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ABSTRACT 

A satisfactory electrical design hes been developed for 

a submarine intercept antenna covering the range 900 to j6oo Mc 

by scaling down the Navy Type CA.GW 66131 antenna. Ho r i zonta.l raj,.• 

iation patterns on both polarizations an~ standing wave ratio curves 

are shown, and an intercept run against several radar sets is des­

cribed. Two methods of pressurizing the end of the transmission 

line have been investigated; one of these holds some promi se, but 

has not been developed into a satisfactory working model . 
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INTRODUCTION 

The antenna described in this repcrt was developed under 

p roblem S180, 5R- S in accordance with reference land 2 . This 

problem requested that NRL develop a submarine intercept antenna 

that would match a 52 ohm (RG-1~/U)cable and give omnidirectional 

coverage for both horizontal and vertical polarization in the fre­

quency range 1000 to 3500 Mc. An adaptation of some existing 

antenna was thought to be the quickest solution to the problem. 

Therefore, tests were made to determine the electr ical character-

i sties in this band of the CAGW- 66131 (tfodified AS-4Q/ A?R-2) des­

cribed in reference 3 and the AS-125/APR described in references 

4 a.nd 5. 

1. Tt:STS OF THZ CAG'J 66131 ANTENNA 

1-1. 'Ihe CAGW 66131 antenna, designed to operate between 

300 and 1000 Mc , consists of a cone mounted above a partial ground 

plane of seven radial rods (Plate 1). The cone has been inclined 

35 degrees from the nonnal to the ground plane in a plane perpendi­

cular to the center rod. In actual use the grou.~d plane is mounted 

at 45 degrees to the horizontal, with the center roi in a vertical 

plane. 

1-2. Horizontal patter ns of this antenna were taken at 

a number cf frequencies from 900 to 3500 ~ic on both vertical and 

horizontal polari zaticns. In an effort to rea.li ze free space ccn-

di tions, the antenna ras suworted on a plywood pole about 8 feet 

c>.bcve the test pedestel. A !. odel LE or Hewli tt- Packard !fodel B 

signal generator was used, depending on the frequency , while an 

A?R-1 receiver and Esterline- Angus recording meter tracet out the 

patterns shown in Plates 2 tc 15. Throughout this r eport relative 

bearings are measu r ed clock\,ise f r om the center r od, or, in the case 

of a solid sectoral ground plane , frcm its bisector. It will be 

noted that the coverage of the b6131 antenna becomes less unifonn · 

as the frequency increases. This is partly because the cone be­

comes long in tenns of a wave length, and partly because the solid 

part of the ground piane begins to shield the ccne. 

J...-3~ Standing wave 
by means of a Haz~J. tine Model 
i1fodel 10~.l tun,ed amplifier. 
the feed oable, tho stending 
t\ieen 900 e.n~ 3600 ~{c (Plate 
for a recetvipg antenna. 

ratio measurements \7ere carried out 
1051A slotted line and a Hazeltine 
\/hen corr ected for attenuation of 

i'ave ratio did not exceed 5 to 1 be-

16). This is entirely satisfactory 

2 . 'IEST& OF THE HODIFIED AS-125/APR ANTEtf.NA 
' 

2- 1 . . In order to obtain more uniform coverage at the 

high end pf the frequency band, it seemed desirable to reduce the 

dimension$ of the CAGW- 66131 antenna. Accordingly the cone from 

an AS-125/.APR antenna (Plate 17) ~as mounted above a 120° ground 
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plane consisting of 7 rods 7½ inches in length (Plate 18). This 

was designated Model N:RI-1. ihe high pass filter of the 125/APR 

~as removed in an effcrt to extend the low end of the frequency 

bane. as far e,s pcssi ble. (Bu.Ships representative qad indicated 

e. desire to pro"vide for opere.tj-0n with reduced sensi ti vi ty at fre­

quencies as low as 90 ~c. ). 'i.hen the inner conductor of the filter 

section wes replaced with a rod cf the same diameter, the cha.racter­

i stic impedance was 70 ohms. As the antenna was to be fed from 52 
oh.~ ceble, it seemed uesi rable to ~ake this impedance 52 ohms so 

that no special tra.nsformer nould be r equired. Standing wave ratio 

mea.suremer.ts (Plates 19 and 20) shov, that the match is better than 

4 to 1 either ~ay; thus the 70 ohm section ~as elimineted. 

