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INTRODUCTION

ANTENNA PATTERN MEASUREMENTS ON
USS MT. OLYMPUS (AGC-8)

o-1. CNO Speedletter Serial 0230620 of 17 May 1944 requested
that pattern measurements be made on all antennas of AGC class ships.
LGC-8, the USS MT. DLYMPUS, was made available for pattern measure-
ments off the Chesapeake Bay Annex of the Naval Research Laboratory
on 15-17 June 1944.

0-2 Pattern measurements were made en all communication an-
tennas, and on most of the radar and IFF antennas. These patterns
show the relative coverage afforded by each antenna versus relative
ship's heading. :

0-3. This report is divided into three sections. Section I
deals with the pattern measurements of the communication antennas.
Section II gives the result s of measurements on the SK-2, Bl and
amidships BN antennas, while Section III gives the coverage patterns
of the SG antennas.

0-4. Summary of conclusionss

0-4-1. Some of the HF communication antenna patterns show large
dips in certain directions. It is anticipated that a study of the
patterns made on ships of this class will lead to specific recommen-
dations for improving these pa tterns. The VHF anten: ich.are
mounted horizontally on these ships radiate horizontally waves, and
give the usual nulls off the ends of the radiator. These antennas
should be mounted vertically to correspond to the polarization used
on other ships of this class.

0-4-2. The SK-2 and BM antennas give quite uniform coverage.
From measurements made on AGC-7, it seems that better performance
from the IFF antennas would be obtained if one BN and one BK were
mounted on each side of the ship, rather than wi th both BN's on one
side and both BK!'s on the other.

0-4~3. The two SG's each have slight blind spots, but the com-
posite coverage of the two is excellent. 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.
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SECTION 1

COMWUNICATIOF ANTENNA PATZERNS

LEnclosures: (1W)

(&)
(B)

3=-1

§+1~1

1-2
1-2=1

1-3=1

1=3=2

Tables I, II and IIl
52 Plates

Abstract

On 15 June 1944 the USS MOUNT OLYMPUS was made available
to a task group of Laboratory engineers for the purpose of
determining the directional characteristics of various trans-
mittin; and receiving antennas. Field intensity measurements
of most of the transmitters were made on 16 June 1944. These
tests were similar to those made on somewhat different frequencies
for the USS NOUNT McKINLEY on 26/29 May 1944, which have
been reported in NRL Report R-2312, and for the USS WASAZCH
on § June 19445which have been reported in NRL Report R-2323.

Recommendations

It is recommended:

(2) That all of the VHF antennas be installed vertically
on ships of this class.

Discussion

The schedules shown as Tables I, II and III of enclosure
(i) were arranged with the ship's force wpon arrival of the
ship off CBi. Groups of 6 #ransmitting antennas were measured
simultaneously with separate receiver-recorder systems set
up on shore. The receiver used for each test is designated
in the first column of the tables, ill receivers were
arranged to operate recorders so that a continuous record
could be obtained during the tests. The equipments were get
up on the second floor of building #5 at CBL except for the
absolute field intensity measurements, which were made at a
point about 200 feet south of the Naval Boat Dock at Chesapeake
Beach, Md., while the ship was at anchor about 3 miles away
end bearing approximately 100 degrees from the docks. The
patterns for the receiving antennas were obteined by exciting
the antennas with low power transmitters eboard the ship.

The ship was swung in circles of approximately one-half-
mile dismeter around a boat anchored as a marker buoy bearing
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1350 and at a distance of 4} miles from Building #1 CBh.
Relative bearings of the test locations from the ship's heading
were given by the ship every 30 degrees over the auxiliary
communicetion channel, and the locked-key transmissions of the
transmitters under test were simultancously broken momentarily.
Fadar plots of the ship were also made from Building 71l at

CBL in the event that poor visibility should prevent giving
relative bearings from the ship. The ship's headings &s shown
on the plots are believed to be accurate within plus or minus

3 degrees.

The receiver-recorder equipments were calibrated with
signal genmerators to determine the correct intensity values
for varicus recorder scale readin;s. The decibel values are
plotted to a different scale on the curves for the 126-megacycle
cntennas. This was necessary to show the magnitude of the
shadows at certain azimuths.

These antennas werc mounted horizontally on this vessel,
vhereas, on the AGC-5, AGC-7, and 4GC-9 they were mounted
vertically. The graphic recordings obtained on these antennas
for the subject vessel exhibited rapid variations of intensity
level with bearing. Many of the veriations were of a character
that did not repeat on successive circles of the ship. This
may have been caused by wave interference due to passing ships.
Theiever the variations did not show up on successive circles
of the ship they were not included on the polar plot.

leasurements of field intensities of the signals on
schedule 3 were made at a point about 20. feet south of the
Naval Boat Dock at Chesapeake Beach, Md. During these
measurements, the ship was at anchor at a point about 3
miles distant and bearing about 100 degrees from the dock.
The values measured were used to compute the zero decibel
level of the corresponding polaer plots of schedule 1, by
refcrence to the decibel level shovn on the polar plots for
the bearing of the field intensity measuring equipment from
the ship. Insufficient relative bearings were obtained from
the ship during this schedule to permit very great accuracy in
obtaining the reference decibel levels. :

