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ABSTRACT

The radistion pattern of the cavity antenna when mounted in the tailplate of the
MKE-6 weapon was found to be greatly affected by the fins and case of the MK-6.

cper erientation of the antenna with resoect to the fins will alleviate this con-

itlon somewhatl; hewever, in general, the cavity antenna is not recommended
for usze on the MK -6 weapon.
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AN ANALYSIS OF A 217 MO CAVITY ANTENNA MOUNTED IN
THE TAILPLATE OF THE MKE-6 WEAPON TO BE USED FOR
THLEMUTRY PURPOSES

Introduction

1t has been suggested on several ocecasions that standard, ready-made anten-
nas be adopted (o be used on various weapons and aircraft for telemetry pur-
poses. This is desirous in that these antennas are avallable, efficient radia-
tors, and in general are well designed. However, the f{allacy of this line of
reasoning lies in the {act that when these antennas are mounted on a body of
finite and often irreguiar dimensions, such as missiles, aircraft, etc., the
generated radiation pattern is determined less by the antenna than by the
carrying vehicle. This is not meant to imply that such an antenna cannot be
used, but does suggest that a careful study be made to determine its feasibi-
litv. Thus, wnen considering the 217 MC cavity ancenna to be used mounted
in the tailpiate of the Mk-6 weapon, (See Fig. 15} the effect of the finite dimen-
sions of the carrying vehicle on the radiation psttemn must be determined.

Theoretical Discussion

The cavity antenna as shown in Fig. 1 is in essence a dumbbell slot radiator
backed by a cavity and will be treated as such in this report. If this antennsa

is mounted {n an infinite and perfectly conducting ground plane, the radiation
pattern will be as shown in Fig., 2. Note that in the E plane, {.e., plane of
polarization, the beam width is 180° and in the H plane, i{.e., normal to plane
of polarization, the pattern approximates 1/2 the E plane %attern of a dipole
having the same dimensions and configuration as the slot. As the ground
plane is reduced to {inite dimensions in the H plane, the effect upon the radia-
tion pattern is not very great. This is because the E vector is tangsniial to

the ground screen in this plane and approaches zero at low angles to the ground
screen even for the case of the {nfinite ground screen. In the E plane, however,
as the ground screen is reduced to finite dimensions, the pattern will be greatly
altered because of the abrupt discontinuity of the normal component at the edges
of the screen. It can be visualized as reflected waves at the edges of the ground
sareen interfering with the direct wave {rom the slot. The resultant radiation
pattern is one whose beam width is something less than 180° and has an undu-
iating characteristic, as the pattern suggested i{n Fig, 3. A methed of calcu-
lating these mazimums and minimums and the angles at which they appear has

H. G. Booker, "S8lot Aerials and Their Relation to Complementary Wire
Aeriala, v J.I.E.E. 93, Part III A, No. 4, London, 1946, '
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Fig. 2 -~ Radiation pattern of the cavity antenna
mounted in an infinite ground plane,
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Fig. & -- Sugpgested radiation pattern in the plane of
noiarization of the cavity antonna mounted
H
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beon presented by AL Dorne and D. Lararus.” This is done by assuminyg thot
the far field pattern {5 the resuit of interference {rom three sources {Hee Vi
4}, one at the slot of 5 t"e"g{th E sin wt and two at the aedges of the ground plane
of strength KB sin {wt - §), where K {s an amplitude constant much less than
nnity and dis the phase difference. Doth K and d are functions of d and «will
remain constant for any given value of 4,

Thus the relative {ield at point P is given by
;

E o= sin wtd4 Ksin {wt - d - jdsin8)+ K sin{wt - ¢ + gd sin 9)

whero

By trigonometric expansion,
¥ o= sinwt + 2K sin {(wt - d) cos { gd sin 8)
3 . +

: ; ¢ - ; .- ”~ CR ;
2inwi + 21 sinwt cos {(8d s5in 8) cos © - 2K cos ot cos { £ sin @) sin &,
; VF

Setting 7 = ¥d sin 8

bt
L)
9]
-
3
Q.
[g)]
(o}
7
0
—

E=sinwt {1+2W cos5 ¢ cos z) - cos wt {2

nd the modaelus of s

! > 3
fed = {1+ 2K cos @ cos 2)° + {2K sin & cos z)°

2

Squaring and negiecting K terms, since 100 < 1,

=1+ 3K cos g cos z {1)

To determine maximum and ininimum values of /E/, the derivative of the
square of equation (1} is taken and equated to zero.

