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An Ultra-High-Frequency Aircraft Receiver

SUMMARY

An ultra-lngh-frequency anecratt receiver,
which covers the band from 60 to 132 mega-
cyeles, 15 described herein  Sections of coaxial
Iines a1e used for the radio-frequency and oscil-
lator tuned cireuits in this 1eceiver, and the
essential factors mvolved 1n thewr design are
discussed  The frequency stability of the
coaxial Imme controlled oscillator was studied.
and methods were devised to reduce the varia-
tions 1 frequency

INTRODUCTION

The ultra-high-frequency activities of the
Civil Aeronautics Authority have been confined
largely to the 60-66, 746-754, 93-95 109-111
and 123-132 megacycle bands, 1n which most of
the aeronautical frequencies are assigned In
otder to carry on the development woi1k, 1t was
necessary to have a recetver with a continuous
range to cover this spectrum Receivers wele
availlable commercially for the low-frequency
end of this range, but nothing was available at
the higher frequencie= With these facts 1n
mind the development of a contimuously vari-
able superheterodyne receivel of good sensitivity
was undertaken

The following iequirements were decided
upon

1 Stabelity —After a shoit warming up
period, the circuits should i1emain in tune for
norinal operating conditions

2 Frequcney band —The tuning 1ange should
be continuous from 60 to 132 megacycles

8 Selectvrity —The response at the 1mage
frequency should be at least 60 db down

4 Senntvoty —The sensitivity  should  he
such that when a 5 mici1o-volt signal, 30 peicent
modulated with 400 cycles, 18 applied through a
50-ohm resistor to the antenna mput, the ontput
should be 6§ mrliwatts

5 Intermedeate-frequency amplifier  band
widtiv—The 1ntermediate frequency amplifier
chould be of the band-pass type such that the flat
top could be adjusted from a round nose to
about 150 kilocycles

8 Power supply

External power supply

(1)

with provisions in the receiver so that the hla-
ments might be operated from either 6 or 12
volts, tha maximum high voltage fo be 225
volts

T Mechanioal —The 1eceiver should be suit-
able for aireraft operation, and it should be as
hght and rugged as possible to withstand the
viblration encountered 1n aireraft service

THE RECEIVER
Radio-frequency tuned circuts

The several factors entering inlo the choice
of cirewits to use in the radio-frequency portions
of the recerver are selectivity, stability, and
adaptability

Selectivety —The selectivity enters into com-
sideration 1 two ways First, the adjacent
channel rejection, and second, the 1mage ratio
desired

The adjacent channel rejection can hest be
taken care of in the mmtermediate-frequency
amplifier by the use of band-pass filters

The 1mage ratio obtained 1s determined by
the selectivity of the radio-frequency circuits
and the ntermediate amplifier frequency
TImage frequency rejection 1s a function of the
attenuation obtamed by separation of the unde-
sired signal from the 1esonant frequencv of the
cirenits, this sepat ation being determined by the
mtermediate frequency Given a poor radio
frequency selectivity, 1t will be necessary to use
a high mtermediate frequency, 1n order that
the 1mage frequency will be far out on the skirt
of the radio-frequency selectivity curve A
high intermediate frequency, however, requires
the use of an mcreased number of tuned ecir-
cuits to obtain steep sides on the intermediate-
frequency amplifier selectivity curve  Steep
sides are essential 1f hngh adjacent channel rejec-
tion 1s required A sharp 1adio-frequency
selectivity will permit a lower mntermediate fre-
guency, and thus a reduced number of interine-
diate-frequency tuied circuits

A high Q radio-frequency tuned cucmt can
be obtamed by the use of sections of coaxal Line,
loaded with capacity to permit 4 length reason-
able fo1 a receiver

Stability and adaptabiaty —The use of a sec-



110n of voaxial hine will provide a mechanieally
1ugged and electrically stable, self-shielded cn -
cuit of 1easonably large physical <1ze even a
the lngher trequencies

A further reason for 1he use of coanial hnes
wasto study their application to recerers in the
ultia-high-tiequency tonge

The inductance of the coaxial hine 15

b
L,=2 lo.crgé 107 heniies per centimeter

whele
a=outside diameter of mner eonductor
b==1mside diameter of outer conductor
¢ and & measuled 1 sdme units
The high-fieguency resstance of the coaxial
hme 1<

R,=- \*'m(é-F%)XlO““ ohins per centi-
meter

wlere

2—resistivily 1 e 1w on

u=magnetic permeabihty

f=frequency m o p s

a=oulside diumeter of wmner conductor

b=1n«de diameter of outer conductor

a and & measured n ecenlimeters

Smee the mduclive reactance 15 pr opot tional

to the frequency  and the 1esistance 15 propot-
tional 1o the square 100t ot the frequoney the

