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DECLAssrciEC 

1. AFS'.:'RAC'J' 

This report covers the development Df a 11 dynamotorless" ultra 
high frequency aircraft receiver cesigned to oTJerate frorr a 2~ , ol t !J .C . 
supply and to be used to replace the s+andarn A.P . 4. receiver. 

The ultra high freq-..iency receiver was constructec on th3 same type 
of chassis as the 11. .P..A. so that the A.R . A. racl-: and control box could cc 
used without chanBe . The necessity for the dynamotor as usod on the 11..R . '~. 
was eliminated by the use of an elt.:ctronic po·.,.,er supply. The tuning range 
of the receiver was 235- 285 ~•.c./s . and the sensitivity ,ms c::pproximately 
3 microvolts. 

It was desired to rJevelo1 an ultra hi ~h frequency receiver vihich 
could be u2cd as an exact replacement for the lo", frequency A.R.A aircraft 
type receiver . Consequently, this requirement fixed the size of the chassis, 
type of connectors. control box, and supply vol ta~e . Due to the short age 
of rotating electrical machinery, it ·-,as required +hat this rsceiver oper­
ate directly from the 2o volt D.C' . aircraft su~ply v:ithout the use of a 
dynamo tor . It 11,as also r:;quired that the receiver deliver approximately 
JOO milliwat"':s into a JOO ohm lo;:;d anc1 hav·:i a sensi tivi.t~- of at least 5 
-:r.icrovol ts for SO milliliatts output . 

The receiver as developed consists of a 9'~,.• ccnvertcr . 3 95.S 
osc Hlator, three intemec:1iatc fr.:;quency ar'lplifier st .,,w~ u~in;: 6Ar:7/1352 
tubos , a 6SQ7 diode detector ancl 'irst ::iadio, a 23D7 1Jor ~r 'l"'rlif°i r. three 
28D7 tubes and a l; .R . 105/30 in the electronic power supply. ,.,he construc­
tion of the receiver is strai;"ht .::or,.-arc1 in ever~· rcspGct; 1 h2 only 11nique 
feature bc,ing th8 elcctro11ic "Ok.:-r snp,~ly. r;-11, ::: consists css 'ni iR.l ly of 
a 20 kilocycle oscillator o:,<)ra+ n~ from the 23 ,,olt ~ . r . pri.'nw.ry source . 
Rectified [;ric curnnt from t:iis oscillator is olaced in scri~s wi. ~.h the 
28 volt prirr.£1ry source thus ;i ving a po1'. er suppl v cap ab le of furnish:i n:; 105 
volts D-C. at 35 milliamperas . 

Tha fraquency ran,;e: cov.~red was 235-235 megacych.s p,:,r second 2nd 
the s-:;nsitivity for 50 millii:.atts output varied from three to six micro­
volts over the tuning range. 

3 . o.sc::-LLATOR MJD cm;rZRT:SR 

From plate 1, it is seen that the radio frequency section of t ·,a 
receiver consists of a 955 oscillator and a 955 converter. The oscillator 
is of the Hartley t~rpe and is coupled to the convert er by m"'ans of a small 
wiro placed near tb converter coil. I n order to obt-'lin cood oscillator 
stability, it .-,as nccessD.ry to regulate the voltage fr am the electronic 
pm•,,er supply by means of a r .R. 105-30. 

Preselection is obtc1inecl by m: ans of a double tuned tr"-msformer 
coupling the antenna to the convcrtor grid; the ~ntenna rein~ tappec 3pprox-
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imatcly one ... hird of tne distarir 0 u:,; tho prir.wry coil. T!:e vol t'!gc gain 
of this circuit is t· .. a to thrf~E'. t::!.mos ond thl iirace r~j ·!Cl ion is c1round 
30 decibels . Since this circuit is rather 11lrotid", th. ovar-:11 b,..:.nr.:v,idth 
of the recciv .... r ma:,, l.c taken ,:rnsJntiall•· 2s t11..:it ot the intr;rmech.ni:e fr8-
quency ar,rlifiur . In ord~r 1 o obt::in a ~inglb control rzcci vr:r the oscil­
lator tuning condenser is gangod with the tno i'uning condenser·:; of thG ,mt,.m­
na co.1pling '1etvrork; pertial tracking b::ing obtained bv rnt::ars of a snwll 
disc- shaped condenser placed cicro!:::s th, prin[T) coil . 