) 2

d . wer
£ ‘m’ =0 = - A sing cos @ {2)
dz '
-
et a4 . e ‘ - -
Weary High Frequeney Technigues, ' Vol. 1, Chap. 7, See. 7-3.
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Fig. 5 -- Cavity antenna mounted in a flat round piane

whose dimensions & configuration is same asg
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i ecos¢g # 0, sinz=0 satisfles equation {2).

siny =0 whan o = d sin 9 = v, where nis aninteger,

L]
-
o
L o]
#

n/gd = m/24.
Suhstituting these values in equation {1),
/E/ =V1 4+ Kcos and is positive for n even and negative for n odd.

Thus the positions of these maximums and minimums are determined only by
the width of the ground plane. The sign of cos ¢ determines whether or not it
is a maximum or minimum. Also it i{s obvious that as the ground screen is
increased in size more maximums and minimums will occur and at the same
time the value of the amplitude cunstant K will decrease in value, causing the
undulations to decrease in magnitude. In the limiting case, an infinite ground
plane, the pattern will be circular with no undulation. {See Fig. 2).

. plying the above to the case of the cavity antenna mounted in the tail
te of the Mk-6 weapon, let us assume a flat ground plane with a configura-

tion like t}mt of the profile of the rear view of the Mk-6. (See Fig. 5). In the
actual si 'mon. i.e., cavity mounted on the Mk-6 weapon, the effective

. ”ground screen’ is obviously not known and can only be determined experimen-
taily. This hypothetical case we are considering will at least give an indica-
‘ion of what actually exists. Also, the antenna can be oriented to any position
with respect to the {ins. However, we will only consider the limiting cases,
.e., E and I planes are the planes of the fins (See Fig. 52) and E and H planes
459 {0 the planes of the fins. (See Fig. 5bh).

Csse No., 1. E and H Planes of Cavity in the Planes of the Fins.

[o
i

1.460/2 at 217 mec.
1.46% at 217 mec,

I
[«
[

L
9
il

{1.46/2) 27 radians. Thus cos ¢ is negative.

Aow B4, 0t 217 me.

2

2]
Z
=
o

Maximums and minimums ¢ccu

T
BERR Tt

ot

sin @ = nh/2d = n{54.4"){1.46) {54.4") = n/1.46

Letn=1

't
[
b

sin &




Substituting into Fquation {1}
/v = ¥1 74K cos @

Bul cos ¢ is negative. Therefore there is a maximum at

. .0
Case No. 2. F and H Tlanes of Cavity 4% to Planes of Fins.

d =0.606x/2 at 217 mec.
2d = 0.606x at 217 mc.

¢ =1{0.606/2) 27 radians. Thus cos ¢ is positive,
a = 54.4" 3t 217 me.

Maximums and minimums occur when

sin & = n\/2d = n{54.4')/(0.606) (54.4") = n/0.606

Obvlousiy no maximums or minimums osccur.

-

Comparison of Exaperimental and Calculated Date

The experimental data are given in Figs. 6-13. Note that the data were taken
using a full scale mock-up of the tail section and a 1/13.8 rcale model. Also,
the patterns are plotted in power linear units. The following is a comparison
of E plane patterns taken experimentally with those calculated (See Figs. 6-9)

WIDTH OF GROUND CALCULATED DATA MEASURED DATA
PLANE . MAX. MIN. MAX. MIN.

Case 1 1.46 43.2° None* 35° None*

Case 2 0.60¢6 None* None* None* None

s o,
*In fact, there necessarily would be a minimum at @ = 07 if there
is 3 maximum at 43.29; likewise, there would be 3 maximum at
g = 0° for case 2.

The correlation of the calculated and mesasured data {s quite good. The discrep-
aney of angle in Casec 1 occurs because the antennas on the {uil scale mock-up
and the model are recessed corresponding to the actual situation; whereas, the
calculated date assumed o fiat ground plane. Thus, the actual dimensions of the
' ground screen’ are not known as this recession would in effect change its width.
The 35° angle indicates a wider ground sereen in the E plane. Alse, in Case 2
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where the E plane of the cavity was orlented 45° to the fins, the measurecd pat-
terns showed a half-power beam width of 1229 {See Fig. 7); whereas, the beam
width aof the cavity rmounted in a {lat ground plane with a diameter equal 10 the
dlameter of the tailpinte is only 909 (See Fig. 19), This again indicates an
effective ground screen wider than the taliplate of the Mk-6. Further investiga-
tion revenled that when the cavity antenna is mounted flush with the rear of the
Mk-6 and oriented 457 to the plane of the fins, the E plane pattern again exhibits
an undulating characteristic with maximum signal strength in a direction 9 = 37°
\See Fig, 12). Thus [ the cavity is mounted flush with the rear of the Mk-6, the
E plane pattern is approximately the same despite the cavity' s orientation with
respect to the {ins. This widening of the effective ground screen in the ¥ plane
is obviously causoed by the case of the Mk-6 weapon. The effects of the case are

counteracted somewhat by recessing the cavity.

