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5. When o = /2, the intensity I = I
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P 0S5l |y Lnaa ol
Fibre n' nt | An | Reference
Cotton 1.578 1.532 0.046 | Preston (1933)
| Ramie and flax 1.596 | 1.528 0.068 | preston (1933)
Viscose rayon 1.539 | 1.519 0.020 |Preston (1933
Viscose rayon (skin) 1.5563 | 1.5282 | 0.0281 | Faust (1952)
(core) | 1.5536 | 1.5304 | 0.0234 | Faust ( 1952)

(core) | 1.5441 | 1.5247 | 0.0194

Wool 1.557 | 1.547 0.010 | Hartshome and Stuart (1970)
Polyethylene 1.574 | 1.522 0.052 | Hartshome and Stuart (1970)
Polypropylene 1.530 1.496 0.034 | Hartshorne and Stuart (1970)
Acrilan 1.517 1.519° | -0.002 | Barakat and El-Hennawi (1971)
Acrilan 1.511 1514 1 -0.003 | Hartshomne and Stuart (1970)
Nylon 6 1.575 1.526 0.049 | Hartshome and Stuart (1970)
Nylon 6 (skin) 1.5533 | 1.5448 | 0.0085 | Hamza et al (1985b)

(core) 1.5512 | 1.5430 | 0.0082 | Hamza et al (1985b)
Nylon 66 1.578 1.522 0.056 | Hartshome and Stuart (1970)
Terylene 1.706 | 1.546 0.160 | Hartshome and Stuart (1970)
Dralon 1.5201 | 1.5234 | -0.0033 | Hamza et al (1985b)
Kevlar 49 2.267 1.605 0.662 | Hamza and Sikorski (1978)
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The mean refractive in- Refractive indices and birefringence of fibre layers T
dices and mean birefrin- Po—
ence of the fibre * irst layer d la i
8 + (outer layer) Second layer Third layer (core)
Refractive n: nl Ang n' ad Ay y nl any | o nh Ang
3 3

. of ,‘ 1 1 M 2
liquid +
ny,
15015 15028 1.5001 0.0027 |1.5032 15007 0.0025}1.5015 15000 0.0015 | 1.5014 1.4995 o0.0019

+ The error in measuring ny using an Abbe refractometer is + 0.0002.
i +
r + The error inn" and nt is £ 0.0007.

The structure of optical fibres : Lanll GLIYI (S 5 Yy
Types of optical fibres : Lyadl GLYI o1l -\ /¥y
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Table 5.1 Interferometric determination of the optical properties of optical fibres.

Authors Methods Results

Rawson and Murray (1973) | Interference between light reflected at Determination of index fibre par-

both ends of the fibre ameters, C4 and Cg, in

' 2 2 2 2 4 4
B D=n(1-87r "+ C4dr +
6 6
C6 dr + wel)

Martin (1974) Interferometric slab method using a Index profile

Michelson-type interference microscope
Presby and Brown (1974) | Interferometric slab method

Cherin et al (1974)

Burrus and Standley
(1974)

Burrus et al (1973)
Stone and Burrus (1975)
Presby and Kaminow
(1976)

Wonsiewicz et al (1976)
Pruby‘ct al (1978)
Shiraishi ‘et al (1975)

Marhic e al (1975)

Saunders and Gardner
1977)

Iga and Kokubun (1977,
1978)

Kokubun and Iga (1977,
1978)
Iga et al (1976)

Boggs et al (1979)

Presby et al (1979)

Interferometric slab method using a
Mach-Zehnder system (Leitz interference
microscope)

Interferometric slab method

Interferometric slab method

Interferometric slab method
Interferometric siab method

Interferometric slab method

Interferometric slab method using a two-
beam single-pass interference microscope