2-2. In comparing } odel NRL-1 with the 66131, it is 

seen thet while the impedc!nce match is about the seme, the horizon­

tal r?diation patterns of the former (Plates 21 to ,34) are superior. 

On horizontal pclarization the smaller cone showed no dips greater 

than 20 db below the m~ximurn et most frequencies. On the ether hand, 

each p~ttern fer the 66131 had nulls in excess of 20 db, And at three 

frequencies the signal dropped more than 4o db. On vertical polari­

zation the worst dip for the NhL-1 was 14 db, while the 66131 fell 

belon 4o db in t~c cases. Vertical p~tterns were not taken, but it 

nas thought that the small cone would give the better overhead cover­

e.ge. 

TESTS OF AmDEL IBL--2 

3-1. As Model NRI;.-1 sh~wed promise of ~eeting the elec­

trical requirements, attention ~cs turned to the mechanical problem 

of pressure sealing the end of the trMs~\ssion line~ One possible 

method was to mold the cone H1to a bloek t:f polyethylene or Texto-

li te 1421 and secure this to th€ end of ,he outer conductor by means 

off' clamping nut. Unfortunately the p?-esence of the ground plane 

uw.de this ?.Wkward. On the chance that the €I'ound plene might be 

eliminated without sacrificing ~ny electrical perfonn~nce , antenna 

moo.el NPL--2 was constructed rrith e re~ovable ground plene (Plete 35) . 
It clso wss provided r i th a removable bl.oek -c.f polystyrene in which 

the cone could be imbedded to investigate the effect of dielectric 

on the impedance ma.tch. Instead of th€ l!!b-i'ifi-ed filter section from 

the AS-125/APR used in NRL-ll this model hf,d e length of stander.i 

7 /6 inch 52 ohm transmission line feed.ing into the cone. With the 

dielectric r-.nd ground pla.ne in place, the match (Plv.te 36) Wl:'S ~ctu.:'.lly 

better thl'n for NR!..-1, FS 3 tc l 'f'PS tbe highest st?..nding WPve rf'.tio 

observed~ Ho\\•ever, the improvement resulted from the elimin;:,tion 

of 6.iscontinui ties in the tre..nsmi ssion line r'F'ther thpn from the 

presence cf the pclystyrene. fmen the ground plane wes removet the 

m.-,.kh fell off b;,dly 2.t the lo•, end of the bend, e.nd the petterns 

(Pl~.tes 37 to 48) showed less unHonn coverage e.t the higher fre­

quencies. Thus the ground plane seemed to be essentif'l. The idea 

cf see.ling v;,ith a block of dielectric ,r~ abUo.oneo. at this point, 
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as no good means was proposed for securing it with the ground plane 

present. At the time of writing this report, it appe~rs that the 

difficulty might be avoided by lowering the ground plane by perhaps 

3/4 inch ~ith respect to the end of the outer conductor. 

l,.. TESTS OF ,-:6DEL NRL-3 

4-1. An alternative me thod proposed for terminating tE 

transmission line was to seal~ heavy ring of glass bet~een the 

inner c-nd cuter conductors. Experimenta.l Model NRL-3 of the sub­

me.rine flntenne. (Plate ½) TTas ccnstructet to ted the feasibility 

of this scheme from the r-f standpoint. It had a 120 degr ee solid 

b:r:ass ground plane with E, raa.ius of 3½ inches, the scme transmission 

line as NEL-2, eni a cylin~er cf Corni~g 706 glass 1½ inches in 

diameter by½ inch thick to simulat e the seal. The horizontal 

raciiation pat terns (Pla.tes 50 to 59) were not significantly differ­

ent from those of NBL-1, ~hile the match (Plate 60) was better than 

5 to 1 bet\'1een 900 e.nd 3600 Mc. It is interesting to note that 

when the glass seal was removed , the standing 'l"ave ratio:a.ras less 

taan 2 tc lover this band. 

