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AN ULTRA-HIGH FREQUENCY AlXXAFTBBCEIVKB 

by 

P. D. McKee1 

An ultra-high frequency aircraft receiver, which covers the 

bend from 60 to 132 megacycles, is described herem. Sections of coax- 

ial lines are used fof-the-radio frequency and oscillator tuned circmts 

III this receiver, and the essential factors mvolved m their design are 

discussed. The frequency stabihty of the coma1 line controlled oa- 

collator was studied, and methods mere devised to reduce the variations 

m frequency. 

EiTRODUCTION 

The ultra-high frequency activities of the Civil Aeronautics 

Authority have been confined largely to the 60-66, 74.6-75.4, 93-95, 

109-ill, and 123-132 megacycle bands, m filch most of the aeronautIcal 

frequencies are assigned. In order to carry on the development work, 

1-b was necessary to have a receiver tith a continuous range to cover 

this spectrum. Receivers were available coamercM~ly for the lcm fre- 

quency end of this range, but nothmg was available at the higher fre- 

quencies. With these facts in mud, the development of a continuously 

variable superheterodyne receiver of good sensitivity was undertaken. 

The foil-g requirements mere decided upon: 

1. STABILITY. After a short war-g up period, the cmcmts should 

remam 1~1 tune for normal operatmg conditions. 

2. FREQUENCY BAND. The tuning range should be contmuous from 60 ‘ 

to 132 megacycles. 
/q366 



-2- 

3. SELECTIYTY. The response at the image frequency should be at 

least 60 db down. 

4. SENSITIVITY. The sensltlvlty should be sxh that Vhen a 5 mcro- 

volt sIgnal, 30% modulated mth 400 cycles, 1s applied through a 5O-obm 

resistor to the antenna mput, the o;ltput should be 6 rmllmatts. 

5. INTEWEDIATE FREQXENCY AWLIFiER BAND WIDTH. The mtermedlate 

frequency mpllfler should be of the band-pass type such that the flat top 

could be adJusted from a round nose to about 150 kIlocycles. 

6. POWER SUPPLY. External power supply mth provlsxons 111 the re- 

celver so that the filaments rmght be operated from either 6 or 12 volts, 

the mazulmum high voltage to be 225 volts. 

7. MECHANICAL. The receiver should be suitable for aircraft opera- 

tlon, and it should be as lx&t and rugged as possible to mthstd the 

vlbratlon encountered 111 axcraft service. 

Radio frequency tuned clrcuts 

T& several factors entermng into the choice of clrcuts to use 

in the radio frequency portlons of the receiver are selectlvlty, stabll- 

Ity, and adaptablllty. 

SELECTIVITY. The selectlvlty enters into conslderatlon ~II tvo 

Ways: first, the adJacent channel reJectlon, &d second, the image rat.10 

desired. 

The zdJacent channel reJectlon can best be taken care of 1~1 the 

intermedIate frequency ampllfler by the use pf band-pass filters. 

The image ratlo obtained IS deter4med by the selectivity of 

the radio frequency clrcuts and the lntermedlate ampllfler frequency. 
IYa66 
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Image frequency rejection is a function of the attenuation obtained by 

separation of the undesired signal from the resonant frequency of the 

circuita, thas separation berng determined by the intermediate trequency. 

Given a poor radio frequency selectinty, it ~~11 be necessary to use a 

high intermediate frequency, 1~1 order that the xnage frequency n-~ll be 

far out on the skirt of the radio frequency selectivity curve. A high 

mtermebate frequency, however, reqwes the use of an increased number 

of tuned clrcmts to obtain steep sides on the intermediate frequency 

amplifier selectivity Curve. Steep sides are essential If high adjacent 

channel rejection is reqmred. A sharp ra&o frequency selectivity till 

pernnt a loser mterm.e&ate frequency, and thus a reduced number of in- 

term&ate frequency tuned circmts. 

A high Q radio frequency tuned clrcut can be obtained by the 

use of sections of coamal l3ne, loaded mth capacity to pernat a length 

reasonable for a receiver. 0 

STASILITYANDADAFTABILITT: The use of a section of coaxn.al 

line x~l.l provide a mechanically rugged end electrically stable, self- 

shielded clrcmt of reasonably large physical size, even at the higher 

frequencies. 

A further reason for the use of coaxial lines was to study 

their application to receivers 111 the ultra-h+ frequency range. 

