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l . AUTHORIZATION. 

The i nvestigations herein reported were directed ar.d. 
authorized by Bureau of Ships letter of reference (a) assigning 
Problem 'J:{- 7s. Tb.is and additional references pertinent to this 
problem are listed beloTT: 

2 . 

(a) BuShips ccnf ltr C-NOs- 33608(917) Serial C-917- 4544 
to NRL dated 17 December lo/+2 . 

(b) NRL conf ltr C-S67/36(373)~ to BuShips , dated 
31 Au,'.;Ust 194,2. 

(c) BuShips conf ltr C- NOs- S360S(~85"-4b) Serial e-485-
4333 to 1-r.2.L dated 3 June lo/+2. 

OBJECT. 

2- 1 . References (a) and (b) requested that the Naval 
Research Laboratory conduct tests to detemine the extent to which 
the radic.tion pattern of Navy Type c~:- 66 A.AH antenna was affected 
by the instalb.tion of four braces, as indiceted b~- dra,ling B of 
reference (a) . This laborator-.;r was also asked to cornr,1ent , en the 
basis of these tests , upon the probable effect of similar braces 
on the c·:r- 66 AAF antenna. 

Ai3 ST:?.ACT. 

3-1. The present report includes ?.J patterns token uith 
ancl ui thout braces , :J.t three frequencies , and at the four positions 
of the lobe switch. Ci:he s i de lobes, which turn out to be larger 
th.?,,n had been anticipated, c.re in good c{;reement with those in 
calculated patterns of the antenna. The presence of braces has no 
discernfble effect upon the patterns . 

3-2. This work rras carried out during the period 1 
FebruariJ to 24 May 194,3. The report has been delayed because cf a 
desire to include data on the effect in the FD po.tterns of mounting 
Mark III BL radiators on the same screen. Since it now appears 
thD.t this data will not be available for several ,7eeks, it seems 
desirable to pass along the informPtion contained in this report 
v, i thou t further delay. 

11. '. MEASURI i:JG E~U IP: IE.NT. 

4-1. A necessary preliminary to obtaining FD patterns 
was the design and construction cf (1) a CTT oscillator, (2) a 
sk,ndi ng wave indicator, and (3) a field strengb. meter, all of 
which ITOuld cover the 630 to 720 me band. Of these , the oscil­
lator required the most e:xperimento.ticn , as the number of tube 
types capable of oscillation at these frequencies was quite limited. 
E::::perience had shoTTn. that a minimum output of 5 ,,atts Has required, 
so that the use of u GL l.J46 was precluded. No t~rpe 449 tubes \1ere 
available; a single r/E D156548 failed after a short period of 

- 1-

DECLASSIFIED 



DECLASSIFIE 

operation. A pair of RCA S012 tubes g;;.ve 10 rm.tts rt 600 me in 
several different circuits , but in every cc.se the por,er dropped to 
2 watts or less at 700 me , Finally four WE 36S-A tubes ~ere built 
into a ring oscillator. As the rated output of each no.s 2 watts , 
there was a reasonable expectation of 5 watts from the combina­
tion. The ccnventioni.1.1 grounded plate arrangement proved impro.c­
tical because the plate leads could not be brought sufficiently 
close together. However, with resonant lines on the plates as 
TTell as the grids and catl:odes (Plate 1), the oscill.s.tcr delivered 
s i x watts at Fil frequencies. It could be tuned from 500 to 1200 
me by adjustment of the shorting be.rs on the ple.te Qlld grid frames. 
Uhilc the filament lines had no effect on the frcquenc:t , they h;:,.d 
to be adjusted fer maximum power output. It was pos:;:iible to drau 
all available power from the circuit b~r coupling a hair_pin loop 
to ono grid frame . Plate 2 is a. top vim, of the oscillator, 

4-2. T'.ne tuned circuit of the sta.'1ding ,,rr.:,ve indicator 
consisted of a quarter~•wavc coaxio.l stub \7i th its inner conductor 
extending into tho slotted line . An ~CA tYI>o 9005 diotle , connected 
across this stub~ was the detector. Tho tube and stub formed a 
small sliding pick- up unit, from Tihich a threo-Tiiro shielded cable 
led to the meter D.Ud a.ssoci:J.tcd batteries, Plato 3 is a photograph 
of the standing uavc indicator, and Plate 4 a schematic of the cir­
cuit. Calibration of tho two ranges Tias effected by shorting the 
slotted lino and. assur,1ing the standing wave vol ta.go nas propor­
tional to sin '.!3L, rrherc :a e 2 -rr/7-v and L = di stance from a node. 
The 0 LoTT Scalen ce,libra.tion is reproduced in Plate 5. 

