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This invention relates to microwave guide transmission 
Systems that involve in their operation the use of phase re 
lationships in two wave guide components of the System, 
and particularly to a pair of waveguides having a relative 
phase shift maintained substantially constant over a wide 
frequency band about an operating frequency. 

In one conventional simultaneous lobing tracking radar 
System, for example, energy from an oscillating source is 
fed to a simultaneous lobing horn fed antenna array 
through a single wave guide. Adjacent to and con 
nected to a second horn of the antenna array is a second 
Wave guide that is coupled by a directional slot coupler 
to the first guide. To compensate for the 90 degree shift 
in phase occurring at the 'slot coupling, a 90 degree phase 
shifter is inserted in the first guide between the slot and 
the antenna feed. As a result, energy is radiated simul 
taneously from the antenna array in a pencil beam pat 
tern. 

When the reflected pulses are received back by the 
antenna array, the received energies pass from the sep 
arate feed horns through their two transmission guides 
until they reach the slot coupler, where the energy in 
each guide divides and part of the energy in each guide 
passes into the other guide. By suitably combining these 
outputs, Sun and difference outputs can be formed. The 
difference output amplitude is proportional to the ab 
solute error between the bearings of the target and the 
antenna while the sum output amplitude is relatively in 
sensitive to this error. By comparing the sum and differ 
ence outputs in a phase detector, a D.-C. voltage can be 
obtained that has directional sense and which is propor 
tional to the error. 
One method of maintaining the desired phase relation 

ships of a pair of waveguides over a broad band, is by 
constructing one waveguide longer than the other and 
making the waveguides of different cross-sectional di 
mensions thereby to change the phase velocity of one 
with respect to the other. Further, by suitably selecting 
the dimensions so that the product of the waveguide length 
and the propagation wavelength in the waveguide for one 
waveguide is equal to the like product for the other wave 
guide, as taught in the copending application of Nathaniel 
I. Korman, Ser. No. 165,016 filed May 29, 1950, entitled 
Microwave Phase Compensation System, a broadband 
effect is secured. As a result of this broadband effect, a 
desired change in phase relationship between two wave 
guides (e.g. 90) may be maintained over a broad band 
of frequencies. However, to get different relative phase. 
shifts, the two waveguides must be of different lengths. 
As both the entry points of the waveguides are at one place 
and the exit points at another, at least one bent waveguide 
is required. But bent waveguides are often difficult to 
construct. 

It is an object of the present invention to provide a 
novel and different arrangement in which there is a rela 
tive phase shift over a pair of waveguide lengths, the shift 
being insensitive to frequency changes, or broadbanded, 
at the operating frequency. 
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It is a further object of the invention to provide a novel 

arrangement of a pair of waveguides in which the phase 
shift over one may differ from that over the other by a 
predetermined amount which is substantially independent 
of frequency at or near a known mean operating fre 
quency. 

It is another object of the invention to provide such an 
arrangement with a pair of waveguides of equal physical 
length, and which may therefore be straight and have 
the same energy entrance and exit points. 

It is another object of the invention to improve simul. 
taneous lobing radar systems, particularly by providing 
an improved pair of waveguides which may be of the 
same length, and yet afford a desired relative phase shift 
over an especially broad band of frequencies near the 

* operating frequency. 
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In accordance with the invention, one of a pair of 
waveguides of the same length has a phase shift for 
energy at the operating frequency passing therethrough 
different from that for energy at the said frequency passing 
through the other. Notwithstanding the equality of physi 
cal lengths and the different electrical lengths, the rates 
of change of phase shift with frequency of the two wave 
guides are equalized at the operating frequency by proper 
selection of the waveguide dielectrics and the waveguide 
dimensions. 
The result of such selection is that the relative phase 

shift of energy between the two waveguides is the same 
over a broad band of frequencies in the region of the 
operating frequency. The said selection of dielectrics and 
dimensions is made so that the product of the dielectric 
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constant and propagation wavelength in the waveguide at 
the operating frequency for one waveguide is equal to 
the like product for the other waveguide. It may then 
be shown that the rates of change of phase shift for 
energy passing through the waveguides are equal at the 
operating frequency. The desired broad banded effect 
is thereby achieved. 
The foregoing and other objects, advantages, and novel 

features of the invention will be more apparent from the 
following description when taken in connection with the 
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accompanying drawing in which: 
: Fig. 1 is a longitudinal cross-sectional view of a pre 

ferred embodiment of the invention employing air dielec 
tric in one of a pair of waveguides, and 

Fig. 2 is a transverse cross-sectional view of another 
embodiment of the invention. - 

