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REFLECTION AND TRANSMISSION OF
MICRCWAVES IN PRISMS OF
WOCD, SULFUR, AND SODIUM CHLORIDE

IRTRODUCTION

When an electromagnetic plane wave crosses the
boundary between two dielectric media of different per=
mittivities, part of the wave will be reflected and part
will be refracted, If the boundary between the two media
is e plane surface, the inaidant, reflected and refracted
waves will have wave normals which 1ile in a plane,

The plane passes through a normal to the boundary and is
called the plane of incidence {Q; Ps4)e The angles that
the 1noident; reflected and refracted wave normals make ‘
with the boundary normal are known as the angle of inei~
dence, @ , the angle of reflection, @', and the angle of
refraction, ¥ . The angle of reflection wili be equal to
the angle of incidence. The angle of refraction is
related to the angle of incidence and the indices of

refraction of the two media by Snell's law which states
that

ny sinQe ng, gsiny
where the radiation passes from medium one to medium two
with indices of refraction n, and ng respectively., For
the radiation passing from a dense medium to a rarer
medium, so that mp>np, total reflection will occur when ¢

exceeds a critical angle, ¢. , which is obtained from



Snell's law by setting ¢ = 90° (. will be given by,

Qc = sin™t ng - sin™l n
ny

where n,/ny is the relative index of refraction,

n (2, p.5)s There will be no refracted wave when @ is
exceeded under these conditiona and no energy is lost
upon reflection. It is known that the totally reflected
wave penetrates into the rarer medium epproximately one
wave length (1, p.73). If two dense media aré separated
by a rarer medium with a thickness less than a wave
length 1t 1s possible for Part of the incident energy to
pass completely through the rarer medium for @ > @
(10, p.374).

The electromagnetic theory affords a method of
deriving equations whiech will giﬁa the fraction of the
incident energy which is reflected or refracted for two
samples of a medium separated by a less dense medium,
The equations give reflection and transmission power :
coefficients which are functions of @, n, A, and d, where
7b is the wave length of the electromagnetic wave in the
rarer medium and d is the thickness of the rarer medium.
Four equations are derived, two for the slectriec veetor
Plane polarized perpendicular to the plane of incidence,
and two for the electric vector plane polarized paralleil

to the plane of incidence. The theory was worked out



essentially by E, B, Hell in 1902 (1, pp.93~95). He
performed various optical exyoéimants with glass prisms
to check his theory but due to the oxt;amely small wave
length of light, he could only get qualitative results,
One bf hia qualitative experiments was to use 45°-45%°-90°
prisms (1, p.74). The eritical angle for glass to air is
about 42°. When light is incident perpendicular to one
of the right angle faces of the prisms, total refleection
will ocecur at tha/hyyotennae surface since the angle of
incldence at that surface is 45° which exceeds the
critical angle. Hall placed two identical prisms to=
gether to form a cube. Light incident perpendicular to
one of the right angle faces was transmitted through the
cube when the prisms were pressed together to exclude
the air between the hypotenuse surfaces. The two prisms
were then effectively a solid cube of glass and no
reflection would take place at the hypotenuse surfaeén.
If prism 1 is designated as a stationary prism upon which
the light is incident and prism 2 is s moveble prism, so
that the air gap between the hypotenuse surfaces can be
varied, then as prism 2 is moved away from prism 1 moroﬁ
and more of the incident eﬁergy will be reflected from
the hypotenuse surface. As the air gap is increased tok
approximately one wave length, essentially all of the
incident energy will be tétally reflected by prism 1;



Hall mentioned in his analysis that his theory should be
checked with centimeter waves and, in 1810, Scheefer and
Cross performed a similar experiment, They used 45°-45°-
90° prisms made of paraffin which were 55 cm, square on
the right angle faces and an electromagnetic radiation
with a wave length of 15 cm., (6, pp.648-672). The criti~
cal angle for paraffin is about the same as for glass,
thus 45°-45°-90° prism could be used, Again the experi=
ments were not conclusive since the transmitter was not
strietly monochromatic and the prisms were not very large
as compared to the wave length of the radiation, a
condition which may have produced edge effects, 1In 1950,
precision measurements were made with modern microwave
equipment by M. D, Pearson (5, pp.20-31), He also used
45°-45°-90° paraffin prisms. The right angle faces were
about 25 em., square and the wave length of the radiation
was 3.2 em. He found that the transmitted radiation fell
to about 1% of the incident power when the prisms were
separated 1,2 wave lengths for E, and 1.4 wave lengths
for E, where E, is for a plane polarized wave which has
the electriec vector, E, perpendicular to the plane of
incidence and E, 1s for a plane polarized wave with the
electric vector parallel to the plane of 1neidéncb. The
agreement between experimental and theoretical values

was excellent since the average deviations were of the



order of 5% for power coefficients greater than 0.2.

