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A Multi-Range Receiver With Four Tuned 
Circuits 

By Robert S. Kruse* 

There i• a marked tendency in hiqh--frequen<:11 receiver de#yn toward., 1ri111Jle-contrnl tuninQ of two and more circuits, 
The receiver denr.ribed b111.ilr~ Kruse involves tr·ue ,'fin,gle-cuntrol tuning of/our cirm.tits, and the trick ia su.cce,ssfully acconi-
plished. 2'he recei·ver has a number of fe,:it1<res which can be profitably udopted far amateur use. -- EDITOR, 

T HE amateur receiver with but one 
tuned circuit seems t,o be passing, at 
last, as did the "Ringle circuit" broad
cast receiver of evil memory. Two tuned 

drcuits are now aeeepted as a matter of course, 
even though one is sometimes accompanied by 
another control. Logically, and surely, we shall 
proceed to more tuned circuits, more r.f. gain, 
and easier operation. 

'l'he widespread opinion that ·such receivers 
eannot be built to operate with sin'1:le control at 
high frequencies has Rome basis in fact, but is not 
wholly correct, 'The single
control · reeeiver with two 
tuned drcuits· has .indeed 
reached commercial form for 
frequencies as high as :~a,;ioo 
kc. (\) metersi, and is in wide 
amateur use, 

set. This has been done at Aircraft Radio Cor
poration, where the set was designed. Again the 
performance was greatly superior to that of the 
usual amateur set. 

GElNERAL ARRANGEMENT 

Since the Model D is primarily meant for use 
in aircraft, its construction has considered the 
requirements of that severe service. As may be 
seen from the photograph, a cushioned mounting 
is provided for the set, and the inter-eonnections 
between the set, the eontrol-head, the junction 

With so definite a tendency 
iu view it is interesting to look 
ahead toward the fu-ture re
(,ei ver, This need not be done 
blindly for there has only just 
appeared a receiver which, 
though designed for aircraft 
use, may very well he the 
forerunner of the amateur re
ceiver of the future. That is 

1'RE AIRCRAFT RECEIVER ,iND ITS ASSOCIA7'ED EQUIPMENT 

our story. 

The recf'iiie.r ·is in the center with the •°i1Htre coil. box at its left and thP. .o::ipf'.f:iat 8 battery 
C-(tse at its right. 'The control box containing the 1mlume c:t:rn.trol and "'oJf-stand-bu-<m •• 
,~witch i8 n,t the left e-nd vl the a.ss.emblu in th.e foreuru-ut1,d. The iunction box ·t'.s the affair 
in the center. 

The Stromberg-C11.rlson Model D Aircraft 
Receiver operates ·at frequencies as low as 235 kc. 
(1276 meters) and as high as 8000 kc. (:J7.5 
meters) with its normal coil equipment, main
taining over this range a very high degree of 
sensitivity and selectivity much ribove that 
found in the usual high-frequency receiver. It is 
purely single-control, uses but five tubes, makes 
small demand on the plate supply, and is designed 
with particular t1ttention to the reduction of 
noise. The frequency range, incidentally, can be 
perfectly well extended above 8000 kc. by means 
of additional coils, not normal to the commercial 

* Engineering Consultant. Former Technical Editor of 
QST, 103 Meadowbrook Road, West Hartford, Conn. 

box and the battery box, are run through highly 
flexible metallic braided hose. This hose provides 
electrical shielding and mechanical protection. 
It is obtainable in lengths of 2, 8, 4, 7 and 10 feet 
and is connected to the various units by means of 
serew-couplings. This arrangement provides ease 
of servicinii; and great flexibility in the placement 
of parts in various types of ships. A remote tuning 
eont.rol can be supplied, but this has not been 
shown here, as it is solely of aircraft use, being 
intended to permit placement of the set in the 
fuselage at distance as great as 35 feet from the 
pilot or other operator. One may, however, note 
that the set cannot be fussy if such au installation 
is to be practical. 
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From other photographs and from the general 
diagram of Fig. 1 it may be seen that there are 
a i,tages of straightforward r.f. amplification, a 
"bias" detector, and one resistance-coupled 
audio stage. Study of the diagram will show that 
unusual attention ha>< been paid to the "de-

were to be used primarily for c.w. reception it 
would be simple to introrluce controllable re
generation and self-oscillation. This, however, 
would be of no advantage whatever for modu
lated signals, 

