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1-1 Earl 

Th 1 t hundl>ed ye .,.. or so h ve seen the xpansion 

of th eleetrom gn tie sp ctrum on both side of th isibl 

ro ion, f o radio to erum· r y • Tho fir t xper~nent l 

vidence of r lationship b tw n 11 t nd l ctricity 

and magn tism was o t 1ned by 

middl of th l t century , II 

tho plane of pol r1zat1on of 

cha 1 raday ne r the 

observed th rotation of 

light b am pass d through 

pi ce of lead 1 sa in direction parall to 

ppliod gn tic field This as soon follow d by roll's 

unexpected discovery or tho imilarity of tho velocity of 

light nd th voloci ty of hi th orotic 1 nelec·t;roma tiQ 

w vos " Hein:r1ch H rtz proved th xistenco of 1a.xtvell t s 

l ctro:magnotie ves experim nt lly usi " a induction 

coil spark p, nd two Ill t l t s s gm: .. .. ra tor . 

Hertz' scovery h s 1 d to tho development of 

radio equipment utilizing o1 ctromaenetic or "II rtzian" 

aves from k1loro tor to c ntimoter 1 volengths . It 1 onl 

r cently hot ver, tha the gap bot 1 n radio n nd e 

far _nfrared ha been 1osod by the d ve1op nt of sp cial 

1 



osc1llato • 

1-2 Cl"Ol-lO.VE) 

v ve throughout the nvir spectrum re tun m nt lly 

1 entic 1 xc pt tor wav length d frequency Thoy all 

obey th s lal of: dif.fract on nd in r r n • It is 

po sible t d n t t th e foot in ny p rt of th 

poet , 1 . pr ncipl a le st., '1'h pheno one. of if:fr ction 

n interferon o light 't 11 moun in the ly 

net nth c ntury, w xpl 1nod first by Young o.nd 

1 toro by o n 1 in toi.. of v th ory . orou 

1n e tig tiona 1 d , and mo t of th ob rvod ph ome 

w ~ s tisf ctorily accounted for ~ 

B oau of the r v 1 gths invol vod in th visibl 

r gi n 

la.r 

if r ct on p ttorn re ulu ys obs rv d t 

1st c (in t s of w v 1 th ) rom th 

dif:f actin object ~ Ace at s~udiea o off cts in the 

ned! t vicinity o th object ar .. t ely difficuJ.t 

r u..:>t ilnpoa ibl to • 

S nc o cil tors a nov1 v il· blo hich opor t 

in the o nti ot r region, studi o n b do of off cts 

lo to th object . In ddition th obj cts usod may 

bo made oom.p rabl to 1 ol n th in s z ~ As rosul , 

clns io 1 di fr etion th ory is continually b ng au nt d 

d xt ndod by no o1ledge of th near-fi ld r gion. 

Approximations for sm 11 w v length, uhi h implificd th 

theory 1n the optica_ c s , b oom invalid in tho m1erowavo 
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case . This complicates the theory, but provides an excellent 

t est of its ability to describe strongly localized effects. 

The calculation of a diffraction pattern becomes essentially 

a problem of solving Maxwell's equations with the proper 

boundary conditions . 

1-3 Scope of the Experuaent 

Considerable work has been done by other experimenters 

in this laboratory on the diffraction patterns of conducting 

and dielectric cylinders, all at 3 . 2 em. Wi les (1) obtained 

intensity and phase measurements about a 1 inch brass rod 

and a 1 inch hard rubber rod , with the polarization parallel 

to the axis of each rod . Runs were taken perpendicular to 

the axis of propagation at several distances behind the rods, 

and results for the conducting case were compared with 

theory . Keys (2) studied the diffraction patterns of 1 inch 

brass , hard rubber, and lucite cylinders, using a polarization 

perpendicular to the axis of the rods . Results for the 

lucite rod were compared with theoretical calculations by 

Froese and Wai t (3) . Lucite and tenite 1 inch diameter 

cylinders were studied by Subb rao (4) using parallel 

polarization, and the patterns were compared with theoretical 

calculations of Froese and Wait ()) . Subbarao (5) also 

studied, experimentally, the diffraction patterns of a l i 
inch lucite cylinder, and of a 1! inch lucite semicylinder 

with plane face toward and away from the source . Jordan (6) 
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~einvestigated the region close to the semicylinder in the 

above two cases, and also ~11th the plane face along the 

propagation direction. In addition, he i nvestigated these 

three cases with the semicylinder coated with aluminum foil. 

As in the work of Subbarao , the incident .field was polarized 

parallel to the axis of the cylinder . In all cases runs 

were taken tl"Bnsvarse to the incident beam . 

Extensive investig~tions of diffr ction and 

evanescent wave affects have also been conducted in th s 

laboratory using a large pl stic prism described in section 

2-5. Diffraction patterns of wedges have been studied by 

Jordan { 7), Dignum ( 8 ), and Hedgecock ( 9) using various 

orientations of the prism. The evanescent ~rave behind a 

totally internally reflecting surface has been investigated 

by Jord n , Leung (10), and in considerable detail by 

Hedgecock . Before the plastic prism was available, studies 

had been made of the evanescent wave , and diffraction of 

wedges by Kneeland (11) using a prism of paraffin wax . In 

all cases the direction of the run made an angle with the 

incident beam of either 45° or 90° . 

In the present experiment , field intensity 

measurements were made along the axis of propaga tion gehind 

cylinders of brass and lucite, as well as behind semi­

cylinders of lucite, and foil-covered lucite . Axial runs 

were also taken behind the dielectric prism with the 

hypotenuse face toward, and away from the source . The 

polarization was perpendicular to the axis of each rod , 



nd to the apex edgo of the prism. 

Field measurements made along the .xis ar easier 

to analyse than off-axis measurements. Becaus th 1 tt r 

would involve radi tion coming from the object as well as 

directly from th horn, ths directional ch r cteristics of 

the probe would have to be considere • The electric vector 

of the incident field would be p rallel to the probe axis 

as u ual, but that of the reradi ted, or scattere field 

would not be . Only a com onant of this field would be 

5 

d tected (sa Fig ~ 3), and that component would depend on 

th posi ion of the p~ob rel t vo to the rod The component 

detected would be the y component as desired provided the 

probe characteristics had the ideal cosine forM as indicated 

in Fig. ) . If the probe ch racteristics were not 1 eal nd 

S'Yl'fliY.letr!cal, the field v lue obtained ould not be truly 

indicative of Ey in all osition • As long s the prob 

remains on the axi of propagation, however, the electric 

field of all radiation incident on the probe will be 

practically p rallel to the probe xis. In addition, by 

considering fields only long th axis o prop gation, th 

theoretical expressions stmplify consi erably o that 

calculati n are not prohibitively involved. This thon 

allows a eomp rison to be mad of thre c ses with 

theoretical expression given by Froese and \vait ()) . Tho 

cases studied theoretically w re the 1 inch brass rod6 and 

th two lucit circula cylinders . 



c:a 2 

2-1 tter 

Whil s.om th t involv d in pr ctioo, th xperiment 1 

arrang ment tor di fr tion xp r ent 1 quito pl 

in principl • It c ns1sts s nt ally of ourc ot 

radi tion, dif cting object, d a det et d vic • 

Tb sourc of 3.2 en. 1e ot v d1 tion consist 

of a Vo.ri VA-242E r flex kly tron protuned to 9. 375 

kMc/ ee . , and c pabl .. of d liver! 725 mu. of po ror. 

