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INTRODUCTION

ANTENNA PATTERY MCASUREMENTS ON
USS DADE (APA-99)

ClO Speedletter Serial 0230620 of 17 May 1944 requested that
pattern measurements be made on all antennas of AGC class ships.
USS DADE was made available for pattern measurements off the
Chesapeake Bay Annex of the Naval Research Laboratory on 2-3
December 1944.

Pattern measurements were made on all communication antennas,
The azimuthal coverage pattern of the SG, SC-4, BM, BN and BK
antennas were measured and the directive patterns of the SC~4
and BM were taken.

This report is divided into three sections. Section 1 deals
with the pattern measurements of the communication antennas.
Section 2 gives the measurements of the SC-4, BM, BN, and BK.
Section 3 contains the coverage pattern of the SG antenna.

Summary of Conclusions:

The communication antenna patterns are typical of this class of
ship. :

The patterns of the BM, BNV and BK show good composite coverage,
in general, although they are quite ragged because of rough
weather which made the measurements difficult. The SC-4 had a
bad rotating joint and was erratic in operation.

The SG gives good all-around coverage.
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SECTION I

COMMUNICATION ANTENNA PATTERNS

es 1 and 2.
es 31.

8 to determine the radiation patterns of the communication
rd the USS DADE (AFPA~99) were made on 2-3 December 1944
schedules of the transmitting and ree¢eiving tests are
osure (A), Tables 1 and 2. The patterns obtained are
osure (B)s A discussion of the method of obtaining the
dven in the succeeding paragraphs.

transmitting antennas were grouped together for test under
able 1, and all items A to G inclusive of each test were
wltaneously. All receiving antenmnas were grouped together
e 2, Table 2, In addition, three SCR608 antennas and one

antenna, #4 (TBK), were run during performance of Schedule 2.

transmitter antenna numbers used during the tests and in
re the position numbers of the connected transmitters.
tifying numbers were found aboard ship. The receiving

identified and the correct receiving antenna numbers are
reporte.

tests were conducted in the order shown in Tables 1 and 2.
ing antennas were energized by the transmitter and at the
wn in the table inmediately below each antenna number.

: antennas were energized by four portable transmitters,
for that purpose, at the frequency shown on the left of

e ship made two complete circles during each test at a
oximately 4.5 miles southeast of CBA. Continuous trans-
aintained on all antennas under test except for momentary
» These interruptions which occured at 30 degree intervals
earing served to mark the graphic recordings ashore with
ence marks.

reception of the test transmissions was at Building 5,

ational NC200 reeceivers and two Hallicrafters 5-27 receivers

reception. Zach receiver drove a recording milliammneter

. d-c amplifier connected to its ave. A signal generator

alibrate each receiver-recorder unit and this calibration

aking the data from the recorder charts to plot the patterns
: i

e
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mmunication was maintained between the ship and CBA during
The relative bearing and time for each mark (interruption
sion) were given over the communication circuit. This

was recorded on the charts by personnel manning the

The relative bearings of CBA from the ship were made on
target at CBA. A correction of plus 2 degrees was made
tive bearings as given by the ship to account for the dis-
stween Building 5 and the target.

eld intensities of the transmissions under test were not

e of lack of facilities. The accuracy of the bearings
lieved to be within plus or minus 5 degrees.
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Enclosure A)

TABLE 1
USS DADE

S hedule 1 - Test of Transmitting Antenna

=

Ant.

Trans
Freq. (kc)
Arrt'l
Trans.
Freq. (kec)
Ant.
Trans.
Freq. (ke)
Ant.
Trans.
Freqe. (kec)
An:bo
Trans.
Freq. (ke)
Ant.
Trans.
Frea. (Mc)
Ant.
Trans.
Freq. (lc)

Test 1

3
TEM

2800
1
TDE
1,200
2
TDE
6600
5
TBL
10,400

FWD
TBS
65.7h
STB
TDQ
121.5
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Test 2 Test 3
i0 -
TCS TEF
2600 22540
12 5 )
TCS TDE
3900 3600
9 2
TCS TDE
6250 5800
13 >
TCS TBL
9,800 9,200
1_1 -
TCS -
11,900 -
- AFT
- TBS
- 65.Th
Port Port
TDQ SCR=624
125 126
DECLASSIFIED
Table I
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Enclosure (A)

TABLE 2
USS DADE
Schedule 2 - Test of Receiving Antennas
Freq.. Test 1 Test 2 Test 3 Test 4
A 2545 ke 2 T SCR-608-3 e
; 30.4 Me
B 4,30 ke S ; 6 - - - T.A =4
TBK
9100 ke
C 8450 ke 3 5 8 -
D 14,100 ke L - - 9 - -
G SCR-608-4 - - - - SCR-608 Port
34.9 Mc - - - - 34.9 Mc
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SECTION 2

Coverage Diagrams of Meter-'izve Radsr
Equipments on USS Dade (APA-99)

Enclosures: Graphs (Plates 1 through 7).

2-1.

2-3.

2-4,

This section ¢f this report describes tests made on
the radar and IFF antennas of the USS Dade (APA-99) while it wes
anchsred near the Chesapeake Bay Annex of NRL on 2 December 19hk.
Meas irements were made of the azimuthal coversge of the SC-U4, B,
BN z1d BE antennas; in addition, directive patterns of the SC-L
and BM were obtained.

Horizontal petterns of the SC-Y4 and Bl zntennas were
takea as follews: Twe 20 watt c—w oscillators, tunable cver these
bends, were installed on the YP-56l4, which lay to at a range of
200C yards from the Dsde 2t relative bearing 270. One oscillater
werk2d into a vertically polarized "life saver" entenna, the other
intc a horizontally polarized "turnstile". Aboard the Dade, the
Bi. zad SC-U4 antenna lines were fed into APR-1 receivers provided
with d-c amplifiers and recording milliammeters. The antenna wes
allcwed to rotate ot sbout 1 r.p.m., and the recording meters traced
cut the patterns.

