tap switches 22,23, 25 and 
27, connected for single control or gang opera 
tion by suitable means as indicated by the dotted 
connection 3 with a control knob. 29. The 
switches 23 and 27 represent means for shifting 
the grid connections of the tubes 5 and 3 while 
the SWitches 2 and 25 represent similar means 
for shifting the antenna, and the plate connec 
tions for tube 5-simultaneously with the switches 
23 and 27, to the differing sets of coils in circuit 
with the tubes 5 and 3, to provide a multirange 
tuning system for the radio frequency amplifier 
and first detector. The system is, however, 
adapted to provide a wide frequency range of 
operation. In the present example the switches 
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2 
are arranged to cover five differing wave bands 
which are arbitrarily designated as the X, A, B, 
C and D bands, the connections for the C and D 
bands only being shown to illustrate the particu 
lar connections provided in the present preferred 
System. In the circuit diagram, the coils are 
shifted in conjunction with suitable variable 
tuning capacitors 33 and 35 for the radio fre 
quency or high frequency amplifier and the first 
detector or mixer tube respectively and these are 
in turn interconnected for gang Operation by 
suitable means as indicated by the dotted con 
nection 3. 

For a further understanding of the wide fre 
quency range covered by the system shown, the 
following frequency ranges may be assumed for 
the Various bands. 
X Band, 150-4i0 kilocycles------ low frequency range 
A Band, 540-1720 kilocycles 
B Band, 1720-6250 kilocycles 
C Band, 5600-18000 kilocycles 
D Band, 18000-65000 kilocycles. ... high frequency range 

It will be noted that the tuning range may be 
divided into three main ranges, namely, low fre 
quency, medium frequency and high frequency 
ranges. 
In the present example, in the high frequency 

or D range, the first tube or radio frequency am 
plifier 5 is removed from the circuit, and signals 
from the antenna, are directed from the contact 
B of the SWitch 2 through a lead 39 to the circuit 
Wiring associated with the contact D of the grid 
Switch 27 for the detector mixer tube f3. The 
Wiring comprises a connection lead 4 beween the 
ground 43 and a tap 45, a second connection lead 
47 between the tap 45 and the contact D of the 
SWitch 27 and a third circuit, lead or Wire 49 
from the switch arm 27 through to a point of 
connection 5 with the tuning capacitor 35 for 
the grid or input circuit of the first detector f3. 

In the D band or high frequency range, the 
inductance of the Wiring alone is utilized in con 
junction with the tuning capacitor to provide an 
auto transformer for coupling the antenna, di 
rectly to the grid of the first detector 3, the pri 
mary of the auto transformer comprising the 
wire 4 and the secondary comprising the Wire 
4 and the wires 47 and 49 which, in the physical 
arrangement of a receiver, are connection leads 
of sufficient size to be rigid and cut to the proper 
length to provide the desired inductance to tune 
through the indicated range with the common 
tuning capacitor 35, in the high frequency band. 

For the C band, which is within the medium 
frequency range, the coils or transformer and 

are utilized to couple the antenna, with the 
radio frequency amplifier 5, and the latter With 
the detector 3 through the switching contacts C 
of the switches 2, 23, 25 and 27, the inductance 
of the transformers being such that the same 
tuning capacitors 33 and 35 may be utilized to 
tune through the C range as above indicated. 
The remaining bands B, A and X are similarly 
arranged and for the purpose of simplifying the 
drawings the inductances therefor have been 
eliminated since Such SWitching connections are 
known and understood. 

It should be pointed Out, however, that for 
the remaining bands such as the X band, in con 
nection with the first detector f3, the bias con 
nections are changed by operation of the SWitch 
27. The bias connections will further be under 
stood from a consideration of the tube elements. 
In the radio frequency amplifier 5, the control 

grid 5 is connected through an input lead 53 
with the switch 23, then through the coil system 

medium frequency range 
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to a common lead 55 in which is provided a filter 
comprising a series resistor 57 and bypass capac 
itor 59. Through the filter, the lead 55 is con 
nected with a lead 6 providing a Suitable Source 
of automatic volume control potential as indi 
cated. The connections for the various bands for 
the lead 55 are indicated in Connection thereWith. 
The radio frequency amplifier 5 is provided 

With a self-bias resistor 63 to establish an initial 
bias in addition to the automatic Volume control 
potentials received through the lead St. 
The first detector or mixer tube 3 is of the 

multiple grid type, termed a pentagrid-mixer 
amplifier and may be of the type now to be 
known commercially as RCA-6L7. This is a new 
commercial type of tube having a grounded 
metal envelope 65. It is provided with an equi 
potential cathode 67, a control grid 69 and an 
output anode 7. In addition, it is provided with 
a Suppressor grid 73 connected with the cathode, 
and three additional grids 75, 77 and 78, the latter 
two being screens on either side of the grid 75 
and interconnected, whereby the latter grid is 
shielded from the control grid 69 and the output 
anode 7 by the grid 77-78 as well as by the 
Suppressor grid 3. 
The grids 77 and 78 provide a screen structure 

which may be termed a screen grid or screen for 
the second control grid 75. Radio frequency 
Signals are applied to the first Or inner control 3 
grid 69 and oscillations at a frequency to mix 
With the incoming signals are applied to the sec 
ond control grid 75 as will hereinafter be de 
Scribed, 
The grids 75 and 69 being in a common elec 

tronic stream between the cathode 67 and the 
anode 7, signals applied thereto are mixed to 
provide a desired intermediate frequency signal 
from the output anode and thence through the 
intermediate frequency amplifier transformer 9. 
The cathode 67 of the detector is provided with 

a Self-bias resistor 9 and the inductances for the 
D and C bands are connected to ground, the 
ground for the C band being indicated at 8 and 
for the D band at 43, whereby the signal control 
grid 69 is self-biased for the said bands. For the 
remaining X, A and B bands, additional auto 
matic Volume control bias is obtained from the 
Supply lead 6 through a filter comprising a se 
ries resistor 87 and bypass capacitor 89. The 
bias supply is taken through taps 85 as shown 
for the X band which is shown complete with the 
coil 83. With this arrangement, the first detec 
tor is provided with automatic volume control in 
certain of the lower medium frequency and low 
frequency ranges. It has been found that this 
arrangement tends to provide a more uniform 
output from the detectors as is desirable, and pre 
vents varying load conditions from affecting the 
oscillator on the higher frequency bands. 

It will be noted that the radio frequency ampli 
fier 5 is provided with an additional series resistor 
9 in the cathode lead 93 and that this is con 
trolled by a tap Switch 95 having contacts corre 
sponding to the contacts of the switches previ 
ously described. The contacts B, C and D are 
connected to ground as indicated at 97, while the 
contacts X and A are open circuited, thereby pro 
viding means for Short-circuiting the additional 
resistor 9 in the B, C and D bands only. It will 
be seen that in the X and A bands the negative 
bias on the radio frequency amplifier is thereby 
increased by the amount of the potential drop in 
the resistor 9. The sensitivity of the receiver for 
the A and X bands is, therefore, simultaneously 
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decreased with wave band change. The operating 
Connection for the switch 95 is indicated by the 
dotted line connection 99. 

