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INTRODUCTION \S3IFIED

ANTENN/ PATTERN VEASUREMENTS ON
USS TIASATCH (4GC-9)

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

0-2. Pattern measurements were made on all communication an-
tennas, SK-2, BM, forward BN, YG-1, SG's, and 5Q antennas. These
patterns show the relative coverage afforded by each antenna versus
relative ship's heading.

o3 This report is divided into three sections. Section 1
deals with the pattern measurements € the communication antennas,
Section 2 gives the results of measurements on the Sk-2, Bl, forward
BN, and YG-1 antennas, while Scction 3 gives the coverage patterns
of the two SG and the SQ antennas,

O-4 Summary of Conclusionss

O-4~1. Some of the HF commnication antenna patterns show large
dips in certain directions. It is anticipated that a study o the
patterns made on ships of this class will lead to specific recom-
mendations for improving these patterns.

O-4-2. The coverage of the SK-2 and the BM are similar and quite
uniform, The diagrams of the BN and BK antennas are very ragged.
It seems that better @ rformance would be obtained with one BN and
one BK on cach side of the ship, rather than with both BN's on one
side and both BK!s on the other,

0-4-3, The two SG's provide excellent composite coverage over all
headingse 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. ‘

‘ Page 1 of Introduction.
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SuCTION 1 DECLASS;’F#PD

COILTUNICATION ANTENNA PATTEERNS

Enclosures: (&) Taples I and II
(B) 46 Plates of Radiation Putterns

1-1 Abstr.ct

1-i-1 On 9 June 1944 the USo WASATCH was made available to &
task group of Laboratory engincers for the pur.ose of determin-
ing the direction.l characteristics of vurious transmitting
éna receiving antennas. Groups of 6 transmitting antennas
were measured simultancously with separate receiver-recorder
systems set up on shore. Field intencity roudings of most
trensmitters were mede 1. ter at a mor. suituble socution.
These tests were similer to those .ade on somewhat diffcront
frequencies for the USS HOUNT .«cKINLEY on 26/29 May, 1944,
which have been reported in NRL Report h-2312. It is cxpect-
cd thet 2 study of the potterns obteined from several
ships of the same (lecs will lsad to pertinent recommendations
for i proving the overall communicetion <fficiency.

1-2 Discussion
1-2-1 The schedules shovn in enclosure (4) were arrwnged with

the ship's force prior to the arrivel of the ship «t the test
location. The receiver used for cach test is assigneted in

the first column of thesc scheduses. ALl receivers werce
errenged to oporate recorders so thet & continuous record
could be obtained during the tests. The eguipnments wer. set
up on the sccond floor oi builuing #5 at CBA. The puttc.ns for
th. roceiving antennc: were obteined by exciting the antenncs
with iow power tr.nsmitters abourd ship.

1-2-2 The ship was swung in circles of approximately one-half
mi.e dicmeter cround a bout enchored as « .a.rker buoy et a
Cictance of azbout iour wund one-nlf amiies ewust oi the receiver
locction. Rslctive becrings of the test loc.tions from
the ship's hecdings were given b; the ship vvery 30 degrees
over the cuxilicry communicetion channel and the locked-key
treasmissions of the trenomitters under test were simuitane-
ously broken mo .ateri.y. fud.r plots oi the ship werc also
mede from build.ng #1 at Ges in the event th.t poor visibiiity
chousu prevent giving relotiv. bLe rings from the shiv. The

S
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shi)'s hecuings & shown on the plots .re beliuved to be
accurvute within plu- or minus 3 degrees.

1-2-3 Ths receiver-recorder cquipments were coiibrated with
signael genorators to determine the correct intensity volues
for viriou: r.cordsr sc.le recdings. Absoiute vaiucs of
ficlid J.n‘t‘.s..u.,lty for thc truismitter-antenne tests wers
mede <t 2 point about 200 fect south of the Newvel Bout
Dock at Chusupetke Beach, iid, The ship wes ot .nchor at o
point 3 miies disteuce .nu .ccring 100 acgrees from the
dock. The intensities meusured for seve..l of the trans-
mitte s appecr to be ilow. It is not known whother this is
& correct recding or whether some error occurred in the
pmeccurcricnt. The work wes performed in o hurricd munner
¢nd chunces for errors o«re numerous, cvepeciully when so many
tronsnitters wroe opercted simuitonsously.

1-2-4 No informetion wos cveiicbic on the numbering schame of
the BC cntenncs on the yerd.rm. The numbers given in the
schedus s refer to the numuers on the antenn.. termin.l board
in Rodio 1.

