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INTRODUCTION 
DECLASSIFIED 

ANTENNA PATTERN ME/,SUREM"'ENTS ON 
• USS TIASATCH (AGC-9) 

0-1 CNO Speedletter Serial 0230620 of 17 }lay 1944 requested 
that pattern measureirents be made on all antennas of AGC class ships. 
AGC-9, the USS TJASATCH. was made available for pattern measurements 
off the Chesapeake Bay Annex of the Naval Research laboratory on 
9-10 June 1944. 

0-2. Pattern measurements were made on all communication an-
tennas, SK-2, BM. forward BN, YG-1, SG1s, and SQ antennas. These 
patterns show the relative coverage afforded by each antenna versus 
relative ship1 s heading. 

0--3 This report is divided into three sections. Section 1 
deals with the pattern measurements c£ the communication antennas. 
Section 2 gives the results of measurements on the SK-2, BM, forward 
BN, and YG-1 antennas, while Section 3 gives the coverage patterns 
of the two SG and the SQ antennas. 

0-4 Summary of Conclusions: 

0-4-1. Some m the HF communication antenna patterns show Ja rge 
dips in certain directions. It is anticipated that a study af the 
patterns made on ships of this class will lead to specific recom­
mendations for improving these patterns. 

0--4-2. The coverage of the SK-2 and the BM are similar and quite 
uniform. The diagrams of the BN and BK antennas aro very ragged. 
It seems that better :EErformance -w::,uld be obtained with one BN and 
one BK on each side of the ship, rather than with both BN1 s on one 
side and both BK 1s on the other. 

0--4-3. The two SG I s provide excellent composi tc coverage over all 
headings. The portable SQ equipment may be expected to have blind 
spots in its coverage in directions where the beam. shoots through the 
ship's superstructure. 

Pago 1 of Introduction. 
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&.c.CTION l 

COi,[.rrlrdCATIOiJ ANTENNA Pli.T'£Efi.NS 

Enclosures : Tables I and U 
46 Pl&tas a£ Radiation Patterns 

Abstr ... ct 

On 9 June 1944 th.a US;:, WALJATCH was made available to a 
task group of Laboratory engi n~ers for the pur~ose of determin­
ing the dir0ction-l cho.ractaristics of v...rious transmitting 
WlU r_;ct::iving antennas. Groups of 6 transmi ttmg ant,mnas 
w0r8 m0asur0d sinultaneously with sepo.rate racuiver-r~corder 
syst~ms s~t up on shore. Field int~nsity ro~aings a£ oost 
tr.::.ns,rittvr::. wor0 rru::.uu j__ ti.:lr at a 1r:.or, ~uit""ble .LOCc.tion. 
Th.:SC: tuf:>ts were i::;imila to thOS-3 uiad~ on ~om.swh.:..t dif:t.::1·1.,nt 
froqu.::.acics for th~ Ubb i1IOU.\T .JcKINLEY on 26/29 May, 1944, 
which h ... v.., b\;c:n ru;,ort0d in N.Rl, R..;;port h-2512. It is o~poct-
~d th~t a study of thu p~tt0n1s obt~in~d from S3v0ral 
ship8 of th-:: sam~ ~la~~ will L.l..d to pvrtin"'nt r~conunondations 
fo.r i proving th., overall communicc.tion ..:.fficLn~y. 

Discussion 

Th.: sch.;dul-Jb shoi-:n in .::,ncl.o5uxe 
th~ ship's fore~ prior to th~ errivcl 
location. The rec~iv~r us0d for <.,ach 
the fi::st column of thDs<., schJOU...cs . 

(A) w..::re c:.rr,,.ng.;d with 
of th~ ship ~t tha test 
t(:;~t ib Q~~ign~tcd in 
ill roc~iv~rs w~r~ 

&rrLngGd to op~rate record0r~ ~o th_t ~ continuous rdcord 
could b(:; obtc.in.::d durirli_, tb.;; t<.,sts. Tl1v equi~.:i..:;.'!t::. \;~r- set 
up on th"" s..,cond floor o:{ builu.in6 n-5 ut CBA. Th<: 1x.tt~ .. ns for 
th.; r0cei ving untcnm .. ::, v,are ob tamed by eXC;i ting t...11e nn tenn'-s 
with .1..or; po;,-er trw1sr:iitter·:; auo ... ra. ship. 

