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1. AUTHORIZATION.

The investigations herein reported were directed and
authorized by Bureau of Ships letter of reference (a) assigning
Problem X7-7S. This and additicnal references pertinent to this
pProblem sre listed below:

(a) BuShips conf ltr C-NOs=£3608(917) Serial C-917-Usll
to NEL dated 17 December 1 .

(b) NRL conf ltr C-S67/36(378)agm tc BuShips, dated
31 August 1942,

(c) BuShips conf ltr C-NOs-83608(485-4b) Serial C-l&5-
U333 to NRL dated 3 June 1942,

2a OBJECT.

2~1. References (a) and (b) reguested that the Naval
Besearch Laboratory conduct tests to determine the extent to which
the radiation pattern of Navy Type CW-066 AAE sntenna was affected
by the installation of four braces, as indicated by drawing B of
reference (a), This laboratery was also asked tec ccmment, on the
basis of these tests, upon the prebable effect of similar braces
on the CW-66 AAF antenna.

3. ABSTRACE.

3-1, The present report includes FD patterns token with
and without braces, at three frequencies, and at the four positions
of the lobe switch. The side lcbes, which turn out to be larger
than had been anticipated, are in gocd sgreement with those in
calculated patterns of the antenna. The presence of braces has no
discerngble effect upon the patterns.

3~2. This work was carried out during the periecd 1
February to 24 May 1943, The report has been delayed because of a
desire to include data on the effect in the FD patterns of mounting
Mark IIT BL radiastors on the same screen., Since it now appears
that this dataz will not be available for several weeks, it seems
desirable to pass along the informetion contained in this repert
without further delay.

U MEASURING EQUIPMENT.

Ya. & necessary preliminary to obtaining ¥D patterns
was the design and construction of (1) a cw oscillator, (2) a
standing wave indicater, and (3) a field strength meter, zll of
which would cover the 630 to 720 me¢ band. Of these, the oscil-
lator required the most experimentation, as the number of tube
types capable of oscillation at these freguencies was quite limited.
Experience had shown that a minimum output of 5 watts was required,
so that the use of a GL Y46 was precluded. XNeo type 449 tubes were
available; a single VE D156548 failed after a short periocd of

U en sy A
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operation. A pair of RCA 8012 tubes geve 10 watte ot 500 mc in
several different eircuits, but in every cose the vewer dropped 1o
2 watts or less at 700 mcsy Finally four W& 368-A tubes were built
into a ring oscillators As the rated cutput of each was 2 watts,
there was a reasonable expectation of 5 watts from the combina~
tion. The ceonventional grounded plate arrangement proved imprace
tical because the plate leads could not be brought sufficiently
clese together., However, with rescnant lines on the plates as
well as the grids and cathodes (Plate 1), the oscillater delivered
six watts at FD freguencies, It cculd be tuned from 500 te 1200
me by adjustment of the shorting bars on the plate and grid frames.
While the filament lines had no effect on the frequency, they had
to be adjusted for maximum power output. It was possible to draw
all available power from the cireuit by coupling a hairpin loep

to one grid frame. PFlate 2 is o top view of the oscillator.

L.2, The tuned circuit of the standing wave indicator
censisted of a quarterwave coaxial stub with its inner conductor
extending intc the slotted line. An 2CA type 9005 dicde, connected
across this stuby was the detector., The tube and stub formed a
small sliding pick—up unit, from which a three-wirc shielded cable
led to the meter and sssccismted batteriess Plate 3 is a photograph
of the standing wave indicator, and Plate & a schematic of the cir-
cuit. Calibration of the two ranges was effected by shorting the
slotted line and assuming the standing wave voltage was propor-
tional to sin BL, vherc B = 21§ﬁh¢ and L = distance from a nocde.
The "Low Scale® calibration is reproduced in Platc 5

M-3. The field strongth meter consisted of a half-wave
dipole with a 9005 diode at its center (Plote 6). High r~f imped-
ance abt the tube was provided by a twin ccaxial stub which was
capacitively coupled acress the cathode and platc. Therc were
three advantages in using the stub?! (1) the selectivity was im~
proved, eliminating interfercnce, (2) a larger veltagc, By, was
developed across the diode, and (3) the actual field strength could
then be cemputed by the formula

E = ;;E_ E, = T3 By Volts/meter

The dicde was part of a slide=back vacuum-tube voltmeter (Plates

G and 7)« If the tube Had been operated at cut-off, the slido-
back veltage would have been exactly equal to Eqe In practice it
was necessary to adopt a definitec diecde currvent, 2 microomperes, as
a reference pointy Operated in this way the ficld strength meter
was strictly linesr only for large signals and had to be ecalibrated
against tho stending wave indicstor as follows: The main lobe of
the antenna was beamcd on the roceiving dipelc and the maximum
veluc of Eg noteds Then the oscillator coupling was reduced by
steps; the relative ocutput, cbtained from the calibrated standing
wave indicator, was compared with the ficld metor reading. JFor
values of E4 less than 2 volts, the meter response was far from
linear, but at Eg = 4.0 volts, o fairly straight calibration curve

