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is kept as vertical. The process is repeated when the antenna
is covered with radomes along with ground plane. Radia-
tion patterns are plotted using pattern recorder on the
same chart for comparison. The whole process is carried
out for both L, and L, antennas and for both polarizations.

Two circularly polarized circular patch antennas are
designed and fabricated at L; and L, frequencies using
RT-5880 substrate (e =2.2, h=1.6mm) by adopting
photolithographic process. Vertical ground planes are de-
signed taking beamwidth of the antennas and cut-off an-
glesfor multipath rejection into consideration. GFRP radomes
are designed to cover the antennas. The vertical ground
planes are embedded into radomes to give more mechanical
strength and firm fixing into the antenna. The mounting
configuration of the antenna with radomes and vertical
ground plane is shown in Figure 4. Return loss measure-
ments of the antennas are carried out using network analyser
and are found to be less than 20 dB at resonance frequen-
cies of the two antennas. Radiation pattern measurements
were carried out in an RF anechoic chamber for the two
antennas (Figures 3 and 4). Initially, the radiation pattern
of the antenna is plotted without the presence of the vertical
ground planes and radomes. Later the ground planes and
radomes are integrated with the antenna and the measure-
ments were repeated. The patterns are superimposed on
the same chart for easy comparison of the performance of
the antenna with and without the presence of ground
plane and radome. The typical radiation patterns of L, and
L, antennas with and without the presence of ground
planes and radomes are given in Figure 5. From the radia-
tion pattern plots it is found that the transmission loss of
the radomeis 1 dB (90% transmission) for both the antennas.
The half power beamwidth of the antenna in the presence
of radome and ground plane increased by 10% (80 to 88°
and 75 to 83° for L; and L, respectively). Variation in
gain in the operating band is only 0.5 dB. Beam sharpening
by 3 and 4 dB at the lower elevation angles for L, and L,
respectively is achieved.

Various multipath rejection techniques are discussed
and compared. A technique based on vertical ground plane
is developed to reject multipath signals entering the GPS
receiving antenna through low elevation angles above and
below the horizon. The technique is validated with design
and development of two circular patch antennas with vertical
ground planes. Experimentation is carried out on these
two circular polarized patch antennas at L, and L, fre-
quencies with vertical ground planes and radomes. At low
elevation angles (+5°), beam sharpening takes place,
which will help in rejecting multipath signals. Beamwidth
of the antennas is improved significantly by 10%.
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Geoid and gravity anomalies derived from satellite alti-
metry are gradually gaining importance in marine
geo-scientific investigations. Very high-resolution gravity
database generated from Seasat, Geosat GM, ERS-1
and TOPEX/POSEIDON altimeters data of the north-
ern Indian Ocean, has been used in the preparation of
geoid and free-air gravity maps. In the present work,
we have investigated various products of satellite data
of the Bay of Bengal, thereby correlated to known plate
tectonic feature (Sunda subduction zone), volcanic
traces (Ninetyeast and 85°E ridges) and continental
margin features. Besides, Swatch of No Ground and
modified continental slope due to sediment discharge
from East Coast rivers are some of the finer structures
observed in free-air gravity anomaly data. Furthermore,
the data are compared with ship-track gravity anomalies
along 14.64°N lat. for their consistencies and interpre-
ted under the constraints of seismic results for under-
standing the evolution of structural features of the
region. Two different wavelength (100-200 and 200—
500 km) components derived from satellite gravity
anomaly data have been studied to explain the geophysi-
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cal anomalies associated with the Ninetyeast and 85°E
ridges and two isolated structures in terms of isostatic
compensation due to their loads with respect to the al-
ready evolved lithosphere. It is found that the magnitude
of the flexure at crust—-mantle boundary beneath the
85°E Ridge and structural high close to the margin is
relatively higher than that of the Ninetyeast Ridge.

Keywords: Compensation mechanism, geoid and gravity
anomaly data, lithospheric flexure, Ninetyeast and 85°E
ridges, satellite altimetry.

