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1, INTROCDUCTION

To the knowledge of the author, no suitable flush-mounted broadband
antenna of LP (log-periodic) design has been reported in the literature,

Some of the types of designs for-flush-mounted antennas which have been
attempted by various workers are shown in Figure 1,

Figure la is a typical example of a class of structures which is fabri-
cated by starting with a planar LP structure which has a satisfactory but
bidirectional pattern, i.e.,, it radiates symmetrically in both hemispheres
above and below the antenna. In order to have the energy radiating in the
top half alone, the lower portion is usually blocked off with a series of
cavities or even a single cavity, Most of these have been found to exhibit
poor performance as broad-band antennas.

Many of the difficulties with the above scheme may be attributed to the
reflections from the cavity back used with the planar structure, A procedure
shown in Fiéure 1b, which has been used by Stangl to circumvent this, involves
the use of a cavity coated with a lossy material, This does not seem to be a
very useful solution to the problem if noise and power considerations are taken
into account,

Figure lc¢ shows another configuration that seemingly locks like a dual
of the LP dipole antenna. This will not work because the transmission line at
the input would be essentially short-circuited by the shunt loops as they got
smaller and smaller to satisfy the scaling conditions,

There may be ways of getting around this, but a direct approach would be
preferable and it is the purpose of this paper to cutline one such approach,
Some of the basic principles for LP design.will be discussed and applied to
synthesize a flush-mounted loé-periodic antenna which has been named the
Letter-rack antenna. It is an integrated system of slots forming a corrugated
surface and a series of loops which will be examined by the theory of coupled

modes
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2. BAS1C CONSIDERATIONS

The purpose here is to outline some of the common design principles of
successful LP antennas So far only backfire types of structures have lent
themselves to good LP design, Many of these antennas are built from periodic
structures whose propagation constant 1s compleX in certain frequency ranges,
i.e., the solution of 1ts characteristic equation is complex valued., The
complex solution ofzen referred to as the leaky wave solution assures the
decay of fields along the structure away from the feed point. The term leaky
wave solution 1s often used synonymously with a fast wave solution, i.e , one
for which the propagation constant associated with one or more of the space
harmonics has a real part Br less than k, where k is the free space wave
number A complex wave does not need to be fast in order for the structyre
supporting it to radiate effectively This does not need to be constirued to
mean that a slow wave would be better than a fast wave, Here the term complex
wave w1ll be used to indicate both fast waves and attenuating slow waves,

Although the supporting 2f a complex wave is necessary, it is not a
sufficient condition for a uniform structure to he suitable for LP design,

It issuggested: that a filter type cutoff frequency region which is often referred
to as a stopband 1s the key 10 successful LP design. This statement must be
interpreted very carefully, Consider, for instance, the two configurations
shown 1n Figure 2 The lpaded wave gulde acts as a filter and has passhands and
stop-bands. 1In the stop-band, the structure presents a reactive impedance to
the source and all the cnergy launched 1s reflected back into the generator. In
addition, the high attenuation of this mode results in little energy left in the
end of the structure Now consider the two line contra-directional coupler,
That also has litile end effect in line A hecause almost all of the energy can
be coupled to line B In contrast to the cutoff filter waveguide, the coupler
may be so designed as to have little reflection back into the generator end of
line A It may be misleading to use the term stop-band i1n connection with this
coupler without adequate explanation, as 1t would suggest a behavior similar to
the filter structure

These examples have interesting analogies Lo antenna structures The
filter type of configuration resembles a class of antennas which support complex

waves,but these waves couple poorly to space., Most of the energy launched on
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Figure 2b, Two Line Directional Coupler




