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CHAPTER 1 

INTRODUCTION 

Much experimental work has been done on the problem of 

diffraction of electromagnetic radiation by a straight ed,";e, both 

in the optical and microwave regions, but^almost all of this work 

has been done using a conductor for the straight edge, Linder-*-

has recently measured the ratio of I^/I^, where I^ is the intensity 

of light for the incident electric vector parallel to the diffracting 

edge, and I^ is the intensity of light for the incident electric 

vector perpendicular to the diffracting edge, in the optical region 

for both a transparent and an opaque dielectric. The purnose of 

this thesis was to continue this study of a dielectric strai,':ht 

edge in the microwave region in hopes of giving some insight into 

the solution of the theoretical problem. 

An investigation was carried out at various angles of 

incidence as well as two different distances from the diffractin.=r 

edge. Only the shadow region as shown in Figure 1 was considered. 

The ratio of E /E was found by measuring the magnitude of the 

diffraction pattern with E polarized parallel to the edge (E polari

zation) and with E polarized perpendicular to the edge (H polariza

tion). 

The theoretical discussion starts with a review of the 



Sommerfeld problem to relate the paraneters to the experimental 

values for the conductor and to compare this problem to that of 

the dielectric straight edge. The discussion then becomes somewhat 

unconventional in that the theoretical discussion for the dielectric 

is based upon the results given later in the thesis. 

The results from the dielectric straight-edge agree 

2 
favorably with those of Linder, The curves from the conductor 

follow the general trend of Sommerfeld's curve but oscillate above 

and below the curve. This was essentially the same type of result 

obtained by Horton and Watson,^ They attributed this oscillation 

to edge effects, but in the present case, this can only be attri

buted to the roughness of the edge. 



CHAPTER 2 

THEORY 

CÔ 'DUCTOR 

The Sommerfeld problem is the two-dimensional case of a 

plane wave incident on an infinitely thin, perfectly conductin?^ 

half-plane. Figure 1 shows the parameters involved in the problem, 

a is the angle between the half plane and the direction of propaga

tion of the incident wave, e is the angle between the half plane 

and the direction of observation, r is the distance from the edge 

to the observation position. These same parameters will also be 

used for the dielectric problem. The edge is defined bv the half 

plane y=0, x^O, -»lz-". Therefore the problem is cor.pletely 

independent of z and thus the fields will be independent of z. 

If it is assumed that the time factor is e"^^^. Maxwell*s equations 

for E polarization (E^=Ey=H2=0) give us 

a2E^/3x2 f^^E^/ayS +k2E2=0 1 

where k=u)/c. Likewise for H polarization (Hĵ =Hy=E2;=0) we get 

82H2/3X2 +a2H2/3y2 +k2H2=0 2 

These two equations must be solved given the boundary conditions 

E =0. H =0. E =HiTT. and H, = 4TTJ/C on the surface of the perfect 

conductor where T is the surface charge density and J is the 

surface current density which is perpendicular to H^, it is now con

venient to change to cylindrical polar coordinates, so that the incident 



n 
Plane 

I . Reflect ion Region 

I I . Unshadowed Region 

m . Shadow Region 

Figure I. Formulation Of The Proble nn 



plane wave for the case of E polarization is given h'/ E C = e"̂ ' " 

where a» r, and 6 are defined as before. The solution to this 

problem, which is independent of wavelength, is rather lenrth-̂  

and is carried out in Born and Wolf's Princinlcs c^ ^ ^ • > - i 

It becomes greatly simplified for kr>>l v;hcre k=w/c = l/X 

and r is the observation distance. In this case the solution 

is given by Sommerfeld as 

1 ' " 1 E - ( l -*- i)ei^^ 
z~ 

U /TTkr Cos(e /2-a /2) Cos(e /2-a /2) 

for E p o l a r i z a t i o n . This can be reduced to the form given bv I-orn 

and Wolf:^ 

E /̂771fAiTT/H Sin a/2 r,in 6/2 e ik r 4 
(Cos e + Cos a) A r 

The other components can be found from Maxwell's equa

tions : 

Curl £=ikH^ 5 

which reduces to 

H =- 1 3̂ z 
6 Tr"3r-

for the two-dimensional case. Using the approxim,ation that 

kr>>l we get HQ=-EJ,. Since the intensity is r̂ iven by the real 

part of the complex Poynting vector the intensity in the r 

direction for E polarization is 

I^=S^=1/2(E2Z X H'^Q)-^E^^/2 7 

In a similar manner 



• y 

H =- /rrUe^^/^ Cos a/2 Cos e/2 e^ ^ 8 
(Cos a t Cos e) A ? 