Tha ship \,-as swung in circlas of a)pro..drnately one-half 
1nL.e dL.Iileter ~round a bo.:..t .:..nchored cs u , ,, •. rkar buoy at e. 
Cj.-tc...nce of c.bout :..car -..nd on.a-ho.lf mi.:..~s e ... st or· the receiver 
locL tion. R,,lt..ti ve ba .. ringf> of the test loc_ tion6 f'rom 
th~ shi}l I s hocctings wore gi Vdn b.; tha ship .JVery 30 degL·ees 
ov.,;r the::: c.:u:..ciliay conm1unicLtion chwmel and the locked-key 
tru1r,mission.., of th" tr"-n::,mi t tars urL\ier test w.:r.:i simw.. tane­
ously broken mo . .ikri~y. n.:...d, _r plots oi' thl., ship Vv<Jro ulso 
me.de from build ... ng ,, l at l,...,.ti i.n th1;.: event th. t ~01· visibility 
.:-hou.,__u. ;,r1;,V-...;nt tJ,•ing ralc.tiv_ l,..; ri.r1gs f r om thu ship. Th0 
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1-2-3 

1-2-4 

1-2-5 

shi_J' s h,:;,.c..ing~ 1...~ shO\,n on the: plots ,_re:; beli.:..ved to boa 
c:.ccur,_t~ within plui:., or minu~ 5 d..:grees. 

Th-., r0c;:;iv ... r - r..,cord(;r ._:quip1:1cnts w..,r-~ c;_.dbrc.ted with 
.iignw gon..l:.·~tor~ to d-.;t-,riTJin ... th-: corr..,ct int ... nsity vtlu.ss 
for v-riou., r..,corrlar sc ... _lu r<Jc-<lings. Abso.Lut;;: vn.i.u,.,s of 
fi..::ld int,;;J.i..,i ty for thC; tr .... ,~mi ttar-wit,.,nnc.. t.Jsts W.;;r-.; 
me.ct .. ~.t u po111t t..bout 200 f~-.:t south of th~ N.:;.vc;.l Boc.:.t 
Dock u t Ch.Js .... p--,c.k... Bel. ch, ind, Th,., ship W..:.{;; '--t ".nchor at ..::. 
point 5 miles c.i.istci11CI;} ....nu. _,;,le.ring 100 u-:.gr,..es i'rom thd 
dock. The intensitia::J meL.sured £or seve . ...J. of the trens­
mi ttd s c.~Jp0 ... .r to b~ low. It i& not known wh~thcr this is 
.::. correct r~.::.ding or v1hcther som;;;; ..3rror occurr.:-'<i in th;;: 
,:iec.i:.,ur.;;m ... mt. Th .. work w ... s 1Jcrforra'"'d in <--- hurri~d .c1.:..nner 
~d chwi.c::is for errors '-r'-' numerous, "~.t"'t:ci-lly ,:h.:;;n so nmny 
tr, n&oi t t0 • ., ~.ru opar...:.. t-..d t>i1:1ul t....r1 .. ously. 

No inform<-.tion w.:. s l.Vc...L.,.b.L-, on the. num·oGring ~ch'>:lme of 
thd BC .:.:nt.:mnc.s on th..:: yt' rd . .rm. Th,.;: numbers given in. the 
schcdu ... ., rd er to th- nu,111.;urs on thl:i fill tcnn,_ t;;:rmin .... l boGrd 
in R...dio I. 

No Lttc~pt h~s been m~ae to corral~td or r.n~lyzc th~ 
ci:-.t,. obt::.in-d. It is .axp-..ctod th<...t c. study of the pc..tt.:irns 
from ... _v_r<-1 ship~ of th., s, . .mG clu,s will 11:ii:-.d to p~rtin-:::nt 
r ccomm..,nd~. tions for i proving th.., ovcrcll communic .... tion 
po~s.ibili ti"'s. 
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TAB~ 1 

Sch~dulo 1 - Transmitting Antannn Tests 

EqUi) Channel T.;:st Test T"'s t Test 
1 2 ::; 

NC200 A TCS 15 TBL 18 TBK 2* TBL 9-it-
2040 Kc 2226 Kc 2510 Kc 2550 Kc 

32B B TCS 10 TCS 17 TDE 6 TBK 4 
2940 Kc 2980 Kc 3184 Kc 5270 Kc 

OF 41 C TCS 15 TCS 16 TBK 5* TDE 7 
5475 Kc 5510 Kc 5650 Kc 5780 Kc 

508A D TCS 11 TDE s* TBL 8* TBA l 
4010 lfo 5450 Kc 56AO Kc 6500 Kc 

508A E TCS 14 TBL 20 TDE lOif- TBM 9 
8000 Kc 9500 lfo 12000 Kc 12000 Kc 

58 F BC 1 BC 2 BC 5 BC 4 
140.6 Mc 116.lx Mc 116.l Mc 142.02 Mc 

Not<:is: 
x6igncl f~il~d to com~ up on Test 2F 
*Indic~tciS transmitter loc~ted in Radio 5 