1-2-5 No zttempt hcs been mude to correlute or analyze the
det. obtzin.d. It is expected thet o study of the petterns
from ..v.orcl ships of ths sume cluss will lewzd to pertinent
rcecommend.tions for i proving tho overcll communicction
possibiliitics.
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DECLASSIFIEp
TABLE 1

Schedule 1 - Trancsmitting Antenna Tests

Equin Channel Tast Test Tsst Test
1 2 S 4
NC200 A TCS 15 TBL 18 TBK 2% TBL 9%
2040 Ke 2226 Kc 2310 Ke 2530 Ke
Z2B B TCS 10 ¢S 17 TDE 6 TBK 4
2940 Ke 2980 Ke 3184 Ke 3270 Ke
OF 41 C TCS 13 TCS 16 TBK 3% TDE 7
3475 Ke %510 Ke 3650 Ke 3780 Ke
3084 D TCS 11 TDE 5% TBL 8% TBA 1
4010 Kc 5450 Kc 5640 Kc 6300 Ke
308A E TCS 14 TBL 20 TDE 10% TBM 9
80C0 Ke 9500 ¢ . 12000 Kc 12000 Kc
58 F BC 1 BC 2 - BC 3 BC 4

140.6 Mc 116.1% i 116.1 Mc 142.02 le
Notes:
*signel feiled to come up on Test 2F
#Indicctes transmitter located in Radio 3

TABLE 2
Schedulc 2 - Receiving Antenna Tests

Equip Channel Test Test Test Test Test
ol 2 3 4 5

%2 B L Ant 1 Ant R Int 3 int 4 int 5
2310 Kc same

OF B int @ int 7 Ant 8 At 9 Ant 10
5400 Kec same

3084 C Ant 11 int 12 Int 13 Ant 14 Ant 15
7000 Ac same

3084 D Ant 16 int 17 Ant 18 Ant 19 Ant 20
12000 Ke same

58 B BC & ; S6R Port SCR Stbd TBS Fwd.

142 Me 24 Mc™ 27.9 e 72.5 Mc

Note:
*Signsl failed to come up on Test 2E

Scheduls 3 - Ficld Intensity Tests
(Repeet of Schedule 1)
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SECTION 2

Coverage Diagrams of Radar Equipments
on U.S.S. Wasatch (AGC=9).

Enclosurcs: Graphs (Plates 1 through 12).

This report covers tosts madc on the radar and IFF
antennas of the AGC-9 on 10 June 1944 ncar the Naval Rescarch Lab-
oratory Chesapcake Bay Annecx. Measurements werc made on the SK=2,
BM, forward BN, and ¥G-1 antennas. Data on the SK-2, amidships BN,
BK, and YG-1 antcnnas of the AGC-] taken during a similar test are
included for further information.

In obtaining the coverage diagram for a non-directional
antenna, the antenna was excited with a low power cw oscillator,.
The signal was reccived on an APR-1 recciver aboard a test vessel
(YP-354) which circled the ship at approximately 2000 yards. The
ronge and bearing of the YP-35H4 were recorded every 30 scconds by
the SG operator and were rclayed to the YP-35M4, where an observer
recorded the received signal for various rclative bearings. The
proccdurc for a dircctional antcnna was jdentical, cxccpt that the
antenna was kept trained on the test vessel by means of the bearings
obtained on the SG. For the YG-1 antenna, which rotates at 2 r.p.m.
it was nccessary to notc the peak reading as the beam swept past.

The YG-1 pattern was obtained in a manner similar to
the coverage diagrams, exccpt that the antenna was held fixed vhile
the YP=354 circled the ship. In previous tests this method of ob-
taining antenna patterns was used exclusively. Here, however, the
SE~2 and B patterns were taken with the YP-354 anchored at 2000
yards and 290° rclative. The antcnna was rotated manually and the
signal rcceived on the APR-1 recorded for various relative bear-
lngS.

The obscrved signal strengths wore corrected to a
range of 2000 yards by the following formulas:

For vertical polarization,

Foooo = Fq da j‘r(lﬂk)a 4+ Uk cos® _g_i

o

3000 L-

and for horizontal polarization,

ok
%2000 = Fa * s La sin (0.1220 » fhthr)J
a

Page 1 of Scection 2
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vhere
Fopog = ficld strength at 2000 yards.

