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2,248,843 

CAEEER, WAVE SYSTER 

Earoli F. Eliott, alo Alto, Calif. 
Aigia is Aigeist, 23, 1934, Seria No. 74,139 

(C. 259-23) 25 Caii.2S, 

My invention relates to carrier wave systems 
Such as are used for the transmission of intelli 
gence by Wire or radio in the form of telegraphy, 
telephony, facsimile, television, etc. In particu 
lar my invention relates to means for controlling 
and coordinating the sensitivity, selectivity and 
quality of the transmissions of such systerns and 
to means for extending and in proving their 
rangeS and utility. In the past, a carrier Wave 
Systein, Or a circuit thereof such as a radio re 
ceiver, has been limited in its utility to a co 
paratively narrow range determined by the spe 
cific purpose for which it was designed. For ess. 
ample, in a radio broadcast receiver designed so 
that it had the sensitivity and selectivity re 
quired for receiving distant stations without, in 
terference, it has been necessary to limit the re 
ception to comparatively narrow side bands, with 
a resultant detrinent of quality, or fidelity, in 
the reproduction. Conversely, if side bands Slf 
ficiently wide to give high quality reproduction 
have been admitted, selectivity sufficient to cit 
Out locals when receiving distance has been sac 
rificed. Sonne attempts have been made to pro 
Wide a SWitch for passing a Wider band. When 
receiving local stations but none of the Systerns 
appearing to date have been satisfactory azhd the 
added Switch has been confusing to the average 
USer aS Well as in perfect in its action. 
One object of my invention is to provide a 

Carrier Wave Systein with a coordinated Sensitiv 
ity. Selectivity and quality control which makes 
it possible to adjust the response of the system so 
that it is Suitable for any of the transnission 
Conditions normally met in practice. Another 
object is to provide nears of making such ad 
justinent so simple that the average iser ce; 
readily understand, and intelligently singloy it. 
Another object is to provide nears whereby the 
SO called 'tone control’ knob comingly provided 
Oil radio roadcast receives can be interlinked 
With Or replaced by a sensitivity, Selectivity, qual 
ity control which Suitably adjusts the sensitivity, 
the Width of the side bands passes yeagh hit, 
in the receiver, and the tore qiality, simultane 
Ously aid in Iroper coordination, therefoy Yak 
iing it possible adequately and fully to adjust, and 
COIntrol the response characteristics of the 
ceiver for Vairious transnission conditions with 
Out adding controls bayond hose With which the 
average user is already far niliar. Another co 
ject is the 8 occipiishinent of the foregoing in 
crease in utility, raige aind quality by simple 
alid inexpensive neas, Suitable for gia). Eity pro 
duction. These and other objectives will be out 
lined in 3re fully if the accGinpairying figures and 
description which are illustrative of a few ex 
aples of Iny invention aid its methods of ap 
plication but are not to be taken in a liniting 
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Sense as to the scope of the invention which is 
defined in the appended claims. 

In the accompanying drawings in which like 
Intimerals of reference indicate similar parts 
throughout the Several views: 

Figure 1 indicates the relative trends, although 
not necessarily the ragnitudes, of the functions 
Controllied by the koo Which determines the 
Sensitivity, Selectivity and quality of output of 
a receiver embodying my invention; 

Figure 2 shows in outline one arrangement of 
coordinated circuit elements suitable for carrying 
out the various functions in a radio receiver 
eabodying my invention; 

Figure 3 shows in further detail a radio re 
ceiver enbodying Still further forms of the in 
Vention; 

Figure 4. ShoWS relative response curves of car 
rier frequency annplifier stages embodying my 
invention: 

Figures 5, 6, 7, and 8 show in outline illus 
trative examples of electrical and mechanical 
elements for carrying out the invention. 

Referring to Figure 1, the curves A, B, C and 
ID show the relative trends of the sensitivity, se 
lectivity, cairier band Width and audio cut off 
Characteristics of a receiver embodying my in 
Vention and having a single knob, or other con 
trol device, operating to control these character 
istics in cooperative and coordinated relation. 
or exainple, When the knob is rotated to the 

left, the receiver is inade highly sensitive as in 
dicated by curve A and also highly selective as 
indicated by curve B So that it is possible to 
receive distasi, Stations without interference. In 
Order to attain the desired selectivity, the band 
of frequencies passed by the various carrier fre 
Cuency arolifier stages is made relatively nar 
IOW as indicated by curve C and at the same 
title the band of frequencies passed by the audio 
annplifier as indicated by curve D is correspond 
ingly railrowed so that beats from adjacent car 
iers and other interfering frequencies are sup 
preSSed. The narrowing of the admitted band 
of audible frequencies also reduces the hiss aris 
ing frcia tube and circuit noises when the receiver 
WaS in a highly sensitive condition; also the ex 
traneous incises arising from static and other in 
terference tending to override a weak carrier are 
reduced. 
When it is desired to receive nearer or strong 

er Stations, the knob may be rotated toward the 
right, reducing the sensitivity and selectivity, 
increasing the width of the band admitted by the 
cairier airpifiel's and selectors and Widening the 
band of frequencies passed by the audio ampli 
fier. For high quality local transmissions, the 
knob inay be rotated as far as desired to the 
right, Serving as a tone control which adjusts the 
cut off frequency of the audio and carrier aiplin 

  



