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ABSTRACT OF THE DISCLOSURE 
> A wave trapping type antenna comprising an a'pertured 
ground plane conductive member through which the 
center conductor of a coaxial line extends to form a mono 
pole antenna, the outer conductor of the coaxial line being 
connected to the member. The center conductor is termi 
nated with a disk of conductive material having a thick 
ness and an angle relative to the member so as to equalize 
the amplitudes of the waves propagating on opposite sides 
of the disk. The energy propagating media on opposite 
sides of the disk provide substantially the same velocities 
of propagation to travelling waves. A coaxial line coupler 
embodiment of the antenna is also disclosed. ~ 

BACKGROUND OF THE [INVENTION 

Increasing attention is being directed to microwave 
communication and radar systems utilizing pulses of ex 
tremely fast rise times. Microwave components for use 
in such systems, including antenna and other energy cou 
pling components, should be characterized by a time limit 
ed impulse response, i.e., where the response of the com 
ponent to excitation is fully terminated and reduced to 
negligible distortion residues within a limited time period. 
For example, where the excitation is step-modulated radio 
frequency energy, the limited time period should be short 
with respect ~to the R.F. period. Where the excitation is an 
impulse, the limited time period‘ should be shorter than 
the width of the impulse. ‘ 
The need for microwave components suitable for use 

with fast rise-time video pulses has been recognized for 
some time. R. C. Fletcher, for instance, in the Review of 
Scienti?c instruments, vol. 20, page 861 (1949) ‘intro 
duced several types of voltage pick-offs for use in coaxial 
systems. These devices, however, were difficult to con 

. struct. Furthermore, their rise-time was limited and their 
?delity was poor because of overshoot and because they 
generated time residues. 
McDonald et al., in the Review of Scienti?c Instru 

ments, vol. 36, page 504 (1965) described a simple ca 
pacitance voltage pick-off. However, this pick-off also 
generated time residues. ~ 

It is a principal object of the present invention to pro 
vide energy coupling devices that will respond to ultra 
fast rise-time pulses with ?delity and without the genera 
tion of spurious time residues. 

SUMMARY OF - THE INVENTION 

According to the present invention, a wave trapping 
type antenna is provided having an apertured conductive 
member through which the center conductor of a coaxial 
line extends to form a monopole antenna terminated by 
a disk of conductive material. Time limited impulse re 
sponse is achieved when the waves propagating on either 
side of the disk are given substantially the same ampli 
tude and phase as they reach the far edge of the disk in 
the direction of wave propagation. The amplitudes of 
the waves are equalized by providing a submicron thick 
ness of conductive disk material and/or by setting the 
disk at an approximate angle relative to the conductive 
member. The submicron thickness of the conductive disk 
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permits the exchange of energy between the two electro 
magnetic waves travelling on opposite sides of the disk. 
The angle of the disk determines the initial energy split 
between the two waves and the energy balance at the 
trailing edge of the disk. I‘ 
The energy of the wave travelling between the disk 

and the conductive member is reduced in part due to scat 
tering losses as the wave encounters the monopole and 
in part due to energy coupled out via the coaxial line. The 
energy of the wave travelling on the other side of the 
disk is not so reduced. In the absence of means for energy 
equalization between the two waves travelling on the 
opposite sides of the disk, objectionable re?ections would 
occur when the two waves reach the far edge of the disk 
in the direction of wave travel. However, the provision of 
a submicron thickness of conductive material for the disk 
permits energy “leak through” from the higher level 
energy of the upper wave to the lower level energy of the 
lower wave which travels between the disk and the ground 
plane. With su?icient “leak through” coupling of energy 
between the waves, the two waves equalize to substan 
tially the same amplitude before reaching the far edge of 
the disk in the direction of wave, travel. The two waves 
retain the same phase by virtue of the substantially iden 
tical velocities of propagation of the media on the oppo 
site sides of the disk. The two waves then reunite without 
re?ection at the far edge of the disk and permit the re 
sponse of the antenna to the impulse excitation to be 
terminated quickly. I 
A similar result is achieved by using a conductive disk 

of su?icient thickness to isolate tlie two waves travelling 
on opposite sides of the disk and ‘tilting the disk relative 
to the apertured conductive member at an angle to cause 
an appropriate initial energy split and ?nal energy bal 
ance between the two waves to’o?set the energy loss 
experienced by the lower wave. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a simpli?ed cross-sectional sketch of a typical 
antenna embodiment of the present invention; and 
FIGS. 20 and 2b are perspective and cross-sectional 

views, respectively, of a voltage divider (coupler) em~ 
bodiment of the invention. 