The dnductance of the coanal line is 

L, = 2 log, i x 10m9 henries per cent-ter 

where 

a = outside diameter of -er conductor 

b = inside diameter of outer conductor 

l-43 Lb 
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a and b measured in same uoits. 

The high frequency resistance of the comalbe is 

R. mv (: + i) x 10s9 ohms per centimeter 

where 

p Y resistlolty 111 e.m.u. 

u = magnetic permeability 

f = frequency in c.p.s. 

a = outside diameter of inr.er conductor 

b = inside diameter of outer conductor 

a and b measured 111 centimeters 

S-nce the inductive reactance is proportional to the frequency, 

and the resistance is proportIona tc the square root of the frequency, 

the Q, or $ x-ill be proportional to the square root of the frequency. 

For a gnven inductance, the Q, and therefore the selectIvlty, will -in- 

crease mth the frequency. Smith A coil, hovwrer, the Q will decrease 

with the frequency. This fact ares a decided advantage 1~1 favor of the 

coamal line for the tuned circuit. 

Tne Ir.ducctence per unit length of the line is a function of the 

ratio of the rlxmeters of the outer and inner conductor; so, for a gnven 

ratio of outer to inner conductor diameters, the ~ncluctence is rot affect- 

ed by the actual diameter. The rrsnstsnce, &ever, is vaversely propor- 

tional to the diameter, ma[L21CLng the Q proportional to the dwneter, 

promded the ratio of diameters remazns constant. 

1% 1s apparent that tien the diameter and length are deter- 

rmned by the physical space available in the receiver, care should 
/~zL-~ 
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be exercised m the choice of materials from ml-mch the lines are made to 

obtain the greatest selectinty from the coaxnal line tuned circuits. 

Some of the characteristics of the more common metals which may 

be used 1~1 the construction of coaxial line tuned circuits are given in 

Table I. It is interesting to note the effect of the addition of small 

amounts of other elements to copper, resulting in a brass or bronze. The 

addition of 1% lead reduces the conductivity but slightly, and thereby 

-roves the machlnlng properties so that it may be worked with approxi- 

mately the same ease as brass. The addition of small amounts of zinc re- 

duces the conductimty greatly, 5% being enough to reduce the conductixxty 

to one-half that of pure copper. 

When it is necessary for mechanacal reasons to use a mater=1 

of low conductivity, then a plating of silver or even chromium ~~11 pro- 

vlde a high surface conductivity. The penetration depth being small at 

these frequencies makes the use of a plating possible. 

The high frequency resistance of lines made up of two different 

matenals becomes: 

R, = @ +@$Z) x 10v9 ohms per centimeter 

The inner conductor contributes most to the total resistance, 

and should therefore be of the material with the baghest conductivity. 

Teas is fortunate, sLnCe XI apphcations where weight is an important con- 

sideration, the outer conductor may be made of a light material, such as 

an aluminum alloy of lower conductivzty, without seriously affecting the 

total resistance. For example, the use of aluminum alloy (17ST) in place 

of copper for the outer conductor of the tuned circuits,to be described 
/@L6 
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later, resulted 111 a samng of about 10 ounces weight for each unit, with 

less than 20% morease m calculated resistance. 

In addition to the saving 111 velght, the use of alxurcmm for 

the outer, and copper for the m.uer conductor, provides a measure of fre- 

quency control for changes 111 temperature. As the te@mature of the 

Inner cond&tor 1s raised, the length m-11 increase, resulting~m a higher 
. 

mductance snd a lower resonant frequency. If the tming condenser Fs of 

the pleplate type mth one plate fastened to the mner conductor and the 

other to the outer conductor, and the outer conductor has a higher linear 

coeffxlent of expansion, then the spacmg of this condenser ml1 become 

greater as the temperature 1s riused. Thus, an mcrease m temperature 

ml1 tend to mcrease the resonant frequency. There IS, of course, ooly 

one spacmg at whxh the effect of lncreasmg mductance ml1 be exactly 

compensated for by the decreasing capacity. 

Fig. 1 is a cross section of the coaxial line tuned circuits 

used UI ths receiver. The spacing of the condenser plates 6 and 10 1s 

controlled by the micrometer screw conslstlng of parts 4, 5, and 7.. The 

outside thread of part 4 has a pitch of 30 threads per mch, whole the 

pitch of the Inner thread 1s 40 threads per mch. Thus, If the inner plug 

IS kept from turnmg, for each revolution of part 4, the inner plug siU 

move the dtiference in pitch or 0.0083 mch. Any play which mght be 

caused-by loose threads IS taken up by the sprxngs 19. The mer plug is 

prevented from rotatlng by the gillde 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 end also the tap for 

connectIon to the tube. 
/4366 
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fig. 2 1s a photograph of the oscillator tank clrcult, parts 

before assembly. Fig. 3 shows the assembled rmcrometer head. 