4-2. Fr om these tes~s it ~as concluded thet the glass 

seal had acceptable electrical properties. It r er.1a.ined to devel.op 

a method of sealing thpt v.rould enabl e the antenna to v•i thstand 

the hydr ostatic pressures e.nci shocks to which e. sv.bmapne i~ sub­

jected. The latte2 ~ere stated by BuShips r epresentatives to be 

300 end 4oo lbs/in respectively. ~Y consul,ation with the Corning 

Glc>.ss r·orks it was lec>rned thet gla.~s to mete.l seE>la using Kovar 

or tungsten would not be seryice~ble in this cas~ because the r e-

4uired thickness and diameter of the glass were too great. However, 

Corning Glass Works repreaentatives propo~d the use of insulator's 

formed of sintered Number 790 glass , which has a composition of 

nearly pure silica. The glass would be metellized on its curved 

surf.?ces, tinned, ~nd soldered between inner ~d outer conductors 

of inve.r. The expansion of both the glass and inve.r Vlould be a.1-

most negligible at am: t~mpereture likely to be encc:untered in 

practice. Several glass discs of this type were manufactur~, P.Y 

the Corning Gla.ss Works and. delivered to the Air- Track Ma.nufe,ct'Ur+­

ing Corporation of College Park , Md,, which undertook the constru~ 

tion of three pre~production ocdels \ ased on the NRi,-J. 

~3- :/hen the first Air-Track c>.11t enne. (Plpte 61) was 

completed~ it wes taken to ~he Taylor Model Be.sin for pressure 

testing. Unfortunately cne of the silver-solderea joints in the 

body of the antenna proved to be defective so that the seal itself 

could not be tested, This model waa returned to Air,.Track, uhete 

th~ seEi.l wes removed and the silver- sclderiqg pe.tched up. Diffi-.. 

culty was then encountered in sweating another insuletor into place, 

Even in ceses where the solderi ng process v,as appe.rently succesi;,.- • 

ful , tpe glass would begin to c r P.ck e. 4e.y or tqo ll!'ter. All the 

"ve.il£\ble glass discs t1ere broken tn these attempts so tha.t pres-

sure tests vrere never run. The eont.ract 1'1i th Ai~'l're.ck we.a cancelled 
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e.t this point en the assumption that the Ne.val Research Laboratory 

,1ould continue the development cf a satisfe.ctory mech;,,,nical design. 

However , as no further glass discs could be obtained from the Corn­

ing Glass Works, the work on this seal vras dropped. 

MOUNTING CONSIDERATIOi'i'S 

5-1. For best results ?n intercept antenne should be 

mounted high and in the clear, but PS the subm~rine silhouette 

must be kept to a minimum , ferr such locations are available. There 

should, however, be plenty cf room to 11ttp,ch e, srnr-11 rntenni> to 

the shears. The effect of su.ch e.n erl'P..ngement on the patterns of 

Hoo.el N:'-tlr-1 was investigated by ~ol,lilting it 2 feet from P long sheet 

mete.l pipe 20 inches in diameter. As this antenna he.s a dip e.t a 

relaiii ve bee.ring of 24o degrees in its r esponse to hori zcntelly pol­

ari zeci. radiation, it wP.s oriented so thp,t the pipe f ell ?.cross this 

bearing. 

5-2. In the resulting patterns (Plates 62 to 75), a line 

from the center of the pipe out through the ~ntenna was tp.ken as 

0 d.egrees. It v,ill be noted that the signal is very low in the 

neighborhood of 180 degrees, perticularly on vertical pclarization. 

Further, the p?tterns P.re very complex due to reflections from the 

pipe. It wa.s concluded from these l!leasurements thc1t the e.ntenna 

should be mounted. as fer as possible from All verticf'!l surfaces, 

even if height must be sacrificed. 

r o. SENSITIVITY LEASURFl ENTS 

6---1. In c>.ddition to meeting certain r equirements on 

pattern ~nd impeiiance m~tch , an intercept antenna should develop 

a,s grea.t e signal voltage as pcssi ble for a given field str ength. 