IN recent years satellite altimetry has emerged as a powerful
reconnaissance tool for exploration of sedimentary basins
on continental margins as well as in deep-water regions".
With the advent of more altimetric missions, with increas-
ing accuracies and varying orbital configurations, it has
become possible to generate large-scale altimeter-derived
residual geoid and gravity anomaly maps over the oceans.
With ERS-1 168-day repeat altimeter data, a database had
been earlier generated across the Indian offshore regions
with cross-track resolution as high as 16 km?®. However,
with the availability of very-high resolution Geosat GM
(Geodetic Mission) data along with Seasat, ERS-1 and
TOPEX/POSEIDON altimeter data, it is now possible to
generate a very high-resolution data with a grid of around
3.33 km™®. The data would be helpful in extraction of min-
ute details from geoid and gravity maps of the Indian off-
shore. The basic concept of the technique lies in the fact
that the surface of any water body, in absence of external
forces, forms an equipotential surface. The sea-surface
height measured by satellite altimeter when corrected for
atmospheric propagation delays and dynamic oceanic vari-
abilities conforms to the equipotential surface, known as
the geoid (Figure 1). The geoid contains information re-
garding mass distribution inside the earth, including those
due to sharp changes in seafloor topography. The geoid is
used to compute residual and prospecting geoids— hypo-
thetical surfaces related to mass distributions within the
lithosphere®.

In the present work we have used high-resolution grav-
ity database generated from Seasat, Geosat GM, ERS-1
and TOPEX/POSEIDON altimeters data of the Bay of
Bengal. The datasets are more accurate and detailed (off-
track resolution about 3.33 km and grid size about 3.5 km)
compared to ERS-1 (168-day repeat) altimeter data (off-
track resolution about 16 km and grid size about 20 km).
In this work, we have investigated various products of sat-
ellite data of the Bay of Bengal for (i) generation of high
resolution classical and residual geoids and related grav-
ity anomalies over a part of the eastern Indian offshore in
ARCGIS environment, (ii) validation of high resolution
satellite gravity with ship-borne gravity, and (iii) use of
high-resolution altimeter-derived geoid/gravity anomaly
maps over the eastern Indian offshore region for under-
standing the evolution of subsurface features.
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The sea surface height (SSH) with respect to the reference
ellipsoid is computed for instrumental bias and atmospheric
propagation delays. It is a fundamental geophysical para-
meter used for various oceanographic and geophysical
studies’.

Sea surface height (SSH) =
Orbit height (H) — Corrected altimetric range (h9. (1)

The SSH observed by the atimeter is only an instantane-
ous sea surface topography and deviations of SSH from
the geoid are due to various dynamic variabilities, e.g. ocean
tide, solid tide, electromagnetic bias, inverse barometric
pressure effect, etc.

Fast Fourier Transform (FFT) approach uses geoid for
computation of free-air gravity anomaly®. The approach
is based on a flat earth approximation and is derived from
the two fundamental equations, namely the Brun's equa-
tion and the equation of physical geodesy®'°. The relation
between gravity anomaly and geoid undulation derived
from the above two fundamental equations was given by
Chapman®:

F(Dg) = golkIF(N), )

where F(Dg) is the Fourier transform of free-air gravity
anomaly, F(N) the Fourier transform of geoid undulation
and |k| the one-dimensional wavenumber associated with
wavelength | .

The geoid, residual geoid and gravity anomaly data are
prepared for the region bounded by lat. 5 and 25°N, and
long. 80 and 95°E in the northeastern Indian Ocean (Figure
2 a—c respectively). (For security reasons position coordi-
nates have been omitted in satellite gravity maps.)

Different spectral components of geoid and free-air
gravity anomalies correspond to varied magnitude geologi-
cal features lying at different depth levels. Accordingly,
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Figure2. Geoid data (a), residual geoid anomaly (b) and free-air gravity anomaly data (c) of the Bay of Bengal derived from satellite altimetry.
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the residual geoid and gravity anomaly data of the Bay of
Bengal are segmented into intermediate and long-wavelength
spectral components™. Long-wavelength component (200—
500 km) mainly reflects the undulations at crust—mantle
boundary, whereas intermediate-wavelength component
(100—200 km) is expected to bring out the details of lat-
eral variations between basement topography and conti-
nental-rise sediments. The information thus obtained can
be used to outline the tectonic trends and for understand-
ing the isostatic compensation of several geological struc-
tures at different depths.