The heterodyne oscillator 

Two general types of heterodyne oscillators are available, the 

crystal-controlled oscillator and the master oscillator. Since a oon- 

tenuous tunmg range 1s required, the master oscillator vmll be necessary 

ti the reoelver 1s to be simple. 

Frevlous experience mth ultra-high frequency oscillators using 

a co11 and condenser for the tuned clrcut has shown this type to be sub- 

ject to considerable variations UI frequency, mth changes in operating 

conditions, such as temperature and supply voltages. As UI the case of 

the radio frequency circuits, the use of a sectlon of co-1 lx~e sill 

provide a self-sbaelded and rugged construction for the oscillator tuned 

oircult. In order to determine the frequency stability of this tp of 

oscillator, a study mas made of the factors govern tbas stablhty. 

Several concentrx lzne tank clrcuats havong different physloal 

slaes were constructed, and the frequency stability of each was observed. 

The high Qtenk czwntwas used as the grid tuned clrcut of atuned- 

grid tuned-plate oscillator. The details of these oscillators exe shown 

m Fig. 4. The tuning of the plate clrcult nas by far the most serious 

factor Fn the frequency stablllty of all of the oscillators. 

Figs. 5, 6, 7, 8, 9, and 10 have been drawn to show the effect 

of the tuning of the plate clrcut on the frequency of the oscillator, 

the capacity of C3 lncreaslngmth dial dinsions an all oases. The 

s;~T;? curves on each figure ape for dtiferent conditions of couplw 
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of the grid to the concentrx tank. -The upper curves of each flgore show 

the corresponding plate current. 

As 1s characterlstx of all oscillators, the greatest frequency 

stablllty 1s obtained under a condltlon of weak osclllatlons, under 

which condltlon very httle power can be obtamed. As the loadmg 1s m- 

creased, the degree of oouplmg must be raised snd a stronger osclllatlon 

mth a lesser frequency stabrlltyxxll result. 

Column 7 of Table II aves the slope of the tangent to the 

curve at the point of IIUIDUU plate current expressed m rmcrormcrofarads 

per megacycle. Manmum output ~~11 be obtained mth a slightly greater 

capacity for C3. The unnl~~~um plate current was chosen as a point more 

easily duphcated. Th15 lndlcates then that even though the concentrx 

tank be assumed to remam constant, there mllbe a conslderable varla- 

tlon LII frequency mth the tuning of the plate clrcult, and ti adJusted 

for rmnumrm plate current, operatAon ml1 then be on the steep portion of 

the frequency/plate tuning cleave. Since the pass band of the mterm.e- 

dlate ampllfler LS only 0.2 megacycle, even mth feeble osclllatlons, a 

change of only 2 rmcrormcrofarads (or Its equivalent) y1 the plate CLP- 

cut ~1.11 throw the receiver out of tune. 

It 1s vlterestlng to note that even though the diameter of the 

concentric tank IS large, as 111 No. 3 and No. 4 oscillator, app?o-tely 

the same plate cucult tuning stablllty results. 

The frequency stablhty being dependent on the coupling of the 

grid to the concentrlo tank lndlcates that mth a fixed coupling con- 

denser, a varlatlon of 2/l In frequency would change the effective sta- 

blllty appreciably. Srnce the lntermedlate frequency 1s the same for all 
/+eSL 
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the radio frequencies, the same frequency stability expressed an cycles 

should enst throughout the baud to be covered. / 

The use of an oscillator of the type shown m Fig. ll will 

pronde a circut m e'mch the frequency determmm g elements are mcluded 

m one tuned clrcult and, furthermore, tumng may be accomplished by a _ 

smgle control. 

Tubes 

As the frequency 1s mcreased, the conventional type of'tube 

becomes less effxlent, and at some high frequency (about 80 megacycles 

for a type 57), the ampllfxatlon becomes unity or less, and they act sm- 

-ply as couplmg devacesm2 Rth the mtroductlon of the acorn type of tube, 

stage gams of unity or more have been obtamed at frequencies as high as 

300 megacycles. 

Prenous experience at frequencies between 60 and 65 megacycles 

mdxate a life of some 2000.hours for these acorn tubes, although some 

investigators found the life to be extremely short. 