Sensitivity can be measured in absolute terms, but in this case 

it was easier and more important to compa.re the submarine ?.ntenna 

uith the CAGW 66131, whose performance was already known. To check 

this, the two e.ntennas v!ere mounted side by side on the YP-354 and 

an intercept run Fas mP.de on sever2l radar sets at the Chesapeake 

ney Annex. The YP folloued a course of 020 true; a t e range of 

10,000 yards it began to execute small circles so thc:it pe.tterns 

couid be taken. Ee.ch of the fellowing radars v,as turned en in suc­

cession: the SF, SG, s½, Hark 12, SG-3, ,:1nd. SU. Signals were 

received en either the SPR-2 or APR-1, P.ccording to the freq_uency, 

c..,d displayed on an .APA-6 pulse ~nPlyzer. By ,djusting the gain 

control continuously, the height of the pulse WPS kept at a ref­

erence rne.rk en the APA-6 scope. The ge.in control dial \'!es read 

every 15 seconds, which corresponded to something over 20 degrees 

of rotc1.tion of the YP. Fer each re.dc" r tested, one petterns vras 

run using the Model Nfil-3 ll.nd another with the CAGH 66131 antenna 

connected to the same receiver. The entire sequence ras repeated 

at ranges of 20,000 a.nd 4o,ooo yards . 
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6-2. After the tests had been completed, the r eceivers 
and pulse analyzer were calibrated agains t suitable signa.l generators 
so that the various pa.tterns could be plotted. These are shown in 
Plates 7 6 to 90, No e.ttempt v7as m?de to reduce the signal levels 
to micro- volts, so a direct cornpcrison of sensitivity on various 
frequencies is not possible. However, at ~ny ~ne f r equency the 
two intercept antennas may be compared, and the ve,rie,tion of signal 
with range is represented correctly. 

6-3 . .Age,inst the SF, SG, ands½ the ~iodel WRL-3 showed 
approximately equal sensitivity with the. CAGVf 66131 end considerably 
more unifonn coven,ge. The SF ;:-nd SG operate l'l.t appr oxime.tely 3000 
Mc., the s½ at 2000 Mc. The SF we.s set up for vertical polariza­
tion, v,hile the other two v,ere horizont?..lly polarized. The differ­
ence in coverage between the lnrge and small intercept antenne.s is 
actually much greater than indic,=,ted in the patterns , "'here the 
points are spaced quite far apart. In the c·ase of the CAGW 66131 
the pulse on the .APA- 6 moved up end down every 2 or 3 degrees, while 
the signal from the iffiL- 3 wa.s nee,rl y as steady a.s shown in the curves. 

6-4. The small cone was somewhat less sensitive than 
the l.'.".rge one against the Mark 4 Radar (700 Mc) end the SC.-3 (200 
Mc). The difference amounted to roughly 5½ and 7½ db respectively 
nt the shorter ranges, 11 and 12 db f'.t 4o,OOO yards. However, even 
at this range the Model NRL- 3 picked up bot.h radars v,i thout diffi­
cul.~y. 

6-5. All attempts to pick up the X bend SU redar were 
unsuccessful. 7nis was not a,tiri buted to eny fe,ul t of the antennclS, 
but re.ther to the fact that the SPR- 2 receiver is not designed for 
this frequency band. Either the third or fourth harmonic of the 
loca l oscillator would be used ege.i nst 9000 Mc signals. Fur ther 
tests should be run with an X Band feceiver- However, it is reason­
able to suppose the,t the pettcrns of Model NRI.,.ll3 a.t t11.is frequency 
would be similar to those of the· CAGW 66131 e.t S Band. 

7. CONCLUSI ONS 

7- 1. An e.ntenna of the genet'al type exemplified by 
Models NRL-1, 2, end 3 will meet the electrice.1 requitements for 
a submarine intercept antenna in the frequency bend 900 to 3600 
Mc.. At higher frequencies the attenuation of the dielectric ce.bHi 
will become important , and the radi ation pattern will become complex 
when the cone is one or two we,velengths 1ong. At lower frequencies 
the sensitivity falls off slowly, but the entennc1 is still usabl e 
at 200 Mc. 

7- 2. No vertical r~diation patterns have been taken; 
these should be run on the final versi on of any antenne developed 
for this purpose. to insure thr-t the overhee.d cove-rage is adequate. 
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7-3• '!he mechanical problem of sealing the end of the 
transmission line against hydrostatic and dynamic pressure has not 
been solved. At the present time, the system proposed for Model 
NRL-2 seems most promising. The cone could be molded into a block 
of Textoli te 1421 and clamped Hi thout difficulty to the end of the 
outer conductor if the ground plane were moved down as much as 3/4 
inch. 

