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UNITED STATES PATENT OFFICE 
2,479,673 

ORECTIONAL MECROWAWE TRANSMISSION 
SYSTEMI HAVING DELECTRICLENS 

Henry E. Be Wore, Cranbury, N. J., assignor to 
Radio Corporation of America, a 
of Delaware 

corporation 

Application August 20, 1945, Serial No. 611,649 

This invention relates generally to microwave 
transmission and more particularly to a method of 
and means for proportioning a dielectric element 
disposed between conductive elements to mini 
mize reflections of microwaves propagated be: 
tween said conductive elementS. 

Frequently radiating systems for microwave 
electromagnetic radiation utilize solid dielectric 
elements disposed between metallic conductive 
elements. For example, the dielectric element 
may be in the form of a lens between parallel 
metal sheets employed to focus the microWave 
radiation, or the dielectric element may comprise 
a mechanical support for the metallic conducting 
members. It is often desirable that the micro 
wave transmission characteristic be substantially 
uniform throughout the region occupied by the 
dielectric element. 
In wave guides or microwave transmission Sys 

tems containing parallel disposed conductive 
plates, non-uniform microwave transmission 
characteristics are produced by the existence of 
an air gap of varying thickness between the Sur 
face of the dielectric and the adjacent metal Sur 
face. 

to the dielectric Surface, Such bonds are difficult 
to obtain and are not always feasible in the par 
ticular mechanical structure desired. However, 
it is customary to apply to the surface of the 
dielectric element facing the metal surface a thin 
metallic coating Which provides for Uniforn 
transmission of the radiation in the region ad 
jacent to the dielectric. A Small portion of the 
incident radiant energy will be propagated 
through the air gap between the coated dielectric 
element and the Surface of the metallic element. 
Microwave transmission through this air gap may 
cause interference with the microwaves propa 
gated through the dielectric element, thereby pro 
viding undesirable reflections in the transmission 
System. Also it is essential that the dielectric 
element be so proportioned that internal refec 
tions of incident microwaves therein substantially 
cancel external surface reflections therefrom. 
Among the objects of the instant invention are 

to provide an improved method of and means for 
minimizing wave reflections in a microWave trans 
mission System which includes a solid dielectric 
element. 
proved method of and means for proportioning 
a solid dielectric element in a microwave guide 
for minimizing wave refections and Wave inter 
ference due to the presence of said dielectric 
element in said guide. An additional object of 

While this difficulty, in some instances, : 
may be avoided by bonding the metal Surface 

Another object is to provide an im- 5 
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the invention is to provide an improved micro 
Wave focusing element in a wave transmission 
System. Another object is to provide a Substan 
tially reflectionless Solid dielectric element dis 
posed within a microwave transmission guide. A 
further object is to provide an improved method 
of and means for proportioning a dielectric ele 
linent in a microwave guide system to minimize 
Surface reflections from Said dielectric element 
as well as wave interference between waves prop 
agated through said element and waves propa 
gated around Said element. 
The invention will be described in greater de 

tail by referring to the accompanying drawing of 
Which Figure 1 is an elevational cross-sectional 
view of a first embodiment of the invention, Fig 
ure 2 is a plan cross-sectional view taken along 
the Section line II-II of a second embodiment 
of the invention, Figure 3 is an elevational cross 
Sectional view taken along the section line 
III-III of said Second embodiment of the inven 
tion and Fig. 4 is a perspective view thereof. 
Similar reference characters are applied to simi 
lar elements throughout the drawing. 

Referring to the drawing, Figure 1 shows a 
Wave guide having microwaves propagated 
therethrough in the direction indicated by the 
arrow 3. A dielectric element 5, having metallic 
Surface coatings and 9 disposed on the surfaces 
thereof adjacent to the inner walls of the wave 
guide , is proportioned to have a length , of 
a critical value for minimizing surface reflections 
of incident microwaves and interference between 
inicrowaves transmitted through the dielectric 
element and microwaves transmitted through the 
gap between the wave guide and the con 
ductive coatings T and 9. 