2 2,248,343 
fiers and selectors. In cirder that the knob Con 
trolling these functions may be operated to ob 
tain the sensitivity, selectivity and quality desired 
without upsetting other relations in the receiver 
it is important that effective and automatic 
means be provided for holding constant the level 
of the signals applied to the detector or deinodul 
lator, so that the level ci the signals delivered 
to the loudspeaker or succeeding apparatus Will 
be maintained constant and not disturb3d by the 
other adjustments. The provision of Such iEleans 
and its coordinaticin with the sensitivity, Selec 
tivity and quality control is an important fea 
ture of my invention. For controlling VClune Or 
output suitable manual means pieceding Ol' Suc 
ceeding the detector or demodulator may be used. 
A compensator for raising the relative level of 
the low frequencies may be interlinked with the 
volume control if desired. A suitable control 
knob for tuning the variable capacitors or other 
carrier selector means will of couise be used and 
switches may be provided for selecting variol:S 
Wave bands if desired. Means for Slip(preSSing 
carrier noise while tuning Inay, of course, be 
provided when desired. 
Figure 2 shows one forin of circuit control 

which may be utilized for carrying out the Sensi 
tivity, selectivity and quality control features of 
my invention. Tube represents a carrier fre 
quency amplifier preceded by a tuned Selector 
circuit 2 and succeeded by another such circuit 
3, the circuits being tuned by variable capacitors 
4 and 5 which have a ccram on tuning control 
6. In the arrangement illustrated, the induc 
tors 7 and 8, have taps and switches 9 and 8 
with a common control , whereby the induct 
ance of circuit may be increased while at the 
same tine the inductance of circuit 3 is de 
creased. Two sets of variable resistol's 2 and 
3 are provided and SO arranged that the re 

sistance of circuit 3 is increased as its induct 
ance is increased, while the resistance of cir 
Culit 3 is increased as its inductance is decreased. 
If the circuits are designed so that each is ex 
actly resonant to a given carrier frequency when 
the Switches 9 and are in the positions shown 
in full lines, the airplifier stage comprising tube 
and circuits 2 and 3 will then have a compara 

tively sharp resonant curve as illustrated by E 
in Fig. 4. When SWitches 9 and 3 are thrown 
to the positions shown in dotted lines, and Suit 
able values are chosen for the added and Sub 
tracted inductances and the added resistances, a 
responsive curve shaped like that shown at H. 
in Fig. 4 nay be obtained. Siniarly, inter 
mediate curves as shown at F and G may be ob 
tained by Suitable choice of inductances and re 
Sist3nces. Thus the amplifier stage may be 
made highly sensitive and highly selective when 
Operating on crWe E, a d progressively less 
Sensitive and less Selectiv3 when ope;’ating upon 
curves F, G and Carrier frequency ampli 
fiei's may thl's be popCitioned so that relatively 
xnarrow bands are passed in the selective posi 
tion while bands suitable for high quality re 
production of sneech, rillsic or other intelligence 
are passed in the less selective nositions. The 
couplings between the primaries and 3 and 
their respective secondary coils and 8 may be 
fixed or may be made variable and adjusted in 
coordination. With the motion of Switches 9 and 

as indicated by the arrows and dotted lines 
When necessary to obtain the desired electrical 
relations and response characteristics. If ca 
pacitive coupling is used, either in conjunction 
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with inductive coupling or separately, this may 
also be varied if necessaly. 
An amplifier stage of the type just described 

is suitable for carrier frequency amplification 
in transmission systems, receivers or transmit 
ters of a variety of forms. It is well Suited, for 
example, for the radio frequency Stage, Or Stages, 
of either tuned radio frequency or Superhetero 
dyne types of radio receivers. It may be used 
also for the intermediate frequency stages of 
superheterodyne receivers. 
Another circuit arrangement Suitable for a 

variety of services and especially well adapted 
for intermediate frequency stages in Superhetero 
dyne receivers is shown in connection. With tubes 

| 6 and 7 in Fig. 2. These tubes are shown 
as interconnected by a fully tuned carrier fre 
quency transformer, such as is Widely used in 
broadcast receives for the interinediate fre 
quency stages. The primary and secondary 8 
and 9 have tuning capacito's 20 and 2, which, 
Ilay be of any of the usual types. Supplemen 
tary adjustment for controlling the band Width 
and tuning characteristics of the stage may be 
incorporated directly in the main tuning ele 
ments, coils 3 and 9, capacitors 20 and 2, and 
coupling 25, or alternatively, supplementary ele 
In 8:nts such as variable capacitors 22 and 23 and 
variable resistors 24 and 25 may be employed, 
With Suitable common control 2. A great va 
riety of arrangen 2nt may be employed to give 
the desired result, which is a family of charac 
teristic curves of the type shown in Fig. 4. Thus, 

culive of the type given at E may be obtained 
y employing oW loss capacitors and inductors 
t 23-21 and 8-3, relatively loose coupling 

at 26 and very high resistances, or none at all, 
at 24 and 25. The tuning characteristic may 
then be broadened by increasing the coupling 
at 5 and Suitably lowering resistors 24 and/or 
25, giving progressively curves as shown at F, 
Gard II. If required, capacitors 22 and 23 may 
be uSad for Supplementary adjustment the one 
being increased while the other is decreased. 
The resistors 24 and 25 may be replaced by suit 
able Series resistors if desired. 

