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ABSTHECT

The preliminary research and development on a
continnously-variable receiver (Model XCS-2) for the
225-400 Me frequency range is described., The develop-
ment of an i-f amplifier and celibrator for this -

ﬁ&eceiver is also discussed. Recommendations for future
" research and development are proposed,
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tuning control, except as an emergency measure in the event of failure of the
automatic tuning control and for the "setting up" of channels,

(e) Temmerature control of the high freguency oscillator, if recuired, should
not exceed the demands of the crystal oven of the liodel RDZ equipments for
nrimary power consumption (30 watts).

4, The main problems in achieving the verformance outlined above are as
follows:

(2) The development of a stable oscillator capable of being accurately tuned
and calibrated,

(b) The development of a calibrator whigch would provide a suitable calibra-
tion spectrum throughout the tuning ranges

(c) The procurement of a suitable and atcurate automatic vositioning device
for controlling the tuning of the receivef,

Once these objectives had been accomplished a relatively simplé receiver
could be produced which would not employ the large number of crystals required
by the kodel RDZ series equipments, nor have the complexity of receivers
employing the TR1407 princinle,

HI STORY OF»'A TEZ DIVILOPL =

5. Before the vroblem was continuously activated, conferences were held with
manufacturers of positioning controls., Controls made by the Collins Radio
Comnany and the Yardsny Engineering Comwany were investigated, A discussion
of the control systems investizated is given in waragraph 17,

5, At the start of the deveiopment, consideration was given to several
items which are outlined below:

(a) A block diagram of the proposed receiver was dravm up (Plate 1). The
preselector shown includes two signal-frequency amplifier tubes of the remote-
cutof f type, 2 mixer tube, and an oscillator tube., Two tuned-coupled circuits
are shown between the antennz and the grid of the first signal-frequency
amplifier tube, one single~tuned circuit couples the two signal frecguency
amplifier tubes, and one single-tuned circuit couples the second signal-
freguency amplifier tube to the mixer, This arrangement was chosen as a
result of image rejection calculations discussed in paragraph 27, The oscilla-
tor employs one single~tuned circuit., A standardized type of i-f amplifier
such ag used in the ¥odels RC¥, RDO, and RDZ receivers with a new set of i-f
transformers is emploved. Choice of intermediate frequency is discussed

in naragranh 27 while determination of i-f bandwidth is discussed in para-
granh 25, Five double-tuned transformers are emploved in the i~f amplifier
and hence a 60 to 6 db selectivity ratio of anoroximately 2.8 is to bhe
exnected as measured from the srid of the first i-f ampnlifier tube (this ratio
wo1:1d be more nearly 2.5 or 2.7 with the inclusion of the i-f transformer
between the mixer and first i-f amlifier). The transformers are adjusted

to be slizhtly undercounled in order to simnlify trimning and assure vnifor-
mity in manufacture. & crlibrator is described in ~aragraph 20 which oroduces




harmonics of either & 1 ic crystal or a 5 ilc crystal. These harmonics are

«C. into the signal-frecgrency amplifier during calitration of the receivear,
tazeovsly, harmonics of the same crystalg are fad into the i-f amnlifier,

wsing an audidle heat nots when the intermediats fraguencles nroduced by

the mixing of the local oscillator with the harmonics introduced into the

si mal-frecuenrcy amnlifier anoroach the freguency of those harmenics fed

into the i-f amplifier from the calidbrator., The heats may be ldetected by the

use of hzadnhouzes or by noting deflactions of the andio output meter, Thus

the onerator vy calibrate or 2fjust the dial of the receiver at intervals

of 1 ¥¢ or B ¥e., The receiver may he remotely controlled by means of 2n

avtotuns unit, or eguivalent, vhich mar be set for ten nrefslernined positions.

(p) The signal-frecvency and oscillator circuits used will be of the "lumped-
constant® tipe. The following advantasdg are claimed for these circuits:

(1) The circuits can Ye zsanged readily.to a single drive shaft if variable
air coadensers are emploved., - ;

(2) The necessary variable condensers are readily obtainzsble,

*

(3) iuch sxmesrience has Teen obtained in the application of this trpe of
circuit to this freguency range.

(4) Low f%equency theory is apnlicable to these circuits if the effects of
stray inductances and capacitances are carefully consicdered,

(5) Toise dme to sliding contacts can be eliminated by the use of sHlit-—
/ 0 : :
stator condensers.

!
(8) ™he reguired tuning range is achievable with this trme of circuit,
-
(7) These circuits mar be built so as to occupy less space than other tvpes
of circuits for this fregusacy range.