Curl i i=-ik£ 9 

E.= J i i l l l r H 10 
^ ik 3r z 

Ia=Sj,= l/2EQe X H22=+EQ^/2 11 

Dividing equat ion 7 by equation 11 gives 

I / I =+E 2/^Efl2=Tan2a/2 Tan2e/2 12 
TV a 2 D 

This is the formula used to plot the theoretical curves for the 

conductor. In the case of the conductor only E^ and E- must be 

measured to determine the intensity in the r direction. 



DTFLFCT^IC 

A rigorous theory for the diffraction pattern of the 

dielectric straight edge has not been obtained, Linder^ points 

out that if the dielectric is assumed to have no thickness, there 

will be no phase change and therefore the incident wave will 

propagate as if there were no edge at all. Also no well-defined 

boundary conditions exist, as they did in the case of the conductor, 

Sommerfeld's method therefore cannot be applied. 

The problem is to find a solution which satisfies both 

the wave equation and the boundary conditions at the surfaces of 

the insulator. It is immaterial how this solution is obtained since 

the solution will be unique if it satisfies the hor.o^eneous wave 

equation and the proper boundary conditions. First of all the 

solution will have no z dependence due to the symnetr]; in the z 

direction. The solution will depend only upon r, 0, and certain 

constants for a particular problem. This experiment is designed 

to measure E /E^ as a function of G and at two different radii, 
IT O 

9 
According to Stratton , "a periodic wave incident upon a 

material body of any description frives rise to a forced oscillation 

of free and bound charges synchronous with the applied field. 

These constrained movements of charge set up in turn a secondary/ 

field both inside and outside the body. The resultant field at 

any point is then the sum of the primary and secondar^r fielc'ls," 

In the case of the perfect conductor the primary field outside the 

conductor in the shadow region is zero since reflection takes place. 
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The secondary field is a cylindrical wave advancing from the ed^e, 

A qualitative observation from our experiment can now be 

used. It was noticed that in the case of the dielectric straight 

edge, the diffraction pattern appeared to consist of one vave 

coming straight through the dielectric which is changed in phase 

by (n-l)t(360°) where n is the index of refraction, t is the thick-

X 
ness of the glass, and X is the wave length (3,3 cm,) and another 

wave coming from the edge. This conclusion-was dra^m since the 

phase angle between these two waves could be deterr.ined in t-.;c 

ways: one by microwave measurements and another by measurinr the 

optical path lengths. This sugrests that the diffracted wave 

originates at the edj?e in the form of a cylindrical vave as in 

the case of the conductor. Therefore, part of the r dependence 

will be given by ê *̂ .̂ 

Our data gives the ratio of E^/Z^^l, Linder^^ finds that 

I^/Ig is also approximately unity in the common re-ion of our data 

and his. Our data rives the value 1 for two different radii. There

fore not only the angular Darts of E^ and T.Q should be equal hut 

also the radial parts of Ê . and Eg should be equal. From our data 

|EZI/|EJ=1 i:̂  

From Linder's^^ data 

I„/I,= |E,||H3|/|E^l|H^|.l lu 

remembering that 

I = l/2Re(£ X Ĥ *) 15 

Thus from equations 13 and 1^ 



^z'=l^9 

and 

Hzl'i^el -"7 

Since part of the r dependence of the solution for the dielectric 

edge is the same as that of the conductor, v;e could speculate and 

say that all of the r dependence of the solution r,ay be the sar.e 

and let the difference in the two cases be due to di*^ferent an-ular 

dependences. Thus the r~dependence would bg' ^^ . riving us the 
v/Tr 

condition for kr>>l that 

l"9l=l"zl'|E2l=!Ee' -« 

I f the r dependence for H^ , H , E , and E,. i s " these ccm-ionentc 
e • Z' Z' 6 r— 

will satisfy equations 5 and 9 provided that 

E^=E =-H^=H, 13 

e z 6 z 

All that is left is the 9 dependence. The author's data 

showed no dependence for the ratio of E^ to E^, He was onlv able 

to measure 9 up to 31 1/2°, L'nder's optical data shovs a ?li~ht 

dependency upon polarization for 0 at larce ancrles whe^e ci^'^<^,° ,^-

For normal incidence there is no 0 dependence. Thus it is expected 

that the angular dependence vill be some function o^ '̂••-a or ^-i 

such that when a=00°, the ratio of F̂  to E^ exhibits no 6 de-^endence. 