It is known that the wave energy reflected by 
a dielectric element will be minimized if the thick 
neSS of the element in the direction of wave prop 
agation is an integral number of half wave 
lengths of the electromagnetic radiation, as meas 
Llred in the particular dielectric material. For 
a dielectric element of such length, the internal 
microwave radiation reflected by the back face 
re-emerges from the front face 3 in exactly op 
posite phase to the external radiation reflected 
by the front face 3. Thus the two wave reflec 
tion components produce destructive wave inter 
ference and tend to cancel, with the result that 
minimum radiation is reflected back toward the 
SOrce of Wave radiation. 

It is also desirable to eliminate, insofar as pos 
sible, the disturbing effects caused by wave radia 
tion which travels through the small wave gaps 
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between the coated surfaces 7 and 9 of the dielec 
tric and the inner surface of the wave guide . 
If the radiation travelling through these air gaps 
does not emerge therefrom in phase with the wave 
radiation which travels directly through the di 
electric element 5, destructive interference be 
tween the fields of said radiation will occur, with 
the result that the wave radiation propagated be 
yond the dielectric element will be reduced in in 
tensity and part of such radiation will be re 
flected back toward the source of wave energy 

In order to reduce such reflections, the length. 
L of the dielectric element 5 is selected effectively 
to cancel internal and external wave reflections 
in the dielectric element as well as to provide 
a minimum of Wave interference between waves 
propagated through the dielectric: element and 
Waves propagated through the air gap between 
Said element and the inner surface of the wave 
guide. If the dielectric element has a dielectric 
coastantik, and the wavelength of the radiation 
s ai: is N, the Wave length in the dielectric will 
e 

Wi. 
In order to: Satisfy the condition for minimum 
WaVe: reflection from the dielectric faces and 
3,...the length of the dielectric element should be 

l, (i). 7N 
2VE 

where, n, is an integer. 
In the air gap, the radiation requires 

periods to traverse the distance. L, while in the 
dielectric the time required will be 

Lvik 
X 

periods. In order to avoid destructive inter 
ference between radiation travelling through the 
air gaRS, and that. travelling through the dielec 
tric, element, the difference in propagation time 
Sld be an integral. number of periods, such 
at - - - - - - - - - - - 

LVic L 
- - - -m. 

or 
72X. - A (2) 

where n is an integer. - 
The optimum condition to satisfy both Equa 

tions. (1)- and (2) is realized by combining the 
equations whereby 

m Wi-l (3) 
Where 12 and m both are integers, and where, k 
also is the ratio. of the dielectric constants of the 
two dielectrics, since the dielectric constant of air 
is Substantially unity. For most dielectric mate 
rials, the quantity 

V-1 
may not be accurately expressed as the ratio of 
two reasonably Small integers, and hence both 
types, of reflection phenomena, may not be corn 
pletely eliminated by utilizing, dielectric elements 
having reasonably short lengths. However, in 

4. 
general, the radiation reflections from the dielec 
tric faces are large compared with the reflections 
due to phase interference of waves propagated 
through the air gaps, providing the air gaps are 
held to reasonably small dimensions. Therefore, 
it is desirable to choose a length for the dielectric 
element, such, that the condition represented by 
the Equation (1) is accurately satisfied and the 
condition represented by the Equation (2) is 
approximately satisfied. 

AS, an illustration, the following calculations 
indicate the shortest length L. of a polystyrene 
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dielectric element which will provide minimum 
reflection for radiation of 0.5'' in wave length. 
For this radiation the dielectric constant of poly 
styrene is 2.56. Hence substituting in Equa 
tion (1) 

L-7X0.50 2W2.56 =X0.156 inch (4) 

also: Substituting in Equation (2). 
m x 0.50 s 

List.V256- = n X0.833 inch (5) 

Hence it, is seen that the optimum length for 
the polystyrene element, are those multiples of 
156' which occur closest to multiples of .833'. 
The Values for n=16 and m-3 almost precisely 
Satisfy both equations. However, a dielectric ele 
naent, having a length of approximately 2497', 
while providing Cxtremely low reflections, may in 
troduce too much attenuation, under some condi 
tions, In, the latter instance lower values must be 
selected for the integers m. and n. 