the surface 1s reflected back to the feed end and standing waves are set up
on the structure As their impedance and patterns are usually gquite freguency
dependent, antennas belonging to this class do not lend themselves for wideband
design
The coupler is analogous to a class of antennas whose complex waves radiate
effectively 1nro space Consequently, the standing waves on the structure are
small and most o©f ~he energy radiates off the desired direction, Line A would
be analogous to the guiding structure and line B could be thought of as the
space 1nto which the antenna is radiating This class of antennas has a better
broadbanding potenrtial and this is the key to successful LP design
To summarize, successful LP design is based on the following considerations:
1 The wave should favor backfire radiation, i.e., the main radiation
should be toward the feed
2 The LP structure should support a complex wave region where the
wave attenuates, This region is to be preceded by a transmission region where
there 15 little attenuation, The latter condition is particularly important
from 1mpedance considerations
3. The complex wave should couple effectively to space and should
reflect little energy back to the generator exciting the guiding structure.
However, 1t is not a necessary criterion that the wave be fast, i.e., the real
part of B need not be smaller than k,
It is not i1mplied here that the above conditions are both necessary and
sufficient, and a few exceptions also exist, but they are dcfinitely the common

characteristic of most of the successful LP antennas built to date




3. THEORETICAL k- P DIAGRAM FOR CORRUGATED SURFACES

3.1 Calculation of the Theoretical k- P Diagram

One approach to studying the LP antennas is by considering them to be
locally periodic along the structuref2 The period increases with the in-
creasing distance from the apex. Therefore,knowing what is happening to a
periodic structure as a function of frequency gives considerable insight
into what is happening in a LP version of that structure as a function of
distance along it away from the apex. Hence. the importance of the
Brillouin diagram showing kh as a function of P d where at a given frequency
and height in the LP structure the approximate local phase constant B d
could be obtained from the Brillouin diagram for the uniform version,

Although the corrugated surface shown in Figure 3b will be seen to be unsuitable
for use by 1tself as a broad-band antenna, its k- P diagram will be useful in
the coupled mode fheory analysis of the Letter-;ack antenna,

The corrugated surface has been suggested as a substitute for a reactance
surface, and the propagating characteristic of the latter, both unmodulated
and modulated, has been reported,3 However, the approximation of a corrugated
surface to being a constant-reactance surface is only good over a narrow band
of frequencies, As a lattle thought will show, the corrugated surface is not
a constant-reactance type, but is highly dispersive, The calculating of the
k- P diagram has been discussed by Brillouin4 and Hurdb5 Hurd's work, which
ig the latest, has used a function-thecretic approach to obtain the character-
istic equatlon,and he has restricted himgelf to pure real or surface wave
types of solution, An alternatc approach for deriving the cquation for B will
be presented,

The first part of the formulation follows exactly the procedure used by
Hurd In the region above the slots it is assumed that there exists a wave
proceeding in the +z direction This wave will be assumed to have three ficld
components only, Ey’ Ez’ Hx' The problcm is thus a scalar one, and all the field

components may be derived from HY. The appropriate cequations arc:
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On account of the periodic nature of the structure, the field above thc
slots will not be a simple wave but will bc a summation of an infinite numbcr

of waves of differing amplitudcs and phase constants:

o y z
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H = = Ane D iPn

Nn= = o0

3
Bn® - ) (2)

an

Bn = Po + 2nT/d

n=0, +1, +2,..,.)

Bo is the characteristic propagation constant. Let it be assumed that
only a TEM mode propagates in the trough region.

The field in the vth slot may be written as

Hx(v) = Z ﬁnsv%os ym(y+h) cos (mflzv/d), y < 0

m=o

(3)




To derive the characteristic equation one matches the Ez and Hx field at

y=0. Following Hurd,:the following determinantal equation may be derived

after some algebra:
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The infinite set of equations has a form similar to the one obtained in the
case of a finite bifurcation in a waveguide, This problem has heen discussed
thoroughly by Mittra.6 Using the method outlined in that paper for expanding
determinants of the type under consideration, one obtains the following ex-

pression for the determinantal equation,

% 2 i i (5. 46
Ar T etV p (-6, + z T e 2mtop)h AGb =B )+, .=0 (5)
m=0 n=m+1 m=0

i
The determinant /& is a double alternant ( for details see Muir ) and may be

expressed as a ratio of produets involving an and Bm'




The desired determinantal equation is

. =1 kd
2kh = T -2sin (k/ﬁo) + o7

fn 2+ T, k4/M

(6)
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% 1
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n n—
n=1
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The k-P diagram was calculated for the corrugated surface structure
using Equation (6) and the results are shown in Figure 3a. Note particularly
that above the turnover point P there eXists a pair of complex conjugate
solutions with the P equal to ., No other solutions were found in this range,
although a numerical search for a possible root was made on a digital computer
on a very thorough basis, A typical higher order solution is shown by curve
D in Figure 3a. A thorough search was also made for a solution of the
equation in the region R in order to find a continuation of the curve D. No
physically admissible solution has been found so far, at least, This problem
ig currently under further investigation by the Antenna Laboratory at the
University of Iilinois. In effect then, except for the solution designated by
C in Figure 3a, no complex soclution has been found to date even after a fairly
thorough search with the computer.