DESCRIPTION OF ms PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, the outer conductor 1 of coaxial 
line 2 conductively engages apertured ground plane con 
ductive member 3. As presently preferred, conductor 1 
and member 3 are threadably engaged and secured by 
lock nut 4. The inner conductor 5 and outer conductor 1 
of coaxial line 2. are cut ?ush with the top surface 6 of 
ground plane 3. A conductively clad glass disk 7 is sup 
ported above ground plane 6 by dielectric foam spacers 8 
which have a dielectric constant closely matching that of 
air. The conductive ?lm 10 on disk 7 is of the order of 
several hundred angstroms in thickness, and is electri 
cally connected to the center conductor '5 of coaxial line 
2 by thin wire 9. 

Let it be assumed that a TEM wave with electric ?eld 
indicated by a vector V propagates across the antenna 
of FIG. 1 in the direction of arrow 11. The electric ?eld 
of the wave is perpendicular to ground plane 3 whereby 
equipotential planes exist which are parallel to ground 
plane 3. The presence of disk 7 with its thin conductive 
?lm 10 along one of the equipotential planes does not 
disturb the incoming wave other than to split it into two 
portions, one being above and the other being below ?lm 
10. The two portions of the wave travel along with sub 
stantially the same phase inasmuch as the velocities of 
propagation in the media on opposite sides of ?lm 10 
are substantially the same. Since a relatively small amount 
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of upper wave energy propagates within disk 7 and since 
the dielectric constant of the spacers is approximately 
equal to that of air, negligible velocity effects are intro 
duced. If the amplitudes of the two portions of the wave 
also remain equal as the wave propagates across the 
antenna, the two waves may recombine without re?ection 
at the far edge 12 of disk 7. However, the lower wave, 
i.e., the “trapped” wave propagating between disk 7 and 
ground plane 3, encounters thin wire 9 which scatters 
some of the energy and couples additional energy out 
coaxial line 2. Thus, the amplitude of the energy of the 
lower wave is reduced relative to the amplitude of the 
energy in the upper wave portion. 
A time limited impulse requires that the energy cou 

pled out via coaxial line 2 terminates with no signi?cant 
residual distortion transients in a time which is short 
compared to the radio frequency period of the input 
impulse excitation. Unless special provision is made for 
the equalization of the amplitudes of the energies in 
the two waves propagating on opposite sides of disk 7, 
the resulting re?ections created when the two waves re 
combine at the edge 12 of disk 7 would couple out via 
coaxial line 2 at times greatly in excess of the desired 
time limited inpulse response. 
The present invention provides for the equalization 

of the amplitudes of the energies in the two waves propa 
gating on opposite sides of disk 7 by setting the angle 
between disk 7 and ground plane 6 to an appropriate 
value whereby the energy of the incident wave travelling 
in the direction of arrow 11 is split in a manner to off 
set energy coupled out of the lower wave by coaxial 
line 2. Alternatively, the energies in the two waves propa 
gating on opposite sides of disk 7 are substantially 
equalized through the use of a submicron thickness of 
conductive ?lm 10 which allows energy from the higher 
amplitude upper wave to “leak through" the thin re 
sistive ?lm to replenish the energy lost in the lower wave. 
In either manner, the upper and the lower waves become 
equal in amplitude before the two waves reach the far 
edge 12 of disk 7 in the direction of wave propagation. 

It should be noted that both techniques can be em 
ployed simultaneously although in general, in embodi 
ments employing a conductive ?lm, the angle of the disk 
7 is adjusted so that the disk is parallel to the top sur 
face 6 of the ground plane 3. 

It will be recognized by those skilled in the art that 
the amount of “leak through” energy penetrating through 
thin ?lm 10 depends upon the resistivity of the ?lm, the 
thickness of the ?lm and the wave length of the imping 
ing electromagnetic wave. Energy penetrates the conduc 
tive ?lm when the thickness thereof is less than several 
skin depths at the frequency of the impinging wave. 
The basic principles exploited in the antenna embodi 

ment of FIG. 1 are readily applicable to the coupler em 
bodiment of FIGS. 2a and 2b. Referring to FIGS. 2a 
and 2b, the outer conductor 14 of coaxial line 15 is 
split to permit the connection of output coaxial line 16 
thereto. The center conductor 17 of coaxial line 16 is 
connected to a thin wire 18 which penetrates through 
dielectric layer 19 to contact conductive ?lm 20. In a 
typical application, coaxial line 15 is ?lled with a dielec 
tric material 21 such as “Te?on.” Dielectric layer 19 
preferably is of the same type of material whereby the 
velocity of propagation of waves travelling between the 
center conductor 22 of coaxial line 15 and thin ?lm 20 
is substantially the same as the velocity of waves travelling 
between thin ?lm 20 and outer conductor 14. In the case 
where “Te?on” dielectric material ?lls coaxial line 15, 
it is convenient to use “Te?on” tape for dielectric layer 
19 and to employ aluminized “Mylar” or ‘"I‘e?on” tape 
to provide the thin ?lm 20 of conductive material on 
dielectric layer 19. 