Q, o &

root ot the frequency Fou a given inductance
the (}, and therefore the selectivity, will ine1ease
with the ficquency  With a coil, howeser the
Q vwill decrease with the frequency  "This fact

will be propoitional to the squate

gives a decided advantage m favor of the
coaxial line tor the tuned circuit

The mductance per unt length of the line 1s
a hmetion of the 1at10 of the diameters of the
outer and mnex conductor | so, for a given ratio
of outer to inner conductor diameters the m-
ductance 15 not affected by the actual diameter
The reastance, however 15 nnersely propor-
tional to the diameter, making the ) propoi-
tional to the diameter, provided the ratio of
diameters 1cimams constant

It 15 appatent that when the diameter and
length are deterimned by the phivsical space
atvailable 1n the receiver, care <hould be exer-
cized m the choice of materials from which
tlie lines are made to obran the gicatest selec-
tivity from the coaxial line tuned circmts

Some of the characlenstics of the more com-
mon metals which may be used m the construe-
trion of coaxial hime tuned cuomts are given 1n
Table T Tt 15 mteresting to note the effect of
the addition of small amounts of other elements
to copper 1esulting 1n a brass or bronze The
addition of 1 percent led reduces the condue-
tivaty bul shightly, and thereby 1mproves the
machinmg properties so that 1 may be worked
with approximately the came eace as brass
[le addition of -mall amounts of zinc reduces
the conductivits greatlv 5 percent being enough
to Teduce the conductivity to one-half that of
pure coppel

When 1t 15 necessarv for mechanical 1easons
to use a material of low conductiviiy then
v plabing of =ilver or even chrommum will
provide a hagh surface conductivits  The pen-

©®

I

Figuic 1 —Cruss section of coanial e tuned ciccuil shewing details of micrometer tuning condenser



etration depth being small at these frequencies
makes the use of a plating possible.
The high frequency resistance of lines made
up of two different materials becomes:
i [
lf(,;;<L/}”u”'{+LpZ%f>><]O‘” ohms per centi-

@
meter

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 applications where weight is
an important consideration, the outer conductor
may be made of a light material, such as an
aluminum alloy of lower conductivity, without
seriously affecting the total resistance. For ex-
ample, the use of aluminum alloy (1757T) in
place of copper for the outer conductor of the
tuned circuits, to be described later, resulted in
a saving of about 10 ounces weight for each
unit, with less than 20 percent increase in cal-
culated resistance.

In addition to the saving in weight, the use
of aluminum for the outer, and copper for the
mmner conductor, provides a mecasure of fre-
quency control for changes in temperature. As
the temperature of the inner conductor 1s raised,
the length will increase, resulting in a higher
mductance and a lower resonant frequency. 1f
the tuning condenser is of the pie-plate type
with one plate fastened to the inner conductor

Figure 2.—Oscillator tank circuit parts.

Figure 3.—Micrometer tuning head, assembled.

and the other to the outer conductor, and the
outer conductor has a higher linear coefficient
of expansion, then the spacing of this condenser
will become greater as the temperature is raised.
Thus, an increase in temperalure will tend to
increase the resonant frequency. There is, of
course, only one spacing at which the effect of
inereasing inductance will be exactly compen-
sated for by the decreasing capacily.

Figure 1 is a crosy section of the coaxial line
tuned eircuits used in this receiver. The spacing
of the condenser plates 6 and 10 is controlled by
the micrometer screw consisting of parts 4, 5,
and 7. The outside thread of part 4 has a pitch
of 30 threads per inch, while the piteh of the
inner thread is 40 threads per inch. Thus, if
the inner plug is kept from turning, for each
revolution of part 4, the inner plug will move
the difference in pitch or 0.0083 inch. Any play
which might be caused by loose threads is taken
up by the springs 19. The inner plug is pre-
vented 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
and also the tap for connection to the tube.

Figure 2 is a photograph of the oscillator
tank circuit parts before assembly. Figure 3
shows the assembled micrometer head.

The heterodyne oscillator.

Two general tyvpes of heterodyne oscillators

are available, the crystal-controlled oscillator



and the master oscillator Since a continuons
tuning range 1s required, the master oscillator
will be necessary 1f the receiver 15 fo be simple

Previous experience with ullra-lugh-tfre-
quency oscillaters using a coil and condenser
for the tuned cuewt has shown this type to be
subject to consmderable varmations im frequency
with changes m operating conditions, such as
temperature aud supply voltages As in the
case of the radio fiequency cuicuits the use of
a section of coaxial Iime will pronde a self-
shielded and rugged construction for the
oscillator tuned cirenit  In order to deternune
the frequency stability of this type of oscillator,
a study was made of the factors governing thie
stabihty

Several concentric hine tank ciremis having
different physical sizes were consiructed, and
the frequency stability of each was observed
The high Q tank circuit was used as the gnd
tuned cirewit of a tuned-grid tuned-plate oscil-
lator The details of these oscillators are

7
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— 2 —=

JIAGRMM FOF D5CILLaTORS 1, 2 and 3

Ly
T £

A OSCILLATCR WO 4

shown 1 figure 4 The tuning of the plate cir-
cutl was by far the most serious factor in the
trequency stability ot all of the oscillators

