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ABSTRACT 

The Mirk 18 Antenna is a lobing array for use with Radar 
Equipments Mark 32 Mod 1 installed in the M:irk 3? Director with 
Fire Control Radar Mark 25 Mod. 2. While the array itself is 
essentially the same as one described in an earlier report (R-2791), 
it has been modified for mounting on the director face. Sa tis­
factory coverage in the vertical plane has been obtained by elevating 
the anti:mna 25 degrees with respect to the deck. The horizontal 
beam '."idth now ranges between 36 and 40 degrees, the main cross-
over lies between 2.3 and 3.5 db, and all spurious crossovers are 
at lea.st l ?i db down from maximum response over the 157-175 Mc band. 
The train error is less than 2 degrees at elevation angles up to 
80 degrees , and less tha.n 3 degrees at the 20 degree extremes of 
cross-level. The standing wave r atio doe·s not exceed 3 . 5 db with 
t he beam def lected in either posit ion. 
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INI'R0DUCTI0N 

Statement of the Problem 

1. Problem 0-174.J.R-R (References 1 and 2) requested the develop-
m0nt of a lobing Mark III IFF array for use with the Fire Control 
Radar Mark 25 Hod. 2 on Gun Director Ml.rk 37, and it was suggested 
that an array which had been designed earlier for mounting on the 
Mark 28Radar antenna. (References 3, 4, and 5) might be adapted to 
this purpose. In the present case, however, it was desirable to 
nrovide a separate mount for the IFF on the director face r~ther than 
attach it to the micro'l!'1ave reflector. Ideally, the array would be 
lin..iced mechanically with the radar antenna, which can be controlled in 
elevation from -20 to ..,105 degrees and is stabilized both in elevation 
and cross level. However, the essential requirement was that the IFF 
provide coverage and reasonably accurate bearing information on friendly 
targets at any angle of elevation wi t hin the range of·the radar set. 

Mount with F.levation Control 

2. The W-ashington Naval Gun Factory designed a mount for the IFF 
antenna which would keep it pointing in the same direction as t he radar, 
and constr ucted the wooden mock-up shovm in Plate 3. In this ar range• 
ment, 20 degrees of cross l evel were provided through the :rotati ng 
joint at t he director face, while the elevation drive ran through one 
arm of the yoke. The antenna had to be set a considerable distance 
from the director in order to clear it when elevated 90 degrees . Un­
fortunatel y, this increased the turning radius of the di rector beyond 
practical limits. 

Mount with Fixed Ele~ration 

3. It was suggest ed at t his time that the IFF array could be brought 
closer to tho dire ctor by install i ng it at a fixed angle of elevation 
of 30 degrees or less. At t he same time, this wotild simplify t he mount 
and r educe its v-eight. Hovrcver, t vro other questions arose: 

(a) Fould t ho ship' & r oll then jntroduco bearing errors f or 
high angl e t argets ? 

(b) Did t he ar ray have sufficient vertical boam -width to cover 
90 degrees, and if so, what was t he optimum angle of elevation? 

The first quost ion was easi ly disposed of by Considering the f'act that 
cross level stabilization maintained the transvcrso (elevation) axis 
of the antenna horizontal at all t imes, and that the oqui-signal plane 
~s therefore vertj_cal, si nce it vras perpendicular to t his axis. Thus 
t no antenna elevation could have no effect on tho bearing of even high 
angle targds. Of course tho .fact t hat the rotational axis of the 
director itself' was not st abilized i ntroduced boaring errors but this 
1:,as unavoidable, and, furt her, had no connection with the matter of 

DE CLAS SI Fl ED 



elevation control. To decide the second question, vertical plane antenna 
patterns vrere taken (Plates 16-19 ), and the beam widths were found to 
be as follows; 

Table 1 

Vertical Patt~rns of Mark 18 Antenna 

Frequency 

157 Mc 
160 Mc 
172 Mc 
175 Mc 

Beam Fidth 

Inspection of the patterns revealed that satisfactory overhead covs;rage 
could be obtained by elevating the antenna 25 degrees, for the field 
strength (and range) along the horizon would be reduced only 15%, while 
tho overhead signal '!rould be 25% of maximum. Further, the int0rference 
nulls ~ould be smoothed out very considerably by the reduct i on in 
intensity of the ray reflected from the water. As 25 degrees seemed to 
be the optimu.~ elevation angle, the Naval Gun Factory designed a second 
mount, shown in their sketch number 510592, for holding tne antenna at 
this angle. 

Electrical Specifications 

4f In accordance with Reference 6, tho IFF antenna 1r.as t o cover the 
band 160 to 172 Mc and maintain the follo;:.ring r-f characteristics: 

(a) Horizontal beam vridth less than 50 degrees. 

(b) Vertical beam vd.dth 75 degrees or greater. 

( c) Main crossover betneen 1 and 3 db belor, maximum signal. 

(d) Spurious cros(,ovcrs at least 16 db belon main cr ossover. 

(e) Input standing wave ratio less than 4 db for e ither nosition 
of the lobor. 

