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ABSTRACT
Data on the aperture admitrance of @ louded rectangular
waveguide antenna are given and compared with experimental resulis.
Theoretical efficiency data for a loaded rectangular cavity slot antenna
is compared with experimental data. With powdered ferrite material
presently available, eificiency ‘s 65 percent. Witn sol:d territe

material presently available. theoretical results predict 20 percent

efficiency.
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. _REFORTE, TRAVEL, AND VISITCRS

During :his period no reports were :ssued, no travel

underraken, and no one visited the project.

2. FACTUAL DATA

2.1 Rectangular Cavity Variational Results

A stationary expression for the normalized aperture

admittance of a loaded waveguide radiator (Fig. 1) was formulated in

&PR No. 9 (formula 8, p. 17j. The expression was then expanded into

the form shown on page 28 of QPR No. 9. the first term of which
represents the dominant mode approximation to the aperture field.

Dominant Mode Approximation:
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1' :;‘EI: (')
p, - relative permeabilit: of Loadit material,
k - material ~ave rumpner (ka 7 at out ff

k( -~ free space xave number
)

Tris double integral has been evaluated usit. e
IBM 7090 computer. Prelimirary aata were presentea in BME ™0, 2
which covered the perioa Januas. 3. 1983, to March 2. 1963, Since
then. m-ore extensive data has beer obtainea and is presented in
Fig. 2. The data is sufficientl: extensive tc allow accurate inter-
polation for intermediate values of b a. e and frequencv.

For all the data presented.: . is equal to . However,
each figure with a given oy and ¢ , may be expanded to give a famil~
of figures for tne same Ry prcduct but different ure - ratios. This
additional data is obtained by multiplving tiie real and imacinar: parts of

i {actual)

the admittance bv IL?TfIé'_JF’G-’T For izzsta:.ce.4Fjg. 2(e; can be converteda to
(u, =45, + - 2) by multiplying B and G bv 3—0“

Formulas for Large h

i

For 1+ products greater tran 100, tre folleving approximate
v 4 & apl

formulas apply:

9, (k% 4% - 7 . 3
2“";@“‘0 a _ ) (kob)

n,2
s (7 -4 e+ 3) - 27 |
x 4 (_k_%)f* L 1
K2 a2 -7 T a (i )17: y s? 2
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where: ‘
y, 2, 2
I
kK “a° -7
"0
> “1‘
R = T e Fl(HI}
"ykia® -
where:
4. = tan b
1 al ) a
H
F. (v)) - 410gtan(—1 + 2y -2 isec . - 1
11 2 4 b 1 '
w2
- 7 )
+ 2 tan v sec ¢ [1- cos (~—p—~c—@—"—' S| dr
‘ b a
H
1
T2 b
Y 7bctn H a 7 boein
sec | cos (———) - += tan ¢ sin (—————)| dv
+”L/ | cos ( - ) oo tan sin ( . j| de
1
2 7 betny
- 2 sec v [1- cos (L-a"-—m )| de
fi
1 39 302
1 a (‘Lr/ (F r)
Bz~ -— (¢)————— F, ()
— 7 'b Ka 171
G =)’

The above formulas were derived by assuming small angle approximations.

i

for sin (’KO X+ ¢°) and cos (ko AT+ o)

&4
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2.2 Experimenial Veriicaion of Variationsi Dars
An experimental check on the variziional deta was
carried out, asing En’lerson and Cumming Siyeast Hi-K with chisracter-
iSTiCs | o 1.+ . 10). Equipment used in the experiment is shown
ot Figs. 3 and 4. The 2" x 3" ground plane shown in Fig, 3 was mounted
in the ground plane at the end of the Anechoic chamber st the counter-
measures laboratory. At the frequencies checked (2 - 4 kMc,. the
Anechoic chamber has very good characteristics. A sketch of the
experimental arrangement is shown in Fig. 5. Light absorbing

o

pads were mounted around the 2' x 3

]

ground plane to simulate as
nearly as possible an infinite ground plare. Impedance was obtained
by conventional slotted-line methods using an X-band slotted 1iné.

The geometry of the slotted dielectric insert is shown
in Fig. 6. Because of the slot, the geometry differs {rom the theoretical
model. Tapered dielectric wedges were also used (Fig. 4). Impedance
was measured both with and without the wedges inserted The wedges
were used to provide a measurement of the impedance of a geometry
corresponding to the theoretical calculations. For the data measured,
the impedance falls in a portion of the Smith chart where the constant
G curves are very nearly parallel to the constant VSWR circles. Thus

G can be determined by the magnitude of the reflection coefficient alone.
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iz, 4. Slotted dielectric and wedges.
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The taper constitutes a gradual transiormatior from the rectangular
dielectric cross section to the slotted dielectric cross section and
introduces litile reflection at frequencies where the taper lengthi is
appreciable compared to the guide wavelengti, Near cutcff, the

reflection introduced by the taper may hecome significart. Trus,

at frequencies slightlv anove cut ff. tre VSWR and G measuread should
correspond to taat of the trecretical model. Tne value of B depends
the travsformation through the wedged secticn, Since the electrical

length of the wedged section is taken irto account by a measurement

of minimum position with a short on the waveguide. it would be
expected that a minimum position measurement without the short

would give an accurate measurement of the angle of the aperture
reflection coefficient, The data without wedge represents an accurate
measurement of the impedance of a genmetry differing from the theoretical
model, The data . ith the wedge represents a less accurate measurement
of the impedance of a geometry identical to the thecretical model, with ac-
curacy increasing as frequency ircreases,

The presence of the slot i the dielectric modifies the
Cutoffxvavélenglh as well as the equivalent circuit of the aiscontinuity.
Unfortunately, the effec} of the slot cannot be taken into account by
perturbation fermulas., The boutdary conditions on EX at the sides

of the slot (surface A of Fig, &' require contlnﬁiy(ﬁ'EX, while the
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boundary condi: ons at the bottom of the slot (surface B of Fig. 6)
require continuity of ¢ EX. According to perturbation formulas.

these two conditions would tend to change ”\g in different directions.
Thus the change in A g due to the slot is not readily predictable from
boundary conditions. However. we know that guide wavelength has the

form:

A 2 [

& € 1-¢ ff
C

where: Coff = effective dielectric constiant of the dielectric-guide
and air-slot configuration. Two measurements of guide wavelength

determine the two unknowns ¢ off and fC.

