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ABSTRACR

Thiis report describes the development of a 800 megacycle
intermediate frequency amplifier using 2(339 "oil can! tubes. Re-
sults of tests on the amplifier indicate that’'it has an overall
cain of 78 db, a bandwidth of approximately 5.5 Mc/s and a noise
figure of 6.4 db, These values are within reasonable limits of
the calculated values and show that such an amplifier is entirely
practical. The unit hes’the disadvantage of being relatively
large in size and weight, however, further work can reduce these
items to more practical values,
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INTRODUCTION

: Present day microwave receiver technique has been te em—
ploy intermedizté frequency amplifiers operating at frequencies
of 30 to 60 Mc/s. Such systems have the obvious disadvantage of
a large number of spurious responses or images as it is a prac-
tical impossibility to obtain thie reguired radio frequency selec-
tivity to suppress such responses, One method of overcoming this
difficulty is to increaseé the operating frequency of the i.f.
amplifiers, For exemple, consider a receiver using a 30 Mc/s i.f,
amplifier, the radio frequency circuit of ‘which consists of a
single rosonant cavity tuned to 3000 Me/s. A simple calculation
indicates that the image rejection of such a system would be ap-
proximately 8,3 db, On the other hand, if the intermediate fre--
quency were 1000 ¥e/s and the oscillator were tuned to 2000 Mc/s,
the image rejection would be of the order of 50 db, This rep-
resents a vast improvement in the performance of the system.
Furthermore the -requirements on the preselector are not nearly so
stringent to obtain a given image rejection with a preseribed
bandwidth assigned to the rgdio frequency circuits,

2. . It was for the previous mentioned reasons that the develop=
ment of an 800 Mc/5 intermediate frequency amplifier was started

at this Laboratory., The particular frequency of 800 Me/s was
chosen because therc’werc no other services assignéd there at

that particular time, so that the possibility of i.f, break through
was reduced, '

GENERAL DESCRIPTION

3s The €00 Mc/s i,f, amplifier in its present form consists
of six grounded grid stages using 2039's operating in cascade.
Several views of the camplete amplifier are shown in Plates 1

to 3 inclusive. The over-all dimensionsof the amplifier is 15%
x 2238 x 3% and it weighs approximately 15 pounds, This large
size and poor form factor are obvious disadvantages but therec are
several means by which these factors can be improved. It should
be noted that this model is still in the experimental stage and
several improvements can be cffected.

L. A schematie diagram of the géneral construction of the in-
dividual stages is shown in Plate 4. It is observed that the plate
grid linc operates in the quarter wave mode and is trimmed by a
small variable capacitance betwsen the grid and the outer shell;
this additional eapacity is kept as small as possible so as 10
obtain to greatest possible gain bandwidth product per stage. A
smell loop near the low impedance end of the platesgrid "cavity"
couples the energy out at a 50 ohm impedance level, The grid-
cathode line operztes in the three quarter wave mode and is tuned
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by means of a shorting plunger at-the end of the line, Energy is
couplcd into the enthode circuits, from the preceeding stages, by
means of a variablc tap on the line which 21lows a proper impc—
dance match to be made boebween the output of the preceeding amp—
1ifying sbage.

Se The general construction of the complcte amplifier is as
follows: the six grid-plate cavity shells werc made of brass
tubing of 2% inch dizmcter and 3/6L" wsll., These six shells wore
then clamped betwecn two brass plates, in cach of which six holes
1/8% decn by 23" diamectcr were’bored to hold ths shells in the
proper posibion, On onc plate, the fingers to hold the enode of
the tube and the by-pass condensers were mounted, The grid by-
pass condenscrs and cathode lines were mounted on the other plate.
A duct was fitted over the Manode" supporting plate to allow air
to be forced over the anodes and also to act as a support for the
series decoupling circuits between the individual tubes,” All of
the component parts wepe silver plated before assembling, The
plate and grid by-pass condensers are approximately 200 iy each,
D.C. is supplied to the grid through a 33,000 ohm resiséor as in=
dicated on Plate Lk,

DESICN OF CIRCUITS

6o The design of this amplifier was accomplished in a somewhat
arbitrary manner; the characteristic impedanccs of the plate and’
cathode lines werd first chosen to be 73 and 58 ohms respectively.
Next the —csonant lengths of the lines were found from

Ck}‘:£3=1.}%)(féy7fg?€

where Cgy is the capacitance between the tube clements under con-
sideration, Assuming that the plate—grid line operates in the
quarter wave mode and the cathode~-grid line in the three quarter
wave mode, the resonant line lengths for 800 ¥e/s were found to
bé 7.5 cm and 23 cm respectively, for Cpg = I.O/Q;;f?and Ckg =
i s

Te The resonant impedance of the plate-grid linc when loaded
will be spproximitely Rp/2 so that the Q of this circuit will be
approximately 65, Since the Q of the cathode line is rmch less
than that of the plate line, this Q determines the sclectivity of
the six steges in cascade sb that the bandwidth is”

xﬁf;-:%e.v?féj = 4] Mcfs,

Rpz ‘anode resisbance:
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8, If it is ossumed that the system feeds a matched lecad and
is driven by o generator of the same impedance as the load then
it can be shown that the gain of the system should be

6=+ (ym;)°a 86db,

w”are/jl.: 75 is.thec amplification factor of the tubcs,

RESULTS OF TESTS

e Experimental data was gathered on a single stage before
attempting to build the complete amplifier, The mean data for
several 2039 tubes may be summarized as follows:

Af =120 Me/s (3 db bandwidth)
G = 13,5 db (into a matched lozd)

This data is véry close to that indicated from the calculated por-
formance above,

10, lithen- the complete amplifier consisting of six stages was
constructed, difficulty duc to fecdback, as was to be expecied,

was encountered., The result of this feedback was to nerrow the
bandwidth and increasc the gain. However, by stagger tuning the
system, rcasonsblc valucs of bandwidth and goin was obtained.

kn overall sclectivity curve is shown in Platé 53 the large "dip"
is due to improper staggering of the circuits, However, the 3 db
bandwidth was 5.5 Mc/s and the overall gain was 78 db which is
reasonably close to the expected values, It can be appreciated
that it requires a2 considerable amount of labor to properly align
the system. Had it not been for a wide band frequency modulated
signal generator constructed in the laboratory it would have been

a hopeless task to properly align the system. MeaSureménts of
noise figure indicate that it is of the order of 6,4 db, while cal-
culations showed that it should be approximately 5,5 db, This dif-
ference, is due partly to an improper match between the signal gen=-
grator anu the first tube and partly t6 inexact knowledge of the
high frequency porometers of the tubes.

CONCLUSTIONS

i, The results of tests on an experimental model of the 800
Mﬂ/s, amplifier, indicabed that such systems are enbirely prac-
tical as the gain, bandwidth and noise figure arc all within us-
able limits, The main disadvantage of the amplifier in its pre~
sent form is (a) its large size and (b) its casplexity of tuning,
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The first item can be improved bychamzing the mode of operation

of the cathode lines from three qurater to one quarter, It was
only for mechanical convience that the system was constructed

using the three quarter wave mode in the cathode line, The second
item can not be improved, however, it is a relatively simple matter
to properly align the amplifier, if a wide band frequency modulated
signal source is availablec, 5
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1. BuShips ltr, Ser. 492(925C) of 22 Oct., 1943
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