In connection with the radio frequency. ampli 
fier stage it should be noted that the contact D 
for the grid control Switch 23 is connected through 
a lead of With the bias supply lead 55 whereby 
the tube is under control of the bias supply sys 
tem, although not in direct operation for the 
transmission of signals. Likewise, the D contact 
for the anode switch 25, is connected with the con 
tact C whereby plate potential is maintained on 
the tube. 5 for the ID band. Anode Supply for the 
tube. 5 is provided through the supply lead 03 
and in turn is connected, through a filter resistor 
05 provided with a bypass capacitor 07, to a 

potential supply, lead 09. 
In connection with the detector tube 3, the 

cathode is connected to ground for radio fre 
quency, potentials through suitable bypass capac 
itors and 3 and the screen grid 77 is like 
Wise grounded at radio frequencies through a by 
pass : capacitor f 5. Both the screen grid and 
anode. leads are provided with suitable series re 
sistors if and 8 respectively. 

It may be pointed out that the mixer or first 
detector. tube 3, is provided with a relatively high 
plate impedance which is connected to the pri 
mary of the first intermediate frequency trans 
former 9, thus making it possible to obtain a 
greater selectivity in that transformer than has 
heretofore been possible. Furthermore, because 
of the location of the grids and relatively high de 
gree of Screening in the mixer tube 3, the reac 
tion between the signal and Oscillator circuitS has 
been reduced, that is, the reaction between cir 
cuits connected with the grids 69 and 75. This 
is a material advantage in aligning the Various 
circuits connected with the oscillator and detec 
tor. 
Because of the electronic coupling of the second 

control grid 75 which is connected with the Oscil 
lator f5, as hereinafter described, and because 
the grid T5 is well shielded, the direct coupling 

5. to the oscillator circuit and the capacity coupling 
therewith is relatively low. This results in less 

5 5, 

60, 

70, 

75 

change of amplitude or frequency because of 
changes in load caused by tuning the circuit Con 
nected to the grid 69. 
The radio frequency amplifier 5 may be of any 

Suitable type, but is preferably of a type compris 
ing a metal grounded shield 9 containing an 
equipotential cathode 2, an output anode 23 
in association with the control grid, together with 
a suppressor grid 25, and a screen grid 27. It 
Will be noted that like the screen grid and anode 
of the detector f3, the screen grid f 27 is provided 
with a series resistor 28 and the anode 23 is 
provided with the series resistor 05. 

In connection. With the automatic Volume Con 
trol lead 6f, the same automatic Volume control 
potential is applied to all tubes and the control 
of gain is regulated by the operation of the anode 
and screen grid series resistors, which, in opera 

5, tion, tend to raise the electrode potentials as the 
control grids are caused to become more negative 
in response to increased Signal strength. By 
properly relating the resistance in the screen and 
anode circuits, the gain may be controlled Without 
resorting to a voltage divider resistor for the auto 
matic volume control circuit. This obviates the 
necessity for applying differing automatic volume 
control potentials to the various controlled tubes 
and simplifies the automatic volume control Sys 
tem. 

3 
The radio frequency amplifier tube may be of 

the type known commercially as the RCA 6K7, 
triple-grid control amplifier. The oscillator 5 is 
also preferably of the metal enclosed type com 
prising a grounded metal envelope 29, an equi 
potential cathode 3, a control grid 33, a screen 
grid 35, and Suppressor grid 37. The main 
anode is indicated at 39. This may be of the 
type known commercially as RCA-6J7. The os 
cillator is of the grid leak and capacitor type, 
the control grid 33 being connected through a 
grid capacitor f4 to the variable tuning capac 
itor 43 to the contact arm of a grid Switch 45 
and is also connected to ground 47 through a 
grid leak 49 and thus through the coil to the 
cathode. 
The cathode of the oscillator is directly coupled 

or connected to the Second or Outer control grid 
75, of the detector 3, through a connection lead 
51 and a grid or coupling capacitor 53. A grid 

leak connection 55 is provided between the grid 
75 and the cathode 67. Both the oscillator grid 
33 and the oscillation grid 75 are, therefore, grid 
leak and capacitor coupled to their respective 
sources of signal potential. The oscillation grid 
75 receives Oscillations from the cathode of the 
oscillator. 
As a mixer tube or first detector, it has been 

found that the electrode arrangement best adapt 
ed for a high frequency range of operation in a 
broad frequency range, is with the inner grid 63 
as the signal control grid while the second Or 
outer control grid is utilized as the Oscillation 
grid. As hereinbefore described, it is provided 
preferably with a grid leak and capacitor type of 
bias supply. The inner or control grid is provided 
With an automatic volume controlled Or a fixed 
negative bias. 

It has been found that this grid Connection 
prevents degenerative action in the mixer tube 
as encountered heretofore in multigrid devices 
When the outer grid is utilized as the signal grid. 
With the present arrangement, having the out 

er grid connected to the source of Oscillations and 
to the cathode through a grid leak resistor, while 
the inner grid is utilized for the signal, the de 
generative effect is not present and the device 
provides signal amplification instead. In this 
connection, therefore, the inner control grid Will 
be referred to as the signal grid and the outer 
control grid as the oscillation or oscillator grid. 
The control grid 33 of the oscillator is con 

nected with the various Wave band circuits Con 
trollable by the switch 45 and a second switch 
57 is provided to change the cathode connec 

tions with said circuits. The latter switch may 
be termed the cathode coil-selector SWitch. While 
the SWitch 45 is the grid coil-selector SWitch. 
The grid coil-selector switch arm is connected 

With the tuning capacitor 43 through a rigid Wire 
connection or lead indicated at 59. The Switch 
is provided with contacts corresponding in num 
ber to the number of Wave bands to be covered, 
in this case five bands, and the switch contacts 
corresponding thereto are indicated at X, A, B, 
C and D for the Wave or frequency bands here 
inbefore indicated, and representing a plurality 
of bands covering a Wide frequency range ex 
tending into a relatively high frequency range. 
The contact D of the grid coil selector Switch 

is connected to ground as indicated at 6 
through a rigid wire connection or lead com 
prising two sections, 63 and 65. An intermedi 
ate tap between the sections. 63. and 65 as indi 
cated at 67 is connected through a lead 69 with 
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4. 
the contact D of the cathode selector switch 
57 whereby, when the switch 57 is in the posi 

tion shown, the cathode of the Oscillator is con 
nected to the tap 6. 
The combined length of the lead wires 59 and 

63 is such that, with the Switch 45 in the po 
Sition shown, Sufficient inductance is included 
therein to form a grid inductance for the Oscil 
lator while the lead 65 to ground forms the 
anode inductance of a Hartley type oscillator, the 
total inductance being tuned by the capacitor 
43. 
The Oscillator 5 utilizes both the main anode 

39 and the Screen grid 35 as anode electrodes, 
with the suppressor grid 37, between the two 
anode electrodes, connected to ground as indi 
cated at 7. 
The Oscillator Suppressor grid may be tied to 

the screen grid of the detector, bypassed to 
ground, and both grids may then be series fed 
from the positive --B supply source. This is of 
advantage when automatic volume control is ap 
plied to the detector as the screen voltage regul 
lation is then such that the voltage change of 
Oscillator suppressor grid counteracts changes 
in load on the oscillator caused by variations 
in the automatic volume control Voltage. On the 
detector. 
In the present system, this connection may be 

provided by connecting the oscillator suppressor 
grid through a lead 68 with the detector screen 
grid or grid structure. A Switch fi is provided 
for breaking the suppressor grid connection. With 
ground and making the connection for the 
suppressor grid with the lead 68, whereby both 
the detector Screen structure and the Oscillator 
suppressor grid receive a positive potential 
through the common series resistor f7. 