3.2 Interpretation of Theoretical k-ﬁ Diagram

The interpretation of the k=P diagram for the corrugated structure
considered above is fairly simple, The solid curves in Figure 3a represent
surface wave type of solutions, The only complex solutions found are represented

by the vertical line at B=wm 1t may be shown that this solution has the same

L
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charactcr as the filter type attenuated mode in a closed structure, Theoretically,
for an infinite structure, there is no radiation from the fields described by*
this mode solution, Lack of other complex solutions of the determinantal
equation must not be so interpreted as to mean that the structure has no radi-
ation The continuous spectrum of spatial frequencies is always present when
one is considering a source problem, In this particular case, a convenient
alternate representation for what may be a majority portion of the fields in
terms of other complex solutions was unable to be found. In any event, this
structure is not expected to produce primarily backfire pattern, one of the
criteria which was set forth as desirable, Complex solutions with a leading
phase constant ﬁ, and which produce fields that couple fairly effectively to
space is what we are seeking, A possible modification which will make it
possible to realize such a characteristic is discussed in the following section,

3.3 Modification for Realizing a Backfire Condition

Consider the modification that results in the k- B diagram of the corrugated
structure when it is coupled to another system which has its k- ) diagram shown
by the line B in Figure 4 If these two systems couple’ effectively near I,
complex solutions will result (for details on coupled mode theory see Louisells)
in the neighborhood of the point of intersection of the unperturbed solutions
assoclated with the two systems, Since the location of I is in the leading phase
region, backfire patterns will be expected, For lower frequencies when the two unperturbed
solutions are far apart, madification-of the solutions due toeoupling will be small and two different mode
solutions will be pxpected, It is not possitle tosay without solving the source problem what the
relative amplitude of excitations of these two mode amplitudes will be. One
would expect though that there will be regions where the sclution A will be
predominant and some others where the influence of B will be larger. Where A
dominates, the patterns will be primarly endfire whereas backfire radiation will
be expected in regions where the composite solution is closer to B. One exXpects
the solution B to dominate in the vicinity of the point I (see Figure 4) for
waves traveling in the positive direction. A straightforward system which will
produce a k- B characteristic of the type B is shown in Figure 5 The picture
shows a transmission line loaded periodically with series loops which alternate

in their sense of winding. Assuming the current flows along the loops at




Figure 4,

k- B Diagram Showing Coupling of Modes
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velocity of light one expects the slope of the curve B to be smaller than 1

and the limiting value of P as k40 to be T, This is the type of characteristic

we have been looking for, A coupled system is shown in Figure 6, Next are the

experimental measurements on the corrugated surface and the coupled system and

finally the wide-band corrugated surface antenna,
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4 EXPERIMENTAL RESULTS

4.1 The Corrugated Surface

The uniform corrugated surface was made by stacking 2" x 10" aluminum
plates, The bottom of the troughs was also aluminum, A sketch of this
structure is shown 1in Figure 3 along with other details, After considering
various possible feeds, such as a horn or single wire exciter, 1t was decided
top use a single loop feed at one end of the structure, This feed showed
fairly efficient coupling to the strvcture when it was placed near the bottom
of the first trough and yet had little direct contribution to the far field,

An automatic plotter was used to plot the near field amplitude of the
Hx—field as a function of distance along the structure, The probe and the
antenna were placed in an anechoic chamber,

ln the frequency range where there is little attenuation of the wave
supported by the structure, 1t is convenient o measure B by putting a large
shorting plane on the end of the structure and setting up standing waves on
the surface, The guide half-wavelength ( Ag/2) can be determined by measuring
the distance bhetween two minimas, The measured values of 5d=2ﬂdfhg are
plotted in Figure 3 as a function of kh.