F Mod l Z819B kly tron pow r su~ply provid th rtec ss 

tub voltages, as w ll a the 1 kc ./ ec. qu -w v 

modul tion. Th f quency 1 quit · ns1t1v to he 

temper tur of th klystron. Thus , in order to limi t 

the effects of r ndo ir curr nta ound the tube , 

blower 1 used to provide ete dy st e of ·1r. ll 

as stabil1ai th f oqu ncy. th1 r:e ps th ldy tron cool . 

From the kly tron, the micro v po1er 1e e 1 in t T 0 
mode, through short ction o£ 52/U r v 'id to th 

pyramid 1 horn r d1 tor. 

6 
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'I'h hox-n. con .truotad by c . E Jor 1 

1 bor tocy, is d or br dth 0 .1 . "' 
Fr th p X to th p rtur • th d tunco .7 c 

th H ... pl n , d 33.4 em. _n t! g=s.vin H 

pl no gl f' 15 nd 17 pee ly., Th ho 

d ai d to h vo r d r tion tt rn 1 bo 

vertic l and bor1~ont 1 pl in o d r to 

0. no po blo, to tho OY xo pl i.e 

n t con r tion nth p 

alr dy e tion d• o n~ 

45 to p opag .t o direction 

pr s-nt wor , i eid nt f! 1 d p rfeetly 

plane sine prob run r to. n lo g th a or 
pr pa ationc and h difrr e n obj ct ll -nou 

to subtond uit em ll ~lo@ at 

c or the eylind r , ) 

horn (1 s th n 27' o 

In th guid b w n klyctron d ho n in 

v r1 bl flap tenuator, Uw d to adjuwt tn r • 01e 

1 vel, and directio 1 oupl r . It 1 t ~o th 1 tter 

component th t 11 ount ot po er nooe 

monitorin d froqu ncy tod 

to the dirootionnl coupl r is tho fro ue c m t r, h~eh 

is follo d by 

the w e de , 

11~23C c 

50 
t 1 diod detector in ort d n 

etor 1 connect to tho diodo 

the power indic tor . ig. 1 illust atos th 

of tne trans tter 

ran om nt 



Fl G. I= 

I. KLYSTRON 

2. VARIABLE FLAP ATTENUATOR 

3. DIRECTIONAL COUPLER 

~ FREQUENCY METER 

5. CRYSTAL DETECTOR 

6. COAXIAL CABLE TO MONITORS 

7. HORN 

MICROWAVE TRANSMITTER 
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2-2 ly 

The f eld int n ity behind the diffr cting object 

was determined by m ans of a omall probe consistin of 

1N833 computer od • Th diode, 0 . 7 om. lon and 0.25 em. in 

diameter, is mounted on th end of a 0,$5 om. outside diameter 

g as tube as sho n F B• 2, nd acts as both ant nna nd 

d odul tor . Th lea r bont nharply at th diode to k ep 

tho ov ~ 11 lon~th ao short as posaibl , and nr held in 

place by a drop of par ffin 1ax in id the gl ss tub • From 

the diode, th detected ignal is carr! d along 60 em. of 

mini tur co xi 1 oabl 0 . 2 em. ovor 11 diameter, 1her it 

is th n c rriod by standard 

and recorder. 

58/U cabl to the amplifier 

Th len th of th probe itself b comes n import nt 

oonsid ration in the c se of horizont 1 polarization, sine 

it is mount normal to th diffracting rod. Th intensity 

asured is thus re ult of int gr ting the fi ld ov 1· t h e 

len th of tho prob • Th probe described is le s than 0 .22~ 

in len ,th , and cannot be m d shorter with any pres ntly 

available diod a . There is , in addition, directional 

effect a mention d in sect~on 1- 3. Only the co1nponent 

of the field in the dir ction of the probe axis will be 

det ct d . This component v i s as the cosine of the ngle 

between the propagation di ction, and the normal to tho 

prob axis, as shor-n in F g . ) . As discuss din section 1-3, 



r _L~--- - - ~ : 
0.!55 0.2 ~ ! T _______ 1 

T 
0.7 

1 1 
I 

ALL DIMENSIONS IN CM. 

I. IN833 COMPUTER DIODE 

2. WIRE LEADS OF DIODE 

3. DROP OF PARAFFIN WAX 

4. MINIATURE COAXIAL CABLE 

5. GLASS TUBE 

FIG. 2= MICROWAVE PROBE 
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t 1 probl 1 el-............... t d y choo i 

f or 11 pr obe runs . 

th axis o p pag t on 

prob u o-t d by styrofo 

column ounted, in uv.n, on th troll 1 o 

Styro~o ch ppo t t 

o 11giblQ distur co o t ti ld. Fo 

the oro o- oet1on o the de 

c o , nd th upp r nd guyed to h 

th d . Th h 1 t of the p ob bo 

166 e • or 52 A. , th th o 

nd u ort do cri d r r 

·n op·ical b ch 

n i us 

r rie;i ity, 

. • 11 y 1. 

floor 

cotton 

ly 

ob 

1o d , by t 

th • author, to equi v ou ly eo t et d by him lf 

an P. Ull8• Thi t 1 d scrib d 

troll y 1 lo 

oe or 4.0 c . jJ • by 

t th d o th t ck, oun 

~~ 1neh di ter .lum!num • Th d 

1/25 h . p . Bo no· r ver 1bl 

having tot 1 r tio of 16000 1 . 

rou 

t 

opti boneh t 

a ng ov r pull y 

1m un 

is coupled to 

sy t ot 

11 y i pr v nt 

ro r ch ng lthar ond o th tr c ·by t o oroswltch 

which aot s ty op • 

o er to r lat th p t t produ d a · 

rocordor to th position of t probe 1 tive to tn 

1 tr ct1ng rod, c libr ti d vic ' s i t lle - ·tly 

at the trae • 'l'hi o oonsi ts o 1J otor 

to th tr c , wi th in (30 a e) copp r 

ar oun th stick evory fivo c nt ter s . 

ounted p rallel 

woun 

were 
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inserted 1n fino lmii'o cut in tho mot r sticlt d ore made 

flush ~ith the top edge by anding th wood down to expose th 

top surf'ac of th t i es . Th wires r conn ct d tog thor by 

bus long th lou r edg of th stick. A am 11 met 1 who 1, 

tt ch d to th trolley~ runs long the upper dg of' th oter 

stick king oontact uith ·th wi s every 5.0 em. of trav 1 . A 

r 1 y op r t d from a lou voltag batteey supply, then 

triggers a s oond relay through diff'erentintor circuit- A a 

rosult, th r corder in ut is short-circuit d for a v ry Sho t 

time, producin a neg tiv c libration pip on tho chart - The 

pip plitudo can b set to ny desired v luo by varying th 

ttme constant of the differontiator circuit . T.h position ot 

oaoh rker h an ost t d accuracy of 0 , 05 em. , and there is 

o ccumul tod error in going from one to the next . Fig. 4 
illustr t s th p obo and tr o sornbly, and Pl to 1 sho1s 

the tr· ck chani • 

2-3 ;the plifie·r and Rooo,rdor 

1 1000 cp • s! 1 from the proo 1 plifiod by 

row-band amplifier tuned for maxtmum r pons t this 

roquoncy . Th - plifi r us d in this work was built by 

P ~ Loung (10), and is similar to tho ono originally designed 

nd built by D. Kneeland ( 11) n this labor tory Throe 

st . nd rd r - coupled pontod stages u.sod vri th a "Tl in T" 