This functional dependence should be ohservable onlr̂  at large 
angles of 9, 

The measurements taken with this equipment were onl" 

relative measurements. The absolute diffraction pattern vas not 

obtained, A measurement of the absolute diffraction ^att^^rns 
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seems to be in order since this must he done before tr<'ing to predict 

the 9 dependence. It should also be used to check the r dependence. 

Also a stronger source should be used to confirm the polarization 

effects at large angles of 0 observed in the optical region. 



CHAPTER 3 

APPARATUS AND EXPERIMENTAL TECHNIQUE 

The requirements from the theory are that a plane electro

magnetic wave, whose direction of propagation is perpendicular to 

the z axis, must be produced such that it is incident upon a semi-

infinite screen defined by x-0, -«>-z-«», y=0. The equipment must 

be designed so that the E vector can be made either parallel or 

perpendicular to the straight edge. For convenience the z axis 

was chosen in the direction of the earth's gravitational field 

and the apparatus aligned accordingly. E^ and EQ are to be 

measured at constant radii for various values of 6 for E polariza

tion and H polarization respectively. Since the ratio of E^/EQ 

is important, only the relative values need be found. 

The block diagrams on the Figures 2 and 3 give us a 

general picture of how these requirements were fulfilled. A more 

detailed picture can be realized in the following discussion. The 

source was a 2K25 klystron which produced an unmodulated wave at 

9,000 +50M, Hz. 

11 
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HORN AND LENS 

Since the maximum power output of the klystron is only 

28mw, the area of the resulting plane wave must be limited if 

reasona^Dle signals are to be expected. This was accomplished by 

employing a bisectoral horn and dielectric lens in combination. 

The horn was constructed in order that the majority of the radiation 

emerging from the waveguide was incident upon the lens, A highly 

complex system would be required in order to make intensity abso

lutely uniform across the entire wavefront. 

In construction of the horn it was desirable to have the 

aperture as wide as possible since, in general, the wider the 

aperture, the less spreading of the wave. This wide aperture 

cannot be obtained too quickly, for if the flare anq;le is too 

large, side lobes will appear and thus take away energy from the 

major lobe. There are two things to which this effect may be 

attributed. First of all, in the waveguide itself only one mode 

(TE, i-j)is possible due to the dimensions of the waveguide 
1,0 

(2.5*1 cm, X 1,27 cm,). However, due to the discontinuities between 

the waveguide and the horn, higher modes may be produced unless 

the flare is sufficiently gradual so that the higher-order modes 

are attentuated before they reach a point in the horn where the 

13 
width is great enough to make possible higher-order propaq:ation. 

These modes distort the pattern so that large minor lobes may 

appear. Also large minor lobes will appear if the path difference 

A, where A'r-D as shown in Figure »ia, is an appreciable fraction 
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r-D=A 

a. Horn 

b. Lens 

Figure 4. Horn And Lens 
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of X, One fourth was chosen to be an upper limit for A/A. Fol

lowing the argument given in Volume 12 of Radiation Laborator\^ 

Series we see that for A/Xsl/**, 

<̂ =Sin-l( X/A) 20 

where ^ is the flare angle, A is the width of the aperture and x 

is the wavelength of the radiation. Since this was a bisectoral horn, 

the condition had to be fulfilled in both the E plane and H plane. 

A horn with a rather large aperture was use<i to produce a highly 

directional spherical wave. A flare angle of 19° was employed and 

the aperture was 10cm. by 8.5 cm. The flares were made of copper. 

