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OBJECT OF TEST 

1. The object of the tests was to determine the practicality of 
operating high frequency direction find~r, search radar and aircraft 
homing equipment on a vessel with the resp~ctive antennas all mounted 
on a common mast. 

ABSTRACT OF TEST 

2-2. This report covers a preliminary investigation made under 
simulated conditions to determine the practicability of carrying 
the antenna structure of a Model LA~ high frequency direction 
finder as well as the antenna structures of various models of search 
radar equipments or aircraft homing equipments on a common mast in 
naval vessels. The results indicate that such action is practical, 
within limits, provided certain nominal impairment of the absolute 
accuracy of the high frequency direc~ion finder would be acceptable 
in service operation. Three factors are involved in the problem, 
namely, (1) the effec~s of the installation of, and more particularly 
the rota ti on of, the radar or homing antennas in proximity to the 
Model DAq loops, (2) the effects of the mast on the radar or homing 
beams and, (3) the practicability of supporting the required weight 
of the several antennas on a standard mast without additional st.iff­
ening. Under (1) it was determined that the installation and rotation 
of both Model SL and SA radar antennas mounted on platforms aft and 
forward of a mast and spaced 15 feet and 26 feet, respectively. below 
the base of tha DAQ loop mounted atop the mast (measured . from loop 
base to radar antenna platforms) caused variations in deviation of 
the direction finder up to a maximum of 15°, with an average value 
of approximately 6° chargeable to 0ach radar ant0nna when these 
antennas ar e rotated. These extreme deviations, howev~r, cover u 
narrow frciquency band (loss than 1 mugacycle) in the 14-15 megacycle 
spactrum with the 50 feet mast employ0d in the tost. Similarly, in 
the sam0 fruquoncy rogion, pronounced 11 blurring 11 or lack of bearing 
definitions exist. At othor frequ0ncios tho off0cts are inappreciable. 
Under (2) it was ddtermined that tho effects of the ma~t on the radar 
or homing buams ~ppuared nogligiblo. Similarly, interfarences from 
tho pulse fr0quenci e s of the radar ant ennas due to their proximity to 
tho DAQ loops are not believ0d to b0 serious. No attempt w~s made to 
det<:Jrmine th" pnwticability of supporting th0 required w0ight on a 
standard mast, ina smuch as this is a ship construction problem and the 
weights of the r fcl spuctivti antennas involv0d ar e known. 

CONCLUSIONS 

3-1 It is concluded: 

~-1. 1 That the operation of a Model DAQ Direction finder and Model 
SA and SL radar antennas (or others of comparable size) as well as 
Mod0ls YE or YG homing antennas, all mounted on a common mast, is 
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practicable provided a roduction in diroction finder accuracy over a 
portion of the frequency band would be acceptable and provided that 
tho spacings indicated by plate 6 of this report are not reduced 
below the limits shown. 

3-1.2 That tho interpretation of the effects of the specific 
radar and homing antennas m~ntioncd can bo applied for other types 
of similar dimensions, the overa ll dimensions r a ther than the pulse 
ratds, boing the deturmining f a ctors. 

3-l.3 That it might provu possible to 0vontually develop a system 
employing forms of colloctors, such a s small continuously rotating 
loops, thut would reduce tho weight to be carried by tho mast and 
thereby ameliorate tho necessity of mast stiffening. Such syst0ms 
ho.vo not as yot bcun developed to a point permitting of immodiato 
production, could not be adopted as a modification of the DAQ equip­
munts and would not eliminate the necessity for top of mast mounting 
of the diroction finder collectors. 

RECOII/JMENDATIONS 

4-1 It is recommended: 

4-1.1 That, should it be considdred that the limitations in 
dircction finder a ccuracy indicatcd by this report appear reasonably 
acceptable to tho opera. ting forc0s, and mc:chcnical considero.tions 
such as mast loading parmit, a tria l insto.lbtion bo m.ado in o. suito.blc 
no.val vosscl to determine tho purformc,nco obtainablv undor pro.ctical 
installation o.nd ope r a ting conditions. 

METHODS OF TEST 

5-1 BecclUso of the f act that tests uhdor th0 subject problem had, 
of noce ssi ty, to be simulo.t0d, two lino s of c.pproach wore followed: 

5-1.1 ~ To dotormino tha effects of mounting radar or homing ant,mno.s 
on plo.tforms rather than "~top and concentric with a mast, which action 
rosults in thv m.ast being in tho beo.ms at certain angles of rotation~ 
A copper cylinder, eight inchos in di ameter &nd ton feet long was em­
ployod to simulate a mast soction. This was placed in the beam of the 

· various ro.do.r and homing devices te stod, and mo a surom ents made to 
determine any change in the patterns of those antennas resulting from 
the interposition of this dummy mo. st. 