~iltor n ~rork coupled bo~reon plato nd grid of tho second 

t g • Th.1s ilto givoa th mpl!fior it narrow band 

charactorist!c by coupling 11 now-r sonant signals b ck to 



3 

I. MICROSWITCHES 

2. DIODE 

3. PROBE SUPPORT ROD 

4. STYROFOAM COLUMN 

5. TROLLEY 

6. OPTICAL BENCH 

7. PULLEYS 

.... 
' ' 

\, ~ -, ---

6 

8. METER STICK 

9. STEEL WIRE 

I 0. MOTOR 

II. GEAR BOX (200 :I) 

12. CALIBRATION WHEEL 

13. WORM DRIVE 

14. ALUMINUM DRUM 

FIG. 4= PROBE AND TRACK ASSEMBLY 



th S cond ta~e cri in inver e ph ~e ~ - N third st go i 

ol o:1ed by a. 

qui=- d by t co or . 

~~h c. prov des tho direct c 

c pulso sl al £rm the 

ent 

11 

clampi ci~cu t c n·rols tho roco , • ne o c 'v' od -

·ollm o ... vac tub v(Jl t1. ete • Pou tho am. lif~ r 

b a H .. ~-lot P ..;kar iod _ 7 0 

po 1 pply 1 and for th v.cu t voltm tor ta ·e, by a 

~ parnte 90 volt bactory . 

cuit 

iled sc..,i tiona 

eel.n • 

The reco der is a c1nz ... ot ntiol!lete 

mod 1 53X17-V-II- III ... 30 11 t . a. 0-5 mv r•an a d .. 11an · ":'actured 

by tho nneapol .-.on Toll Regulate 

vi d by a 0-100 scale, s 1 en 

core::; . 1 of tho equ_pmcnt e c b 

Co . o chart , 

t 5,1 c ..... . /min. 

ia o ore . 

cons ant voltago ~ran~ ormorh t e KO 9 , ~1o o r te 

razsformors e use , one or tho tranamitter, n o 

or all 

Sol 

... or the ont::;>l r . r, r cord r, a 

mp_i i r u e sl o ;n n plato 

tr ck . Th recoruer and 

2-4 Tho 

In order ·'-o reduce ofloctions and nt ference :f om 

t o rall .. , pip nd other objects n to 

rrr, crm ave da.rkroo:n" 'as constructod by the aut or, using 

r11 crou vo hair ab"orb r taine from S:!)Ollf" Rubb r Pr ucts 

Co . , Sh lt n, Conn. Thi ty-fiva sections of bnorber oach 

2 f't ,. squar , ~ r mounted d:t ectly on tho back w 11 of 



PLATE 1: TRACK DRIVE MECHANISM 

PLATE 2= AMPLIFIER AND RECORDER 
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th oom cov in~ n ar e left .'11 ot 

the n~kroon (.oo~in~ 

57 sec 1 ns o_ absorber 

t horn) u s mado y . otmt_ng 

'l. f am UOl"k 0 1 0 • Th 

r sul tin tf~ll s 10 ft . h"' '"".h and 21~ f't . lon~ •· i th a. 2 ft . 

6 rt . 
th ho n en ) w lso con tructed 

and is 10 ft ~ y 10 tt . n iz • t 

f 

ront 1 all (at 

o:r uood, 

mila in iz to the 1 ft we~1 , b t was 

ons t d p rt y in the annox- ~ the back :rel , an 

part y in the m nn 

a a n o~ d h 

th 1 ft sid all . f1 th the ro king 

ext nt 1th a orb , ~ all a j stmonts 

in the p siti n o the al s av onl a ama 1 effect on 

th field patte • P ovious wor ra, u.ing less ab orb r, 

r und th posi ion of th wall to be quit critical . 

Fig. 5 ill trat R the 

darltroom .. 

rano men c 0 the l-la 1 0 th 

Over the enclosed area of tho d kroom a e savor 1 

t 1 beams and m tal pipes which ,J ...-e cov ... ad y hanV.ng~ 

on oaeh on , "eur·to.in" o ba lo o hair a sorb r . There 

i also .. ooden · ailing nea the ba. k r t.ll o m t-hich 

-.a. d by a t·ra1 c;ot ab~~orbor two s ct ons an 

!7~.; oction on!2; runn.tn~ "'all to the ac ·a • 'l'hi 

i 1 l ust t in •ie. 5 an. can o.J. o be i n Plato 4. 
ith the ho i ontnl polarization us d in this e er . nt , 

it -ra xp eta th t tho r:oo~ and c ilinv ~ould b o£ 

considerable importance in determining the incident .field 

pattorn. Shielding of the toromentioned metal objects was 
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n-oc om d b ::: ... ant:. 1 .. :·o.·ev ~ t e fl or sc s t 
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ve fferent cyl1nd r r e used in th diffraction 

xp rtment . Thr e of these are di lectric rods mad of 

lucito, and two re conductinG rods, one or brass, and 

one or foil-cover d lucite . o of th lucit cylinders 

are or oircul r cross section one bo!ng 1 in. in diamet r 

and 90 01. long, and th other li in. in diameter nd 115 

em. long. T.h r m in1ng diel ctric rod is a l 2 in. 

se cylinder 95 em. long, machined from a circular rod 

imilar to th one mentioned bov • The br s cylinder is 

a 1 in. outside diam tar tuba with a wall thickness of 1/32 

in. and 200 em. in length. Th second conducting cylinder 

as mad by eo ting th lucite semicylinder with a tignt­

fitting layer of aluminum foil During th experiment, 

each cylind r, xcluding the br ss one, was held in place, 

at the lower ond. by a wooden stand. The br sa tube was 

fitted with n iron base ot it own. 

Th pri de by c. E. Jordan (7) in thi 

laboratory, i 
0 0 0 

a ~.5 -4.5 90 prism ·lith tl o 33 . 3 em. faces, 

46.9 om hypotenuse, nd having h ight of .50~5 om. 

"s lectron 5026"• the osetting plastic obtained from th 

Pitt burgh Plat Glass Co . was used in the construction. 
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XPERIMENTAL P OCEDURE SULTS 

It is senti 1 to an xp riment of this kind th t 

the amplitud and frequency or the 1ncidont radiation 

field b aintain d const nt to oloso tol r noes . s 

indicated in s ction 2-1, eana are vail ble for monitoring 

the power level nd frequ ncy of the microuav energy in 

th ave guide leading to tho horn. Aft r an initi 1 warm-

up period of t le st t n minutes , th power level wa set to 

the desired valu by th attenuator, and tho reading on 

the monitor noted. During the cours of" the exporimont~ 

this 1 vel was constantly ch eked for any possible v riation. 

It was found that the pou r 1 vel did not vary by more 

than 0 . 5~ over a period of 2i hours . An ctu 1 run took 

loss th n 20 minutes to compl t , and the vari tion during 

this int·rval was n gligible . 

