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The present invention relates to a frequency 
changersy'stem for a multiple range radio re-‘ 
ceiver, of‘ the type adapted to receive radio sig 
nals in a plurality of differing frequency bands or 

5 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 

10 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 

15 tween an oscillator and a mixer or frequency 
changer tube, usually called ‘the ?rst detector, 
and‘ the provision'of an oscillator having improved 
stability in operation throughout thefull range 
of adjustment of ‘the receiver. ~ 

20 It is a ‘primary object of the inventionitolpro 
vide‘an improved‘ frequency changer system em 
bodying'a ?rst detector and an oscillator whereby 
the’ frequency range of’operation'of the system 
may be adjusted through a plurality of individual, 
differing‘ ranges providing relativelywide cover 
age ‘and improved frequency stability in the 
oscillator. ‘ ' ‘ p _ 

‘ It is also‘an object ‘of’ the invention to provide 
an ' oscillator‘ having uniform‘ output over a 

9'0 given wide‘ frequency range together withan im 
proved coupling arrangement between‘ the oscil 
lator and the ?rst detector‘ which does not ap 
preciably‘ change the loading of the oscillator and 
the uniformity of ' signal output from the de 

, tector' ‘with change in frequency range of 
operation. 

It is a further object of thepresent invention 
to provide an improved ‘frequency band or tuning 
range changing system‘ for an oscillator for a 
superhete'rodyne'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. ' 

4'5 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 

50 connected‘ and jointly controlled in the various 
wave bands that uniform amplitude of oscillation, 
high stability and'decreased reaction between the 
elements of‘the frequencychanger device maybe 
obtained‘together with-auniform detector signal 

55' output-‘Iatall-frequencybands.v ' ‘ ~ 

0 , 4 

(Cl. 250-20) 

‘In accordance with the invention, the oscillator, 
embodying an electric discharge oscillator device, 
is caused to‘beconnected? for differing modes of 
operation in a Hartley type of circuit generally 
and modi?cations thereof, depending upon the 5 
wave‘ band or frequencyyrange- to be‘ covered. 
Coupling with a mixer tubeofimproved electrode 
arrangement is provided between cathode and 
groundi‘of'the oscillator. ' 

Thelinventi'on will, however, be better under‘- 10' 
stoodfrom‘ the following description when taken 
in connection with the/accompanying drawings 
and it'slscope will'be pointed out in the appended 
claims. - I ' ‘ 

In'the drawings, 15 
Fig.1" is a schematic circuit diagram of a por 

tion'of‘ the signal input circuits of a superhetero 
dyne receiver, including afrequency changer sys 
tem embodying the inventiomand 

Figs; 2, 3 and 4- are simpli?ed schematic circuit 20 
diagrams of the oscillator portion of the circuit 
of Fig. 1, showing connections for three di?ering 
modes of operation as provided by the circuit‘ of 
Fig.‘ 1. ' 

Referring'tolFig. 1', a radio frequency ampli?er 25 
including an electric discharge device 5, is coupled 
throughanladjustable coil system, of which one 
coil “or transformer 1 is shown,to a source of signal 
energy such as‘ an antenna 9. The ampli?er 5 
is in turn" coupled through a coil system repre- 30 
sented' by a transformer II, with a ?rst detector, 
frequency changer or mixer tube l3, of the elec 
tric- discharge type. An electric discharge oscil 
lator device is indicated'at/ I5 and’forms part of 
an’ oscillator system, hereinafter described, for 35 
sup'plyingToscillatijons to the mixertube I3, The 
latter "iscoupledto output leads I‘! through a ?rst 
intermedate frequency coupling transformer IS. 
The coil system forfth'e high frequency ampli?er 