Even though Pearson's work agreed very well with the
theory, it became desirable for the following reasons to
make a further check using other prism matorialu. The
reflection and transmission coefficients vary groatly !
over a small range of index of refraction, For example,
the theory predicts that as the index of refraction is
increased beyond a value n, = 1,752 and for @ = 45%; the
penetration is at first grester for E, and then greater
for E;« The theory alsc predicts that the penetration is
considerably less as n, is increased, Therefore, the
purpose of this research is to give a further check of
the theory and to show the marked variation of the

transmission coefficients as ny is varied,
TRANSMISSION AND REFLECTION COEFFICIENTS

The transmission and reflection coefficients are de~
rived from the electromagnetic theory by assuming avplane
wave solution which satisfies Maxwell's equations, For a
uniform noneconducting medium having a dielectrie constant
k B §. and magnetic permeabllity ky = ﬁ: g 1, Maxwell's
aquations and the constitutive equations can be resolved
into two vector equations in E and H (8, p.91). These -

equations are in the M.K.S8, system of unitss:



(1) v E-Gl‘ggg—
() v9H~e»&2--o

ot

Referring to Figure 1, consider two slabs of a medium, 1,
with constants u,, €3 separated by a rarer medium, 2, with
eanatanta/yz, €ge Let the rarer medium be of thickness d
and the planes of separation be infinite planes at z = O
and z = d, Assuming a plane wave solution of.éqnatiopa
(1) and (2) where the wave normal is in the x-z plane,

the ineident wave in the negative z region will be of

the form
jw(t - x 8in@ + 2 cos@ )

where vy is the veloecity of propagation of the electro-
magnetic wave and w is the angular frequency of the wave.
U is a scalar which can stand for any one of the compo~
nents of E or K and U, 1s a constent, For the plane wave
the E and H vectors will be at right angles to the
direction of propagation and also at right angles to each
other (8, P.94). The plane wave can be censiderad‘for
two special cases (8, p.121).

Case I, The electric vector is parpendioular

to the plane of incidence, E,.

Cese II. The electric vector is parallel to

the plane of incidence, E .



k3

For Case I where the E vector is polarized in the ¥y

direction the incident wave will be
E, B, aiw(t - X ain?;-f z cos Q@)
;1
(3) &
HX - - 7-7; ceaA(PE_L

where the amplitude E, is assumed to be unity and where
Hy 1s the component of H in the x directicn,
For a wave reflected in the first medium which will

be dencted by double primes,

" iw(t - x 8in@~- z cosQ® )
EY' =R e

v
(4) - :
H; =] -1 cos@E}
My

where R is the amplitude of tangential E in the reflected
wave, |

For medium 2 the tangential components of E and H
are given in two sets of equations corresponding to waves
traveling to the left and to the right. For increasing
Zz, dencted by the auperaeript-+;

B Tt siw(t - X siny z cosy )

v
= =] 2 cos
E e i

For decreasing Z, denoted by the superseript -.
B =T elw(t = x siny - 2z cosy )

. v2
Hy = cosYE,
Mg
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Equations (5) and (6) are summations which take into ac~
count multiple reflections., The phase differences which
are introduced are included in the amplitude T and T
which are to be regarded as complex (1, p.94).

For the transmitted wave in the first medium where

z = 4, denoted by a single prima;

1

E, =T eluw(

7 1 , 1
i/ Hy = = E..].-. cos @ E,
; 1

Equailons (3), (4), (5), (6) and (7) must satisfy

. X2 8in@+ 2 cos@ )
V4

the following boundary conditions. At a surface of dis=-
continuity between two media, the tangential components
of E and H are continuous at a surface that contains no

charge or current (8, p,117). This is stated by the

equations
(8) R, + E" = E| + B} ‘
Het Bf « H_+ HY at 2 = 0,

and

E| + E: = BY

H;'i'ﬂ;zﬁi at Z = d,

Applying the boundary conditions to equations (2)
through (6) and rewriting cosy in terms of cos@ , for
the case where @ > q, the transmission and reflection

coefficients for E, can be found. Similarly, the
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transmission and reflection coefficients can be found for
E,. This is worked out in detail by Pearson for both
cases (5; PP.2-20), The transmission coefficient, T, ,
for the electric vector perpendicular to the plane of

incidence 1is

2 2,2 1
| {sinh” u)(1~-n") 1
(10) 7, = [(4 cos”¢ )(sinSg ) | :l

The reflection coefficient, R, , for the electric vector

perpendicular to the plane of incidence is

: -1
4 cos®y )(sin®p ~n® 1 '
il m, '[(sinh u)(1=n® )% +] :