Figures 5,6 7, 8, 9 and 10 have been diawn
to show the effect of the tunmg of the plate
cucurt on the frequenes of the oscillator, the
capacity of C, increasing with dial divisions
m all cases  The several cuives on each figure
are for different conditions of coupling of the
z11d to the coneentric tank The npper curves
ot each figure show the cortesponding plate
current

As 13 characteristic of all o-cillators, the
preatest frequency stability 1s obtammed under a
condition of weak oscillations nnder which
condition very hittle power can be obtained  As
the loading 18 increased the degree of conpling
must be 1awged and a stionger oseillation with
a lesser frequency stabality wall 1esult

Column 7 of Table T gives the slope of the
tangent to the cmve at the pomt of mimmum
plate curient expreseed i mieromicrofarads per
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W
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Figure 4 —Diagram and dimensions of coaxinl Line contralled oscillators
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megacvcle  Maximum output will be obtained
with a <hghtly greater capacity for C; The
mimmum plate current was chosen as a pomnt
mole easily duplicated This mdicates then
that even though the concentrie tank be as=umed
10 temain consiant, there will be a consicderable
vartation in frequency with the (unng ot the
plate areuit, and 1f adjusted for minimum plate
cmrent operation will then be on the steep po1-
tion of the frequency /plate tunmg curve
Smce the pass band of the mtermediate ampli-
fier 18 only 02 megacycle, even with feeble oseil-
lations, a change of only 2 micromicrofarads
{ot 1tz equivalent) i the plate cucuit will
tlnow the recerver out of tune

It 1= interestmg Lo note that even though the
diameter ot the concentric tank 1s large, ag in
No 3 and No 4 oscillator, approximately the
same plate crcull tumng stabihity 1esults

The frequency stability being dependent on
the conpling of the grid to the concentric tank
mdicates that with a fixed couphng condenser,
a vamation of 2/1 in frequency would change
the effective stability appreciably  Swnce the
mtermediale frequency 1< the same tor all the
racho frequenaies, the -ame frequency stabilits
expressed 1 cyeles should exi<t hr oughont the
Lond {o be covered

The n=e ol au o~cillator of 1the type <hown
m figure 11 wall provide a cuouil i whoch the
trequency delermunimg elements are meluded
one tuned ennowit and fourthetmore tuning may
be accomplished by a single control

L

F1L 4

1
5 oL

Figure 11 —Coaxial hne contrelled oscillator usmg a single
taning control

Tubes

As the frequency 1s ncireased, the conien-
tional type of tube becomes less efficient, and
at. scome high fiequency (about 80 megacycles
for a type 657), the amphfication becomes unity
or less and they act -unmply as coupling dey 1ces

11

With the mtroduction of the acorn type of tube,
stage gains of unity or more have been obtained
ab trequencies as high as 300 megacycles

Pievious experience at frequencies between
60 and 65 megacycles indrcate a hife of some
2,000 hour- for these acorn tubes although some
mvestigators found the hife o be extiemely
short

Since the frequencies to be covered 1 this
receiver were high, the use of the acorn type of
tube was practically essential  Consequently,
they were chosen for the high-frequency por-
tions of the receiver with conventional tubes
for the intermediate frequency and audio
stages

Tlus gave further opportumty to study the
hife characteristice of the tubes, especially m
atrcralt where the operating conditions are
especially gevere

First detector

The first detector 15 a 954, with the heterodyne
voltage mtroduced into the cathode ciremt
Cathode 1mnjection was cho=en because the radie-
frequency voltage 1equired tor thas type of mod-
ulation 1= low  Supptessor injection could have
been used but the 1adio-fiequency vollage
would (len necessanly be Tnglh <mce the con
frol ot the suppessor grid 15 <l

The vadio-frequency voltage lo1 the delector
cithode s obtamed from o tfap on the oscil-
laten tank careuit “Lhe cathode lead 15 brought
up through the mner conductor, which places
the cathode at the radio-frequency potential of
the tap on the tuned cncunl and permits the
cathode resistor to be at gronnd potential

Intermediate-frequency amplifier

The mtermediate-frequency amphiier consists
of two stages {(tlinee transtormeis) with a mid-
band frequency of 55 megacycles

Each transformer consists of {wo funed cir-
cuifs mductively coupled to form a band-pass
filier The coupling 15 adyusted bv varving the
spacing between the coils, making 1t possible to
otercouple the two cicuits and broaden the pass
band  The coils are tuned by air dielectiie con-
den=e1s Lo provide stable circuits

The mlermediate-frequency amplifier oper-
ating at 55 megacycles places the image fre-



quency 11 megacycles from the desied signal
which with the high Q cucuits m the 1adio-fre-
quency amplifier results i a hngh mage fie-
quency l1e¢jection

The plate cncmt of the second intermedsie-
frequency amplifier 1s lrought out to termmals
1 the connection socket and provides a mean-
of determining tlie input signal to the 1ecervel
since, due to g ¢ (automatic gam conirol)
action, this cullent 18 proportional to the mput
s1gnal

