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An Ultra-High-Frequency Aircraft Recewer 

SUMMARY 

dn ultra-ll~gll-frequency ‘Lllcraft recarer, 

w2nch covers the band from 60 to 132 mega- 
cycles, IS described herem Sections of cosxal 
lmes ale used for the radio-freqwucy and oscll- 
l&or tuned cmcuts m this lece~ver, and the 
essential factors mvolved m them design are 
dmxmsed The frequency stab&y of the 
coamdl hne controlled omllator was studled. 
and methods were demed to reduce the vana- 
t1ons Ill flwpency 

INTRODUCTION 

The ultra-high-frequency actmtles of the 
Cm1 Aeronautm Authonty have been confined 
largely to the 61X66, 746754, 93-95 109-111 
and 123-132 megaG> cle bands, m winch most of 
the aerouautlcal frequemes are mpned In 
order to carry on the derelopment nolk, It was 
necessnry to have a IFWIX-er mth it contmuone 
range to cover this spectrum Receners wae 
avadable commercmlly for the lowfrequency 
end of this range, but nothmg n as rnmlable nt 
the hlghw frequencw With these facts 11, 
mmd the development of a Lontmously ~511. 
,~ble snperhetelodyne recelvel of good sensltlvlty 
I, ns mdrl taken 

The followmg ~eqnmmenls -em dec&d 
upon 

1 Xtehzltiy-After a sbolt wnrmng up 
period, the crcults should lcmam m tune fol 
no, ma1 operatmg condltlons 

2 Fmpncy hami -The tumg ~mge should 
be contmuous from 60 to 132 megacJ&s 

3 Se7&mty-The response at the nnage 
frequency should be at least 60 db down 

4 ~Smzfzvcty -The scnsltl\ It1 slwuld be 
such that when d 5 mmo-volt signal, 30 percent 
mod&ted mth 400 cycles, 1s apphed through a 
5Omohm reel&or to the antenna Input, the output 
should be 6 mllmatts 

5 Intemdtate-freyeney an&%r hand, 
m&h-The mtermedmte frequency ampbfia 
should be of the band-pass type such that the flat 
top could be adjusted from a round nose to 
about 150 klloc>cles 

6 Power suppZy -External power supply 

Rltll pro”s’“l~s Ill the recarer so that the hld- 
malts mght be operated from either 6 or 12 
volts, the mammum hyh voltage to be 225 
volts 

7 iW_lechamzca7 -‘I he receiver should be sut- 
able for ancraft operation, and It should be as 
hght md rugged as possible to wlthstand the 
rlbl,ltlon encountered m zmxaft serv~e 

THE RECEIVER 
Radm-frequency tuned cmcmts 

The sereral factors entermg mlo the choxe 
of cmmts to use m the radmfrequency portlons 
of the recewer are selectmty, stobdlty, and 
adaptabllQ 

Se7eectwzty-The sclectmty enters Into con- 
slderatmn m two ways Fmt, the adjacent 
channel re@m , and second, the mage ratlo 
desmd 

The aclpmnt channel rqectlon cm best be 
taken care of III the mtermedlato-frequency 
mpbfier by tho use of band-pass filters 

The mmage ratlo obtamed 1s determned bg 
the selectmty of the radio-frequency cmxuts 
and the mterrnedw& ampbfier freqnencv 
Image frequency re@m 1s a funcllon of the 
nttenaahon obtnmed II> separahon of the unde- 
s1red s1g11al from the 1es011a11t frequencv of the 
cmunts, tbrs szparatm bmg detennmed by the 
mtermedmte frequencg Given il. poor radio 
frequency selectmt3-, It 5111 be necessary to use 
a high mtemm%atc frequency, m order that 
the magcr frequency ml1 be far out on the skrt 
of the mdmfrequency selwtmty curve A 
high mtermedmte frequency, homver, requms 
the use of an mcreased number of tuned cn- 
cults to obtam steep stdes on the mtermedmte- 
frequency aInpl&r %leLtlrTty curve steep 
sides are esscntml If lngh adjacent channel re~ec- 
tlon IS requred A sharp ladlo-frequency 
selectmty ~111 permt n lower mtermedmte fre- 
quency, and thus a reduced number of mterme- 
d&e-freqrmc> tuned clrcults 

9 hrgh Q iadmfrequencj tuned cncmt can 
be obtamed by the use of sections of coaxml hue. 
loaded mth capaaty to pmmt a length reason- 
able fol a receiver 

Stabzl~t?/ and nd/rpto,hnlcty -The use of a sec- 
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&xtiou clel)tli being small at, these freqliencies 
makes the use of a plating possible. 