A horn with a much smaller aperture was desired to measure the 

diffraction pattern. Therefore a horn with a flare angle of 25** 

was used with the same aperture as that which Horton and Watson 

(H,83 cm, x 6,10 cm,) used to measure the diffraction pattern of a 

straight edge conductor, 

16 
A "delay lens" was used to change a section of a spherical 

wave into a plane wave, A solid dielectric was used to slow the 

wave in the middle so that the wave at the edge could catch up, 

A plane wave can be obtained from a point source if the optical 

path length of all the rays is the same from the point to a plane. 

The path lengths of an arbitrary ray and a fixed ray were set 

equal to get an equation for the surface of the dielectric which 

will accomplish this. Now the optical path length is the distance 

traveled times the index of refraction (c divided by the speed of 

the electromagnetic wave in that medium). According to Fir;ure ub. 
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cf/c + cx/u =c /(f+x)2i.y2/̂ , 21 

which upon squaring reduces to 

(n2-l)x2 + 2fx(n-l)-y2=0 22 

where f is the focal length and n=c/u is the index of refraction 
P 

of the dielectric. 

This is the equation for a hyperbola. Thus if one surface 

is made plane and the other a hyperboloid of revolution, as deter

mined by equation §2, an-incident spherical-wave will emerge from 

the lens as a plane wave. 
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DIFFRACTING EDGES 

The choice of a suitable diffracting edge was rather 

limited, A sheet of aluminum 1,22 m, by 1,83 m, was chosen for the 

conductor in hopes of eliminating the diffraction effects of the 

other three edges. Stability required a thickness of u.65 mm. 

Three sheets of glass were chosen for the insulator, each .279 m. 

by 1,22 m, with a thickness of 6,00 1,05 mm. All three sections 

were used to approximate an infinite screen and onlv two were used 

to approximate the semi-infinite screen. These were mounted in a 

wooden frame 1,22 m, by 1,22 m, and raised .482 m. from the floor. 

The index of refraction of the glass for X=3.3 cm. was determined 

experimentally to be 2,68, Both the infinite screen and the ser.i-

infinite screen were necessary since the former was used to 

determine the original pattern with no edge and the latter was used 

to obtain the total diffraction pattern. The difference between 

the total diffraction pattern and the original pattern was used 

to get the amplitude of the diffracted wave, 

A 38 cm, protractor was used for the measurem.ent of angles. 

A wooden arm extended from the center of the protractor to a 

wooden table (to minimize reflections) so that the pattern could 

be measured at a constant radius. The receiving horn and adjustable 

short were mounted on the table so that they could be rotated 90° 

in the e-z plane. Also the horn could be adjusted in the r direction 

to an accuracy of t,05 mm. 
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PROCEDURE FOR MEASURING THE RATIO OF Z- TO E-

In the case of the conducting edge a cylindrical wavefront 

advances from the edge in all directions. As was seen from the 

theory this was thought to be the case for the dielectric. Thus 

the most natural thing to do is to measure the E field perpendicular 

to the r direction,, using the edge as the origin. The horn was 

rotated in the 8 direction at a constant radius about the edr,e to 

measure the amplitude of the E vector. For E polarization ETT or 

L^ was measured, and for H polarization EQ or Eg was measured. 

Crystal diodes of the type 1N23A were positioned at x/"* 

from the end of the waveguide by an adjustable short. The field 

acting across the diode produced a d-c current which was calculated 

by measuring the voltage drop across a resistor in an external 

circuit. The power was small enough in every case such that the 

1 7 
square law for 1N23A crystal diodes could be employed. This lav-̂ ' 

is given as id-c*^^r-f^^ where î _̂ , is the d-c current from tne 

diode and V ^ is the r-f voltage. Therefore, since r:=V ^/L, 
r-r r~-

where L is the length of the diode, then 

EH-f^/^^='^^d-c/''^ 3̂ 
for both E^"^ and EQ^, Therefore 

Ez^/E9^=^i2L^^i8L^=Vie 2u 

^^/EQ= /TJ /r7 25 

Thus by measuring the direct current from the crystal diode we 

can calculate the ratio of E^/EQ, 



20 

The diodes were subject to fatigue, shock, and temperature 

variations which would change the value of k. This meant that a 

constant check on the crystal diodes was necessary. 