TABLE 2 

Schadulu 2 - Rcc6iving Antenna Tests 
Equip Chann.31 Test Test Tost T~st Test 

1 2 5 4 5 
32 B ' .n. Ant l Ant 2 Ant 5 J1nt 4 Ant 5 

2510 Kc srune 

OF B 1.nt e l.nt 7 .Ant 8 Ant 9 Ant 10 
5400 Kc Sullle 

508.A C Ant 11 Ant 12 J.nt 15 .Ant 14 Ant 15 
7000 AC SEUlle 

508A D Ant 16 Ant 17 Ant 18 Ant 19 Ant 20 
12000 Kc same 

58 E BC 5 SGR Port SCR Stbd TBS Fwd. 
142 Mc 24 Mex 27.9 Mc 72.6 Mc 

Note: 
xSignt..l fail~d to come up on Tast 2E 

S~h~dulu 5 - Fivld Int$nSity T0sts 
(Rcpeet of Sch~dula 1) 
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SECT101'! 2 

Cove~o Diagrams of Badar Equipments 
on U.S . S. Uasatch (AGC- 9). 

Enclosures : Graphs (Pla tes 1 through 12) . 

DECLASSiFIED 

2- 1. This report covers tests made on the radar and IFF 

antennas of tho AGC-9 on 10 June 1941+ near the Naval Research Lab­

oratory Chesapeake Bay Annex. Measurements narc made on the SK- 2 , 

BH, fornard BN, nnd YG-1 antennas. Data on the SK-2, omidships BN, 

:arc, and YG-1 antennas of the AGC-7 taken during a simila r t est aro 

included for further infonnation. 

2- 2. In obtaining tho coverage diagrom for a non-directional 

antenna, the antenna uas excited uith n lo\7 pouer en oscillator. 

Tito signnl uas received on an APR- 1 receiver a.board a. test vessel 

{YP- 354) uhich circled the ship at approximately 2000 yards. The 

rMgo and bearing of the YP- 354 ucrc recorded every 30 seconds by 

the SG opera.tor and uere rclnyed to the YP- 354, \7hcro an observer 

recorded the received signe.l for various relative bearings. Tho 

procedure for a directional antenna uas identical, except that tho 

antenna uas kept trained on the test vessel by means of the bearings 

obtained on the SG. For the YG-1 antenna, uhich rotates at 2 r . p.m. 

it uas necessary to note the peak reeding as the beam suopt past. 

2- 3• The YG-1 pattern uas obtained in a manner similar to 

t ho coverage diagrams, except that the antenna uas held fixed uhile 

the YP-354 circled the ship. In previous tests this method of ob­

taining o.ntenna patterns uas used exclusively. Herc, houcver, the 

SK- 2 and Bt'. patterns uere to.ken TTith the YP- 354 anchored at 2000 

ynrds nnd 290° r elative. The antenna uas rotated manually and the 
signo.l received on the APR- 1 recorded for vnrious r el a tive bcal'­

ings. 

2-4. The observed signal strengths nere corrected to a 
rru1gc of 2000 yards by tho follouing formulns: 

For verticnl polnrization, 

F2000 : Fd • d r (l-k)2 ,._ 4k cos2 
2000 L 

c.nd for horizontru. polarization, 

d 
2000 l 2 sin (0. 122° • 

P~e 1 of Section 2 
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r,hcrc 
F2000 = field strength at 2000 yards. 

Fd: field strength at d yards. 

d ;: rc.nge in yards. 

ht= height of t rnnsmitting antcnn.:i. in feet. 

hr : height of receiving antenna. in feet (28 ft.) . 

f = frequency in megacycles per second. 

k: absolute value of reflection coefficient of sea uater nt 
frequency used~ 

-:-.:.... : phase lng in degrees on reflection for sea. TTEl.tor. 

1 
= phase lag in degrees due to path difference of direct and 

reflected r~s : O. 2/.µ+0 • hthr 
er-

2- 5• The relative field strength uhich uould have been ob-
served at o. range of 2000 y.?,rds uas then plotted against relative 
bearing for each of the runs. The resul ts arc given in Plates l 
to 11, uhich are largely self- explanatory. Tho coverage diagrems 
may be interpreted as the relative mnximum rn.ngcs nt uhich aircrnft 
may be detected at different bearings, providing the comparison i s 
made on aircraft at the same nngle of elevation. This follous from 
the lau of radar response uhich states that received pouer is in­
versely proportioncl to ~he fourth pouer of the range, in the caso 
of aircraft. Tho present coverage pntterns e.ro plotted in 11 one-uaylf 
fiold strength, so that the received poucr in radar operation uill 
be proportional to the fourth pouer of these curves. Thus maximum 
range is proportional to the coverage curves. On surface targets 
the mnximum range is proportional to the square root of the covc:r,­
nge curve because of the inverse eighth pouer of the distance l an 
rn1ich applies in that case. 