Referring to Fig. 1, a portion of a simultaneous lobing 
radar system is shown comprising a pair of horn antennas 
10, 12, supplying energy respectively from or to a pair 
of hollow pipe rectangular waveguides 4, 16. The 
waveguide 4 may be filled with a dielectric 18. The 
remainder of the system may be the same as that shown 
and described in the copending application of W. P. 
Bollinger et al., Serial No. 198,272, filed November 30, 
1950. Briefly, in the system as explained in the said 
Bollinger et al. application, signals from the two-horn 
antenna are applied respectively to the two waveguides 
14, 16. In one waveguide 6 there is a phase advance 
of 90° relative to the other waveguide 14. The two 
phase shifted outputs are coupled in a 90° phase shifting 
directional coupler 34, and two outputs, one a vector 
sum voltage and the other a vector difference voltage 
are applied respectively to a sum amplifier 30 and a dif 
ference amplifier 32. These amplifiers provide two out 
puts, that from sum amplifier 30 proportional to the 

70. 

amplitude of the echo from an echoing object; and that 
from difference amplifier 32 proportional in sign and 
amplitude to the langular displacement of the echoing 
object from the optical axis of the system as a whole. 
The echoes may arise from energy applied from a trans 
mitter 38 to a suitable transmit-receive switch arrange 
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ment 36 interposed between the coupler 34 and the sum 
amplifier 30. If the switch is properly located in a 
manner which is known to those skilled in the art, pulsed 
energy on transmission will fire the switch and pass to 
the antennas. After transmission ceases and on recep 
tion, echo energy from objects reflecting the transmitted 
energy will pass uninterrupted to the sum and difference 
amplifiers as heretofore explained. These two outputs 
may be used in various known ways, for example as ex 
plained and described in the said Bollinger et al. applica 
tion. It is not necessary to describe the system further 
to explain the invention. The portions of the system in 
the Bollinger et al. application which may be replaced 
by the portion of the system here shown will be obvious 
to those skilled in the art. The description of the inven 
tion will make apparent to those skilled in the art the 
use of the invention in this system or in others. 
The waveguides 14, 16 are of different electrical lengths 

but the same physical length, and may therefore con 
veniently be placed side by side and have a common wall 
such as wall 21, if desired. In the example shown here, 
the electrical lengths are to differ by 90 electrical degrees 
at the operating frequency. It is desirable to preserve 
this relative phase shift between energy passing through 
waveguides 14 and 6 over a wide frequency band about 
the operating frequency. 

Let the dielectric constant of dielectric 18 be e, and 
the dielectric constant of the dielectric in the other wave 
guide be e Let the wavelengths in the waveguides 14, 
16 at the operating frequency be respectively A, and 
A, and the waveguide widths be a, and a respectively. 
The phase shift in a length l of waveguide for wave 
guide 14 is: 

--ve,(N2a). (1) Nal 
where l is the length of waveguide, A is the free space 
wavelength at the operating frequency, and a, is the width 
of the rectangular waveguide 4. It is assumed that 
the waveguides are operated in the dominant and usual 
TEo, 1 mode. 
The wavelength in waveguide 14 is: 

-- M = H---- Wei- (No 2a). 
war-------ra-i-m-m-m-m-mm (2) 
We 1/No-1/(2a1)? 

From Equations 1 and 2 it can be shown that: 

969 -2ttle Ni (3) 

Therefore, the phase shift of energy at an operating 
frequency in waveguide 14 remains relatively the same 
as that for energy of the same frequency in waveguide 
16 when 

e g2 (4) 

The relation (4) is that the product of the dielectric 
constant and the waveguide wavelength at the operating 
frequency in one waveguide is equal to that product for 
the other waveguide. When this relation holds for wave 
guides of equal physical length, their electrical lengths will 
have the same difference over a broad band of frequencies 
about the operating frequency. 
An especially desirable embodiment can be formed 

with both waveguides of the same internal dimensions, 
but different dielectric media, one being air filled. Sup 
pose then that as-a=a, and that one wevaguide 16 
has air dielectric. 
Then we desire to have 

(5) 
because e=1, substantially, waveguide 16 having air or 
vacuum as the dielectric medium. 

eiwai-Nge 
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4. 
It may be proved that it is sufficient in this case if 

