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This invention relates to multi-band radio re 
CeiverS, and particularly to multi-band tuning 
SySten1S for radio receivers and to methods of 
Operating the same. ? 

5 FOpular interest in radio reception now in 
CludeS not only those programs tranSmitted in 
the general broadcast bands, but those programs 
tranSmitted in the various high-frequency bands. 
In response to this interest, radio receivers, tun 

10 able Over wide frequency ranges, have been placed 
on the market. These receivers, commonly 
termed all-wave receiverS, are generally difficult 
to tune to any particular channel in the high 
freduenCy bands due to the fact that Smal dis 

15 placements of the tuning element tune over a 
large number of channels. Slow motion equip 
ment Of SOme character iS, therefore, customarily 

vided between the Operating control and the?pr 
tuning element or elements actuated thereby. 
Such Slow motion equipment, however, adds con 
Siderably to the expense of the receiver, especially 

, when made So that there is no backlash therein. 
In addition, Such Slow motion equipment impedes 
rapid ShiftS between widely Separated frequencies 
and iS generally unneCeSSary and objectionable 
when tuning in the general broadcast band. 

It is an object of this invention to provide a 
meth0d of tuning a receiver by which tuning to 
individual channels in the high-frequency por 
tions of the radio Spectrum is as easy aS tuning 
to individual channels in the low-frequency por 
tionS. 

It is a further object of this invention to pro-- 
vide'a radio receiver which is easy to tune in each ' ? 

35 of two or more frequency bands widely separated 
in the frequency Spectrum, either by other bands 
of the receiver or by bands over which the re 
ceiver is not tunable, which has a high gain per 
Sf3ge in each .frequency band, and which is 

40 Simple in construction and relatively inexpensive 
to build. 

. Other objects of this invention will become ap 
parent from the Specification taken in conjung 
tion with the aCCOmpanying drawingS and the 
Subjoined GlaimS. , • 
The invention contemplates either a radio re 
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ceiver which is tunable both over the general. 
ast, band and Over one or more relatively?)broad 

, narrow bands in the high-frequency portion of 
50 the radio Spectrum OriS tunable Over two or 

more relatively narrow high-frequency bands, at 
least Some of which are widely Spaced from each 
other along the frequency spectrum. The gen 
eral brOadCaSt band, in the United States, is a 

55 band of about 1000 kilocycles (1.0 megacycle) 

(C. 250-40) 
frequency Coverage extending from around 550 
kilocycles to around 1550 kilocycles (0.55-1.55 
megacycles). The relatively narrow high-fre 
quenCy bands are preferably SO located and of 
Such frequency coverage as to include Only the 
high-frequency broadcasting channels, domestic 
and foreign, inaSmuch as the overwhelming ma 
jority of the general public is interested only in 
the reception of programs from broadcast sta 
tionS. In receivers for Such broadcast reception, 
th2 tunable ranges of the receiver, in the high 
fr2quéncy bands, are preferably bands of 500 
kilocyCles (0.5 megacycle) frequency coverage. 
Although the invention is not limited to a re 
ceiver tunable over bands of egual frequency 
COverage in any two bands, the preferred tunable 
rangeS Of an all-broadcast receiver, in accord 
ance with this invention, are the following: 

0.55-1.55 megacycles 
5.8 - 6.8 megacycles 
9.5 -10.0 megacycles 
11.6 -12.1 megacycles 

negacycles? 15.5- 15.0 
17.5 -18.0 megacycles . 

he inVention further contemplates, in the in 
pOration Of the above features in a receiver'?CO 

tunable Over two or more. Such broadcast and 
high-frequency bands by the operation of the 
Same tuning member,proportioning the reactive 
elementiS utilized for tuning each of the two or 
mOre Such bands So that operation of the tuning 
member between its limiting positions tunes the 
reCeiver, for each of Such bands, substantially 

, ex8Ctly between the limits of the selected bands. 
'This provision Of the invention results in great; 
eaSe Of tuning in all bands as all the channels 
Within the limits of each of the Selected bands 
are, in each band, Spread over the complete oper 
atiing range of the tuning member. Further, the 