2-6. Most of tho dips in the covornge patterns nro due to 
definite parts of the ship 1 s superstructure , such as the SK- 2, SG, 
o.nd YG-1 n.ntennn.s D.lld their masts, tho y~rd arms, and the king 
posts. Somo of the fine structure i n the patterns may be due to 
tho vertical feeders to the communicntion antennas. It should bo 
borne in mind th.:-,.t metal parts o. fer, degrees bclou tho level of 
the nntenna may obstruct the u~ve that uould othcruise reflect 
from tho uater and thus produce .... dip in the coverage pattern. 

Page 2 of Sec t i on 2. 
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2-7• Tho coverage of tho SK-2 and tho BM ~re $imilur and 
quite uniform, nith the exception of a slight dip ncnr 000° and a 
rather broad one near 180°. The diagrams of the BN1 s and BK1 s arc 
extremely ragged. Since the uorst dip occurs on the side of the 
ship opposite the antenna, it seems that better porfozmancc uould 
be obto.incd TTith one BN nnd one BK on ench side of the ship, ro.thcr 
tho.n mth both BN1s on one side and both BK1 s on the other. 

2-8. It is felt that tho antenna patterns obtained by the 
method used here arc quite roliable. The SK-2 h~s a beam uidth (~, 
hnlf poTTcr) cf 27° ruid no lobes greater thon 6~. n.e BM has a boalll 
uidth of 20° o.nd lobes as high as 31%, TThilo tho uidth of the YG-1 
pnttern is 46° uith a 13% lobe. 

2-9• Plate 12 is a.n approximate theoretical vertical covcr--
nge diagram of the SK-2, shouing tho locations of the lobes and 
mills for o.n antenna height of UO foot. 

o 3 of Section 2. 
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SECTION 3 

ANTENNh. HEASUREUENTS OF SG AND SQ 
EQUIPMENT ON USS WJ,SA '!CH (AGC- 9) 

Enclosures : Graphs (Plates 1 to 3) 

3-1. Procedure 

3-1-1. Antenna moasurenents were made on 10 June 1944 of the 
"Forward" SG, the 11After11 SG, and the SQ equipment installed 
on the u. 3. S. 11,.Sil'I'CH (ilGC-9) . 

3-1- 2 . Identical procedures were followed in testing each of 
the three pieces of equipment. Measurements were taken from the 
YP- 354, Hhich circled the anchored aGC at a range of approximately 

3,000 yards . h superheterodyne r eceiver which had been previousl y 
calibrated in tho Laboratory and uhose output was displayed on 
an oscilloscope was used to neasure the received signal. 

3-1-J . The enclosed graphs give relative bearings versus relati ve 
signal strength in db. The bearing readings are correct to within 

3 degrees, while the signal strength is correct to within 2 db. 
Specimen readings are shown by X marks . The patterns have been 
smoothed to eliminate knovm spurious effects • 

3- 2. Discussion 

3-2- 1. Plate (1) shows that the 11 Forward11 SG has weak signal 

areas at 140° Relative and 200° Rel.a tive . These are caused by 
the starboard after king post and the port after king post 
respectively. '.lhese king posts also cause weak signal areas in the 

pattern of the 11after11 SG as soen from Plate 2. However, these 
areas are found at Relative 175° and Relative 185°, and hence the 

composite coverage is good. '.lhe forward king posts affect the 
11.tt.fter11 SG pattern in the areas 005° Relative and 355° Relative. 

However, these areas are adequately covered by the 11Forward11 SG. 

3-2-2. The SQ is portable equipuent. \/bile this test was being 
made, it was nounted on the flight deck . Because of the particular 
position in which it was situated, weak signal:ar eas wer e noted 

at Relative 10~ ar.d Relative 350°. These were caused by the forward 

king posts. Because of the after superstructure, no signal was 
obtained between the relative bearings 150° and 220°. A slight 

change in the exact position of the SQ antenna would perceptibly 
change the location and extent of this 11blind spo-e'. 11 

3- J. Conclusion 

3- 3-1 . The composite of these three radar' equipments givEii excellent 
coverage over the entire 360 degrees . 
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