In plate number 6, ihc: arr?.nt_;e~cnt of th~ romnonents of the 
radio frequ·.~nc· section rr,.<i•· bt; sr:cn . '!'hr.: osci11:-1tor 1:.; r-ount.t:rl v·~r+ic.111•,r 
in the lov;er left ham caner anrl thL convert"',,. is moilntcr' 1-iorj zontclly 
in the cen-::er of the unit, t'1,:; three t min:~ conrk:ns~rs m"·: 1-_ s.:en ':-clo,1 
ths:: convert..:!r. 'This unit is ou.L tc com,..ac t . the rn~G<~.mum dir::::msi.ons b:-;i.n:;: 
411 X ] 11 X J-3/Jn • 

Du:: to the ncce:::si+v cf 11 con~cr,rinc:11 currr:nt . th' +ot;Jl curr nt 
c.r;..·,n by the oscillator :m0 ;onvertcr ,·1ri.s ed.ju~,tcd to ;'J!"J!)rOXi.ri:lt0ly S 
milli3l!1pcros. 

L. J:JTEfUl".:::;D::. "' ~ Frt /?U~!JCY -"· • LI.FJ:It 

The ir-termediatt fro;;qucnc:· o.mplifier consists of t;,J.0-.J double 
tuned 15 1- .C . stag ... s usLr1g 6 .. C7/L352 tul:. .... s . The.;..; tel.bee W.;r~ adjust,1d so 
that thi... cathode current crn .. n ':r each tube wus .'l•:·,~roximately fiv.; nilli·1m­
pares thus making the total current dr,:r.m b;-,r the i. i' . nmphi icr ;,bcut, 15 
r:iillin:-· p8rcs. 

The constructLon of the i. f. trnnsf ..:r ,,..;rs -:ir · fho;•,n in plate ? • 
This type of transformer H'S urJ ... d bcc11tse the .3ffect of th1.; luninG slu;-s 
on the rru.tual inductanc.J is nt-~ligibl:r sr.1~,11. 'fh0s.;: transfor~er1: ·:rerf: 
loaded by a re~astancc of 2700 oi!lilS on the secondary and t'.1e r,mt.usl induct­
ance iias adjuStt;;:d to critical co.1plint· , thus giving an overall ''anrh1idth 
at the half cmcrgy poi.nt of 2 . o 1 .c./s . and ,1 st-!ge N;,in of arout 21.i dnci­
bels . Curv-::::. of th~ i . f . response ar .. shm.n in plate J . As rrt.,ntiont:d b~­
forc , this curv:: ccrr~spcnds to th-a overall s01::::c-:.i ·.n.t .. · of the r_cc1.v r. 

Autom;itic vulumo.: control is ::toplier: to th,:; ,~rids iron the rcci.:.ifL,.::d 
siinnl appcnri nr, acr oss a porti ::m of th·~ riode J 02d . 

Jt should ::ie 1:otcd that t:1.., ~r Jd.-:!s of +h.:: i. " . tubes .<(rt: ti:~d 
d1.r-cUy to th«:: 23 volt pr11nan E=ourc ,,hil(; th.: C?t1-'1od·.r r:r~ ,...onn~~"tuci 
to th-3 ncgattve output of +he vl c+ronic power .,u?pl;t 'fh1s -:rr1nb...:!""::::1t 
+her. pl"i:-es th<:! er.ode; at a po:z iiv-J ;otf-n~i;i: --r :o~ ·alts [:S d...t r;"!incd 
b:, the '11.?,. . t·Jbe r,ith r~sp.,,...t to thi:- r1t1'1ocl .:; . Siner. 11rround 11 is ., .. .2 

positivi:.. pott.nti~l of ao ~,alt, 1,ith rL.srcct to thu c:.thodes. +h- cr·;cn 
supply is obtainec:d dirt:ctly fr0m "gro1 m-- 11 • 'The gain is ccrtrollc d '!:T· rrsans 
of a potentiom~ tec:r in the c.:.ntrvl box ~. ,ici1 v:1ries -th•..! screen vol tat;e ,:i th 
ro.:sp~ct to cathode. 
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5. DETEC'TOR AFD AUDIO 

The output of t· o i.f. ;,rnpllfier is coupled to th,~ riode section 
of the 6SQ7 v,bch is used e.s the seconci detector. A portion of the ".(' · 
output of the ciode is fer' back to the grids of the i. f. amplifier tubas 
for A. V .C . purposes . Also the signal output is taken from across th,:i rliode 
load.and is coupled to tho triode Section of the 6SQ7 by m~ans of a resist­
ance. capacJ. ty netv,ork . The output from the 6SQ7 triode is then coupled 
on to the grid of 28D7 which is usad as the; power amplifier tube and operates 
through a transformer into a JOO o~.m load. 