In order to decouple the two electrodes, a filter 
is provided in the lead 68, comprising a series 
resistor 72 and bypass capacitor 4. 

It has been found that variations in Screen 
grid current causing variation in the drop in the 
resistor , provide potential changes in the 
proper direction on the Suppressor grid of the 
oscillator to maintain its plate or anode in 
pedance at the proper values to counteract the 
load change of the detector tending to change 
the Oscillator output amplitude and frequency. 
The anode circuit for the screen grid 35 is 

completed to the ground 6 through a by-pass 
capacitor 13 and a ground connection 75 from 
the anode Screen grid lead . A series resistor 
79 is provided in the lead between the screen 

grid and the source of anode or screen grid po 
tential represented by the supply lead 8. This 
resistor has a desirable regulating function on the 
Oscillator which will hereinafter be described. 
The main anode 39 is connected through an 

output anode lead 83 to a feedback coil or wind 
ing 85, thence through a lead 8 to a second 
feed back coil 89 and is connected to a source 
of anode potential provided by the supply lead 
09, through a series regulating and filter resistor 
9 provided with a bypass capacitor 93. The 

function of the resistor 94 in regulating the os 
cillator and in conjunction. With the resistor 79 
will hereinafter be described. 
With this arrangement, the screen grid 35 as 

an anode, is coupled in the oscillator circuit 
through the inductance of the lead 65, With the 
cathode connected to the tap 67, and grid con 
nected to the end terminal of the inductance 
represented by the lead 59 and the lead 63 in 
Series through the SWitch 45. Additional cou 

2,149,231 
pling is provided through the main anode 39 and 
the feed back Winding 85 which comprises a 
feW turns coiled adjacent to the grid Switch 45 
in inductive coupling relation to the wires f63 
and 65. 
An anode circuit switch having a three ele 

ment movable contact arm 95 is provided with 
Contacts corresponding to the selected wave 
bands X, A, B, C and D and, in addition, two 
Spaced contacts 97 and 99, the latter contacts 
and the contact B being engaged by the three 
element contact and connected to ground 26, in 
the position shown. In this position, through the 
contact 97, the main anode circuit is shunted 
to ground through a bypass capacitor 203 on the 
low potential side of the feedback winding 85. 
The alternating current path from the main 
anode to cathode therefore, includes not only 
the feed back winding 85 but also the lead 65 
Or anode inductance, through the ground con 
nections 2 and 6. 
The contact C of the switch 95 is connected 

through a bypass capacitor 205 to the lead 83 
and thereby to the anode 39 for connecting the 
anode directly to ground through the switch arm 
When the Switch arm is moved to the left as 
Viewed in the drawings to engage the contact C, 
and because of the triple arm, the contact C is 
connected to ground for the positions B and A of 
the switch i95. Since the contacts B, A and X 
are blank in the position X, the ground 2 is 
disconnected. Further use of the anode short 
circuiting Switch 95 will hereinafter appear. 
The inductances for the frequency bands C, B 

and A are indicated at 23, 209 and 2 and are 
each connected through series capacitors 227, 229 
and 23, respectively, to corresponding contacts 
C, B and A on the grid coil selector switch 45 
through suitable grid leads 233, 235 and 237. 
The inductance for the X band as indicated at 

239 is an inductance without tap having the grid 
end Connected to the contact X of the switch 45 
to a lead 24 and having the opposite end con 
nected to ground 243 through a series adjustable 
capacitor 245. Each of the inductances for the 
X, A, B and C bands is provided with shunt ter 
minal capacitors indicated at 247 and the series 
capacitor 23 for the grid circuit of the A. band 
is also provided with a shunt trimmer capacitor 
indicated at 249. 
With this arrangement it will be seen that 

the cathode 3 of the oscillator and the oscilla 
tion grid 75 of the first detector or mixer tube 
may be connected to differing tap points on the 
Various inductance elements for the various wave 
bands to be covered, while the control grid con 
nection may be made to the grid ends of the in 
ductances for the bands C, B and A through se 
ries capacitors 227, 229 and 23 f, respectively. 
The grid connection for the band X is made di 
rectly to the inductance 239. The inductance of 
the lead 59 between the Switch 45 and the tun 
ing capacitor 43 for the oscillator has a negligi 
ble effect in the lower frequency bands, such in 
ductance having less than one percent of the in 
ductance in the B band coils. 

For the C, B and A bands, the oscillator anode 
connections for both the screen grid 35 and the 
main anode 39 are completed through the 
grounded ends of the inductances and the by 
paSS capacitor 205, directly from the anode lead 
83 and through the bypass capacitor 73 from 

the Screen grid lead 77, both anode electrodes 
being thereby effectively coupled through the in 
ductances of the C, B and A band. 
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In the X band, feedback for setting up oscil 

lations, is derived from the feed back-coil f89, 
which in the higher frequency bands is by 
passed by the capacitors. 205 and 203, but which 
for the Xband is included in the alternating cur 
rent path from the anode 39. In this case the 
Screen grid 35 is ineffective to set up oscillations. 

It will be noted that the lead 225 from the in 
termediate tap 29 of the inductance 2 for the 
band A is connected through a lead 249 with the 
contact D of the anode short-circuiting switch 
95. This is for the purpose of short-circuiting 

to ground the anode portion of the inductance 
2 for the bands C and D as well as the band 
B since this is the largest of the solenoid in 
ductances and it has been found that the same 
tends to break up into sportions which resonate 

20 

at certain of the higher frequencies tuned 
through. On the C and D bands unless the same is 
So short-circuited. 
The grid ends of the inductances for the X, A, 

B, and C bands are also short-circuited to ground 
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thereby to render the inductances ineffective to 
resonate at frequencies in the next adjacent 
lower bands, by a grid short-circuiting switch 
25 having contacts D, C, B, A, X and two addi 
tional contacts 253 adjacent to the contact X in 
sequence of operation, which contacts with the 
contact X are blank. The mainnovable contact 
25 comprises three fingers for engaging three 
adjacent Contacts. Simultaneously in a similar 
manner to the Switch 95. The contact D of 
the switch 25 is connected to the lead 233 
through a lead 255 and similarly the contacts C 
and B are connected through leads 257 and 259 
with the leads 235 and 237, respectively, the ar 
rangement being Such that in the position shown 
for the D band, the inductances for the bands 
C, B and A are short-circuited to ground through 
a lead 26 and a ground connection 263, whereby 
said inductances are ineffective to interfere with 
the operation of the D band inductance provided 
by the rigid wiring 59 and 63-65. As the 
Switch 25 is moved in a clockwise direction as 
Viewed in the drawings, the short-circuit is pro 
gressively removed from the C, B and A band 
inductances until the contact reaches the posi 
tion X. With the extreme left hand contact arrin 
as viewed in the drawings, at the contact X, when 
all short-circuiting of the inductances is removed 
for the X band operation. 
The grid and cathode coil selector switch 45 

and 5 together With the anode and grid coil 
short-circuiting Switches '95 and 25i are prefer 
tably interconnected for simultaneous Operation 
in the relation shown and as indicated by the 
dotted connections 26. 

It will be noted that for the X-band operation 
the cathode switch 57 is connected through the 
contact X, thence through the entire coil of the 
band. A to ground, whereby the inductance of the 
coil is included in the cathode circuit and across 
which coil a portion of the oscillator voltage will 
appear and will thus be transferred to the OScil 

5 lation grid 75. In all of the other bands the os 
cillation grid 5 is connected across the anode 
portion of the oscillator coil or inductance and 
receives oscillator voltage therefrom directly. 

