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ABSTRACT 

Tl,:.s report describes the development of a 800 megacycle 

in"'.,ermediate frequency amplifier using 2()39 11oil can11 tubes. Re­

sults of test$ on t he amplifier indicate that·it has an overall 

g3.in. of 78 db , a ·bend.width of approxim'ltely 5., 5 Mc/s and a noise 

figure of 6. 4 db. These values are within reasonable li.nri.ts of 

the calculated val ues and show tr.at such an aT,plifier is entirely 

practical. The ,m:.:t he.s'the disadvantage of being relat ively 

large in size a.'1d ueight, howe,rer, further worl( can r educe t hese 
items to more pract ical values. 
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INTRODUCTION 

1 . Present day microwave receiver technique has been to em­
ploy intermediate f requency anplif i ers operating at frequencies 

of 30 to 60 Mc/s. Such systems have t he obvious disadvantage of 
a large number of Gpuri ous responses or images a~ it is a prac­

tical impossibi lity to obtain. the r equired radio frequency selec­
ti•,ity to suppress such r esponses _ One method of overcorn.ing ' this 
difficulty i s to i ncrease the operati..~g frequency of the i.f. 
amplifiers. For exempl e, consi der a receiver using a 30 Mc/s i.f. 
amplifier; the radio freque~cy circuit of 'which consist s of a 
single re:.,onant cavity tuned to JOOO Mc/s. A simpl e calculation 
indicates that the.image r e jecti on of such ·a system would be ap­

proximately 8.3 db. On the other hand, if the intermediate f r e-~ 
quency were 1000 Mc/s and the oscillator were tuned to 2000 Mc/ s, 
the image r ejecti on would be of the order of 50 db. This rep­
resents a vast improvement in the performance of the B"IJStem. 
Furthermore the -requirements on the preselcctor are not nearly so 
stringent to obtain a given ilP.age r ejection with a·prescri bed 
bandwidth assigned t o the rEtdio frequency circuits. 

2. It was for the previous mentioned r easons that the develop-
ment of an 800 Mc/s intermediate frequency amplifier was started 
at this Laboratory. The particular frequency of 800 Mc/s was 
chosen because therc"were no other services assigned"ther0 at 
that particular time, so that the possibility of i.f. br eak t.hrough 
was reduced. 

GENERAL DFSCRIPI'ION 

3. The eoo Mc/s i.f. amplifier in its present form consists 
of six grounded grid stage:s using 2C39's operating in cascade. 
Several views of the c anplete amplifier are soown in Plates 1 
to 3 inclusive. The over-all d.imensionsof the amplifier is 1511 

x 22!11 x 3 11 and it vreighs approximately 15 pounds. This l arge 
s ize and poor form fa.ctor are obvious disadvantages out there are 
several means by which these factors can be improved. It should 
be noted that this model is still in t he experiment al stage and 
several. improvements can be effected. 

4. A schematic diagram of t he gener al construction of t he i n-
di vidu.al stages is shoYm in Plate 4. It is observed that t he plate 

grid ljn~ operates in the quarter wave mode a.id i s trimmed by a 
small variable capacitance between the grid and the outer shell; 
this additional capacity is kept as snail as possible so·:as to 
obtain to greatest possible gain bandwidth product per stage . A 
small loop near tho lo\'l impedance end of the plate;.grid ucavity11 

couples the energy out at a 50 ohm impedance level. The grid­
cathodo line operetcs in the three quarter vrave mode nnd is tuned 

1 . 



by means of t. shorting plunger at-the end of the lino. &'1orgy is 

coupled into tho c r.thod.e circuits, from the proceeding stages, by 

means of a v?.ri.:>.blc tnp on the line which 2-llcr.·rn n. proper impc;­

ds'.nce raatch to be .me.de 1.Jotv-re~n the output of the proceeding amp­
lifying str,gG. 

5o The gencr2.l construction of t ho complete amplifier is as 
follows: the six gr i d-plate cavj_ty shells were m.2.do of bre.ss 
tubing of ~! inch diemctcr and 3/6411 we.ll. Those six shells were 

then clamped botv.recn tY,o br ass plates, in each of vrhich six holes 

1/811 dee, by 2½11 die.lllctor wero'bored to pold tho shells in t he 
prop.:)r position. On one pl ate, the fingers to hold the anode of 

the tube and the by-pa ss condensers were mounted. Tho grid by­

pass condcns::!rs c.!ld c2.t hode lines wore mounted on the other plate. 

A duct was fitted over the "anode" supporting ple.to to allow a.i r 
to be forced over the anodes and also t o 2.ct as a support f or the 

series decoupling circuits between the individUc.'ll tubes,· All of 

the component pc:.rts we:ve silver plated before assembling, The 

plate and grid oy- pc.ss condenser s arc approximately 200 JJ. v f each. 