. ChannelS. in each band are spread over the full 
range Of the indicating dial, and the individual 
Channels within the respective bands are sepa 
rated On the dial by Spacings having magnitudes 
in a rati0, frOm band to band in the order of de 
CreaSing frequency, which is substantially greab 
er than the inverSe ratio of the mean frequencies 
Of the bands, it being understood that adjacent; 
Signal Channels in each of the bands are gen 
eraliy Separated .by a constant frequency differ 

, enCe, Such as 10 kilocycleS. Thus, when the fre 
duehCy COverage of the Several bands is the 
Same, aS is the CaSe for the high-frequency bands 
Of the example given above, the individual chan 
nelS within the reSpective bands are separated on 
the dialby SpacingS Of the Same order of magnl 
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2,187,266 
others thereof is large compared to the frequency 
C0Werage of Such bands, being of the order of at 
least Several times the frequency coverage. 
Referring to Fig.2, the antenna or first radio 

frequency Selecting circuit of the Superhetero 
dyne receiver therein illustrated includes an 
tenna 0, a plurality of primary inductances II, 
individually designated !!3, 2 and 1, fixed 
condenSer 2 and ground 3. Primary induct 
ahCeS ! are inductively coupled to . a plurality 

' Of Secondary inductances 4, individually des 

5 

ignated !4a, 4b, c, 4d, 4e and 4f, the . 
physical arrangements of these inductances 
preferably being that indicated, in which pri 
mary inductance 1 is coupled principally to 

-4d and b, in which pri?Secondary inductances 
mary inductance 2. is coupled principally t0 
SeCondary inductancesld and d, and in which 
primary inductance I3 is coupled principally to 
Secondary inductances e and f. Adjustably 
fixed condensers 8d, 2b, 2!c, 2d, 2fe and 2f 
are connected across Secondary inductances I4d, 
4b, c, d, 4e and .4j, respectively, to form 

, tuned radio-frequency *selective circuits. . The 
25 

' to operate as a radio-frequency amplifier. 
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high potential terminals of these tuned circuits 
are Selectively connected through contacts !5 of a 

,?? switch 6 to the control grid of a vacuum tube 
illuStrated aS of the pentode type and connected 

other terminals of these circuits are connected 
to ground l3 through condenser 2.. A variable 
COndenSer 2 is Connected acroSS Secondary in 
ductance d, between ground 3 and the ter 
minal of inductance ld that is connected to 
Switch gontact 5d. . . 

'The anode of vacuum tube is connected 
through coupling condenser 23 to the control 
grid of the Signal-translating portion of the vac 
uum tube 24, illustrated as a heptode utilized as 
an OSCillatOr-modulator. Arranged to be Selec 
tively connected in the Signal input circuit of 
vacuum tube 24, as by the switch 25 having con 
tactS 2, are a plurality of tuned radio-frequency 
Circuits Comprising inductances 26, individually 
designated 28d, 28b, 26c, 26d, 26e and 26f, and 
adjuStably fixed condenSerS 28d, 3b, 36, 3d, 
3!e and 3f, respectively. One terminal of each 
of the inductances 26d-2tif, inclusive, is connect 
60i to ground throught a fixed C0ndenSer 28. A 

: variable condenSer 30 is connected across induct 
ance 26d. The anode of the oScillator portion 
of the OScillator-modulator tube 2 is connected 

rough Serially connected blocking??to ground t 
COndenser 32, a plurality of primary inductances 
83, individually deSignated 833, 882 and . 331, and 
an adjustably fixedscondenser 34. Primary in 
ductances 33 are inductively coupled to a plu 
rality of Secondary inductances 85, individually 
designated 35d 35b, 35c, 35d, 35e and 35f, the 
physical arrangement of theSe inductances pref 
erably being that indicated in which primary in 
ductance 881 iS COupled principally to SeCondary 
inductances 350 and 35b, in which primary in 
ductance 332 is coupled principally to Secondary 
inductances 350 and 35d, and in which primary 
inductance 383 is coupled principally t0 Second 
ary inductances 35e and 35f. 