Although th klyst on used ~a factory tuned to 

the working fr queney of 9.375 kl4c/ oc ., the ctu 1 frequency 

obtained depends to some extent on tho tub volt ge • The 
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tubo r-my bo opcr· ted iu one of nov0ral diffe::.."ent modes, 

· nd a small ad jus tr:1ont in rcfl.-;c toP Yol t -ge is suf .. iciont 

to ring tho frequency to tl1L desi:;:· d value w Hm-Icnm", in 

any giver.. made) tho !!lost stable operation Ut4S ClC~1i~vcd by 

udjustin~ the \~ol tage3 fo1• ma...tL·m:r'l output. Hhen ths was done 

{usinr; :rr110de A'1
) )1 the frequency lms msa3ured t:l.nd found to 

be 9 . 38J k~c/sac . , ~nly 0 ~ 053% greeter than the ab~ve value . 

All runs uere tah:or.. >-rl th t:!:1is s~ttino- ~ 

In order to retermino the stability of the ~~equency, 

the w:alue ~JaS checked periodically .. This had to be done 

im.-nediatoly before or after a run: s.:nce tun.:ng th .. 

frequency :r.;eto:::-- t....._..rough ~·esonance caused a small va:"'iation 

::.n the pouer level. It ~vas fotL"ld tu1t after the initi' 1 

e.djust.-nonts, the frequency chanzed by less thun 0 . 27~ over 

.::;. por1.od of 2 hOU1'8 .. If the frequency drifted from tb.e 

opor·uting value by more than t:11s amount, then the klyotron 

vol tagos uero :ro~".djus ·i.;ed for m ximum pow ... r out ut. 

3- 2 Gcometl~y of iffra.cti on Experiment and ?lad n"' of Rods 

Th.o uxi s convention used by •.~oese and V1n.i t ( 3) 

has been adontod in this ·J'Ol'J< , and is as follows . The 

,oometrlc~.l axis of symmetry of' the horn, oro the &xi~l of 

pronago.tion, in called the x axis, The source of radiation, 

which is taken as tho geometrical apex of the horn , lies 

directly on this ~.;.xis . The y .?.xis also lio., in tho 

hor·izontal plane cutting the x axis at the origin, which 
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locnt the cantor o th cylinder . The ax1 of th eylind 

is co xi 1 with the z s, 1 ich runs vertic lly . (See Fig. 20 ). 

n~ ord r to loc t th cylindo s corroctly, th x 

and y x 1er 1 id out e r lly with pencil lin s on th 

floor . Th y axi u a plac d at dist n of 5. 0 met from 

the E-pl v rt x of th ho n . Th x ct po ition or this 

point ovor th floor lras loc t d by tho usa of plumb bob . 

on one of th c1rcul cylinders was to b plac d in 

position tho front odgo Of th prob l1 !nOV ·a X 

eoordinat qu 1 to tho diu of the cylind r . ~o make thi 

adjustment th ,linder r diu r s measurod o f on the 

positive x. rut1 on the .floor ( in tho dir ction l-I y from the 

horn) nd th front ed e o th probe diode s t over this 

pot 'lvi th tho plumb bob . The ylindor w s then cent or d L 

front of th prob , b r ly touch ng it . 

s !cylinders r10 or difficult to sot up 

than th circular on s . Th method used s to oxt nd the 

y xi on th· floor to th r t h d taJ.l, nd to pl c 

a am 11 mark on tho wall directly above tho 

ange tho cylinder to h v 1 ta plan face 1 ay fro th 

source , th probe dg u s pl o d directly ovor tho origin of 

ooordi tos, nd th rod centered in .front of tho prob ltith 

1 ts pl 0 rae just touching 1 t . Th cylinder 1 then 

otatod until th pl o f c lin d up visually with th 

pot on th 1 11 . To sot the ~od tith its pl no f oe 

ton the ourco • the probe ed t.r s sot boh1nd tho origin 



by an amount equal to tho radiu of curv tur a of the 

semicylinder. The curved f ce w s then brought adj cent to 

the probe . and the plane f c lined up visually with the 

spot on the wall . 

The prism was pl ced in position in much the srume 

manner s ere the semicylinde s , In both orientations of 

the prism the probe edge Jas first set directly at tho 

origin. To set th pl"ism up with its hypotenuse f ce aw y 

18 

from the source, fine pencil line was first drawn vertically 

down the center of this face. This r cilit ted the centering 

ot the prism in front or the probe . The sam spot on th 

w 11 was then used to line th hypotenuse up uith the y axis . 

For the remaining case, a second spot was pl ced on the 

wall to t t'horn" side of the first spot by a di tance 

equal to the altitud of tb triangular cross section of 

the prism. After the apex edge of the prism bad b en 

centered behind the probe, the hypotenuse face was ligned 

visually 1-1ith this second marker . Th ex ct positioning 

ot each diffracting object is cle rly indicated on the 

relevant figlU'e ., In all cases, xc pt th two invol tng 

the prism, th objects are drawn to scale . 

J-l Procedure in Taking Runs 

A explained in section 3-2, preliminary to setting 

any object in place, th probe h d to be prop rly positioned 

at the origin, or behind it . One thi had b en don for 
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either case , the meter st~ck on the optical neh 1as moved 

toward tho horn until the nearest uire just made contact 

1ith the wheel on the trolley. This position was determined 

by listening for the click or the relays . After the correct 

position of the meter stick had bean located, successive 

adjustments or the probe were made by means of the calibrating 

system rather than by the plumb bob . 

Each of the experimental curves shown in Figs . 7-10, 

13., 15, 16, 18-» 19 is the re ult o averaging thi•ee 

independent runs on the c rresponding object . Each run was 

preceed.ed by , and followed by a run on the incident field . 

The field runs before and after l-tere compared to s that no 

noticable changos in the field pattern had occurred during 

the main run. Th procedure '\'las as rollot-ts . A :field run was 

taken. The rod or prism was then set · n place and a second 

run made . The object was then removed, and the field run 

repeated. This was oll0t-1ed by a second run on the object 

and so on, alternating field runs and diffraction runs . 

Thus each i':t.eld run, except the r:t.rst and lust , served as 

both a run folloring , and as a run preceding two succeeding 

main dif:t:'raction runs ~ In analysing the resul·bs , the 

field run immediately following the dif raetion run in 

question was used. 

l-4 Analysis of Result~ 

Since the units of 1nte.ns1 ty on the recorder char t 



ar completely arb trary, and since he incident field 

itself does not comply to the ideal plane wave case, the 

intensity pattern of each diffraction run was normalized 

to the field pattern. Unfortunately, all reflection from 

the back wall could not be eliminated, and interference 

between the incident and reflected fields gave rise to a 

standing wave pattern along the axis of propagation. ~be 
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p ttern was found to be quite regular with a half wavelength 

spacing between adjacent peaks . sample of the axial fiold 

patterns obtained is shown in Fig. 6 . Since th standing 

wave pattern was regular and consistent, an average .field 

value was used in obtaining the final results . The estimated 

average of the s ple pattern is also shown in Fig. 6. The 

standing r~ave pattern auperi posed on each main dift'r·action 

run was averaged out in a similar manner . 