5 ‘andf?rst ‘detector I i may be of any suitable type, 40 
controllable by suitable tap switches 21, 23-, 25 and 
21;"connected'for‘ single control'or gang opera 
tion by suitable means asindicated by the dotted 
connection 3| with av control knob 29. The 
switches ‘I231and Z‘Frepresent means for shifting 45 
the grid‘oonnections of the tubes5 and I3 while 
the switches -2!> and'25' represent similar means 
for shifting the antennaand theplate connec 
tions for‘ tube 5 simultaneously with the switches 
23" and 21, to the differingsets of coils in circuit 50 
with5the1tubes~5and I3, to provide‘ a multirange 
tunin'geisystemjfor‘the radio frequency ampli?er 
andi‘l?rst detector. The system‘ is, however, 
adapted to'fprovidea wide frequency range of’ 
operation.“ In‘thepresent example the switches 55 
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2 
are arranged to cover ?ve 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 ampli?er and the ?rst 
detector or mixer tube respectively and these are 
in turn interconnected for gang operation by 
suitable means as indicated by the dotted con 
nection 31. 
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, 150-410 kilocycles ____ __ low frequency range 
A Band, 540-1720 kilocycles 
B Band, 1720-6250 kilocycles 
C Band, 5600-18000 kilocycles 
D Band, 18000-05000 kilocyclesw 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 ?rst tube or radio frequency am 
pli?er 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 21 for the detector mixer tube l3. The 
wiring comprises a connection lead 4| beween the 
ground 43 and a tap 45, a second connection lead 
41 between the tap 45 and the contact D of the 
switch 21 and a third circuit lead or wire 49 
from the switch arm 21 through to a point of 
connection 5| with the tuning capacitor 35 for 
the grid or input circuit of the ?rst detector | 3. 

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 ?rst detector l3, the pri 
mary of the auto transformer comprising the 
wire 4| and the secondary comprising the wire 
4| and the wires 41 and 49 which, in the physical 
arrangement of a receiver, are connection leads 
of su?icient 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 1 and 
II are utilized to couple the antenna with the 
radio frequency ampli?er 5, and the latter with 
the detector l3 through the switching contacts C 
of the switches 2|, 23, 25 and 21, 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 ?rst detector l3, the bias con 
nections are changed by operation of the switch 
21. The bias connections will further be under 
stood from a consideration of the tube elements. 
In the radio frequency ampli?er 5, the control 

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

} medium frequency range 

2,149,23 1 
to a common lead 55 in which is provided a ?lter 
comprising a series resistor 51 and bypass capac 
itor 59. Through the ?lter, 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 ampli?er 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 3|. 
The ?rst detector or mixer tube I3 is of the 

multiple grid type, termed a pentagrid-mixer 
ampli?er 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 61, a control grid 69 and an 
output anode 1|. In addition, it is provided with 
a suppressor grid 13 connected with the cathode, 
and three additional grids 15, 11 and 18, the latter 
two being screens on either side of the grid 15 
and interconnected, whereby the latter grid is 
shielded from the control grid 69 and the output 
anode 1| by the grid 11—'|8 as well as by the 
suppressor grid 13. 
The grids 11 and 18 provide a screen structure 

which may be termed a screen grid or screen for 
the second control grid 15. Radio frequency 
signals are applied to the ?rst or inner control ‘ 
grid 69 and oscillations at a frequency to mix 
with the incoming signals are applied to the sec 
ond control grid 15 as will hereinafter be de 
scribed. 
The grids 15 and 69 being in a common elec 

tronic stream between the cathode 61 and the 
anode 1|, signals applied thereto are mixed to 
provide a desired intermediate frequency signal 
from the output anode 1| and thence through the 
intermediate frequency ampli?er transformer l9. 
The cathode 51 of the detector is provided with 

a self-bias resistor 19 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 ?lter comprising a se 
ries resistor 81 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 ?rst 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 uniformv 
output from the detector 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 
?er 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 91, 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 ampli?er 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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decreasedawith 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 

?er stage it should be noted that the contact D 
for the grid control switch 23 is connected through 
a lead IUI 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 wherebyplate potential is maintained on 
the tube. 5 for the D band. Anode supply for the 
tube 5 is provided through the supply lead I03 
and in turn is connected, through a ?lter resistor 
I05 provided with’a bypass capacitor I01, to a 
potential supply» lead I09. ' ' 

In connection with the» detector tube I3, the 
cathode is connected to ground for radio fre 
quency potentials through suitable bypass capac 
itors III and H3 and the screen grid "is like 
wise grounded at radio frequencies through a by 
pass vcapacitorv H5. Both- the screen grid and 
anode-leads are provided with suitable series re 
sistors H1 and “8 respectively. 

