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The purpose of this thesis was to construct e micro-

wave oecilletor with suitable detectors to he teed in
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Ithe laboretcry to demonetrete some of the o tic l p

ONL in a simpler manner than is roeeible with the much

Shorter vieiol e liiht re;

In order to achieve ; frequency in the heifhborhccd

l
‘

of 5000 me ordihhry rcio circuits must be modified cou-

eidercbly. Ehe reeonent frequency :or the uewuil tu ed

circuit of a coil and conde eer (neglecting reeietence)

ie f. ”v5? . DecreeeiHf the induct.rlce or cip cithce

will increase the ir ecuehC“ until we have a CgpuCituDCG

of two perell e1 plo.tes and en inductance of one turn of

Nire. Jith thie circuit freouehciee up to 200 me can he

obtained but it is very difficult to tune properly. ”ith

such small Veluee of L end 0 in the tuned circuit the in-

ductance cf the ehd wires Fcth in and cut of the tube,

end the electrode chpecit;ncee ere large in cony;rieon

and have e very greht effect upon the performance of the

tube end the tunine. i‘he b e- of the tub) is an insulator’
h

to ordinary freetehcies, but a conductor to ultra high

frequency currehte. it SLCh high freeuenciee be we are
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to achieve the struy rediction from cash wire circuits

becomes excessive. Ehis tuned circuit of e smell coil

_ a -_ —. .. V .. . - 1 a . , . rw .,,a 1‘. wt ..1 - l

end cohcehser Jill also hcve e lOJ , ”£938'33 —- since

the resistance of the circci will be lur 'e compared to

L. L is L measure of the selectivity of e circuit and

4
L

for an oscillator us went e high selectivity in order to

have it oscillate pt only one frewuehCV. a can clso be
‘3 .2

defined as the energy stored 'n the field per cycle di—

vided h; the energy lo t per cycle end is therefore a7
’
?

measure of the efficiency of the oscillator. Tinslly

L

trchsittime of the electron from c thode to plcte is very

important with frecuehcies in the r eye of 1000 ac or

greeter since it is of the bane order of mathitude e U
)

r
t

e

period of oscillation. Jhis will ch.hre the sh re rel -

tion Leteeeh the grid voltrye, which is controlled hr

the oscillations of the tuned Circuit, end the outnut

current. i‘hc tuned circuit does not receive emerge: it

he pTOpCT time of the cycle and the eificicucy of the_

tuned circuit is reduced until it :-ils tc oscillcte.

'1‘\ — '.- ' 7‘ -‘ . ~' w~r w; ' . ‘ Q \ 1' R. 7 fi ‘*‘ ' V

ihe hi-u iredueucd UculllJLOl of the tgpe crustruct-

Med overcomrs these iifiiculties of the ordihhr} radio

oscillator izcuit in the followiu? mihher:

.‘

.‘ "I ‘\ \ " 1. l7 L" l' v- ‘t,- .~ - «e‘..‘x \ ‘ - I 1‘ ' , 4- 35- V. . .4

ct.i:uice:, said rite, v;er; sturll. elxrietgts filtiilll U;-e ‘tulye

-. is 1;. ‘ e T \ 'Q-v- . x, -_ - -. ‘ n . In 1‘ C.) - P. .J.‘ . 1 a r: . . N.“ . n . ‘ __

Era tfll V5-0' ClUCAB toacetie . -iiircicxre try; ltuxi ilmrict

sh'BS to the tune wre he li iole, interelectrcde
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capacitsrces are reduced consider t1" E“ the Lapll ores

of the tube elements, even witn tneir close sp sing and

transit t‘me is grectly reduced by the close sf;cinx he—

tveerlcmithode sax} glate.

(2) its entire 34Cil ire mercy circuit is contained

within the cute" shell sec tgges “lsce in the resonsnt

q

CuVltiES so thst stray rudlnthfl is uc5i g ble.H
.

(C) all metclic parts of the circuit r"d silver

plated to reduce esistsuce to rudio 136aU9L03 currents.