For the control of the low frequency response 
characteristics of the receiver, any suitable form 
of band filter, tone control or the like may be 
eployed, using either continuous variation or 
Stepwise control with SWitches. By way of ex 
arple, tube 3 in Fig. 2 may be an audio fre 
Cillancy anpifiar in a broadcast receiver in which 
tube Sarves as a radio frequency amplifier and 
tubes S and operate at intermediate fre 
quencies. Tube 2 may have suitabie filters in 
either its input or output circuits, or both. In 
Fig. 2, an output tone control filter is shown, 
comprising inductor 22, capacitor So, poten 
tion eter 3 and tra. Sfciner 32. The control 
33 of these eleinents may be interlinked with 
the controls and 27 of the preceding stages 
So that the band width, selectivity, sensitivity 
and to:he quality are all varied simultaneously 
and in suitable relation. If it is desired, the 
sensitivity variation arising frcm the change of 
i.esistances associated with the Selector circuits 
of the carrier frequency Stages may be supple 
mented with variation of the amplification of 
the tubes enployed by changing the potentials 
on the eleinents of the tubes as by control 34 
operating potentiometer's 35 and 36. For ex 
annple, if pentode type militi-rall tubes are en 
ployed for the carrier stages, the amplification 
and sensitivity inlay be controlled by adjusting 

2 

  



2,248,843 
the potentials on any or all of the grids. Poten 
tioneter 35 may be employed to adjust the rela 
tive levels of the control grids and cathodes and 
38 may be used on either the suppressor grids 
or screen grids. Alternatively a third poten 
tioneter may be utilized and all three grids 
varied. The anode-cathode potential may also 
be used for conti'ol purposes if desired. Added 
controls of One or more of these types may be 
used Where necessary to keep the level of signals 
at the deinodulator Within the desired limits, the 
rate of Wariation of the potentioineter or resistor 
being proportioned so that this objective is at 
tained. 

Figure 3 shows the circuits of a radio broadcast 
receiver of the superheterodyne type embodying 
iny invention. Tube 3 is a radio frequency 
amplifier, tube 33 a frequency corvetter or first 
detector, tute 39 an oscillator, tube (; ) an in 
termediate frequency amplifier, tubes 4 and 32 
are goverEner or automatic gain conti'ol tub-CS, 
tube 3 is an automatic gain corinpensator operat 
ing at intermediate carrier frequency, tube 4 is 
a demodulator, tube 65 is an audio annplifier, tube 
43 is the usual rectifier for energizing the ai: ode 
and grid circuits and 47 is a tuning indicator. 
The functions performed by the foi'egoing tubes 
are similar to those of standard superiheterodyne 
receivers except the governor aid conger Sator 
tubes which, with the aSSociated circuits, operate 
to give signals of very constant level at the de 
modulator is . The nanner in which this is 
corplished is described in detail in iny copendi:g 
application, Serial Nunaber 703,054 filed Dec. 19, 
1933, and therefore need not be gone into here 
beyond stating that the governor tubes & and 42 
receive carrier wave signals from the intermediate 
frequency annplifier ( , annplify and rectify these 
signals and Supply potentials to the gain control 
circuits of tubes 3,38 and 43. This nuch of the 
system constitutes a carrier Wave annplifier With 
automatic gain control delivering signals at the 
output of tube 49 whose level rises slowly as the 
stiength of the signals applied at the input of 
tube 3 increases. Compensator tube 43 which is 
interlinked With governor tubes 4 and 2, re 
ceives the slowly changing carrisr Wave signals 
delivered by tube 43 and autoiastically compen 
sates for the variations, delivering cairier wave 
signals substantially free from distortion or 
change in level to the denodulator 44. 

Referring now to the elements associated with 
the coordinated sensitivity, Selectivity aid quality 
control shown in Fig. 3, the radio frequency 
amplifier 3" has a tuned input, 33 and feeds into 
a tuned output circuit (39 through the mediuin Ci 
coupling means which may be of any form Suit 
able to the frequency and operating conditiojS. 
When the Sensitivity, Selectivity, quality control 
S is adjusted for 128ximulin sensitivity and gelec 
tivity, circuits 43 and É9 are both tuined closely 
to the incoli:iig cairier freqlaincy aid 18.We 
::ininunn daiping. As the control 58) is shifted 
to decrease sensitivity and selectivity 2.5id to 
increase the width of the adinitted band of fre 
quencies, the resonant pariod of one of the cir 
citis is increased While the other is decreased ashd 
the damping of aoth is increased, that is, their 
losses are increased. This action is similar to 
that described for tube i in Fig. 2, but in the case 
shown in Fig. 3, continuously variable means in 
stead of switches are provided for changing the 
indicta;nces and resistances of the cii'cuits. The 
are a wide variety of ways of accomplishing this; 
the inductors may be inade wholly or partially in 
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the form of variometers, one of which is in 
creased as the other is decreased; the inductors 
Inay be constructed with short circuited discs or 
rings which advance into or recede from the coils 
to decrease or increase their effective inductance; 
alternatively the capacitances of the circuits may 
be increased and decreased by manipulating the 
inain turning Cagacitors or by operating upon 
capacitors in shunt or series relation thereto. 
The danping of the circuits may be varied simul 
taneously with the change in resonant period by 
either shunt or series resistors of suitable values 
2,3-d Suitable resistance variation characteristics. 