The numbers given for the 126rmegacycle antennas were taken
from the antenna panel in Raedio I. The numbering scheme top-
side was not knowm by the ship's force or the Laboratory group.
There were only four of these antennas on this ship and they
7ere all mounted horizontelly. Other ships of this class have
had 211 of these antennas mounted vertically and an additional
entenna aft of the yardarm.
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The receiving antenna arrangement was considerably
different from that found on other ships of this type in that
ten vertical spirals (/lmour tyge) were permanently mounted
and connected to Radio I. No numbers were found on these anten-
nas, therefore a numbering system was aessigned as shown on
plate 52 of enclosure B. This is a rough sketch of the arrange=-
ment and is not necessarily drewn to scale. The antenna
numbers wvere assigned in accordance with a previously arranged
schedule vwhich assumecd an installation as found on other ships
of this class. This accounte for the apparent unsystematic
nuabering arrangement showm on the sketch.

Time liritations permitted little chance for double-check=
ing the results. Then six transmitters are operated and keyed
simultaneously at close range the chances for errors are
numerous because of the difficulty of identifying the desired
fundamentel frequencies from all possible harmonics. This
was recognized at the time the tests were made and due care
vas exercised to minimize the likelihood of a misteke in
identity. The proximity of certain harmonics of some trans-
mitters to the fundamental frequencies of other transmitters made
identity more difficult. In spite of the care exercised, it
is folt that the possibility of errors from this source does
exist,
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Enclosure (L)
Section 1 TLBLE 1

Schedule 1 = Transmitting Antenna Tests

Equip Channel Test Test Test Test Test
i 3 2 3 4 5
NC200 A TCS 14 TDE 5% TBL 8% TBL 9

2000 kc 2100 ke 2200 ke 2300 ke

32B B TCS 11 TBL 20 TBK 3% TBK 2% Spirsl

3000 ke 3200 ke 3400 ke 3600 ke 355 (TAQ)%
OF c TCS 12 TCS 17 TDE 6 TBL 1 Spiral

4000 ke 4300 ke 4500 ke 4700 ke 2600 (TDE)*
308 D TCS 10 TCS 16 TDE 10%  TBK 4 =

6000 ke 6500 ke 7000 ke 7500 ke
508L E TCS 15 TCS 13 TEL 18 TDE 7%  Spiral

8000 ke 000 ke 11000 ke 14000 ke 475 (TAJT)*
58 F TBS Fwd 1B 1 ™mQ 2 T™DQ 3 TDQ 4

72.5 126.1 126.1 126.1 126.1

Notes: X*Signal not received
*Transmitter in Radio III
TRL 19 was in service on 2716 ke during the tests.
Special antenna was of the wiilmour” type and located near trunk

iflr?.
Numbers after transmitter type refer to position.
TLBLE 2
Schedule 2 - Receiving /ntenna Tests
Equip Channel Test Test Test Test Test Test
1 2 3 & 5 6

32B & L int 16 Int 17 Lnt 18 Ant 19 int 20 Ant 2
Bristol 633 2060 kc same
OF 41 & B Lint 11 int 12 int 13 Ant 14 [Int 15 Aint 22
Truck Recorder 4000 ke : same
RCL 308.L #600 c int 6 int 7 Lnt 8 Ant 9 Aint 10 int 23
EL 30509 8000 ke same
NC200 #Do4T D int 1 int 2 Lnt 3 4int 4 4nt 5 Ant 24
& EL 26327 13000 ke same

DECLASSIFIED



Enclosure (4)

Cr 3
Section 1 TLBLE 3
Schedule 3 - Transmitter Data for Field Intensity Tests
Test
Letter Transmitter Test 1 Test 2 Test 3 Test 4 Test 5
Type TCS 10 TDE TBL 7 TBL 7 TLT 18
Position 14 (5) (8) (9) (4)
A Freq. XC 2000 2100 2200 2300 475
Ep volts == 2100 2000 2000 2600
Ip M. 165 20 315 140 360
Ta Amps 2.8 2.8 I 1.0 13.7 2
Type TCS 10 TBL 17 TBK 13 TBK 13 TAQ 9
Position 11 20 (3) (2) (Not used)
B Freq. KC 3000 3200 3400 3600
Ep volts == 2000 3000 3000
Ip ML 175 260 330 220
Iz /mps 2.5 0] 5.8 T4
Type TCS 10 TCS 10 TDE TBA 6 TDE
Fosition 12 17 6 1 (10)
C Freq. KC 3000 - 4300 4500 4700 2600
Ep volts - - 2000 2000 2000
Ip MA 355 175 170 500 155
- Ia- imps 2.0 1.7 1.0 Y2 %31 7.0 % 3
Type TCS 10 TCS 10 TDE TBK 13
Position 10 16 (10) 4
D Freq. XKC 6000 6500 7000 7500
Ep volts =~ - 2000 3000
Ip ML 150 175 160 185
Ia /mps 1.7 2.2 5s8 145
Type TCS 10 TCS10 TBL7  TDE
Position 15 13 18 7
E Fregs.KC 8000 S000 11000 14000
Ep volts = - 2000 2000
Ip ML 170 175 350 175
Iz Zmps 2.5 2.8 0 2.0
Type TBS TDQ ™D TDQ TDQ
Position Forvard #1 iR #3 ks
F Freq. KC 72,500 126,100 126,100 126,100 126,100
Ep volts = - - - -
Ip MA "normal" 200 220 212 215
Ia imps - = - = =
Ig ¥A 12 .3 14.0 10.0
Notes: *]1 intenna tuning capacitor flashes over on higher currents.