The signal was split in half by a "magic tee" such that 

one half could be used for a reference and the other half to 

produce the parallel beam. Since unknown constants were involved 

in determining the exact amount of change in the diffraction due to 

a change in the reference, the reference was used to tell onlv if 

the original signal changed. The reference was allowed to chancre 

only by 1%, Crystal diodes were selected so that the value of ̂ '̂̂ l̂ 

was between 2/3 and 3/2, This procedure was used for all amplitude 

measurements. 

In the case of the dielectric straight edge there will be a 

contribution to the electric field in the shadow region from both 

the wave coming from the edge and the refracted part of the incident 

wave coming directly through the glass. In the case of the conductor 

only the wave coming from the edge contributed to the E field since 

the rest of the incident wave was reflected. Thus onlv an amplitude 

measurement was necessary in the shadow region. In the case of the 

dielectric it is necessary to know both the phase and amplitude o-̂  

the total wave and the phase and amplitude of the wave that comes 

straight through the glass. This latter si^al was measured in 

both phase and amplitude by placing all three glass Dlates across 

the pattern so that the detector effectively saw no edge but only 
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an infinite sheet of glass. The diffracted part of the wave can be 

obtained by taking the difference between the partial wave and 

the total wave. 

The phase is slightly more difficult to measure than the 

amplitude. This is usually performed by letting two waves of the 

same frequency interact to produce interference fringes. The phase 

of one of these waves is adjusted by a "line stretcher" somewhere 

in the system until a maximum or minimum is—obtained and the two 

waves are now either 0° or 180° out of phase respectively. By 

knowing how much the line was "stretched" the phase difference 

between the two waves can be determined. Since a "line stretcher" 

was not available, a similar method was employed. The receiving 

horn was adjusted in the r direction, thus creating a "line 

stretcher" in free space instead of inside a waveguide. 

The signal from the klystron was split by a "magic tee" as 

previously illustrated (Figure 2) so that part of the sip:nal 

could be carried by coaxial cable to one arm of a second "maf-ic 

tee" while the signal from the receiving horn went into the oooosite 

arm of the second "magic tee." For the former signal one adapter 

was used to convert the signal from waveguide to double shielded 

coaxial cable and another to convert it back to the waveguide before 

it entered the "magic tee," This signal provided a steady phase 

reference. In one arm of the "magic tee" the amplitude was '̂ ro-̂ or-

tional to the vector sum of the two waves, while in the other it 

1 8 
was proportional to the vector difference. The point at which 
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these two waves were in phase could easily be found. Thin was done 

by moving the receiving horn in the r direction until a maximu--, 

current reading was obtained from the additive arm of the "ma-ic 

tee." Since moving the horn adds a large uncertainty to the data, 

a method was developed to measure the phase at a few points to a 

high degree of accuracy. 

As stated before there are two waves, the incident rlnne 

wave which passes through the dielectric an^the cylindrical '̂ 'ave 

from the edge of the dielectric. At any point behind the diffractin=: 

plane the E field of these two waves adds vectoriallv, I^ we adju:st 

the horn at position A (Figure 5a) until we get a maximum current 

reading from the additive arm of the "magic tee," th-n the v/avc 2 

is in phase with the reference. When the edge is -Placed at the 

origin, we have both 1 and 2 contributing to the phase as shcvn in 

Figure 5b. Now if the position of the horn is alread-" at the 

position where the maximum reading is obtained, then 1, 2, and the 

reference are in phase. Thus the phase can be found for a few 

points by moving the horn only incremental valuers. It vas at these 

points that the ratio of f̂-'̂ Q̂ ̂ ^^ measured. These vere also the 

points at which there was the greatest difference between the 

current reading from 2 and the current reading from 1 plus 2, thus 

reducing the error in calculating E /E^, 

Since the horns that were used were slightlr' asymmetric, 

the angle of incidence differed by 1/2° between the case for T. 

polarization and H polarization, Thii asymmetry made the points 
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Figure 5. Signal Diagranns 
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for 1 and 2 in phase differ slightly in the two cases, E^ and E^. 