It may be pointed out that the mixer or ?rst 
detector‘ tube I 3- is provided with a relatively high 
plate. impedance which is connected to the pri 
mary of. the ?rst intermediate frequency trans~ 
former I9 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 I3, 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 15. This 
is a material advantage in aligning the various 
circuits connected with the oscillator and detec 
tor. 
Becauseof the electronic coupling of the second 

control grid 15 which is connected with the oscil 
lator I5, as hereinafter described, and because 
the grid 15 is well shielded, the direct coupling 

I _. to theoscillator circuit and the capacity coupling 
' therewithis relatively low. This results in less 

60: 

7.0. 

change. of amplitude or frequency because ‘of 
changes in load caused by tuning the circuit con 
nected to the grid 69. x 
The radio frequency ampli?er 5 may be of any 

suitable type, but is preferablyof a type compris 
ing a metal'grounded shield II9 containing an 
equipotential cathode I2I, an output anode I23 
in association with the control grid, together with 

. a suppressor grid I25, and a. screen grid I21. It 
will be noted that like the screen grid and anode 
of the detector I3, the screen grid I21 is provided 
with av series resistor I28 and the anode I23 is 
provided with the series resistor I05. 
In connection'with the automatic volume con 

trol lead BI, the same automatic volume control 
potential is applied to all tubes and the control 
of gain isregulated' by the operation of the anode 
and screen grid series resistors, which, in opera 

; .1 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 
controlv potentials to-the various controlled tubes 
and simpli?es the automatic volume control sys 
tem, . . , 

. 3 

The radio frequency ampli?er tube may be of 
the type known commercially as the RCA 6K7, 
triple-grid control ampli?er. The oscillator I5 is 
also preferably of the metal enclosed type com 
prising a grounded metal envelope I29, an equi 
potential cathode I3 I, a control grid I33, a screen 
grid I35, and suppressor grid I31. The main 
anode is indicated at I39. This may be of the 
type known commercially as RCA-SJ '1. The os 
cillator is of the grid leak and capacitor type, 
the control grid I33 being connected through a 
grid capacitor IM to the variable tuning capac 
itor I43 to the contact arm of a. grid switch I45 
and is also connected to ground I41 through a 
grid leak I49 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 
15, of the detector I3, through a. connection lead 
I5I and a grid or coupling capacitor I53. A grid 
leak connection I55 is provided between the grid 
15 and the cathode 61. Both the oscillator grid 
I33 and the oscillation grid 15 are, therefore, grid 
leak and capacitor coupled to their respective 
sources of signal potential. The oscillation grid 
15 receives oscillations from the cathode of the 
oscillator. 
As a mixer tube or ?rst 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 69 
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 ?xed 
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 ampli?cation 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 I 33 of the oscillator is con 

nected with the various wave band circuits con 
trollable by the switch I45 and a second switch 
I51 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 I45 is the grid coil-selector switch. 
The grid coil-selector switch arm is connected 

with the tuning capacitor I43 through a rigid wire 
connection or lead indicated at I59. The switch 
is provided with contacts corresponding in num 
ber to the number of wave bands to be covered, 
in this case ?ve 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 I6I 
through a rigid wire connection or lead com 
prising two sections, I63 and I65. An intermedi 
ate tap between the sections I63 and I65 as indi~ 
cated at I61 is connected through a lead I69kwith 
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4 
the contact D of the cathode selector switch 
I51 whereby, when the switch I51 is in the posi 
tion shown, the cathode of the oscillator is con 
nected to the tap I61. 
The combined length of the lead wires I59 and 