The transmission coefficient, T, , for the electric vee-

tor parallel to the plane of incidence is

2 .2 : 2 -1
(12) m o |{otmn® u)(1-n%)® (sin®0 -n° cos®p)% 1
" (4n? cos®p )(sin®p n?)

The reflection coefficient, R, , for the electric vector

parallel to the plane of incidence is 1

(524 EGQBQ ;gain%g -n?) B |
(18) Ry =|(sinh® u)(1=n®)° (sin%p -n® cosep )°

When ¢ is less than the eritical angle, Qe, the value of

u that appears in the equations will be

u = .%....?.775 cos
Ag
where AE is the wave length of the electromagnetiec
radiation in medium 2., When ¢ is greater than ¢c; which

is the case for total reflection, siny will be greater
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than one., This means that ¢ must be imaginary and will be
of the form

2
cosyY = =i g&gé? o

where the negative sign indicates a disturbance in the
rarer medium decreasing in amplitude with the distance of

penatrgtion (5, P+10). The expression for u now becomes
2 d 8 und
(14) u --;;L-;;g 8in“g -n

The indices of refraction of medium 1 and 2 are re=-
lated to the dielectric constants and the magnetic perme-

abilities by the equations
(15) ny =1 ke, L
(16) n, = ’kezkmz

where k, and k, are the dielectric conktunt and the mag-
netlic permeability respectively (8, p.93). For a uniform
nonconducting medium, k, is approximately one and the
indices of refraction will be the square roots of their
respective dielectric constants. The veloeity of propa-
gation of the undamped wave can be expressed in terms of
the index of refraction of the medium and the veloecity of
light by the equations

v, = &
1 m
, ; ]
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where A4 and vp are the velocities of the wave in medium
1 and 2 respectively and ¢ is the velocity of light in
empty space (8, pp.92, 93),

DESCRIPTION OF EQUIPMENT

The equipment consisted of a microwave transmitter
and recelver, an absorbing screen, woodan; sulfur and salt
prisms and a movable platform as shown in Figure 2,

The transmitter consisted of a Varian x-13 reflex
klystron(with cooling fan/as a source of microwave power,
an attenuator, a cavity type wavemeter and an electromag=-
netic horn. The reflector supply voltage of the klystron
tube was modulated with a 1000 cyecle per seaonﬂ square
wave, A square wave was necessary to insure monochromatic
radiation since the generated wave length will vary with
a slight change in the reflector supply voltage. The
cavity of the tube was tunable over a range of 8.2 kilo=-
megacycles to 12.4 kilomegacycles, The power output of
the tube was approximately 150 milliwatts., The tube was
fastened directly to a 1/2 inch by 1 inch rectangular wave
guide which propagated the 18,,1 mode (7, p.228). The
wave was generated into the wave guide through a thin
transparent window in the tuu< as shown in Figure 5, The
wave gulde had a variable knife edge ﬁypa attenuator in
it to regulate the intensity of the output power,



Connected to the attenuator was a Ceneral Electronics
model 1521 cavity wave meter which was capable of wave
length measurements to three significant figures. The
wave meter was terminated with an electromegnetic horn.
The aperture of the horn was 15 centimeters by 1@ centi-
meters 1ln the H and E planes respectively. The flare
angle of the horn was about 18.$Q. The transmitter was
very stable over a long period of time and it was not
necessary to have a reference signal for monitoring pur-
poses, The polarization of  the transmitted wave was ‘
changed from E, to E, by inserting a plece of wave guide,
which was twisted 90° along its axis of symmetry; between
the horn and the wave meter as shwwn_in Figure 4., The
transmitter is shown set up to transmit B, in Figure 2
and E, in Figure 4, | ' ;