: Also, it will be seen that for the C, B and A 
bands the series capacitors 227, 229 and 23i are 
included in circuit with the tuning capacitor 43 
and in the high potential side of the circuit. This 
arrangement for the A, B and C bands has the 
effect of changing the grid excitation over the 
tuning range in such a way as to maintain the 

the necessity of including a series capacitor. 
'Order that the oscillator circuits may more readily 

5 
Voltage developed between cathode and ground 
Substantially constant. The total Oscillator volt 
age developed is least at the low frequency ends 
Of the bands but the grid is effectively shifted 
toWard the cathode at the low frequency end 
by Virtue of the ratio between series and tuning 
capacitors So that a larger percentage of the 
OScillator Woltage appears from cathode to ground, 
On the highest frequency range D, a low fre 

quency Winding 85 is provided in the plate cir 
Cuit of the pentode oscillator 5 to obtain. OSci 
lation over the low frequency end of the ID band. 
It Will be noted that this winding is provided with 
a Shunt tuning capacitor 26. This is for the 
purpose of tuning the winding 85 below the 
tuning range of the B band, but adjacent there 
to. The winding and shunt capacitor 26 con 
stitute a tuned circuit in the main anode circuit 
Which is resonant to a frequency preferably be 
low the lowest frequency to which the oscillator 
is tunable in the D band. Therefore, at any fre 
quency within the tuning range of the ID band 
this circuit will act capacitively and the value 
of the capacitive reactance will increase with 
decrease in frequency. The arrangement is such 
that the circuit is, therefore, effective only in the 
lower frequency portion of the D band of the 
oscillator. This circuit is also used to regulate 
the rate of change of frequency as the oscillator 
is tuned over the D band, showing up this oscil 
lator at the low frequency end, so that the OSci 
lator Will track with the antenna circuit without 

In 

be understood the simplified circuits representa 
itive of the low frequency, medium frequency and 
high frequency connections have been redrawn 
Without the SWitching, bypass and other elements, 
in Figs. 2, 3 and 4, Fig. 2 showing the general 
circuit arrangement for the medium frequency 
or A, B and C bands, Fig. 3 showing the circuit 
arrangement for the high frequency or ID band, 
"and Fig. 4. Showing the circuit arrangement for 
the low frequency or X-band. The same refer 
ence numerals have been used throughout in 
referring to the corresponding circuits and ele 
ments thereof as in Fig. 1. 

Referring to Fig. 2, it will be seen that the 
screen grid 35 and the main anode 39 of the 
Oscillator 5 are each bypassed to ground through 
bypass capacitors 205 and 3, respectively, there 
by being connected through the ground 23, to 
the anode end of the inductance 2 across which 
is connected the tuning capacitor 43. The cath 
ode 3 f is connected to the intermediate tap 29 
and to the lead 5 for the first detector oscil 
lation grid. The control grid f33 is coupled 
through its grid leak and capacitor 49-4, to 
the grid end of the inductance 2 ft, thereby pro 
viding a Hartley type oscillator. The Suppressor 
grid 37 provides an effective screen between the 
two anode electrodes 35 and 39. 

This use of a pentode device as an oscillator 
has been found to be effective in providing im 
proved oscillator stability and uniform oscillator 
output. Additional means for Stabilizing the out 
put comprises the series resistors 79 and 9 
between the supply means, indicated at 269, and 
the anode electrodes. The power Supply means 
269 represents any suitable power Supply means 
for the receiving system, operated from a variable 
source of power such as alternating current and 
arranged to supply heating current to the ap 
paratus, 
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6 
The two series resistors in the anode circuits 

prevent the internal impedance of the oscillator 
tube and, therefore, the frequency of the Oscil 
lator system from varying appreciably from a 
predetermined adjustment. The voltage on the 
two electrodes is maintained Substantially con 
stant since the tendency to increase the B Supply 
voltage tends to provide an increasing current 
and an increased drop in potential. This is fur 
ther made more effective by the fact that the 
heater current is derived from the Same Source 
and simultaneously with an increase in B poten 
tial, the heater current is correspondingly in 
creased, thereby causing an increased plate Cur 
rent and an increased drop in potential through 
the resistors 9 and 9. 
By way of example, if the B voltage is 200 volts 

and assuming the resistors 9 and 79 to be SO 
chosen as to provide a 40 volt drop, the anode 
potentials will thus be 160 volts. If the B voltage 
were to increase 10% to 220 volts, the plate and 
screen current would be increased approximately 
10% causing a 10% rise in voltage acroSS the 
resistors to a total of 44 volts and the new anode 
and screen potential would then be 176 volts. 

However, because of the increased filament 
voltage of 10%, there will be an increase in plate 
and screen current of approximately 29%. This 
is caused by the fact that the filament tempera 
ture is proportional to the square of the voltage 
and the number of electrons emitted is approxi 
mately proportional to the square of the filament 
temperature which causes the number of elec 
trons to increase at a very high rate with respect 
to the increased voltage. 
The increased plate and screen current Will 

cause the voltage drop across each of the resistors 
79 and 9 to increase by approximately 29% 

or to a value of 53 volts. Subtracting 53 volts 
from the 220 volts B supply will provide a poten 
tial of 167 volts at the two anodes which is Only 
slightly more than a 4% increase over that with 
normal B supply voltage although the Supply 
voltage has increased 10%. 
The effect of the combination of these features 

is to cause the plate resistance of the Oscillator 
tube to remain substantially constant regardless 
of the voltage impressed thereon and, therefore, 
the oscillatory System tends to maintain the Sane 
frequency throughout very widely varying con 
ditions of supply voltage. 

It will be seen that both anodes, that is, the 
screen grid and the main anode are provided with 
a return circuit to cathode through the anode 
portion of the inductance 2 thereby providing 
an oscillator of the Hartley type having two an 
ode electrodes separated by a grounded Screen 
electrode and with the cathode and Output con 
nection floating above ground. 

It will be noted that the A band inductance is 
selected for illustration in Fig. 2 as representing 
the other circuits of the medium frequency bands. 
In this connection the series capacitor 23 be 
tween the inductance and the tuning capacitor is 
shown. As has been pointed out hereinbefore, 
this is also a compensating capacitor for causing 
the Output of the oscillator to be more uniform, 
thereby to apply to the first detector substan 
tially the same output voltage for the high fre 
quency and low frequency ends of the band. It 
Will further be noted in Fig. 2 that the bypass 
capacitor for the anode 39 is the capacitor 25, 
this connection being provided by the Switch. 95 
in the A, B and C bands as will be seen by refer 
ring to Fig. 1 thereby eliminating both feed back 
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Windings f85 and 89 from the alternating cur 
rent circuit. 
Referring now to Fig. 3, the connections for the 

high frequency or D band are shown in connection 
with the oscillator 5, the inductance of the rigid 
bus wiring being shown in conventional manner 
as inductances at 65 and at 59-63. It will be 
seen from an inspection of Fig. 3, that the change 
in connections effected therein includes removing 
the series compensating condenser 23 (Fig. 2) 
from the high side of the tuned circuit and add 
ing the tuned feed back Winding 85 which is 
tuned adjacent to and below the frequency band 
covered by the oscillator circuit in order to main 
tain the strength of the oscillations constant Over 
the entire tuning range of the oscillator. This is 
done by boosting the low frequency end of the 
range by added feedback provided by the coil f85. 
It will also be noted that the bypass capacitor 203 
is now effective in the main anode circuit caused 
by operation of the Switch 95 thereby bypassing 
the feed back winding 89 shown in Fig. 1. The 
compensating resistors 9 and 9 are effective in 
the anode electrode circuits to maintain the plate 
impedance of the oscillator Substantially constant 
as described in connection with Fig. 2. 
Additional stability is obtained at the high fre 