I63 is such that, with the switch I45 in the po 
sition shown, suf?cient inductance is included 
therein to form a grid inductance for the oscil 
lator while the lead I35 to ground forms the 
anode inductance of a Hartley type oscillator, the 
total inductance being tuned by the capacitor 
I43. 
The oscillator I5 utilizes both the main anode 

I39 and the screen grid I35 as anode electrodes, 
with the suppressor grid I31, between the two 
anode electrodes, connected to ground as indi 
cated at I". 
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 regu 
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 I69 with the detector screen 
grid or grid structure. A switch I15 is provided 
for breaking the suppressor grid connection with 
ground I1! and making the connection for the 
suppressor grid with the lead I68, whereby both 
the detector screen structure and the oscillator 
suppressor grid receive a positive potential 
through the common series resistor I I1. 
In order to decouple the two electrodes, a ?lter 

is provided in the lead I68, comprising a series 
resistor I12 and bypass capacitor I14. 

It has been found that variations in screen 
grid current causing variation in the drop in the 
resistor II1, provide potential changes in the 
proper direction on the suppressor grid of the 
oscillator to maintain its plate or anode im 
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 I35 is 

completed to the ground I6I through a by-pass 
capacitor I13 and a ground connection I15 from 
the anode screen grid lead I11. A series resistor 
I19 is provided in the lead I 11 between the screen 
grid and the source of anode or screen grid po 
tential represented by the supply lead I8I. This 
resistor has a desirable regulating function on the 
oscillator which will hereinafter be described. 
The main anode I39 is connected through an 

output anode lead I83 to a feed back coil or wind 
ing I85, thence through a lead I81 to a second 
feed back coil I89 and is connected to a source 
of anode potential provided by the supply lead 
I09, through a series regulating and ?lter resistor 
I9I provided with a bypass capacitor I93. The 
function of the resistor I9! in regulating the os 
cillator and in conjunction with the resistor I19 
will hereinafter be described. 
With this arrangement, the screen grid I35 as 

an anode, is coupled in the oscillator circuit 
through the inductance of the lead I65, with the 
cathode connected to the tap I51, and grid con 
nected to the end terminal of the inductance 
represented by the lead I59 and the lead I63 in 
series through the switch I45. Additional cou 

2,149,231 
pling is provided through the‘ main anode I39 and 
the feed back winding I35 which comprises a 
few turns coiled adjacent to the grid switch I45 
in inductive coupling relation to the wires ‘I53 
and I 65. 
An anode circuit switch having a three ele 

ment movable contact arm I95 is provided with 
contacts corresponding to the selected wave 
bands X, A, B, C and D and, in addition, two 
spaced contacts I91 and I99, 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 I91, the main anode circuit is shunted 
to ground through a bypass capacitor 293 on the 
low potential side of the feedback winding I85. 
The alternating current path from the main 
anode to cathode therefore, includes not only 
the feed back winding I85 but also the lead I65 
0r anode inductance, through the ground con 
nections 29I and I6I. 
The contact C of the switch I95 is connected 

through a bypass capacitor 205 to the lead I83 
and thereby to the anode I39 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 becauseof 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 2M is 
disconnected. Further use of the anode short 
circuiting switch I95 will hereinafter appear. 
The inductances for the frequency bands C, B 

and A are indicated at 291, 299 and 2H and are 
each connected through series capacitors 221, 229 
and 23I, respectively, to corresponding contacts 
C, B and A on the grid coil selector switch I 45 
through suitable grid leads 233, 235 and 231. 
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 I45 
to a lead MI 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 241 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 I3I of the oscillator and the oscilla 
tion grid 15 of the ?rst 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 221, 229 and 23I, respectively. 
The grid connection for the band X is made di 
rectly to the inductance 239. The inductance of 
the lead I59 between the switch I45 and the tun 
ing capacitor I43 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 I35 .and the 
main anode I39 are completed through the 
grounded ends of the inductances and the by 
pass capacitor 205, directly from the anode lead 
I83 and through the bypass capacitor I13 from 
the screen grid lead I11, 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, feed back for setting up oscil 

lations, is derived from the feed back coil I89, 
which in the higher frequency ‘bands is by 
passed by the'capacitors2'95 and 203,~but which 
for the‘X'bandis included‘in the alternating cur 
rent path from the anode I39. In this case the 
screen grid I35 is ineffective to set up oscillations. 