5~1.2 To determine tho effects of the mounting and most particularly 
the rotation of radar and homing antennas on the performance of a 
Model DAq equipment, a 50 foot steel mast of a diameter similar to 
that employed in destroyers and destroyer escorts was vrectod in a 
·clear field location. A Model DAR loop was mounted atop and concentric 
with this mast and cop par 11 mock-ups" of tho rada.r antennas were mounted 
on this II1.~st at tho hoights and in the position shown by plate 6 of this 
report. Those 11 mock-ups 11 wore equal in size to the antennas involved 
nnd of o.pproximatoly similn.r configuration. Copper shoating was used 
on tho 11 mock-up 11 support to simulnte the mot o. llic plettforms that would 
be employed in naval vessels. 
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5-2 At the time these t,nts V'hJr.J conduct0d, tho Modul DA~ equip-
ment was not c vc:il8.ble so tha t a Model DAR loop wo.s employed e nd both 
the Model DAR L, nd a British Type FH-4 rcc0iv-Jr wure usad with this 
loop. 

5-3 No t0sts wore made to dotc:rmina o.b solute deviations resulting 
frou the proximity of the r e.dD. r o.nt onna s to th0 din,ction finder antenna 
inasmuch cs such devio.tions would bu umo nablo to romov o. l by suitable 
calibn.tion. All tests w0ro conducted on the pr0mis0 of de t0rmining 
cho.ngos in dovie-tion resulting from movement of the r udo.r and homing 
antonnn.s c,nd the degree of blurring existing throughout thu frt;Jquency 
spec trum, it having b-::un pr0viously dot-.:.:rmined tho. t tho location employed 
with th0 direction find0r cnt -cmna mount0d at oo th0 mast in th0 absence 
of any othor antennas produc0d satisfc.ctory r~sults with a minimum of 
blurring or other cdv0rs0 f~ctors. 

5-4 In order to conserve tim0 e nd to reduce the number of variables, 
no attempt wcs ma.do to mount a simuh,t0d homing antenna on th0 mo.st 
toge ther with simuktud SA o. nd SL r ud[: r antonnas inc,smuch as tho YE or 
YG homing c.ntonno.s 1.1.r0 so much sm.c.ll0r in o. r ca tho.t thuir effects would 
be negligiblu with resp0ct to th\J l arger r2.d c,r units. 

5-5 For trun smissions o. smal l field trctnsmitt,ff was 0mployod radiating 
substanticlly pure vertically pol~rizud waves. This was locuted at dis­
tc_ncos in uxcuss of ono wave L:mgth from tho diroction finder. Tests 
woro mcde with incn,m<mtal V-~rir, tions in frequency in srru.:.11 steps and 
both a DAR and a British Type FH-4 roc"ivur arranged in such manner as 
to permit th0ir n1.pid switching to the loops, tho FH-4 equipment b0ing 
valuo.bL3 to indicc.te out of phase compon,mts in the loops a nd permit 
more 2, ccurato obsorvo. tions to be rru:'.d0 undar conditions of ba d blurring. 

ACCURACY OF 'l'EtiT 

6-1 It is impossible to estimate the ubsoluta o.ccuracy 01 the results 
in view of the many variables involved, but it is believ0d that the 
results c,re sufficiently accurc,tc: to indicate the desirability- of effect­
ing o. tria l insto.ll o. tion with reasonable expectation of success. It 
will be rec.lized tho.t the 50 foot mast empl oyed in the t e sts is shorter 
than the ms.st that would bo involved in no.val vussols, and consequently 
tha froquonci es at which effocts of thu r 8.de.r ant0nnas on thc; direction 
finder might bci e;x:pe c-c; ed will diff.;;r in a ctu~:1 installations, the 
critical fr0quencius probably b e ing lower in view of the fact th.at 
a ctuul masts will probnbly axco~d 50 foot in height. Somo question may 
exist ns to the effects of employing solid coppe r in lie u of lattice 
steel in the r &dn r o.ntenne. 11 mockups 1

i but it is balievi:ld tha t tho actual 
r o.d&.r Llntennus will probE',bly b1;; hiss harmful them the coppur 11 mockups 11 

in vi ew of their lower conductivity. Howovcir the most importQnt factor 
contributing to th1J impossibility of obtc. ining d:'. t c, of sufficiently 
rigorous r oprosont~tivu a ccuracy thnt could be 0xp0ct~d to be duplicable 
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in o.ctua l i n sk, 11&. tions involv0s t hv multiplicity of vr, ric.ble pha se 
conditions existing when two or r.1ore r adc, r or homing o.ntenna s a r e 
rotated in proximity to a dir0ction findur loop with determinnt0 
vcr i a tions i n tha frequcmcy of transmi s sion. This introduces so 
many variable s tha t only maximum effects can be a scerta ined and the se 
may not be oxpe cted to be duplicable with r 8 spoct to actual frequenci es. 

