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ABSTRACT e

. The phenomenon of super refraction has been investigated
in South Arabian Sea over a périod of nearly two years from

radars located at Cochin. From:'the observitions made, the
existenceof a super-refracting layer seems to be weil
established during the premonsoon menths from January:
to April each year. Thisis supported by the existence of

M’ -Inversions eomputed from Radio Sonde data in ‘the
region. Dot heights of 135 feet have been estimated which
S can trap 1st and 2nd ordermodes in' 8 and 10-cmbands. : '
‘Introduction - - ' ' v

~ Super refraction has been observed over extensive areas of the Arabian
Sea in oentrimetric and metric bands during the Yast war. The intensity has
been found to be most pronounced in the Northern half of the Arabian sea and
seems to tail off Southwards, Radars at Cochin during the last war have not
reported ‘any super refraction over the sea at any time of the year. It was,
therefore, considered desirable to study the phenomenon of super refraction
wver the.sea at Cochin, Observations were started sometime in 1957 and from the
data now available the existence of a super refracting layer seems to be well
gstablished in the pre-monsoon period from January to April each year.

" Anomalous propagation at radar wave length arises from the existence near
the surface of the earth of a duct capable of acting as a wave guide to long
distances. This duct behaves like an efficient wave guide only for radio wave
Jemgths less than a eritical value which is determined by the height of the duct.
“Thus for a~wave length of 3, 10 and 50 em; a duct width of 20, 65 and 330 £t
respectively is necessary for super refraction provided the antenna is focated
within the duct. o

In the Northern Arabian sea.super refraction is experieneed during Novem-
ber to January although its intensity weakens during cold spells of the weather.
During February to May its'intensity increases tremendously and echoes from
across the Arabiam Coast have been .observed at Bombay. - Super vefraction,
however, collapses with the onget of the Southwest Monsoon when the radar
performance-of the stations returns to normal and remains so throughout the
monsoon period. At Cochin the morisoon starts early in May and sporadic rains
continue even late in October, From December to March the season is quite
dry and calm and the wind directions are mostly North East. It is this part of
the season which is most suitable for duct formation and in which long distance
super refracting echoes have been noticed at Cochin,
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Observations at Cochin = ' S i
-Radar observation of ariomalous propagation at 10 c¢m were started in
December 1957 and cdntintied upto the onset of the monsoon in 1958 and again
in the same period in 1958-59. There are a number of ‘atolls in Maladiv group of
islands in the bearing.range 210°+3° from Cochin at a distance of 250" miles;
These islands stretch nearly 470 miles'in the north and south direction and 20°
miles in width, but most of them are small low-lying islets. surrounded
by batrier reefs. A,few atolls are big enough to give rise to marked land echoes
on g 10 em radar. A number of echoes from Maladiv group have beer sedn “at
this bearing on a PPI as-well as on A-scope in the third sweep of Radar 293 at a
distance - of 365 to -390 miles as shown in. Fig. 1 during intense super re-
fracting conditions. Table 1 shows the number of echoes received. per day, from
- the sea from this group of islands during December. to March. - o

TapLE 1

Number of echoes per day ébsefrbed :fat\vCochin
Decemlwe—M arch - :

Months First Fortnight . |: - Second Fortnight -
o : , No. of echoes . No. of echoes
: per day . per day
Dec.58 .. .. .| Na |7 s
Jan, 59 .. R R 5
Feb.59 .. .. (A 7
Mar.59 .. ... .. S -