(3) ilethods of stabilization for lvmped—constant oscillators have bzen
rigorouslr devaloned (Roference §).

A k3

(9) 4 straisht-line—frequency tunimg characteristic is easily obtainatle,
(c) The "3-bar split-siator tyme of condenser davelened by the Zadio Con—
Zenser Gompawnyr of Camlen, rew Jerser in accorlance with IRL recommendabions
will be emplovad. Sinilar condenssrs of the "4-Dbar" twpe have boen used in
the Folel FDZ equipments. These conlensers have o vseful rotabtion of 240°,
vihich permits better mechanical control of rotation than with concdenssrs
having a smaller vseful angular rotation,

g4

(&) The oscillator will orarate 2t a lower Thisg
will nrovide zrend as

Clscussed in parasrash 27.
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7e EBaving nade the Gecisions discussel ahove, the debtails of the tuning
condensgers were colculated, A guotation wes requested of the Rndio Condensar
Somnany for the manufacture of these condensers, These. concdensers were to

he nafde with invar plates and snecial low thermal-exnansion coefficient
ceranmic rods. The Rrdio Condenser Comdany has alvised the Laboratory that
the necessary ceramic wos not available at present and thet the general

fiz2lé of ecaracitence Grift with temerature wovld he investizated further
before a quotation was nade, Calcvlations nertesining to these condensers

are nresextsd in varagranh 29,

8. The choice of tubvaes for the preselector is discussed in parszrsph 28,

9. Calculations were nade of the overall freguency stability of the eguip-
ment. This resulted in 2 choice of i-f bhandwidth of 0.5 Ke. These calcula-
tions are summarized in waragranh 25, b

10. Calculations of imaze rejection aré ziven in parssranh 25, These
resulted in the choice of 30 Mc as the intermediate freguency, The advantaze
a2l frecuency £g a means of

imsroving image rejection is also discussed in waragra—h 37,

11, A set of i-f traasformers designed to »rovide an oversll bandwidath of
0.5 e and @ center freguency of 30 ke were constructed anl incorporzted in
a lodel RQ& standardized amplifier chassis, The design and developnent of
the i~f amplifier is cdiscussed in parazraph 32 snd the characteristics of

the ammlifier are illustrated on »late 2. The curves shown Co not include
the selectivity of the additional i-f transformer necessary between the mixer
and first i~f ammlifier, which would be mountecl on the nreselector chassis.

s

12, A erystal controlled calibrator was ceveloned. This develonment is
described in »narazraph 30. The circuit diazram of the calivrator is shown in

-

nlate 5.

1%, Exmeriments were coalducted on a2 oscillator in the desired freguency
range to investizate wrocedures for stabilization. These experiments are
cescribel in narazranh 23,

14. At this point, ths nroblem was closed and all work ceased, excent for
nrenaration of tais report,

UETCY STABILITY RTMUIREIETTS

15, The military communication channels in the 235-400 Mc ranze are allocated
as follows: DPrimary channels are soaced 400 ke anart starti at 225,000 ile
and sacondary channels =rs located nicdway hetwean the wrimary chrnnels, The
Yocel I ervstal-controlled transmitter wiilch is desizned for shiwboard use
in this ranze has an overall frequency siability of + 0.01%, Consicering a
channel at 400 Y¥ec, the fresvency transmitted will lie in t a

4+ 40 xc, Thus, to iastre recention of the iransgmitted signal with
sidabands, the bandwidth of the receivar must Mo greater than about 20

The raquired bandwilth of the receiver mar be comnubed Dy suning the overnll

)
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drift of the transmitter, the overall drift of the local oscillator, the
overall drift of the i-f amplifier and twice the maximam modulation frequency
employed, This is done in paragraph 25, The greatest drift is associated
with the continuously-variable local oscillator. This drift must be minimized
if the greatest number of useful channels is to be provided,

16, Special precautions are necessary in the design and construction of
continuonsly-variable oscillators in order to make their stabilities aporoach
those of crystal-controlled oscillators, Some of the factors which determine
the accuracy of continuously-variable oscillators are listed below:

(a) Physical dimensions of the parts used in the oscillator circuit, These

are subject to change with temperature.

(v) Input and output impedances of the vétuum tube used., These are subject

to change with plate and heater voltage variations and show:a change with the
age of the tube, These impedances are dlfferent for each tube and also thange
with variations of oscillator activity dué to load variations and with frequency.

(¢) Mechanical backlash in the oscillator and automatic tuning assembly.