Smce the frequencies to be covered m tks receiver were Lugh, 

the use of the acorn type of tube was practxally essential. Consequently, 

they were chosen for the high frequency portIons of the receiver mth 

conventional tubes for the mtermedlate frequency and atio stages. 

Thm gave further opportmty to study the Lfe characterxtxs 

of the tubes, especially 111 axcraft where the operating condltlons are 

especially severe. 

First detector 

The first detector 1s a 954, mth the heterodyne voltage mtro- 

duced into the cathode orrcult. Cathode lnjectlon was chosen because the 
/+36C 
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radio frequency voltage reqwed for this type of modulation 1.8 low, 

Suppressor lnJectlon could have been used, but the radio frequency volt- 

age would then necessarily be high, since the control of the suppressor 

grid xe small. 

The radao frequency voltage for the detector cathode IS obtam- 

ed from a tap on the oscillator tank clrouat. The cathode lead IS 

brought up through the inner conductor, wbxh places the cathode at the 

radio frequency potential of the tap on the tuned clrcuat and perrnts the 

cathode resistor to be at ground potential. 

Intermediate frequency amptifler 

The IntermedIate frequency empllfler consists of two stages 

(three trsnsformers) with a rmd-band frequency of 5.5 megacycles. 
* ' 

Each transformer consists of two tuned CUTUI~S inductively 

coupled to form a band-pass filter. The couplang 1s adJusted by varying 

the spacing between the coils, maldng It possible to overcouple the two 

clrcuts and broaden the pass band. The ~011s are tuned by aLp dielec- 
i 

tric condensers to provide stable circuits. 

The mntermedlate frequency ampllfler operating at 5.5 mega- 

cycles places the image frequency ll megacycles from the desired signal 

which vnth the high Q circuits UI the radio frequency amplxffler results 

III a high -gs frequency rejectIon. 

The plate csrcuit of the second lntermedlate frequency au&- 

fier 1s brought out to terminals In the connection socket and provides a 

means of det ermmng the input signalto the reoelver smce, due to a.g.c, 

{automatlo gaan control) actIon, this current 1s proportIonal to the in- 

put signal. 
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Eech'~~termedlete frequency amplxker catbode clrclnt includes 

a reslstor to furnxh the xm-ixal bias for the tube whether m a.g.c. or 

m.g.c. (manual gam control) condLtlon. 

Second detector. a.p.c.. and audio amplafler 

The Pecond detector, a.g.o., and first audio amplifier are com- 

blned an a single tube of the double dxde trxde type. 

The rectafled voltage developed across the load reslstor III the 

diode cxcmt prondes a control voltage whxch vsrxes vnth the ampktude 

of the lntenaedlate frequency slgnel. This voltage apphed through a 

filter to the grids of the interme~ate frequency ampmier then provzdes 

a means of automatxally regnlatlng the gain of the amplifier in relation 

to the input signal, resultang m essentially constant audio output from 

the receiver. The audio frequency voltage developed across the dxde load 

resxstor is apphed to the grid of the trlode sectlon of the tube. 

The trlode audao amphfler 1s reslstanoe capacity coupled to a 

pentode audio output tube. The output audio transformer 1s designed for 

a 300- or 5OO-obm output for the receiver. 

Msnual aam control 

Idsnual gain control 1s obtained by varying the potential of the 

cathodes of the first and second intermediate frequency amplifier tubes 

above ground, the grids being at ground potential. To perrot complete 

cut-off of the tubes, this cathode potential 1s obtained from the bleeder. 

Since the plate and screen voltages are reduced at the same time that the 

grid voltage 1s mcreased, the range of control JS somewhat greater than 

yUgg,ba obta;med by varywag the negatave grid potential only. 
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A smtch as provided so that opei-atIon may be mth a.g.c. or 

m.g.c. When 1~1 a.g.c. condltlon, the grids of the mtermedlate frequency 

amplaflers are connected to the a.g.c. voltage from the diode recttier 

and their cathodes connected to ground through the andandual cathode 

resastors. In m.g.c. condition, the grids are grounded and the cathodes 

connected to the variable arm of the m.g.c. potentiometer. 

Falament operation 

The heaters of the tubes are connected an a series parallel 

combrnatlon which per-sots operation from either a & or 12-volt supply. 

When operating from a 6-volt supply, all heaters are UI parallel mnle 

for L&volt operation, there are two groups an series, each group con- 

slstlng of several filaments in parallel. 

‘he schematic diagram of the receiver 1s shown 1~1 Fig. 12. 