(4) Ihc lumped elements of the tuned Circrits are

I O Q 1

at.“ 21"" t" (3 "it. .‘1‘:.|'.T L; r2. 34
sue-4.80 u .L v l (I. L.) 4.. r~:|,‘.\/ ‘~.- MlcvuA.‘ 0

J

. .
o ‘11 j. _‘ ~ g c 5‘ _. h ~r‘ 1' _ ’_ r .‘ ‘ ' ‘ _0‘

”ltn tn“:8 HOdlflCutlLU: tue CEClllat i own -ttsis(
'
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TleC b,/brh the ret'-hec wcltiic lb toe egall th
is r.“

circuit c hnct cscillite. If the cm 1i'

J

itielly grccter thcn tLi: ratio, ce*i11.;ichu st "t find

churcctcrieticc ieiice ch11i51‘-ti0h to the correct

Hetu"hihg to Lur oscillator—-

In crder to mike Xz 049ccit;tive the current in C.f must

he Lreute r than the current in

cg of oscillation must be hivner thin the reschcht fre—

cuehcy of the c thcde 1ine.imi1.r1v the

n ’ . ~

lzirx thee recychcigt Iixac‘inicg'(
-
‘
L
-

oscillatichS mist be loficr

of the alete line to meXc KP inductive

cuit must be tuned to a higrher 5 911161102" then the 0‘.th-

20 make this clecrer echaicer uh ordinaryH O (
.
4

P
.

d 0de ciC
l

111.111}; Ci"cuit Jith I‘OSOIILJ‘it unruly: ”"mwwcz; w = 751? .

.. ', . — 4.. ‘ " .WL _‘~ - '. o _ o

If :J 1:: .~:re-ter than Wctnen z: w—L'Lcl -.’:-lC.-1 is -.-. C'é-fiuC1-

’1

titive TGuGtLJ‘CQ, where-is ii ”I is less timi- ‘..r then z=

WHiCh is er incuctive rehctmhcc.

X; cud I, do Lot Var* with frequent? in the sage

Jay cs Jctlt iflua reactghce o: eimyle c pecit ncee JUC in-

ductehces since they ccntmin :. hum of reverte ele-

ments lunged tC5ether. Iherefcre one c.h 0:1: cetermine
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circu1t reletiche from the e_uiv;lent 01T“Ult at the

oscillation freeuehc: but c huot cclculite the freguehcf

free circuit pir;hete"e.

Junie; the Cathode line controls the u:.cunt of

Via-13938 fed ‘CLCL: to the gric by the ten}: circuit Since

C. is wart cf the ceaacitctive VCltafe 6i"i7er. Ch is

L;

R
.1»

normally much lerger than Cw“ i? order to p"ovide the

“is

prcper volt g9 divider rltio for feefibick so it me: be

necesairy for the cethcfie lime to be slightly frexter thafi

f/é Jive length in nhich 04:: 1h Iculfi be c-31citgtive
h

rether thin infuctive.

Juhihg the pl.t: liLe *9 er iuee I chC therefore

deter ines yrihciply the frefluehcy of oeeill;ticne inc to

& bLLll degree feedbuc; since the retic CL/C- 1

“ pg

' .“ f" " 7 ‘1‘— '-‘.' ' . -‘ r. . " I ‘ “" t“ . -‘ ‘ 1

Jluh ireuueh'5. ine elite 11h huct elxcue be Lii~nt13

"\ I- - "‘ u A ‘ " ’4 ‘-.l a " F ' . ‘. ' ‘r ‘,'\“ '1 “ . ’7'

lee: then u ILll Jive i Lil- deb Llubb up enet L1J,[e
L1

ce incuctive.