The high frequency resistance of lines made 
up of two different materials becomes: 

The inner conductor contributes most to the 
total resistance, and should therefore be of the 
material with the highest conductivity. This is 
fortunate, since in nl)plications where weight is 
an important coirsideration, the outer conductor 
may be made of :L liglit material, such as an 
aluminum alloy of lower conductivity, without 
seriously affecting the total resistance. For ex- 
ample, tile use of aluminum alloy (17ST) in 
place of copper for the outer conductor of the 
tuned circuits, to be described later, resulted in 
a saring of about 10 ounces weight for each 
uiiit, with less tliaii 20 pcrceilt increase in cal- 
culated resistance. 

111 addition to the saving in weight, the use 
of alnminiun for the outer, and copper for the 
inner co~Jtluctor, provides a measure 0 F fre- 
qnrllc~y collf J’O~ for c~l~:~iigrs i iI temperal lli’(?. AS 
Ihr trmprr;llni~r of 11162 ililwi. c:o~~tl~wlor is raisetl, 
111~ lcliglli will iiwwix, resulting in x liighcr 
ili(~ilct:IIic~~ and a louver JwoJlaiJt fiw~llellC~. 1 f 

llic tiuiiiig coiidense~~ is of the pie-plnlr l-yl)e 
\Yitli one plate fastriictl to t,he inner contluctor 

Figure Z.-Oscillator tank circuit I)arts. 

Figure I.-Micrometer toning head, assembled. 

and the other to the outer COJldUCtOr, and the 
outer conduct,or 11:~ a higher linear coefficient 
of expansioJi, tlirii the spaciilg of this condenser 
n-ill become greater :IS the temperature is raised. 
Thus, a11 increase in lenlpera,llwe will tend to 
increase the rcs01~a11l frequency. Tllere is, of 
course, oilly one sp:wiJlg at, wliicli the effect of 
iiicwiising iritlllclai~w will 1~ rxactly eotnprn- 
sII(YI for 1)y tile tlt~cwasilig C'ilI):lC'i(,V. 

Fiy~w 1 is a cl’o~s swlioll of 1I1e coaxid lilw 

1 iiiivtl circuits nsctl iii illi iw:rivclr. ‘l’lic spacilig 

of ilw coildeITscr plates 6 and 10 is colitrolled by 
the micrometer screw consisting of parts 4, 5. 
:rlltl 7. The outside thread of part 4 has a pitch 
of 30 threads lwr incll, wliilc tlie pitcli of lh(> 
innrr thrratl is 40 threads per inch. Thus, if 
the inner plug is kept from turning, for each 
wrolntion of part, 4, the inner plug will move 
t hc tliffewnce in pitcll or 0.0083 inch. Any play 
which might be caused by loose threads is taken 
1113 by the springs 19. The inner plug is pre- 
vclnted from rotating by the guide pins 20. The 
small plug 2 acts as a vernier and is useful when 
the plates are closely spaced. The stud 13 acts 
as a support for the end of the inner conductor 
ant1 also the tap for connection to the tube. 

Figure 2 is a photograph of the oscillator 
tank circuit parts before assembly. Figure 3 
shop-,s the assembled micrometer licnd. 

‘l’hr hctrrodynr oscillator. 