It will be noted that the lead 225 fromthe in 
termediate-tap '2 I9 of the inductance 2H for the 
band A is" connected through a lead 249 with the 
contact D of the anode 'short-circuiting switch 
I95. This is for the purpose of short-circuiting 
to ground the anode portion of the inductance 
2H 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 portions 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, 
' Byand‘C bands are also short-'circuited to ground 

.25 

430 

60 

175 

thereby to render the 'inductances ineffective to 
resonate at frequencies in the next adjacent 
lower bands, by a grid short-circuiting switch 
25I 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 main movable contact 
2%" comprises three ?ngers for ‘engaging three 
adjacent contacts simultaneously in asimilar 
manner to the switch ‘I95. The contact D of 
the vswitch '25I is connected to thelead 233 
‘through a lead 255 and similarly the contacts C 
and B_.'are connected through leads 257 and 259 
with'the leads V235 and 231, 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 26I andaground connection 263, wherebyr 
said inductances are ineffective to'interfere with 
.the operation of the D band inductance provided 
by the ‘rigidwiring I59~and I63—-I65. As the 
switch 25I is moved in'a clockwise direction ‘as 
viewed in vthe drawings, the short-circuit is pro 
gressively ‘removed from the‘ C, B and A band 
inductances until the contact reaches theposi 
tion X:with the extreme left‘hand contact arm 
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 I 45 

and I51 together with the anode and grid coil 
short-‘circuiting switches~l95 and~25I are prefer 
ably "interconnected for simultaneous operation 
in ‘the relation shown and ‘as indicated‘by the 
dotted connections 261. 

It will be noted that for the X'band operation 
the cathode-switch'I5'I-is connected through the, 
contact X, thence throughtheentirecoil 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‘andwill thus be transferred to the oscil 
lation grid ‘I5. In all of the other bands the os~ 
'ci?llation grid ‘I5 is connectedv 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 221,229 and I23I are 
'i‘included in circuit with the tuning capacitor I43 
and in‘ the high‘potential‘sideof 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 voltage appears from cathode to ground. 
On the highest frequency range D, a low fre 

quency winding I85 is provided in the plate cir 
cuit of the pentode oscillator I5 to obtain oscil 
lation over the low frequency end of the D band. 
It will be noted that this winding is provided with 
a shunt tuning capacitor 261. This is for the 
purpose of tuning the winding I85 below the 
tuning range of the B band, but adjacent there 
to. The winding and shunt capacitor 261 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 D 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 
tuned over the D band, showing up this oscil 

lator at the low frequency end, so that the oscil 
lator will track with the antenna circuit without 

In 

be understood the simpli?ed'circuits representa 
2tive of the low frequency, medium frequency and 
high frequency’connections havebeen redrawn 
without the- switching, "bypass and other elements, 
in Figs. 2,3 and 4, Fig. 2 showingythe general 
circuit arrangement for the medium frequency 
or A, ‘B‘an'd'C bands, Fig. 3 showing the circuit 
arrangement for the high frequency or D band, 
and Fig. '4 showing the circuit arrangement for 
the low frequency or Xband. 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 I35 and the main anode I39 of the 
oscillator I5 are each bypassed to ground through 
bypass capacitors 205 and I13, respectively, there 
by being'connected through the ground ‘2I3, to 
‘the anode end of the inductance 2| I across which 
is connected the tuning capacitor I43. The cath 
ode ‘I3I is connected to the intermediate tap 2I9 
and to the lead ISI for the ?rst detector oscil~ 
‘lation grid; The control grid I33 is coupled 
through its grid leak and capacitor I49-I4I, to 
the grid end of the inductance 2I I, thereby pro 
viding a Hartley type oscillator. The suppressor 
grid I31 provides an effective screen between the 
two anode electrodes I35 and I39. 