At low frequencies the experimental points are quite close ©o the theoreti-
cal curve and the attenuation of the wave is negligible, Only near the turn-
over point P does the attenuation become noticeable

Above the turnover point the experimental curve *ends to turn back toward
smaller values of P instead of following along the line B = 7 which was
calculated thecretically One possible explanation for this is the following.

In the frequency range above the turnover point, the fields due to a
given source must be described by inciuding the sparial frequencies which have
a continuous spectrum, The small frequency range abovce the turnover point is
a sort of transition region between the surface wave mode and continuous spectrum
type of behavior In this region the values can be approximately tracked up to
a certain frequency beyond which no meaningful measurements could be made until
the next mode 1s reached The nex' mode. correspondlng to a coslne distribution
in the transverse direcrion, has surface wave propagation until 1ts turnover

point 1s reached
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The possibility of the existence of another complex sclution of the
characteristic equation which will correspond to the experimentally measured
point is currently being investigated at the Antenna Laboratory of the
University of 1llinois & However this question still remains open,

50 far, the experimental measurements and experimental far field patterns
have neot convincingly demonstrated such a solution,

4.2 Uniform Version of the Corrugated Surface with Multiple Loop Feed

A uniform version of the corrugated surface antenna, i,e,, one with
T = 1, was pullt and studied in order to gain an insight into the behavior
of 1ts LP counterpart

The uniform version was constructed by bolting aluminum plates with right
angle bends to a sheet of aluminum, Heoles drilled in the center of the bottom
of each slot allowed the feed cable to pass in and out of each slot., The
loops-were formed by the feed cable held in place by polyfoam spacers and every
other loop was wound in the opposite direction, The tops of the plates were
spaced by pieces of plexigilass. The dimensions of this model are shown in
Figure 6.

A Rohde and Schwarz diagraph was used to measure near field phase and
amplitude of the Hx field over each cell Again,the field probe and the
antenna were placed 1n an anechoic chamber,

The experimental results in Figure 7 show kd versus normalized phase

27T
shift per cell et . In the region kd below ,035, the points indicate a wave

i

traveling down tie feed wire, mode B, with slowness of about 13.5, whereas the
slowness expected 1f the current were assumed To be traveling along the wire
with free space velocity would be 11, This could be explained by noting an
additional loading effect on the feed line due to its close proximity to the
corrugated surface The coupling at point I has been discussed previously,
Far field measurements at these frequencies show a backfire type of pattern, as
shown in Figure 8

At higher values of kd the experimental points follow the curve +A,
Corresponding far fields measurements show an endfire type of pattern

A higher order mode appears to dominate at even higher kd values giving a
far field pattern which 1ssplit or double lobed i1n the aperture plane (see

Figure 8 )n
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Figure 7, K - B Diagram of Uniform Corrugated
Surface with Multiple Loop Feed
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a f=550 Mc f=625Mc

C f=775 Mc

Figure 8, Three Patterns of the Uniform
Letter-Rack Antenna
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From this information, it can be predicted that the LP version should
work satisfactorily if radiation due to mode +A and higher order modes is
small and if the effective radiation comes from the coupled curves B and -A,

4.3 The Wide-Band Corrugated Surface Antenna

The LP corrugated surface with multiple feed was constructed in the
same manner as the uniform version except all dimensions were scaled by a
factor T from cell to cell A sketch of this structure is shown in Figure 9,

A typical near field amplitude plot of the transverse H-field as a
function of distance along the structure is shown in Figure 10. Note that the
wave is fairly well bound at the input end of the antenna but becomes more
and more loosely attached to the surface as it approaches the active region
where the field ampliitude reaches a maximum. The HX field decays very rapidly
beyond this point,and there is no significant energy left at the end of the
structure. The near field phase measurements show a leading phase distribution
in fegions where the amplitude is significant. This indicates mode B is
predominant in most of the regions of interestsand hence the LP structure
produces a predominately backfire pattern, The near field measurements also
scale fairly well with frequency indicating a broadband performance, The H-field
behavior measured on this structure shows a strong resemblance toc the current
distribution at the base of the dipoles in the log-periodic dipole array, as
reported by Carrel‘,l0