quency end of the D band by so proportioning 
the value of grid, anode and tuning capacitors 
and of the grid and anode inductances that the 
Oscillator is effectively stabilized as to Variations 
in voltages and load. The grid and anode ca 
pacitors may be made of equal value, and the 
grid and plate inductances 63 and 65 are of 
equal value without magnetic coupling between 
them. For low values of the tuning condenser 
this provides an additional stabilizing feature 
which is used to advantage over the higher fre 
quency portions of the D range. 
The first detector receives energy from the OS 

cillator across the inductance f 65 or the anode 
portion of the oscillator inductance as in the 
medium frequency range of the circuit shown in 
Fig. 2. This method of coupling the oscillator 
Cathode With the Second control grid of the mixer 
tube provides a relatively low load on the oscil 
latOr. 
As in the preceding figure, and in the medium 

frequency ranges, both Oscillator anode electrodes 
35 and f39 include the anode inductance por 

tion 65, the connections between the anode elec 
trodes and the cathode comprising the capaci 
to's 203 and 3 to ground, the ground 6 of the 
main tuning inductance, thence through the in 
ductance element f65 to the cathode 3 from the 
tap 67 on the main tuning inductance. Both 
anode electrodes are thereby effective to maintain 
Oscillations which are reinforced in the low fre 
quency end of the tuning range of the oscillator 
by the feedback winding 85. 

It will be noted that the anode electrodes 35 
and 39 are shielded by the Suppressor grid 3 
which is connected to ground as in the medium 
frequency range. 

Referring now to Fig. 4, the connections for the 
low frequency or X band range of Operation are 
shown. 
In this circuit the first detector is supplied with 

oscillations from the inductance 2 of the Aband 
introduced into the cathode circuit between the 
cathode 3 and ground 23 and is shunted mere 
ly by the trimmer capacitor 24. Accordingly, it 
is tuned to a relatively high frequency above the 
tuning range of the oscillator for this band and 
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operates as an inductance to provide coupling 
with the first detector through the lead 5. 
The oscillations are set up wholly by feedback 

from the coil 89 and the main inductance 239 is 
not tapped but is utilized entirely in the grid cir 
cuit of the Oscillator. Since the Oscillator is re 
quired to cover a relatively narrow frequency 
range (1.42) the output may be maintained con 
stant without special means: other than provided 
by the coil introduced in the cathode circuit. 

It will be noted that the inductance of the feed 
back winding 85 of Fig. 1 has been omitted since 
its inductance is negligible in this range and the 
bypass capacitor for the main anode 39 is indi 
cated at 93. 
The suppressor grid. 37 is utilized as a Screen 

between the anode electrodes 35 and 39 as in 
the other frequency bands and the compensating 
resistors 9 and 79 operate in the same manner 
to stabilize the oscillator frequency with varia 
tions in Supply potential. 

In the low frequency range it will be seen that 
the oscillator System is changed from the Hartley 
circuit to the feed back circuit with the screen 
grid 35 effective to control the internal imped 
ance of the oscillator and the main anode 39 uti 
lized for setting up oscillations by feedback. 
The oscillator inductance is a single winding 

Without taps. The feedback arrangement shown 
with its absence of taps is therefore decidedly ad 
vantageous in -eliminating absorption circuits 
which would fall in a higher frequency band. 
Furthermore, the inductance in the cathode lead 
which is coupling means for the detector, provides 
an impedance from which to take the detector 
load without tapping into the tuned circuit. The 
inductor 2 being in the cathode lead is in a 
circuit common to the grid, Screen, and plate. 
Therefore, while the screen grid is not provided 
with a return circuit through the main tuning in 
ductance it is nevertheless coupled with the con 
trol-grid and with the main anode through the 
inductor 2 fl. - 

Referring again to Fig. 1 along with Figs. 2 to 4 
inclusive, it has been pointed out that the oscil 
lator circuit is arranged to cover a relatively wide 
frequency range of operation in a series of Sepa 
rate bands, while providing improved frequency 
stability and uniformity of ouput over the vari 
ous tuning ranges. The oscillator operates on 
fundamental frequencies which are supplied to 
the first detector on an auxiliary mixing grid 
which in this case is the second control grid. 
The oscillator generates signals which, in all 
bands, are above the frequency of the incoming 
signal by the amount of intermediate frequency 
which, in this case, is chosen at 460 kilocycles. 
As shown in the drawings, the cathode of the 

oscillator is above ground potential for high fre 
quency oscillations while the anode or plate is 
effectively at ground potential. This arrange 
ment together with the plate "and screen Series 
resistors causes the circuit to be substantially 
independent of power supply variations in regard 
to stability and uniformity of output. 

Separate coils or transformers are used for each 
of the tuning ranges. The Switching of the dif 
ferent bands is such as to short-circuit certain 
unused coils which would absorb energy from the 
circuit in use. 
The overall oscillator circuit comprises five 

separate transformers or coils, the D band trans 
former or coil being provided by the circuit 
wiring. Four selector switches are provided, the 
switch 95 being the anode. 'coil short-circuiting 

the bypass capacitor f77. 

7 
switch, the Switch 25 being the coil short-circuit 
ing switch and the Switches 45 and 57 being the 
grid coil and cathode coil selector SWitches re 
spectively. The switch 45 serves to connect the 
'grid of the Oscillator and the main tuning ca 
pacitor 43 to the proper coil for the range to 
which the switch is adjusted. The Switch 5 
Serves to connect the cathode and the first de 
tector to the appropriate part of the circuit being 
the plate or anode portion of the inductance for 
all bands except the X band when it introduces 
an inductance in the cathode circuit for coupling 
With the detector. 
The Switch 95 serves to bypass the induc 

tance 85 which is the ID band feedback coil when 
the A, B,or C ranges are used. However, as this 
coil has such low inductance it is not necessary 
to bypass it when the long wave length band X 
is in use. The switch 95 also serves to ground 
the plate portion of the A band coil when the 
bands B, C or D are being used, The Switch 
25 serves to detune the coils of the three bands 
immediately below the one being used. This de 
tuning is accomplished by connecting the series 

| condensers for the A, B and C bands across the 
coil, thus turning it to a low frequency and avoid 
ing any possibility of interference with the higher 
frequency bands in use by the absorption of 
energy. 

In the case of the Aband coil, since it is divided 
into a large and Small section by the tap there 
is a tendency for the lower or plate Section of the 
coil to resonate in band C and D although the 
whole coil is detuned. Therefore, the plate por 
tion is short-circuited also in addition as above 
described, through the Switch 95. 
The coil for the ID band comprises merely a 

piece of rigid wire extending from the ground to 
the Switch 45 and thence, When the SWitch is 
thrown to the position D, through to the tuning 
capacitor f43. The capacitor tunes the piece of 
rigid wiring to the proper frequencies. It is, 
therefore, necessary that the length of the wire 
and the location of the same be maintained in 
position after adjustment, 

Because of the extremely high frequency to 
which the Oscillator responds it is necessay that 
exceedingly short ground connections be used at 
certain points. For example, as shown in Fig. 1, 
the heaters and the cathodes are preferably by 
passed directly to ground at the tube terminals 
except at the Oscillator, the cathode of which is 
used for coupling purposes. In this connection it 
Will be noted that the heater of the Oscillator 
indicated at 275 is grounded for high frequency . 
currents, one leg directly, and the other through 

Likewise, the radio 
frequency amplifier 5 and the detector 3 are 
provided with heaters 279 each provided with a 
direct ground connection as indicated at 28 
adjacent to the tube terminals. 