Two general 1,vp~ of hrt rrotly~~c~ oscilltlhrs 

at-~ available, tbe crystal-controlled oscillator 



and the master mcdlator Smce a cantmuons 
tunmg range 1s reqmred, the masta osullator 
~111 be necessary If the recelrel 1s to be mple 

Prenous experience nlth nllr<l-lllgll-fle- 
quencj o.%dlators usmg J. ml md Londense1 
fol the toned ulcolt has shown tlus t>pe to bc 
subject to mmderable rarmtlons m frequent> , 
XI lth changes 11, operatmg condltlons, sncb <,s 
tempmtwe and supply wltages Y~ii 11, the 
case of the radio flequency CI~LUL~$ the use of 
a section of coaxM.1 lm wll plo”‘lc d self- 
shralded and rugged construction for the 
osallator tuned cmcmt In order to detem11no 
the frequency stnblhty of this type of omllator, 
a study was made of the fxtors gorermng tlus 
stabdlty 

Several concentric 11110 tank clIcmts 113VlIIg 
different physxal smes nerc constructed, and 
the frequency ,rtnblhty of exh was obwl ed 
The high Q tank cxcwt was used as the gml 
tuned arcult of a tuned-gnd tuned-plate osc~l- 
later The details of these oscdlatols are 

T 
c 

1 



o- IJJ LU 2” -- 

Figure 5.-Oscillator No. l-Effect of plate circuit tuning on output fre~~uenc~‘. 
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Figure C -0scillntor No. I-IMeet of glntc circuit tuning on uutwt freaucncy. 



Figure 7.-Oscillator No. 2-Elect of plate circuit tuning on output frc~~ucncy. 
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Figure I?.-Oscillator No. 3-Mfecl of plutc ciz-cuit tuning on output frectuency. 



Figure 9.-Oscillator No. 4-Effect of plate circuit tuning on output frequency. 



Figure IO.--0srillntor No. S--Effect of plate circuit tuning on output frequency. 
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quenc) 11 1llrg”‘)cles from the dw1cd squl I oltage \rlmb xn,~es nlth the amplitude of the 
which nnth the high Q ~ucu~ti u, the ladlo-fre- Ilitcrmcdldte-fle~uellc~ Slgml Tlus voltage 
qu01,cg .lnlpllfier resuh ,,I a 111gl1 Inl‘Ig” Iii-- applied through ,I lillet to the gnds of the Inter- 
quency 1qechon Inedlate-frequenLv nmpl~fier then lnondes a 

The plak cllLl,,t of the second mtemcdl tie- means of autolnxtlcall~- 1egu1atmg the gall of 

frequencj dlllpllfiel IS brought out to Tel llllllrll’ t1w amplifier 11, lel~tlon to the mput SIgll&l, 

11, the coolw~t~ol, socket and prooldes a mcal~ resulting m essentially constant audio output 

of determmog the input sgnal to the lcce~xel horn the 1 ecenwr The audio-frequency voltagn 
s,,x,e, due to n g c (antomatlc gam control) developed ac~o\s the diode load le=lrtor 1s ap- 

actmn, this cu11mt 1s plopoltlonal to the 111put plied to the grld of the trlode sectlou of the tube 

SlglXLl The tnodc audm amplifier 1s resistance ca- 
Each lnterined]ste~fretlucnLy am~Mie1 cath- pmty coupled to a pcntndc md~o output t&c 

ode cncult m~lud~r a reslstor to fulmsb the The output audlo tral~sformer 1s deagned for 

lnlilnl bm for the Lube n hcther 11, n. g c 01 a 300. or 500.ohm output for the receiver 

m g c (mnnml gal,, contlol) condltlon 
Manual gam control 

Second detector, a g c, and audm amplifier Mama1 gam control IS obtuned by vuymg 
‘rhe second detectox, a g c , md first ,awho the potcntlal of the catbodes of the first and 

alnpl~fier are combined ln 3. smgle tube of the second mtermedlute-frequcnc3- smphher tubes 
double dloclo tmde tJpe aboxa gmund, the gmls bmg at ground po- 

The rectlfied I oltage dereloped BCIOSS the load tcntlal To pemlt complete cut-off of the 
remstar 111 the diode cncult piovldes n. control tnbes, tlm mthode potrntml 15 obtamd from 



13 

the bleeder. Since the plate and screen Volt- 
ages arc reducctl at, the same time t,lint the grid 
Toltage is ~IWIC:WNJ, the range of control is 
+SOI~l~\Yll~lt gl’C>LtCL tllilll WOllltl hC Ol)t~liIld 1)) 

varying the 11cgn1 i\.e grid potential only. 
A switch is pro\icletl so that operation may 

be with a. g. c. or m. g. c. When in a. g. c. 
condition, the grids of t,lle illterllledi;lle-fre- 
quency amplifiers are connected to t’he a. g. c. 
voltage iron1 the diode rrctifier and their 
cathodes connected to ground through the in- 

. . 
div~lual cat,hode resistors. In m. g. c. condi- 
tion, the grids arc grounded and the cathodes 
connected to the Tariable arm of the m. g. c. 
potPntiomet,er. 