A larger model of the wide-band corrugated surface antenna to fit into a
30in, Circular aperture was built for impedance measurements, The spacing
away from ground or feedline from loop to loop was left variable, The impedances
pf this antenna over its design range are shown in Figure 11, The points shown
were taken with the feedline very close to the bottom plate of the antenna
which 1s grounded,

A predominately backfire type of patfern over a wide range of frequencies
is exhibited by the far-field measurements on the wide-band corrugated surface, the
Letter-rack antenna11 These are shown in Figure 12. Note that low frequency
performance extends down to 500 mcs. whereas the frequency at which the last slot
becomes a quarter wavelength is above 850 mcs This may be explained by going
back to the coupled mode approach discussed earlier, Referring back to
Figure 4, if there 1s a strong interaction between the corrugated surface and

the loop structure, i.e., between curves -A and B, the resulting curve will
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f =s00MC f = 700MC
= 900 MC f = 1100 MC
f = 1500 MC f = 1600 MC

Figure 12, Far Field Patterns of the Log-Periodic Letter-—

Rack Antenna
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f=1800Mc

Fipure 12a (coni'd),

A Far-Field Pattern of the Log-
Periodic Letter—-Rack Antenna

f = 1500 Mc

Figure 12b. Typical Far-field Pattern (E Plane) of

LP Letter-Rack Antcnna




have a turnover point considerably lower than the frequency corresponding to
the point I, As a consequence of this, the frequency at which the slots start
attenuating the wave will lower the point I, Also note that the point 1
could be substantially lower than thc turnover poiﬂt of curve A depending on
the slope of curve B, Hence the usable low frequency limit of the antenna will
be considerably lower than that predicted by the quarter wave resonance fre-
guency of the largest slot,

The above behavior is tied up with the strength of interaction between
the corrugated surface and the feed structure and the predominance of mode B
with desired attenuation, If the loops are made very small, the performance
of the antenna deteriorates considerably. The bandwidth becomes narrower,
the front-to-back ratio becomes smaller, and the standing wave ratio at the
input increases as a result, These can be attributed to the presence of the
undesired mode, i.e,, mode +A, in the radiation region, weak coupling between
-A and B resulting in lower attenuation along the structure for the complex
wave and hence larger end effect, and poor conversion of the transmission wave
into the radiating wave and hence larger reflected wave toward the feed,
Therefore, it is quite important to design the antenna in such a mwanner as to

insure coupling between the corrugated surface and the loop structure,
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5. CONCLUS ION

It was shown why the simple corrugated surface is not suitable for
broadband design without some basic changes, A composite system consisting
of a series of alternately transposed loops and the corrugated surface was
construcied such that the two periodic systems couple strongly to each other,
Then a tapered verslon, a wide-band flush-mounted antenna, also called the
Letter-rack antenna,ll was designed from the previously gained knowledge
The behavior of the coupled system was studied on the basis of coupled mode
theory The significance of the k- g diagram to the LP antenna design was
also outlined, The purpose of this project was not to design a particular
piece of hardware for a particular job, but to outline certain principles
which might help 1n understanding the behavior of a class of LP antennas and
to design some new ones on the basis of this understanding. Another
success ful antenna, a series-loaded folded dipole structure shown in Figure 13,

has been built following these principles,
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Figure 13,

Log=-Periodic Folded Dipole Array




S ——

10

11,

BIBLIOGRAPHY

P E. Mayes G A, Deschamps, LA Patton, "Backward—Wave Radiation
from Periodic Structures and Application to the Design of Frequency—
Independent Antennasj Proc IRE, vop, 49, No, 3, May 1961,
A A Oliner and A Hessel, JGuided Waveg on Sinusoidally-Mbdulated

Reactance Surfaces," Trang IRE, ypj. Ap~7. pp. S201-8208, Decemper l1gsg9

L Brillou1n§ "Wave Guides fop Slow Wayeg " Journal of Applieg Physics,

2
Vol 19, pp 1023-10415 November 1548

Corrugateq Surface,“ Canadiap Journal of Physics, VoI, 32, No. 12,
December 1954

R, Mitcrs "The Finite Range Wiener-Hypg Integra} Equationj” Trans, IRE,
Vol AP-7 pp 8244-82545 December 1859