F3 = ficld strength at d yards.

d = rangc in yards.

ht = hecight of transmitting antenna in feet.

hy = height of roceiving antenna in fect (28 f£%.).

f - frequency in megacycles per sccond.

k = absolutc valuc of reflcction coefficient of seca water at
frequency used.
:;;:-_‘ o —"k
~_ = phasc lag in degrees on rcflection for sca wator.

g% phase lag in degrees due to path difference of direct and
reflected rays = 0.244° « hghy

The relative field strength which would have been ob-
served at a range of 2000 yards was then plotted against relative
bearing for each of the runs. The results are given in Plates 1
to 11, which are largely self-explanatory. The coverage diagrams
may be interpreted as the relative maximum ranges at which aircraft
nay be detected at different bearings, providing the comparison is
made on aireraft at the same angle of elevation. This follows from
the law of radar response which states that received powver is in-
verscly proportional to the fourth power of the range, in the case
of sircraft. The present coverage patterns arc plotted in "one-way"
fiold strength, so that the received power in radar operation will
be proportional to the fourth power of these curves. Thus maximum
range is proportional to the coverage curves. On surface targets
the moximum range is proportional to the squarc root of the cover-
age curve because of the inverse cighth power of the distance law
which applics in that casc.

licst of the dips in the coverage patterns are duc te
definitc parts of the ship's supcrstructurc, such as the SK-2, SG,
and YG-1 antcnnas and their masts, the yard arms, and the king
posts. Some of the fine structurc in thc patterns may be due to
the vertical fceders to the communication antcnnas. It should be
borne in mind that metal parts o few degrecs belew the level of
the antenna may obstruct the wave that would otherwise reflect
from the water and thus producc o dip in the coverage pattern.

Page 2 of Section 2.
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DECLASSIFIED

The coverage of the SK-2 and the BM arc similar and
quite uniform, with the cxception of a slight dip near 0002 and a
rather broad onc ncar 180° The diagrams of the BN's and BK's are
extremely raggcd. Since the worst dip occurs on the side of the
ship oppositc the antenna, it sccms that better performmance would
be obtained with one BN and one BK on cach side of the ship, rather
than with both BN's on one side and both BK's on the other.

It is felt that the antenna patterns obtained by the
method used here are quite reliablece The SK-2 has a beam width (a%
half power) of 27° and no lobes greater than 6%. The BM has a boam
width of 20° and lobes as high as 31%, whilec the width of the YG=1
pattern is 46° with a 13% lobe.

Plate 12 is an approximate theoretical vertical cover-

age diagram of the SK-2, showing the locations of the lobes and
mulls for an antenna height of 110 fcet.

-c 3 of Scction 2.
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SECTION 3

ANTENNA MEASUREMENTS OF SG AND 5Q
EQUIPMENT ON USS WASATCH (AGC-9)

Enclosures: Graphs (Plates 1 to 3)
3-1l. Procedure
3-1-1, Antenna measurements were made on 10 June 1944 of the

"Forward" SG, the "After" SG, and the SQ equipment installed
on the U, 3. S. Wi.SATCH (AGC-9)e.

3-1-2. Tdentical procedures were followed in testing each of
the three pieces of equipment. Measurements were taken from the
YP-354, which circled the anchored s#GC at a range of approximately
3,000 yards. A superheterodyne receiver which had been previously
calibrated in the Laboratory and whose output was displayed on
an oscilloscope was used to measure the received signale

3-1-3. The enclosed graphs give relative bearings versus relative
signal strength in dbe. The bearing readings are correct to within
3 degrees, while the signal strength is correct to within 2 dbe
Specimen readings are shown by X markss The patterns have been
smoothed to eliminate known spurious effectse

3-2. Discussion

3-2-1, Plate (1) shows that the "Forward" SG has weak signal
areas at 140° Relative and 200° Relative. These are caused by
the starboard after king post and the port after king post
respectively, These king posts also cause weak signal areas in the
pattern of the "after" SG as seen from Plate 2. However, these
areas are found at Relative 175° and Relative 185°, and hence the
composite coverage is goode The forward king posts affect the
wifter® SG pattern in the areas 005° Relative and 355° Relative.
However, these areas are adequately covered by the "Forward" SG.

3-2-2. The SQ is portable equipments While this test was being
nade, it was mounted on the flight deck. Because of the particular
position in which it was situated, weak signal:areas were noted
at Relative 107 and 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 2207, & slight
change in the exact position of the SQ antenna would perceptibly

change the location and extent of this "blind spofe"

3=3e Conclusion

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