- N.B:—Observations' weré taken from 0700—0900 hxs. -
Presence of anomalous condition was indicated by the presence of long
distance land echoes beyond the normal range of the radars from seaward
direction from Cochin. These echoes were characteristically different from .
those due to & moving ship or from clouds. They were persistent.and- showed 4.
diurnal variation characteristic of the super refracting. echoes as shown
in Fig. 2. Cloud echoes were always distinguishable by their nature and move-
ment and they were excluded from these observations. Echoes from Maladiv
group of atolls in this range and bearing have been observed'in premonsoon
season in 1958 and 1959. They attain their maximum intéiisity during February-
Mareh and disappear at-the onset of thémonsoon early in:May: o
" Observations of super refraction phetiomenon was cartied out’on radar typo:
293 installed at N. D. School. It is a 10 cm radar with & fan'shape: beam 35°in.
the vertical and 2° in the horizontal. The pulse width is 1-9 niicro seconds with a
" prf of 500. The radar is provided with a PPTiand A—Scops and has & maximum
range of 75 miles. The antenna is mounted at an angle of 15°. to the horizontal
and is located at a height of 80 ft above the sea level. The vertical width of the'
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beam is such that a fraction of the beam energy can be intercepted when.
suitable ducts exist in the surrounding region over the sea. Regular observations
have been carried out between 7 and 9 AM throughaut December to April and on
gome occasions, records have been taken all round the clock and echo strengths
in amplitude, bearing and range have been recorded every 15 minutes. These
observations have also been repeated from radars a,vaxlable on board the ships
of the Indian Fleet during February 1958. Whenever super refracting conditions -
were notlceable a check on the radar performance an& the etystal current was
also made. The performance figure of the radar was measured by the relation. g

Sdb =P+ 20 log Agqpe — 40 log Rygs,

where § is the signal in db above noise from a vessel within the radar horlzon,
A is the echoing area of the vessel in sq. ft. and R is the range in yards. For a
known class of ship of the Indian Fleet which was observed ata distance of 8
nautical miles, the performance figure of the radar 293 was found to be 135, from
a previous calibration of the A-Scope with a 10 em calibrated signal generator.

The performance of the radar fluctuated between 125 to 145. Super refractive
echoes were found to be most proxmnent When the performance figure was above
135. :

Meteorological Observations

The Radio Sonde data was obtained from the meteorological station at
Trlvandrum, for this period. Mostly this has been utilised for the calculation of
the modified refractive index profile of the upper atmosphere upto 5000 ft.
The M values have been calculated from 1000 mb to 850 mb levels. The M profiles
are shown in Fig. 3 (A) and (B). During January, meteorological data was also
collected on board INS Jamuna during a cruise from Cochin to Minicoy.
~ Wet and dry bulb thermometer readings and wind directions were noted at the
deck and the bridgelevels.

Surface Based Duct

The M profiles in Fig, 3-B plotted from the Radio Sonde Data of Trinvan-
drum indicate the presence of M-inversions and surface based ducts. From the
data obtained on board INS Jamuna on 6-1-59 the modified refractive index
was calculated by the following equation(*), . . »

79 4800e - o
M='—1'T[p+ ]+ —;106 IR - (1)
where p==atmospheric pressure in mb, - :

' T==temperature in °A,
e==vapour pressure in mb,
z==height in ft above surface level
a=radius of earth in ft.

When the M values were caleulated from the ship’s observatxons, the
formula (1) was altered to accommodate pressure variations between the deck
and the bridge in the following form. . , :

o 79|' 4800¢ 1 . . o . R : o
M... il +‘ T ]+‘3‘8z_ o e 3,«~ﬂ,,(2)

where 2 is in 100 feet.
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“The M values caloulated from ships observations are plotted in Fig. No. 4.
The M values at-320 ft were taken from the radio sonde data at Trivandrum
during the early morning hours when the ship’s observations were also made. .-
One can find the -duct helght and profile index from the type of M slope of

Fig. 4.
It has been shown? that A
R m R . .
: yi—h—l'il—"— + K x 108 = dm CEL 1080 L L (8)
where M = modified refractive index at height / h '
M, = modified refractive index at the surface (kh=o0) \
kB = height above surface in feet
K, = the curvature at a great height of a modified ray (assummg flat’
earth in radlans per foot)
= ~;— K, where k,, is the curvature of the earth = —4 X 108
* rad/ft, |

d = duct height in feet
m == profile index
Equation (3) can be written in the form of a straight line

logy =1log A+ blogh .. o .. . (4)
whore,y = —[ L2 g 1o ] o
b =m—1.
4=— e xloﬁkK'w