Mechsnical arrangement of receiver 

The photographs, figs. 13, If+, and 16, are of the completed 

receiver . The outside dimensions of the case are 9-3/s inches mde by 

7-7/8 inches high by 10-S/8 anches deep. The chassis or receiver unat 

slides into the case and 1s held by two trunk fasteners. The shock mount- 

mg 1s a separate assembly to which the receiver case 1s fastened by 

gauged snap fasteners. 

Fig. 13 is a front side new. The- @erm.edlate frequency trans- 

formers and amplafler tubes, second detector tube, audao output tube, and 

output transformer occupy the right half of the chassis vnth the associ- 

ated resistors and bypass condenser mounted underneath. The controls on 

the front panel are: upper left corner, sbaelded antenna input socket; 

upper center, radao frequency input tuned carcuat macrometer controlj 
/4a 6.1 
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middle,radio freqUenCyplatetmedckmitmicrom&er control; lafser 

left, oscillator tuned circuit micrometer control3 theleft&andpointer 

knob is the a&o gain control and the righ- pointer knob the tier- 

me&ate amplxfier & control. T%etogglesmitchbel~thehand% 

&ages operation from a.g.c. to 3n.g.c. AKlpo~erin@andaudiboutput 

cormectlons aremadethronghthe shielded socket inthelcmrer r@t-hand 

cmner . 

The r&o frequency and osciilator tuned circmts and tube com- 

partment occupy the left half of the chassis, the osoillator tuned cti- 

wit being moxmted inside the chassis belox the r$io frequency and 

detector tube cwnt. 

Thebottomviewis shown mFig. 14. The oscflator t&e com- 

partmentandtonedc- 't axe shown 111 this viea as well as the resistors 

and bypass condensers for the intermediate and audio frequency circuits. 

A chassis layout, showing the position of the component parts, 

1s shown in Fig. 15. 

The radio freqnencyaedfPrst detector tube cements are 

shomn in Fig. 16. The radio freqyuencyamplifier Wbeismountedaithits 

grid projecting into the upper right c--t which contajns the grid 

tmed circuxt loading condenser and grid coupling capacity. The lamer 

right compartment contauls the radio freqw tube plate choke and con- 

pl& eondenser, deteehar grid coupXng capacxtg; and tW circuit load- 

Irag coed-. The fipst ck&&@ ME! &A Qzzkz& &x%0 t&AS 0 
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the clip to the lsolantlte base -sxth one, the head of qch came flush 

with the bottom surface of the xzolantate; tti copper plates were then 

soldered to the rlveta. The socket was separated from ground by a thin 

sheet of mxa. Ws arrangement gave a high capacity to ground directly 

at the tube prongs. In the case of the detector, the cathode plate was 

otitted, adnce the heterodyne voltage 1s Introduced at this pomt. A 

cylindrical sheld extending from the flare at the falement seal to a 

point opposite the internal shield was used. The construction 18 shown 

m Fag. 17. 

The acorn tubes are reta7-ned UI their sockets by springs to 

prexnt their beang loosened by vlbratlons. 

The weight of the complete receiver UI the case 1s approxa- 

mutely 15 pounds. 

TESTS 

Radao freauency ernhfier end tuned clrcuats 

Theoretvxl conslderatvons indicate that the use of coaxial 

lines mall provide carcuts of extremely high Q and consequently great 

selectavity. Practically, however, high values of Q are dtificult to 

obtam due to the load- of the cvcuats and tubes associated with them. 

For example, the l-Lnes used In tbas receiver have the folly damensions. 

InsIde daameter of outer conductor (17ST aluminum) - 2.12" 

Outside diameter of xner conductor (copper) - 0.5" 

Length of -er conductor - 8.375" 

Inductance = .06 rmcrohenry 

Frequency 

60 a. 
I20 MC 

LL 

3000 approx. 
4lOO approx. 



_ -15- 

The input resistance of vacrma tubes at ultra-high frequencies has 

been mvestigated by W. R. Ferris,2 who found that the input resis- 

tame can reach very low values, this resistance being approximately 

55,000 ohm for a 954 at 60 megacycles and 14,000 ohms at 120 mega- 

cycles. Thm resistance of 55,000 ohms connected across the entm 

tank circuit mll reduce the Q to approxLmatelyl300 which till be re- 

duced to about 650 If am antenna be connected m for mmmm transfer 

of energy. 

At 120 megacycles, the Q of the circuit alone would be ap- 

proxmately WOO. The tube grid load ml1 reduce the Q then to 290 

mhich for optimum antenna couplmg becomes l45. 