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 I19 and I9I 
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 e?ective 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 I19 and I9I. ' 
By way of example, if the B voltage is 200 volts 

and assuming the resistors I9I and I19 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 17 6 volts. 
However, because of the increased ?lament 

voltage of 10%, there will be an increase in plate 
and screen current of approximately 29%. This 
is caused by the fact that the ?lament 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 ?lament 
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 
I19 and I 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 same 
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 ?oating ‘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 ?rst 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 I33 is the capacitor 255, 
this connection being provided by the switch I95 
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 I85 and I89 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 I5, the inductance of the rigid 
bus wiring being shown in conventional manner 
as inductances at I55 and at I59-I63. It will be 
seen from an inspection of Fig. 3, that the change 
in connections effected therein includes removing 
the series compensating condenser 23I (Fig. 2) 
from the high side of the tuned circuit and add— 
ing the tuned feed back winding I85 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 feed back provided by the coil I85. 
It will also be noted that the bypass capacitor 203 
is now effective in the main anode circuit caused 
by operation of the switch I95 thereby bypassing 
the feed back winding I89 shown in Fig. l. The 
compensating resistors IBI and H9 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 valuefand the 
grid and plate inductances I63 and I35 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 ?rst detector receives energy from the os 

cillator across the inductance i55 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 ?gure, and in the medium 

frequency ranges, both oscillator anode electrodes 
I35 and I39 include the anode inductance por 
tion I65, the connections between the anode elec 
trodes and the cathode comprising the capaci 
tors 203 and I13 to ground, the ground IBI of the 
main tuning inductance, thence through the in 
ductance element I55 to the cathode I3I from the 
tap I61 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 feed back winding I85. 

It will be noted that the anode electrodes I35 
and I39 are shielded by the suppressor grid I37 
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 ?rst detector is supplied with 

oscillations from the inductance 2| I of the A band 
introduced into the cathode circuit between the 
cathode I3I and ground 2 I3 and is shunted mere 
ly by the trimmer capacitor 241. 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 
withthe ?rst detectorthrough the lead 'I5I. 
The oscillations are set up wholly by feed back 

from the coil I89 and the .main inductance; 239 :is 
not tapped but is utilized entirely in thegrid 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 withoutspecial meanszother than vprovided 
by the coil‘ introduced in the cathode circuit. 

It-will be noted that the inductance of the feed 
back winding I85 of Fig. 1 has been omitted since 
its inductance is negligible in this range‘ and the 
vbypass capacitor for the ‘main anode I39 is indi 
cated at‘ I93. 
The suppressorlgrid- I31 is utilizedas "a screen 

between the-anodeelectrodes I35 and I39 as in 
the other frequency bands and the compensating 
resistors I9I and I19 operate in the same manner 
to stabilize the oscillator frequency with varia 
tions insupply potential, . . 

vInthe low frequency range it will be seenthat 
the oscillator system is changed from the Hartley 
circuit to the feed back circuit ,with the screen 
grid 7 I35 effective to control the internalimped 
ance of the oscillator and the main anode I39 uti 
lized for settingup oscillations by ‘feedback. 
‘The joscillator inductance is a single winding 

Without taps. The feed back arrangement shown 
with its absence of taps is thereforedecidedlyad 
vantageous in~eliminating absorption circuits 
which ‘would fall in a ‘higher frequency band. 
Furthermore, the inductance inthe cathode lead 
which is coupling means for the detector, provides 
,an'impedance from which to takev thedetector 
load without tapping into the tuned circuit. The 

inductor [2| Iv being in the cathodelead is ‘in a 
circuit common to the grid, screen, and plate. 
Therefore, while the sc'reengrid 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 ZI I. _ ; 1 7 

Referring again to'Fig. 1 alongwith Figs. 2 to 4 
inclusive, it has been pointed out that the ‘oscil 
lator circuit is arranged tocover a relatively wide 
frequency range o-foperation in .aeseries. 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 ?rst detector on an auxiliary mixing grid 
which in this case is the second control grid. 
The oscillator generates signals which, in . all 
bands, areabove the frequency of theincoming 
signal by the amount of intermediate frequency 
which, in this case, is chosen at 460Ikilocycles. 
As shown in the drawings, the cathode'of the 

oscillator isabove ground potential for highfre 
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 besubstant-ially 
independent of power supply variations in regard 
to stability anduniformity 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: shortecircuitcertain 
unused coils which would absorb energy from the 
circuit in use. a . 