Fach intermediate-frequency amplhfier cath-
ode creuitt mcludes a tesistor to fuinish the
mitial bias for the tube whether ina g ¢ m
¢ (mannal gain contiol) condition

m g

Second detector, a g ¢, and audio amphfier

The second detector, a g ¢, and first audio
amplifier are combmed 1n a smgle tube of the
double diode triode type

Tle rectified s oltage developed across the load
resistor 1 the diode cuieuit provides a control

12

1oltage which vailes wath the amplitude of the
mtermediate-frequency signal  This  voltage
applied through « fller to the grids of the inter-
mediate-trequency amplifier then piovides a
means of automatically regulating the gain of
the amplifier m telation to the mput signal,
resulting 1n essentially constant audio output
fiom the1eceiver  The andio-frequency voltage
developed across the diode load 1e=istor 1s ap-
phied to the grid of the triode section of the tube

The triode audio amplifier 1s resistance ca-
pacity coupled to a pentode audio ontput tube
The output audio transformer 1s designed for
a 800- or 500-ohm output for the receiver

Manual gamn control

Manual gam control 18 obtained by varyimng
the potential of the cathodes of the first and
second 1ntermediate-frequency ampliber tubes
above ground, the grids bemng at ground po-
tential To permut complete cut-off of the
tubes, this cathode potential 15 obtamed from
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Figure 12 —Schemafic diagram of receaver



1 volt-

3

the bleeder. Since the plate and scrce
1ges are reduced at the same time that the grid
voltage 1s incereased, the range of control is
somewhat greater than would be obtained by
varying the negative grid potential only.

A switch is provided so that operation may
be with a. g. ¢. or m. g. c. When in a. g. c.
1]“1011_,7 the omdg (\1 the intermediate-fre-
quency amphhms are connected to the a. g. c.
voltage from the diode rectifier and their
cathodes connected to ground through the in-
dividual cathode resistors. In m.

<‘>

tion, the grids are 1
connected to the variable arm of the m. g. c.
potentiometer.

Filament operation.

[he heaters of the tubes are connected in a
series parallel combination which permits
operation from either a 6- or 12-volt supply.
‘When oper‘ltino' from a 6-volt supply, all heat-
ers arc in parallel, while for 12-volt operation

tharae

v Ty o ouns 1M Leriea 1\ oroun con-
there ave two groups in series, cach group con
sisting of several filaments in parallel.

fhe schematic diagram of the receiver is
shown in figure 12.

Mechanical arrangement of receiver.

The photographs, figures 13, 14, and 16, are
of the completed receiver. The outside dimen-
sions of the case are 934 inches wide by 774
inches high by 1054 inches deep. The chassis
or recelver unit slides into the case and is held
by two trunk fastencrs. The shock mounting
is a separate assembly to which the receiver case
is fastened by gauged snap fasteners.

Figure 13 is a front side view. The inter-
mediate-frequency trausformers and amplifier
tubes, second detector tube, andio output tube,
and output transformer ocenpy the right half
of the chassis with the associated resistors and
bypass condenser mounted underneath. The
controls on the front panel arc: upper left
corner, shielded antenna 1np11t socket ; upper

enter, radio-frequency input tuned -cireuit
nncrometer control; middle, radio-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

togele switch below the handle changes opera-
tion from a. g. c. to m. g. c. All power input
and andio output connections are made through
the shielded socket in the lower right-hand
corner.

Figure 13.—Front side view of receiver.

The radio-frequency and oscillator tuned cir-
cuits and tube compartment occupy the left half
of the chassis, the

LG CLlassis,

mounted inside the chassis below the radlo—
frequency and detector tube compartment.

The bottom 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- ﬁ-pmmncy circuits.

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

The radio-frequency and first detector tube
compftrtments are shown in figure 16. The

s ‘N\,\.“,.L,\,J &
bl,UJU Jb LIUUIILCU W ltll

cillator tuned circuit hmno‘

(l(UU uequenby LULIPlUlB
its grid projecting into the upper right com-
partment which contains the grid tuned circuit
Ioadlng condenser and grid couphng 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 loading condenser. The first de-
tector tube grid extends into this compartment.

Standard acorn sockets were modified for
the radio-frequency and first detector tubes to
provide a high capacity directly from the tube
prongs to ground. This was accomplished by

Figure 16.—Left side view of receiver showing radio frequency
Figure 14.—Bottom view of receiver. and first detector tube compartment.

|\ 1] 108

’Qm @ o O

n v,

g

218,223,228,220

Figure 15.—Chassis layout.



replacing the rivet holding the chip to the
1solantite base with one the head of which came
flush with the bottom suiface of the 1solantite
thin copper plates were then coldered to the
1nets  The socket was ~eparated fiom ground
by a thin sheet of nuea This arrangement
gave a high capacity to ground duectly al the
tube prongs In the case of the detector, the
cathode plate was omitted, saince the heterodine
voltage 15 mmtioduced at this pomt A covhn
drical shield extending from the flae at the
filament. seal to a pomt opposite the mternal
shleld wa~ used The constiuction is shown 1n
figure 17