T Muir, A Treatige on the Theory of Determinants," Dover, New York,
1960,

W H Louisers, "Coupleq Mode ang Parametr;je Electronics,” John Wiley g
Sons, Inc > 1960

R, Miterg and g, Laxpati, Private Communicationn

R L. Carrel "Anal 5is5 ang Design of the [0 ~Periodic Dipole Antenpg "
P Yy g E g

R. Mittra ang M. L. Wanl, "qp, Letter--Rack.'Antenna-—A Wide-Band pyyqp.
Mounteq Anrenng of Log—Pbriodic Design Convention Record, First IEgp




l of 5

ANTENNA LABORATORY

TECHNICAL REPORTS AND MEMORANDA ISSUED

Contract AF33{(616)-310

"Synthesis of Aperture Antennas,’ Technical Report No. 1, C. T. A, Johnk,
October, 1954.+ AD-52134

"A Synthesis Method for Broadband Antenna Impedance Matching Networks,"
Techinical Report No, 2, Nicholas Yaru, 1 February 1955. * AD 61049.

11

"The Assymmetrically Excited Spherical Antenna,
Robert C. Hansen, 30 April 1955. * AD-66220

Technical Report No, 3

3

“Analysis of an Airborne Homing System,” Technical Report No. 4, Paul E,
Mayes, 1 June 1955 (CONFIDENTTAL). AD-80147.

“Coupling of Antenna Elements to a Circular Surface Waveguide," Technical
Report No. 5, H. E. King and R. H. DuHamel, 30 June 1955. * AD-75733.

“Input Impedance of a Spherical Ferrite Antenna with A Latitudinal Currentj"
Technical Report No, 6, W. L. Weecks, 20 August 1955. AD-75732,

"Axially Excited Surface Wave Antennas,’ Technical Report No. 7, D. E. Royal,
10 October 1955. * AD-75731.

“"Homing Antennas for the F-86F Aircraft (450-2500 mc), Technical Report No, 8
P. E. Mayes, R. F. Hyneman, and R. C. Becker, 20 February 1957.

3

"Ground Screen Pattern Range,"

10 July 1955. =

Technical Memorandum No. 1, Roger R. Trapp,

Contract AF33(61§1:§§§Q

"Effective Permeability of Spheriodal Shells,"” Technical Report No, 9
E. J. Scott and R. H. DuHamel, 16 April 1956. AD-98615

2

"An Analytical Study of Spaced Loop ADF Antenna Systems,’
No. 10, D. G. Berry and J. B. Kreer. 10 May 1956.

Technical Report

"A Technique for Controlling the Radiation from Dielectric Rod Waveguides,"”
Technical Report No, 11, J, W. Duncan aund R. H. DuHamel, 15 July 1956. *
AD-107344.

"Direction Characteristics of a U-Shaped Slot Antenna,' Technical Report
No, 12, Richard C. Bccker, 30 September 1956. * AD-116104.

"Impedance of Ferrite Loop Antennas " Technical Report No. 13, V. H. Rumsey
and W. L. Weeks_ 15 Octocber 1956, ** AD 119780,
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"Closely Spaced Transverse Slots in Rectangular Waveguide,' Technical Report
No. 14. Richard F. Hyneman, 20 December 1956. ** AD-127455.

"Distributed Coupling to Surface Wave Antennas," Technical Report No. 15,
R. R. Hodges, Jr., 5 January 1957>% AD-127454,

"The Characteristic Impedance of the Fin Antenna of Infinite Length,"
Technical Report No. 16 Robert L. Carrel, 15 Januvary 1957, *AD-127453.

'On the Estimation of Ferrite Loop Antenna Impedance," Technical Report No. 17
Walter L. Weeks 10 April 1957.%*AD-143989,

"A Note Concerningz a Mechanical Scanning System for a Flush Mounted Line
Source Antenna,” Technical Report No., 18, Walter L. Weeks, 20 April 1957.%
AD-143990.