Iciimum output iuéicutee the conditicn of correct

feedbech voltcge, since i: the feedb-c; is too me‘l the

oscilletiphe er- week, chm if the feedbec; i: toe ler?e

the no Ier cczetmed in the grid Ci‘I'Ul-it is large r.hv’ out-

put cor es ordihglg refiucefi. (Ehie i: the to trehait

tine loedihs :hc actual frio currehte ween the Trio is
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.L. ron Cathode to elete induce e voltege

7‘

~9-. +
1

ll‘So
I \‘a I

‘ 8 (,1 118 Hesuig electro makes t

ositive. Ihile the :rié is it
\-

positive

ectrons end current will flow in the

O

Q C

biases t7 'utive but not beyond

en electrons £107 from c thcfie to elute

the: incuce e positive volt we on the sric svberiuoosec

on the gcfl 1 mi s. .Hue grid ix; still Ihfif tive tuyvever

em; this slow. the electr us r'on'n let'veen the cthcée and

the grid. .‘he grid gains the 2.3..ount of energy lost by;

the electrons end sets the cavities to resonitinr which

sets Up en ultr- high freeueic* voltege on the sri in-

dependent of the other sources of grid bi;S.

high freguency

electrons if trsn

cilletions have begun in the resonant c vities the;

ultra
’1‘- ,

.L lilld

voltage on the grid serves to hunch the

sit time is not too lcree. After os-

will
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be sustained in the renner deseribed for the Colaitts

oscillator. ahen the uhf voltefe on the grid is most

negative it Jill teie the maximuh anergg from the elec-

trons. Ehe grid Jill lose relitively little energy to

the electrons when the electrons are hetveen grid and

plete since the distence is shorter ant the volt ya on

the ,lcte is highly rositive end contributes most of the

energy gained b, the electron durin: this part of its

transit.

when the plete voltcge is too high the electrons

have a higher seeed end there are uore or them so that

the voltege induced on the grid 1y this swings the grid

more positive thun tefore. The grid draws more current,

which represents energ; lost, and is elso biased beyond
‘

.L'

’1

cutoft. *
2
}

he grid remains hiesed beyond cutoff for e com-

paratively long period so th;t oecill:tions cease. Dhis

result is noted in the section on eéiustment end tuninr.

Resonunt cavities excited i: this menner Jill h.veH

the electric vector perpendicular to the walls of the

c;vities so the dominant mcce of oscill,tion will he the

3301 code es shown in dig. 6. for this re-scn the output

probe extends redielly innari from the shell, that is

it is parallel to the electric vector. Jhe muvnetic

field is concentric vith the exis of the ecvities us shovn.

Lnere is obviously interection betveen the tvo fields at

‘1‘ fl .. a 1 r ‘. 9 _ V a} ,- ‘0‘ a 1‘. A - ..‘ ‘ ‘

tn end or the 5110 cjlinder since the ilelcs Luet be
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continuous here. Thus we heve feedback from the ylute

line to the cathode line.
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The output reciutions have been modulated at 60

cycles Ly impressing en e-c volt;ge on the plete so all
g I

thct is needed for detection is u eiutle crystel detect-,.

..

N'I

- 2:: i. w .. .0 2... . .t. °

or to cmt oil tLe ioqer yell or tue Jeve, or LULVCIC it

”
J

I

(
'
1
‘

l’to irec current. 3L9 oscillOSCOpe teen seems tee en-

"
t
,

(
Y
‘

VelOp‘ o the neves, the enacter r‘ivee the eve age velue,

t he eudio emwlifier "ivee : 60 cycle hum.

1

UIXC

2J0 detectors were euilc. The uicroexmeter detect—

U
s

or eiupl; conei ts of e crystel Leunted tetneen the

. 1" ' v " ~ -. ‘ 1

LOth of tne meter. ihe or

addition to rectifying the current. iuch experimenting

" . ‘1 \ ~ ' . J. .' r ‘v- .. 4‘ 'v , ' ‘ f‘ I . O . n' ,~ A 4' ‘ ‘

lab done Jitn etner t; es or ”lCTO;Afl8ter detectors but

- ’\ - ~ . I v - . ' ‘n ~ ' -- . " 1‘“ ‘ .0. I‘ .‘ ‘1 f . 7 . ’\

Jere gitnu up Juéfl it Ire louse tnet tne metal cglizdcr

in Unich the e meter Wit pieced had beooge e resonant

c vitv :hich Hes not of tie ri ht size to EtFt'ln oscilla-

tions at thit freerency.