It is possibie to compute the values of y from M-values. When log y is
plotted - ‘against log h,-a sloping straight line can be drawn which nicely
fits most of the observed values, From this straight line it is possible to find
the proper value of “m’’ and duct height ‘d’ A

~ The value of “m” (profile index) can be found from the slope of the line .
whlch has been drawn for the observatmns of Flg 4. -
_log y, — log y, L e
m=1-- log hy —Tog By " TR (5)

when h 1 (logh = 0),logy = logdory, =4
From this value of y, it is possible to obtain the value for “d”

dl—mn S

Yo = —= K, 108 .. e (6)

‘ ' 1 : m'o & ’ :
or logd = T log --KyIO“ Y - . (7)

From. the above formulas both “m’ and’ “d” have been calculated f01‘ the
surface. based duct of fig. 4.

s 04In this case, the value of m has been found to be 0+ 34 and bhe value of yo =
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. Using the above profile index and the value of Yo the duct heightd is
found t6 be 135-7..Thus a surface based duct of approx1mately 136 feet is
found to exist near Cochin. This is. capable of entrapping first order modes in
3 and 10-cm band when antennas are suitably located in the duct.

Elevatéd Ducts ‘

Fig. 2 (a).also indicates the persence of elevated M inversions giving rise to
either elevated or .surface based ducts which might be gquite extensive..Table 2
shows the type of layers hkely to eznst for the observations made.

_ TABLE 2
Obsemed M-I nversions and. Gredients

Super Surface: Surface' | Elevated |Elevated| Number
. Months | standard | based based M-Inver- | strong |of Obser-
v layers M-Inver- | strong’ | sions | super | vations
from sions super : standard
surface standard layers |’
upto layers -
5000 ft
Degember 3 Ndl 1 Nl ‘ 1 5
1958 ‘ :
January 3 3 <Nl 1 1 - 84
1959 ' ’ : :
February 3 1 2 1 : 1} 8
1959 ' . R
March 1 N Nil - Nio 3 4
1959 |
Total .. | 10 | 4 | 3 2 | el o5

It has been noted that even when the modified refractive 'index. profile as
calculated from the radio sonde data iz only super-standard, long: distames:
echoes are visible for some time in 10 cm band. It has not been possible to
estimate the duct height and the extent; of super-refracting layers due to lack
of suitable radio meteorological data over the path of propagation. The radio
sonde data from Trivandrum and radar observations made at Cochin® have
only established the fact that elevated ducts might be quite extensive-during
January to March in the sea near Cochin. Long distance: VHF communication
has dlso been picked up occasionally: The existance of super refracting layer
may, therefore, be quite extensive than is normally expected.

Diurnal variations of echces at Cochin

- Fig. 2-and'5 show the ratio of the hourly. mean vallre of ‘the srgnal ‘above
noise observed on days when super refraction has been very prominent. Itis:
interesting to note that:peak intensities have occurred at about 0815 -on most
of the days 'when super refraction has been in existence. The intensity shows a
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secondary peak near about 1200 hrs before becoming normal at about 1700 hrs,
The change in the corresponding modified refractive index profile from 0530
. t0 1730 hours is also shown on the same curve. Thus very close agreement seems
to exist between the rise of echo intensities and the change in the refractive
index profile from standard to abnormal, ’ ’

Conclusions

The existence of super refracting layer over the sea near Cochin seems o
be well established during the months of J anuary to April from the radar data
collected so far. This is also supported by the existence of M-inversions as
computed from the available radio sonde data during this part of the year.
The winds over the area are mostly East to North East. As this wind mostly
travels over the land and after crossing the Western Ghats is dry when it moves
over the sea, it creates conditions of humidity deficit which are conducive for
the duct formation. Air subsiding from the anti-cyclonic region over the Deccan
Platean is also helpful in producing an air stream similar to North-east mon-
soon. Thus during the months of January to April the super refracting belt
of the Northern-Arabian Sea extends South of Cochin. Observations on meter
wave lengths are also being planned to observe the extent of the super refrac-
ting layers in this part of the Arabian Sea.