Likewise the shield or netal envelope of the 
oscillator is directly connected to ground, a mini 
mum length of lead being used. These direct 
connections are of importance in order to prevent 6: 
spurious oscillations or responses at the high fre 
quency end of D band, as the circuits within the 
detector tube, i. e. the elements thereof have nat 
ural periods corresponding to frequencies of 
180-220 negacycles. The harmoniCS of the Oscil 
lator that fall in the range of 180–220 megacycles 
So excite the detector tube that responses deinoted 
by hiss output at intermediate frequency are ob 
tained. In order to prevent these Spurious re 
sponses, it is necessary to have the filaments, 
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S 
shields and cathodes of the first detector and 
oscillator tubes grounded by paths which have a 
minimum of impedance at 200 megacycles. In 
some cases it may be desirable to include a trap 
in the oscillator coupling lead tuned in the 
neighborhood of 200 megacycles to prevent the 
oscillator harmonics from reaching the detector. 
Such a circuit is shown at 52 and may consist 
of a 9 micro-microfarad capacitor 54 connected 
across several inches of the lead 5 providing 
an inductor 56 between the oScillator cathode 
and the detector coupling condenser 53. 
This trap may also be inserted at 58 in the 

detector cathode lead to provide degeneration at 
200 megacycles. 
From the foregoing description it will be seen 

that an oscillator, first detector or frequency 
changer system is provided wherein 

(a) Minimum reaction is obtained between the 
oscillator and the radio frequency or signal input 
circuits and minimum loading of the OScillator. 

(b) A relatively high signal Output is obtained 
from the first detector thereby avoiding an ex 
cessively high noise ratio with respect to signal. 

(c) A high degree of oscillator stability is 
obtained, thereby preventing variation in the sig 
nal output of the receiver when it has once 
come tuned to a required signal. 

(d) The Oscillator is arranged to oscillate uni 
formly throughout all of the Wave bands in a 
Wide range coverage. In the present example, 
this includes a range of 17.8 to 73 megacycles for 
the D band alone. 

(e) The oscillator output voltage delivered to 
the first detector or mixer tube is uniform 
throughout the various wave bands covered there 
by improving the efficiency of conversion in the 
first detector or mixer tube. The automatic Wol 
ume control is simplified, since the screen grid 
and anode circuits are controlled by Suitable Se 
ries compensating resistors regulating the gain 
of the system in response to strong signals of 
high amplitude. 
While the combination has been shown and de 

scribed in connection with a 5 band Superhetero 
dyne receiving system, it should be understood 
that it may be applied to similar Systems having 
fewer or a greater number of Wave bands for Wide 
frequency range coverage. 
I claim as my invention: 
1. In a superiheterodyne receiver, the combina 

tion of an electric discharge device having a cath 
ode, an anode, an inner control grid and an Outer 
control grid between said cathode and anode, 
means for applying signals to the inner control 
grid, an electric discharge oscillator device hav 
ing a cathode and an anode, means providing a 
tuning inductor having a terminal connected to 
said last named cathode and being connected at 
another terminal with the anode of the OScilla 
tor, and means providing a coupling connection 
only between the cathode terminal of said induc 
tor and the outer control grid for applying Oscil 
lations thereto. 

2. In a frequency changer system for high fre 
quency signals and locally generated Oscillations, 
the combination of an electric discharge mixer 
device having an inner negative control grid, an 
outer control grid, a plurality of tunable Signal 
circuits, means for selectively connecting each of 
said tunable signal circuits to said first named 
control grid, a pentode electric discharge OScil 
lator device, a plurality of tunable oscillator cir 
cuits, means conjointly operable with Said first 
named connecting means for selectively. Connect 

be 
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ing each of said tunable oscillator circuits with 
said oscillator device, inductance means in at 
least one of said last named tunable Oscillator cir 
cuits having a cathode connection for the Oscil 
lator intermediate its ends, and means providing 
a connection between the oscillator cathode and 
the outer control grid of the mixer device. 

3. In a frequency changer system for high fre 
quency signals and locally generated oscillations, 
the combination of an electric discharge mixer 
device having an inner negative control grid, an 
outer control grid, means for selectively connect 
ing a plurality of tunable signal circuits to Said 
first named control grid, a pentode electric dis 
charge oscillator device, having a cathode, an 
outer anode, a screen grid, a suppressor grid and 
a control grid adjacent to the cathode, means si 
multaneously operable with said first named Se 
lectively connecting means for connecting a plu 
rality of tunable oscillator circuits with said os 
cillator device, means in at least one of said last 
named tunable circuits providing an inductance 
between the cathode and both the anode and the 
screen grid in common, means providing a grid 
leak and capacitor coupling between the cathode 
of the Oscillator and the second named control 
grid of the mixer device, and means for simul 
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taneously tuning said signal and oscillator cir 
cuits. 

4. In a frequency changer System for high fre 
quency signals and locally generated Oscillations, 
the combination of an electric discharge mixer de 
vice having an inner negative control grid and an 
outer control grid, means for connecting each of 
a plurality of tunable signal circuits selectively to 
said first named control grid, an electric discharge 
oscillator device having a cathode, an anode, a 
screen grid, a suppressor grid, and a control grid 
adjacent to the cathode, means simultaneously 
Operable With Said first named Connecting means 4. 
for connecting a plurality of tunable circuits With 
the Oscillator control grid, means in at least one 
of said last named tunable circuits providing an 
inductive winding in circuit with the oscillator 
between the cathode and both the anode and the 
Screen grid in common, said Winding being 
grounded at one end, means providing a coupling 
connection between the cathode of the oscilla 
tor and the Outer control grid of the mixer device, 
means for simultaneously tuning said signal and 
oscillator circuits, a regulating resistor in series 
each with the screen and anode of the oscillator, 
means providing a high frequency bypass connec 
tion to ground for said Screen grid and Outer 
anode, and means for Supplying operating cur 
rent to the cathode and to the anode and screen 
grid of the oscillator from a common source. 

5. In a frequency changer system for high fre 
quency signals and locally generated oscillations, 
the combination of an electric discharge mixer 
device having an inner negative control grid and 
an outer control grid, a screen structure for said 
second control grid, a suppressor grid adjacent to 
the anode and connected With the cathode, said 
device having a relatively high output impedance, 
means for selectively connecting a plurality of 
tunable signal circuits to said first named con 
trol grid, an electric discharge oscillator device 
having a cathode, an anode, a screen grid, a Sup 
pressor grid, and a control grid adjacent to the 
cathode, means simultaneously operable With said 
first named connecting means for selectively con 
necting a plurality of tunable circuits with the 
oscillator control grid, means in at least one of 
said last named tunable circuits providing an in 
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ductive winding between the cathode and both the 
anode and the screen grid in common, said wind 
ing being grounded at one end, means providing a 
grid leak and condenser coupling between the 
cathode of the oscillator and the outer control 
grid of the mixer device, means for simultaneous 
ly tuning said signal and oscillator circuits, a reg 
ulating resistor in series each with the screen and 
anode of the oscillator, means providing a high 
frequency bypass connection to ground for said 
screen grid and outer anode, means for supplying 

ag current to the cathode and to the 
anode, and screen grid of the oscillator from a 
common source, a series resistor in circuit with 
the screen of the mixer device, and means pro 
viding a connection between the suppressor grid 
of the oscillator and said mixer screen, whereby 
a common operating potential is applied to said 
electrodes through said last named series resis 
tor. 