'Ihe high potential terminals of the Secondary 
inductances 85d-35f, inclusive, are connected to 
ground through adjustably fixed condenSerS 430 
and 4b-4j, respectively, while the low poten 
tial terminals of these inductances are connected 
to ground through the adjustably fixed COn 
denSerS 3 and 45b-5f, reSpectively, t0 form a 
plurality of oscillation circuits for the Several 

The 

8 
Selected bandS. TheSe OScillation Circuits are Se 
lectively connected t0 the control grid of the 
-Scillator portion of the tube 24 through a cou? 

pling condenser 38 and the contactS 36 of a 
Switch 31. A tuning condenSer 42 is Selectively 

480 ?Connected in parallel with the CondenSer 
between the high potential terminal of the SeC 
ondary inductance 35d and ground, and in par 
allel with condenSerS 45b-45f, incluSive, between 
the low potential terminals of the Secondary in 
ductances 35b-35j, inclusive, through the Con 
tacts 40 of a switch 4!. 

he Output of OScillator-modulator tube 2{ is 
coupled, by means of a trahsformer 4, 5, tuned 
by the adjustably fixed condenSerS 4t and 52 to 
the intermediate frequency, to the input of the 
intermediate-frequency amplifier. 53. The out 
put of amplifier 58 is Connected to a defector 
and Source of automatic Wolume - control biaS 
voltage 54. The output of detector 54 l8 con 
nected to an audio-frequency amplifier 55, which 
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in turn feeds into a Suitable Sound reproducer 56. 
Preferably, variable tuning condenSerS 20, 30 

and 2 are ganged for uni-Control, aS indicated 
by the dotted line 60. Also, Switches !6, 25, 3 

. and.4 are preferably ganged for uni-control, as 
indicated by the dotted line 6. 

It is not believed necessary to describe the con 
ventional connections by which the various op 
elating WOltageS are applied to the elementS of 
the vacuum tubes, or by which the AVC bias 
WOltage is applied to the COntrol grid of WaCuum 

, tube - and to the control grid of the modulator 
pOrtion of the tube 24. All these connections, 
unimportant to this invention, are clearly indi 
Cated in the diagram. It is believed Suficient t0 
note that the cathode of vacuum tube !is con 
nected to ground through a biasing circuit 62, 
that the cathode of vacuum tube 24 is connected 
to ground through a biasing circuit 68, and that 
the element 64 in the direct-current feed to the 
an00le of Vacuum tube ! iS a radio-frequency 
Choke Coil. 

, In COnSidering the Operation of the above-de 
SCribed SyStem, it is aSSumed that the Switches 
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6, 25, 8 and 4 are initially in the positions in 
Which they are illustrated in Fig. 2. Under 
theSe C0nditionS, inductance I4d is connected in 
circuit in the input Section of the tube !?, in 
ductance 26d is connected in circuit between the 
Output Section of the tube I and the modulator 
Section of the tube 24, and inductance 35d is 

, Connected in circuit in the oScillator portion of 
the tube 24. With these connections, variable 
tuning condenSer 20 tunes the circuit 20, 12, 

-ing condenser 30 tunes the cir??4d; variable tur 
cuit 30, 28, 26d; and variable tuning condenser 

2? .tunes the circuit 42, 35d, 34. Condensers 42 and 3 Serve aS capacitive coupling devices to 
Complement the : electromagnetic couplings in 
their reSpective CirCuitS, in a manner well under 
StOOd in the arti. CondenSer 28, and also con 
denSer' 84, Serve aS SerieS padding condenSer'S 
and may be adjuStably fixed CondenSerS. Ad 
justably fixed gondenSerS 180, 290 and 30 Serve 
as parallel padding CondenSerS. The padding 
condenserS, once adjusted by the manufacturer, 
are not ordinarily altered. 

65 

'The values of inductance !4d, variable tuning 
condenser 20, fixed condenSer 2 and adjustably 
fixed condenSer 180 in the first radio-frequency 
Selecting Circuit, the values of inductance 260, 
variable tuning condenser 30, fixed condenser 28 
and adjuStaby fixed CondenSer 290 in the Second 
'radio-frequency Selecting circuit, and the values 