(d) Changes in the dielectric constant of the water-air vapor between the
air-condenser plates due to changes in temperature and relative humidity.

(e) Errors made by the operator in calibration and "setting-up" of channels,
(f) BErrors in the frequencies nroduced by the calidrator,

Experience has shown that the most pronounced changes are due to temperature,
humidity, and supply-voltage variations, Since the oscillator must tune over
such a relatively wide frequency range, it was not considered feasible to
employ specially built compensating capacitors and inductors, It was decided
to use materials which would miminize temperature drifts, to regulate supply
voltages if necessary, and to stabilize temperature insofar as possible.

The use of a heater inside the oscillator compartment would also serve to
reduce humidity variations. An attempt also would be made to compensate the
oscillator for chanves in tube impedances and external loading, as outlined
in paragraph 22.

CONTROL SYSTEMS

17. In order to accurately.set the frequency of the receiver for operation
on any one of ten preset channels, a remote contrcl system is required that
is capable of positioning the condenser shafts to a given angular position

as accurately as possible, Continuous remote control of tuning is also
desirable for some applications, The Collins Radio Company (manufacturers of
Autotune Units) was contacted with regard to providing a compact multlturn
unit which could be preset for ten channels. This company is developing such
a unit, which is expected to have a resettability of + 0.01 degree but which
is limited by its shape factor and difficulty in obtaining continuous conirel

-5
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of rotation. The Yardeny Engineering Company has developed and demonstrated a
control system which apoears adequate for this apnlication and has a stated
resettability of + 0.01 degree. It is felt that the control system made by
the Yardeny Company has been improved over earlier models sufficiently to
warrant consideration of it for this receiver.

SZABILITY OF L C CIRCUITS

18, 1In the following, it is assumed that the freguency of an oscillator is
determined solely by the values of L. and € in the tuned circuit., This is

a reasonable assumntion if comnénsating circuit narameters are emmloved as
suggested helow (Para;rarh 22) Nezlecting losses in the tuned circuit, the
freguency is given by

i '
fo - ETTVT_-C_ !

To determine the effect of small changes 1n L_and’/ on'F e tctal derivative
of T with respect to L_and.(;ls evaluated as follows:

\ d AL Q‘Fod 2
fo™ 3 tSe oc

Where(J{; 1§§the change in frequency due to the changes/{, aﬂdcl(;resnectlvely.
Evaluating the partial derivatives in equestion 2,

of . - _ %
LTemVLTL ~ 21 3
of. . _ -| . =%
aC “wm\VCc-C~ 2cC

Thus the total differential frequency becores, from equations 2 and 3,
Je=— o [db dC |
© 2 L& C_ 4
and the relative frequency change is

;iE, - _l. (iL~ (’C" 5

— —
f. 2| L c

The percentage frequency change ig 100 d%%

LEw

‘ x&“ r:!.c _;O
By substituting valuves for L_ and j; into equ=tion 5, the frequerncy stability
may be celculated, The causes of inductance changes are the variations in
dimensions of the inductor element itself and its supports, and the changes
in permeability of the medium which its field encompasses, These changes of
length and permeability are caused mainly by temperature and humidity variations.
Yo information has been found on the change in permeabvility of air due to
temperature and humidity variations but this effect probadbly is nezligible
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when compared with other changes., The formula (reference 4) for the inductance
of the type of inductor used in this freguency range is very complicated and
does not take into account the effect of shields. However, for practical
purnoses, this formula may be simnlifisd to:

L=K2 6
where | is the inductance,
[ is a nroportionality constant,
Q.is the vhysiecal length of the inductor.

Thus the change in inductance due to a change in length is gziven by:

di=rd L o

ot

and the quantity —=Zwhich is required for sguation 5 above is given by:
|
.

dL k41 do
L wk& 7L

8

d{

The quantity S5 is equal to the coefficient of linear exnansion per unit temnera-
ture change ﬁf the material used to meke the inductor.

19, The causes of air-capacitance changes are the variations in dimensions of

the capacitor due to temperature changes, and the change in the dielectric
conztant of the water-air vapor between the plates due to changes in temwera-

ture and relative humidity. The capacitance of the condenser may be aprroximately
expressed by:

__neAn
C me

The effective area of the plates.

= The thickness of the dielectric.

The dielectric constant.

The nunber of dielectric spaces between adjacent rotor and stator
nlates.