The acotn {ubes are retamed m their sockets
by spiings 1o prevent thenr bemg loosened by
v 1bratrons

The weight of the complete 1eceiver n the
case 18 approxunately 15 pounds

TESTS

Radio-frequency amplifier and tuned circwts

Ieoretical considerations mdicate that the
use of coavial hnes will provide cremts of ex-
tremely high @ and consequently great <electi -
iy Practucally, however, Tugh valies ol Q
ate dufficuli to obtamn due to the loadimg of
the cireurts wd (ubes assoctated with them
For example (Lhe Lines used 1n this receiser have
the following dimensions

Tuswde diameter of outer condnclor
aluminum)—2 12

Outside diameter of mmner conductor (cop-
per )—0 5"

Length of inner conduetor—8 3757

Inductance=006 microhenrsy

(178T

Trequency Q
60 Mce____.  _ _____ __ ______ 3000 approx
120 Mo ——— 4100 approx

The mnput resistance of vacuum tubes at ulra-
high frequencies has been mnvestigated bv W R
Ferris,? who found that the mput resisiance can
1each very low values, this 1esistance bemg ap-
proximately 35,000 ohms for a 954 at 60 mega-
cycles and 14,000 ohins at 120 megacyeles  Thig
resistance of 55 000 ohme connected across the
entire tank eircuit will reduce the Q Lo approma-
mately 1,300 which will be reduced to about
650 11 an antenna be connected 1 for maximum
transfer of energy

At 120 megacycles the Q of the cucuit alone
would be approaimately 4100 The tube grid
load will reduce the @ then 1o 290, which for
oplimum antenna coupling becomes 145

It 15 appatent fimn these <imple 1elation-
tliat grid loading 15 a major consideration al

]

SLIELD

CROUND PLATE
L1 lafo

Figore 17 —Acorn socket modified fo provide higch capaeity from
tube prongs to ground

¥ = GTREL®

IATTS

these frequencies and that even though the giid
be biased negative ats effec| cannol be neglected
as at the lower frequencies

Tlhe effect of grad loadme 15 brought out n
figares 18 and 19, swhich ae (he selectivity
curves ol the racho-fiequency plate and grd
tank ecacuils under =everal conditions of gnd
loadmg  Curves 1 aud 2 m cadh case <hom
the seleciivily undor different values of the g11d
coupling condense1 to the detecier  ‘The input
m this ease wa~ conmected dnectly to the grud
of the 1acio-frequeney amplifier (nbe

The curves 3 and 4 m each caze show the
gelectivity under ciffexent salues of the gnid
coupling condenser to the 1adio-frequency stage
From these curves, the effecis of g1d loading
can readalv be seen The plate 1e<astance of the
tube does not deciease as1apidly with {tequency
and thetefore plate loading 15 not a~ selous a
problem ag giid leading

A voltage gnin of the oirder of ten 1~ obtained
i the 1adro-frequency tube A voltage step-up
of two to four 1 the anfenna tuned circuit gives
a total gam of fiom twenty to forty fiom an-
tenna mput to the prid of the first detector

No difficulties were encountered fiom 1egen-
cation m the rado-frequency <tage  The fre-
quency response curve of the radio-frequency
amplhfier <hown m figure 20 15 quite sym-
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18 20 22 24 26 30 32 34 36 38
Figure 21.—Frequency/temperature characteristics of oscillator in completed recciver.
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metrieal, mdicading  thal  regeneration  is
extremely low.

The response at the image frequency obtained
from figure 20 is more than 60 db down at
120 megacyeles and approximately 75 db down
at 70 megacycles.

The range of tuning whiclh ean be obtained
with the micrometer {uning capacity salone iz
from 70 to 142 megacyeles. The addition of
the loading condensers 226 and 226 of fignre 12
changes the range from 60 1o 132 megacycles.

Heterodyne oseillator,

The frequency stability of a superheterodyne
receiver 15 limited for the most part by the con-
stancy of frequency of the heterodyme oseillator.
At the ultra-high frequencies, this becomes a. se-
rious problem since the drift, although only a
small percentage of {he fundamental frequency,
may he suflicient to throw the heferodyne fre-
quency outside of the pass band of (he interme-
dinte-frequency amplifier,

Three common variables which will affect
the frequency, aside from purely mechanical
considerations, arve: Glament voliage, plale volt-
age, and temperaiure,  The frequency variation
resnlting trom a 2/1 change in filninent or plate
voltage was of the avder of 150 parés per mil-
lon for the osetllators deseribed in
the carly part of this report. This variation is
of minor importanee since (he pas< bund of {he
Intermediate-frequency atuplifier 1z about 100
kilocyeles and no attemi was made to reduce 1.