The amplitude measurements were taken at a point such that the 

phase angle between E^^^ and E^ ^ for E^ and the phase angle between 

E^^^ and E^^' for Ê ^ were equal. For r=9,U5X this was unnecessary 

since E^ and E^ were 0° out of phase at the same point. A way 

to approximate this phase angle is the following: move the horn 

to position A such that 1 and 2 are in phase as previously 

mentioned. Place the third sheet of glass in position so that an 

infinite sheet is approximated. Move to the new position where 

the measurement is to be taken and move the receiving horn in the 

r direction until a maximum is reached. Let r,=r.-r„ where r. is 
1 A B A 

the distance from the edge to the position of a maximum at position 

A, and rg is the distance from the edge to the position of the new 

maximum, at the point where the amplitude measurements are to be 

taken. Now 

(360°)ri Cos G 
— — — — — — — = phase change =6 25 

X Cos 3 

We are assuming a spherical wave outside the region of the plane 

wave 25,"• cm. by 25.'+ cm. The reason that equation 26 gives us the 

phase difference between Ê "̂  and E^ t is that the path length of 

the wave coming from the edge (signal 1, as shown in Figure 5b) 

never changes as long as the horn is moved at a constant radius. 

Therefore the phase difference will be due to the difference in 

path length of the wave coming from the emission horn (sienal 2, 

as shown in Figure 5b) at the two different positions, A and B. 

Now we may compute E^ and EQ, i will stand for the incident 
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Figure 6. Vector Diagrann Of Field Connponents 
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wave, d will stand for the diffracted wave, t will stand for the 

vector sum of i and d, 

E(t)-E(i)=E(d) 27 

This is a vector equation. For cases where E^^' and E^^' are 

nearly 0® out of phase, 6 is the phase angle as shown in Figure 6 

between E^i^ and E^^', Knowing one angle and two sides of a triangle 

we can solve for the other side. 

(t) (i-) 

Sin (ir-6) Sin y 

Thus 

Y=Sin 
-1 E(i) c,-Sin (ir-6) 

:(t) 

From Figure 6 

^^6'y 

An equation for plane triangles gives 

E(d)s Sin \\) E^^^ 

Sin (TT-6) 

28 

29 

30 

31 

A similar method can be used when E^ ^ and E^^^ are nearly 180< 

out of phase. 



CHAPTER 4 

EXPERIMENTAL OBSERVATIONS 

The observations made for this paper are given in the form 

of graphs, which are shown on the following pages. For the conductor 

the ratio of (E^/E ) is plotted along with the theoretical curve 

2 
for (E_/E^) which equals lJl„, For the insulator E /E is 

n o ^ TT 0 IT C 

plotted against 6, for a given a. The points shown are an averare 

of at least five trials. 

27 
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Somnnerfeld's Theory 
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9 
4 0* 50<^ 

Figure 7. Ratio Of I77-/IQ- ^^ Conductor For 
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CHAPTER 5 

ERROR ANALYSIS 

The main source of error for both the insulator and the 

conductor was the variation of the signal strength during operations. 

Only trials were allowed in which the current through the diode 

varied +1% from its original value. The error in the measurement 

of the current is completely overshadowed by the instability of the 

source, 

A large source of error in measuring E /E^ for the insulator 
IT 0 

could have been determining at what position the two waves (one 

from the edge, the other straight through) were in phase or 180° 

out of phase. However, by the following method almost all of this 

error was eliminated. For the semi-infinite plane the receiving 

horn was adjusted in the r direction until a maximum current 

reading was obtained from the additive arm of the "magic tee," 

The distance u from the edge of the horn to a fixed point along 

r was measured. This fixed point is between the horn and the 

diffracting edge. The third sheet of glass was now placed in 

position and the receiving horn adjusted in the r direction until 

a maximum current reading from the additive a m of the "magic tee" 

was obtained. The distance v from the edee of the horn to the 

same fixed point as before was measured. This entire procedure 

was carried out at various values of 6, (position anele). It turns 
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out that if u and v are plotted separately as functions of e^, 

then for <5(phase angle between E^^^ and E^^^) between 0° and 180°, 

the distance v will be greater than the distance u. For 6 between 

180° and 360°, u will be greater than v. For 6 equal to 0°, 130°, 

360°, u will be equal to v. The reason this happens can be seen 

from Figures 12a and 12b, The horn is moved until it arrives 

at position v as shown in the first figure. The glass is now 

moved from its position as an effective infinite sheet to the 

effective semi-infinite sheet with edge at r=0. If the signal 

from the edge is between 0° and 180° out of phase with the incident 

signal and the reference signal, then the horn will have to be r.oved 

toward the origin to reach the nearest maximum so that v will be 

greater than u. This in effect is rotating the total signal vector 

to line up with the reference signal which never chan;::es, but 

always remains alone the 0° line. It is easily seen that when all three 

vectors are in line no rotation or movement of the horn is necessary. 