The evolution of the eastern Indian Ocean started with
the break up of eastern Gondwanaland into two separate
continental masses, Australia—Antarctica and Greater India,
in the Early Cretaceous'?™. Elan Bank, a micro-continent,
which presently lies on the west margin of the Kerguelen
Plateau in the southern Indian Ocean, got detached from
the eastern margin of India™® at about 120 Ma. Thus the
eastern margin of India had witnessed two continental
break ups in early stages of eastern Gondwana splitting.
During the process, the ocean has experienced three major
phases of seafloor spreading: initially moved in NW-SE
direction, secondly drifted in N-S direction and finaly
continuing in NE-SW direction. The lithospheric plates
(Indian, Australian and Antarctica) in the Indian Ocean
were reorganized at three geological ages in the past.
During the mid-Cretaceous (95 + 5 Ma), Australia had
separated from Antarctica™®’®. The second major plate
reorganization occurred during the middle Eocene and re-
sulted in merging of the Australian and Indian plates as a
single Indo-Australian plate'”*8. Subsequently, at late Mio-
cene age, high magnitude seismicity and lithospheric de-
formation in the central Indian Ocean have contributed to
the development of a new diffuse-type plate boundary
within the traditionally believed Indo-Australian plate®22.

Marine geophysical measurements from ship-borne
platforms over the Bay of Bengal have imparted valuable
information on structural fabric and nature of the crust,
which have significantly contributed to the understanding
of the evolution of the region. Two linear features
(Ninetyeast and 85°E ridges) emplaced by the Kerguelen
and Crozet hotspots, respectively sit longitudinally on the
early Cretaceous oceanic crust of the Bay of Bengal. The
ridges divide the Bengal Fan into two basins: Western
Basin between eastern margin of India and the 85°E
Ridge and Central Basin between the ridges. The Rajma-
hal traps erupted by the Kerguelen hotspot at ~118 Ma
are found in the Bengal Basin, while the Sylhet traps
formed at ~107 Ma are found in the Mahanadi Basin®.
Despite the fact that the crust in the Bay of Bengal is oce-
anic in nature, from magnetic anomaly studies two differ-
ent ages (132 and 120 Ma) were assigned to the earliest
oceanic crust**??, Subsequently, Krishna and Gopaa
Rao?’ have supposed that the oceanic crust of the Bay of
Bengal needs to have traces of earlier spreading centres
that ceased at 90-95 Ma and presence of transferred crust
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of the Antarctica plate. Newly identified M-sequence
anomalies (both sets of MONy —M20) in the Enderby Basin,
off Antarctica, suggest™ that the Elan Bank was detached
from India no earlier than 124 Ma. These results imply
that most part of the oceanic crust in the Bay of Bengal
was evolved during the Cretaceous magnetic quiet period
(12084 Ma). Hence no pronounced magnetic anomalies
were observed in the Bay of Bengal***°.

A collaborative project between NIO and SAC on ‘ Satel-
lite geoid/gravity modelling for lithospheric studies’ pro-
vides an opportunity to collate two individual databases
of satellite gravity and ship-borne gravity data of the Bay
of Bengal. In Figure 3 we have shown the network of ship-
borne gravity profiles acquired by different national and
international institutions in the Bay of Bengal. We use this
gravity database in the project for preparation of free-air
anomaly contour map and regional-residual maps. Satellite
free-air gravity data along 14.64°N lat. were compared
with the ship-borne gravity data (profile Man-01) along
the same latitude for the purpose of observing the consis-
tencies and deviations between them (Figure 4). This pro-
file was chosen as we have good control with seismic
reflection data. Comparison of data reveals that both sat-
ellite and ship-borne anomalies are fairly in good agree-
ment with some deviations of about 5mGal, which is
within the accuracy limits of the satellite free-air gravity
data. Further, two magjor linear gravity features (Ninetyeast
and 85°E ridges) are depicted significantly in both the
datasets. Therefore, the satellite free-air gravity anomalies
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Figure 3. Ship-borne gravity profiles of the Bay of Bengal acquired
on-board national and international research vessels. Solid line shows

location of the profile along which interpreted seismic results and vari-
ous products of satellite gravity data are shown in Figure 4.
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Figure4. Comparison of anomalies and various components along profile 14.64°N. Basement topography and two sediment units separated by an
Eocene unconformity are after Gopala Rao et al.**. Geoid, residual geoid and gravity anomalies derived from satellite altimetry are shown and
compared with ship-borne gravity data for consistencies and deviations. Two different wavelength components (100-200 and 200-500 km) are also
shown for understanding mass distributions at varied depth levels. Location of the profile is shown with solid linein Figure 3.

of the Bay of Benga can be reasonably considered in
mapping the structural features of the region. Thereby the
results can be used to study the tectonics and related oce-
anic processes of the Bay of Bengal.