The antenna u::;ed in the plane is a vertical 
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Fl<i. J,··---- 'l'HE SCHEMATIC CIRCUIT OP 'NIE liECEIVER 
l'ht: h.e.attr.~ at-:. coun':'cted in .'>ftif',"i 11,r,,d at~ ~TI1r,t,t-inl w·ith. JUrnn.Prti <"1.1.fT':rtt jrom a I ~t·olt fJ.torage 

iJattery. 1'he ,''d,l.n:tch 8 rr., iii part of the thra-p()s.ir·1·v,, ,".U•drh in !hi' (vrdrol (,o.r.,' a ;:,'j ope.n('(i in the 
";,,fond-by" j)(,.f<it'i<m, cuttintl o.fj !ht: .. B" -:r/ipptl/ but lemn>no ti1(' ti~uici'IJ (m, The :rotume u,tdrol 
n~'>'i1:5tor i~ i1t tJu: ne.gu..tiv'-' 1

' Bn lead to tht> r./. ampliJie:r1', 1'!te ·tndiu:taru:e.s L1 a;rtwl, L-2 are -ititer·u•(n1nd 
on flit? JJb.1r;-i..,t coil Jorm..-v, .~uvr1t;,;h'o1tif for tht:i.r c1:rn,.'{fr-u,ct£n·n art: !liren ·in a: /outnote. The ~~,fmlen1wrs 
Ci r.tr·r. 11a.t1..yeri fur ~nai,~ ('(.-ntrol, The ttimmrr NTruinuwrst ('2~ tUe fuif-trro.l ttti'th. the qunifed 1:r1,d,1JJ/.e3 
o:ti,:i (.!:re ,..-et by n -SJJF.r.ird. -'!(t't'W-rlr1'.1.'rl ,ohen the -".el te (U!)1.,~•d,:1,l. Bia.-r for the 1·arfo-us tubes 1 .. , ot,ta.iru.d 
i1.11 re-cit:~torR tn the r.'-<alwde r~ircu·dx. 

'.l"'h1i n;,;;'.-.,f(,r R-i: tr, the c,:Hlpli'nq c-i-rc-11,i:[ hetwe.1.·n the f/1-t,rtor 17:ri_,:J ,.1.1.uh'o ,"1tagt: i., an lnt,-rr,"Unu jt'A.J.ture. 
It hru-, t'- U>5!1d{WCt' of liho'ui ,C/0,0(11_) oh.m,"S and 8ff'tf'~~ to J_rrt:,xuf r.j, uf..f:tload£ny oj thl! muf-t(, 'tul11/;9. 
tw'id cirr.uit intt dou not m11.ter·ially aJ}'er.t audio-fre.qun-icu cm,,plinu, The o·utpnl i.~ 0-.1·-rangf:<l U>·wo-rk 
-1>nto e-ither hi,;h-i·mr,ednnce err lrn, .. -impt·(fonce pho-ru.'!~ a t!ptdal o·ut11ut trnm:jormer /.ieitty u,1t'd for 
th,: lat.t.er. ,Sp(:m:ffr..ation.s .for the rati<.iu.s res·~"Sfors (1.t"d l,y~p,.1~:J cfmdu~~e-r.s ttrt Ji,(•i ,Hailuble but should 
j(,llow tt.:n.tni '(ll'(a·tfu qu-ite dosely. 

coupling" of different r.f. stages by means of 
by-pass condensers and de-coupling resistors. As 
shown, the circuit does not provide for oseillating
det€ctor reception, hut this does not mean that 
the thing is impossible with this sort of a ~et. 
Much c.:w. reception has been done at Aircraft 

metal mast --- if one · may use that term for a 
stub only ,5 feet high. The pickup is at all times 
sufficient so that the ever-present background 
makes a great racket when the sensitivity control 
is at maximum, even though the ignition system 
is carefully shielded and the metal parts of the 

plane well bonded to prevent loose-con
tact noises. When tilled at a ground sta
tion the ><et needs no more --than a 10-
foot antenna; even this is sometime:; 
exces::;ive ,~t quiet places miles from 
the electrical disturbances of any town. 