Because of the differentiator in the calibr tion 

circuit, no marker pip was produced corresponding to the 

surface of the object, and this had to be located on the 

chart by measuring back from the first marker the equivalent 

of 5 em. of probe motion. By chance, the track and chart 

speeds are related in such a way that hal.f an inch on the 

chart correspends to one centimeter on the tracl, _ Pointe 

were taken not more than ! inch apart on the difrra tion 

patterns , and normalized to the incident .field value a·t; 

the corresponding points . The three sets of results .for 

each object were obtained separately, and the data for 
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correspond! g points av raged. The final avorag d results 

are plotted in Fig ~ 7-1 , 3, 15, 16, 18, 19 s .:.t tod 

earlier. In placi g t e points on the curvos, t e radi 

of tho pr e itself w s lso t ken into consideration. 

3-5 The 1 Inch Brass Rod 

The observed diffr ction pattern for th 1 inch 

diameter brass rod is shown in .. ig . 7 along vd th tho 
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results of theoretical calcul tions . The calculated values 

l-tere obtained using a formul dori vod by Froese and 'Hai t ( 3), 

and are presented as the d,sh-dot urvo in the figure . This 

for-m'.lla is given in the Appendix along with a briof 

description of th procedure u~od in tho calculations. 

As expect d by theory, the intensity very n ar the 

surface is small, approaching zero . The actual intensity 

~ight at the surface could not be observ d because the 

distance of closest approach of the probe axis to tho 

cylind r was determine by the probe radius, 0 . 125 em. 

Th exp rimental curve is very simil r in shape to the 

theoretical one, but is noticably higher, particularly in 

the ree!on close to the cylind r . The finit length of 

the probe is likely respo~iblo for this efreot . Ideally, 

th prob should be of z _ro 1 ngth, since it is placed 

normal to the axis of symmetry of the cylinder . Tb. ends 

of the dio e extend beyond the x xis a i tance of 0. 35 

em,, or i of the cylinder r adius a . Hence , vthen the probe 
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:L1 :!.1 . ..... dlJ. :.e'.!..'J ...:-oi, ...... .AcroHi..v-e::. of he ~.liode 

l ury . 

"-• st vlaVolon "th f!"Olil -lj'lo GU.i"'J . .'UCO, re Ching 0 , per cont of 

its :'ino.l vul uo .:.n this r Jgic_'l . .\o Hell 

steeply m at• tho cylinder . Boyonu th s rogJ.on, iliu :._"'..._old 

L1tons~:tj 8.pproachos tho value it v.roulu h ve if the cylinder 

xa:.e n t f:Jl'escnt . It i.., c t.1j,"' "'rv.l the ..:.'iguro tbut., vlw finite 

l.ong·~h f the proiJo is not. such un lmp rtant fa. tc1• well 

b.J.Ck fr01. tb. SUi".f'C..CC • 

3-6 The l.J..- Inch Foil - Covered Semicylinders 

~n,e d:;.ff'i ... tcct:Lon p o. Jc ~el'n:: of the ~vwo alum.inun-

coL.. -cod aer:1ic l::.n o_ s aro cui tv si . ~lar to thc v .1. ... dt.: JCt b,.r 

tho full bruss cylinder. The most slgnl ict:.nt di..Cfe.L'enco is 

tho fi6ld valuo o , 125 em. from the sur~ace . vfuen the lane 

face as sot l oc)king u.'.IO.Y lrora tl o sourco t the inccns::.ty 

v :•y clos to the cylind e:t." ll s found to be lmost zero 

(Fig . 8 ) . 'rho distanc acr·oss tho plane faco is 1~ inches , 

approcl~.bly groa tor tha ilie length of' the diode . Also , 

unlike the c· so of cir•cul r· c ,.nd.uc tor, the plano f ce of 

tho semicylin r does not curve aw~y from the pr be leaving 

parts f it .... signific nt distance from the rod. 
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e 1 t 1 slop 1o ot ~s ~eat o r th 1 ·nch 

bras tub~, an t curv leveL .. o f' 

~ ou vor , the long gl"a :ua 

about th~e wav engt ~· o 

twice s great . 

i \lhic .. t (a 

tho .surfac . has 

lo.er v u . 

plac boyon 

ope -arly 

~ case w th the pl e face toward tho so ce s 

shown in Fig. 9 . s r1 th the bz·as rod, th f old behind 

the curved face is not zer , although t is li ch cloner tc 

it . Both the probe length and the probe d amet r b co e 

less i port nt as the size of th r d s ncr se • Sinilar 

to th circul · r cylinder ca o, the 1 t sty ris no•e 

:x•api ly behind the rod than it oes f r th prece J.ng 

semicylindGr ase . The o· ly notic ble difference n th 

patterns for the two se. ylinder o curs thin about 

l}A from ti~e surface, the ~ o inte si ies becoming lmost 

id ntic 1 beyond this region. 

3- 7 The 1 Inch Luc1t Circula~ Cylinder 

23 

i g, 10 ows the e per ental nd theor ticMl 

curves for the 1 inch luci"t rod . ( ctual mea urement showed 

the rod to have n 

&~erimentally, tt 

vora e rad us of 1 . 33 a. at the center . ) 

inten ity r s s s1 rply nd ont·nuously 

as t e surf ce or the cyl nder i pproachod. eor-tic lly , 

hol ver, t re is an int um bout 0 . 12A. f'r01 

the surf ce . 1rhat his · s not obs rve is o t lik ly a 
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esult of th integration of inton ity over the finite length 

ot the probe diode . eradiation from the probe to tb cylind r 

and back to the prob g in, i an xpor1ment 1 disturbanc 

Which may also modity th ideal field pattern at closest 

pproach. 

According to geom trical optic » ther is a partial 

focussing of the radiation in cusp shaped region immediately 

behind the rod as hown in Fig. 11, and discussed in some 

detail in Ref . 4. Th re does not exist any sharply defined 

focal lin through which all th radiation passes . Rays 

which paosed through the cylinder making sm 11 angles with 

the x axis form the tip of the cusp . Incident ays 2, 3, 4, 
and 7 in Fig. 11 ar -qually spaced, so that th flux 

cont ined b tween adj c nt rays 1 the same in each cas • 

It can then be seen th t, after passing through the cylinder, 

th flux density on the x ax1 i great st in the region 

n r r y 2. In ddition to th gr ater density of rays 

cutting th x axis in this r gion, the smaller initial 

angle of incidence of these rays on the cylinder results 

in a greater fraction of th energy being transmitted than 

for rays incident mor obliquely . Closer to the surface of 

the cylinder the density of rays near a giv n point on 

the axis is less , in ac~ordance with the theoretical results . 