Bhe Wand detector is thONL in ”is. 7. ?he le-d

from the fiend detector to the oscilloscore or eudic Ln-

plifier is e ten foot, two wire shielded 04118 with the

.

shield connected to the green? nire. She ground vire is

teped ;,t time prceeg end 2x33is to [natiieti1i"uis}uflflbe fronl

the other Mire.
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The simplest method of neusuring the frequency or

the oscillator is by observing the distance between the

nodes of the etending weve pettern. Tor this pirpose

the :ind detector Wes clemped in e fired positicn in the

q

3

83:1 {Arid t p
. re reflecting plnte mounted riridl; in a vood-

en blo'x slotted to slide along e deter stich. In this

'1
.,l“..1.'q m, .1. 1.1 .2, -.-,

s cot; i» oololetel; coming the 19ildCtlh:manno 1‘ one

glete end coes not interfere with the reflections ne{rly

es much as if one were holding the wand detector and nov~

l

in; it between the oscillator ;LC the reflecting plate.

es the reflecting plate is xovod elong the meter stick

reedings ere t gen w-en the CUb‘Ut es shonn on the

oscilloscope is zero or nt least e LiUlflUH.

;ll frequency neesurements were me e in this manner,

most of them with forr to six reidinfis nno a gen et in-

tervels of the tuning with ten reedings for greeter ec-

-~ ;. ur— h ; -: a. a“ r *. »r- f‘ 1-: .- ~‘ 4? 1 - 3" F "q 1 II >~ I" l

CLl‘nC.) 0 “Boiling: fl‘O..1 -t b-’ 18 iret‘uencg. ..;e-.eLrer..e..t e.l‘€

giver below. larger repaings were given greater weight

distance between the reedinw and811106 L111
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Several tests here run on the oscillator to deter—

nine the effects of v;ri;tion in voltege, tunin; rod,

0

len-Wt of grid c;linder, lengm oi dipole of o cillntor

end detector, and the lenth of the ovtnut probe.

Ihe plnte volt SC w-s fee from n 7UU vo‘i t trzris;crm-

er whose primer? was connected to e V riec trnei_‘orh,r.

Plate voltage Wis v:ried throtfgh the conflete r nye from

deco volts end effects on the intensity of output, wive

shone, end wove length were noted. Tor this turnose the

Wend detector Wes cleaned in e fixed position in the

bee; end Hes connected to e c thode re: oscillosoOpe.

Jove length meesurements.1ere t;hen es previously descriced

end are believed to be vithin en error of l mm.

?or any one settin; of the tuning rod it was found

tth e VLriLtiCH of the voltege did not effect the fre-

otencg' of oecilleticns to the extent th:_.t on; ch::.ngje in

fretgzerof; could be detected ’Jhis resti t cotld have been

predicted since the C of the resonant cavities is e:tre. .e-

1y hijh (Of the order Cf 7U900U) so that they tune at

““0 fr“UVMCF VeTF 8h>relz- A voltage which would h:ve

the effect of chnngin; the frequencv of the oscilletions
t

to eig*ggre;t e;ttnfl:avill CbleB oscillaticuhs'to cease.
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7 on th. ch rte of i3. 9.

She volt gee t 'hich oroillJUion: re‘in, int—n ity

"e-cl*“>r ,Li 1 , r3 ‘H*e U1P”IT lizit 31ers cr-cill tirnle

cecgew‘.re rxflg the e :13 winnl thra oeciljgitor is: tuned 7or

different freluenciee. She; Should not be the e-re for

differeht frecuenciee riuce the reach nt freeuenc: of the

CoVithEs.IMi'th8 feedtmcnzlr 3 been (fininfied.
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the grid cylinder change: the effective enfth of the

101'th li:-e .'..'hich determines 11 end teJé:-.c:; controls the

freduenc: or oscillations. Flnte UQLCUCUOT and ehortin?