NOISE LIMITING FEATURES 

A. C'OMPLE'I'E SET OF COILS IS PLUGGED IN WITH 
ONE M01'ION 

\Yith such rsf"ni;itivitv the noise 
problem is of some imp~rtance. lt is 
attacked at sevf"r:il points in the set. 
The usual broadening effect of antenna 
resistance i:; avoided because the high 
sensitivity permits the use of an anten
na too small to produce such broaden
ing. Thus there i,;i p;uud preselection of 

li:ocl~ ctJl'.l r..a.i'r·ie$ ,if~ uU."11. 11:hi,dA. an<l tht? four shidd:~ ar~ Jn,11,fened 'Ptr
rn,uwnf.ly to the m .. 1.-tal strfp which serus a,.-.. r.t f!·fr.k-plate Jvr th.e t-!tl 1dtr.n tJie 
t:t,ib~ tJ.T'e i,;, 1.uH; ut ,1...,. the co-iti' for tiV? evil bo:.r; wlu:n tht'1/ are nut in. ~"ieri..1,i(-.1;, 

Radio Corporation with the set using a ><eparate 
heterodyne. 1u. in the ease of modulated re
eeption; the only limit on reception has been the 
noise level due to electrical disturbances arriving 
at the antenna. H, for any reason, the receiver 

the desirell Rignal, a."l a)!:ain::;t noise and interfering 
:signals. The selectivity through the r.f. system 
a."l a whole is about that of a very good broadcast 
receiver with four circuits, when working in that 
f.requ1:ncy range. The selectivity unavoidably 
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deere:rnes at the higher frequencies but remains 
much superior to that of sets with fewer tuner! 
drcuits - especially to t.he t,ype of amateur 
rf•ceiver with one lonesg.I[le. tuned circuit. The 
noise which reaches the ,le-teclor is, of course, 
passed through to the audio tube. At this point, 
it enf)ounters an audio filter whieh cuts off :.tll 
high-pitched noises, pa::ising only audio frequen
des below ::JOOO cycles. A very large part of the 
,mergy of static and of man-made electrical 
noises, as well as the notes of off-tune c.w. 8tations, 
lie above t,hat pitch. These 
things are severely attenuated 
without the undesirable fo1t

tures of a peaked audio trans
former which reduces noise 
but spoils voice rnf1eption for 
the phone man and afflicts 
the e.w. man with a weari
some and unchangeable fixed 
pitch at which all signals must "' 
be heard. c\nother feature of 
particular interest to the 
headset man is the output 
device. This keeps the "cans" 

not one of which ever contrived to combine ease 
of removal with positive action and silent elec
trical contact. 

One other anti-noise provision must not he 
overlooked. This is a ::I-position switch providing 
points for "off," "on" and "stand-b;\\," The 
third of these is used during transmission and 
leaves the filaments hot while cutting the r.f. 
cathode returns free from ground. The shielding 
and filtering of the set iR so thorough that this 
leaves the detector and audio stage almost com-

free from t.he plate supply 
voltage and also permits the '!'HE 7'UP UF THE RECEIVER'S WORKS 

nse of either normal high
impedance phones or the new 
l'.20-ohm phones which weigh 
but half as much as the old 
surt and a!'e thinner, tlatter 
and far more comfortable. 

The use of heater~t)l)~ 
tubes through the entire sys-

The r.onf.rnl-orid cmuwdiuns between the t1.1,b~-" IJ.:nd the lnnina corulenset,'f rt.re ex-
trerm:t11 short and fHI,."!)J lhrou11h the ::shidding at n:(lht a.nqle.<1, 1'he mP.r.hanfr:r1,I, rrm .. "ln1,f!lirm 
·{·,., ul>1.it.'v11,slu ri,rid, ThP. Jm1,r anid,m.<;rt rutor.5 a,re all on m1,e ~ha,jt. One t:nd,-11late of Nl..C.h 
nmd,.,.nxr.r is metal a.n-d the other is hiuh-yrade bakeli'te. the bttrr1:etting metal eu.t.l-pla,tes 
:u'T111nu ax lutJlles. The ~oil compartment i's im.medintely bel01,v thP.. conde-1wet (!Utif.). 'l'he 
ontermn. trfrnmcr c(m.den~et i$ in I.he .-Jmall cmnpnrtmm1.t to th~ riuht of the tube ,'1oclvds and 
the ,n1.ti10 ap7Jnrat1.1,s t'.~ at the lPft end {,.f the (ion,l,:-nser ao,rw. The hmtr.ry in7m,t and audio 
,.t1di,ut m.1.1,ltiple pln(I i8 mounted on the left end <1nd. the tuninq control rm the right end nf 
the ,"d. 