The frequency variation with {emperature of
the ogcillator in the completed receiver with nov-
mal plate and filament voltage is shown in figure
21. Curves 2 and 3 were taken with the mi-
cromeler condenger at the middle of its range;
eurve 2 was Laken at 115 megacyeles with the
padding condenser 227 at minimum capaeity.
Curve 3 was taken wilh the padding condenser
at about 34 maximum and a frequency of T1
wegacyeles. For curve 1, the padding con-
denser 227 was with minimum capacity and the
micrometer condenser adjusted 1o give 71 megn-
cycles.  From these curves, il 1s apparent that
the oseillator 18 overcompensated for temmpera-
ture change, the frequency Increasing wilh
temperature. Since the capacity of the microm-
eter condenser varies inversely with the spacing,

severnl

the capacily change due to the change in spacing
brought about from the wnequal linear expan-
sion of the copper and aluminum tubes will be
greatest. when this spacing is close. This 1s
clearly shown Ly curve 1.

From figure 21, it can be seen that properly
proporiioning the funing capacily belween ihe
padding condenser and the microneter col-
denser will give a frequency stability satisfac-
tory for normal temperature changes after a
short warming up period. Several months of
use In an airplane has shown this to be the
case, the drifit being very slight at 125 mega-
eyeles.

Intermediate-frequency amplifier,

Adjustable coupling hetween the tuned cin-
cnits in each intermediate-frequency  trens-
former serves two purposes: first, o mewns of
oblaining the desired pass band for the am-
plifier; and second, the adjustment of the
ampiifier with a minimum of tesi equipment.

The two coils of each transformer are con-
nected so that the induetive avd capacity cou-
pling oppose cach other, permitiing a closer
spacing befween {he coils and consequenily a
smaller unit. Sinee the 1wo tuned ¢lreunits are
overcoupled (o oblain a {lat (ap on the resonance
curve, ecuch eirenit wnst be (uned 1o resonance
when the coupling s wl some value less ihau
critical. The line-up precedure then is to start
with the dlode transformer, reduce the coupling
to less than critical value and tune cach cirenit
Lo resonance, the test signal being introduced at
the grid of the second irtermedinte-frequency
amplifier tube. The coupling is then Inereascd
until the degired pasg band is obtained, no
further adjustments being made in the tuning
of the circuits.  The input is {hen moved to the
first intermediate amplifier grid and the same
procedure followed ae before. This is again
repeated with the nput at the grid of the first
detector.

Curves 1, 2, and 3 of figure 22 show the fre-
quency response of the diode transformer for
several values of conpling. Couplings A, B,
and C refer to 1wo, eighl, and ten turnz of (he
adjusting screw.  Chrve 418 for Lhe complete
amplifier adjusted for a band width of 90 kilo-
cycles.



21

T
pui

e

T

T
T
Ll i

T
T
AR
IR

HHH

PRINTED IN U.5.A

EUGENE DIETZGEN

CO.NO. 346 8

Selectivity curves of diode transformer and of complete intermediate-frequency amplifier.

Figure 22.



10.....

O =22 ssSsSSEEs SEEtanfmneceessEieet g 2
5252 gE=SEsiag SSESgpsscowccoSScpoSmopRScESEEScaga SSEEESS
SESEzacSocaesECh: HEEEE e e e e
T H H HHH

11
T
TEIT

I

THTT
T
o

JARUERITY

11
117,
T

Bl

1

ual

wanas)

e sl BieEugh i i

6000

AT

]
i
T
N
R
|
i
T
=

4000

I O AT
T

B 1
TR fitcciad il caaiatlines il (amiddteRiqanctcei] iesifatas hch
T e e——
(AR e T D
] i 1 ] | H Ty :#,%mﬂ# \} T 1] MJ Hi

oy
T
TIT
]
T

T
1
T
T
T

T
T
T
3 I
i
T

T
bl
-

T

T

——t t
——
T

o
—

" T

=

- D
1
D
T

—
=
I
I ——]
" T
T
: 7
BrisaNed SUUERLN folad

et Y
__._1_J_J7
=

: —t
FIR .
o

;

—
= —
P

I
I
—

T
T
T T

T
o

EARRARBARARS pENAaaagynpnnuynanundR) RS SISRNZERaRRAEs: ] IRRRARRGRARENNER H | T anzs
o H i BiHT ‘f‘ 7‘”ﬂ“ TR e i i WH

2000

L

200 1000

0

i
i
HWHW 1=l i w m
- T
i) i
M fiiesEtjjiceeia i

m
it

T
7
T

400

T
T

T

1
i

—t
—
b

Hilt il
T
il Lt
il TR

il
el

il

a1
I

i
Lbd

i
T
)

I

il |
EVARET)

Figure 23.—Frequency response of audio system.