RESULTS OF TEST 

7-1 Effects of Rota tion of Rudar Antenna s on Model DAQ High Frequency 
Dir0ct ion Find er Accuracy. 

7-1.l Mode l SA Ro.da r 
Plates 1, 2 nnd 3 indica t e the variation in boo. ring o.ccuracy of the 
direction findur due to rotation of a Mode l SA r ad&r antenna.with 
transmissions arriving o. t wha t would b0 c. pproximo.tely on the bon.m o.nd 
close to the stern of c, vessul, obs<Srvc,t ions buing made with both a 
Model DM{ r-,nd FH-4 r0c0ivur. During thes e t e sts the Model SL hadar 
c..ntonne. was sucurod for a forward b00.r:i proj-:iction. Plo.to 1 indicutes 
tha t ( und er the conditions of t est emp loying e, 50 ft. mast) no effects 
on thG dir0ction findur wore notod be low 8 moga cycl-as. Nominal effucts 
(devia ti on s not in exco ss of 2 .5°) we r u noted in the r a gion 6f nine 
mogacyclos o.nd above sixt00n megacycle s. Tho most serious effects 
occur botwoen 14 and 15 megacycles whore bearing vari a tions of o.pprox­
imat ul y 6° we r e noted . ?lates 2 and 3 illustrate a study made of 
the se vLrintions in the cri t ica l fr equ,mcy r e gion be t ween 13 and 15.5 
megacycles. These plutes show do. ta obto.ined with both a DAR and an 
FH-4 r oceivor and while it will be not ed tha t oxnct duplication of 
results wa s not obta ined , the o.gr eemont is considervd exce llent for the 
different types of observ:::. tions po.rticulnrly in view of the f act that 
in this critical region the blurring or minimum width is such as to 
make r oo.ding s of extreme bearing ac curacy difficult. In generc..l this 
survuy would incl ic r. tE.: that a maximum bo o.ring deviation of 6° might bo 
expected in this criticul r egion of the fr equency spe ctrum, the exact 
deviation vo. rying r ~pidly with sma ll ch(;\ nges in fr equency. 

7-1.2 Model SG or SL had~r 
Pla t e s 4 o.nd 5 indica t e the va riation in boo.rings r e sulting from 
rota tion of an SL r a da r o.ntanna with the Mod el SA antenna se cur ed for 
an o. thwortship be am direction. These pl a tes indicate that rotation of 
the SL antenna produc ed ne gligible effects (less than 1°) up to a pprox­
i ma t e ly 13.75 megacycle s and o.bova 14.5 mega.cycle s. Ple.te 5 covers n. 
more me ticulous survey made in the 13 to 15 megc..cyclo region which 
showed tho presence of a maximum bea ring shift of 6° a t a pproximately 
14 megacycles, this shift buing v0ry critic n. l with r e spec t to frequency. 

7-1.3 Both Radars 
Whilo a s not ed above , rotation of e ither the SA or SL radar nntonnn.s 
with the other antenna securod r e sult0d in maximum bearing shiftsin 
the order of 6°, the e ffects of rota ting both simultane ously cannot 
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be said to ad d up algebraicc.lly in any particular orderly manner. This 
appeared to be due to th0 random phas0 conditions dXisting at the Mod0l 
DN~ loops from n :d ic..tions from thu resp8ctive rc.d a r antennfts. Thes0 
effe cts v a ry with such r~pidity as to rondu r quantitative analysis 
difficult. However, it was not0d that deviations as high as 15° were 
observ0d for certain criticc. l angl0s -;)f the two r a da r antenna s with 
respect to the direction of signal a rriva l ~nd the DAQ loops. 

8. EFFECTS OF MAST ON RADAR gpJsRA'l1ION 

8-1.1 Air Search Rada r 
Te sts with"" ten fOot long eight inch dic,metor coppGr tub u (simulating 
a mast) pkcod in front of a Model SC-2 radc..r anten..."la at such a distance 
c,s to provide for just rotr. tionnl claarance indica t e d no appn:ciable 
chang0 in the field pattern of the rs.d~tr beam when directed a t the mas"i. 