It is apparent from these maple relations that grid loading 

is a maJor consideration at these frequencies and that even though the 

grid be biased negative, its effect cannot be neglected as at the lower 

frequencies. 

The effect of grid loadmg is brought out m Figs. 18 and 19, 

which me the selectivity curves of the ratio frequency plate and grid 

tank circuits under several conditions of grid loading. Curves 1 and 2 

y1 each case show the selectivity under different values of the grid 

coupLug condenser to the detector. The input in tl-ns case uas comect- 

ed drrectly to the grid of the radio frequency amplafier tube. 

The curves 3 and 4 111 each case show the selectivity under 

different values of the grid coupling condenser to the radio frequency 

stage. From these curves, the effects of grid load- can readily be 

seen. The plate resistance of the tube does not decrease as rapidly 

uath frequency and therefore plate loa- is not as serious a problem 

as grid load=. 
/436b 
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A voltage gain of the order of ten 1s obtained in the radio 

frequency tube. A voltage step-up of two to four 1~1 the antenna tuned 

circuit eves a total ga3n of from twenty to forty from antenna anput 

to the grid of the fxst detector. 

No dafflcultiea were encountered from regeneration XI the 

.radao frequency stage. The frequency response curve of the r&o fre- 

quency amplafler shown m Fig. 20 1s quite symmetncal, lndicatlng 

that regeneration is extremely low. 

The wsponse at the amage frequency obtained from Fig. 20 IS 

more than 60 db doun at 120 megacycles and approwtely 75 db down at 

70 megacycles. 

The range of twg uhlch can be obtaaned mth the macrometer 

tuning capacity alone 1s from 70 to 142 megacycles. The addltlon of 

the loading condensers 225 and 226 of Fag. 12 changesthe range from 60 

to I.32 megacycles. 

Heterodyne osclilator 

The frequency stabihty of a superheterodyne receiver 1s lip 

ited for the most part by the constancy of frequency of the heterodyne 

0scCLator. At the ultra-hagh frequencies, tks becomes a serious 

problem sLnce the drift, although only a small percentage of the funda- 

mental frequency, may be suffxaent to throw the heterodyne frequency 

outsade of the pass band of the mntervaediate frequency amplifaer. 

Three common variables which ~~11 affect the frequency, asade 

from purely mechanacal conslderatlons, are: falament voltage, plate 

voltage, and temperature. The frequency varlatlon resulting from a 2/l 

change 111 filament or plate voltage was of the order of 150 parts per 
/4as6 
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sallion for the several oscillators descmbed in the early part of thxs 

report. Thas -atlon is of rmnor importance sLnce the pass band of 

the mterme&ate frequency amphfler is about 100 kllccycles and no 

attempt was-made to reduce at. 

The frequency varaatlon math temperature of the oscitlator 111 

the completed receo.vermth normal plate and filament voltage 1s shown 

In hg. 21. Curves 2 and 3 were taken mth the macrometer condenser at 

the rmddle of its range; curve 2 uas taken at 115 megacycles vvlth the 

pad&ng condenser 227 at rm~lll~~rm capacity. Curve 3 was taken mththe 

padding condenser at about 3/4 mamamum and a frequency of 71megacycles. 

For curve i, the pad- condenser 227 was nath i capacity and 

the macrometer condenser adJusted to give 71 megacycles. From these 

curves, lt 1s apparent that the oscillator LS overcompensated for tem- 

perature change, the frequency lncreaslng v&h temperature. Since the 

capamty of the rmcfometer condenser -es lnverselymth the spacmg, 

the capacity change due to the change 1n spacing brought about from the 

unequal lmear expansion of the copper and alurmrmm tubes ml1 be great- 

est when thx spacing is close. This is clearly shown by curve 1. 

From Fig. 21, it can be seen that properly proportIonIng the 

tw capacity between the paddlng condenser end the nucrometer con- 

denser m11 gave a frequency stablhty satisfactory for normal tempera- 

ture changes after a short war-g up period. Several months of use ~II 

an airplane has shown tks to be the case, the klft hew very slight 

at I25 megacycles. 
//r’aLb 
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Intermediate frequency ampLfler 

AdJustable coupling between the tuned clrcults m each mter- 

mediate frequency transformer serves two purposes. first, a means of 

obtammg the desired pass band for the amplofler; and second, the ad- 

ystment of the amplifier mth a mxwmua of test equipment. 