D.C . is supplied to the grid throuGh a 33,000 ohm resistor as in­

dicated on Plate 4. 

DESIGN OF CIRCUITS 
. 

6. The design of this cmplifier was accomplished in a somewhat 
arbitrary ma..rmer; the characteristic impedances of the pl ~te mid· 

cathode lines were first chosen to be 73 and 58 ohms respect ively. 

Next the ·,csonant lengths of the lines were found from 

where Csg is the capMitnnoc between_ the tube e lements under con­

sideration, Assuming that tho platc- Brid line oporntcs in t he 
quarter wave mode and the cathode-grid line in t he three quei.rter 
wave mode, the rcsonnnt line lengths f or 800 filc/s were found to 

be 7 . 5 cm· and 23 cm respectively, for Cpg = 1 . 0_/)f" f and Ckg = 
4~01-'?f. 
7. The resonant :tmpedcncc of the plate-grid line when loe.ded 

will be s.pproxim?,_tely Rp/2 so thnt the Q of this circuit will be 
uppra.--ci.m~tcly 65, Since the Q of the c~t hode li.,.~c is much less 
th-:n that of the plnte line , t his Q determines th0 selectivity of 

the six st~g0s in c:Lscl'.dc_ so Uiat t he bandwidth· :j.s -

L3 fr • _f_2. V2Y l,_ I 
{~ 

Rp; ,anode resittnnce , 

4-,J lv1c/s, 
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8 . If i t is ~ssuni.cd that tho system feeds a :matched load and 
is driven by n goner2,tor of these.me imPBd~4~cc us th0 load then 
it can be shown that tho gain of the systom should be 

G · , ( -)'16 = IF V1M'j;2 ~ 8 6 Jb. 

,·,here / I.)' :: 75 is -t ho amplification factor of the tubes. 

RESuLTS OF TESTS 

9. Experimonte.l d.;:.ta was gathered on a single sta8G before 
attempting to build tho complete amplifier. Tho .mcn.n. data f or 
several .2C.39 tubes mo.y be sU:";U!larized as follows: 

A,.f = 12.0 Mc/s 

G :: 13.5 db 

(3 db bandwidth) 

(into a matched 102,d) 

Thi s data is very cl ose to th~t indicated frora tho calculated por­
.forma..11.ce above . 

10. When· t he complete ~ .plifier consisting of six stl'.ges was 
constructed, diffi culty due to feedback, as was to be expe cted, 
was cncoun.terod. Tho result of t his feedback wc:i.s to ne.rrm'r the 
bu.ndwidth and increase t he gain. However, by st~gger t uni ng ·the 
system.

1 
reasonabl e values of bcnd~ridth and gain was obtained. 

An overall select ivity curve i s shown in Plate 5; tho large 11dip11 

i s due t o improper stc.ggorirlg of the c i rcuit s . However, the 3 db 
bandvddth was 5. 5 Mc;/ s and the ovcrnll gain was 78 db which is 
re~sonably close to tho exp:,cted v2J.ues. I t can be appreciat ed 
thnt it requires a considerable amount of l abor to pr operl y align 
the system. Had it not been for a wi de band f requency modul ated 
signal generator constructed in the le.boratory it vrould he..ve been 
a hopeless task to propor.ly align the system. !kiasurcmcnts of 
noise figure indicr,tc that it is of the order of 6;l~ db; while cal-:­
culations showed that it should be approxim<-1.tely 5. 5 db. This dil­
ferencc, j.s due p.'.'.rtly to e.n improper match between t he sign-:ll gen­
cr1.1.tor c1.n-.1. the first tube and pv.rtl y to inexMt knowledge of t he 
J·~igh frequency p::-.r;:,.m.ctcrs of tho tubes. 

CONCLUSIONS 

il. The results of tests on ~n cxperimenttl model of t ho 800 
Mc/ s, run.plifier, inJ.foatcd that such systems c:,.rc entirely prn.c­
tic~l ::.s tho g.e,in., b£mdvridth and noise figure l'.rc all wi thin us.,.. 
::i.blc limits . The main clis~~dvantagc of tho <'.mplificr in i t s pr e­
sent fonn is (a) its L-:i.r go size and (b) its ccnplc.xity of t uning. 



The first item can be improved by c.ri?..ir,!J~g the mode of operation 
of the cathode lines f rom -J::.hree qurater to one quarter. It was 
only for mech&.nical convience that the systern. vras constr ucted 
using the three quarter Ha.ve mod.e·in the cathode line. The second 
item can not be :improved, however, it is a relatively simple matter 
to properly align the anplifier, if a wide band frequency modulated 
signal source is esailablc . 
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