“"Broadband Logarithmically Periodic Antenna Structures,”

R. H. DuHamel and D. E, Isbell 1 May 1957. AD-140734.

Technical Report No. 19,

"Frequency Independent Antennas '

25 October 1957. AD-153260.

' Technical Report No. 20, V. H. Rumsey,

"The Equiangular Spiral Antenna, "

Technical Report No. 21, J. D, Dyson,
15 Septemoer 1957, * AD-145019.

"Experimental investigation of the Conical Spiral Antenna," Technical Report

"Coupling between a Parallel Waveguide and a Surface Waveguide,” Technical J
Report No, 23, E. J. Scott, 10 August 1957. AD-144030.

“Launching Efficiency of Wires and Slots for a Dielectric Rod Waveguide,"

Technical Report No, 24, J. W, Duncan and R. H. DuHamel, August 1957. AD-144030. ]
“The Characteristic Impedance of an Infinite Biconical Antenna of Arbitrary

Cross Section,” Technical Report No. 25, Robert L. Carrel, August 1957. AD-144121.
"Cavity-Backed Slot Antennas,” Technical Report No. 26, R. J. Tector, 30 October

1957. AD-149451.

‘Coupled Waveguide Excitation of Traveling Wave Slo' Antennas," Technical Report
No. 27, W. L. Weeks. 1 December 1957, AD-155178,

"Phase Velocities in Rectangular Waveguide Partially Filled with Dielectric,”
Technical Report No. 28, W. L. Weeks, 20 December 1957, AD-155177.

"Measuring 'he Capacitance per Umit Length of Biconical Structures of Arbitrary
Cross Section,” Techmical Report No. 29 J. D. Dyson, 10 January 1958, AD-153561.
"Non-Planar Logarithmically Periodic Antenna S?ructurej" Technical Report No. 30
D. E. Isbell 6 20 February 1958, =« AD-156203,
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“Electromagnetic Fields in Rectangular Slots," Technical Report No, 31,
N. J. Kuhn and P, E, Mas:, 10 March 1958. AD-156709,.

“The Efficiency of Excitation of a Surface Wave on a Dielectric Cylinder,K "
Tcchnical Report No. 32, J. W. Duncan, 25 May 1958. AD-162052,

“A Unidirectional Fquiangular Spiral Antenna,’ Technical Report No. 33,
J. D Dysonf 10 July 1958 .* AD-201138.

“Dielectric Coated Spheroidal Radiators,
Weeks 12 September 1958. AD-204547,

Technical Report No. 34, W. L.

"A Theoretical Study of the Equiangular Spiral Antenna,” Technical Report
No. 35, P. E. Mast, 12 September 1958.%**AD-204548.

“Use of Coupled Waveguides 1n a Traveling Wave Scanning Antenna,' Technical
Report No. 36, R. H. MacPhie, 30 April 1959. AD-215558.

‘On the Solution of a Class of Wiener-Hopf Integral Equations in Finite and
Infinite Ranges." Technical Report No. 37, R, Mittra, 15 May 1959.**AD-220543.

"Prolate Spheroidal Wave Functions for Electromagnetic Theory," Technical
Report No. 38, W. L. Weeks, 5 June 1959.* AD-226727.

“Log Periodic Dipole Arrays,' Technical Report No. 39, D, E. Isbell, 1 June
1959, **AD-220651.

“A Study of the Coma-Corrected Zoned Mirror by Diffraction Theory," Technical
Report No. 40, S. Dasgupta and Y. T. Lo, 17 July 1959.% AD-225273.

"

"fne Radiation Pattern of a Dipole on a Finite Dielectric Sheet,
Report No, 41 K. G. Balmain, K 1 August 1959,

Technical

"The Finite Range Wiener-Hopf Integral Equation and a Boundary Value Problem

1n a Waveguide, " Technical Report No. 42, R. Mittra, 1 October 1959 .%*AD-229279.
Impedance Properties of Complementary Multiterminal Planar Structures,’

Technical Report No. 43. G. A, Deschamps, 11 November 1959. AD-230625.

'On the Synthesis of Strip Sources,' Technical Report No, 44, R. Mittra,
4 December 193539 AD-230624.