]

where

[T

I ot >
1

(This formula nezlects edze effects). Considering variations of dimehsions
only, it is seen that the capacity may be expressed as follows:

C=me 10

where_4Lis a factor which takes into account the term £ in equation 9 and 77 is
a constant of provortionality, Differentiating equaticn 10,

CfC,:: 771(1«4«

and v )
dC _ mde . da
C ™ 4 %

11
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Thus the relative canacitance change per unit temperature change is equal to
the coefficient of linear expansion per unii temperature change of the material
from which the condenser is made. Xovation 5 may now be rewritten as

£ 2 2 A
o -
and if the condenser and the inductor are made of the same material,

42 deo

2 L

and equation 12 becomes i
df, _ dE
f Z

&

13

20. ZEguation 13 expresses the fact that the relative frequency change ner

dezgree Centigrade due to changes in dimensions caused by temperature variations
of a tuned circuit of the type considered is given by the cosfficient of

linear expansion per degree Centigrade of the material from which the circuit is
made., In order to ochieve ontimum stebility, a material having a small exnansion
coefficient ghould be used, The values of this coefficient for brass and invar
are given below: ’

Material QLg
Brass (66 Cu - 34 Zn) & _per degree Centicrade

18,9. X 1072 ¢ (0-100 ©C)

Invar (36% Hickel) 0.9 X 1078 i (2000)

P

(The above values were taken from reference 8).
Considering a temerature variation from ~20°C to 80°C {a net chanze of 1000C),
the net frequency changes at 375 lc for a brass circuit should bve:

(df =-12.9x 10 7% x =5 x 106 X 100
'Y =~ 710,000 cvcles or ~710 kc

nn

and for an invar circuit:

df, =~ 0.9 X 10 75 X =75 % 106 X 100
= - 33,800 cvcles or —37.8 ke

-5 4
K
v

s s
57 the

cen that the use of invar should contribute substantially to the stability
tuned circuits. '

of the water—air vapor between the condenser plates was calculated using the

21 The effect of temnerature and humidity chanzes on the dielectric constant




following formula obtained from wave nropaza

& = (+7 l'7q P _ li7§;_ 4 38 XI0 ;' 14

vhere ¢ = dielectric constant

P = baromstric wressure in millidars
E = partial nressure of water vapor in millibars
T = absolute temperature

Meteorolozical data on water-air vapor was obtained from the Smithsonian Mebeore-
lozical Table (Reference 5) and was modified for sphistisdtion in-the

above “ormula, The rssults of this calcvlation are shown Zrarhically in Plate

. Assuming that the dimensions of the cowflenser remain fixed, eguation A may
e written

e
I
o

C ﬁJ‘ 3 7 15

gielectric constant,
a pronortionality constant,

1

vizare £

s
Differentiating, CZQ: - CjQE
# | ”L '

: de_ . fde | de

C J’ € €

A cuaqkeijé of anroximately 500 wnarts ner mllllon takes olace over the temmera—

ture range ~-2000 to +0°C and the bLmléltw anze 10% to 97%, Sinceg is
ap?r031ﬂately equal to wnity,

dé ‘/C = 500 X 1076 17

16,

’y

~
L

Substituting into equation 5, remembering that for this case(fl::ﬂ,

[
== 500X 1078 X 375 X 108 - - 94,000 6vcles
A .
or ~-94 kc

It is seen that t
11

his Crift is zreater than the drift due to changes in dimensions
if an invar eci t

cuit structure is used,

T.0F TCBES OF OSCIILATOR FREUIICY

22, The tube uged produces variations in the freguency of the oscillator caused
br chanzes in the plate and heater voltazes. There are also secondary effects
cue te chanves in mixer loadinz on the oscillator, These changes cause varia-
tions in the amnlitude of the oscillations, and hence chenges in the eguivalent
nlave and xrid resistances =nd canacitances of the tube which usually form a
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part of the frequency determining circuit. Llewellyn, reference 6, shows how
an oscillator may be compensated so.that variations of plate and grid resist-
ances have little effect on the frequency of the oscillations., Stabilization
by these means involves the comnensation of a Colpitts~type oscillator.