6. In a superheterodyne receiver, means in 
cluding a plurality of tapped inductance ele 
ments for tuning the oscillator through a rela 
tively wide frequency range in a plurality of 
successive frequency bands, a feed back wind 
ing inductively coupled with one of said induc 
tance elements, said winding being tuned below 
and adjacent to the band of frequencies in which 
said inductor is tunable, an oscillator device 
having a cathode, an anode, and a screen grid, 
circuit means connecting said anode and Screen 
grid jointly to one end of each of a plurality 
of said inductance, elements, means providing a 
tap connection for the cathode selectively with 
each of said plurality of inductor elements, an 
electric discharge detector device having an in 
ner negative signal grid and an outer oscillation 
grid, the last named grid being coupled with the 
Oscillator cathode to receive Oscillations there 
from successively across said inductor elements. 

7. In a superheterodyne receiver, means in 
cluding a plurality of tapped inductor elements 
for tuning the oscillator through a relatively wide 
frequency range in a plurality of successive fre 
quency bands, the oscillator tuning means in a 
predetermined high frequency tuning range in 
cluding linear circuit leads forming the sole in 
ductor element, a feed back winding for the 
oscillators inductively coupled with one of said 
leads, said winding being tuned below and adja 
cent to the band of frequencies covered by Said 
high frequency tuning range, an oscillator de 
vice having a cathode, an anode, and a Screen 
grid, circuit means connecting said anode and 
screen grid jointly to one end of each of a plu 
rality of said inductor elements, means provid 
ing a tap connection for the cathode selectively 
with each of said plurality of inductor elements, 
an electric discharge detector device having an 
inner negative signal grid and an outer oscilla 
tion grid, the last named grid being coupled with 
the oscillator cathode to receive oscillations 
therefrom successively across said inductor ele 
ments, means for regulating the anode impedance 
of the oscillator, and tuning means in circuit 
with the oscillator effective to provide a uniform 
output potential from said cathode connection to 
the oscillation grid of the detector device. 

8. In a superheterodyne receiver, means in 
cluding a plurality of tapped inductor elements 
for tuning the oscillator through a relatively 
wide frequency range in a plurality of succes 
sive frequency bands, a feed back winding in 
ductively coupled with one of said inductor ele 
ments, said winding being tuned below and 

adjacent to the band of frequencies in which said 
inductor is tunable, an oscillator device having 
a cathode, an anode, and a screen grid, circuit 
means including a ground connection for con 
necting said anode and screen grid jointly to 5. 
One end of each of a plurality of said inductor 
elements, means providing a tap connection for 
the cathode selectively with each of said plurality 
of inductor elements, an electric discharge de 
tector device having an inner negative signal grid 10 
and an outer oscillation grid, the last named 
grid being coupled with the oscillator cathode to 
receive oscillations therefrom successively across 
Said inductor elements, a second feedback wind 
ing for a predetermined low frequency tuning 15 
band inductively coupled to the oscillator induc 
tor element for said band, said feed back winding 
being connected in circuit with the oscillator 
anode, and a suppressor grid in the oscillator de 
vice connected to ground. 20. 

9. In a superheterodyne radio receiving sys 
tem, tunable over a plurality of differing fre 
quency ranges, the combination of a detector 
having a signal grid and a second grid, an elec 
tric discharge oscillator device of the pentode 25. 
type, means including differing individual in 
ductor elements and a common tuning capacitor 
for tuning said oscillator over a plurality of dif 
fering frequency ranges, a plurality of said in 
ductor elements comprising grid and anode por- 39 
tions and having an intermediate cathode tap, 
selective Switching means providing cathode and 
grid connections for the oscillator selectively with 
Said taps and grid portions, and providing con 
nections for the second grid of the detector se- 35 
lectively with said taps, and means providing 
feed back connections selectively through the 
anode portions of said inductors to the cathode 
from at least two positive electrodes in said 
oscillator. 40. 

10. In a superheterodyne radio receiving sys 
tem, tunable over a plurality of differing fre 
quency ranges, the combination of a detector, 
an electric discharge oscillator device of the 
pentode type coupled thereto, means including 45. 
differing individual inductor elements and a 
common tuning capacitor for tuning said oscilla 
tor over a plurality of differing frequency ranges, 
a plurality of said inductors comprising grid 
and plate portions and having an intermediate 50 
cathode tap, and the grid and anode portions of 
the inductor for the highest frequency range 
comprising substantially linear circuit leads, 
said oscillator comprising a cathode, an anode, 
a control grid, a screen grid and a suppressor 55 
grid, the suppressor grid, screen grid and anode 
being provided with high frequency paths of low 
impedance to ground, and said inductor elements 
being connected at the anode end to ground 
whereby said electrodes are connected to cathode 60, 
through the anode portions of said inductor ele 
ments, and means providing additional feedback 
coupling for the anode with said inductors in cer 
tain of the frequency ranges, said feed back cou 
pling means in the highest frequency band in- 65. 
cluding a feed back winding tuned to a frequency 
below the lowest frequency in said band. 

11. A superheterodyne radio receiving system 
as defined in claim 10 including a detector device 
having an inner signal grid and an outer oscil- 70 
lator grid, and means for coupling said oscilla 
tion grid to EEE of the oscillator, said 
means includiran inductor for a differing fre 
quency band in circuit with the cathode. 

12. An oscillator for a superheterodyne re-is 

  



O 

15 

20 

25 

30 

40 

45 

50 

55. 

60 

65 

70, 

75 

O 
ceiver tunable through a plurality of differing 
frequency ranges, comprising an electric dis 
charge device of the pentode type having a cath 
ode, a control grid, a Screen grid, a suppressor 
grid, and a main anode, means providing a plu 
rality of selectable tuning inductors and a com 
mon tuning capacitor therefor, means providing 
a low impedance path to ground for high fre 
quency currents between the anode and the 
screen grid, and one end of each of the tuning 
inductors, means for Selectively connecting the 
oscillator cathode with an intermediate tap and 
the control grid with the ungrounded end of 
each of said inductors, the cathode and control 
grid connections being shiftable simultaneously 
in connection with the same inductor, said oscil 
lator being thereby operative throughout a plu 
rality of said frequency ranges, means providing 
a feed back winding with the anode in coupling 
relation to certain of the inductors for the lower 
and higher frequency bands, said feedback wind 
ing for a predetermined higher frequency band 
being tuned below and adjacent to said band, 
and a signal detector and mixer device of the 
electric discharge type having an inner signal 
grid, and an outer oscillation grid coupled to the 
cathode of the Oscillator by a direct connection 
including a grid leak and condenser for the 
Oscillation grid. 