—2




10

[N
P

s ; i ” EESSESESS ;
- ol e e D S S S—
-1 1T = iy sl S | — s gy S S S - i
7 N AR Eeo=oSo—C s - =
6. o O O il s O sl ll A \w\\\l\w‘lHUF\{ G
5 T N D [ e G
R = s 1
= e e—scr Liledh
i N D ik iy = S 0 Y A o1 BT - N W.!\Mwm‘ll! ‘WMM\WM\WMAH T A o
2 ~ . w 1T FH i [ ,\‘ 1 [ N S 0 Y
. - -~ - ISP WS S Sy P — — - e - - N [ G G N s
Tl e 78 g g o N
S — QRN SN U DR U Y N W SRR Sy ﬂ N S . [ . I - | . — S, G S
L | | § A 4> L I - L _ 444 - D S T G O N O
=S
Lo ‘\f— - }“\v\ —{ L {\\\w\l\l“l i -
=TT ]
& BRI 4
1 [
e S EmesSmamss B A R S o R e R B R S e S R e E e
. g J - I212 P (o g i S T e - N s [ ey R ol S ol A s i S a
T 4 S S A e U A N G I O = S U S A A oy . . 1z 47 |~ o ol o S o A ol
r\ A]wv\ Pl (A S S - [N (N R Y T w7 4 FnY 4
z X . hel -] 50 it G St i iy o ]
- - . ] G o 11 e o ot e et B
e i o i r . 4
IO I S Y I - S )
5 8 o ) et ot o e et A e
i il T —§aT - T - v 8 iy
= 5 e o o o8 A 50 P I S O o I o o S S o e i 9 ol S Bl s s ol e o
T t— B S GRIR EY o - - 5 D4R= - (SR G T o o o
-+ S s et I o et I o - LA b L% SO R O ol B -
g o i ol Y I ol ot i . Y
S s vy S S s k0 0 ) i VWI..\M,M.‘.'LHHI\\[! 1=
I i il o S 1 s e ) b (4 10 o
[CITIZE N 4O O I 4
VA
- o A Y 4 « 1=
E R . =
. “ /
/
/ +
e
\ P =
/ L
o e ya A o e e =
= —I= B e e, S S B 15 e e B
g= = i PR e e PP e e
- ; o U & as 0 4 0 el s e el o =
g™ - 8 it S ! 0 A . 1= 1\ Y o el sl S o [
. [ U A O 0 g = 2 1 T Oy ORI Y
i [ ) I O T ~ 1 -
e e LR R Saas SEREee =
it IO s a wll LY g et T & ol I N ol S S S 0 Sl s 0 ] oy ol i e sl i
S S o Sy g et B 4 i | e ol P ik anl l y l d — ]
e o o g e R o K o ] e
S g O 4 | =
yA
T :\\“J\x - [} 0 Bl S g
AT O S o ik
!
[ B D R SN - - 1 1= O I O B N
S O O A O 0 O Y I L - - e .
T | Hadjse | OdY 4 b | BetbwSignal (T \ui‘ o

0 5 10 15 20 25

Figure 24.—A. g. c.-noise characteristic of receiver.

30




24

10,000

1000

100

characterisue ol recerver

c

— — = — —
. = o e Il o, —
£ == =
:
: . . T T
t E. 1 :
1 iy -
T = L]
T it
i =5
i 1 1]
T 1 =
+
t Y ]
n T -
: T ; FH
t |
n 7
; 117}
== Cm e e mE e s ] =
} S ESERE = Eri— 5 Rk ===S=
= == e e v (Y | S EEeEE
= - = T e = T =
o a - Fi= =ra
= F—H-]
: N
il -2
t A e
I i n |
1 1
S o E Ry RS EEEeS SS ESEEE =i
i E ST =S E==== L.I.L.llv u i I k- FFE 1= —— = —
< - —+ = T
==
B =Eneya T =
T : o ==
1 : o E
LY L L] [ M
;
7 e
] =
=
] [

EEF P
= = =
- . e i S i e e

T ] = e ot g e
1 | LT
1 11
- —

e EIEFRE T R EESE

oEA T e

1 ENEEE =ESEE EXEER =S HEpEck xElwRs sl SN IR ER
e e S = R ] = Ry T
B I s ol O A O o Y P P R i S ey [ g A R s s o i )
O = 4N + FH —H - HH

: g, PH-FH +H
| | an -

P I I 1 Ty | T [ 1 -]

i
]

Figure 25 —4 ¢

EEEPEEREE BN ST S EE S R S=EE i s E R KA RE SR AR N ET]
SN EAgETERS Ry SRR PR R EE St E . =S s SRR E=NAE RN
SN Ews it E e g E R EREREEER AP e ST Ty =F i 1
==EEES Aﬁ\. e e L ! 4 13 R ) of g (e o o e e o o S b,.l.
Sl o s M = FF A ET FEJSAERES o5 S S iy gk S \v\w
i e g e 02 i S ) Sl i O L EEYE-EEE RS e s i 1]
- :” 3 1 I i e e N |M7|x

|
)
H
;
T
!
h
H‘II‘
[T
.
i
%
|
0
i

fESEsErEases : BEEE I NEEm

e e R EA RSB AR CR A B R RAE 3 =

SR SRR I E NN EER S EEEY WAEES S |

: =R T 1T H B SEEE o3k T

i

T
HN
ITH
e
Hi—
-
i~ ‘L),‘ ’