4-3. '7ne field stroneth motor consisted of a half- nave 
di:pole uith a 9005 diode at its center (Plate 6) . High r-f impcd­
a:.1ce at the tube uas provided by a t•:1in co,uial stub uhich ,,as 
capaci ti vcly coupled across tho cathode and plate. Thero 1-rcro 
throe advDntages in using the stub : (1) the selectivity uas im­
proved , eliminating interference, (2) a larger voltage , Es , uns 
developed across the diode , o.nd (3) the actual field strength could 
then be computed by the formula 

E - -rr- Es = 7 . 3 Es Volts/meter -~ 
The diode nas part of a slido- back vacuum-tu-Jo vol tmcter (Plates 
S .:ind 7) . If the tube had been operated at cut-off, tho slide­
back voltage ~ould have been exactly equal to Es• In practice it 
uas necesse.ry to adopt a dcfini te diode cur:tont, 2 microo.,-nporcs, as 
a reference point 4 Opcratct1 in this 11ay tho field strength meter 
uas strictly linoa.r only for large signals anu. had to be calibre.tcd 
against tho standing m.),ve indicator as follcrrs : Tho me.in lobe of 
tho .'.llltenna uas beamed on the rocoiving dipole and the ~aximum 
vv.luo of Es noted. Then the oscillator coupling nas reduced by 
steps; the relative output , obtainod from the calibrated standin~ 
\"!EJ.VC indicator, uas compared r1i th the field meter reading. For 
values of Es less than 2 vol ts, the noter reaponso ,w s far from 
linear, but at E6 = 4.0 volts , a fairly straight calibration curve 

- 2-
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rm,s obtained (Plate B) . For thi:3 reason, before o.:1ch F:) pat torn 
TTas taken, the pouer l evel 1.as adjusted to gi vc u rectified sj_gnal 
of 4-. o volts on t:10 m2.in borun. Roadin-;s ...-:ere then ta.kon a.t other 
scttincs of the antenna and corrected according to Plate 3 before 
being recorded. It is a matter of interest that the high field 
strength required by this typo of motor (30 volts/motor) •m.s 
realized o.t a distance of 120 feet by using a. six foot parabaloid 
reflector ·.11th the recci ving dipole . 

DESCRIPTIOII OF F:J .A!1TElJ1-fA , 

5-1. The :ii'D o.ntcnna comprises trio horizontal parn,bolic 
cylinders stacked. one .n.bovo the other. Eight half- ,;a,vc dipoles 
occupy the focal line of c&ch refl ector, a line 11 cs (a quartc!'-
1-:ravo) ahead of the vertex. Tho vertical spo.cing bct\7oon th-.;so rons 
of dipoles i s 92 cm (tuo and a s i xth HDVC lengths) .- The dipoles 
arc end- fed in four pairs, and food points being separated by 47 
cm (1.1 ,rave lengths). Tho aperture cf the screen is 1gL; cm (4.4 7\) 
uio.e by 216 cm (5 ,,...) high. Either of the pa.rabolas ,1ould have a 
vertical aperture of 121 cm (2 . 85 )'\) except for the int;_;rscction 
cf the tryo screens in a central rib. 

5-2. For purposes cf lobe s·-,i tchin~~, the nntcnna is 
encrGizcd through four coaxial branch feeders , each of nhich loads 
to a rou of four dipoles in a corner of the arr0,y. The branch 
feeders diverge from the main lino ~ta common point , A. From a 
point i3 on each feeder at a distcnce of 0. 178 ~ from .A, a half­
,.·avc lino r-..u1s to a stator of the lobe S'.7i tch condenser. i"ihcn tiJ.C 
rotor meshes one of thos(, stators , a capc.ci ti vo regctancc of 70 
ohms is thrcr:n across the line at B , i ntroducing a certain amount 
of delay in the plui,se of tho po'.rer passing through that branch 
feeder , t'lhcn the rotor is not meshed , the open- circuited half­
Have stub has no effect 1:rhatever. Thus, if the lobe s·.:i tch rotor 
is assunod to r.iush tho t·!o loft- hand. stators (as soon from the back 
of the a;1tcnna) , tho eight c1ipnlcs cons ti tu tine the l oft h.:.lf of 
the array carry currents Hhich arc rok.rded in pho.sc over the right 
l1a.nd. clements. Consequently the beam tilts to the l eft ; i . o. , in 
the direction to rrhich the center of the rotor points. As the 
rotor revolves , the beam is dcfloctocl in turn to the l oft , doi.m , 
right , ru1d up. 