t
‘
f
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plunger ere s*teued riidly tog etler ;n€ hove toiether

when the tuning control is adjusted. Che"efore b; tun-

ing the oscillator to different frettencies Jo else Chih”e

the feedbec; e0 that due to the dc:i‘n of the oscill“to

it will 03erete LOSt efJicientlg et a certcih fretrchci
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to change the olt15e to obtain these shenee at diifereht

poin s but this does not introduce ehy error in in

esults of relative thensty end weve length

ugliest mover.1e1;t of the trninj; rod are shown in the eruph

of dig. lb.

lhe intensities are only rel tive v;11es and depend

1 . ~. - " ~‘ - + -,q .

1tor thQMho, detecto;, -LdP
J

on the efficien*y of the or i(
r
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the outgut probe. These efficiencies ere deyehdeht neon

1
’

the 1311 j1t1 of digol e, lenr'the of prohe in the resozz‘itcr,

end the impedence metch of the probe.

(c) Len th of Li;oles

fhe tip olees of the oscilletor and detector were

plrposelv left toe long in order thet the effects of

J. .- . fi I ‘I‘- , ._’ no u -. 4 l _‘
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should be helf e w;ve length 10m: (or some multigle of
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later. Thee results are shan in the gr;

From these resu1ts it is seen that the line contiining

the out ut probe should he one full turn from its fur-

thest position inside the Cavity. The line enn Le

locned in this gosition by a nut on the coaxial line.

Dhe length of line between the output probe and the

dipole osn be Veried by pulling the slip joint out.

HOJever this nude very little difference in the outeut

and is therejore left at its shortest length shere the

connection is most solid.
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FIG. 12
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Endietion outteills were measured in a cleur sp;*
L

C
“

(
D

out of doors in order to have es little re”1 CtiOIJ a (
D

noossi I110. Jhe oscillstor Was nounted on s turntable

with the dipole directly ehove the center of rotation.

flhe wand detector was cleared in n fiied nosition in the

been end connected to the oscillosCOpe so that readings

vere taken with the operator behind the oscill = or and

there Was no interference in the been. It is possible

thut the stnd to which the detector Was clamped gave

some reflection end ;1tered the pattern slifhtly. ?e:d—

in?“ were taken 01 the enles and the into n sities as

the turntchle was rotated. Ehe verticel r dietion pet—

tern Wes found in the sane fi$flfl€r tut zith the‘reElect-

or end dipole roteted together through 900. The diople

f t‘e mend detector Hus also turned until it w-s ver-

tical. Ihese recietion psttern< ere shovn 'n 01?. 1?.

The dipole is not at the focal point of the pur_:olic

reflector so thet the line of maximum intensity make s en

angle Jith the axis of revolltion of the reflector.

33 rotating the detector d'pole the Here is seen to

be hi;hly rolerized. Bhese results are ShOJU 'n Tig. 14.
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Vertical Radiation Pafiern

Fig. 13



  
 

P
O
L
A
R
I
Z
A
T
/
O
N

F
i
fi
.

l
4

C
U
R
V
E

"
A
‘
.

(
‘
3



for:
L ‘7‘

VI? ~.-—. ‘Tn I1 fury:“an'.‘WT 1* *vv rrj'n - v n- .~~.- vrw “Tr‘ - 1min
{ .L '_..r _.LU-4 --L_L'J. k--w‘.‘-.\. ¢0_L.5._. *‘_,‘__J 4 --\.I.v.'-l.‘. \ ~\.LIIJ.L,,‘. -

Ricrouevcs ere less ‘Heetr1tin; tn1n rocio waves.
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severul inches of 1005. Class pertiully trsnsmits end

r rtielly reflects the w1ves. If txice the optic1l thh

in glass or any other p1rtinlly reflecting substtnce were

ecucl to a half Nave lenfth there noulc be destructive

iinterference in the tr ns itted wove ~nd meet of the in—

r voulo be reflect ed. She nave is reflected con~

pletely from net ls end ehovs oodetricil reflection.
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