Plate 4 shows a typical compensated oscillator of that type., It is seen that
a tap on the rotor of the condenser is required. This would require a special
double split-stator condenser, if contact noise is to be eliminated, I

is the compensating inductor and is independent of frequency if C%}{E

remains constant., It is along these lines that compensation is planneé, as
other types of stabilization are effective only at a fixed frequency. It is
emphasized that while the effects of plate and heater voltages may be reduced
by the use of voltaze-regulator tubes and barreters, these devices do not
prevent changes in tube impedances due to variations of mixer loading. It
therefore seems desirable to compensate the oscillator by the method described
above whether the plate and heater voltages are regulated or not,

MECHANT CAL SYSTEM ERRORS

23. Considering the oscillator as operating 30 Mc below the signal frequency,
its tuning range (allowing 1% overlap at both ends of the signal frequency
ranze) is from 192,75 Mc to 374.0 Mc. This is a frequency range of 181,25
Mc. If a straight- line-frequency condenser having 240° of useful rotation
is employed, the frequency-rotation correspondence ratio is 0,757 Mc per
degree of Fotation. The Collins Autotune used in the Model RDZ equipment is
guarantecd to be resettable to within + 0.1°. Thus, if this tuning mechanism
is uged, the oscillator could be reset to + 75.7 ke, Another remote~control
device made by tho Yardeny Company is claimed to be resettable to + 0.01°,
Using this device, the resettability could be as little as 4+ 7,57 ke in
frequency.

LALIBRATION ERRORS -

24, The harmonics of the calibration oscillater can be expected to be accurate
to + 0.01% if the crystals are not temperature-controlled, This corresponds
to an accuracy of + 40 ke at 400 Mc.

RESUME OF STABILITY CONSIDERATIONS

25, The total drifts and errors of the overall communications system are
presented bclow., The data given assumes an operating frequency of 400 Me,
that the oscillator is 30 Mc below the signal frequency, that the temperature
of the local oscillator circuits change from =20 to +800C, that the relative
hunidity in the local oscillator compartment changes from 10% to 97%, that
the oscillator circuit is constructed of invar and that a TDZ transmitter

s used.

All drifts are given for one direction (negative).
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CAUSE PFIRCE™ CFATGE ACTUAL CHATGE

T FREYTICCY I TRMUECY A8

COIPUTED AT
200 Me

Inver Tuned Cireuit Drift duc to thermal
Cingnsional chenges. 0.00935 -33.8 ke

1

Drift due to chonzing dielectric
cozst nt of the "atar—“lr vanor in the

J. . P - 4 P ]
oscillator cormartment 0,0254% -94.0 ke

lochonical Control Reset
YarCeny Control TUait is

L

v H

emnlo—ad). w 0.0719% ~7.57 ke

Calibration Oscillator error. - 0.01% 40. ke

Tronsaitter drifs, 0.01% ~ 40.0 ke

AlTowsnce for Side~bands. 5.0 ke

Tot~l Ervor. .055% , 220.37 ke
The éiove calenlations show that 2n i-f bandwidth of anroximatelr

400 ¥e is ramsonnnle, if no temmeraturs ~nd hmidity stetilivations sre

amloraf, It was docicdad to construct =n i-f amnlificr for emerinental

work having a 53 &b bandwidith of 0.5 e to nllow for other &rifts not ceonsidared
avove, such s Backlash in shaft counling dovicas, oic.

-

IMAGR REJECTION CALCULAT 0’T

286, TheAimage rejection of the nreselector circuits was computed using the
following formulae:

For 51aa1e tung? circuits
Xz QYR

For two tunvd=céupled circuits 18
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a ziven for tve tuned counlsad ciren
ve ‘equal s end the couwnling datweon
To simnlifr aligmnent of these circuits a:a

“te civeunits 1
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during naauwfacture, the counling oet" en then should he an- roximatels

critical COU“111

=

The folloWin“ is a tabulation of imaze attenua tlons in
2l frogue ney of ;00 te using the ahove formulae: h

(a) For the oscillator’:jove the si;nal frequnncy.
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: (c) A ninimum 1ma;,a attenuatlon o‘f 90 d'b is expected for the I'c,CGlVE‘r 1f the ‘
- oscillator 'is operated 80 tic below the signal freouenCJ. :

CHOICE OF VACUUM TUBES

’ 28. The follow1ng vacuuh tobes were tentatlvely chosen for thls receiver‘v
(a) Oscillator ‘tube - 64 , | e

(v) Mixer tube - 6AKS5 or AA485 ,

(c) Slsnal—frequency anpllfler tubeS‘— A4466 or A4444

: Flnal choice of tube types will be deﬁendeﬁt on the nerformance of the tubes ”

© in ‘experimental .models, The 6F4 was chosen for the oseillator circuit because

it apneared to give the best performance~in the experiments described in ..
paragranh 33. The A4485 is a sharp cut off single—ended pentode (gm = about
9000) which was developed for use in the Model XCS-2 receiver. The A4466 is
a remote-cut-off douvble-ended acorn pentode, vhile the A4s44 is a remote—cut-