4 
' of inductance 35d, variable tuning condenSer 42 
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and adjustably fixed condensers 34 and 43d in 
the tuned OScillator Circuit, are So chOSen as tO 
obtain Satisfactory Operation of the Superhetero 
dyne receiver in the general broadCaSt band d 
(Rig. 1) , utilizing all, or Substantially all of the 
full range of variation of variable condenSerS 20, 
30 and 42. During Such operation in the general 
broadcast band, the radio-frequencySelecting Cir 
cuitS are tuned to reS0nance with the Signal fre 
quency by variable condenSerS 20 and 30. ''The 
inc0ming Signal frequency iS thuS Selectively am 
plified and applied t0 the control grid of the 
modulator portion of vacuum tube 24. ''The Signal 
frequency is therein modulated by the frequenCy 
produced in the OScillator portion of Vacuum tube 
24, the frequency of the OScillationS being COn 
trolled by the tuning of the oscillation Circuib.by 
variable condenser 42. AS is well understood in 
the art, such modulation of a Signal frequency 
produces a c0nStant intermediate or beat fre 
quency, which frequency iS amplified in the in 
termediate-frequency amplifier 58 and is detected 
or rectified in the detector 54 t0 produce audio 
frequencies of modulation of the in00ming Sig 
nal wave. These audio frequencies are amplified 
in the audio-frequency amplifier 55 and are then 
translated into Sound by reproducer 56. AutO 
matic control of the amplification of the received 
signals is effected by the action of autormatic 
volume control bias potentials produced iin the 
detector and automatig volume control unit: 56, 
and applied to the control grids of Vacuum tubeS 
; and 2 and of the vacuum tubeS in the iilter 
mediate-frequency amplifier 58. 
When Switches !8, 25, 8 and f! are actuated So 

that the .arms of these Switches are in engage 
ment with contacts f5b, 2b, 38b and tb, reSpeC 
tively, inductance i8b is connected in Circuit in 
the input section of the tube !, inductance ?&b 
is connected in circuit between the Oufgut SeC 
tion of bube ; and the modulator Section of the 
tube 2, and inductance 38b is Connected izi Cir 
cuit in the oscillator gortion of the tube ?g. In 
ductance &b, togethe1 with adjustably fiAed COn 

.functions as a fixed tuned Cirguiti ,?denser 2t 
lce 26b and adjustably fixed?,Similarly, inducta 
.it?ction as a fixed tuned CirGi?????corideihser 8fb $u 
,e}eile?lt in bhe circuit ;$b ??$is g 

i$ is Variably &11ned by???ich girgi?i{ ,&88 && 
Waria.3e 

&eg: &iföliiti tiu::Acti Stif3???$stages a fi2sed itx 
to the :Yaid-freguesidy of $aig:i-fre&&&iaCg ? 
(gig. }) . :'he failies Of islógdia.i1ée 352, 3,£3t386-- 

f}}b dadái:Kef CC?1£833883 48b ?se?ably fixed conder 
in the oscillator Stage are SO ChOSCii 8£lf/Cr £fi 

22:I:Qu: &5:3 ?justed, having coriSideratiori fo 
-co?l 133:?????inimum Vaities of vaiiabie tit3??¥? and 

io$3S$??denser 42, that the frequer?cy Of the CSCiti 
83 3:38:$ of the ?'{generated in the Oscilla%Ci go$ttiiC 

varies between such limifS 88 tC prCd::C& $$3&:3fede 
termined interraediate fregüe23Cy for receiv&& Sig 

Cy?the lii3li&S Of high-£3edtiei ??nals falling betweer 
iS Varied ?8 ?band b, as vayiable &uriting COrideflSe 

between its maximurn and hinimith VaileS. ii 

2,187,266 
accomplishing this, condensers 44b and 45b re 
duce the maximum effective capacitance of the 
oScillation circuit and also the effectiveneSS of 
Wariable tuning condenSer 2. AS herein em 
ployed, the term effectiveneSS' of a tuning ele- 5 
ment is uSed to denote the ratio of the maximum 
effective value of circuit reactance of the Same 
type as that of the tuning element to the mini 
mum eftective value of Such circuit reactance, 
as the tuning.element is varied between its maxi 
mum and minimum valueS. 

ThuS, as a reSult 0f the action of COndenSerS 
b and 45b in reducing the maximum efie0tive 

value of the capacitance of the 0SClilation circuit 
and in reducing the effectiveneSS of variable tun 
ing condenser 42, the maximum effective capaci 
tance in the OScillation Circuit iS COnSiderably 
Smaller than the maximum CapaCitance Of vaI 
able condenser 42 and the net effective capaci 

Circuit incident ?tande variation in the 0Scillatiol 
to variation of condenser 42 between its maxi 
mum and minimum values is considerably leSS 
than the difference between the maximum and 
minimum capacitances of tuning CondenSer 42. 