The two coils of each transformer are connected so that the 

mductlve and capacity coupl-Lng oppose each other, perrmttlng a closer 

spacang between the ~011s and consequently a smaller unit. Smce the 

two tuned clrcuats are overcoupled to obtam a flat top on the resonance 

curve, each cxcmt must be tuned to resonance when the coupling IS at 

some value less than cntxal. The lme-up procedure then 1s to start 

vmth the diode transformer, reduce the couplw to less than crltxal 

flue and tune each clrcult to resonance, the test signal berg mtro- 

duced at the grid of the second lntermedlate frequency smpltifler tube. 

The coupling 1s then increased until the desired pass band 1s obtaned, 

no further adJustments being made 1~1 the tuning of the circuits. The 

input 1s then moved to the fast lntermedlate amplifier grid and the 

same procedure followed as before. This 1s agaon repeated vmth the on- 

put at the grid of the first detector. 

Curves 1, 2, and 3 of Fig. 22 show the frequency response of 

the diode transformer for several values of couplxg. Couplings A, B, 

and C refer to two, eight, and ten turns of the adJust- screw. Curve 

4 1s for the complete emplo.fler adJusted for a band ndth of 90 kilo- 

cycles. 

Aud.10 ampllfler, a.g.c, and noise test 

IL/j66 
The frequency response of the au$o system 1s shown LII Fig. 23. 
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A curve found useful 111 evaluating the overall performance of 

a receiver la the a;g.c.-noise curve. T&e dataare obtaIned by meas& 

mg the au&o output of the receiver vmth and mthout modul&on for 

varxous input signal levels. A modulatlonsf 30% at 400 cycles 1s used 

for this test. Wg. 24 1s the a.g.c.-noise curve of the receiver taken 

at 60 and 125 megacyzlea and lndlcates the mumum slgnal levels at 

which the recelvar may be used as llrmted by the receiver noise. 

The a.g.c. character~stlc of the receiver 1s shown 3n Fig. 25. 

From this curve, It IS observed that the sensltlolty of the receiver 18 

about 5.5 mxrovolts. 

CONCLUSION 

Although the apace reqwed for the co-al line type of tuned 

clrcult ia greater than that necessary for the conventIona co11 and 

-or-denser type, 1-t is felt that the advantages of greater selectlvlty, 

more effective shleldmng, and constancy of tuning Justify the addItIona 

space requxed. The clrcults, being of high Q, are more susceptible to 

the effects of loading and proper conslderatlon must be made for the low 

grid impedance of tubes at the higher frequencies. The frequency drLft 

exth temperature ~ssuffxlently low over the greater proportion of the 

tuning range. The frequency draft could be further reduced by separating 
j_ 

the fun&Ions of turmng and compensating condensers. %s could be ac- 

comphshed wath a type of constructlon simple enough to be practical. 

_ Several months of use 111 flight test- ultra-Lugh frequency 

radio ranges have proven that the application of the co-al type of tuned 
/x%366 
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clrcult to a receiver for use in aircraft 1s entirely practxal and the 

performance obtamed Justlfles the slight addltlonal weight and space 

required. The acorn tubes have performed satlsfactorlly mth no evidence 

of short Me. 

/+SS 
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FIGURE INDEZ 

No. 

1. Cross section of coaalllne tuned circuit shoeong details of 

rmcrometer tuning condenser. 

2. Photograph - oscillator tank circuit parts. - 

3. Photograph - micrometer tunnulg head, assembled. 

4. DLagram and dimensions of coaxial lxre controlled oscillators. 

5. Oscdlator No. 1 - effect of plate circuit tuning on output 

frequency. 

6. Oscillator NO. 1 - effect of plate clrcmt tun0-g on output 

frequenoy. 

7. Oscillator No. 2 - effect of plate circuit tunUx&! on output 

frequency. 

8. Oscillator No. 3 - effect of plate circuit tuning on output 

frequency. 

9. Oscillator No. 4 - effect of plate tuning on output frequency. 

10. Oscillator No. 5 - effect of plate tuning on output frequency. 

Il. Coaxial line controlled oscillator using a single tuning control. 

3.2. Schematic diagram of receiver. 

13. Photograph --'front side view of receiver. 

l-4. Photograph - bottom view of receiver. 

15. Chassis layout. 

16. Photograph - left side view of receiver shonx-g radio frequency 

and first detector tube compartment. 

17. Acorn socket modified to promde high capacity from tube prongs 

to ground. 
PKSb4 
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18. Effect of grid loading on the selectiity of the tuned clrcuts. 

Frequency 70 megacycles. 