tem is in itself a noise-eliminating feature in ,he 
plane where a battery-charging generator is 
nptwating during reception. On the ground this 
is of no great consequence lrnt may be pointed 
t.o as offering a useful suggestion for future sets 
with a.e. supply. 

Anyone who has used shielded high-frequency 
receivers must be aware of the exceedingly 
irritating performance given by a imt with various 
parts of the c:1se .in uncertain contact, as for 
instance, .in the tongue-and-groovl'l aluminum 
emies of several years ago. The noises and jumpy 
reneption of such a i;et are bad enough on the 
ground and would, of course. be intolerable during 
the vibration of a plane. All P-ontnf'ts between 
parts of the ease are, therefore, either screwed or 
riveted permanently or cu11fined to points where 
good pressure-contact (Rpring) ean be main
t-ained. Thus the removable tube-compartment 
cover and the removable panel carrying the coil
gang are felt lined a11d make no contact with the 
case except at the retaining pegs, where positive 
Rpring contact is made by the latches holding the 
part to these pegs. These latches, incidentally, 
are in themselves something of an innovation 
after so many years of sets with loose screws, 
thumbnuts, snaps, turn-buttons and springs -

pl,etcly silent, even in the presence of a t.rans
rriitter in the same room. 

THE FOUR-GANG CONDENSER 

To gang four tuned circuits successfully the 
stray capacities must be reduced as far as possible 
and made as nearly equal as is practical. In 
addition to this, the operation of the set, including 
eoil changes, should not vaty any napacity in the 
set, except the tuning capacity. This last ideal is 
not altogether attainable since it is nece:;sary to 
change the t·.f. cathode-return resistance in con
t.rolling volume, also to tolerate a gradual de
crease of plate potential (if dry cell plate supply is 
used), together with some small unavoidable 
mechanical irregularities in the gang itself. Since 
these things all produce small capacity altera
tions in one or several stages, one may not work 
at too low a value of tuning capacity. The gangs 
in t.his case have n rmpacity of 150 µµfd. per 
section :1nd are shunted by an air-dielectric 
trimmer of '.!5 microfarads capacity, except for 
the antenna-input circuit which uses a trimmer of 
twice this capacity i11 series with the antenna 
capacity. A fairly high minimum capacity is thus 
assured and minor variations are decreased in 
importance. 
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To any possible objection of such a high C /L 
ratio one may reply that the set has sensitivity in 
excess of ,my need, and one might :rn well trnde 
some of it in for the exceedingly valuable feature 
of single control, which would not otherwise be 
practicable. The· design of both th(' air-dielectric 
trimmers and the tuning gang itself has been aimed 
at. very low loss and extreme mechanical rigidity. 
Thus., though there is a fairly high minimum 

BENEA.7'JI .THE CHASSIS 

capacity, it is not through a high-loss material. 
The condenser gang has rotors and stators of the 
familiar soldered-plate type. [t is very rigid 
because of the small size of the plates and the use 
of 5/1611 steel rods for the lengthwise members of 
the frame. Cadmium plating is used on rotor and 
stator to prevent corrosion of the conducting 
surface under conditions of high humidity. The 
air trimmers are s.imply small variable condensers 
of a substantial sort with their shafts slotted for 
screwdriver setting. After setting they are seal~d 
with wax and need no further attention. The 
antenna t.rimmer mav be reached through au 
opening in the ease a; there is occasionally some 
reamm for antenna alteration and a realignment 
at this point. -