WC very simple and effective methods of ac 
Coimplishing the desired continuous variation in 
the IeSoinant periodic and dainpings of the circuits 
ai'e Shown in figures 5 and 6. Referring first to 
Fig. 5, InuYaeral 5 indicates a coil form and 52 
is 3, coil of suitable inductance wound thereon. A 
laniinated iron core 53 is provided and so ar 
ra, Iged that it may be drawn into the magnetic 
field of the coil or withdrawn therefrom by 
Yneans of a Small rod 54 or other suitable mecha 
isia. When core 33 is outside the field of the 

coil 5, it of course has no influence thereon, but 
When it is drawn into the field as shown in dotted 
lines at 53', it will have an influence upon the 
effective inductance and resistance of the coil 
and the nature of this influence will depend upon 
the size 2nd shape of the laninations, their thick 
neSS, their material, and the frequency of the cur 
ient in the coil. If the larninations are of very 
thin iron, or if a core of very finely divided iron 
Or other Rhagnetic material is used, the induct 
ance of the coil will be naterially increased and 
the resistance will be only nominally increased 
as the core is drawn into the coil. If thicker 
lariinations are used, the increase in inductance 
Will be less and the increase in resistance Will be 
greater. If a solid core is used, the inductance 
Ylay even be reduced while the resistance is in 
creased, both due to the effect of eddy currents in 
the core. By a suitable choice of material, size 
and thickness of lamination, it is therefore pos. 
Sible to increase the inductance and the resistance 
each in Suitable proportion to obtain the desired 
tuning characteristics. 

if circuit 48 has its inductance and resistance 
increased by operation in a given direction of 
CC: atrol , then circuit A9 will require a decrease 
of inductance and an increase of resistance. Fig. 
6 Shows one simple and effective way of accom 
plishing this. Numerals 55 and 56 indicate a coil 
form aid a coil respectively. A disc, or short-cir 
Cliited ring, or a winding of suitable resistance 
I}aterial is shown at 57 with operating rod 58. 
This has no effect on the coil when out of the field 
thera of, but when drawn into the field as shown 
in dotted lines at 57, it decreases the effective in 
ductance and increases the effective resistance 
of the coil. If the material is of low electrical 
resistance, a considerable decrease in inductance 
may be obtained with very little increase in effec 
tive l'esistance, but if higher resistance material 
is used the change in inductance Will be less 
In 2rked and the increase in resistance greater. By 
Stritable choices of materials, size, and motions 
for core 53 and ring 5, coils 52 and 56 may have 
their inductances increased and decreased and 
their resistances increased so that, a family of 
turning curves like those shown at E, F, G and H 
in Fig. 4 may be obtained. 

the notion of the cores ani discs may be 
worked out in a great variety of ways, by levers, 
cans or other linkages. One simple system 



4. 
which permits the coils and their cores, Shields 
and other parts to be located in any desired ar 
rangement upon an amplifier base or chaSSis is 
to use flexible wire controls as indicated in out 
line at 59 and 59' in Figures 5 and 6, together 
With Suitable canns and followerS aS Shown in 
outline in Fig. 8. Numeral 60 represents a shaft 
carrying cams, shown at 61 and 6', with follow 
erS 62 and 62' which in turn manipulate flexible 
wires or other linkages 63 and 63, leading to the 
elements to be operated. Such a System may, 
of course be designed to give almost any desired 
law of notion. Shaft 60 may also operate One 
or more reactors, resistCrs, potentiometers or 
other elements indicated in outline at 64. If de 
sired, any or all of these motions may be inter 
linked with other motions in the apparatus to 
obtain desired mutual relations. For example, 
shaft 65, controlling one or more Teactors, re 
sistors, potentiometers or other elements within 
the set, indicated in outline at 66, may be con 
nected with a cam 37, follower 68, link 69 and 
auxiliary cam 0 in follower 62, so arranged 
that the motion of 63 depends upon the motion 
of both shafts 60 and G5. An example of the 
utility of Such an arrangement is the case where 
in shaft 65 operates capacitors used to tune radio 
frequency amplifier circuits 48 and 49, Fig. 3, 
while cam 6, follower 62 and control 63, con 
trol core 53 and ring 57, Figures 5 and 6 which 
regulate the width of the band passed by the 
amplifier. By a suitably shaped auxiliary cam at 
70, the motion of 63 may be made such that 
bands of substantially the same numerical width 
are passed by the amplifier over its whole tun 
ing range even though the circuits have quite 
different constants at different points in the 
range. Another application of Such an arrange 
ment would be the interlinkage of a volume con 
trol and a band Width control. Usually, how 
ever, such elaborate mechanisms are unneces 
sary, and simple shafts, cams or levers may be 
used to operate core 53, ring 57 and other ele 
ments which are to be controlled simultaneously 
with them. The options which are available in 
the sizes, shapes and materials of the moving 
elements, such as 53 and 57 usually make it pos 
sible to obtain the desired operating relations 
without resorting to elaborate motion mecha 
nisms. 
Depending upon tube characteristics and cir 

cuit requirements, any Suitable form of coupling 
may be used between coils 52 and 56 and the 
associated tubes and input and output circuits. 
If variable inductive coupling is indicated this ; 
may be operated in conjunction with controls 
59 and 59', or separate controls cooperating with 
the control mechanism 55 may be used. If var 
iable capacitive coupling is employed any Suit 
able form may be used and interlinked with 
control 50 directly or through cams. 