19. Effect of grad load- on the aelectlvlty of the tuned carcults. 

Frequency 120 megacycles. 

20. Radlo frequency aelectivlty of receiver. 

21. Frequency/temperature characterlstlc of oscillator III completed 

receiver. 

22. SeSectlvity curves of diode transformer and of complete mterme- 

diate frequency amphfier. 
\ 

23. Frequency response of au&o system. 

24. A.g.c.-noise chsracterxtic of receiver. 

25. A.g.c. characterlstx of receiver. 

/+366 
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TABLE I 

METAL 

COPPER 

COPPER, 1% lead .323 99 1.750 17.3 

COPPER, 5% zinc 

ICCOPPER, 15% zinc 

COPPER, 30% alnc. .308 27 6.4 19.3 

-BRONZE, copper 97.5 
s111con 1.5 

zmc 1.0 

ALmm, 25-H 

AL-, 5l.ST .097 

ALUMINUM, 17S-T .lOl 30 5.77 24.8 

SILVER 

CHROMIUM 

I~HBROIJZE, copper 98.2: 
manganese .21 

slllcon 1.5 

IRON (99.98%) 17.6 9.83 

WEIGHT 
.b./cu.m. 

.323 

.?20 

.316 

.315 

.098 

.x6 12 18 

COmmTIvm 
% IACS 

100 

55 
- 

38 

u 

57 

45 

106 1.63 

67 2.6 

RESISTIVITI 
oh3/cm3 

x 106 

1.730 

3.145 

4.55 18.7 

13.3 

3.04 

3.85 

COEFFICIENT 
OF EXPAXSIOI 
parts per 1( 
per degree ( 

17.7 

19.1 

17.0 

25.9 

25.4 

;6 
:. 

= 

- 

&ED RUSS USED FOR PLUMBIUG PIPE. +tiLYM?IC BROXZE TYPE D. 



- 25 - 

TABLE II 

+ 

1 
2 

I 

, .: 

osc . URVF, 

NO. NO. 

TAP c2 

10 
24 

100 
24 
24 
& 

100 
100 
100 

10 
100 

10 
100 

R 
g fmc XmE 

dial 
LV*/MC. 

SLOPE 
tufd/Mc 

1 4 
1 
2 
3 
5 
1 
2 
3 
1, 

1 
1 
1 
2 
? 
1 
-t 
2 
4 

1 
1 
2 
2 

.050 

.050 

.050 
LOO 
,100 
.050 
.?CO 
.lOO 
.lCO 

-050 
.050 
.@50 
.050 

38 
5.5 

2:; 
4.0 

35 
27 
10 
3 

8OJ75 
80.44 
80.415 
78.W. 
78.035 
61.2 
61.26 
61.1 
60.996 

73.78 
73.70 
79.98 
79.676 

8.55 
1.24 

.56 
.? 

0 

7:; 

6.1 
2.2 

.67 

40 9 

4.0 .9 
8 1.8 

2 3 
2 
1 
4 

3 1 

; 
4 

E 
10 
10 

.050 83.7: 

.05O 83.645 

.050 82.53 
,050 82.5r?5 

9.0 
7.42 
1.175 

.9 

4 1 
2 

50 .050 go.8785 34 , 7.05 
1GO .050 60.878 34 7.65 

1 
2 
3 

1/2T 
.-1/2T 
:-1/2T 

60 
10 
10 

.050 

.050 

.o:o 

80.635 
go.625 
78.050 
-4 

2:: 
1.0 

.9 

.9 

.'25 
- 





FIG. 2 OSCTLTLATOR TAUK CIRCiJIT PARTS 



FIG, 3 MII~ROMFJ'ER TUNING IIEADr ASSEr;(lB=D 
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DIAGRAM FOR OSCILLATORs 1, 2 and 3. 

I 
I 

L 
I 

3 ; 
Ll 

4B 

c4 

OSCILLATOR NO. 4 

AND DINENSIONS OF 

OSCILLATOR NO. 5 

COAXIAL LINE CONTROLLED OSCILLATOFlS 
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FIG. 11 C0AKLA.L LINE CONTROLLED OSCILLATOR USING A SINGLE TUNING CONTROL 



. 
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FIG. 14 BOTTOX YIEW OF RECEIVER 







X = COPPER PLATES 

GROUND PLATE 

FIG. 17 ACORN SOCKET MODIFIED TO PFLOVIDE HIGH CAPACITY 
FROM TUBE FRONGS TO GROUND 

W366 
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