THE COILS 

The set, although having many coils, is alto
gether free from the usual bunch of loose coils. 
As may be seen from one of the photographs, all 
four coils of a set arc mounted on a panel with a 
handle. This panel aets aR a cover for the coil box, 
or closes the side of the set when coils are inserted 
in it. The thing is done with one motion and with 
lei;s effort than is f('q uired for some single coils. 
This is due to nice coni;truction and to the use of 
:;pring-contact plugs of the familiar "spring 
banana" type.1 

Each coil carries its own :;hield i,v:ith it, which 
at once affords protection and absolutely assures 
that the coil will be at the same diRtance from its 
shield and therefore will have the same tuning 
range. The possibility of repairing the coil or 

1 The General Radio plugs familiarly known to amateurs 
are uf this type. - EDITOR. 

replacing a plug is provided for hy making the 
coll shield,s sectional w;th the covPr secured to the 
panel or base and the shallow can bottom carrying 
the coil, which is removable by means of a bayo
net catch released when the can bottom is turned 
slightly. One of the photographs shows R eoil 
n.·movPd from its can. From this picture and the 
one showing a set of coils one may see the eon
structfon. The coll form is of R-2ll low-loss bake

lite, moulded into a smooth 
cylinder with a. flange at one 
Pnd to carry the terminals. 
Threads are mar,hined into 
the form for c,uTying th(' 
windings. The flnnge does not 
carry the plugs in the familiar 
manner but · instead c,:1.rries 
the jacks or Rockets. The plugs 
rm., inside the set where thev 
will not be bent over b;, 
n.ccident. The primary of ('ach 
r.f. coil is ••inter-wound" 
with the secondarv, in other 
words, the primary turns lie 
between the sccondurv turns.2 

Ea<)h eoil set gives~ tuning 
range of approximately 2 to 1, in terms of wave
Jpngth. The familiar objection to such a range is 
not substantiated w;th a high-gain set. Jn order 
to understand this one must recu.ll how exceed
ingly hard it was to "juggle" a. t}ililt-11nt brond
cnst station into tune with the eurlv broadcast 
receivers and how much easier it is to ~lo the same 
thing with a modern high-gain receive.r of enor
mously gre:iter selectivity. 

i-PECIAL FEATURES 

The battery drain of the recdver is surprif,ingly 
modest, being about 7 to 12 milliamperes (de
pending on the setting of the volume control) at 
144 volts on the plates and u7 volts on the screens. 
The odd voltages are due to the use of a special 
compact buttery (Eveready Type 769 Aircraft) 
but are not exceedingly critical, as is shown by the 
continuance of good performance during a long 
hatterv life. \Vhen connected as 8hown, the fila
ment ~ireuit is adapted to use at l2 volts (the 
rn.t.ing of the common aircraft storage battery) 
and the drain is aceordingly that of a single fila
mcni, 1. 7,3 amperes. 

The story is not complete without some men
tion of feature:; of aircraft interest. .Among these 
is the flexibility ihut has hcen referred to. The 

~ This ia the ~ruue type of coil eoll8truction used in thf> rtPW 
i\ationaJ single-control high-frequen<'y receiver, The plate 
eoil of a vrcr"eding flta,ge iic:t- wound betweeu the turns of the 
grid roil nf th• following •tage (_or detertnr .I, Th• number c,f 
pinte turns hei ng fl6~(/ to 100'?0 th1;> number of grid turns. The 
!lpepifl('ations for the amatN1r bands "111 depend on the ca
pacity range uf the tuning <"ondcnser as well as the minimum 
r·.apaeity across the r-oil. The figures gjven for the various 
bands in articles describing othP.:r tuned r.!. receivers can be 
used as a basis. - EDITOR. 

-
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set can he located almost anywhere in t,ie ship 
and may be set on its cradle or hung from it by 
one simple change. Coil changes are not normally 
made in flight, l:.,ut where this is to he done the 
set. may be located in an Reeessible µlace and 
r·nils can be changed by the pilot, even when he 
has no one to whom he ma v turn over the controls. 
This has been done repeat.edly. The junction box 
iR simply a place into which go cables from the 

ONE OF TETE COILS 11'11'H ITS .'WIELD 
?lu,(},q 'irt. the rer.eiu,r /it intn the Jark.q nn thf' Jlanac nt the l1()t

fo-m of the. H-BB rvil .form. 'l'he add coil iR 8pacc 1/'(l'u,n.d ·with 
_ C!_l~f,m~led wire and. th':' plate c,,a is u:<run,t betu1ef!n f'urns of the 

·-fi:Zd <.:,At. 