The receiver consisted of a receiving horn with a
bolometer type detector mounted in it;»an audio amplifier,
and a Ballantine Model 300 voltmeter, The receiving horn
had an aperture of € centimeters by 4.8 centimeters in the
H and E planes respectively. The flare angle was about
10,5°, The horn was terminated with an 82x Sperry
Barretter bolometer., The bolometer was biased with about
8 milliampers of D, C., current to give a linear response to
the incident energy. When the electromagnetic energy is

ineident upon the bolometer wire the wire will heat up
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and its resistance will change., The resistance change is
periodic due to the 1000 cyecle per second modulation of
| the trénamitted wave and a periodic current change pro-
portional to the power flows through the primary of a
transformer located in the amplifier (7, p.602), The
amplifier amplifies the 1000 eycle variation in current
in order to obtain a measurable reading on the Ballantine
voltmeter, The amplifier and voltmeter were designed to
operate as a unit which was linear over s range of 100
decibels, A schematie diagrem of the amplifier is given
(7, P.605), The output of the amplifier was coupled to
the Ballantine voltmeter by a coaxial cable,

The absorbing screen was made of a sheet of 1/4
ineh fir plywood 100 centimeters by 122 centimeters. One
side of the plywood was covered with aluminum foil and
the other side with aquadag impregnated cloth. Rubber
cement was used to apply both coverings, A 12 sanbimatcr:
square hole was cut in the center of the screen to allow
the microwave beam to pass through to the prisms. The
screen was placed with the absorbing cloth towards the
transmitter., An absorbing screen of this type apérataa
on the following prineiple, Microwave radiatién incident
upon the screen is reflected by the aluminum foil and
standing waves are set up between the aluminum foil and

the transmitter. If a sheet of absorbing material is
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placed a quarter wave length from the foil, where the
first antinode is located, the maximum amount of energy
will be absorbed (2, p.209), The wave length of the
microwaves in fir is about one inch; therefore, the 1/4
inch plywood served to separate the cloth and the foil
by a quarter wave length, Not all of the reflected
energy 1s absorbed by a screen of this type and further
precautions must be taken, A considerable error will
result in the measurements if waves which are reflected
about the room arrive at the receiver in phase, This
type of error cen be greatly reduced by disturbing the
phase of the reflected waves, This was done by Placing
the eqﬁipmant at an angle such that the transmitted beam
made an acute angle with the walls of the room, and by
using & curved absorbing screen., The concave side of
the aéreen was placed next to the prisms so the energy
reflected from the other side would be 'scattered about
the room, The aluminum side of the screen is shown in
Figure 2, and the absorbing cloth side and the hole are
shown In Figure 6. The description of the prisms 1is
given in the following section., Table I gives the es~
sential information for the materials used, The dielec=
tric constant is given for a frequency of 1 x‘lalo cycles
per second (4, pp.4, 41, 42). The index of refraction

was computed from the dielectric constant by equation
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(15 ) where k, is one. The critical angle is computed
from Snell's law where (/= 90°,

CONSTRUCTION OF PRISMS

The wooden prisms were made of kiln dried fir, A
gix~foot board of select fir was obtained which had a
good even grain, The board was run through a planer and
then cut into lengths with the proper angles to make a
prism when stacked., For fir the critical angle is about
48° and right angle prisms could not be used, The prisms
had angles of 52°-52°-76° with sides 26 cm. by 26 em, by
52 em, and were about 30 em. high., Two pairs of prisms
were made with the grain going in a.difforant direction
for one pair than in the other pair. The first pair of
prisms were glued by spreading glue on the ends of the
prism and then clamping a triangular shaped pilece of
plywood on the ends., One of the prisms 1s shown on the
far right in Figure 6., The prisms looked very good at
first but several days later the wood warped and cracks
about 1/16 inch wide appeared where the microwave beam
was to pass through the prisms, A different method was
used in gluing the second pair to try to eliminate the
warping of the wood, Grooves were cut near the ends of
each plece of wood as shown in the prism second from the

right, Figure 6, The pleces of wood were glued on the
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surfaces to the outside of the grooves and then clampcﬁ.
The grooves were cut into the wood to prevent glue from
running between the layers of wood where the microwave
beam would pass, This set of prisms also warped slightly
after several days and cracks about 1/32 inch wide ap~
peared between the layers of wood,