6. :P .AT'iSRN TAKING PROCDDUBE . 

6-1. The arrangement for taking patterns cf tho FD 
ru1tenna is sh.mm i11 ?lo.to 9.. Tho FD Pas l!lountod on a BI pedestal 
at the nest end of t!.1c roof cf Bldg, 30, TThilc tho receiving para­
bola '.7as supported on a lov.:il rfi th it by a ,·,oodcn terror on the 
penthouse of Bldg. 12, ~ta distanco of 120 foot . 

6-2. I t Tias f i rst of all nc ccssar;r to detomino the 
settings on the FD train end olev~tion circles corresponding to 
mcc:ianical alignment of the antenna. \Ii t;.1 tho rccei ving parv.bol&. 

- 3 ... 
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This nas done ,1ithout assuming th.-:i.t uhon lobed vertically tho beam 
nas undeflect ed in the hori zontal pln.no and vico versa. B'i tl: the 
lobe s •.:i tch i n any fixed position, the o..TJ.tonna \:as adjusted in 
trai n and elevation to g i ve a meximU!!l r eading en the field strength 
meter. This setting \ .. as note d as T, E. Then the antenna uas 
rotated approximately 180° round beth a:~os and again sot accurately 
for mD.ximum readi ng. vcnot i ng tho nuTT position by T1 , E1 , it could 
be concluded that the £'.ntenna ,;;as mechanically head- on at the 
setting ½(T .a. T1 - 180°) , ½(E + E 1 ... 1so0 ). Those values , ,ere 
token as t he reference in all the patterns. 

DAT.A. !CCORnED, 

7-1. Hor izontal and vertical patterns '.7ere taken for 
all four lobe srritch positions at t hree frequenci e s: 630, 700, 
and 720 megacycles. One p.:1.ttern (horizontc1l 1 right lobe) rra.s 
taken at each frequency nhilc the F.D ,ms braced i n the stand.a.r d 
manner \Ji th 1 11 : ( 2 11 stool box tubi ng. A tcta.l of 27 patterns arc 
shm7n in Plates 10 to 30· inclusi vo. Horizontal patterns •.:ith 
right and left lobing , and vertical patterns •ii th upper and l oucr 
lobing aro plotted on t ho same shoot cf Pf,pcr to illustrate the 
cross- over points; i . e ., ruiglos in uhich equal signals arc re­
ceived on tho trro lobe snitch positions . Ti1e posi tions and ampli­
tudes cf main and side lobes arc t abulated in Tables 1' and 2 for 
all t ho patterns. 

7- 2. Tho rcprcduci bility of the do.ta nas considered 
satisfactory. Tho side lobe roadi ne;s could be repeated. ·,ri thin 
one or t\io per cont cf the field strength i n the main lobe , \7hich 
meant an error of about 5% in tho ampli tudc of the a.vcra.ge side 
lobe. T'ne posit i on cf the ma.in l obe chocked to ¥ each ,ray, uhich 
\7as as close as the sce.les could be road, It r:as established in 
all cescs that tho large side lobes •.rerc i n tho sa.mc plane as 
tho main lobe. 

s. CONCLUSIONS . 

8-1. On tho average , s even cross- over poi nts app eared 
on tho dup l ex pattcrna , one in t ho ocntor and s t x a p~riou~ ones~ 
Oi those only four rrere cf sufficient i ntens i ty to be a source of 
confusion. I n p r actice t her e see~s to be no daneor of tracking a 
target en a false cress- over due to side lobes , for if the antenna 
is at the wrong train angle , no si[;nal s ,;ri 11 be rccci ved. from vcr­
t ical lobing and the eleva t ion scope nill be blanked out. 

8-2. The effect cf braces on the FD patterns may be 
i nferred f r om comparison cf Plates 10 end 11, 17 and 18, and 24 
and 2 5 and from Table 3, rrh i ch sunt'!lnri zos tho effect on the side 
lobes. The general conclusion is th.:1.t br0.c0s mnko no important 
diffcronce. 

LINl4£ -4-
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9. T'rl:EORETIOAL PATTERNS. 

9-1. As a check against the reliability of the pattern 
measurements , theoretical radiation pattorns ,;-;ore calculated fer 
tho FD nntonna. Those included vertical and horizontal patterns 
for all positions of the lobe sTTi tch. 