In the coaxial line coupler embodiment of FIGS. 2a 
and 2b, thin ?lm 20 of conductive material is parallel 
to outer conductor 14 of coaxial line 15. The resistivity 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

70 

75 

4 
of thin ?lm 20 is selected preferably within the range 
from about 1 ohm per square to about 50 ohms per 
square, although other resistivities are useful to permit 
an appropriate amount of energy “leak through” from 
the upper wave (travelling between the center conductor 
22 of coaxial line 15 and thin ?lm 20) to the lower 
wave (travelling between ?lm 20 and the outer conductor 
14 of coaxial line 15) whereby the amplitudes of the 
energies in the two waves become substantially equal 
before the waves reach the far edge of thin ?lm 20 in 
the direction of wave propagation. Typically, ?lm 20 is 
'0.00l" thick or slightly thicker. A desired portion of 
the energy in the total wave travelling within coaxial 
line 15 is coupled out via coaxial line 16 in the same 
manner as described with respect to coaxial line 2 with 
respect to the antenna embodiment of FIG. 1. It will 
be observed that the phase of the upper wave remains 
the same as the phase of the lower wave in the coaxial 
line coupler of FIGS. 20 and 2b because both waves 
propagate through respective media providing the same 
velocity of propagation. 

It has been observed in tests made with an antenna 
con?guration of the present invention utilizing a 0.030 
inch thickness and 8 inch diameter glass plate for disk 
7 and approximately 200 angstroms of chromium for thin 
conductive ?lm 10 that the desired imulse resonse is 
achieved only when the thin conductive ?lm 10 faces 
ground plane 6. Satisfactory time limited impulse response 
is not obtained when the glass plate faces ground plane 
6, i.e., when disk 7 is inverted. In the ‘inverted case, a sub 
stantial amount of the lower wave is con?ned within the 
glass with the result that the velocity of propagation of 
the lower wave becomes signi?cantly different from the 
velocity of the upper wave which travels in air. However, 
when conductive ?lm 10 faces ground plane 6 both the 
upper and the lower waves propagate through substantial 
ly the same air media inasmuch as a relatively small 
amount of the upper wave energy propagates within the 
glass plate and a relatively small amount of lower wave 
energy propagates within the dielectric spacers 8. It also 
has been observed that optimum time limited impulse 
response is achieved when the height of disk 7 above 
ground plane 6 is in the range from about 0.010 to about 
0.375 inch. 
While the invention has been described in its preferred 

embodiments, it is tovbe understood that the words which 
have been used are words of description rather than 
limitation and that changes within the purview of the 
appended claims may be made without departing from 
the true scope and spirit of the invention in its broader 
aspects. ' 

What is claimed is: 
1. An energy coupling device comprising: 
an apertured ?rst conductive member, 
-a second conductive member, 
said ?rst and second members forming a ?rst micro 
wave transmission line, and 

a second microwave transmission line coupled to said 
?rst microwave transmission line through an aper 
ture in said ?rst member, 

the microwave energy propagating media on opposite 
sides of said second member providing substantially 
the same velocity of propagation, 

said second member having a thickness and angular 
relationshiprwith respect to said ?rst member so as 
to equalize the amplitudes of microwave energies 
propagating on opposite sides of said second mem 
ber in said media. 

2. The device de?ned in claim 1 wherein said second 
microwave transmission line is a coaxial line whose center 
conductor extends through said aperture in said ?rst mem 
ber to contact said second member. 

3. The device de?ned in claim 2 wherein said second 
conductive member is a disk. 
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4. The device de?ned in claim 3 wherein the thickness 
of said disk is a fraction of a micron. 

5. The device de?ned in claim 4 wherein said disk is 
separated from said ?rst conductive member by a distance 
in the range from about 0.010 inch to about 0.375 
inch. 

6. The device de?ned in claim 5 wherein the resistivity 
of said disk is in the range from about 1 ohm per square 
to about 50 ohms per square. 

7. The device de?ned in claim 1 and further including 10 
a second coaxial line, said ?rst member conforming to 
the outer conductor of said second coaxial line. 

‘8. The device de?ned in claim 7 wherein said second 
coaxial line is ?lled with a dielectric material to provide 
the same velocity of propagation to microwave energy 15 
travelling on opposite sides of said second member. 

9. The device de?ned in claim 1 wherein said second 
member comprises: 

a substrate of dielectric material and a submicron ?lm 
of resistive material deposited on said substrate, 

said ?lm facing said ?rst member. 
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