In a Similar manner',when SWitches 5,28,3and 
4! are actuated so that the arms of these Switches 
are in engagement with other contactS, the in 
ducta:nceS .connected to Such other contactS are 
connected in the circuits with which the respec 
tive Switches are aSS0ciated. Thus, only those in 
dividual inductances of inductances !4, 26 and 85, 
having the Same lettered Suffi}* are Connected in 
cirCuit at any one tirhe. Furthermore, each indi 
Vidual induCtance COnnected in the fi1St; and Sec 
Ond radio-frequency Selective circuits, ex¢ept in 
dtlCtan0es !}d and 80, iS Shunted by a Separate 

ed tuning condenSer" (2 for the&?adjustably fi 
first radio-frequency Selective circuit atld 8! for 
the Second radio-frequency Selective circuit.) to 
form a fixed tuned circuit, tuned substantialiy to 
the mid-freguency of the band of correspondi:ng 
lettei (Fig. i) . Also, ea0h individual inductange 
COnnected in the OScillator circuit (except induct 
ahce 35tz) is provided with a Separate, adjustably . 
fixed COndenSer f8; in Series with, and a Separate 
fixed gondense? 88 in parallel yith, the b{1ning 

g the tuning limits oi?gondenSer }?, properly to fi 
$he Corresponding oscillation circuit by appropri 

8riabie/?? ly reducing the effectiveneSS of the&$,8 
.3 ced??g &0ndenser f}2. 'inere is $huS grod??iz??4:& 

gi°e&e$e:'ihiiled iihfermedi3.te freguency jo 
:itS C??:e !ii?l ti??S ia:ii:ig jetf/ee 

10 

5 

20 

26 

30 

35 

40 

45 

50 

  

  

  

  



2,187266 
condensers l80, 290 and 80 generally are Small 

20 

25 

' 3) 

Single-leaf padding condensers having a range 
from 2.5 to 80 micro-microfarads. . . Fixed con 
denSerS 2 and 28 - generally are of the order of 

-microfarads. . Adjustably fixed con-?micr 2000 
denser 3 generally is a multiple-leaf padding 
condenSer having a range from 200 to 500 micro 
microfarads and Setto a value around 450 micro 
microfaradS. 
'he Satisfactory operation of the Superhetero 

dyne receiver of Rig. 2 in high-frequency bands 
b, c, d, e and f generally requires that in each 
radio-frequency selective circuit and in the oscil 
lator circuit of the receiver the inductances hav 
ing correspondingly lettered suffixes decrease in 
value progreSSively in the band order mentioned. 
Adjustably fixed condenserS 2!b-2f, inclusive, 
3b-3ff, inclusive, and 4b-4&f, inclusive. are 
preferably Small, Single-leaf condenSers having a 
range from 2.5 to 80 micr0-microfaradS. Fixed 
c0ndenSerS 5b-5j, inclusive, increase in value 
progressively in the order mentioned and gener 
8lly are at least Several times greater than the 
value to which the corresponding Series condenSer 
4 is set. Illustrative of one set of values of fixed 
gOndenSerS i which has been used Satisfactorily, 
when the intermediate frequency was approxi 
mately 460 kilocycles, are the following: 

fara&l?Micro-mi(r 
. b-------------------------------------- 100 

56-------------------------------------- 150 
50-------------------------------------- 5 
6-------------------------------------- .200 
-------------------------------------- 210 35 

40 

45 

50 

In Summary, tuning of the Superheterodyne re 
ceiver of Rig. 2 is effected by first actuating the 

,25 ,6? control member 6 for the ganged switches 
8 and I to the position correSponding to the 
band desired and then actuating the control 

,20 ning gondenSerS??member 60 for the ganged b 
80 and 2 to tune the receiver to individual chan 
neS in the Selected band. It is to be obServed 
that, aS aresult of the System deSCrlbed, the indi 
vidual channels in the various bands are Sep 
arated by displacements of the tuning member 60 
and of the Scale co-operating therewith, having 
magnitudes in a ratio, from band to bandin the 
Order of decreaSing frequency, which is substan 
tially greater than the inverse ratio of the mean 
frequencies of the.bands. Specifically, in the 
aIrangement deScribed the individual signal 
channels in the several bands are separated by 