Basement topography and the overlying two sediment
units interpreted from seismic reflection profile (Man-01)
along 14.64°N lat. are shown in Figure 4. The basement
in the Bay of Bengal generally consists of two major struc-
tural rises (Ninetyeast and 85°E ridges) and troughs
(Western and Central basins). The structures are regionally
extending in near N=S direction**?®=!, which has broadly
transformed the Bay of Bengal oceanic crust into alterna-
tive crests and troughs. Morphologically, the troughs are
much wider than the crests. Additionally, a gentle re-
gional-tilt of the basement is also observed towards the
eastern margin of India. Even in bathymetry data similar
kind of tilt is observed from east to west. Besides, two
isolated structural highs (local features) are noticed near
the continental margin and to the east of the 85°E Ridge.
The two sedimentary units formed during the pre- and
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post-collision tectonic settings are separated by the Eocene
erosional unconformity****, The pre-collision (continental-
rise) sediments are relatively thicker in the Western Basin
than those in the Central Basin (Figure 4). The seismic
results are stacked with ship-borne gravity and satellite
geoid and gravity data and their components (Figure 4) to
investigate the contributions of mass distributions lying at
different depths. Besides the regional structures (aseismic
ridges and basins), we have also examined gravity signa-
tures of the finer geological structures, viz. Swatch of No
Ground and Krishna-Godavari Basin region (Figure 5a,
b) for understanding their evolution and contribution to
regional tectonic settings.

The geoid data are generally expected to provide in-
formation on long-wavelength structural features lying at
depths approximately 100 km and occasionally some of
the shallow structures that have excessive mass density
contrasts. The geoid height data of the Bay of Bengal
(Figure 2 a) relative to the reference ellipsoid varies from
—105m in south of Sri Lanka to —40 m in southeast of the
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Figure 5. Satellite images of some finer structures of the Bay of Bengal. Free-air anomaly contour map of Swatch of No Ground Canyon (a) and

Krishna-Godavari Basin (b).

Andaman—Nicobar Islands. This variation corresponds to
general geoidal gradient of approximately 39 mm/km.
Steep geoid gradients are noticed in a region between the
85°E and Ninetyeast ridges, while at the east and west of
the region, the gradients are relatively gentle due to the
influence of the Ninetyeast Ridge and Sunda Trench, and
morphology of the continental margin, respectively. The
geoid data of the Bay of Bengal can be reasonably corre-
lated with known geological features such as the Sunda
Trench (the boundary of the Indian plate against the
Burmese plate) and continental shelf-slope of the eastern
margin of India. Besides those, the geoidal heights are
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generally dipping towards the eastern margin of India
(Figures 2a and 4), which is associated with regional
westward tilt of the lithosphere. As the age of the oceanic
lithosphere increases towards the eastern margin of India,
the lithosphere cools and subsides to depths in a near lin-
ear-dipping pattern towards west. Earlier, Gopala Rao et
al." observed such regional tilt in ship-borne free-air
gravity data of the Bay of Bengal and attributed it due to
the subsidence of oceanic lithosphere with crustal age.
Short-wavelength structural details, the 85°E Ridge, the
Ninetyeast Ridge and isolated basement highs are in genera
masked.
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Residual geoidal height data are important for interpre-
tation of geological structures within the crust and undu-
lations of crust—mantle boundary. Hence the deeper earth
effect has been removed using spherical harmonic model-
ling of the geopotential field®. The data thus obtained after
removal of effects of long-wavelength geoid features, are
predominantly associated with deep-earth mass distribu-
tions. The residual geoid data vary from —11.5 m in west
of Myanmar to +5.5m on east margin of the Ninetyeast
Ridge at 5°N lat. (Figure 2 b). Relative residual geoidal
lows are clearly seen associated with the Sunda Trench,
85°E Ridge and some isolated structural highs, whereas
the Ninetyeast Ridge is associated with the residua geoi-
dal high. It is also observed that residual geoid anomalies
are broadly dipping towards north. The pattern was also
noticed earlier by Rajesh and Majumdar® in ERS-1 alti-
meter data. They concluded that the basement trends
downward and thickness of Bengal Fan sediments in-
creases as well, as one proceeds towards north. Another
notable point of interest in the data is the absence of
long-wavelength geoidal feature generated by regional tilt
of the oceanic crust in the Bay of Bengal. The structural
high to the east of the 85°E Ridge, although its relief is
higher than the other structural high and the 85°E Ridge
(Figure 4), does not associate with residual geoidal low,
which seems to indicate the absence of flexure at the
Moho boundary below the structural high. Whereas this
structural high is associated with small-amplitude low
free-air gravity anomaly (Figure 4), possibly contributed
by lateral density contrasts between basement rocks (struc-
tural high) and continental-rise sediments. Earlier, it was
reported that all the basement rises, including the 85°E
Ridge in the Bay of Bengal are associated with low gravity
anomalies***"*, The present results will add more clarity
to the earlier understandings that there are some structural
highs, whose amplitudes of low gravity anomalies are
small, but not contributed by the flexure at the Moho
boundary.