Bocaus of the php ical ize of the detector, rays 

ott the x axis contribute to tho observed fiold intensity 

a well s do tho d ir d ones on tho axis . Consequently, as 
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th probe s r.1ovod fro~ t o tip o · · e u p-sh· egion 

tow ra. h · cyll e , e n e:r•ceptod 

by t . additio $ t . probe more ser.si ·ve t t 6 nds 

than it i~ at e cente • \Jhi t int s ty on h s 

deere sos, tho otal norgy extracted fro the fie d appears 

increase Ths is equ v lent to s ying that the in ten ty 

integr ted ove. t .. 1 gth of the pro· e ·· nc oaso even 

though th intensity on tl ax1 alone deer as a • :u order 

for this to occ , the idt of the peak sp nn0d. by t e 

probe ould h ve o inot•e s x ·in db lo. 

rr:n fiold patt rn long line :r-a.ll 1 to t 

x· s nd tv rious 1st nco~ be nd t e cylin e o~ib ts 

a hi · e ~t on tr.. x xis . n · th r sido of th x 

rops oft r pidly b o g n urly z r 1ithin 

l or 2 em. i h th· 0 

a in t is ex eri1 ont, only 

the dio e e p 'l'..,i nc s th 

lac d ··ro.llel to th y a;;;:i 

stnall s ction near the cent r 

ull field in onsi y 

ropres nt ti ve o th · p t alue on th x o.xi , J: e ends 

of ·lih d·" od e.x.te d b yond the p ak into reg on wf.t r. ·the 

intensity is lol:le • H nc ·th measu d valu o· e l.leld, 

whic 1 ·~e ro ul o the n"tegl'O. tion o 1 t nsi ty ong 

t1a langvh o th probe , hould be louor th n th actu l 

valuo on the _ .xi • , "o:o. the observed ield :tnton _ty 

.; incre e uhlle t e p v lu ac ually d crens s , ·ho 

pe k rould have to bocom . ~ der n sue a w tl u: the 

inc e sed eff ct at the ends of th& diode outwei gns the 

to 
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reduced effect ~t tho Conte 

Unfortunately there are no experinlantal results 

available to verify this hypothesis . Any attempt to dotermin 

the actual shape of 'the peak behind the rod would suffer the 

same difficulties of resolution as the present experiment. 

R ~ults obtained by Subb ruo and 1cLay (ref. 4) using the 

parallel polarization do not shovr any eviden o of oi ther 

the broo_dening of the peak, or the lowering of the peak on 

the x axis as the rod is approached . However • the 323A 

probe diode used in this previous worK had a radius of 

about 0. 27 em. , and the effect under oons1aerat1on occurs 

in the theore leal curve at distances less than 0.4 em. from 

the surface of th od. This distance is not significantly 

different th n the radius of the probe itself , and a further 

investiga·tion ,in this region using a probe of smalle1, 

diameter may prove profitable ., 

The field intensity behind the rod drops sharply 

within the first wavelength or so from the surface as 

expected from geometrical optics considerations . However , 

contra~J to the previous discussion, it always remains above 

the theoretical curve . It is se-n th t simple geometrical 

optics is inadequate to explain fUlly the experimental results . 

A more rigorous treatment uould include the diffraction 

around the rod, which lL s not been taken in ;o account in 

the above gvometric 1 optics treatment . Ho1ever all such 

effects are incl 1ded in the solution of the theoretical field 

equations . Th~re is thus no explanation immediately available 



for the fact that the exp rimental curve is above the 

theoretical on in this case . 
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The theoretical determination of the diffraction 

pattern along th x axis ~as continued for points inside 

the cylinder its lf . The results o these c lculations re 

shown in F g. 12 along with the points already presented in 

Fig . 10 . A few points outside the cylinder in the negative 

x direction were also determined t o show the continuity of 

the curve at the surface . 

It is seen that there ar two peaks of intensity 

inside the rod each of which ia narrower than the one outside 

a X=l . 6 em. The eaks (and the troughs) become lower as 

x decrease algebr ically. 

3-8 The 1·, Inch Luci to Circular Cylinder 

The 1~ inch lucit rod (fig. 13) produces an 

observed dlffr ction pattern similar in form to that of 

the 1 inch rod, but with a 13 per cent higher pe k . The moat 

outstanding difference between the two cases is tho fact 

that the intensity behind the 1~ inch rod drops to a much 

lower value . At a distance of about 3 wavelon ths from the 

surface of each cylinder, here th two curves have nearly 

levelled out , the in t en ities differ by a factor of mor 

than 5. Ho ever , the tail end of the experim ntal curve i n 

fig . 13 shows a ve slight upward slope suggesti ng that 

t ho value rises again many wavelengths from the cylinder . 

The curve for the 1 inch rod, in cont rast, is -i::Hr.:e-,;:-=---.~:-<~W:-=:!::-:!:-!~ 
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still £alling in this sam· regio • 

The theoretic 1 results for the 1! inch rod 

(mo sured radius 1 . 916 em .. ) differ from those of the 1 inch 

rod in t1 o outstanding Hays ., There is no lal"ge peak of 

intenoi.ty out .. ide the cylinder on the positive x axis as in 

the 1 inch caso . Also , t1 theotaotical curve lies almost 

entirely above tho experimental ono, as expected from. 

previous general con"'iderations. Only at points very near 

tho surfac is this situation rever ad, Beyond about 6 or 1 

em. from the surtface of th rod, he two curves become 

very nearly p rall 1 . 

As was done for the 1 inch lucite rod,. points were 

calculated for x values inside the cylinder. Fig, 14 shows 

the results of these calculations ., There is a sh p peak of 

intensity very close to tho surface t-Ii t..">. the value inside 

dropping quickly to inimum of less than ball.' the surface 

value . There are th e peaks of intensity lying entirely 

inside the rod,. and these have rapidly decreasing amplitude 

with decreasing x as in tho previous cas • Tho four pe ~s. 

including the o e at the surfaco, aro nearly equally 

spaced. having a separation of l c • This is just a half 

wavelength for th 10 l i.e/ soc . r diation -u'hen traversing 

a dielectric of refractiv index n=1 . 6. 

3-9 The 1! Inch Luci te Semi cylinder 

The two cases ot the lucite semicyltnder* shown 
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in Figs . 15 and 16, are seen to be very similar in form . 

Both curves rise to a peak about 2 em. behind the baok 

surface of the rod. The heights of the two peaks are nearly 

-the ""arne , with that sho"t<m in Fig. 15 being roughly 3% higher 

th that in Fig. 16. These peaks indicate that there is a 

partial focussing of the radiation ~ehind the cylinder in 

each case . There is, as with the full lucite cylindors, a 

c1ustic region behind tho rod whor the intensity is large, 

falling orr tvi th increasing x . 

As shot..rn in Ref . 5 and Fig. 17, the caustic region 

behind the two semicylinders is larger and extends .further 
~~ II 

along the x axis than it does in tho case of the full 

cylinders . In addition, the intensity Should not decrease 

a rap_dly with increasing x for this case . Inspection of 

Figs . 13, 15 and 16 shows this prodiotion to be in agreement 

w1 th expe:t•iment . 

3-10 The Dielectric Prism 

The diffraction patterns for tho selectron prism 

are shown in Figs . 18 and 19 . In the first case (Fig . 18) 

several high peaks are observed along the x axis, he dist nee 

betL-1een penks increasing with incro sing .x. . As shown in 

ef. 9 for similar orientation of the electric prism, 

the incident beam is split by the prism into two overlapping 

beams . There is strong interference of the two beams in 

the ~egion of ove~lap, producing a set of interference 
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fringes along any horizontal line normal to the x axis. 

Along the x axis itself, hm·laver, there should be no 

significant intensity variation as a result of interfer nee 

alone .. This follows from the fact that oorres_onding rays 

in the two overlapping bemns travel equal optice,l path 

len<Yth to reach a given point on the axis . Each beam hae, 

however, effectively passad thro gh a diffracting apertu!'e 

apnroximately 10 wavelengths wide, and will thus have 

diffraction pattern superimposed on it . The superposition 

of the two beams. and hence of thei!' corresponding 

diffraction patterns, will result in a variation of int nsity 

long the x xis . It is likely that the patt rn observed 

can be explained in teFms or this supornosition of diffraction 

patterns . 

