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ABSTRACT

The design and the measured performance of a leaky-wave antenna

whose radiating aperture is curved to fit flush with a 30-degree sector

of a cylindrical surface are presented. The radius of curvature of the

surface is about 46 inches, or 44 wavelengths at the design frequency.

The aperture of this antenna is 18 inches in the E-plane with an arc

length of 24 in-hes in the H-plane, and consists of an inductive sheet

spaced over a conducting surface.

The radiation patterns of this antenna were measured over the

frequency range 8 to 13 kMc. At the design frequency, 11.42 kMc, the

expeirimental results check extremely well with the theoretical pre-

dictions for a pencil beam 3.8-degrees wide in the H-plane by 3-degrees

in the E-plane, tilted 55-degrees in the H-plane from the normal to the

surface at the feed end of the antenna.
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A LEAKY-WAVE ANTENNA WITH
A CURVED APERTURE

I

I INTRODUCTION I

Certain types of leaky-wave antennas have been shown to produce

accurately controlled and highly predictable radiation patterns when

mounted so that the aperture lies on a flat surface.1-2-. This report

will show that very precise control of the radiation pattern can also

be obtained in practice when the antenna is curved in the H-plane to

fit on a singly-curved surface. This is demonstrated by constructing

an antenna similar to those described previously, 1e'2 but curved fn the

H-plane to form a 30-degree sector of a cylindrical surface. As before,

the antenna consists of an array of parallel conducting wires spaced

over a suitably curved conducting surface. The antenna is 18 inches

wide in the E-plane and has an arc-length of 24 inches in the H-plane,

with a radius of curvature equal to 45.8 inches. It is fed from one

end with the same line-source described previously, 2 and radiates a

pencil beam designed to be 3.8 degrees wide in the H-plane and 3 degrees

wide in the E-plane at the design frequency, 11.42 kMc.

Section II of this report presents the measured data taken on the

antenna over the band from 8 to 13 kMc, and Sec. III explains the design

procedure used to compensate for the curvature of the surface while

radiating a pencil beam.

1



II MEASURED PERFORMNCE

A. GENERAL

The leaky-wave antenna that was built to check the theoretical pre-

dictions and the design procedure is shown in the photograph of Fig. 1.

The aperture of this antenna is 18 inches wide in the E-plane and is

curved to fit a cylindrical surface with an arc length of 24 inches in

the H-plane. This arc length is equal to a 30-degree sector of a

cylindrical surface having a radius of 45.8 inches. As shown in Fig. 1,

a large number of parallel wires 0.005 inches in diameter are stretched

across the aperture with the spacing between adjacent wires varied along

the 24-inch arc length. Figure 1 also shows that the spacing of this

wire grid over the conducting surface varies along the length of the

aperture; the spacing is varied in order to maintain a constant phase

across the aperture projected onto a plane surface. This spacing between

the wire grid and the conducting surface decreases from 0.900 inches at

CF

FIG. 1

CYLINDRICAL CONTOURED LEAKY-WAVE ANTENNA
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INDEXED FOR WIRE GRID--,j

FIG. 2

SKETCH OF ANTENNA GEOMETRY

the input terminal to 0.566 inches at the output terminal, as shown in

the sketch of Fig. 2. Qualitatively, the spacing between adjacent wires

controls Lhe amplitude of the illumination along the aperture, while the

spacing between the wire grid and the conducting surface controls the

phase velocity along the antenna. The spacing between the wire grid and

the conducting surface controls the phase velocity in much the same way

that the width of conventional rectangular waveguide controls the phase

velocity in the waveguide.

This antenna, complete with line-source feed, is shown mounted on

the antenna pattern range in Fig. 3. The line-source feed used here is

a hoghorn having an aperture of 0.900 inches by 18.00 inches wide, the

design of which is described in Refs. 2 and 3.

A series of measurements of this antenna was taken over a frequency

range of 8 to 13 kMc. These measurements are described in this section

and are compared with the theoretical predictions at the design frequency.

3



FIG. 3

PHOTOGRAPH SHOWING THE ANTENNA WITH THE LINE SOURCE FEED
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B. RADIATION PATTERNS

The theoretical radiation pattern of this antenna at the design

frequency was found approximately by projecting the curved aperture onto

a flat plane, then calculating the radiation pattern from this flat

aperture in the usual way. The phase velocity along the curved surface

was varied along the aperture so that the radiation from every point in

the aperture was directed in the same direction in space, in this case,
540 58' from the normal to the surface at the feed end of the aperture

as shown in Fig. 4. There are two plane projected apertures shown in

Fig. 4, one of length L which is a chord of the cylindrical surface, and

one of length LP which is normal to the direction of propagation. The

amplitude of the radiation along the curved surface was adjusted to give

a sinusoidal amplitude distribution along either projected aperture.