——
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was obtained (Plate 8). TFor this reason, before cach FD pattern
was taken, the power level was adjusted to give a rectificd signal
of 4,0 volts on the main beam. Readings were then takon st other
settings of the antenna and corrected accerdinzg te Plate & before
being recorded. It is a matter of intercst that the high ficld
strength required by this type of meter (30 velts/meter) was
realized at a distance of 120 feet by using & six feoot parabaloid
reflector with the receciving dipole.

Be DESCRIPTION OF FD ANTENHA,

5-1s, The FD antenna comprises twec horizontal parsbolic
cylinders stacked cnec above the other. ZEight half-wave dipeoles
occupy the foeal line of cach reflector, a line 11 cn (a quarter-
wave) ahead of the vertexs Tho vertical spacing botween these rovs
of dipcles is 92 em (twe and 2 sixth vave lengths)s The dipoles
arc end-fod in four pairs, and feed points being separated by 47
cm (lsl wave loengths)s The aperture of the scrcen is 186 cm (LU 7"@
wide by 216 cm (5 )\) high. Eithor of the parabolas would have a
voertical apcrture of 121 cm (2.85 M) except for the interscction
of the twe screens in a central rib.

5-2, TFeor purposes of lebe switching, the zntenna is
energized through four ccaxial branch fecders, ecach of which leads
to & row of four dipoles in a corner of the arrays The branch
feeders diverge from the main line ot & common point, Ad From &
point B on each feeder at a distance of 0.178 N from A, a half-
vave line runs tc a stator of the lebe gwiteh condeonser. When the
rotor meshes cne of thesge stators, a capacitive reactance of 70
chms is thrown across the linc at B, introducing a certain amcunt
of delay in the phase of the power passing threugh that branch
feooder, When the roter is not mcshed, the open-circuifed half-
wave stub has no offect whatever. Thus, if the leobe svwitch rotor
is assumcd to mesh the two left-hand stators (as seen from the back
of the antenna), thc cight dipeles constituting the left half of
the array carry currents which arc rotarded in phase over the right
hand clcments. Ceonsequently the beam tilts to the left; i.c., in
the directicn tec which the center of the rotor pointss As the
retor revolves, the beam is deflected in turn to the left, down,
right, and ups

6 PATTERN TAKING PROCEDURE.

6~1. The arrangoment for taking patternms of the FD
antenne is skovm in Platc S The FD was mounted on a BI pedestal
at the west ond of the roef of Bldg, 30, while the reeeiving para—
bola was supported cn a level with it by a woedcn tower on tho
penthousc of Bldes, 12, at a distance of 120 feet.

6-2. It was first of all nccessary to detorminc the
scttings cn the FD train and clevation eireles corrcsponding to
mechanical slignment of the antenna with the receiving parabolas

W' =
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This was done without assuming that when lobed vertically the beam
was undeflected in the horizontal plane and vice versa. With the
lobe switech in any fixed position, the antonns was adjusted in
train and clcvation to give a maximum rcading on the field strength
meter. This setting was noted as T, Es Then the antcnna was
rotated appreximately 180° round both axes and again sct accurately
for maximum reading., Dencting the new pesitien dy T', E', it could
be concluded that the antenna was mechanically head-on at the
sctting (T + T' -~ 180°), 5(E + B! - 180%). These values were
taken as the reference in 211 the patterans.

Te DATA RECORDED.

7=l. Herizontal and vertical pattorns wore takon for
all four lobe switch positions at three frequencicst 680, 700,
and 720 megacycless Onc pattern (horizontal, right lobe) was
taken at each frequency while the FD was braced in the standard
manner with 1" x 2" steel box tubing. A tetal of 27 patterns are
shown in Plates 10 to 30" inclusive. Herizontal patterns irith
right and left lobing, and vertical patterns with upper and lower
lobing are plotted on the same sheet of paper to illustrate the
cross—-oveYy points; i.e., angles in vhich cqual signals are re—
ceived on the two lobe switch pesitions. The positions and ampli-
tudes of main and side lobes are tzbulated in Tables L and 2 for
all the patternse

7-2. The repreoducibility of the data was considered
satisfactory. Tho side lobec readings could be repecated within
onc or two per cent of the field strength in the main lcbe, which
moant an errcr of about 5% in the amplitude of the average side
lobe. The position of the mein lebe checked to %C each way, which
vas as clese as the scales could be reade It was estaeblished in
all ceses that the large side lobes were in the same plane as
the main lobe.