I The overall oscillator circuit comprises ‘ five 
separate transformers or coils, the D band trans. 
former or coil being provided by. the circuit 
wiring. Fourselector switchesareprovided, the 
switch I95 being the anodecoil short-,circuiting 

the‘ bypass capacitor I11. 
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switch, ‘the switch‘ 25I being the coil short-circuit 
ing switch and the switches I45 and I51 being the 
grid coil and cathode coil selector switches re 
spectively. The switch I45 serves to connect the 
'gridof the oscillator and the main tuning ca- ' 
pacitor I43 to the proper coil for the range to 
which the switch is adjusted. The switch I51 
serves to connect the cathode and the ?rst 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 I95 serves to bypass the induc 

tance I85 which is the D band feed back 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. vThe switch I95 also serves to ground 
the plate portion of the A band coil when the 
bands B, C or D are being used. The switch 
i25I 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 tuning 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 A band coil, since it is divided 
.into. a large and small section by the tap there 
is a tendency for the loweror 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 I95. 
The coil for theD band comprises merely a 

piece of rigid Wire extending from the ground to 
the switch I45 and thence, when the switch is 
thrown to the position D, through to the tuning 
capacitor I43. The capacitor tunes the piece of 
rigid wiring to the proper frequencies. It is, 
therefore, necessary that the length of the wire 
andzthe location of the same be maintained in 
position after adjustment. 
Because of the extremely high frequency to 

which‘ the oscillator responds it is necessary 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 
willbe noted thatthe heater of the oscillator 
indicated at 215 is grounded for high frequency ‘ 
currents,qone leg directly. and the other through 

Likewise, the radio 
frequency ampli?er i5 .and the detector I3 are 
provided with heaters 219 each ‘provided with a 
direct ground connection as indicated at 28! 
adjacent to ‘the tube terminals. . 
Likewise the ‘shield or :metal envelope of the 

oscillator is directlyiconnected to ground, a mini 
mum length of lead being used. These direct 
connections are of importance in order to prevent 
spurious oscillations .or responses at the high fre 
quency end of D band, asthe circuits within the 
detector tube, i. e. the elements thereof have nat 
ural periods corresponding to frequencies of 
180-220 megacycles. The harmonics of the oscil~ 
lator that fall in the :range of 180-220 megacycles 
so excite the detector tubethat responses denoted 
by, hiss output at intermediate frequency are ob 
tained. In order to prevent these spurious re 
sponses, it is necessary to havethe ?laments. 
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8 
shields and cathodes of the ?rst 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 I52 and may consist 
of a 9 micro-microfarad capacitor 956 connected 
across several inches of the lead I5I providing 
an inductor I56 between the oscillator cathode 
and the detector coupling condenser I53. 
This trap may also be inserted at I58 in the 

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

that an oscillator, ?rst 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 ?rst detector thereby avoiding an ex 
cessively high noise ratio with respect to signal. 

(0) A high degree of oscillator stability is 
» obtained, thereby preventing variation in the sig 
nal output of the receiver when it has once be 
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 7 3 megacycles for 
the D band alone. 