9-2. In computing horizontal patterns i~ is su.ffici~nt 
to consider the FD as e,, colinear array of 8 half-rravo dipoles 
ncuntcd a qua,rtcr-navc in front of a perfectly rcflcctin& flat 
screen. The current ::mtinodcs in these dipoles o.ro assumed tc have 
a uniform spacing cf a half- r.10.vc . Tn.king first tho Cl',SC of lobing 
up or doTTn, tho formula is 

ii (4 ) = o sb<.') :x: cos (360 sinf) x sin(9{) COS'f) x cos 1 
90 sin<f,·) 

(1) 

,.-,hero the first factor gives the distribution of field strength 
from four omni-directional sources in a li::1e, spaced a half- ,.mvc 
apt1rt, the nc:x:t combines trro such uni ts, rrhoso centers arc 2 uavcs 
apo.rt, the third factor takes care of the screen, and the last tho 
directivity of a single dipole. A simple modification gives tho 
co.so for lobing to tho right or left: 

V(~) = sin 6o sin Ii-) x cos(360 sinp _. 33) x sin(90 cos'!) 
sin 90 sin"' -

X COS f 
H~ro tho angle 33° represents half the pho.so difference betuoon 
left and right sides of the o,ntenna in horizontal lobing. This 
figure i70.S derived fror.i the mcesurod bo~m deflection; i . e ., 4°. 
11hc colculatod horizontal patterns, Plates 31 and }2, arc in geed 
o..grocrncnt ··;i th the mcnsurod ones. 

(2) 

9--3. Tho vertical pattern of one of the FD pcrabolic 
cylinders is culculatod ns follous: since the aperture plane is 
an cqui-phase surface, it is merely necessary to obtain the fi eld 
strength nt each point in this plane , divide the plane into hori­
zontal strips, "..."ld compute the pattern of these strips as if they 
uore radiators. Thus , referring to Plntc 34-, the vertical pattern 
is 

Ymax 
V1 (4) = \ cos(~- y sin f) x Illumination at z x dy (3) 

Vo 

Since all the r2.diation leaving the radiator in the uedge d.Q ap­
pcr,rs in tho strip ~, and tho distribution of radiation may be 
considered uniform in G, the illumination at~ is proportional to 

1 • For a parabola 
dy/dG 
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y ~ ( sin G = -,-2f_s_i_n_ G.,__, 
1 - cos G 

~xprcssing r in rectru1gular coordinates , p : ~ y2 + (x - f) 2 , 

j Ymnx (211 ~ 4f , V1 ( ,< ) - cos Ty sin 1) •'- 4f2 + t - l o 

· 'Ymax./2-f 
~r, ~ j C COS 

sin <V) x dy y(T f 
1 + y2 

With f.:: 11 cm , /\= 42. 8 cm, and Ymux = 62.5 cm, 

(4) 

(6) 

As a first step in carrying out the integration, the function 
1/(1 ~ y2) i s expressed in tenns cf exponentials. In tho interval 
(0, 2.85) , it is equal to 

- 0. 666 y 
0.05 • 0.4 e 

uith a muximum error of 9% (Plt'ttc 33) . Substituting this into 
oquation (6), it is seen the1.t the first tuo tcnns arc easily inte­
grated, but the last is not . lio-..,cvcr, a very small error is in­
curred by extending the liAits on the third one from Oto oo, 
which yields a ncll- lmo,m defini tc integral. Finally, the vortice,l 
pattern of one parabolD. is gi vcn by 

+ o. 0188 sin ) - 0 . 00 88 cos( 2 

sin2 , + o.o434 

-, 
sin If) .,. O. 0261 _J 

The vertical spc.cing between the foci of the tuo FD pa rabola s is 
760 electrical- degrees. The interference bct~ccn rruiiation from 
the t 1.,c sections is therefore: 

fer Left-Right Lobing 

"" cos (390 sin f ! 34. 6) for Upper-Louer Lobing 
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Tho product of V1 and. V2 gi vcs th0 vcrt icD,l pat torn of tho FD. 
Plates 35 and 36, calcul0.tcd for hori zonto.l e.nd vertical lobing, 
conpare closely '.,i th tho corresponding mco.surod pnttorns. hbles 
l . and 2 summnri zo tho rosul ts obtained fro□ all the t:iooreticcl 
patterns. 

10. STA1TIJIWG WAVl RATIO. 

10-1. The input impc~.nco of the FD antenna tms mea­
sured by mer.ms of a. 50 olun slotted lino. From this the stn.ndin& 
tmvo ratio on o. 70 ohm lino m1s inferred o.nd the result plotted 
in Plato 37 . ~ao match appeared to be poor at tho high end of the 
bo.,,."!d, but TTc.s better than 2 to 1 from 675 to 715 me. 