Se CONCLUSIONS.

81, On the average, seven creoss—over peints appeawrcd
¢n the duplox pattcrns, onc in the ccntor and sixz spurious 6ncss
Of these only four were of sufficient intensity to be a scurce of
confusion. In practice there seems to be no danger eof tracking a
target on & false cross—over due to slde lobes, for if the antonna
is at the wrong train angle, no signals will be reccived from ver-
tical lobing and the clevation scepe will be blankcd out.

8-2. The offect of braccs on the FD patterns may be
inferred from comparison of Plates 10 and 11, 17 and 18, and 4
and 25 end from Table 3, which summarizes the effoct on the side
lobess The gencral conclusion is that broces moke no impertant
differonce.

A i 8 "1
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e THEORETICAL PATTERNS.

O-l. As a check against the reliasbility of the pattern
measurements, theorctical radiation patterns werc calculated for
the FD sntenna. These included vertical and horizontal patterns
for all positions of the lobe switch.

9-2. In computing horizontal patterns it is sufficicnt
to consider the FD as a colinear array of 8 half-wave dipoles
ncunted a quarter-wave in front of a perfectly reflecting flat
screen. The current antinodes in these dipoles are assumed to have
& uniform spacing of a half-wave, Taking first the case of lecbing
up or down, the formula is

EG) = iizgz%gosi?;é) x cos(360 sing) x sin(90 cos¢) x cos ¢ (1)

vhere the first facter gives the distribution of field strength
from four omni-directional sourcecs in a line, spaccd a half-wave
apart, the noxt combines twe such units, vhose centers are 2 waves
apart, the third factor takes care of the sercen, snd the last the
dircetivity of a single dipole. A simple medification gives the
case fer lobing to the right or left:

Vie) = iizfsi?gosirilni) x ces (360 sing + 33) = sin(90 co'sf)
X cos ﬁ (2)

Here the angle 33° rcopresents half the phase differconce between
left and right sides of the antenna in horizontal lobing. This
figure was derived from the moasured beam deflection; i.e., 4°.
The calculated horizontal patterns, Plates 31 and 32, are in gocd
agreement with the measured ones,

9-3. The wvertical pattern of onc of the FD parabolic
eylinders is calculated as followst since the aperture planec is
an ogui-phase surface, it is merely nccessary to cbtain the field
strength ot each point in this plane, divide the plane into hori-
zontal strips, and computec the pattern of those strips as if they
were radiators. Thus, reforring to Plate 34, the vertical pattern
is

! Imax =
Vi () =4 cos@%% y sin fﬁ x Illumination at y x dy (3)
oo
Since all the radiation lcaving the radiator in the wedge 49 ap-
pears in the strip dy, and the distribution of radiaticon may be
considered uniform in @, the illumination at y is preperticnal to

g « JFor a parabola
dy?d@

[ ] 54 DECLASSIFIED &




v sin 0 = ffsini}, (1)
- 0B

ay/ao = - ¢ .

Expressing £ in rectangular coordinates, 5y : y2 + (x - f)2 "

Ymox
-
vy (%) :llo cos (%—-y sin §) x L}.fu.f 5
*
o] EF &
- i cos v(&-'-f gt @) B (5)

“LJ T 14 42

With £ = 11 em, A= ho.g em, and Ypax = 62.5 cm,

(285
cos y(164 sing) x G (6)

“."b l & JE

Vi (}")

As a first step in carrying out the integration, the functien

1/ 1+ y‘?) is expressed in terms of exponentials. In the interval
(0, 2.85), it is equal to
-0.056 y -0.64 y©
0.05 & Oub+ ¢ 2 0.55 e

with a maximum error of 9% (Plate 33). Substituting this into
oguation (6), it is seen that tho first two toms are easily inte-
grated, but the last is not. Hewever, a very small errcr is in-
curred by cxtending the limits on the third one from O to oo,

which yields a well-known definite integral, Pinally, the vertical
pattern of one parabols is given by

) " ¢ sin(525 sin ¢) ; ~4.0 sin?'g‘

¥ %) = 0 0l sin Sin & + 0,01 e

1 ¢ 1.265 - sin < (7)
+ 0,0188 sineg sin(525 sin ‘P) - 0.00388 cos(525 sin ¢) + 0.0201 ¥

sin® v 0.0’-l-}’-l— 3

The vertical spacing between the foci of the two FD parsbolas is
780 clectrical degrees. The interfercnce between radistion from
the tiwo sections is thercfore:

V2 T®) g cos (390 sing) for Left~Right Lebing

= cos (390 sinf 4+ 34.6) for Uppor-Lowor Lobing

(R sy - |
DECLASSIFIED



DECLASSIFIED

The product of V; and Vp gives the vertical pattern of the FD.
Plates 35 and 36, caleulated for horizontal and vertical lobing,
compare closely with the corresponding measgurcd patterns. Tables
1 ond 2 summarize the rosults obtained from all tho theoretical

patterns,.