' displacements of the tuning member which are 
5 

60 

of the same order of magnitude for all of the 
bands, thus equally facilitating tuning of the 
receiver in all of its tunable ranges. his feature 
has been obtainedin the receiver of Fig.2 without 
increaSing the number of variable condensers 
-ver that customarily provided in areceiver tun? able ony Over the general broadcast band. 
Furthermore, the superheterodyne regeiver of 

Rg. 2 has a high over-ailgainin allbands. This 
- ishecause of the fact that, in the first andsecond 

' 70 

lective circuits the values pr?adi-frequency f 
the induCtance and capacitance for each fixed 
tuned circuit therein are so chosen for the several 

.vide high L/C ratios. Eigh /C?b8nts as to gr 
ratios of the same order of magnitude for all 
bands are also obtained in the osciliator circuits 
nOWithstanding the use in the high-frequency 

-arge variable tun?e?b8nds of the same relati 
lag COndenser that isused fortuning theoscil 
latOrgfrtiitinthe generalbroadcastband. These : 
high L/C ratios in the oscillaior circuit are ob 

5 
tained by the use of difierent inductances 35 for 
the different bands and by utilizing across the re 
Spective inductances for the high-frequency 

'bands the relatively large variable tuning con 
denSer 42 in Series with a small adjustably fixed 
COndenSer and in Shunt with successive ones of 
the fixed condensers 45b-45f, inclusive, of greater 
value progreSSively in the order named. 

It is to be observed that in the Superheterodyne 
receiver of Fig. 2, not gnly may the frame and 
rOtOr Of variable Condenser 42 be maintained 
at ground potential, but also one terminal of 
each adjustably fixed condenSer 44b-44f, inclu 
Sive, may be maintained at ground potential. 
Adjustment of Condensers 44b-44f, inclusive, 
may thtlS be made without the introduction of 
errOr due to the body capacity of the person mak 
ing Such adjustments. The arrangement of the 
circuits by which this is accomplished results 
in no SubStantial Sacrifice of the available voit 
ageS aCrOSS the Secondary inductances, for most 
Of the Voltage acroSS the Secondary inductance 
of the OScillation circuit for each high-freguency 
band is impreSSed upon the control grid of the 
OSCillator portion of tube 24. This desirable re 
Sult OCCurS notWithStanding the Subtractive effect 
of variable condenser 42 and fixed condenser 45 
in the inductive leg of theOScillation circuit, since 
in the high-frequency bands the reacbances of 
theSe COndenSers are Small relative to those o 
the condensers 4. , , 

It is to be observed further that, in the Super 
heterodyne receiver of Fig. 2, the selection of in 
dividual Channels in the general broadcast band d 
is effected by the tuning action of the ganged 
variable tuning condenserS 20, 30 and 42, while 
the Selection of individual channels in the high 
frequency bands b, c, d, e andf is effected by the 
tuning action of variable tuning condenser 42 
alone. The physical actuation of variable tuning 
CondenSers 20 and 80 Simultaneously with the 
actuation of variable tuning condenser 42 has 
nO effect when tuning in the high-freguency 
bands aS, at Such times, the former are discon 

, nected and fixed tuned circuits are employed in 
the radio-frequency Selective circuits of the re 
ceiver. The use of Such fixed tuned circuits, 
tunedSubstantially to the mid-frequencies of the 
reSpective high-frequenCy bands, contributes ma 
terially to the simplicity of the receiver of Fig. 2 
and is not an objectionable expedient for use 
in lowprice receivers inaSmuch as the frequency 
coverage of the respective high-frequency bands 
is relatively Small, SO that the . attenuation of 
signal freguencies at the upper and lower limits 
of Such bands is not exceSSive. ' . 

In receivers of better quality, it is preferred 
to vaIy the tuning Of the radio-frequency Selec 
tive (:ircuits in each high-frequency band aS 
well as ih the general br0adcaSt; band. - Rig. 8 
illustrates a superheterodyne receiver in which 

. this is accomplished. ElementS in Rig. 8 cor 
reSpOnding t0 Similar elementS in Rig.2 are Sim 
ilarly designated. 