Examining the measured H plane patterns, we find that in Case 1 the hall-power
beam width is an apparent 72° but the maximum power in this plane is approxi-
mately 2 db down because of the E plane pattern, thus giving an effective half-
power beam width of only 34° (See Figs. 6-8). In Case 2 the H plare pattern
has a half-power beam width of 103°, also, the maximum power is the same for
both the E and H planes (at 8 =0°) (See Figs. 7-9).

Obviousiy, the cavity antenna is intended to be used where an accompanying
aircraft will be the receiving station.  Also, hecause the Mk-6 rolls, a cir-
cularly polarized receiving antenna is required. If the receiving aircraft is
able to maintain a position to rear of and on the axis of the Mk-6 during its
flight, & reasonubly stable signal will be available at the receiving antenna
on the airplane. However, if the cavity is oriented so that its E and H planes
are in the planes of the fins, approximately 2 db of directive power gain will
be lost; alzo, as the receiving aireraft moves away {rom the axis of the Mk-6
in any direction, the signal strength becomes quite roll sensitive, i.e., an
alternate maximum and minimum signal at each 90° of roll. This is accen-
tuated because of the maximum directive gain at 352 in the E plane. {See
Fig. 6). If the cavity is oriented so that its E and H planes are 45° to the
planes of the fins and is recessed as described above, maximum directive
gain will be obtained along the axis of the Mk-6 in both the E and H planes,
and as the receiving statien {s deviated away {from the axis of the Mk-6 again
roil sensibiiity will be detected hut not pronounced for smail deviations.

[Bee Fig., 7). Thus, if the cavity antenna is to be used, it should be oriented
so that its B ard H planes are 457 to the planes of the {ins.

w
N
0

Now suppese it was required that the receiving plane had to maintain a slant
range distance of 60,000 {cet from the point of detonation and the plane in
question cannot exceed the altitude of 30,000 feet. (See Fig. 14). Note

3 b
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also that for this example, the Mk-6 is dropped from an altitude of 40,001 feet.
Becruse of the nature of the Mk-6 trajectory and the fact that the radiation of
the cavily will be to the rear (See Fig. 7) it is advisable to locate the receiving
station to the rear of the mother plane. I can be either moving away {rom it
or normal to its path. We will dis rmfw'd the pattern of the receiving antennag.
At the time of retease, the axis of the Mk-6 is horizontal as indicated by Fig.
i4. At ibis time the receiving aircra‘{’. is in a direction 179 from the axis of
the Mk-65 referring to the rad'atxo"; pattern, Fig. 7, in this direction the power
is approximately maximum. As the Mk-6 falls along its trajectory the signal
will decrease until the time of detonation, at which time the receiving plane
will be in a directicn 50° from the axis of the Mk-6. This corresponds to a
decrease in power to approximately 2 db from the maximum. Note that when
operating in this region of the pattern any small changes in the geometry of
the situation will produce large changes in signal strength. For example, if
the MKk-h mf;t beforc detonation had a yaw or pitch with an angular displace-
ment of 209, the power deviation at the receiving antenna would be approxi-
mately 10 db plus any variation because of roll. Another posgsibility is that
t}*e receiving equipment may not operate at altitudes approaching 30,000 feet.
Suppose the receiving aircraft had an altitude of 20,000 {eet; obvicusly the
situation would be much worse.

Conclusions

If the cavity can be used for a specific application, it should be mounted so that
its [T plane {s oriented 45° to the plare of the fins. However, in general, because
I the physical limitations imposed upon it, the receiving aireraft cannot operate
in a desirable portion of the cavity' s radiation pattern. Also the receiving an-
tenna requirements would be quite stringent. For these reasons the cavity an-

tenna {s nol recommended for use on the Mk-6 weapon.
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(Point of Release
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4 : 120 Receiving Plane

Point of Detonation

Fig. 14 -- Possible flight pattern for telemetering the Mk-6 Weapon, when the
i{s used as a transmitting antenna,

cavity antenna _
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SOARand I Planes in the Planes of the Fins E and il_!‘lan-;s of Cavity 457 (o Plones of the Fins
Fig. 15+~ 1/13.8 Scale Mode!l of Mk-6 With Cavity A-lenna Mounted in the Tailplate




I‘ mrd H Planes in the Planes of the Fins

B and 1 !’lano'i of Cavity 15 1o Plnms of the [“in-'
Fig. 16 - l"ull Sceale Mock -up of Mk-6 Tallpmto
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¥{g. 17 -~ 1/13.8 Scale Model of the 217 Me. Cavity Antenna
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