" .off double-ended miniature pentode,  These tubes (gnm = 6000) ware also

develgned for use in the Model XCS~1 equipment. The use of remote-cut-off

tubes in the preselector serves to minimize the effects of cross modulation = L

~and overloa@d and the use of double-ended tubes serves to minimize grld-plate'
capacitance’ in the tube and allows better comrartnentatlon, thereby reducing

' oscillator radiation. Sarmles of the types A4485, A4466 and A2444 have been SR

submitted to the Vacuum Tube Development Section of the Laboratory for neasure—
‘ments of input adm1ttance, outnut adm1ttance and forward adnlttance.

COFDE"SER CAL cammo**"

29, Speclflcatlons for the tunnlng condensers Were calculated as follows.
“‘e(a) For the osclllator c1rcu1t
The osclllator must tune from 192 75 ¥c to 374 MC.“”hls is a tunlng
range of 1.94 to 1, For a type 6F4 tube, Cgp =/ 7/77 ; Cgk 0*’/‘{7p
and Cf»k 0.6 ‘)’7f Thus the equlvalent tube ca.pac1ty presented to the -
tank ‘cireuit becomes; /9 + a"‘ 9.6 The minimum capac1ty of o
the 01rcu1t 1s estlmated to lnclude the Zollow1ns.‘ , :
‘Equlvalent tube cana01ty L @thif‘,2.5 uuf‘
Trlmmer‘Capacity (mld range) - 3.0 uuf jf o

Mlnlmum Caoac1ty of the tuning

COndenser o _ N : —'»5,O'duf1'
Stray cepacities L n?:— 2,0 wuf

12,5 wof

" Effective Minimum Cepacity -

114N

[




Thus the maximum 030111ator can9c1tance shoula be 12.5 X (]_ qzl) = A'; 1 vuf, §=
This corresnonds to a /A C of 47,1 - 12.5 = 34.6 uof., - ‘ [ i o

The condenser must therefore provide from 5 to 39.6 wuf in such a’ fashlon 'fﬁ . ﬁ:

as to produce a straight-line~frequency tun1n< capac1tance with a total s e
m1n1mum cana01tance of 12,5 wuf. o IR 5 T B

. . . ' - . " : : (2]

¥ . LS P i ' L o o U e
(o) For the radio-ffeauenCy-circuits: : e j“ ‘;3 A

The mixer zrid 01rcu1t w1ll probably have the Breatest ninimum caoa01ty.”-

 Therefore, calculations are made for this circuit and the other signal
frequency circuits will be adjusted to have the same minimum capacity as .
the mixer zrid circuit by means of the trimmer capacitors, .These’ 51~na1
frequency 01rcu1ts must tune from 222, 75 to 404 Mc if a 1% overlap is ‘
allowed at each end of the tuning rad This is a tun1n7 ranze of 1.81
to 1, The mlnlmun capac1ty is est1ma ed to 1nclude the follow1ng.

’,Input canac1ty of the mlxer tube - 4.0 uuf

Output canac1ty of the second s1gna1

frequency amplifier - - 2.8 uéf""
Trimmer Canacitv (mid range) ‘ -t'-ii 3;O uﬁf ‘
Sf&ay canac1ty ‘ V - SQO‘ﬁﬁf
M1n1mum Cap 01ty of the tunlng - “1
-¢ondenser - 5 Q0 uuf
Lffcctlve mi nimum capac1t& Lo ,; - 16 8 uuf

The maximum signal c1rcu;t tunlnb capac1tance should be 16 8 K (1. 81)2
‘65,1 wuf,

This corresponds to aA C of 55. 1 ~16.8 = 38.3 uuf The condenser nust
therefore nrovide from 5 to 4%.3 wuf in such a fashlon as to produce a

straizht- 11ne—frenuency charecterﬂst1c with a total minimum canac1ty of
16.8 uuf.