'The principal difference between FigS. 2 and 
3, relative t0 the radio-frequency Selective cir 

' and 28 are variably tuned within each high 
frequency band, as in the case Of the Secondary 
inductances 35 of the oscillation circuit of Rig. 2. 
Afurther difference between FigS.2and 3is that 
in Fig.8 the condensers for each high-frequency 
band of both the radio-frequency Selective cir 
cuits and of the oscillator Stage are connected 
to their respective inductances only when the 
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cuits, is that in Fig 3 the secondary inductances 
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· cuit of Fig.7 is considerably higher, particularly. 
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rangement utilizes only one Switch bank, only one 
.fixed condenSer and no tuning condenSer other 
than the tuning condenser 20 necessary to tune 
the receiver in the general broadcast band. In 
addition, the gain obtained with the Selective cir 

in the higher frequency bands, than that custom 
8rily obtained in multi-band receiverS, and fairly 
uniform for the several bands. 

If it is desired to obtain gains for the high 
frequency bands greater than thOSe obtained 
with the selective circuit of Fig. 7, and to have 
such gains still more uniform for the several 
bands, the Selective circuit of Fig. may be modi 
fied by employing a Separate condenSer l09, pref 
erably of the adjustably fixed variety, for each of 
the high-frequency, bandS, and Selectively con 
necting Such condenSer'S 09 in Series with vari 
able tuning condenser 20, preferably at the low 
potential terminals of Such condenSers 09, by 
a suitable switch ganged with switch 0. In the 
resulting circuit, condensers 09 Serve selectively 
t0 reduce the maximum effective capacitance in 
the tuned circuits for the several bands to values 
considerably leSS than the maximum capacitance 
Of variable tuning condenSer 20(similarly as do 
condensers 44 for the variable tuning condenser 
42 of Rig. 2) , while condensers 08, assisted by 
condenSers 09, Serve Selectively to reduce the 
effectiveness of the variable tuning condenser 20 
similarly, respectively, as do condensers 45 and 44 
for the variable tuning condenSer 2 of Rig.2. 
?-In Fig. 2, however, the condensers 45 are in par 
allel with the variable condenSer 2 alone, while 
in Fig. 7 (both as illustrated and as modified as 
outlined above) the corresponding condenserS 
08 are in parallel with the combination of the 
variable tuning condenser and the Small series 
condenser. In the latter cases, therefore, the rel 
atively large and Somewhat expensive fixed con 
denSerS 45 are not required. 
Although the invention has been deScribed in 

Connection with the tunable Systems of Super 
heterodyne receiverS, the invention is applicable 
to the tunable SyStem of any type of receiver. . 
Further, although the invention has been de 
SCribed in connection with certain preferredbands 
of frequencies, the invention is applicable where 
other bands of frequencies are involved. Thus, 
the location and/or frequency coverage of such 
other bands of frequencies may differ from th0Se 
herein described, but so long as the receive??is t:0 
tune to the general broadcast band and to at least 
One high-frequency band, or iS · t0 tune to at 
least two high-frequency bands widely spaced in 
the frequency Spectrum either by other bands of 
the receiver or by frequencyranges over which 
the receiver is not tunable, this invention pro 
vides that in such cases the receiver will be tun 
able with ease, and with Substantial dial Spacings, 
to individual channels in all Such bandS. 
InaSmuch as many changes could be made in 

the above constructions and many apparently. 
widely different embodiments of this invention 
could be made without departing from the scope 
thereof, it is intended that all matter contained 
in the above description or Shown in the accom 
panying drawings shall be interpreted as illus 
trative and InOt in a limiting Sense. ? 
What is claimedis: 
1. the method of operating a multi-band radio 

receiverhaving band-Selecting means and tuning 
meanS adjuStable between minimum and maxl- ; .. 
mum Settings, which comprises adjusting the re 
active constants of the receiver Selectively to tune 

9 
it to any one of 8 plurality of bands while main 
taining L/C ratios for the several bands that are 
of the same order of magnitude, and varying the 
effectiveness of said tuning means in accordance 
with the band Selected to effect Separation 0f ad 
jacent signal channels of the Same frequency 
Separation within the respective bands by diS 
placements of Said tuning means that are of the 
Same Order of magnitude for all of Said bands. 

2. In a multi-band radio receiver, a, tunable 
System comprising reactance means of a given 
type, variable tuning reactance means of the 
opposite type connected in circuit with at least a 
portion of Said firstnamed reactance means to 
form a circuit tunable over a given frequeney 
band, auxiliary:reactance means of Said opposite 
type, and Switching means for including Said. 
auxiliary reactance means in circuit with said 
tunfng reactance means and at least a portion of 
Said first named reactance means to form a cir 
cuit tunable over a Second frequency band and to 
mOdify the eftectiveneSS of Said tuning means in 
tuning the circuit, Saidauxiliary reactance means 
being So proportioned, relative to the first two 
reactance means and their circuit relation, that 
the I/C ratios of the circuits for the respective 
bands are of the Same order of magnitude. 