Acknowledgeinents

Grateful acknowledgement is made to Officer-in-Charge, and Lt. Prasad
of N. D. School for providing the necessary facilities for carrying out the radar
observations, . :

.References ' ;
1. D. Kerr—Propagation of Short Radio waves. (Rad. Lab. Series 18.)
2. SRDE 'REPORT No. 1020, ‘ o



. MY, IN FT

SIGNAL / NOISE

SUPER REFRACTION IN-SOUTH A

b

LACCADIVE
SISt N

..
-MINIKO!

“Fic. 1. Map of Cochm with Ne1ghbourmg Sea Area

¢000 asso HRS .- 6000 T
. / - V730 HM ; N s
so000 } (¢ / o . A
© ! ,. z 4000 STANDARD
,/ -STANDARD ) :
2000 ,/ 'x' 2000
: - - . .
I/ -
300 $00 o 300 . 800
MODIFIED REFRACTIVE INDEX (™) "MODIFIED REFRACTIVE INDEX (M)
(4.3.89) (4.3.59) .
4k
" (») HOURLY MEAN
, B -
i/ /
2l A . \ \ /
o) \
: / \4——-hounw MEAN / DAYS MEDIUM
1k ./' ~.. ’
¢\~~‘,/ \”’ "'f'\.\
;y“ :
L A 2. L s 1 F e 1 I 1. L P U 3

[ e [ [Ty . 14 1. "
' TIMG N 18T
FIG 2. Diurnal Variation of Echo Intens:ty
(+359)




DEFENCE SCIENCE JOURNAL - C219

STANDARD 36M /{000 F.

2 2 S 2 al3x 2 & =
L & ~ N it et .
y - < « . o ° : N
6000 s < o REEE I el 3
.- 1 -
- D : -
« 4000 /
z I
a = /
- 2000 /]
z . y
o X N N . : . s N L L
300 $00 300 500" 300 500 .300 SO0 300 500
300 500 300 $00 300 %00 300 500 300 300
" MODIFMED REFRACTIVE INDEX IN M=UNITS
" : "1 STANDARD 36 M /1000
w - o y
AR T s = 9 s
+000 . .3 .0 = < e g 4
T s 4% 8 .'2 FI S
- : (wso HRS )
% 4000 By .
(8) = ) - ) .
- " 2000 f )
T : :
o M 1 1 1

300 500 300 500 300 500 300 SOO QOO
300 500 300 3500 300 500 300 500 300 SO0

MOD(FIED REFRACTIVE INDEX M-UNITS

’FIG. 3. Modlﬁed Refractlve Index Profile at 0530 His,
I

300 H

»
o .
]
Y

v 20,84

—

OUCT HEIGHY

HT. N FT»_) .

100 |

330 430 s30 °
MODIFIED REFRACTIVE INDEX M-UNITS

¥1c. 4. Duct HT. & Profile Index.

) (6-1-59) 4

58 A
$E L
2 asy
£§ s

<
Q 093
E e . & S s 3 gk

3 2 3 o s o8 o9 ‘4 :
3,3 onis °o ©° e‘,o_ * ° "o 8
-z . ® o, - .
. 0700 2 s - i
] OEC.l0  bec.3c JAN 29 FEB 28 . MAR 30

FIG. 5. Tlme of occurrence of Maxunum Echo Amp]:tude
N. B. :—Number Indicates Maanmum Number of Echoes Seen,