Thus by measuring these two distances u and v we can locate the 

places where E^^^ and E ^ ^ are 0° or 180° out of phase. Thus the 

only errors involved here are the measurement of position, which 

can be accomplished to within +.05 mm., and how well the naxir.ur. 

and minimum can be observed. From these considerations it was 

estimated that these points could be found within t2°. These 

errors along with the error from the reference were the only thin;̂ s 

used to determine the error bars for the insulator at r=9.u5,x. 

As was mentioned before, for the insulator at r=58.5x 



180^-

Signai From No Zd r^Q 
(Pos i t ion at vyhlch v is rrieasured.) 

- 0 ^ T 
Reference Signal 

35 

Signal From 
Edge 

180*^-

Total Signal 
(u ismeasured when this 

vector lines up with 0*^.) 

Signal From 
No Edge 

^ 0* 

Reference 
Signal 

Figure 12. Vector Relations Between Reference 

And Field Connponents 



36 

the horn was moved to a place halfway between the positions where 

E^ is 0° out of phase and where E^ is 0° out of phase. This was 

accomplished by rotating the horn until the phase differences 

between E and E^ for E and E were the same. The nhase 
IT o 

difference 6, was found from 6=r^Cos e(360°)/XCos 3 where r, is 

the distance moved in the r direction from the position where 6 

is 0°, Thus the error depends upon how well we can determine the 

maximum, how accurate the distance measurements are, and how good 

the formula is itself. The error due to this was estimated to be 

13°. Therefore at r=58,5 the total error in phase angle neasurer.ent 

is 15°, This, along with the error due to the reference, was used 

to determine the error bars for the dielectric at 58.5X. 

In measuring the diffraction pattern for the conductor, the 

measurement of position angle G had to be considered. It was 

estimated that this was only good to il/8°. This error, alonq with 

the error due to the reference, was the way in which the error bars 

were determined for the conductor. 

Since there were no polarization effects observed for the 

dielectric, the roughness of the edge would not show up as stron::ly 

as in the case of the conductor. This is true since we would ex

pect imperfections of the edge to change the absolute diffraction 

pattern for the insulator but not the ratio of E^ to E^. However, 

in the case of the conductor there will be chanv-es in the ratio as 

observed by Gault,^^ The variation will not be as sharp in his 

case however, since in the optical region the detector had a lar-e 



37 

aperature in terms of wavelength compared to the one that was used 

in the microwave region. Thus you are looking at an average, r.ore 

than in the microwave region. In every case for the conductor 

the curves followed the general trend of the theoretical curves 

but there were large oscillations, especially when the edr̂ e war. 

turned so that a=60°. This apparently made the imperfections 

detectable on both sides of the edge. 

Reflections were kept to a minimum throu?:h the use of 

wooden accessories and by the observer being behind and to the 

side of the viewing horn in relation to the emission horn. Thus 

any signal that was reflected from the observer or observin;; 

apparatus could not enter the horn directly but rust have beer, 

reflected again from the screen or some other part of the apparatus 

back to the horn. In the case of the insulator the reflectivity 

was so low that this was improbable and in the case of the con

ductor only slightly more probable. Thus little or no error was 

attributed to reflected waves. Linder gives an arr̂ ur.ent showing 

how in the case of the dielectric it should not make much difference 

20 
even if there are reflected waves. 



CHAPTER 6 

CONCLUSIONS 

Several things can be concluded from the re<:ults of the 

data and other observations, most of which have rilreadv been 

mentioned. We concluded first of all that the diffraction T̂ -attern 

of the semi-infinite dielectric consists of two waves. One î  that 

part of the incident wave which penetrates the dielectric and the 

other is a cylindrical wave orir^inating from the ed^e. '̂rcn the 

data we concluded that the ratio of F /E shows no r dependence, '^'e 
TT 0 

also concluded that the ratio of E /E shows no e dependence, at 
TT a 

least up to 6, =30°, It was also concluded that the rou-hr.ess 

of the edge contributed to changes from the accepted theorv for 

the conductor. 
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