8. In a multi-band radio receiver, a, tunable 
SyStem Comprising reactance means of a given 
type, variable tuning reactance means of the 
OppOSite type COnnected in circuit with at least a 
portion of Said first-named reactance means to 
form a circuit tunable over a given frequency 
band, auxiliary reactance means of Said opposite 
type, and Switching means for including Said 
auxiliary reactance means in circuit with Said 
tuning reactance means and at least a portion of 

' Said first two reactance means to form a circuit 
tunable over a Second frequency band and to 
modify the effectiveneSS of Said tuning means in 
tuning.the circuit Said auxiliary reactance means 
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being So proportioned, relative to the first two 
reactance means and their circuit relation, that 
the L/C ratioS of the circuits for the respective 
bands are of the Same order of magnitude and 
adjacent Signal channels of the same freguency 
8eparation within the respective bands are sepa 

45 

rated by displacements of Said tuning means of 
the same order of magnitude. 

4. In a multi-band radio receiver, a, tunable 
System comprising a plurality of reactance means 
Of a given type, variable tuning reactance means 
-f the opposite type, a plurality of auxiliary re? 
actance means of Said opposite type, and switch 
ing means for connecting, in one position thereof, 
a Selected one of said first reactance means in 
circuit with Said tuning means to form a cir 
cuit tunable over a given frequency band and 
for connecting, in the Several other positions 
thereof, selected ones of Said first reactance 
means in Circult with Said tuning means and 
Selected ones of Said auxiliary reactance means 
to form circuits Severally turiable over different 
high-frequency bands. each .widely Spaced up 
Wardly in the radio-frequency Spectrum from Said 
given band, each of Said . auxiliary reactance 
means being soproportioned relative to said other 
reactance means and So connected in circuit 
thereWith by Sald Switching means that the I/C 
ratioSof the circuitS for the respective bands 
are of the same order of magnitude and adjacent 
Signal channels of the same frequency separation 
within the reSpective bands are Separated by dis 
plaCements Of Said tuning means of the same 

: Order of magnitude. 
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frequency of the low-frequency band to the mean 
requency of the high-frequency band. 
10. The method of operating a multi-band 

radio receiver having band-Selecting means and 
atuning element variable between minimum and 
maximum values, which comprises adjusting the 
reactive constants of the receiver selectively to 
tune it to any one of a plurality of bands while 
maintaining L/C ratios for the Several bands 
that are of the Same order of magnitude, and 
Warying the eftectiveness of Said tuning element 
in accordance with the band selected to effect Separation of adjacent Signal channels Of the 
same frequency separation within the respeetive 
bands by displacements of Said tuning element 
having magnitudes in a ratio, from band to band 
in the order of decreasing frequency, which is 
substantially greater than the inverse ratio of 
the mean frequencies of the Sald bandS. 

11. in a multi-band I'adio receiver, 8 tunable 
System comprising reactance means of a given 

pe, variable tuning readtance means Of the?t . pe connected in circuit with at least?opposite t 

11 
a portion of Said first-named reactance means tO 
form a circuit tunable over a given frequency 
band, auxiliary reactance means of Said opposite 
type and switching means for including . Said 
auxiliary reactance means in circult with Said , 
tuning reactance means and 8t least a portion 
of Said first-named rea(bande meanS t0 form a 
circuit tunable over a second frequency band and 
t0 m0dify the eftectiveneSS of S8ld tuning meanS 

giliary reactance?in tuning the circuit, said au 
OItioned, relative to the first??means being So pr 

two reactance means and their circuit relation, 
that the /CratioS for the reSpective bands are 
0f the Same order 0f magnitude and adjacent 
signal channels of the same frequency channel 
Within the reSpective bands are Separated by diS 
placements of Said tuning means having magni 
tudes in a ratio from one of the bands to the 
other in the order of decreasing band frequency, 
which is Substantially greater than the inverse 
ratio of the mean freguencies of the correspond 
ing bands. .gSON : CASg? 
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