7.J+. I t is felt th~t the mechanical construction of 
tbc pre-production model is unnecessarily heavy. 
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DECLASSIFIED 



REFERENCES 

1. Bu.Ships ltr. Sec. 929 Ser. 011268 of 16 Novenber 1944 to NRL 

requesting design of search antenna for An¾SPR- 2 intercept 

receiver for use on submarines. 

2. NRL ltr. S-S67- 5/ss700 Ser. 4176 to BuShips Radio Problem 

Assignment Repor t - Problem Sl30. 5R- S. 

3. NRL Report R-2370 of 1 November 1944 11 The Developnent of 

Search Antennas for the 7~300 Mc and 300-1000 f.ic J3ands11
• 

4-. RRI, Tech. Meinual 4-11-TM- 113 of 13 July 1944 - The A- 26o2 , 

A- 26o8 nnd A- 2612 Cone AntennBs. 

5. RRL Tech. Manual 4-11- 1B-45 cf 10 October 1941+ - Instruction 

Book for the A- 26o8 (AS-125/APR) and the A-2612 (AS-44-/APR) . 

-7-

DECLASSIFIED 



• • • • 

DECLASSIFIED 

c,nw 66131 ANTENNA PLATE I 

















'~I 
~ ~ 

~ 'I' ~,;;/: N 

1 s l,/J, ~, t#~ 
~~"~ ~ i-~1 1 1 

'&:i~~"~ - l~i .~~:~,\1 Ca.'W'-04 ~ •r~ii1~. 
I-~ ~~ ~... ~ J 
s ~~~ ~ ,~~ ,IJ,ij~ ~~ 
~»~ l~~~IFini ~-wi~ :::::~· l!!!Y.U\i.~ z ~1 
R.~ ~~~= •• ~ '1 § Str-,~" e:•li~'il ~ 

z 















l I 1 I I 
2 

/I! I/ 1 /'I 'j 1 / 1 j 1 / 1 / 1 / ◄ 
3 4 1> l) 7 

DECLASSIFIED 

AS-125/APR ANTENNA PLATE 17 



I 

DECLASSIFIED 

MODEL NRL-1 ANTENNA PLATE 18 









DECLASSIFIED 





DECLASSIFIED 



DECLASSIFIED 





DECLASSIFIED 



~-iil!!!==­,illl!=--== ~-Wl-p,_ ~-==== ~ &ii== §~ 
~ - § •• •==• s~~C, 

- ~~1 ¥s 
~ ~· 4~~ r.#l~, 

~ ~ ·~~-~--4,-~ ~ ... lli1B~ ~ ~w.~ • 
''.e tJI r« ~ ~"'~,'1 1,, ti 

~ m ~~ 

~♦-~♦. .. ~~. 
ti ~>.St~~ 

~~ ~~h ~ ■ ~~~~1:« ~"'''.e ~~ ~~~~l411~ 
~~ t,!~~~~,~ a 1#/J 

DECLASSIFIED 

~d 
~~k1 



DECLASSIFIED 





DECLASSIFIED 



DECLASSIFIED 



DECLASSIFIED 



I I I I 
. I I 

I I I I 

DECLASSIFIED 

, . .• 

.. • .• • ' f 
\ 

I I 

MODEL NRL-2 ANTENNA 

I I I 

• 
I I I I I ~ I 

7 8 

PLATE 35 



.:.:,·. ·: .. ;.,· :~. 
• • ~ I • • 

.. :. ·r ~ 
• , ~ l 4 

: :. . • ' . ~:. 

DECLASSIFIED 



DECLASSIFIED 





DE CLASS I Fl ED 



















I I I I I I j 7 I 
2 3 

MODEL NRL-3 ANTENNA 
DECLASSIFIED 

PLATE 49 





















I I • 

DECLASSIFIED 

l I I I I I I I I I I I I I 

2 -5 4 · ) 6 7 

PRE-PRODUCTION SUBMARINE INTERCEPT ANTENNA 

PLATE 61 




























