It should b0 noted that th'"' 2cD7 power amplifier obtai!ls its anode 
supply directly from the 2b volt primary source and not frori the ele:ctronic 
poVler supply, while the triode section of the 6SQ7 obtains it po0;;er from 
the electronic supply in series ¼ith the 2a volt source . The triode am­
plifier dra,is about normal current. ( ,9 milliamperes) and has a voltage 
gain of 34 decibels . The frequency resp onse of the audio systam is 300 
to 3000 cycles . Due to the low anode voltage on the 28D7. t ·,c maximum 
obtainable power output is approximat2ly 250 milli'Natts. 

6 . ELECTRONIC POWE.ii c.uPPLY 

This section of the. rec'- iver consists of three. type 2-3D7 tubes 
used as a 20 kilocycl:l oscillator anf designed so t'!-1::it the r~ct.i£'ied gricl 
current is used to supply the poY:£:r rcruj_remcnts of the v .R . 10s. osci.lla­
tor i.f . and first audio tubes ,;hich amounts to a +otal of arout 35 riilli.0.nn­
peres . By placing the output of +his oscillator in s ·:;rj_es ,1i th +ho 28 
volt primary source a power supply js ot+aine~ that furnishes l0C:: vol ts 
as feterr.ined by the " .R. tut>..:.:s a+ 35 mHliarnpcres . It should ½e noh,d 
that the output of this supply is nagative so that the folloving scheme 
was used : Tha cathodes of the tubes requiring h:igh vol tagc v,ere connected 
to th.., output of tha electronic supply anc~ the anodes to the posHive of 
the 23 volt source . This arrangement thus placed tho anodes at a potenti al 
of 105 volts with respect to tha cathodes .snd p:~rmi tted the screen of 
the i. f. amplifier tube to be grounded directly. 

Power nas supplied from the 28 volt D . .-- . source to drive the 20 
kilocycle oscillator. The r,::ason for usine the 101, frequency oscillator 
is obvious; i . e ., it is e~sic:r to make an oscillator work 1'/i th raduced 
plate voltages at lower frequencies, and the output from this oscillator 
can be stepped up by means of a transformer, rectifi ed and used as a hieh­
t-.;nsion source . This is essentially what was done with the exception that 
the rectified grid current of the oscillator was used inst,~ad of using a 
separate rectifier . 

7. PERFORMANCE DATA Ai\JT DISCUSSION 

Results of tests on the receiver indicate the follov,ing : 
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( ) ,.., · 23 ~ 2 :- ,J • r 1s a .J.Un1.ng range . .,,- J) "" ,, • 

(b) Sensitivity 3- S microvolts for SO millh,att output . 
(c) For a signd to no1s0 rcltio of Li:l , tho in"ut ·,·':is 1.5 micro-

volts ,.ith a 30%. LOO cycle modulated s i gnal. 
(d) Yaximum po·.or output, 260 millh,at~s . 
(e) 3and,.idth is 2 . 0 . • C. at the.. half c-n.;:r6y point. 
(f) Jmaga r e jection, 30 decibuls . 
(g) Audio pass band, J00- 3000 cycles . 

Plates 4, 5, 6 , and 7 show various vic·,;s of the compl(;!tt:(: rL:cclver . 
Th& receiver .,as constructed on th:.. sam0 sizv chassis -:1s i h..:; td ,mdard 
A.R . A aircraft rt::c-:J.Ver, thus m?..king the ov8r.sll dimensions of th"' com­
plet:;d unit 10- 3/411 x h- 11/1611 x 5- 3/8 11 • 'I'he ➔.uning control !ill?.~· · t 

op,..;ratcd locally or ma:y b.,, conn"c t..;d to the rs3motE- control box by mc~ans 
of a fl3xibl~ mechanical ccuplin6 . 
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