The theoretical radiation pattern was then computed as though the

radiation occurred from the plane aperture L at an angle q - (00/2) or

PROJECTED APERTURE

10

*'54-58' f (Z)Nsin{(Z)/L,

0 -

C CYLINDRICAL CONTOURED
/ N ANTENNA APERTURE

/7\1

/ APERTURE USED TO COMPUTE
/ THEORETICAL RADIATION PATTERN

0-0/

FIG. 4

H-PLANE COORDINATE SYSTEM
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390 58' from its normal. The amplitude of the pattern from such an

aperture, neglecting the element factor, is given by Silver 4 as

g(u) = (1)
4u

2

1
7T2

where u is the normalized angular variable and is equal to

u = • [sin (0 - 15') - sin (390 58')] (2)

The final pattern is then found from

cos 2 u cos 2 (9 - 150)p(0) =(3)

where cos (9 - 150) is the H-plane element factor for a magnetic dipole

oriented in the direction of propagation along the infinite, flat

conducting plane. This pattern, normalized to unity at the peak of the

beam is shown on the left in Fig. 5 with the angle 6 on the abscissa.
This pattern is to be compared with the experimental H-plane pattern

measured at the design frequency, 11.42 kMc, which is shown on the right

in Fig. 5. It can be seen that the agreement between the two patterns

is extremely good. Table I summarizes the important characteristics of

these two patterns.

H-plane radiation patterns TABLE I

were measured at a number of
CHARACTEBISTICS OF THE THEORETICAL AND

other frequencies from 8 to EXPERIMENTAL RADIATION PATTERNS AT THE

13 kMc. A typical series of FREQUENCY OF 11.42 &Mc

patterns is shown in Fig. 6.
THEORETICAL EXPERIMENTAL

As seen from these radiation 0Tilt angle, 4 54° 581 55°
patterns, the beam from the

antenna scans in the H-plane Half-power Bddt 3 3-01st Side Lobes -22.3 db -22.2 db
with frequency. This -24.0 db -26.0 db

scanning action is due to the

6
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E-PLANE BEAMWIDTH VS FREQUENCY

C. GAIN

The gain of the wire-grid antenna was carefully measured by comparing

the gain with that of a standard horn. The results of these measurements

are shown plotted in Fig. 11, along with the theoretical directivity

computed at the design frequency of 11.42 kMc. The theoretical gain was

calculated assuming linear phase distribution in both planes-that is,

3 24.22 db

where

LP is the projected aperture in the H-plane and is equal to
18.1847 inches

f is the length of the aperture in the E-plane and is equal
to 18.00 inches

GS is the gain factor in the E-plane and is equal to 0.9954
(Re fs. 2 and 3)

qI is the gain factor in the H-plane which is given by Silver 4

for sinusoidal aperture distributions, Q, * 0.810

F is the fraction of the input power radiated by the antenna-
F - 0.85 in this case.
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GAIN VS FREQUENCY

D. INPUT IMPEDANCE

The results of the input VSUR measurements of the wire-grid antenna
plus the line-source feed over the frequency band of 8 to 13 kWe are shown
in Fig. 12. The high VSVR measured at the low end of the frequency band is
due to the termination of the antenna being below cut-off. At other fre-
quencies in the band, the input impedance of the complete antenna is determined

by the impedance of the line-source feeding the antenna. The input VSUR of
the line source alone was!leos than 1.1 over the frequency band of 7 to 13 kMc.

2.2

•1.0

22 1.4 I I I

II..

1.04

9 10 It 12 13 14
FREQUENCY - We.

FIG. 12

INPUT VSWR VS FREQUENCY



ITI ELECTRICAL DESIGN

A. GENERAL

In this section the procedure for designing the leaky-wave antenna
described in this report is presented. First of all, the radiating

surface of this antenna was arbitrarily chosen to have a cylindrical

contour of radius R with the length of the antenna aperture being a
ae-degree sector of this cylindrical surface. At the design frequency,
the main bean of the radiation pattern was then selected to point at an
angle * from the normal to the feed as shown in Fig. 4. In order to have

the radiation from each portion of the antenna add up in phase in the

direction of the main bean, 4, it is necessary that the guide wavelength,

?5' vary along the antenna as

X/X6 * sin (46 - 1) (5)

where X is the free-space wavelength, 9 is the variable angle, and q5 is

the fixed angle associated with the direction of the main beam.

The aperture distribution at the antenna surface that was chosen for
this antenna is in the form of

W() - sinfj[~sin (8 -4) +sin 3] in ft![ain.cs#j

(6)
Equation (6) is given in terms of Lp, where L. is the total length of
the projected aperture of the radiating surface, and is equal to:

L R[sin (00 - ) + sin 01 - 2 8sn is coo (0 - 0

(7)
This'projected aperture lies on a constant phase plane, And is
perpendicular to the direction of the main bean as shown in Fig. 4. The
aperture distribution given by Eq. (6) is the result of the p"escribed

sinusoidal amplitude distribution

1s



f(Z) m sin-7 (8)

on the constant phase plane projected on to the cylindrical contour of

the radiating surface.