8-2 Surface s~a rch Radar 
Faciliti e s did not permit of o.ctual test of a simulated mo.st in tho beam 
of an SL or SG rada r a nte nna but it is understood from t e sts made by tho 
forces afloat that a few blind spots and other spurious e ffects are en­
countere d whan those r,ntonnas arc so loco.tad tha t tho boc.m projects 
through a mast. However, it is a lso understood that c e rtain destroyers 
have been able to obtain considerable utility from their Model SG radar 
equipm,mts ·w hen insta ll0d in e, rnann0r similo.r to that shown for an SL 
Radar on Plc.te 6. In addition suffici,mt succuss ha s betJn obt1,.ined by 
tho Pco.rl Hc,rbor l'Lvy n ~rd in tha us-3 of o. smc-. ll special must shield to 
substantially reduce tho spurious reflections and the blind spot sector 
to warrant the a ssumption that r e l a tively satisfactory porformo.ncc could 
be obtained ·with tho SL or SG r adur a ntennc.s mountell forward of a mast. 

8-3 YG Homing Equipm,.mt 

Tests conducted by placing a twelve inch diameter t en foot copper tuba 
(simula ting L~ mast) six fact in front of ::md direc-cly in lino with tho 
principo.l radiation pc,tt0rn of u Model YG Homi"ng e:.ntenno. indica ted tho.t 
rill o.ircraft flying a t vc1rious distances up to 80 mil:::Js on o. homing course 
( a s well as on other courses) could not detect any difference in the 
pattern wht:in tho simula ted mast w::.i.s in plo.co or removed. 

8-4 Pulse Interfe r ence Effects from Radar intennas 
While opportunity has not permitted definite tests to b d made with 
respe ct to the interferences resulting from radar operation with the 
antennas in close proximity to -Che high fr0qwmcy direction finder 
loops, such tests as hav0 boen made to date indicat0 that tho pulse 
components from the rc.da r trunsmissions unda r th0 conditions of ant,,mna 
mounting indicated by plnte 6 should co.use little interfe rvnce, with 
the possible exception of one or two v0ry nnrrow frequency bands. 
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9. EFFECTS OF COMBI NED DIRECT10N FINDER AND RADAR ANTENNA I NSTALLATION 
ON MAST LOADING 

9-1 As not ed ~bove , no inve stigo.ti ons wer0 mad e with r e spect to the 
effects of th0 udd iti ona l we ight tha t a common mast vrnuld ha ve t o c arry 
t o pe r mit of the c ombined insto. lla ti on 0 1 a Mode l D.ii.Q l oop a nd 1,wo or 
mor e r ad ~r or homing antennas. This is b e liev ed 1, 0 b e a ship installa tion 
pr oblum a nd not within the pr ovinc 8 of this Lo.b or a tory a s o. mutte r of 
r a dio inve stigation. Howeve r, it is b e lieve d tha t the weight involved 
in such c ombined insta lla tions includ ing the weight of o. 15 f oot must 
exten si on a nd a Mode l DAQ lo op mount ed thereon would impose l oading, 
pos sib ly beyond ~he de signed limits of 1,he mo.st involved. It ha s been 
pr op osed a nd it is conside r ed pro. c t ica l to d ev e l op o. s ma ll _mast head 
c.t ssembly to be employe d in lieu of the r t,ther hvr.vy Mode l Di-i.'i loop 
e. ss0mbly which would conta in a smo. 11 c ontinuously r ot a ting loop tuned 
by s e lsyn devic ~ s L, n d coupl ed to o. c onvent i onn l r 0 ce iving equipment, 
a utome .. tic b e a ring ind ic ~,ti ons b<Jing obta in-:. d by omploying simple scanning 
a nd trigg0ring c ircuit s c t.:.. pa ble of simulta ne ously opera ting any r ea son­
able numb e r of r emot o ly l oc o. t 0d a ut omo. tic b oo.ring indicutors. Such a 
syst am would ha v e th0 a c'. v 2.nt agu of lighter weight nnd would pre clude 
tho n e ce ssity of provi C:: ing criticc:l r a c.io freque ncy circuits such us 
mo.tched f 0 \.Jde rs, goniomJ t 0r s , 0tc., bc t vveo n the directi on finder collectors 
nnd the r a di o recui v or but, on t he otha r hc,nd, the de v0 lopm0nt of such 
a sys t 0m hn s not pr ogra ss0c: b c: y ond t h o rud irr1<mtc.ry sta ge so tha t it is 
b u li0vucl th:'l t c:c y eu r or mor 0 would bo r equired to c onsummat e the dcv0 l op­
mont an d obtain pr oducti on of finishc::d e quipm,:mt emb odying such principle s 
a nd suitc,bhJ f or shipboo. r c: insto.lktion. 
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