(AY - ei=(t), (2a)2-X (6) 
whereupon (5) is satisfied and one waveguide may have 
air dielectric and a-aa. 
To satisfy Equation 6 however, requires that a certain 

relationship exist between the dielectric constant e1 of 
waveguide 14 and the waveguide widths “a.” 
The differential phase shift between the points of energy 

input and output of the equal lengths of waveguide is 
-2arl 2-1l-- X? -2O2 (e1-1)=$1.7(2a)-1)=rinii, (7) 

when waveguide 16 is air filled. Since hollow-pipe wave 
guides are manufactured in standard widths, the value of 
"a' to be inserted in Equations 6 and 7 is preferably that 
usually selected for the operating frequency. However, 
the length l and the dielectric constant e may still be 
selected to satisfy the desired criteria, because it turns 
out that in most practical cases the dielectric constant 
required is less than is available in several low loss ma 
terials. Hence the required value of e is readily realized 
by filling only a portion of the waveguide with a single 
dielectric or using two dielectrics as more fully described 
in connection with Fig. 2. Hence Equations 6 and 7 can 
always be satisfied. There is, however, one additional 
criteria in a practical design that may make it necessary 
to use a non-standard width "a,' in order to broadband 
at a given wavelength No. In order to avoid reflections in 
the loaded guide, the loaded section should preferably 
be exactly an integral number of half guide wavelengths 
long at the center operating frequency. If this is done 
the reflection arising at the beginning of the section 
cancels out the reflection arising at the end of the section. 

It may at times be desirable to use different solid di 
electric media in waveguides 4 and 56. Various values 
of e, and a can be obtained, if not directly, by complete 
ly filling the waveguide, then by partially filling the wave 
guide, for example, as illustrated by the dielectric 20 par 
tially filling waveguide 4 shown in Fig. 2; or by using 
two different solid dielectrics in one waveguide, as the 
dielectrics 22 and 24 in waveguide 6 of Fig. 2. Other 
arrangements by which different effective dielectric con 
stants e, and e can be derived are known to those skilled 
in the art. 
Thus the invention disclosed comprises a system where 

in a pair of hollow pipe waveguides are of the same 
physical length, and in which the dielectric constant and 
transverse waveguide dimensions may be selected to 
make the rate of change of phase shifts with respect to 
wavelength (or frequency) equai at the operating fre 
quency. A broad-banded effect is thereby secured, where 
by the relative phase shift in the two waveguides is main 
tained over a large band of frequencies about the operat 
ing frequency. 
What is claimed is: 
1. A microwave antenna system for maintaining sub 

stantially constant the relative phase shift of microwave 
energy transmitted or received over a broad range of fre 
quencies about an operating frequency comprising, a first 
hollowpipe waveguide of physical length l, width a height 
b, guide wavelength A, and an effective dielectric con 
stant e, at said operating frequency, a second hollowpipe 
waveguide of physical length l, width a height h, guide 
wavelength. A where A is different from X, and an 
effective dielectric constant e, at said operating frequency 
where 6, is different from e, e, A, E, and A being related 
by the equation e,N'-e-A, said first and second wave 
guides being positioned side by side, means coupled to 
one end of said first and second waveguides for introduc 
ing microwave energy into said waveguides whereby the 
phase of the energy introduced into said first waveguide 
differs from the phase of the energy introduced into said 
Second waveguide by an amount equal to the difference 
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in phase shift of the energies transmitted through said 
Waveguides, and a microwave horn connected to the other 
end of said first and second waveguides for radiating a 
pair of overlapping beams of microwave energy. 

2. Apparatus as claimed in claim 1 wherein a-a. 
3. Apparatus as clamed in claim 1, said second wave 

guide having an effective dielectric constant of unity, and 
a wavelength. A at the operating frequency, said first 
Waveguide having an effective dielectric constant e and a 
waveguide wavelength Ng at the operating frequency, e. 
N, and A being related by the equation eMiN2. 

4. Apparatus as clamed in claim 1, said waveguide be 
ing rectangular, and being proportioned for the transmis 
sion energy at the operating frequency in the dominant 
mode and having metallic walls and equal internal trans 
verse dimensions between said walls, one of said wave 
guides having an effective dielectric constant substan 
tially equal to unity, the other said waveguide having a 
dielectric of dielectric constant e, and 

cNFAg2 
where N is the waveguide wavelength at said operating 
frequency for the solid dielectric waveguide and N is the 
waveguide wavelength at the operating frequency of the 
other said waveguide. 
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5. Apparatus as claimed in claim 1, said first and 

second waveguides having a common wall. 
6. Apparatus as claimed in claim 1, said first and 

second waveguides being straight along their lengths and 
disposed side-by-side with said ends to which energy is 
applied at substantially the same point, and the other 
ends of said waveguides at substantially another point. 

7. Apparatus as claimed in claim 1, said first wave 
guide being filled with a single solid dielectric substance 
and said second waveguide being air-filled. 

8. Apparatus as claimed in claim 1, said first wave 
guide being only partially and not entirely filled with a 
solid dielectric, and said second waveguide being filled 
with two different solid dielectrics. 
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