It is readily shown that the two beam from th 

'biprism" overlap out to e. distance of about 33 em. on the 

x axis (see Ref . 9, Fig. 6)~ Beyond thi point the intensity 

would b xpected to f 11 off smoothly with increasing x~ 

Such is se n to be tho case, at least within the region in 

h1oh observations were de . 

Th second a so of the prie , , with the h potenuse 

fac toward tho source (Fig ,. 19), is ·'lery dissimil r to 

the case just considered. There is total internal reflection 

or rays from the tl-10 oblique faces so that, according to 

geometrical optics, all radiation incident on the hypotenuse 

face is eventually returned along the path of the incident 
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b • In thi ideal c se, the inten 1 ty b hind the pri _ 

anywhere within its n-eornetrical sh dou vrould be zero .. In 
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r ality, th observed int nsity behind th pri~m i. finit 

b"t much lower than that observ d in t e previous cnse . Only 

vecy clo e to the p x edge of the prism_ is the intensity 

appreciable . According to electrom gn tic theory, th ~ is 

n vano c nt wav pro ag ted p r llel to the plane dielocvric 

sv~f c of th prism in the opticall loss dense m dium 

hen th an 1 of incidenc of radiation o1L the surface 

from th optically d nse side equal or xcoed tho critical 

angl • The amplitude of thi disturbance deer~ s s 

exponentially with 1ncreasi g di tanc from th surf ca . 

er is, in addition, no n t en rgy flow throu:h 

surface unJess th ev nascent wave i~ disturbed by th 

pr ence of an object such as th diode probe . ~s n 1n 

Fig. 19, th ev ne cent wav s propag t d b hind th two 

totally reflecting faces of th prism appear to m rge nd 

reinfor e in th 

s effect wa 

r g1on clos bGhind the 90° corn r . The 
0 

obse~v d near the 90 apex dge of the 

pri m by Hedg coo us ng a polariz tion p 

dg {se Ref . 9, F g . 8) . 

11 l to th 

3·11 Effect or P~ob 

th th 

The compari on betw n theory and axportmant for 

circular rods shows th t th r 1 1 in each case, 

discrepancy batw en the c loulat d and obse ved rosults . 

An attempt w made to xp1 in this r ct in terms of th 



l. ini te length Ol th probe iod • A1'te1 .. tho rosul ts 

presented in this iliaais h d eon btaincd, a derect n 

reg r to s 

being conduc 

et~y of ~he prooo 1as di~cov reQ . T ~ts were 

to determin lilt> asl !ity of roduci 

the effeu ti ve le gth of th diode i t e ho::... zo J.:;<.l.l plru 

32 

by rotating it a out the axis ol the supp rt rod un~il it 

made a sm 11 angle with the (vertic 1) z axis . In t ·s way, 

only a small component of the horiz ntally p riz d f eld 

would be detected. The pl r gain was incre sed to 

allow for th decreased sensitivity of hl1e probe , when in 

this position, to the horizontal electric ve tor of th 

incident field . Th field patte-rn observed with t;he probe 

in this or~entatiou was identical to that ith the probe 

horizontal , as long as 

pl ace . When s were m d 

diffr cting object a 

ith a cylinder in p 

not in 

co , ·iJle 

results obtained did not agr e with previous resul~s except 

as regards th general form of the curve . 

As a result of thi p ticul investigation, it 

was found that the no alized field intensity pattern 

behind the iffractin rods are in some ay dependent on 

the angle between the probe axis and the z axis . In acid!. tion 

to this , th re ults for glo~ 180° apart wer not identic 1 

with thos obtained by turning th diode end J.O end {180° 

rotation) . However, in this special case , the diffor-onc 

is relativ ly sm 11 . 

No explanation of this ef'fect is forthcoming as 
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yet, lthough the phy ic 1 construction of the lode its 1 

ppears to b p rtly re pon ibl • Oth r probes constructed 

from di ferent diod s of the samo typ gave the same results, 

even when the diode mounting was modified. It is possibl 

that the pattern of respons of the diode to radiation 

coming from different directions is not synml_trical about 

th oent r of the diod • (This po sibility was mentioned 

n section 1-3 in connection with fi ld measu menta made 

off the x axis . ) This could result from the g om trical 

as ctey r th c17st 1 and "catts whisker" in th diod 

con truction. In this c se, different intensiti s of 

radiation reflect d f o th lls, and inci ent on th 

probe fro ifter nt dir ction , could modify tho obsorv d 

patte ns in a w~y depending on th orientation of th diod 

1 th f! ld. 

Refl ction of r diation from the walls of the 

dai:>kroo may give rise to small lcctric fi ::!.d components 

in th z direction., The angl b tw n th z is and th 

probe uill determin the extent of' respons of th 

probe to thi z component it pres nt . Sot1 spurious respon 

or th prob t th x component of this field can al o b 

xp ct d p tly as result of misalignment of the probe 

par 11-1 to th yz plan 0 Ev n if perfoct lignment or th 

probe axi wer possibl , 11 parts or th sn shaped 

"eat 's whisker" do not 11 long this axis nd will b 

onsitive to other field components . Howev r, on ~ positive 

x axis the x component rising as a result or the 1nteractio 
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of th 1nc1d n~ fi 1d ith h ·y1 n i1 :::> v "!"! a 11, 

r 1 ction fro th n contr bu ion. 

J-12 Conclusion 

Th 11 in obj c-ci 0 J.1 .,h 

v luali n of tb. p rforl n r he .L1 1 nt 

pp ra fo h ci 1 c G 0 0 ular 

to lih plan of incid nc • " t 1 ),'>' ction 

m ur e:rt u..,i hi pol ri~a ion presonv pe 1 

difficult intlod 1 of tho det ctin rob • o· jo 

conce n 1 th physical aize of t ro t 11' , 

p rt cul 1y its 1 ngth . The com ri 01 n A. erim ntal 

a theoretical r a 1 i 1 u·p c 

· tabl pl cry t diode prob i not l'Y or us in 

exp rtments ith a ol zation p r n uular ·o th 

Sytl t o vh diffractin c ~ind r • Th am llest 

crow ve d1 es p en lily ail ble eu~e st 11 too 1 r 

to give ood re ul s with t uavelength and objoc siz 

mo t conveni nt for 

In d ition vO t 

o counte ed, ap)a·ently ~ 

1 o · die to ~1a sp c a1 

de 1 of prob s j.Or us 
r 

~nt rn 1 stp cture of th 

nv ·1.;1 t· n • 

rob1 m, ·'·h d1 ficul 1 

r sul or syr: e (.l"Y 

ntion u t b 

i·ch thi pol 

c o. v dlod 

ivon to ·h 

to b ali 1 p r 1y r spon ibl for h 

lf ppo r 

try of th 

d rob bly direction 1 ch act ri ic of ·h probe , 

give riso to puriOU$ nsitivity to fi 1d components 
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norm~l to th UIOb xis . Otho ossibil_ ·l,;~.os uo thy f' 

con~lderution ror the o truct! or prob~~ 1 clu? th r.mal 

ete~toro sue ~ a" bolo. 'lOt-~ or· th l~Jrl.stor>s l el tric 

!pole ma 4 o tvire, and I g;notic t ... rl d ·· octOl" (loo 

~ntenne.e) • 

In api to or t a shortcou-ng. - the probe I the El in 

feat-ures of the di "i'l~a.ction pattol,n.s of th v ri u •. ods 

J:n 11 cao s 

volving cylin~ers, tho 1nt.nslty e th·r ecr e s or 

_ncreas s s_oothly ·ith inc e ~ ne x. A zpectec., th 

i tonal ty behind condu.c tors in s:u 11 nc :r h sm: ,.. ce, 

ncr · ing ll.?i th increasing 1..,ts.nco , long th 

oppo ito 1.. .. the co.se f.o·" d.iel f,.. tric cy_inder , at lo..-.s·: 