The sulfur prisms were cut from a square block of
sulfur which was cast from molten sulfur, The sulfur
was poured into a rectangular woocden box with a square
base, The box was 30 em, by 30 cm. by 40 em, and was
coated with shellaec to keep the sulfur from sticking to
the wood, The main problam‘ih making a homogeneous cube
was in cooling the molten sulfur so that no large
erystals or air spaces would be formed., In cooling small
amounts of sulfur, it was noted that if a erust was al-
lowed to form over the top, large crystals and air spaces
would be formed underneath the crust as the remaining
sulfur solidified. It was decided that the sulfur should
be cooled from the bottom, if possible, and stirred
constantly to keep the crust from forming over the top.
The sulfur was poured from a large vat of molten sulfur
which was kept at a constent temperature of about 120° C,
The box was filled to a height of 34 cm. and then placed
in a cold water bath which circulated about the bottom
and about 10 cm. up the sides of the box., The top of the
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box was covered with paper to insulate the surface of the
sulfur and the sulfur was stirred constantly through a
hole in the paper to prevent the surface from crusting
over, Due to the large amount of sulfur, 1,08 cubie
feet, 1t was impossible to solidify the sulfur as planned,
As scon as a layer about 5 emi thiek solidified about the
bottom and sides of the box, it insulated the remaining
molten sulfur from the cold water and the sulfur would
not solidify near the bottom, The remaining sulfur
cooled varj slowly and did not begin to solidify until
about 3 hours after it was poured, Since the sulfur was
stirred constantly, the liquid gradually became thick and
granular and after about another hour it began to set up
enough sco that it was very difficult to“st1r¢' During the
final stages of cooling, the stirring rod was ralsed
slowly so that the bottom would have a chance to solidify
first., Since the sulfur was getting very thick, the rod
was moved back and forth along a diagonal as it was
raised so that if any spaces were left due to the rod
there would be a chance of cutting them out by cutting a
slice from the hypotenuse surfaces of the prisms after
the first diagonal cut was made on the bloeck of sulfur.
When the sulfur could no longer be stirred, the stirring
rod was removed and the sulfur was allowed to solidify

over the top, The sulfur was coocled over night, The
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sides of the box were then rehoved from the block and a
test slice 3 em. thick was cut from the top of the block
with a hand saw, The slice was vVery porous so another
slice 3 em, thick was cut, This slice looked very good
on the side where the last cut was made, There were no
alr spaces and the sulfur had & hard granular texture,
The block was then cut along the diagonal, This was
done by making a wodden miter box type saw gulde so that
& straight cut could be made, Care was taken to keep the
sulfur dust out of the adjoining laboratories as mich as
possible, A thin 8lice was then cut from each hypoteruse
surface to remove some small imperfoctions due to the
stirring rod during the finsl stages of cooling, The
hypotenuse surfaces were then scraped and cleaned with a
damp cloth, Several eracks were Present in these
surfaces due to uneven cooling so molten sulfur was
poured into the eracks to £i11 them up as much iu pos~
sible., The faces of the prism were scraped by hand with
& straight edge to form two identical 45°-45%-90° prisms,
The seraping was done by hand since it was undesirable

to have the sulfur in contact with any muohineryvan it
may have corroded them, The prisms were then tried out
and several runs were made of the transmission and pre-
flection coefficlents versus the distance of separation

of the hypotenuse surfaces, The curves were displaced
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considerably along the distance axis and it was believed
to be due to the hypotenuse surfaces not being plane
enough, New hypotenuse surfaces about 1/8 inch thick
were poured onto the prisms and the faces were scraped
to a plane surface before the sulfur had a chance to get
extremely hard. These surfaces turned out to be much
better and were used for the final experimental curves.
The final size of the prisms was 28 om, square on the
right angle faces. The prisms are shown in Figure 2 and
Figure 6, ‘

The salt.prisms were cut with a hand saw from blocks
of pasture salt obtained from a farm feed store, One
prism was cut from each block.‘ The blocks which were
finally used had absorbed very little moisture since they
were stored in a window which was exposed to direct sun-
light, Previously, a block which had been stored in a
damp place was tried out for transmission and the micro=-
wave beam would not pass through the block. The block
was then baked for 24 hours and when the microwaves were
directed at the block, the transmission was almost 1 00%.
Thus care was taken to keep the blocks as dry as possible,
The same method was used in cutting ahd scraping the salt
blocks as that used for the sulfur block. The blocks
were cleaned with a dry cloth instead of a damp cloth and

to obtain a better plane hypotenuse surface,'machinist‘
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layout dye was spread over a flat pilece of plate glasas
and allowed to dry, The hypotenuse surface was then
placed face down on the glass and moved about slightly,
The prism was turned over and scraped where the dye had
rubbed cff onto the high spots on the salt. This method
worked very well in obtaining a plane surface, Only the
hypotenuse surfaces were treated in this manner since
the other surfaces were not so aritieal; Since the

eritical angle for salt 1s less than 45°, 458%-45°-90°
prismé could be uasd. The size of the prisms was 21,6
cm. lquaro cen the right angle surfaces with anglaa of
45°-48° -90 .
MEASUREMENT OF THE REFLECTION AND TRANSMISSION
COEFFIJ TENTS