In measuring the coverage disgrams of the ship's
antennas, the YP-564 circled at 2 range of 2000 ysrds. Renge snd
beaiing readings of the YP were taken every half minute on the SG-1
end relayed to it as an aid to navigation, Two oscillators were
used on the YP as before, one for each polarization. Three receivers
were set up on the Dade, so that the coverage of three antennas
could be recorded at = time. Thus only two circuits of the YP were
necegsary. In receiving on the directionsl SC-4 2nd Bi antennas it
wes necessary, of course, to keep them tfained on the YF.

Coversge diagrams were prepated from the recording
mete r chart by reading off the relative field strength correspond-
ing to each bearing measurement and taking account of the varistion
in 1gnge of the test ship by correcting to 2000 yards. The follow-
ing formulas were used:

For herieontal polarization:

F2000 = g - . o
2000 2 sin%
and for verticsl polarization, 3
e =
i 2 oo |
Pogop = Fg » =4 . 1 (1 -k)° + 4K cos =% | '
000 d 5000 & : Sy .1

-y TR | gt
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wheie

Fopop = field strength at 2000 yards

Fa = field strength at range d yerds

d = range in yards

Ked™ - reflection coefficient of sea water

5 = phase lag of reflected ray over direct ray due

to greater path length; & = 0.244° £ hih, :

whe: e £ = frequency in megacycles s

h¢ = height of transmitting sntenna (25 feet), and

hy = height of receiving sntenna in feet.

The SC-4 and Bk patterns, Plates 1 and 2, were some-
wha' ragged, due to the fact that the YP wes tossed considerably
by 1ough water. The beam widths and side lobes were, however, guite
sim! lar to those which hsve been observed on similar ships. Great
dif:iculty was experienced in obtaining s good pattern of the SC-4,
as jome instability in the system caused the signzls in successive
max:ma to differ as much as 20 db. Inasmuch as it was established
tha' the instability was in neither the oscillator or the receiver,
it 1as strongly suspected that the rotating joint of the SC-4 was
defictive. Other evidence pointing to this was the exeessive grind-
ing noise heard when the antenna turned, as well as the fact that
the radar was giving extremely erratic performence in general. The
SC-l. coverage diagram, Plate 3, was obtained with difficulty be-
cau e of this same erratic behavior, snd too much confidence should
nct be placed in it.

The Bl coverage disgram showed e dip of about 6 db
deat astern (Plate 4), as a result of interference by the SG mast.
The BE antenna, mounted on the stzrboard end of the maimmast yard-
arm was shielded by the SC-4 antenna sc thet its signal was down
abort 11 db from the average, in the meighborhood of 275° relative
beaiing. The antenna for the BK in Flag Plot was located on the
por' end of the ssme y:rdarm and had a 10 db dip at 070°. These
dia;rams are shown in Plates 5 and 6, respectively. A standby BK
in |'IC was connected to an antenna mounted from the superstructure
decl. As shewn in Plste 7, it was shielded fore =nd aft by the
mail and mizzen masts, with a reduction in signal of 6 and 7% db
res]ectively. :

Because of the obstructions mentioned above, the
radi r and IFF renges obtainsble on aireraft in these directions (and
in ‘he maxima of the vertical interference pattern) are reduced in

; FIED
_ IDECLASSEHE
o TR -5-
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propcrtion to the field strength observed. Thus if the normal
range of the B is 100 miles, the range for aircraft dead astern
might be 50 miles, while the range of the BN might be about 30%

of ncrmal at reletive 275°., In the case of surface targets or low-
flyirg aireraft, range is preportional to the square root of field
strergth. The Dii would have 70% of its ususl rsnge on ships at
1800, while the BN would be down to 55% of its expected renge st
27%°.

The curves obtained from these measurements zgree
fairly well with results from several other ships of this type
whict have been tested. One serious defect should be mentioned;
namely, the unsteady behavior of the 5C-4 antenna. It is thousht
thet the rotating joint may be at fault.

DECLASSIFIED
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SECTION 3
. T DECLASSIFIED
ineloiuress Grapﬁ;(Plate I)
3-1. Procedure
3-1-1., Antenna measurements were made on 3 December 1944 of

the SG-1 radar installed on the 4P4-99 - USS DADE.

3-1-2. - The 8G-1 antenna pattern was measured from the shore
while the DADE circled in the Bay at ranges from abput
8750-9750 yards. The DiDE's 8G-1 antenna was kept trained
on the receiving antenna by means of a telescope. The
telescope was kept trained at all times on the shore antenna
with the telescope driving a 5G selsyn. The selsyn was con-
nected to the SG at a place where the output of the ship's
gyro is normally connected; thus the antenna followed the
telescope at all times. A superhéterodyne receiver which
had been calibrated previously in this Laboratoery, and whose
output was displayed on an escilloscope, was used to measure
the receivéd signal, The antenna for this receiver was
located on a movable car on an inclined railway at a height
above water intended to produce hizh signal strength from
aboard the DADE.

3-1-3, The enclosed graph (Plate I) gives relative bearings
versus relative signal strength in db. The signal strength
is correct to within 2 db.

3-2. Jiscussion

3-2-1, linor variations in signal strength are evident for the
various headings. However, these variations are well within
the limits of experimental accuracy.

3-3. Conclusion

3-3-1. The graph demonstrates that the SG-1 equipment gives
good coverage over the entire 360 degrees.
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