%2 Using Llmour antenna. Zmtr flashover with higher ant. cuirent.
#3 M 1 0

Position Mumbers in papenthengis refer to Radio III
DECL&SE&WES
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SECTION 2

Coverage Diagrams of Radar Equipments
on U.S.S. Mt. Olympus (AGC-8).

Enclosures: Graphs (Plates 1 through 12).

P2 I

2--

L=

l.

2'

3.

L.

This report covers tests made on radar and IFF antennas
on the U.S.S. iit. Olympus (AGC-8) on 17 June 1944 near the Naval
Research Laboratory Chesapeake Bay Annex. lNeasurements were made
on the SK-2, Bl{, and amidships BN antennas. The results obtained
from these measurements are shown in Plates 1, 3 and 6 respectively.
Results of tests on other antennas on the U.S5.S. Ut. licKinley (AGC-?),
and U.S.S. Wasatch (AGG-9) which were made at previcus dates are
included for further information.

In obtaining the coverage diagram for a non-directional
antenna such as the BN, the antenna was excited with a low power
ew oscillator. The signal was received by an APR-1 receiver aboard
a test vessel (YP-354) which circled the ship at approximately 2000
yards. SG radar equipment was used to determine the range and
relative bearing of the YP=-354. This information was relayed to
the YP-354 by radio where it was recorded with the received field
strenzgth data. The procedure for determmining the coverage of the
directional antennas was the same except that the antenna was kept
trained on the test vessel by means of the bearings obtained on
the S5G.

Patterns of the SK-2 and Bl antennas (AGC-9) were ob-
tained by anchoring the test vessel at 2000 yards and 290° relative
bearing, and rotating the antenna manually. The received signal
on the APR-1 receiver was recorded for various bearings. The pat-
tern of the YG=-1 antenna (AGC~9) which could not be controlled
manually was obtained by holding the antenna fixed at 220° relative
while the test vessel circled the ship.

The observed signal strengths were corrected to a range
of 2000 yards by the following formulas:

For vertical polarization:

1
F' 2 s =
Poooo = Fg + & ;(l—k) + Ui cos ,%g_
2000 — -
For horizontal polarization: =
7. = Ps » d .2 sin (0.122° - fhihy
2000 = Fa 5555 z =

— Page 1 of Section 2 DECLASSIFIED
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vhere:
Fogog = field strength at 2000 yards.
Fq = field strength at d yards.
d = range in yards.
hi = height of transmitting antenna 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 water
at frequency used.
g = by L
{;: = phasc lag in degrees on reflection for sea water.
i; = phase lag in degrees due to path difference of direct and

< reflected rays = O.24l0 . ht¢he
i i

The field strength corrected to 2000 yards was plotted
against relative bearings for each of the tests. The results are
given in Plates 1 to 11, which are largely self-explanatory. The
coverage diagrams may be interprcted as the relative maximum ranges
at which aircraft may be dectected at different bearings, providing
the comparison is made on aircraft at the same angle of elevation.
This follows from the law of radar response which states that re-
ceived power is inversely proportional to the fourth power of the
range, in the case of aircraft. The present coverage patterns are
plotted in "one-way" field strength, so that the received power in
radar operation will be propertional to the fourth power of these
curves. Thus maximum range is proportional to the coverage curves.
On surfacc targets thce maximum range is proportional to the square
root of the coverage curve because of the inverse eighth power of
the distance law which applies in that case.

Most of the dips in the coverage patterns are due to
definite parts of the ship's superstructure, such as the SK-2, SG,
and YG-1 antennas and their masts, the yard arms, and the king
posts. Some of the fine structure in the patterns may be duc fo
the vertical fecders to the communication antcnnas. It should be
borne in mind that metal parts a fow degrees below the level of
the antenna may obstruct the wave that would etherwisc reflcct
from the water and thus producec a dip in the coverage pattern,

_ Page 2 of Section 2.
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The coverage of the SK=2 and the Bll arc similar and
quitc uniform, with thec cxception of a slight dip near 000° and a
rather broad onc ncar 180°. Thc diagrams of the BN's and BK's arc
extremely ‘ragged. Since the worst dip occurs on the side of the
ship oppositc the antenna, it is belicved that better performance
would be obtaincd with onc BN and onc BK on cach side of the ship,
rather than with both BN's on onc sidc and both BK's on the other.

Plate 12 is an approximatc thcorctical vertical cover=
age diagram of the SK-2, showing thc locations of the lobes and nulls
for an antenna height of 110 feot.

DECLASSIFIED
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