(e) The oscillator output voltage delivered-to 
the ?rst detector or mixer tube is uniform 
throughout the various wave bands covered there 
by improving the e?iciency of conversion in the 
?rst detector or mixer tube. The automatic vol 
ume control is simpli?ed, 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 superheterodyne 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 ?rst named 
control grid, a pentode electric discharge oscil 
lator device, a plurality of tunable oscillator cir 
cuits, means conjointly operable with said ?rst 
named connecting means for selectively connect 

2,149,231 
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 
?rst 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 ?rst 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 
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 ?rst 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 ?rst named connecting means . 
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 ?rst 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 
?rst 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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duetive winding betweentheeathecle and both the 
anode and thesereen grid in eernmeh, said ‘ml. 
ihebeing grounded one end. means providing a 
grid and condenser coupling between the 
cathode of the he ate: and the outer‘ cent-rel 
grid of the mixer device, means for simultaneous 
1y tuning said signal and oscillator circuits, a reg 
hinting resistor in series each with the screen and 
anode of theoseillater, means providing a high 
frequency bypass connection to ground for said 
screen grid and outer anode, means for supplying 
operating current to the cathode and. to the 
an e-end screen grid of the‘ oscillator from a 
common source, la series resistor in circuit with 
11h?‘ ?cl‘??n 9f the‘ mixer (.i?Yi??, and means Pl'O 
vidingaeennectien between the suppressor grid 
oixthe oscillator and said mixer screen, whereby 
a common operating potential‘is applied to said 
electrodes through said last named series resis 
tor.v ‘ 

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 
havinga 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 
cludinga 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 
oscillator 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 jointlyto 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 cleteeter 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 ell’eetive 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 timing the oscillator through a relatively 
widefrequehey range in a ‘plurality of sueeese 
sive frequency hands, a feed back winding in 
duetively coupled with one 0? said inductor ele 
ments, said winding. being tuned below and 

e 
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 een-> 
nesting said anode and screen grid jointly to 
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 
teeter device having an inner negative signal grid 
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 feed back wind 
ins .fer a predetermined low frequency tuning 
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. 

9. In a superheterodyne radio receiving sys 
tern, tunable over a plurality of differing fre-V 
quency ranges, the combination of a detector 
having a signal gridend a second grid, an elec 
tric discharge oscillator device of the pentode 
type, means including di?ering 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 
duster elements comprising grid and anode por 
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 
lectively with said taps, and A, means providing 
feedback connections selectively ‘through the 
anode portions of said inductors to the cathode 
from at least two positive electrodes in said 
oscillator 

,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 
differing individual inductor elements and a 
common tuning capacitor for tuning said oscilla 
tor ever a plurality of differing frequency ranges, 
a plurality of said inductors comprising grid 
and plate portions and having an intermediate 
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 
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 
through the anode portions of said inductor ele 
ments, and means providing additional feed back 
coupling for the anode with said inductors in cer 
tain of the frequency ranges, saidfee‘d back cou 
pling means in the highest frequency band in 
cluding a feed back winding tuned to a frequency 
below the lowest frequency in said band. 

11. A superheterodyne radio receiving system 
as de?ned in claim 10 including a detector device 
having an inner signal grid and an outer oscil 
lator grid, and means for coupling said oscilla 
tion grid to cathode of the oscillator, said 
means inciudi, an inductor for a differing ,fre 
quency band in ,eireuit with the cathode 

12-41; eselllster $01‘ a superheteredyne ere-Y 

15' 

20, 

25., 

3,02 

355 

45.5, 

55; 

3 

65; 



10 

15 

20' 

25' 

40 

65 

70 

75 5 

TO 
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 theinductors' for the lower 
and higher frequency bands, said feed back 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 

i quency bands, the oscillator tuning means includ 
ing linear circuit leads forming the sole inductor 
element in a higher frequency band, a feed back 
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 ?rst 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 ?r'sifj?giamed 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 

2,149,231' 
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 7 between‘ the 
cathode of the oscillator and the outer control 
grid of the mixer device. j 

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 ?rst 
named control grid, an electric discharge oscil 
lator device having a cathode, an anode, alscreen 
grid, a suppressor grid, and a control grid adjae 
cent to the cathode, a plurality of tunable oscil 
lator circuits, means conjointly operable with said 
?rst 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 
viding a coupling connection between ‘the oath? 
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 ?rst 
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 ?rst 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 vand 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 ofdifl’ering 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, aground 
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. Ina 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 
atuning inductor for one of said tuning ranges 
havingv 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. 
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