The miecrowave equipment was warmed up for about one
hour to allow it to become ntabiliz&d for constant power
outputs A photograph of the equipment is shown in
Figure 2 and a schematic sketeh is shown in Figure 3,
The intensity of the trgnamitted wave was measured in the
following menner, Referring to Figure 3, prism 2 was
moved towards prism 1 until the aepar@tion of the hypoten=-
use surfaces, d, was zero., A homogeneous cube was formed
and total transmission occurred., The receiver was placed

20 cm., away from the face of prism 2 to receive the
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transmitted power, The attenuator in the transmitter was
adjusted to give a full scale reading on the voltmeter,
Prism 2 was then moved away from prism 1, parallel to the
incident beam, such that the separation, 4, was 1 mm,

The receiver horn was moved parallel to the prism face,
along AB, to obtain a maximum reading on the voltmeter,
This reading was recorded and then 4@ was inereased in

1 mm, steps out to 1 em, The maximum reading was ob=-
tained and recorded for each step. Beyond 1 cm, the
readings were recorded in 2 mm., steps until the trans-
mitted power dropped to the noise level of the voltmeter
which was approximately 0,005 volts To measure the in~
‘tensity of the reflected wave, the prisms were again
moved together to form a cube and the transmitted wave
was checked for a full scale reading, The receiver was
then placed 20 em, away from the face of prism 1 to re=-
celve the reflected energy as shown by the dashed line
sketch of the receiver in Pigure 3. Prism 2 was then
moved away from prism 1 in the same manner as for the
transmitted energy run and the receiving horn was moved
parallel to the prism face, along CD, to obtain the maxi-
mum reading for each step. The reading was recorded each
time until the reflected enerpy incressed no more,
Several runs were made alternately of the transmitted and

reflected energy.



22

Measurements were made for E, and then for E, by
changing the polarization of the transmitted mlcrowaves,
The receiver had a similar plece of twisted wave guilde as
shown for the transmitter in Figure 4 to receive the
change of polarization, Figure 2 shows the equipment set
up to receive the energy where the electric vector is
polarized perpendicular to the plane of incidence, . The
transmitter horn was pl@ced one meter from the screen to
approximate the condition that the incident wave be a
plane wave, The boundary condition that the separation
of medium 1 and 2 be infinite planes was approximated by
keeping the prisms as largé as possible compared to the
wave length of the microwave beam, The smallest prisms
were over € times A, to approximate the last condition,
The hole in the screen was made largavoneugh to enable
the receiver to be placed in the Frenel region where
serious diffraction scattering would not oceur (7, p.574)
The hole was sbout 3.4 times Ay which kept the beam from
coming too close to the edges of the prisms, The screen
was placed next to prism 1 rather than some distance
away because 1t was observed that the voltmeter reading
would vary considerably up&n any slight movement of the
screen, This was probably due to standing waves set up
between the screen and the face of the prism, Although

it may seem objectionable to place the receiver in
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medium 2 (air), it is proper to do this provided that the
distance the transmitted and reflected waves travel in:
air ere the same for all reedings, This requirement is
observed by keeping the receiving horn opening along the
line AB or CD as shown in Figure 3, where the lines are
stationary with respect to prism 1,

The materials used to make the prisms must be
transperent to the microwaves., The transparency 1s de~-
termined from the loss tangent of the material, The
loas tangent is given as

loss tan § = %&

where the permittivity ¢ is considered to be complex and
of the form : '

The power dissipated in a dielectric in terms of the loss
tangent is

P "rﬁwtané‘
s
where @ is the angular frequency of the radiation and 61
is the real dielectric constant (3, pp.108-110), For a
good insulator the loss tangent is usually below 0,001,
The reflection and transmission coefficients were
computeéd from the data by the following method. An

average of the meter readings was computed for the
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reflected and the transmitted energy for each distance

of separation, d, The sum of the average reflected and
the avérnge‘tranamittad energy was then computed for esach
value of d and averaged to give a measure of the inten=-
sity of the incident microwave beam. The absorption was
considered to be negligible for the sulfur and salt be-
cause of the very low loss tangents of the materials,