-7- DECLASSIFIED 
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TABLE 1 

HORIZONTAL PATTERNS 

Position n.nd Amplitude of Main and Side Lobes 

1. Lobed left 

680 Mc 

356° 100% 
335 10 
328 8 
300 3 
180 2 

50 3 
32 9 
15 37 

2. Lobed right 

680 tfo 

4-0 100~ 
24 10 
4o 12 
80 2 

180 2 
310 3 
328 S 
344 41 

3. Lobed up 

Gso Mc 
o0 100% 

20 18 
36 3 
55 2 

lGO 2 

324 7 
34o 19 

4. Lobed dorm 

580 Mc 
o0 100% 

20 18 
36 9 

lGO 2 

323 7 
34-o 18 

100 Mc 
356° 100% 

323 14-
280 1 
180 2 
46 5 

15 50 

700 Mc 
40 100% 

36 17 
75 2 

180 3 

312 6 
345 53 

zoo Mc 
oo 100-'b I 

19 20 
37 9 
70 2 

180 3 
2.:;o 2 
324 9 
341 21 

700 Mc 
o0 100-1 I 

19 19 
36 9 
68 1 

180 3 

323 8 
34-o 22 

z20 Mc T'n.corotico.l 

356° 100% 356° 100% 
338 5 335 9 
324 13 320 16 
285 2 296 1 
180 2 

70 l 53 10 
33 2 35 6 
15 37 17 4o 

720 Lie Thcorctic.:,.l 
40 100% 40 100% 

22 4 25 s 
37 13 4o 16 
72 3 64 1 

lSO 5 
295 1 307 10 
323 3 325 r 

0 

345 43 343 4o 

720 Mc Thcorctic::l 
oo 100/~ oo 100% 

18 19 21 22 
35 8 37 11 
67 3 58 5 

180 4 
287 2 302 5 
325 10 322 11 
342 21 339 22 

720 Mc Thcorctico..l 
o0 100~ o0 lOO;h 

18 21 21 22 
34 10 
67 3 

1$0 6 

)/ 11 
58 5 

305 3 302 5 
325 9 
342 21 

322 11 
339 22 
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TABLE 2 

VERTICAL PA~TERNS 

Position and Amplitude of Main n.nd Sicio Lobes 

1. Lobed up 

680 Mc 700 Mc 720 Mc Thoorctic.:-1.l 

356° 100% 356° 100~ 356° 100% 356° 100% 
333 26 330 23 331 24 333 26 
270 l 270 2 290 11 
180 2 1130 4- 180 5 

4-g 9 4-7 10 44 10 54- 10 
17 56 16 5~ 16 52 17 50 

2. Lobed d0\-.T1 

68'0 Mc 700 Mc 720 Mc Theoretical 

4-0 100% 40 100% 4-0 100% 40 100<1, I 

29 26 30 23 27 26 27 26 
70 l ... 63 ~ 70 11 

1130 2 1$0 3 16o 
310 10 312 10 315 54 306 10 
34-3 56 344 60 344 34-3 50 

3. Lobed left 

6SO Mc 700 Mc 720 t=c Thcoreticnl 

oo 100% 00 100% 00 100% oo 100% 
22 38 21 36 22 36 22 32 
60 3 55 4- 55 5 60 g 

193 2 1130 1 160 2 
308 5 305 5 305 4 300 g 
33g 39 337 36 338 35 338 32 

4-. Lobed right 

6so Mc 700 Mc 720 Mc Thcoroticnl 

oo 100-% oo 100% oo 100% 00 100% 
22 35 22 36 22 39 22 32 
60 5 53 5 52 6 60 $ 

lSO 3 180 2 175 4 
308 3 303 5 303 5 300 8 
338 36 3.38 38 337 38 33s 32 
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TABLE 3 

EFF.::;OT OF BRACES ON FTI PATTERNS 

Horizontal Pattern, Lobed Right 

680 Mc 

With Braces Without Braces 

Bcarinfi Am:elitudc Be::.ring Am;eli tudo 

oo4 1oo% oo4 100% 
023 12 024 10 
039 10 o4o 12 
070 2 060 2 
180 l 180 2 
305 3 310 3 
327 7 323 8 
344 4D 344 41 

700 Mc 

oo4 100 oo4 100 

035 15 036 17 
·065 1 075 2 
180 2 1$0 3 
314 5 312 6 

344 51+ 31+5 53 

720 Mc 

oo4 100 oo4 100 
022 4 022 4 
035 10 037 13 
072 2 072 3 
185 2 180 5 
296 2 295 l 

345 41 
323 
345 

3 
43 
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