Fig. 7 shows in outline a form of tuned trans 
former which may frequently be found very ef 
fective for amplifier stages such as those shown 
at , 72 and 13 in Fig. 3. One coil 74, usually 
the primary, may be mounted upon a suitable 
fixad support as shown in Fig. 7. The other coil 
75 may be made movable and connected through 
a suitable operating linkage as 59'', to the cen 
tral control 53. When sharp tuning is desired to 
give high sensitivity and Selectivity, coil 15 may 
be in the position shown in full lines, With a re 
Sultant tuning curve of the type shown at E or 
F in Fig. 4. When less sensitivity and selectivity 
and a broader band Of passed frequencies are 
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2,248,343 
desired, the coil 75 may be moved toward the 
position shown in dotted lines at 15'. This 
brings its field into close relation with 75 which 
may be an open or partially open circuit tertiary 
Winding of resistance material or a split ring of 
iron or other Suitable material. Often a simple 
Split iron Washer will be found satisfactory. It 
may be located between coils 4 and 75 in Such a 
position that it only nominally effects the cou 
pling and losses when the coils are separated as 
ShoWn in full lines, but So that material losses 
are introduced into the system when tighter cou 
pling is employed. The double humps which 
Would accompany the closer coupling are then 
Smoothed out and tuning characteristics of the 
type shown at G and H in Fig. 4 are obtained. 

For tuning the coils 74 and 75 any suitable 
form of capacitors may be used as for example 
the variable air and mica dielectric capacitors 
frequently employed in superheterodyne indi 
cated in outline at 77 and 77' in Fig. 7. A base 
for the capacitors is outlined at Til' and a sup 
port for the coil and ring is indicated at 78. 
Obviously an almost endless variety of arrange 
mentS may be employed for the details of mecha 
nisms such as are outlined in Figures 5, 6 and 7. 
No attempt is made to go into such details here 
Since their inclusion is not necessary to an un 
derstanding of the principles involved and would 
only add confusion to the drawings. 
In the circuit diagram, Fig. 3, the tuned trans 

formerS f, 12. and 73 are shown as comprising 
tWO coils with adjustable tuning capacitors, var 
iable coupling and variable resistance. The com 
bination shown in Figure 7 gives results equiva 
lent to Such a circuit arrangement. Obviously, 
if desired, two Simple variably coupled coils may 
be employed and variable resistors either in se 
ries or Shunt relation to either or both circuits 
may be used to adjust the losses and smooth the 
tuning humps in place of the ring or winding 76. 
Alternatively, coils, cores and rings of the type 
shown in Figures 5 and 6 may be utilized, or 
tapped coils and switches as shown at 9 and O 
in Fig. 1 may be used. The objective is that each 
circuit employed in the amplifiers and selectors 
operating at carrier frequencies shall be coordi 
nated with each other circuit in the provisions 
for adjusting the width of the admitted side 
bands and that filters or tone controls used in 
the audio frequency amplifiers shall be coordi 
nated and controlled with the carrier frequency 
band Varying mechanism. 

In a carrier Wave device employing several 
frequencies Such as the superheterodyne receiver 
Shown in Fig. 3, the numerical width of the 
band passed should preferably be approximately 
the Same for each unit. For example when the 
radio frequency amplifier 37 and associated cir 
cuits 48 and 49 are adjusted to pass side bands 
8,000 cycles wide, the intermediate frequency 
amplifier 40, compensator 43 and associated 
transformers, 72 and 73 should also be adjusted 
to paSS side bands of approximately 8,000 cycles. 
Likewise the audio frequency filters or tone 
control circuits associated with the demodulator 
44, and audio amplifier 45 or subsequent audio 
frequency apparatus should be adjusted to pass 
approximately 8,000 cycles. When, as in the 
Superheterodyne, more than one carrier frequency 
is employed, it will be evident that the band 
paSSed expressed in percentage relative to the 
asSociated carrier frequency becomes larger as 
the carrier frequency becomes lower and is in 
fact inversely proportional to the carrier fre 
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quencies. For example, a side band of 8,000 
cycles may be 0.8% of a carrier frequency of 
1,000,000 cycles in the radio frequency amplifier 
37, and 5% of a carrier frequency of 160,000 
cycles in the intermediate frequency amplifier 40. 
It is not essential that absolutely mathematical 
precision be attained in coordinating the rela 
tions between the widths of the bands passed 
and the cut off frequencies of the various sec 
tions and stages of the selectors and amplifiers. 
The coordination should be such, however, that 
each section performs its own functions properly 
in each position and condition of adjustment. 
For example, if the coordinating control is set 
So that side bands of 8,000 - cycles are admitted, 
it may be desirable to have the audio frequency 
filter cut off quite: sharply above this frequency 
so as to suppress 10,000 cycles carrier whistles 
and other beats or overlapping fringes between 
side bands of adjoining carriers. At the same 
time, the intermediate frequency section may 
be adjusted so as to attentiate adjoining carriers 
10,000 cycles from the admitted carrier and to 
suppress also the side-bands associated With the 
lower frequency modulations of the adjoining ; 
carriers. The radio frequency amplifier section 
may be required to aid in these selections or its 
main function may be. that of Suppressing the 
“image frequencies' which are a problem in 
superheterodyne type, receivers. 