D?SIG“ AWD EF’;JOP uLT OF TFT C%LL?P&TOR CIQCUIT

30. In order to set up the frequencv of the 1oca1 oscillator for operation

on particular chaennels in the 225-400 megacycle range, an accurste calibration
~ system is reguired. The system descrived below 1nvolves‘thé zeneration of stable
kmown check frequencies and tuning of the'rccélver to these c¢heck signals,

The number of calibration points required depends on the stability of the -
1oca1 oscillator and the linearity of its tuning characterlstlc, and the

- channelization, It appears that the oscillator drift can be kept to less than
4 0.25 Mc and that the tuning characteristic can be made essentlally straight-
line~frequency between any two frequencies spaced one megacycle apart. . Thus

if harmonics of a crysial 050111ator spaced at 5 Mc intervals are prov1ded »
the oscillator frequency dial may be calidrated at points 5 ¥ apart ~In order
to calibrate at freguencies between these 5 Mc points, harmonics spaced one

uwnms §re




Mc apart would be provided. To adjust the bscillator £6 frequenc1es between SR

these one mezacycle points reguires interpolation involving' a micrometer , o b
dial control of the oscillator. Using such a scheme, the oscillator may be ~ . . . &

- calibrated at frequencies spaced one megacycle apart and be adjusted to - i e
frequenc1es between these ca11brat1on points by an 1nterpolation nrocess.f S B

The cireuit ¢ eveloped to renerate these harmonlcs is shown 1n.P1ate 5.
It consists of a crystal-controlled oscillator, V1, driving two distorting
amplifiers, V2A and V7B, in ecascade. - The harmonic output is availabdle at the =

:'plate of V2B, Two crystals are employed, one onerating at a frequency of
" .5 Mc and the other operating at a frequency of 1 ¥c. The crystals are used one

at a time and are switched in and out of the oscillating circuit. The 5 ¥c
crystal is used toreestablish the dial calibration if a severe change in local

‘oscillator frequency has taken place, whlle the one ¥c crystal 'is used for
- routine calibration. - The crystals are connected in a Pierce type oscillator

circuit, and the oscillator outnut is “electron—coupled? to the dlstortlng
amplifiers., These distorting amplifiers consist of both sections of a Type
6J6 tube acting as grid-leak biased, res1stance—caoac1tance coupled ampllflers.

. The distorted output is rich in harmonics. Using this circuit, the two—bundredth 3

to ‘the four-hundredth harmonics of a one Mc crystal were audible on a Model
BP-132 receiver, It is planned to connect the output of the harmonic generator
to the signal frequency amplifier, similtaneously zrounding the antenna to ..
prevent radiation, and to couple some of the harmonic energy to the inter-
mediate freﬁﬁency amplifier. An audible beat-note will be heard in the output

~of the recelver when a harmonic of the crystal—controlled oscillator is tupedc \
“in by the signal circuits. It is to be noted that only one crystal is used

at'a time during the calibration process and heance the percentage accuracy of
the calibrator is the same as the percentage accuracy of the crystal employed.
When the development of the callbrator had reached this point, further work
on it was Dostponed until the recelver in whlch it would be 1ncornorated was
developed, ) ‘ - - .

IGI AND DEV ELOPI\”ENrp OF ”HE I-F EgéggFORMﬂgg

32, A set of five i-f t:ansformers ‘were made for use in the standardized 1—f
system to provide an amplifier with a center frequency of 30 Mc, having a’* = °
6 db bandwidth of 500 Kc and a voltaze amplification . of,100,000. tjmes. 'Since -
five tubes are emnloyed, a staze gain of 10 times is requlred The tubes

‘employed, Tyne BAB7, have a nominal transconductance of 5000 micromhos, ' Thus

critically—-coupled transformers having equal primary and secondary impedances of

© 4000 ohms will give the required stage galn ‘The coupling of the transformers,

however, is to be nurposely made ‘about 80p of critical coupling to insure ease

of alignment and to allow for production variations of coupling. . The loss in

amplification due to this amount of unc.er-coupling is approximately 7% per
staze, Hence the resonant impedance of the transformer tank circuits is made

~ap~roximately 4300 ohms, To produce the required overall bandwidth, a 2 of

53 and a primary and secondary tank capacity of an“rox1mate1y 65 uwuf is requlred
The primary and second<ry inductors required to tune the tank capacity had an
unloaded @ of apnrox1na ely 100, Thus a resonant 1mpedance of aonrox1matelj
7500 ohms (resistive) is contributed by the coils. To make the primary
impedarice 4300 ohms, a resistor having a value ‘of annrox1natelv 8oOO ohms must