Let
A 2 A 2
ol
(X__Q‘,-. / (_)19.2 . ) - A
gl g2
Then
1-A
e T4
i1y

Using this method. fC w=s calculated using several measurements of

guide wavelength. The values varied from 2130 to 2177 Mc with an average
of 2160 Mc. This value was used in plotting FN(Figs. 7(a) and (b)). The
theoretical value for cutoff of a waveguide completely filled with dielectric

material of dielectric constant 19 is 2080 Mc.
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Figures T{a' and 7 (b} show the results of the experimental
check. The experimental ard theoretical values of B show zooa
agreement. the experimental data with weage falling verv close to the
theoretical values. Tre results for G also appear to be accurate, although
it is somewhat more difficult to obtain ai: accuiate ¢o.mparis =, The
experimental data shown in Figure 7(b! is slottea assuming a 1 ssless
sample, If the attenuation is taken inte accourt. (hv a measurement ith
tne sample shortedi, the experimental datd app: oactes tie t.eoretical data.
However, scme refinrements in technique are necessary te ensure
accurate attenuatinn: measurements.

Further tests will be carriea ocut for values of - ~ o4 and 16,
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tic.ency ot Forrie Loaded Slor Antenns

s
1
Ly

The efficiency of a loaded rectangular cavity slot
antenna was analyzed in BMR No. 1. Using the analysis for on
of the simpler cases (probe near aperture. low losses, magnetic
losses only}. theoretical data for efficiency wus calcula:ed and
compared with experiment,

From BMR No. 1 (page 27

Magnretic volume losses only

Efficiency —«—IT_—~
Py,
1+ =
PR
P e ]
P R ! a' "
(1-IRH" J¥a -7
where d = length of cavity
R = complex aperture reflection coefficient
flo T TR T

Using the above formula, theoretical efficiency data was calculated for
two cases, j1 -=¢ =3and i =¢ = 10. dwas calculated using theoretical
aperture admittance data (BMR No. 1 Table No. II). Figure 8 shows

("' 11" data for the ferrite powder material used in t-e experiments,
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Figure 9 shows theoretical and experimental data for the ferrite powder
loaded rectangular cavity antenna, Figure iU shows theoretical data
only for .. ¢ 10, using the same " .' data,

The efficiency was measured using reflection techrigues as
described in QPR No. 10 and Ref. 1. The tests were made in the
anechoic chamber of the countermeasures laboraiory. The rectangular
cavity slot antennas was mounted in the large ground plane at one end
of the anechoic chamber. Four aluminum "hats™ of different sizes
were alternately placed over the antenna and bolted to the ground plane.
The impedance measurements with the four hats lie on a circle on the

Smith chart. The efficiency. as defined in Ref. 1 . is equal to

2 D11 D2
(D, + D (1 -Dg R*)
where Dl = longest distance from Za to the eage of the circle.
D2 = shortest distance from Za to the edge of the circle.
D3 = distance from Za to center of the Smith chart.
R = radius of the Smith chart.
7Z = impedance of the antenna in free space.

a

For the measurement of Z,{. light lossy pads were placed on the ground
plane and a large (10" x 10') array of lossy pyramids was placed in front
of the antenna in order to reduce reflections as much as possible.

Smith chart plots are shown in Fig. 11. Efficiency is calculated directly
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from the plots and ther eorrected taging irto account cable losses.
Efficienct measurements =ere taker at 315 Mc and 227 Mc.

e results for this simple theoretical moael show good
agreement between theory and experiment. The low f‘requ.e?‘m rase
(227 Mc) shows a greater aiscrepancy tra: the piun frequency case
(312 Mcl, However, the experime tal data for 227 Mc is less reliable,
as is indicated by Fig, 11 (C:,

The taeoretical data f Fig, 10 irdgicates efficiencies of about
20 percent for a solid ferrite material, Experime ts oiir a solid territe
antenna are uaderway. and e‘ffvi(*ir%:‘z“; measureme: ts «ill be made for a

furtner check on the theorv,



MISSING
PAGE



MISSING
PAGE



MISSING
PAGE



-33-
3. ACTIVITIES FOR THE NEXT FERIOD
Two graduate students hdve been added to the project to
aid in an investigation of loaded 1raveling wave antennas. Emphaéis
will be placed upon the spiral and the log conical antennas. Further
checks will be made on the theoretical variational data shown in this
report. Impedance and efficiency characteristics of solid territe

loaded and dielectric loaded rectangular cavity antennas will be

investigated.

4. SUMMARY

Extensive data on the aperture admiftiance of a loaded
rectangular waveguide radiatqr is given. An experimental check shows
good agreement between theory and experiment. This basic data is
used in calculations of bandwidth, resonant frequency. and efficiency.
Theoretical and experimental values of bandwid:h and resonant frequency
ha\}e been compared in previous reports Theoretical and experimental
values of efficiency are compared in this report. Agreement between
theory and experiment is good. showing promise for design methods
based on this combination of variational techniques and Smith chart

calculations.
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