"A" and ''B'1• battery and the switch box, and 
out ·of which ~oes a single cable leading to the set. 
The junction box must be near the set; the other 
nnits may be located ·at convenience, the actual 

"-·-· tuning mmtrol being intentionally ;;rparated 
· from everything iincluding volume control and 

,.iff-on switch) which need not be visible. Thus 
even the most cramped plane may be fit.ted out 
with a set. 

Fine tuning by means of a remote mechanical 
,~<mtrol may seem dubious. It is actually quite 
workable. The drive is through a flexible shaft of 
any necessary length up to a5 feet . .At one end of 
the shRft is a small reduction gear which 1soes 
into the place of the tuning knob shown in the 
set photograph in this paper. The shaft turns a 
µ;reat many times while the gttng tuning con
denser is moving once across its range. Thus the 
wind-up or slack (which is not altogether avoid
able in even a very good flexible shaft) is of little 
importance. On the other end of the Rhaft i,; other 
µ;earing - for it is not practical for the operator 
to turn a knob several hundred times lo ''go 
across the scale." Actually he turns a small crank 
:m times to traverse the tuning range. At the 
l'ame time a small dial on the tuning unit makes 
~4 of a turn. This dial has a 100-division scale, 
distributed over 270 degrees. The imtire ma
dunery, though it sounds rather fearsome, is 
eflsier to tune than most broadcast. reeei ver con
trols - and ,smoother in the bargain. When 
direct cmntrol is used, as shown here, the control 
is that of a normal good direct-drive micro-dial. 

Other things that are not visible in the photo
!,!;raphs and rather tiresome to detail may he 
mentioned in brief. They are the care in dust, and 
moisture proofing by means of gaskets, the 
mechanical solidity and the extreme Rccessibility 
for H'pain;. The Inst may he better appreciated 
by examination of the photograph showing the 
by-pass condensers and small re;;istors under the 
tube shelf. The connections between the shielded 
metallic conduit and the various units have been 
spoken of as being made by means of screw collars. 
This is correct only as applied to t,hc junction box 
:rnd battery box. The other eonnections - set, 
dynamotor a11d c:ontrol head - are by means of 
armored multi-plugs which are retained by 
means of a spring catch when in µlace but may 
he released by thumb pressure. 

The dynamotor just mentioned is a Rmall 
flffair which monnts on a hollow base <!rmtnining 
the filter for the plate current supplied by the 
dynamotor. \Vhether dry battery en· dynamotor 
be used depends on the preference of the aircraft 
owner. 

The utility of a multi-range high sensitivity 
set. that is not cranky in tuning is manifest enough 
in Aircraft work. "Range'' signals-·- radio 
heacons -· operate on high frequencies where not. 
a great deal el;;;, "1We oeeasional weather in
formation is to be found. For entertainment of 
pa>isengers, haudling of message traffic, or t.wo
way telephone additional freq.uency ranges ure 
essential, although hitherto aircraft have had to 
he content without this utilit.v, for it ha even less 
practical to manipulate four"separate eoils into 
their respective sockets on a plane than in a land 
station. 

Editorials 
(Oontinv.ed from 7u1,(IP- 8 J 

And, it seems to us, real progress has been 
made. We would like to urge upon those who are 
displeased a sober realization of the fact that 
A.RR.L. decisions must, be made on the plan of 
the greatest apparent good to the greatest n1.1m
ber, and the further realization that the plan c,f 
government is bound to work out satisfactorily if 
one is willing to accept the idea of majority 
euntrol on which .A.R.R.L. i;; founded. When 
members do not agrei• with policies, their remedy 
is to change t,hc policy-makers if tliey ean, and 
admit they're wrong if they ean't. Half of the 
;\ .R.R.L. diviRions are holding elections this 
autumn. The new directors should he truly rep
resentative of wa,iority sentiment in their 
divisions on all major amateur questions. Right 
now iR your constitutional opportunit:v to see 
that this condition is satisfied, and it's nothing 
short of a bounden duty that you sec that it is. 

K • .B. W. 