Satellite-derived free-air gravity anomaly data (Figure
2 ¢) show the prominent gravity signatures that are asso-
ciated with the Sunda Trench (distinct gravity low),
Ninetyeast Ridge (subdued gravity high), 85°E Ridge
(distinct gravity low), continental shelf-slope of the east-
ern margin of India (steep gravity low) and some isolated
structural highs (gravity lows marked with black solid
line between eastern margin of India and the 85°E Ridge).
The gravity anomalies, in general, decrease towards north
in the distal Bengal Fan and towards west in the Bengal
Fan as have been reported earlier'*?3! suggesting that
the trends seem to be associated with the directions of paleo-
plate motions. The anomalies of the Ninetyeast Ridge,
85°E Ridge and shelf edge are prominent and are seen
distinctly from the regional anomalies of the Bay of Bengal.
The amplitude of the gravity lows associated with the
85°E Ridge is varying along its strike from south to north
(Figure 2c). Along 14°10N lat. the gravity low reaches
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up to —95 mGal (with a net anomaly of — 70 mGal), while
in the south along 7°N, the gravity low reaches up to
—40 mGal (with an anomaly of about —15 mGal). Itisin-
teresting to note that both aseismic type of ridges (85°E
and Ninetyeast ridges) in the central Bay of Bengal, in
spite of their burial under about 3 km thick Benga Fan
sediments™*, display two opposite (low and high) gravity
signatures. The gravity low anomalies of the 85°E Ridge
switch over to gravity highs toward south of 5°N; the
change was interpreted to coincide with termination/
thinning of pre-collision continental sediments in the Bay
of Bengal®. The enigmatic gravity low of the 85°E Ridge
was explained by the underplating material and crustal
root at the base of the crust®®. In subsequent studies the
low anomaly was explained with the presence of meta-
sediments, more dense than volcanic rocks, on both sides
of the ridge and flexure of the lithosphere beneath it*".
Besides these regional structures, we have also noticed
steep gradient gravity anomalies on continental slope of
the eastern margins of India and Sri Lanka (Figure 2c).
Such steep gravity anomalies were also noticed in ship-
borne gravity data of the eastern margin of India®. Free-
air gravity anomaly data along 14.64°N lat. are segmented
into long-wavelength (200-500 km) and short-wavelength
(100-200 km) components (Figure 4), with a view to
separate contributed sources to the gravity anomaly. The
major component generally provides information on the
Moho boundary. The structural high east of the 85°E
Ridge is not underlain by any flexure at the Moho boundary,
whereas the Ninetyeast Ridge is supported by a mild
flexure at Moho boundary, suggesting that both the struc-
tures were emplaced on aged oceanic crust. The minor
component possibly indicates the response of lateral den-
sity contrasts between basement rocks (structural high) and
continental -rise sediments (Figure 4).

Free-air gravity anomalies of some finer structures
such as Swatch of No Ground and Krishna—Godavari Ba-
sin are shown in Figure 5a, b. On the Bangladesh conti-
nental shelf, 15 mGal gravity low is associated with a
nearly 20 km wide and 140 km long canyon, known as
Swatch of No Ground (Figure 5a). Its southward conti-
nuity on the slope-surface of the Bangladesh margin is
not traceable in the gravity contour map. Using morpho-
logical results of the Bengal Fan, Curray et al.*® have
mapped the canyon continuity beyond the margin up to
the southern limit of upper Bengal Fan at 18°N lat. The
depression in the canyon beyond the margin may get
smaller in size, particularly in its depth, and thus, there
are no significant gravity anomalies seen associated with
the southern part of the canyon (Figure 5a). The canyon
is bounded by two positive anomaly closures (30 and
55 mGal) on the shelf region and two negative anomaly
closures (—50 and —55 mGal) on the slope region of the
margin. Along the southern part of the eastern margin of
India a typical short-wavelength pronounced gravity low
(low associates with foot of slope and soon the anomaly
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recovers back to regional trend) is observed (Figure 2c).
On close observation of gravity anomaly of the offshore
part of the Krishna-Godavari Basin, it is found that the
typical gravity low anomaly is altered with less amplitude
and longer wavelength (see part of the Krishna—Godavari
Basin region in Figure 5b). Gravity anomalies of the
northern part of the margin have been modified due to sedi-
ment accumulations in Krishna—Godavari and Mahanadi
basins.