"Numerical Apalysis of the Eigenvalue Problem of Waves in Cylindrical Wave-
guides ' Technical Report No, 45, C, H. Tang and Y. T. Lo. 11 March 1960,
AD-234536.
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"New Circularly Polarized Frequency Independent Antennas with Conical Beam
or .Omnidirectional Patterns,” Technical Report No. 46, J. D. Dyson and
P. E, Mayesj 20 June 1960. ¥ AD-241321.

"Logarithmically Periodic Resonant-V Arrays,' Technical Report No. 47, P. E.
Mayes and R. L. Cirrel, 15 July 1960.**AD-246302.

"A Study of Chromatic Aberration ofa Coma-Corrected Zoned Mirror," Technical
Report No. 48, Y. T. Lo, June 1960. AD-252492,

"Evaluation of Cross-Correlation Methods in the Utilization of Antenna Systems,"
Technical Report No. 49, R. H. MacPhie, 25 January 1961, AD-252493.

1"

"Synthesis of Antenna Products Patterns Obtained from a Single Array,

Technical
Report No. 50, R. H. MacPhie, 25 January 1961 AD-252494.

"On the Solution of a Class of Dual Integral Equations,” Technical Report No, 51,
R. Mittra, 1 October 1961. AD-264557.

"Analysis and Design of the Log-Periodic Dipole Antenna,"” Technical Report
No. 52, Robert L. Carrel, 1 October 1961. AD-264558,

"A Study of the Non-Uniform Convergence of the Inverse of a Doubly-Infinite
Matrix Associated with a Boundary Value Problem in a Waveguide," Technical
Report No. 53, R. Mittra, 1 October 1961. AD-264556.

Contract AF33(616)-8460

"The Coupling and Mutual Impedance Between B-lanced Wire-Arm Conical Log-Spiral
Antennas,” Technical Report No. 54, J. D. Dyson, June 1962. AD-285678.

“"An Investigation of the Ncar Fields on the Conical Equiangular Spiral Antenna,"
Technical Report No. 55, O. L. McClelland, May 1962. AD-276463.

"Input Impedance of Some Curved Wire Anteunas,"” Technical Report No. 56,
C. H. Tang. June 1962. AD-276461.

1"

"Polygonal Spiral Antcnnas,
McClelland, June 1962,

Technical Report No., 57, C, H. Tang, 0. L.

"On Increasing the Effective Aperture of Antennas by Data Processing,”
Technical Report No. 58, R, H. MacPhie, July 1962 .i+

“Theoretical Study of a Class of Logarithmically Periodic Circuits,"”
Tcchnical Report No. 59, R. Mittra, July 1962.: AD-282847

"Backward Wave Radiation from Periodic Structures and Application to the
Design of Frequency-Independent Antennas,"” Technical Report No. 60,
P. E. Mayes, G. A, Deschamps, and W. T. Patton, December 1962. AD-291765.
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"The Backfire Bifilar Helical Antenna," Technical Report No. 61, W. T, Patton,
Seprember 1962 AD-289084 .,

"On the Mapping by a Cross-Correlation Antenna System of Partially Coherent

Radio Sources ' Technical Report No. 62, R. H. MacPhie, October 1962. AD-289085.
"On a Conical Quad-S8piral Array’, Technical Report No. 63, J. D. Dyson, September
1961. ApD-2B8252

"Antenna Impedance Marching by Means of Active Networks," Technical Report No. 64,
S. Laxpati1, R, Mitrra_ November 1962. AD-291766.

Conirac: AF33(657)-10474

"On Max1mizing "he Signal-To-Noise Ratio of a Linear Receiving Antenna Array,"
Teconical Report No, 65, R. H MacPhie, 6 January 1963.

“Application of Cross-Correlation Techniques to Linear Antenna Arrays',
Technical Report No. 67, @. H. MacPhie, March 1963.

"A Study of Wave Propagation of Helices', Technical Report No. 68, Paul W. Klock,
March 19635.

"Relalive Convergence of 'he Solution of a Doubly Tnfinite Set of Equations,”
Technical Repor' No, 69 F. sit'ra, April 1963.

‘Theoretical Brillouin (k-B) Diagram for Monopole and Dipole Arrays and Their
Application "0 Log-Periodic Antennas,' Technical Report No. 70, R. Mittra and
K. E. lones  April 1963
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*» Copies no longer avallavle
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