in a radio receiver or other apparatus. Of the 
type described, it is important to have means of 
gain control which automatically hold the output 
of the system substantially constant over wide 
variations of input and also. Over Wide variations 
of sensitivity as determined by the controls. Also 
it is important to have Suitable means. for indi 
cating the optimum setting of the tuning control. 
The method of automatic gain control and the 
tuning indicator... shown in Fig. 3 are especially 
well suited to accomplish. these objectives. The 
method of automatic gain control, Which is de 
scribed in detail in my copending application 
S. N. 703,054 filed Dec. 19, 1933, to which refer 
ence has previously been made, holds the input ; 
to the demodulator, and therefore the output, 
very constant over a wide range of input poten 
tials. It also serves to hold the level at the de 
modulator Very constant OVer a wide range of 
adjustment of the sensitivity-selectivity-quality : 
control. As described further hereinafter, Suit 
able supplementary adjustments coordinated with 
this control may be provided to maintain proper 
balance in the gain of the various amplifier, 
governor, and compensator tubes if necessary. 
However, the automatic gain control System can 
usually be porportioned to maintain the condi 
tions at the demodulator sufficiently constant 
without supplementary controls. In connection 
With the tuning indicator, the resonant circuits 
which interlink the governor amplifier 4, and 
the governor rectifier 42, may be made highly 
Selective and the coupling between them set so 
that a single sharply defined peak resonant at 
the carrier frequency is obtained. By having 
these circuits sharply tuned to the carrier at 
all times, a tuning indicator, as 47, associated 
with any portion of the circuits having currents 
or potentials responsive to the output of the 
governor will indicate when the receiver is tuned 
to a carrier regardless of the adjustment of 
the sensitivity-selectivity-quality control. The 
circuits in the amplifiers, such as 48, 49, T , 72 
and T3 may be broadened to pass bands on either 
side of the carrier but With the circuits asso 
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ciated with the governor sharply tuned to the 
carrier at all times, the tuning indicator will 
show. When the tuning control is centered on 
the carrier. Obviously many forms of tuning 
indicator, either instruments or tubes, may be 
used. The example shown in outline at 47 is a 
gaseous glow indicator tube with Supplementary 
electrodes suitable for Suppressing-carrier noises 
When tuning. Other indicators or other forms 
of noise. Suppression may of course be employed, 
as desired, 
In connection with the audio frequency ap 

paratus, a great variety of filters and tone control 
circuits are available- and the choice will depend 
llpon the operating conditions and permissible 
expenditure. Often a simple tone control or a 
single Section filter of one of the well known 
types will Suffice. In other cases a more elaborate 
filter with Several sections having either tapped 
or variable inductOS, capacitors and resistors 
may be used. In Figure 3, a filter 79 of two sec 
tions- employing variable reactors and a variable 
terminal load resistor is shown. Ordinarily only 
a portion of the elements would be made vari 
able, the choice depending upon the character 
istics to be obtained and the factors of cost and 
convenience. The filter may be located at any 
convenient point in the audio system, its charac 
teristics being proportioned to match the termi 
nal conditions. : . . 

In coordinating the control of sensitivity, se 
lectivity and quality of reproduction, it may be 
desirable to interlink with the central control 
58, one or more of the elements which determaine 
the gain and Operating characteristics of some 
of the amplifier, converter, governor or com 
pensator tubes. Examples of such interlinkage 
are shown in rheostat 80 which may be used to 
control the gain of tubes 37 and 40, potentiom 
eter 8? controlling the governing action on tubes 
37, 38 and 49, potentiometer 32 and resistor 83 
asSociated with compensator tube 43, and po 
tentiometers 84 and 85 controlling grid and 
Screen potentials in any or all of the tubes. Or 
dinarily these added controls will not be required 
Since: the losses introduced in the various se 
lector circuits in increasing the passed band 
Widths automatically reduce the sensitivity as 
the selectivity is reduced. However, directly 
Controlled or can operated variable resistors and 
potentiometers may be employed when the need 
for refinement in operating conditions indicates 
their necessity. In Some cases, a suitably propor 
tioned potentioneter or resistor at 32 and/or 83 
may be desirable for controlling the output of 
compensator 43. When control 53 is operated. 

t will be obvious that an almost endless. variety 
of modifications may be employed in carrying out 
details connected with various applications of 
the invention. For example, in some instances 
it may be desirable to use. Switches and tapped or 
lurilped elements of reactance and resistance 
throughout. In some cases, it will be desirable 
to use only continuously variable means while 
in still other cases a combination of switching 
means and continuously variable elements may 
be found best. In some instances it may be de 
sirable to use Switches with contacts having vary 
ing Or Overlapping arCS of rotation in combina 
tion. With continuously variable apparatus at 
other points. When movable cores or rings or 
coils are used, these may often be mounted di 
rectly on a coordinating control shaft which also 
operates variable resistors, potentiometers, re 
actors or Switches for changing other elements, 
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Again a single shaft carrying suitable cams may 
be used to control the motions of cores, rings and 
coils in the carrier frequency sections in unison 
With resistors, reactors and potentiometers of 
Suitable proportions in the audio frequency Sec 
tion. In Some cases it may be found convenient 
to vary couplings or introduce loSSes by varia 
tions in capacitance or through Suitable dielec 
tric variations. Often circuits such as are shown 
in connection. With intermediate frequency ampli 
fiers hereinbefore Will be found useful for radio 
frequency stages and vice versa. The examples 
of applications of the invention have all been 
given in connection. With radio receivers, but its 
methods and means are not limited to this use 
but may be applied to repeaters, filters, trans 
mitters and transmission Systems of all SOrtS. 