By taking the ratio of the average reflected, or trans-
mitted, energy value to the intensity of the incident
microwave beam, the reflection or transmission was found
for each distance of separation of the hypotenuse
surfaces of the prisms. The power coefficients were then
plotted against d/hz to give a direct comparison with the

wave length of the microwave beam,
RESULTS ARND CORCLUSIONS

Only. qualitative results were obtained for the wood
prisms, The fir would not exhibit total iafleetion and
absorbed a considerable amount of the incident energy.
This was believed to be due partly to the cracks between
the layers of wood and later it was found that fir has a
comparatively high loss tangent for microwave radiaiion
(4, p.42)., When prism 2 was moved entirely away from
the microwave beam, the transmitted energy increased

about 20 times over the reading when d was zero., The
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reflected energy increased to only about 0.8 of the
transmitted energy when d was zero, For these reasons,
wood was abandoned as a good material for prisms.

Much better results were obtained for sulfur and
salt, The experimental and theoretical values of the
transmission and reflection coefficients for sulfur are
shown graphically in Figure 7 and Figure 8, The cor-
responding curves for salt are shown in Figure 9 and
Figure 10. The theoretical curves were plotted for ¢ = 48°
and a relative index of refraction of 0,329 ind 0.412 for
sulfur and salt respectively,

The coefficients are also shown in tabular form for
sulfur and salt in Tables IT and ITT respectively. No
curves or tables are shown for wood since the measurements
were of no value for these studies, The curves for salt
and sulfur show the very pronounced decrease in depth of
penetration into the rarer medium as n, is increased. The
reversal of the penetration of E, and E, as ny 155»0&50:
beyond 1.732 1s also shown by noting that for salt,
the transmission coefficients show a gfoater penetration
for E, whereas for paraffin the penehration‘wns
greater for E,, The error for the power coefficients
above 0,15 is given in Tables II and III for each power
coefficient. The error in the angles for the sulfur

and salt prisms was less than 0.5° which was believed to

1
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cause a negligible error in the curves, The large error
for E;, in the transmission coefficients for sulfur is
belleved to be due to a systematic distance measurement
error. It 1s possible that the planes were not kept
exactly parallel as d was increased, or it may have been
due to d not being exactly zero when the prisms were
moved together. This error could be corrected by shift-
ing the experimental points to the right corresponding to
a distance of about 0.5 mm. which would bring them into
mach bettér agreement with the theoretical curve, Some
of the curves for salt also show a considersble error but
it 1s believed to be due to a distance measurement error
of less than 0,5 mm., which would bring the oxperigantal
points into excellent agreement with the theoretical
curves,

Since the theoretical curves fmr the theory of
penetration into the rarer medium have been verified for
two more substances and a predicted reversal of the
penetration of E, and E, as n, 1s varied beyond 1,732
has also been verified the purpose of this research has

been accomplished,
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TABLE I

PRISM MATERIAL CONSTANTS AND PRISM SIZES

PRISM MATERTAL _ CONSTANTS | __PRISM STZE

‘k, ng ", @ Loss tangent Size (em.) Angles
Wood (Fir) 1.82 1.35 48° 52° 0.0290 26 x 26 x 32"’ © 529-520-76°
Sulfur 3.58 1.90 32° 45°  .00015 28 x 28 x 39.6 45°-45°-90%
Salt (NaCl) 5.90 2.43 24° 45°  .00050 21.6 x 21.6 x 30.6 45°-45°-90°
*Paraffin 2.25 1.5 42° 45°  ,ooo21 25.6 x 25.6 x 36 45°-45°-00°

;. : PP
Prism material used by Pearson (5, p.23)

*ﬁbc computed for n; = 1. {air)

ae
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TABLE IIX
NUMERICAL VALUES OF COEFFPICIENTS FOR SULFUR
RROR FOR

(a) Power Coefficients for E, COEFFICIENTS
PRISM SPACING EXPERIMENTAL THEORETICAL > 0, )5
d ( Cile ) d/}\z Tﬁ R; T;L BJ_ T_L R.L
0.0 0.000 1.028 0.005 1.000 0.000 3.6

o1 .028 0,992 « 038 0,972 .028 2.1

2 05686 «890 «103 «892 «108 0.2

3 «C8B8 « 740 «218 « 780 220 5.1 0.9

o4 113 578 « 374 + 6852 . 548 11.3 7.5

+8 141 .452 . 503 529 L,471 14.5 6.8

+6 «169 . 327 .5886 418 . 584 21.4 0ed

7 « 197 239 « 704 8L  JOT0. . 818 8.7

.8 «225 + 167 .806 244 ,756 36.4 6.6

o9 .254 « 117 .886 .184 ,816 8.6
1.0 « 282 083 + 9386 « 137 «863 8.4
1.2 « 338 049 «+992 078 L9285 7.2
l.4 394 027 1.018 045 « 9565 6.6
1.6 «451 +013 1,028 027 « 973 5.7
1.8 « 507 007 1,028 .0l1l2 ,088 4,1
2.0 «563 .008 1.028 006 . 994 3.4