ONCLASEAED :




shunt the primary tuned circuit. The input resistance of a Type 6AB? tube
~at 30 Mc is approximately 9000 ohms. Thus if no damning resistors are added
in shunt with the second2ry, the resistance added to the primary must be .
less than the calculated value. A resistance of 6800 ohms connected across
the primary circuits produced the desired bandwidth, A 6800 ohm resistor
was also added across the secondary of the last i~f transformer since the’
loading due to the second detector is apphroximately 70,000 ohms. ~Plate 6

is a sketck of the transformer windings and Plate 2 shows the overall . ' . -
selectivity characteristics of the i~f amplifier. To obtain these character- -
“istics, a Ferris Microvolter, Model 18D, was connected to the input terminals
of the amplifier, Output was observed on a Ballantine Voltmeter, -shunted
with a 600 ohm resistor, which was connected to thée audio output jack of
the standardized IF~AT chassis used, The siznal was modulated 307 at. 1000
cycles per second. At full gain, 2 sizna¥of 12 microvolts was required to
vroduce standard output (6 milliwatts into 600 ohms) the amplifier was

aligned at 30.0 Mc with the gain reduced-apnroximately 40 db, It is seen that -

the shift in center frequency with 60 db géin control variation is approximately . -

125 ¥c, The overall characteristic shows the presence of some regéeneration

- at full gain, Purther worit on this amplifier ‘is necessary to minimize center - .

shift with gain change and to overcome regeneration, It is recommended

that a second version of this amplifiasr, if further development should be
carried on, use symmetrical loading of both primary and  secondary circuits,
i.e., egual ghunt resisters of 8200 ohms across both windings, ‘or an 8200

ohm shunt off' the primary and an eguivalent series resistor (about 35 ohmg) .
between the 'secondary and the grid of the amplifier tube. The latter arranze-
ment, used in the Model RDO equinment, assists in redueing center-frsguency
shift with change of gain. The shunt loading afforded by the amplifier tube
varies with gain and cannct be depended on to furnish satisfactory loading
effects, e Co : ' e SR

INVESTIGATION OF OSCILIATORS ~

33. The characteristics of two oscillator ciréuitsKwere inVésfigéted'dvér‘thé“

frequency range from 220 to 375 Mc, “The first employed a Type 676 dual triocde,-

~ as shown in Plate 7. It was found that this oscillator would not operate ab
‘the frequency of the tank circuit over this entire range. It would operate
normally over only the high freguency half of this range, and would jump to

a higher frequency when turied toward the low frequency end of the range,

‘The higher freguency oscil¥tion is probably due to resonance of the tube .
capacities with the lead inductances involved. It does not appear feasible

‘to use this tube as an oscillator in this equipment. SR e o

3%. “Ixperiments were also conducted using a Type 6F4 tube in a similar ecircuit,

This tube was uade to oscillate satisfactorily over the frequéency range from
220 to 375 ¥e, A small inductance (Lo in Plate 7) was necessary to prevent
the oscillator from jumping to a high frequency mode of operation when it
was tuned to the low freguency end of its range. This inductance consisted
of approximately one-half inch of numbar 18 wire, connected as‘shown in Plate
7. Attempts at stabilization and meagsurement of frequency stability were not
made due to closing out of the subject problem, co L L

T




CONCLUSIONS
35;‘ It is coﬂoitdéd thét:'

3 Further 1nten51ve work is necessarv to co“n1ete th* deve opme 't of )
receiving equipment employing continuovcly varizhle laenl pecillators in ‘the
225 to 400 Mc frequency ranse w1th nartlcul 2T emphas:Ls fm thc fo]lowlng
: p01nts. o S . :

(a)' ablllzatlon of the L—C osc111ators 1nvolved

() Developr.ent of add1+1onal components and tubes sultable for anr)llcatloa

in thls frequency ran'fe. ~ Ty ‘ o
(e¢) Iﬂprove*nent of the charaotorls ies of the 1ntermediate-—freouency amplhler
te mmlmlze ce*ltcr s"nfr, and eliminate :ceger'eratlon.

-
b

RO 'DALI’%T

36. Tn crier o achleve the Derforrenca snec1fled 1n ref rence 1-in the - -
manner fescribed in this report, it is recomme nded that reésearch and develop-
*xt )ro,,ra“ls be contmued on the *‘ollowlng topics' e R

(a) - Su*’=11,gzat10n of L—C oscillators.

(b) Imnrovement of eYistlns componerts, ‘such as varwbla co*lde’xsars, 1mwctors, ‘

reristors, fixed condensers, tubes," etc., to rnaco u_;em ‘nﬂre sultacle Ior
wnllcatlon in th1s freauency r?nge. : ~ ‘ "

{e) I';mrovement of the Derformcnce of 1uterrr ediate-Tr requ a*xcv aphﬁ AT

“rom the point of viaw of minimizing ter freauen cv shi ft with zain varia<
tion and ollmnaulon of raz 1vxoretlon ‘ : L e
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