Era, a na.0re general case, let k2=dielectric con 
Staab. of the dielectric: block, c1=dielectric con 
stant of the surrounding medium wherein both 
are relative to air (or vacuum), hence the wave 
length in the dielectric: block is 

2. wk. 
where. Ng is, the wavelength in air (or vacuum). 
In, Qrder that reflections from front, and back 
block surfaces cancel, since: there is a phase re 
Versal at One reflective surface and not at the 
other, the block length must be an integral 
number of half wavelengths of the radiation 
(measured in the block). Hence: 

n- No 
2 2Vk 

A0 - 

In the gap, the number of periods required to 
propagate a distance L is, 

E. 
N1 

I = 

or 

7. 

L. is 

where X1 is the wavelength in the fluid medium 
and ici its dielectric constant. The number of 
periods required to propagate through the blockis 

L. L.I. -vk, 
In order to have no interference, the difference of 
these two numbers of periods must be an integer: 

L. - L. -LC.J. L.I.Y V-V, -m-, vk.-Vic.) 
COEmbiraig, if both conditions: are satisfied: 
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2/3 n- 2vka - VR - 2v 
mTV-vi?, VF-1 ki 

where k is the ratio of the dielectric constants. 
Referring to Figures 2 and 3, the principles of 

the instant invention are applied to the design 
of a corrective dielectric lens employed in coop 
eration with a microwave reflector whereby un 
desirable reflections from the lens surfaceS are 
minimized. While the thickness of the lens 
varies throughout its width, there is a compara 
tively wide region near the center of the lens 
throughout which the thickness is relatively 
constant. Since a proportionally large fraction 
of the radiation is directed through the central 
region of the lens, proportioning the lens thick 
ness in the central region to values which approx 
imately satisfy Equations (1) and (2) eliminates 
a large proportion of the undesirable wave reflec 
tions from the lens surfaces. 
In Figures 2 and 3 a microwave generator 2 

is coupled through a wave guide 23 to a point 25 
at the focus of a toroidal wave reflector 27. The 
waves radiated by the wave guide 23 are guided 
to the reflector 27 between parallel disposed con 
ductive plates 29 and 3. The incident waves 
from the wave guide 23 pass through a dielectric 
corrective lens 33, are reflected by the metallic 
reflector 2 and pass to the output wave path 35, 
which is in a plane displaced with respect to the 
plane of the waveguide 23 and corrective lens 33. 
Preferably, the corrective lens 33 has conductive 
coatings 3 and 39. On the upper and lower Sur 
faces thereof in close proximity to the inner Sur 
faces to the conductive plateS 29 and 3, re 
spectively, thereby providing air gaps 4 and 43 
of the same type as described heretofore with re 
spect to the device of Figure 1. Side conductive 
elements 45 and 47 are optional and are employed 
merely to prevent wave leakage between the 
edges of the conductive plates 29 and 3, and to 
provide supporting elements for said plates. 

It should be understood that the use of the 
conductive coatings on the surface on the di 
electric element adjacent to the inner surface of 

10 

15 

20 

25 

30 

35 

4) 

45 

6 
the wave guiding means is optional. However, in 
general, the use of such conductive coatings On 
the dielectric element provides a more uniform 
leakage path through the air gap between the di 
electric element and the inner surface of the 
wave guiding means, the reflection effects of 
which may be more effectively neutralized by 
proper proportioning of the length of the dielec 
tric element. 
Thus the invention disclosed comprises an in 

proved method of and means for reducing re 
flections in a wave guiding system due to the 
presence of a solid dielectric element by Suitably 
proportioning the length of said dielectric ele 
ment to neutralize Surface reflections therefrom 
and effectively to minimize wave interference be 
tween waves propagated through said element 
and waves propagated through the Spaces sur 
rounding Said element. 
I claim as my invention: 
1. In a microwave dielectric guide having a 

first dielectric with a dielectric constant k1, a 
substantially reflectionless Second dielectric lens 
element having a dielectric constant k2 disposed 
transversely within said guide, said element hav 
ing a length 

L=A=-ro 
2wk, Vice-wk, 

along the axis of wave propagation, where A0 is 
the wavelength in air or vacuum, and n and m. 
are integers. 

2. A device according to claim 1 including con 
ductive means on the Surfaces of said element 
adjacent to the inner Surfaces of said guide. 

HENRY B. DE WOR.E. 
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