We have discussed the results of ship-borne and vari-
ous products of satellite geoid data for understanding the
gravity signatures of various major and minor structural
elements of the Bay of Bengal. Some of the key aspects
include testing the volcanic origin of the 85°E Ridge and
understanding its isostatic compensation in conjunction
with the formation of adjacent lithosphere. Ship-borne
gravity data will be studied in greater detail to understand
how both ridges (85°E and Ninetyeast ridges), formed
more or less similar processes in the Bay of Benga and
buried under 3 km thick sediment pile, show varied gravity
signatures and compensation mechanisms. Two-dimen-
sional quantitative model studies will be carried out to
determine the crustal structures and elastic plate thick-
nesses below both the ridges and discussed with regard to
response of adjacent lithosphere and pre-collision conti-
nental dense sediments in compensation of gravity ano-
malies.
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Fibre Bragg grating-based sensing
devicefor petrol leak detection
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Fibre Bragg gratings (FBGs) have emerged in recent
years as important sensor elements for various appli-
cations. In this communication application of an FBG
sensor using a surgical rubber as transducer element
for petrol leak detection in pipelines and tanks is pre-
sented. The rubber, which is in tubular form and is
bonded with the fibre containing FBG, reversibly swells
in the presence of petrol thus resulting in Bragg wave-
length shift. The shift is measured using an interroga-
tor with a swept fibre laser source (1520-570 nm). The
design aspects and experimental procedure along with
analysis of results obtained and the potential for distrib-
uted sensing have been discussed.

Keywords: FBG sensor, petrol leak, transducer.

FIBRE Bragg gratings (FBGs) are simple intrinsic devices
which are created in the fibre core by imaging an interfer-
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ence pattern through the side of the fibre!. They have al the
advantages of an optical fibre, such as electrically passive
operation, lightweight, high sensitivity and also some
unique features of their own such as self-referencing and
multiplexing capabilities, giving them a distinct edge over
previously used devices. They are being used in structural
health monitoring (SHM) of different types of civil struc-
tures, aircraft and aerospace vehicles’™ . In all such applica-
tions, FBGs are used as strain and temperature sensors
because these two parameters have direct influence upon
the Bragg wavelength and also because they are important
for SHM studies. However, the application potential of
FBG sensors can reach new horizons by introducing
transducers in combination with the grating element. The
purpose of the transducer is to produce strain or tempera-
ture variation due to the parameter to be detected. This
variation in any sensing parameter is detected by monitor-
ing Bragg wavelength shift. This communication dis
cusses one such application of FBG sensors for petrol leak
detection. Since petrol is a hazardous and precious com-
modity, it can be both dangerous as well as an economic
loss if it leaks through pipelines and tanks. FBG sensors
are functional in such situations because they are insulators,
chemically inert and perform multipoint sensing within a sin-
gle fibre. A fast detection system of petrol leak along with
its location is possible using FBG sensors. The results ob-
tained have been discussed and analysed.

When a light wave passing through the fibre core comes
across refractive index variation (which acts as a grating
plane), it gets scattered. Most of the scattered light be-
comes more and more out of phase after passing through
subsequent grating planes, cancelling out each other even-
tually. However, one particular wavel ength which satisfies the
Bragg condition, and hence called Bragg wavelength, under-
goes scattering from subsequent grating planes and is in
phase resulting in a constructive interference. This wave-
length element thus is missing from the transmission and
results in reflection. It is a function of grating parameters
and is given by

lg=2nL, N

where L is the pitch of the grating, n is the effective refrac-
tive index of the core and | g is the Bragg wavelength®.
As evident from eq. (1), the Bragg wavelength is shifted
if the effective refractive index or the grating periodicity
is changed due to some perturbation; in fact both these
parameters are directly influenced by strain and ambient
temperature. At a constant temperature, the effect of strain
on the wavelength is given as

5 qn L u
D, =2§ M, Jtuy, 2
B EL‘ITI "ot @)

In eg. (2), the first term is for change in refractive index
of the core, induced due to strain optic effect, while the
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