5.4

Average 14.0

o

(b) Power Coefficients for E,

d(em, ) a/x, Ty Ry Ty Ry Ty Ry,

0.0 0.000 1.010 0,011 1.000 0,000 1.0

oy | 028 0. 950 027 0+953 047 Oed
ng .056 .910 .125 .853 .167 9.2 25'1
" 085 + 778 . 288 « 680 « 320 14,4 10.0
4 113 e 542 . 475 «B30  .470 2.3 s W,
o5 «141 « 594 +602 +403 « 597 2.2 0,8
8 «169 « 284 «TR23 + 300 » 700 5.3 3.8
o7 197 «208 . 768 « 2281 « 779 5.9 1.4
3 « 228 + 167 . 824 «163 837 2.5 l.6
9 «254 « 124 <8569 «119 «881 2.5
1.0 «282 «0983 884 087 «913 3.2
l.2 008 044 » 940 « 047 « 963 1.4
1.4 « 594 +08Y « 965 025 « 978 1.0
1,8 «451 014 « 985 «013 « 987 0.3
1,8 «507 011 « 980 007 « 993 08
2.0 «563 0086 « 970 004 « 996 2.6
Average 4,8 3.9




COEFFICIENT

POWER

Oo :
N

POWER COEFFICIENTS VS.

Po) O

SOLID CURVE IS
THEORETICAL

CIRCLES ARE
EXPERIMENTAL

ngz243 (Q=45°

.

\o\“

.2 .3 4
SPACING

A
PRISM d/*p

F16.9. E PERPENDICULAR TO PLANE OF INCIDENCE.

COEFFICIENT

POWER

PRISM SPACING FOR SALT

. /
1.0 P -
~0
.9 /o
°R
1]
o
7 (o]
SOLID CURVE IS
THEORETICAL
o CIRCLES ARE
s EXPERIMENTAL
n,=2.43 Q=4a5°
.4
31 o
2
A T||
° o
i -O—n-n P
%o A .2 .3 .4
PRISM SPACING d/ Mo

F16.10. E PARALLEL TO PLANE OF INCIDENCE.

W\
m



36

TABLE III
NUMERICAL VALUES OF COEFFICIENTS FOR SALT

W

% ERROR FOR

(a) Power Coefficients for B, COEFFICIENTS
PRISM SPACING EXPERIMENTAL  THEORETICAL > 0,15
d(em, ) d/éé_ i R, e R, R,
0.0 O.GOO - " 1.000 0-000 i

v .028 0«.009 0,050 0,936 064 2.9

o2 .056 .815 <164 « 774 228 5.3 27.4

o, 085 +873 » 362 «579 421 16,2 14.0

o4 + 118 «463 .5486 «402 +608" " 18,2  B.7

5 141 «297 +701 265 <735 18,1 4.8

o6 + 169 «176 « 8086 + 169 +831 4,1 3.0

7 «197 «104 «876 + 1086 <8956 2.1

8 <225 070 « 923 085 » 935 1.3

9 «254 044 « 963 .040 « 960 0.8
1.0 ® 288 .030 o 985 v°24 ™ 976 Oh?
1.2 +338 . 013 1,001 «009 . 991 1.0
1.4 C 894 +005 1.020 +003 . 997 2.3

Average 8.3 B.9

(b) Power Coefficients for E,

d ( Cily ) d/Az T" R“ Tu R" T" R“
0.0 0.000 pysa » 1.000 0.000 »
o .028 0,708 0.294 0,707 «293 0P |
2 0586 «443 «587 562 .638 22.4 12,7
P <088 ' 244 772 +1885 +815 3149 5.3
-4 #1113 +«139 881 « 100 « 900 2.1
™ 5 0141 0080 » 955 ° 056 ™ 944 1.‘18
+6 «169 +046 « 2987 032 + 968 1.1
7 «197 028 + 970 019 . 981 1.1
«8 « 228 «0186 « 974 +O11 «989 105
9 « 254 009 974 «007 « 903 1.9
1,0 . 282 <0086 « 977 «004 «996 1.9
1.2 « 338 +005 « 977 .001 1.000 2.3

Average 18,1 3.1
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