DEVF,IOPivENr OF THE ANrENNA 

Horizontal Radiation Th.tterns 

5. The laboratory model of the Mark III IFF array for Mlrk 28 (Plato 1 ) 
vras installed on a Ms.rk 37 Director at the Chesapeake Bay Annex as shovm 
in Plate 2. In realigning the antenna for its nev; mount, it "t"Jas necessary 
to extend each radiator by 1/4 inch. Then the feed system was readjusted 
to tho dim0.nsions sbo,:m in Plata 22 to obtain tho best possible horizonta l 
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P<.:ttnrns ov,'"'r the band, ?'hich a r e repr e sented in Plates 4-8. Tho 
pe.ttorn chara cteristics were as follows : 

Frequency Bev.m Width Main Spurious Train 

IL L £rossover Crossover ~ 

157 Mc 39° 38° 74% lo 
160 Mc 39° 39° 76% 1-1/2° 
166 Mc 39° 40° 66% 
172 Mc 1,,,00·. 40° 74% 
175 Mc 36° 39° 7Cffo 15% 

The only s ,;rious defect vro.s the spurious crosso-.rer at 175 Mc, and it was 
found l ater that this r esulted from a lack of symmetry in the feed lines. 
Although the back radic.tion is not shorn, it was a lways less than la% 
betvreon 120 and 240 degrees, and l ed to no false crossovers of any 
consequence. The main crossover vm.s purposely set a t a -low level to 
compensate for the increase in t his level for high angle :r:,attcrns. 

£!igh Angle Azimuth Po.tte~~ 

6. High angle patterns of the Mark 18 Antenna were taken by suspending 
a corner reflsctor receiving antenna ( ·dth tho dipole vertical) from 

a 

t he boom of a mobile crane and adjusting its height to obtain elevation 
Rngl0s of 20, 40, 60, 8nd 80 degr ees. As rray be seen from Plates 9-15 
and Table 3, the patterns vrere all quite usable. Although tho beam 
width increased somo'\'Ihat Ytlth elevation, tho main crossover r nma ined 2-t 

a r0asonable lovol and i;;ro,s fairly sharp; no serious false crossover was 
observed. 

Table 3 

High Anglo Azimuth Patterns of Mark 18 Antenna 

Frequl-lncy Rlovntion Beam Width ~kl.in Spurious Train 
~nglo R L Crossover C:i:ossovor Error 

172 Mc 20~ 45° 42° 67% 10% - -
160 Mc 40° 39° 4 6° 71% 10 
172 Mc 40° 47° 4.70 ?Cffo 1-1/2° 

160 Mc 60° 5go 52° 85% 1/2° 
172 Mc 60° 55° 59° 74% 10 

160 1,1c 80° 47° 54° ?Sf.; 11% 
172 Mc 80° 54° 61° 83% 13% 

I 1 SW 
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Cross level Tests 

7 As t he face of the Mark 37 Director is somewh.at unsymmetrical, there 
w;s a nossi bi lit y t hat when the antenna reached cross l evel angl es of 
15 or 20 degrees, the beam woul d be distorted suff iciently to introdu ce 
a bearini;; er r or . This point was chP-cked as follows: The Naval Gun 
Factory mock-up of the director (Plate 3) was spr ayed wi t h copper t o 
f orm a ref lecting surface. Then it was mounted on an SC pedestal on 
the r oof of Building 30, and inclined at an angle of 20 degrees. The 
a rray was installed wit h its transverse axis level with t he roof. Thi s 
arranP,ement simulate d a condi tion where t he director is t rained forviard 
and t he ship is at t he end of a 20 degree roll. The horizontal patterns 
taken under t hese condit ions (Plates 20 and 21) were quit e normal, and 
s~o~ed a maximum train error of 2-1/2 degr ees: 

Table 4 

Patterns at 20 Degrees Cross Level 

Fr equency Beam Width Main Train 
R L Cr ossover Error 

160 Mc 45° 50° ? Cf/, 
172 Mc 47° 45° 7Cf/o 2-1/ 2° 

I n pr actice this error could be eliminated by watching t h e pips for a 
complete period of the ship's roll. 

I mpedance Matching 

8. As the standing \vave ratio at the input to the antenna was grea t er 
than l+ db at some frequencies, a section of RG-11/U, . 3 .42 inches long, 
was spliced into t he main RG- 8/U feed cable . The exact location of this 
t ransformer may be determined from Plate 22 . The resul t i ng match 
(Plat e 23) was better than 3 .5 db ovP-r the enti r e band . 

Dra~i ngs of t he Antenna 

q . The final dimensions of t he antenna and i ts f e ed syst em (See 
References 7 and 8) a r e given in Naval Resear ch laboratory Drawing 
RA 66F 342B, tho a ssembl y of whi ch has been r eproduced i n Plate 24 . 
The overal l wei ght of the installa t i on ha s been esti ma t ed a t 185 lbs 
di st r ibuted as follows : array, 25 lbs; lobar, 21- 1/2 lbs; feed ha r ne~s, 
3-1/2 lbs; mount, 135 lbs . 

CONCLU~IOJ\B 

10 . The IFF antenna described in t his r eport gives sat isfact ory electr i cal 
per for mance from 157 t o 175 Mc l'•fhcn insta lled on a Mark 37 Director i n 
a Nava l Gun Fa ctor y mount. By u sing a f i xed elevation angle of 25 degrees 
:i + h b •• 1 t • l'f t h ' . " as cen possJ.o c vO simp J. y o mount and still provi de a cceptable 
high angle cover a go . 
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