Filament operation. 

Tile heaters 01’ tlrtl trtbts are conllrctrd in :I 
series parallel combination which permits 
operation from either x 6- or 12-volt supply. 
When opcratillg from a 6-\-olt ,supply, all heat- 
ers arc in lx~~allrl, while for 12-I-olt operation 
there are two grollps in series, each group con- 
sist,ing of several filanients in parallel. 

The schematic diagranl of the receiver is 
shown in figure 12. 

Mechanical arrangement of receiver. 

The photographs, figures 13, 14, and 16, arc 
of the completed receiver. The outside dime]\- 
sions of the case are OS& inche,? wide by 77/s 
inches high by 102/s inches deep. The chassis 
or receiver unit slides into the case and is held 
by two trunk fasteners. The shock mounting 
is a separate a+ssembIy to which the receiver case 
is fastened by gauged snap fasteners. 

Figure 13 is a front side view. The intcr- 
mediate-frequency transformers and amplifier 
tubes, second detector tube, audio output tube, 
and ontput transformer occupy the right half 
of the chassis with the a+ssociat,ed resistors and 
bypass condenser momlted underneath. The 
controls on the front panel arc: upper left 
corner, shielded an 1 cnna input socket ; upper 
center, radio-frequency input tuned circuit 
micrometer control ; middle, I,xtlio-frequency 
plate tuned circuit micrometer control ; lower 
left, oscillator tuned circuit micrometer con- 
trol ; the left-hand pointer knob is the audio 
gain control and the right-hand pointer knob 
the intermediate amplifier gain control. The 
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toggle switch below tile handle changes opera- 
tion fro~u a. g. c. to m. g. c. All power input 
and audio output, connections are made tllr0@ 

the shieltlctl soc~kct, iI1 tllo lower right-hand 
(‘01’11er. 

Figure 13.-Front side view of receircr. 

‘1’11~ radio-frequency and oscillator tuned cir- 
cuits and tube compartment occupy the left half 
of the chassis, the oscillator tuned circuit being 
mounted inside the chassis below the radio- 
frequency and detector tube compartment. 

The bot,tom view is shown in figure 14. The 
oscillator tube compartment and tuned circuit 
are shown in this view as well as the resistors 
and bypass condensers for the intermediate and 
audio-frequency circuits. 

A chassis lay-out, showing the position of the 
component parts, is shown in figure 15. 

The radio-frequency and first detector tube 
compartments arc shown in figure 16. The 
radio-frequency amplifier tube is mounted with 
its grid projecting into the upper right com- 
partment which contains the gricl tuned circuit 
loading condenser and grid coupling capacity. 
The lower right compartment contains the radio- 
frequency tube plate choke and coupling con- 
denser, detector grid coupling capacity, and 
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tuned circuit lcutlillg w~~d~~~sw. ‘11~ first cle- 
tector tube grid estentls into this cornlmtment. 

Standard acorn sockets were nmtlified for 
the radio-frequency and first detector tubes to 
provide n high capcity directly front the tlllw 
prongs to gror~~itl. Tllis was accomplisl~rtl 1)~ 

Figul-e 14.-Bottom view of receiver. 

Figure IO.-Left side view of receiver showing radio frequency 

and first detector tube compartment, 

Figure K-Chassis layout. 
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Figure 18.-Effect of grid loading on the selectivity of the tuned circuits. Frcqnency 70 megacycles. 
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Figure lg.-Effect of grid loading on the selectivity of the tuned circuits. Frequency 120 megacycles. 
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Figure 20. Radio-frequency selectivity of rcceivcr. 
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Fiwre 22.-Selectivity curves ol diode transformer and r~l romplrtr intermediate-ircsuency mnl~lifier. 
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