13. In a superheterodyne receiver, a detector, 
means including a plurality of individual tapped 
inductor elements for tuning the Oscillator and 
signal circuits thereof through a relatively wide 
frequency range in a plurality of successive fre 
quency bands, the oscillator tuning means includ 
ing linear circuit leads forming the sole inductor 
element in a higher frequency band, a feedback 
winding in the oscillator anode circuit inductively 
coupled with one of said leads, said winding be 
ing tuned below and adjacent to the band of 
frequencies covered by said higher frequency 
band, a second feed back winding in the Oscil 
lator anode circuit for a low frequency band in 
ductively coupled to the inductor element for said 
band, a suppressor grid in the OScillator device 
connected to ground, and means for coupling the 
cathode of the oscillator with said detector. 

14. In a superheterodyne receiver, a frequency 
changer system comprising an electric discharge 
tube detector having a cathode, an output anode, 
a control grid more adjacent to the the cathode, 
a second control grid more adjacent to the 
anode, means providing a plurality of tunable 
signal input circuits, means for selectively con 
necting said circuits with the first named con 
trol grid, an intermediate frequency output cir 
cuit connected with said anode, an electric dis 
charge oscillator having a cathode and an anode, 
means providing a tuning inductor having a 
terminal connected to said last named cathode 
and being connected at another terminal with 
the anode of the oscillator, and means provid 
ing a coupling connection between the cathode 
terminal of said inductor and the outer control 
grid for applying oscillations thereto. 

15. In a frequency changer System for high 
frequency signals and locally generated OScilla 
tions, the combination of an electric discharge 
mixer device having an inner negative control 
grid and an outer control grid, means for con 
necting each of a plurality of tunable signal 
circuits selectively to said firsthamed control 
grid, an electric discharge Oscillator device hav 
ing a cathode, an anode, a screen grid, a sup 
pressor grid, and a control grid adjacent to the 

2,149,281 
cathode, an inductive winding in circuit with 
the oscillator between the cathode and both the 
anode and the screen grid in common, said 
winding being grounded at One end, and means 
providing a coupling connection between the 
cathode of the oscillator and the outer control 
grid of the mixer device. 

16. In a frequency changer system for high 
frequency signal and locally generated oscilla 
tions, the combination of an electric discharge 
mixer device having an inner negative control 
grid and an outer control grid, a screen struc 
ture for said second control grid, a Suppressor 
grid adjacent to the anode and connected with 
the cathode, said device having a relatively high 
output impedance, means for Selectively con 
necting each of Said signal circuits to said first 
named control grid, an electric discharge Oscil 
lator device having a cathode, an anode, a screen 
grid, a Suppressor grid, and a control grid adja 
cent to the cathode, a plurality of tunable oscil 
lator circuits, means conjointly operable with said 
first named connecting means for selectively con 
necting each of Said tunable circuits with the 
oscillator control grid, means in at least one of 
Said tunable OScillator circuits providing in in 
ductive winding between the cathode and both 
the anode and the screen grid in common, said 
winding being grounded at on end, means pro 
widing a coupling connection between the cath 
ode of the oscillator and the outer control grid of 
the mixer device, and means for conjointly tun 
ing said signal and oscillator circuits. 

17. In a frequency changer system for high 
frequency signals and locally generated oscil 
lations, the combination of an electric discharge 
mixed device having an inner negative control 
grid and an Outer control grid, a screen struc 
ture for said second control grid, a suppressor 
grid adjacent to the anode and connected with 
the cathode, said device having a relatively high 
output impedance, means for selectively con 
necting each of said signal circuits to said first 
named control grid, an electric discharge Oscil 
lator device having a cathode, an anode, a screen 
grid, a suppressor grid, and a control grid adja 
cent to the cathode, a plurality of tunable Oscil 
lator circuits, means conjointly operable with 
said first named connecting means for select 
ively connecting each of said tunable circuits 
with the oscillator control grid, means in at least 
one of said tunable oscillator circuits providing 
an inductive winding between the cathode and 
both the anode and the Screen grid in common, 
Said Winding being grounded at One end, means 
providing a coupling connection between the 
cathode of the Oscillator and the Outer control 
grid of the mixer device, means for conjointly 
tuning said signal and oscillator circuits, a se 
ries resistor in circuit with the screen structure 
of the mixer device, and means providing a con 
nection between the Suppressor grid of the oscil 
lator and Said mixer Screen, Whereby a common 
operating potential is applied to said electrodes 
through said last named Series resistor. 

18. In a radio receiving system, the combina 
tion of a detector tube having an inner and an 
outer control grid, means for applying signals 
in a plurality of differing frequency ranges to 
said inner control grid, an electric discharge 
oscillator device having a cathode coupled to said 
outer control grid, means for tuning said oscil 
lator through a plurality of correspondingly dif 
fering frequency ranges, Said means including a 
tuning inductor having a cathode connection for 
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the Oscillator intermediate its ends, a grid con 
nection for the oscillator at One end, a ground 
Connection at the opposite end, and means for 
completing said cathode and grid connections for 
tuning through one of said frequency ranges. 

19. In a radio receiving system, the combina 
tion of a detector tube having an inner and an 
Outer control grid, means for applying signals in 
a plurality of differing frequency ranges to said 
inner control grid, an electric discharge oscil 
lator device having a cathode coupled to said 
Outer control grid, means for tuning said oscil 
lator through a plurality of correspondingly dif 
fering frequency ranges, said means including a 
tuning inductor having a cathode connection for 
the Oscillator intermediate its ends, a grid con 
nection for the oscillator at one end, a ground 
connection at the Opposite end, means for com 
pleting said cathode and grid connections for 
tuning through one of said frequency ranges, and 
said Oscillator having a screen grid and an anode, 
and means providing an alternating current path 
between said Screen grid and anode with the 
grounded end of Said tuning inductor. 

20. In a radio receiving system, the combina 
tion of a detector tube having an inner and an 
Outer control grid, means for applying signals in 
a plurality of differing frequency ranges to said 
inner control grid, an electric discharge Oscil 
lator device having a cathode coupled to said 
outer control grid, means for tuning said oscil 
lator through a plurality of correspondingly dif 
fering frequency ranges, said means including 
a tuning inductor for one of said tuning ranges 
having a portion thereof in series between the 
cathode and ground, Said Oscillator device being 
provided with a control grid, a Screen grid, a Sup 

11. 
pressor grid, and a main anode, means provid 
ing regulating resistors in series with the screen 
grid and the main anode, means providing high 
frequency by-pass connections to the grounded 
end of the tuning inductor, and means pro 
viding a feedback connection with the main anode 
including a feedback Winding, said Winding in 
a predetermined higher frequency tuning band, 
being tuned below and adjacent to the lowest 
frequency in said band. 

21. In a radio receiving system, the combina 
tion of a detector tube having an inner and an 
Outer control grid, means for applying signals in 
a plurality of differing frequency ranges to Said 
inner control grid, an electric discharge oscil 
lator device having a cathode coupled to said 
outer control grid, means for tuning said OScil 
lator through a plurality of correspondingly dif 
fering frequency ranges, said means including a 
tuning inductor for one of said tuning ranges 
having a portion thereof in series between the 
Cathode and ground, said oscillator device being 
provided with a control grid, a screen grid, a 
Suppressor grid, and a main anode, means pro 
viding regulating resistors in Series with the 
Screen grid and the main anode, means provid 
ing high frequency by-pass connections to the 
grounded end of the tuning inductor, means pro 
viding a feedback connection with the main anode 
including a feedback winding, said winding in a 
higher frequency band, being tuned below and 
adjacent to the lowest frequency in said band, 
and power supply means for said Oscillator con 
nected through said resistors to Supply operating 
current to Said Oscillator and heating current for 
the cathode of said oscillator. 

JOHN D. RED. 
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