It may be Well to point out that the arrange 
ments of tubes ShoWn in the Various figures are 
Subject to wide variations. For example, in 
many instances, Several functions may be Com 
bined in a single tube where two or more tubes, 
each with its own function, have been shown in 
the diagrams for the sake of clarity. By Way 
of examples, the frequency converter tube 38 
and the Oscillator 39 may be combined in any of 
the Several Ways now in common use; the ann 
plifier and rectifier functions of tubes 4 and 42 
may be combined by utilizing combination tubes 
now available; also tubes 43 and 44 may some 
times be combined. Rectifiers of the Copper 
oxide or other types may be substituted for tubes 
42 and 44 if desired. The volume control for the 
audio amplifier 45 may have either electrically 
or mechanically operated means for compenSat 
ing tone quality as volume if varied. My inven 
tion is not limited to the particular methods and 
systems disclosed but covers broadly the con 
tributions to the art defined in the appended 
claims. 
Having thus described my invention, I claim: 
1. A radio wave system comprising means for 

amplification and selection in Successive Stages 
operating at a plurality of frequencies, variably 
coupled and variably damped selectors for vary 
ing and coordinating the passed band widths in 
at least two of said stages and at least two of Said 
frequencies separately, variable cut-off audio 
frequency tone control means, and single control 
means for operating the selectors simultaneously 
and in unison with said tone control means. 

2. In combination in a carrier Wave System, 
means for selecting waves at at least One carrier 
frequency, variably coupled and variably damped 
means for varying the widths of the bands passed 
at said frequency, separate tone control means 
for varying the cut-off at audio frequency, and 
single control means for controlling and coordi 
nating said varying means and Said tone Con 
trol mean S. 

3. In a superheterodyne radio receiver having 
separate means for selection and amplification 
at radio frequency, intermediate frequency and 
audio frequency, variably coupled and variably 
damped means for varying the band Widths 
passed at at least one frequency, tone control 
means for varying the cut-off at audio frequency, 
and single control means for operating Said Vary 
ing means in coordination and in unison With 
said tone control means. 

4. In a radio receiver having variably coupled 
and variably damped carrier frequency Selecting 
means, demodulating means and Separate Vari 
able audio frequency selecting means, single 
control means varying the width of the band 
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2,248,343 
passed by the carrier frequency Selecting means 
in unison and in coordination. With tone control 
lineans varying the audio frequency cut-off. 

5. In combination in a radio receiver, variable 
cut-off audio frequency tone control means, 
variably coupled and variably damped carrier 
frequency Selective means, and Single control 
means for Operating the tone Control means and 
adjusting the width of the band passed by the 
carrier frequency Selective means by varying 
both the coupling and the damping in propor 
tion to the cut-off period of the tone control 
leaS. 
6. In a superheterodyne radio receiver having 

a radio frequency amplifier With tuned input 
and output circuits, an intermediate frequency 
amplifier with variably coupled and variably 
damped tuned coupling transformel's and an 
audio frequency amplifier with filter circuits fol' 
varying the frequency response characteristic 
thereof, single control means varying both the 
coupling and the damping for varying the Se 
lective characteristics of the radio frequency 
amplifier circuits and the intel mediate frequency 
coupling transformers in unison and coordina 
tion with the audio frequency filter circuit varia 
tions. 

7. A carrier frequency receiver having variably 
coupled and variably damped carrier frequency 
selectors whose passed band width is variable, 
audio frequency filters whose passed frequency 
characteristic is variable and single control 
means for adjusting the passed band width by 
varying both the coupling and the damping and 
adjusting the passed frequency characteristic 
simultaneously and in predetermined proportion 
to one another. 

8. A carrier frequency amplifier having tuned 
coupling circuits with variable means for in 
creasing the coupling and increasing the damp 
ing simultaneously wherein the variable means 
comprises means for varying the relative cou 
pling between two coils and also between at least 
one coil and means for producing electrical en 
ergy loSS. 

9. In a radio receiver, a plurality of coupled 
tuned circuits, means for varying the coupling 
between any two of said tuned circuits, means 
for varying the damping of at least one tuned 
circuit, variable audio tone control means and 
common means for effecting variation of all 
aforesaid means. 

10. A carrier frequency amplifier having a 
tuned input circuit and a tuned output circuit 
With continuously variable means for simulta 
neously increasing the periodicity of one circuit, 
decreasing the periodicity of the other circuit 
and increasing the damping of both, Said means 
for increasing the periodicity and damping of 
one circuit comprising a movable ring of re 
sistive material and the means for decreasing 
the periodicity and increasing the damping of 
the other circuit comprising a core of resistive 
magnetic material. 

11. A carrier frequency amplifier having tuned 
coupling circuits with continuously variable 
means comprising a maSS of resistive material 
and a coil and a Second coil movable relative to 
the first said coil and mass of resistive material 
for increasing the coupling and increasing the 
damping of the circuits simultaneously and auto 
matic means for holding the power output sub 
Stantially constant. 

12. A carrier frequency amplifier having tuned 
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coupling circuits with continuously variable 
means for increasing the coupling and increas 
ing the damping simultaneously wherein the con 
tinuously variable means comprises means for 
varying the relative spacings between two coils 
and also between at least one coil and a ring of 
resistive material. 