For an end-fed linear array, the aperture distribution is related

to the effective attenuation or radiation constant, S(z), along the

array in the following way: 8S

2u(z) g.z

s21e)•g- g2(f)

R 
-nepere/unit distant

F 2(l)dO - R J l8()dO (9)

where e is the variable of integration along the aperture and F is the

fraction of the input power that is radiated by the antenna. This

formulation neglects the losses in the array due to the finite conduc-

tivity of the metal, which, of course, is a safe assumption in this case.

B. DESIGN PROCEDURE

This section of the report describes the steps taken to design the

leaky-wave antenna discussed above.

First, the size of the antenna aperture was chosen to be 18 inches

wide in the E-plane with an arc length, 1, of 24 inches in the H-plane.

This arc length was then chosen to be a 30-degree sector of a cylindrical

surface, making the radius, 8, of this cylindrical contour equal to 144/7T

or 45.8 inches long.

A design frequency of 11.42 kMc was then arbitrarily selected and

an initial a dimension of 0.900 inches chosen for the unperturbed guide

that matched the line source. At this frequency,

16



X - 2.624 cm a 1.033 in.

he a 3.205 cm w 1.262 in.

X/xg M 0.8188 unperturbed guide

X/2a a 0.5741

The direction of the main beams, , of the radiation pattern is found
from sin q6 " /k or 6 - 54*58', and the variation of X/he along the
aperture is found from Eq. (5) and is shown plotted in Fig. 13..

Knowing the radius, R, and the angles 9. and 6, the aperture distri-
bution g(8) given in Eq. (6) reduces to

(e) -sin 7.881 [sin (0 - 540 58') + 0.8148] (10)

and the total length of the projected aperture, L. - 18.18 inches at
11.42 kMc. A plot of g(8) is shown inFij. 14.

0,9

0.?

0.5Q4

0 5

FIG. 13
THE GUIDE WAVELENGTH, XIM, ALONG TIE ANTENNA APERTURE
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Knowing the function g(O), the value of 21a(z) was then determined

from Eq. (9) with F - 0.85, and is plotted in Fig. 15.

The geometry of the wire grid-i.e., wire size and spacing, required

to produce the values of 0, and the spacing of the grid over the conducting

surface which is required to produce the values of X/X5, (see Figs. 13 and

15)-can then be found from the design data published previously.U For
instance, given h - 1.033 inches, the factor CV/2a can be found as a

function of aperture position from Fig. 17 in Ref. 3, where C/e is a real

function of the wire grid only, given by

C. W2ir (11)
- U•

a (8 In coc2t + F)

where D is the wire diamotero s is the wire-to-wire spacing, and F is a

correction fictor applied for large wire spacings.24 The wire diameter
was arbitrarily selected as D - 0.005 inches, hence the spacing as a

function of position along the array is given by Eq. (11), and is shown

in Fig. 16. The spacing of the wire grid over the conducting surface

cart then be found from Fig. 18 in Re-. 3, and this is plotted in Fig. 17.

C! LINE SOURCE FEED

The line source used to feed this antenna was the same line source
used for the earlier flat leaky-wave antenna and described in detail

previously.'.' It consists simply of an asymmetrically fed pillbox between

parallel planes spaced 0.900 inch apart, and is shown in Fig. 18.

18
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IV CONCLUSIONS

It had been shown previously253 that the behavior of this leaky-wave

structure on a flat surface could be very precisely predicted, thus

permitting independent and precise control of the phase and amplitude

distributions across a flat antenna aperture. The present ahtonna has

shown that control nearly as precise can be obtained when the antenna is

curved gradually in the H-plane to fit flush with a curved surface. It

is apparent that an appreciably smaller radius of curvature could be

utilized before the errors would become significant in most applications.

It follows, then, that leaky-wave antennas of this type can be designed

to fit any singly curved surface whose radii of curvature alomg the

aperture lie between some lower limit (less then 44 wavelenath.) and

infinity. They can be designed to radiate pencil-beam or shaped-beam

patterns.

It cannot definitely be determined whether-the very slight discrep-

ancies that do occur (3 db differences at 40 db down from the min lobe

on one side of the beam) are due to approximations made in predicting

the radiation from a curved surface, to approximation* made in the design

of the leaky-wave structure, to finite tolerances in the construction of

the experimental antenna, or to combinations of these factors.

Although the antenna described here was constructed by stretching

large numbers of parallel wires across the aperture, the wire grid can
be replaced by a grid of flat strips photo-etched on a Tefloo-Fiberglas

laminate,8 by letting the width of the flat strips equal twice the

diameter of the round wires. '/

/
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