Calculations c rr1 t.l out for po::.nts in··lC.. tho 

ttto luc1 te c rcular cyl-~.nd r ha v pr du ed 1ntor stJ.ng 

results t-rhich cannot b dot ined xpcr ontally. The 

o~cillating p tt rns inside tho o s ar quite dif£ 1· nt 

in tructur from tho patt rn out ide along ~~a positive 

X is !n ach Of the two cas 1 th r is D. high pe t 

of 1nten 1 ty insi e th dial c.trJ.c cylinder bo .... wo n x = 0 

and x = a . Similar calculations for th tit40 ods taki the 

polarization pa.ral el to th a~~is of oach cy:!.inde,.,. ht vo 

just been compl ·t ed by • • B. McLay . The~e ro u:ts, 

uhioh liill not bo pros nte h r , o.ro uito simila t 

t1ose alr ady pros nved except fo c. one not Aoabl ffer nee . 
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Th i:..t nsi ty :n _ "..r e L ... Atch c 11n r .... a .... 

found tc 1 c 1 nth .• re · nt ~a (by <;t. facto 

of ore th. 2) . 1 t of 

h rods · a::- s o 111ch lo in h 

vnl e of IEz./ 
0

j
2 1!1. the n 11 1" ca.... is t; th 

S' rf c ( = a} o th cylind nr~ "'DLll t Q ..., t on 

of the pee s inoide . The value o 1~ t.1.e 

11 orpend cul " c o 1 re.. t v ly • _ul a 1..: .... uri ac , and 

elati vely lo.rgo ~ t the pon1 t ... on < £ ~-he p th rods 

frev1ous oxpcrL~enta me uro en ~ m o by D • c 'Y an 

ether l:orkers .n this u or ... co... 1 u_ ing ·ho p nr1z ... tion 

parallel to the xes of the roC. 

t c high 1ntens1t vn u r cn_c 

cree r -trly el 1 1 

for- th_ noa.r 

tl .urfac o the cylinder . A ch ck on ~hoc ~cul to 

in both c ~c is afforded J t cont n .• t of~ c c lculat 

curve throug ach sv~ c • 



IX 

In tu 1 

vT ves ound obj t comp rabl in siz to th w v 1 ngth, 

only very crud 

pos ble 1 

xplanation ot the ob erv d p tt rns 

impl trical optic • o tmple 

p y ic 1 gument 1 utfiei nt for comp1 te u ntitat v 

d cription. uch c se ~ olution of axw ll's equ tions 

ith th proper bound 

tistactory th or tic 1 

Pro e an it ( 

condi ion 1 

ly 1 • 

t . 3) h v 

ec sary tor 

solv d th bound 

v lu probl fo 

dielectric constant • 

ylinder ot 1nfin1 t 1 n th, having 

d p rme bili ty )1 • Th cylind r 

is oundod by di w th con t nt (G0 ,p. ) . i • 20 

show the g m try o t ditfr ction xp r ent . For 

diel ctric ro d incid nt r d1 tion polariz d with 

electric vector perp ndieul r to 

sult is given a ollow • 

- - 1 

e cylin er s, th 

(For radiation emanati ng from a "line " source at (- x, O) . ) 
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h r 

n 

whe 

k = 2 1/ 
A. 

A.= f 

= 2 (m ,c 0) 

J -1 p = t n -
X 

t J\; = t 

p ee v 1 g • 

t 6 (x) = Jm( x)/Y. (x) 

t ( x) = ... xJ. 1 ( x) / Jm ( x) 

t ts. (x) = - xY. ' ( )/Y. (x) 

F. = e 

re u1t (1) 1 x r s s r tio of th e ur d 

1'1 ld to the n 1 nt field t th point (x,y) an give 

t ize 1 ctr c i ld v lue. 

or th c e of' inter st in this rim nt, th 

coo dinat y is ze , which result in a eo 1d rnbl 

plitic on in th ev 1u tion of o e or the bov 

xpr sion • ith thi condition po d w h ve, for 

point out id th c lind r , 

Po ~ ( ay h v po i ti v or n g i v v u ) 



( or po itiv x), o 7r-(:Co neg tiv ) 

P =II 

F. = 
(1) . 

( p )(cos mp cos p) 

o th (1) becom s 

For positive • th t {co 

-in ·:· i "* .....," s n 

(cos 

(1)'( ;o ) 

co p) 

co p) is unity. For 
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(2) 

neg tiv x :tt s 

Thu , point of 

v lu +1 fo od d -1 for v n • 

v lu c n b obt in d fr th 

num :teal 

ply y h n 1 th 1 t v n 

terms, nd ch ng n th i of th in kx te in th 

o ntial :tlot. 

·heor tic 1 c ve for • oints outsid th l 

and 12 inch 1 1 c tri cy1inde~ 1 r c lcul t d u i 

qu tion (2) bov , t iti h A oc:t tion th tic 1 

t bl s being u d for the B l functi n J. and - • 

(H 1 func ion)' ot the t:tr t ki d ~ ( ) 
1 

i 1 v n by 

Hm(1) ' J. '+ ym' 1 

wher 
t 

Jo = - 1 

nd • 



+ * * sin '7lmand cos 1m w r found fro tan '7"' u 1ng the 

trigonometric tables from the H ndbook of Ch m1 try and 

Phys cs and inter olating Jhere nece s ry . The results of 

the c lculations ere squ rod to get the normalized 

int nsity 

alternativ thod or v lu ting e u tion (2) 

ay be . ployed. The te = - si "rl.; ·· e·i1l~ ay be 

v luated thout recourse to th tan ~: formula by direct 

valu t~o of tho oll in xpres~ion. 

rh r d b = Nka 

In t~ e a of th conducting cylinder 

1!;; ____. ' (k ) 

h r t b' (x} = - Jm ' (x )/Ym (x) 

It a found that the erie had to be c lculated 

as far s ten terms for points n ar the surf ce or tho 

cylinders . Fo points further out, six or ei t t 

were quite sufficient for prop r convergence of the eries . 



e expre ion for points i ide th dielect ric 

cylind r <p< ) i a follo • 

Ey = I c, i -1 cosp J~(Nk ~ in 
11J:D 

her the ctor is giv n in full by 

- ~{ 
-{.5) 

For th c e der con id r tion (i . e . y : O, ), oqu tion (4-) 

r duces to th fo 

)(co 0 p) (6) 

her h f ctor {co p c ~) h s th s propertie of 

sign s mentioned previously. 

Th v lues for point in id t o cylinder , 

pr s nted in Fi s . 12 and 14, er cal ul tod ro equ tion 

(6) using xpre sion (.5) for the otor.rnination o B • enc , 

it would h ve b n xpedi nt i th lo run to v lu t 

the point outside th cyli d r by us f sion (3) 

r ther tho.n by direct us of equ tion (2) of Fro d 

' it . 

>] 
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