‘7“ i
\
IENE B
1
‘\i
i
i
THA
it

" S .
i il Bl = i i = H
3 — T 1= — = C9-+—F 1 : E
o e e e o T I Sl [ [ e e =
1T rlu\_ [ m_ri LT ET 9 ; H__H “ | .
1 i 1 [ 1L 1T ] T
1 T I I 1 | o [ 1 I— _ A‘l
T - H T 1 ,xl_!% | ]
i | ¥ t ] | 1
] B ] T
| H | 1] i [
-] SO0 4 TGO BT ASLER i BN

20

15

10
5
0

10

LEREN BEAT




Audio amplifier, a g ¢, and noisc test

The frequency 1esponse of the audio systein
1s shown 1n figuie 23

A curve 1ound useful m evaluatimg the ovu-
all performance of areceiver 15 the a g e -noise
cuive These daia are obtamed by measming
the audio oulput of (he 1eceiver with and with-
out modulation for valious mput sigual levels
A modulation of 30 percent at 400 cycles 1o u~ed
for this test Ifiguie 24 15 the a g ¢-noise
curve of the receiver taken at 60 and 1¢5 mega-
eycles and indicates the mimmum signal levels
at which the receiver may be used as limated
by the recerver noise

The a g c characteristic of the receiver 1s
shown 1 figure 25 From this curve, 1t 15 ob-
served that the sensitivity of the recerver 18 about
5 b microvolts

CONCLUSION
Althongh the space required for the coaxial

Iine type of tuned circwut 1s greater than that
necessary fo1 the conventional coil and con-

25

denser Lype, 16 15 fell that the advantages of
grealer selectivity, more effectise shielding, and
constancy ol 1uuwng justify the additional
space required  The cireuits, bemng of high Q,
ate more suscepitble lo the effects of loading
ad proper consideralion must be made for the
low prid mmpedance of tubes at the lngher fie-
quencies  The Drequency dudl wath tempera-
tute 15 sufliciently low over the giealer pro-
pottion of the tuning 1ange The frequency
dritt could be further 1educed by separating
the functions of tuning and compensating con-
densers  This could bhe accomplished with
a type of construction sumple enough to be
p1actical

Several months of use 1 flight testing ultra-
high-trequency radio ranges have pioven that
the application of the coaxial type of tuned
cireutl Lo a recelver for use 1n airciaft 15 entively
practical and the perfoimance obtained justi-
fies the shght additional werght and space re-
quited The acoin tubes have perfoimed satis-
factor1ly with no evidence of short hife
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Table 1

Coefficient of
Moelal Weight Conductivily Resistimily expansion (paris

(b /euw n} (% TACS) (ohms/em? X 106} per 100 per de-

gree C )

COpPPOT . . . e 0 323 100 1 730 17 7
Copper, 1% lead ______ . ______________.___________. 323 99 1 750 17 9
Copper, 5% 4me____ . ____________ ... 320 53 3 145 18 1
Copper, 15 aine\_________________ .. 316 38 4 55 18 7
Copper, 30% sane_______ __________________________ 308 27 6 4 19 9
Bronze, copper 97 5, sitheen 15, 7ine 103_____________ 315 13 13 3 17 9
Aluminum, 2811 _______ L __ 098 57 3 01 25 9
Alvminum, 5181 . . L ______ 097 45 3 85 25 4
Aluminum, 1781 . . 101 30 5 77 24 §
Silver. .o .. . o ____ e 106 163 |- ____
Chromuum__________________ ) DU b7 26 |aoooooo .

Branse, copper 98 25, manganese 0 25, sitlicon 1 5%_____ 3lo 12 (. ... 18
Tron (99 989%) . oo 17 6 983 [.-_________

I Red brass used [or plumbing pipe - t Olsmpie monze type T !Exer;u- Nuo 101a
Table 1I
Osc No Curve No Tap \ Ca 1 Ime dlﬂ.lS{}‘l)ﬁMC uusl!g}llslc
l - _—

4 1 10 0 030 80 475 35 0 8 9b

1 1 24 050 80 44 5 b 1 24

2 1 100 350 80 4153 25 0 56

3 2 24 100 78 B8 40 09

1. _. 5 3 2t 100 78 035 40 09

1 1 21 050 G1 2 35 0 79

2 1 100 100 61 26 27 0 61

3 2 100 100 6l 1 100 22

4 4 100 100 GO 996 30 0 67

2 1 10 050 73 78 40 0 90

9 2 1 100 020 73 70 40 09

“““““““““““““““““ 1 2 10 050 79 98 80 18
4 2 100 050 79 676 |\ ___ | ...

1 N P o1 050 | 83 73 40 0 90

3 3 P {10 050 | 83 645 ! 330 7 42
ThTTTTTToTTTToTTToooommoommes 3| 10 050 82 53 50 1125

4. i 10 050 82 585 40 09

N | ‘ S

4 { 1. 50 ; 050 80 8785 34 0 | 7 &b
“““““““““““““““ 2 C 150 ‘ 050 80 87% 34 0 7 65

! 1 14 60 | 050 80 030 40 09

2 4 2 1%1 10 050 30 625 40 09
1 3 214 i 10 ! 050 78 050 10 0 225