13. A radio receiver comprising a tuned radio 
frequency amplifier with a movabie ring of re 
sistive material for simultaneously increasing 
the periodicity and increasing damping of one 
circuit and a movable core of resistive magnetic 
material for simultaneously decreasing the pe 
riodicity and increasing the damping of another 
circuit, an intermediate frequency amplifier with 
tuned coupling circuitS having coils movable 
relative to one another and also relative to a 
ring of resistive material, an audio frequency 
amplifier having variable cut-off characteristics 
and single control means for operating the Wari 
able elements of the amplifiers in predetermined 
relationship With one another. 

i4. A radio receiver in accordance With claim 
13 wherein the single control means comprises 
cams and linkages operated by a single knob for 
adjusting the rings, cores and coil Spacings in 
uniSon. 

i5. A radio receiver in accordance With clairn 
3 With the addition of auxiliary can means in 
terconnecting the singie control means and 
means controlling other response characteristics 
of the receiver. 

16. A carrier Wave System COInprising Succes 
sive amplifier stages operating at a plurality of 
frequencies with separate selectors for varying 3 
the widths of bands passed at each frequency, 
variable cut-off audio frequency tone control 
means and single control means for Operating 
said selectors and tone control means in unison 
and adjusting the width of the band paSSed at , 
each frequency in inverse proportion to the fire 
Cliency. 

17. A carrier frequency coupling transformer 
comprising a tuned input circuit, a tuned output 
circuit, damping means for introducing loSSes in 
at least one circuit by induction, and adjustable 
lineans for varying the effective coupling betWeen 
the two circuits and between at least One circuit 
and the damping means with the damping in 
creasing as the coupling increases. 

18. The method of controlling the response 
characteristics of carrier wave apparatus Which 
comprises adjusting the cut-off at audio fre 
quency and varying the coupling and damping to 
vary the width of the band passed at at least 
one carrier frequency simultaneously and ii) pre 
determined relationship. 

19. The method of controlling the response 
characteristics of carrier wave apparatus hav 
ing variable cut-off audio frequency tone Con 
trol means and variably coupled and Variably 
damped carrier frequency selecting means which 
comprises simultaneously adjusting the tone con 
trol cut-off and the effective coupling and the 
effective damping to vary the response in the 
same direction. 

20. The method of controlling the response 
characteristics of carrier wave apparatus hav 
ing variable cut-off audio frequency tone control 
means and variably coupled and variably damped 
carrier frequency selecting means which con 
prises providing simultaneous relatively low 
audio frequency cut-off loose coupling and light 
damping for weak signals, and providing simul 
taneous relatively high audio frequency cut-off 
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close coupling and increased damping for strong 
Signals and providing automatic control of am 
plification to maintain constant power output. 

21. A radio Wave system in accordance With 
claim 1 With the addition of automatic gain con 
trol. 

22. A radio receiving System comprising, in 
combination, a source of Signal-modulated high 
frequency incoming Waves, a local Source of high 
firequency Waves for beating With the inconing 
Signal Waves, means for combining Said Waves to 
produce a signal-modulated beat frequency Wave, 
kileans for converting Said beat frequency Wave 
into a signal Wave of audio-frequency, an ad 
justable CCupling System comprising Variable 
coupling and Variable damping means interposed 
between Said first mentioned means and said 
Second rhentioned means, Said coupling System 
being designed to pass only a relatively narrow 
band of frequencies including the beat frequency 
but having means for rendering adjustabie the 
Width of the band passed, an audio-frequency 
low-paSS filter having its input connected to said 
Second mentioned means, said filter being pro 
Wided With means for adjustably varying the point 
of cut-Off thereof, and means common to said 
coupling System and said filter for effecting the 
aforementioned adjustments in unison. 

23. A superheterodyne receiver including a 
frequency converter, an intermediate frequency 
implifier, an intermediate frequency detector, 
and a low-pass filter connected to said detector, 
a plurality of coupling Systems in cascade inter 
posed between said frequency converter and said 
detector, each of Said coupling systems being de 
signed to pass a relatively narrow band of fre 
quencies including the intermediate frequency 
and having Variable coupling and Variable damp 
ing means rendering adjustable the Width of 
the effective frequency band passed thereby, said 
filter including means for adjusting its point of 
cut-off, and means common to said coupling Sys 
tems and Said filter for effecting the aforemen 
tioned adjustments in unison. 

24. In a Superheterodyne receiver, a source 
of signal-nodulated high frequency incoming 
Waves, a local Source of high frequency Waves for 
beating With the incoming Signal Waves, a trans 
lator for combining said Waves to produce a sig 
nal-modulated intermediate frequency Wave, an 
intermediate frequency amplifier including, in 
combination, a plurality of transformer units, 
each having a stationary winding, said trans 
former units having a movable winding induc 
tively coupled thereto and means for varying the 
damping simultaneously With variations in the 
coupling, a coupling adjusting mechanism com 
mon to Said units and Operable to effect move 
ment of said movable Windings in unison, a de 
tector operable to convert the intermediate fre 
quency Wave into a signal Wave of audible fre 
quency, and tone control means operatively con 
nected with the coupling adjusting mechanism. 

25. In a Superheterodyne receiver having a 
radio frequency amplifier With tuned input and 
output circuits, an intermediate frequency am 
plifier with variably coupled and variably damped 
tuned coupling transformers and an audio fre 
quency amplifier With filter circuits for varying 
the frequency response characteristic thereof, 
single control means for Varying the coupling 
transformers in unison and coordination. With 
the audio frequency filter circuit variations. 
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