10. STANRING WAVE RATIOC.

10-1. The input impedance of the FD antenna was mea~
surcd by means of a H0 ohm slotted lincs From this the standing
wave ratico en a 70 ohm line was inferred and the rcsult plotted
in Plate 37. The match sppeared to be poor at the high end of the
bond, but was better than 2 to 1 frem 675 to 715 me.

"@
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TABLE 1

HORIZONTAL PATTERNS

Position and Amplitude of Main and Side Lobes

ls Lobed left

680 Mo 00 Mc 720 Mc Theoretical
3560  100% 356° 100% 356°  100% 356°  100%
335 10 - - 338 5 335 9
328 8 323 14 %ol 13 320 16
300 3 280 1 285 2 296 :
180 2 180 2 180 2 = -

50 3 L6 5 70 1 53 10

32 9 - - 33 2 35 6

15 37 15 50 15 37 17 Lo
2« Lobed right

80 dc 100 e 120 e Theoretical

4o 1004 he 1003 4°  100% 4° 1008

24 10 - = 22 L 25 9

Ty 12 35 17 37 13 4o 16

g0 2 75 2 72 3 Bl i
180 2 180 3 180 5 - -
310 3 - - 295 1 307 10
328 g 312 5 328 3 325 b
3h4 b1 345 53 345 L3 343 Ho
3« Lobed up

680 Mc 700 Me 720 Mc Theorctical

0° 100% 0°  100% 0°  100% 0°  100%

20 18 19 20 18 19 21 22

36 & 37 9 35 8 37 11

55 2 70 2 67 3 58 5
180 2 180 3 150 L - -

- - 230 2 287 2 302 5
Bel 7 32l 9 325 10 322 11
340 19 3H1 21 21 339 22
L, ZLobed down

680 Me 700 Mc 720 Mc Theorctical

0° 100% 0° 100% o° 100% o° 100%

20 18 19 19 18 21 21 22

36 9 36 9 3l 10 37 11

- - 68 3 67 3 58 5
180 2 180 3 180 6 - -
32 7 - A 327 3 3oz 2

3 5 9 11
3Lo 18 340 22 32 21 339 22

DECLASSIFIED




Position and Amplitude of Main =~nd Side Lobes

ls Lobed up
680 Me
356°  100%
333 26
270 1
180 2
Ls 9
17 56
2e Lobed dorm
680 Mc
4o 100%
29 26
- 70 1
180 2
310 10
33 56
3« Lobed left
580 Me
0° 100%
22 38
60 3
193 2
308 5
336 39
4, Lobed right
680 Me
0°  100%
22 35
60 5
180 3
308 3
338 36

DECLASSIFIED

TABLE 2

VERTICAL PATTERNS

100 Me
356°  100%
330 23
270 2
180 4

47 10
16 58
IOO Me

Le  100%
30 23
130 3
312 10
60
{00 Me
o°  100%
21 36
55 L
180 1
305 5
337 36
100 Mc
0°  100%
22 36
53 5
150 2
303 5
338 38

720 Me
356°  100%
331 2k
180 5

L 10
16 52
720 Mc

4° 1004
27 26
63
160 E

oA

[ 20 Me
0® 100%
22 36
55 5
160 2
305 -
338 35
Z20 Me
0° 100%
22 39
52 6
175 )ik
303 5
337 38

DECLASSIFIED

Theeretieal
356°  100%
333 26
290 11
sl 10
17 50
Theoretical
¥°  100%
27 26
70 11
306 10
343 50
Theorctical
0° 100%
22 32
60 8
300 g
338 32
Theoretical
0° 100%
22 32
50 8
300 g
338 32
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TABLE 3
EFFECT OF BRACES ON FD PATTERNS

Horizontal Pattern, Lobed Right

680 Me
With Braces Without Braces
Bearing Amplitude Bearing Amplitude
ool 100% ook 100%
023 12 o2l 10
039 10 olo 12
070 2 080 2
180 1 180 2
g i 320 :
&
34 4o 34 1
700 Mc
ool 100 0k 100
035 15 036 17
065 1 075 2
180 2 180 3
314 5 312 6
3hk Sl 345 53
720 Mc

ool 100 ool 100
022 4 oe2 4
035 10 037 13
072 2 072 3
165 2 180 5
296 2 295 1

328 3
3“—5 b3 31.].5 J_|_3
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