Mach-Zehnder with light passing per-
pendicular to fibre axis

Two-beam transverse interference mi-
croscopy

Two-beam transverse interference mi-
croscopy

Two-beam interference with light inci-
dent perpendicular to fibre axis

Two-Beam interference with light inci-
dent perpendicular to fibre axis

Differential interferometry (shearing).
One beam is laterally shified by a shear-
ing device in a Mach-Zehnder interfe-
rometer -

Transverse profile automated with com-
puter controlled video analysis

Rapid automatic index profiling of
whole fibre samples

Grlded—indexpmﬁle,l?:myhindcx
dautoafewgminlo and a spatial
resolution of 2 pm

Refractive index measurement of three
Corning multimode optical fibres

Viewing refractive index profiles and
small-scale inhomogeneities in glass
optical fibres

Refractive index profiles of some low-
loss multimode optical fibres

Focusing effects in interferometric anal-
ysis of graded-index optical fibres
Messured da/d\ for 0.5 < A <51.9||.m
with accuracy of 1 part in 10

Quick determination of index profiles
by machine aided method for the inter-
pretation of interferograms

Automatic index profiling
Index profile of graded-index fibres

Analytical expressions for OPLD for
graded-index fibres with quadric index
profile

Index profile of led-index.
Determination of A and o of a fibre hav-
ing a power law profile

Graded-index profile, considering effect
or refraction of the ray as it passes
through the fibre

They derived successive ximation
formulae for calculating x profile

Measurement of index distribution of fo-
cusing fibres

Index profile of graded-index

Index profile of graded-index
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Multiple-Beam Interferometry Applied to Fibrous Materials

PBLY e (laley aaatll ol Jakall G O3 =\ /1
Formation and application of multiple-beam interference frin ges to fibres
dob b Lasi <y, JA&'&*&J'J&'NIM(\\Zi)m« PP SR A

P Lyl Lasasit ot
il Le Sgall Jalall g5 @k~
. oulSasyt die Agdll Jataall gy Gyl —¥

- SVl iy S ie Lol 3,00 sobeaia suaitl gl Jatsif da =Y
OF Wil Gl iey SLaH wie gy a3t oAl Jalasll Talp wie aial) oa,
o=l o S LS ya! elliy gy (sl Ja 1 ol Wla (T ¢ Lalad e lia

RFLRTIES Y ealall (g8 4503 ol gl SR 10 Guliie sy . el
Jdie w.ul‘,z,.au:\lml,;,uotg.m Sde oy sl Jalall gy Gkl

c oulSaa ) sie y Sl
CPO || szzl. @, Uncqy Lagias Ol yany Cpadlsia (pddie padeius

The case of multiple-beam interference fringe systems formed by a plane

parallel silvered thin film of constant thickness :
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Application of multiple-beam Fizeau frin ges to the determination of refrac-
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Theory of Fizeau fringes applied to fibres with regular transverse sections.
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Multilayer fibres with regular transverse sections :
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Multiple-beam Fizeau fringes applied to fibres with irregular transverse-

sections:
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Homogeneous fibres :
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Apex of the interferometer
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(Hamza et al,, 1985 a )
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Homogeneous fibres with skin/core structure :
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Multi-layer fibres :
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Optical fibres : Step-index and graded index :
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Table 6.1 Application of multiple-beam interferometry to the study of fibre properties.

Author

Method

Object of study and application

Results

Faust (1952, 1954)

Barakat and
Hindeleh (1964a)

Barakat and
Hindeleh (1964b)

Barakat (1971)

Barakat and
El-Hennawi (1971)

rometry

Multipie-beam interfe-

rometry

Multiple-beam interfe-

rometry

Multiple-beam interfe-

rometry

Multiple-beam Fizeau
fringes and the white

Baraka et al (1975) fringes of equal chro-

Hindeleh (1978),
Hamza and Sokkar
(1981)

Krishna Iyer et al
(1969)

Hamza et al
(1980 a,b)

El-Niklawy and
Fouda (1980 a,b),
Fouda and El-
Niklawy (1981),
Fouda et al (1981),
Hamza et al (1982)

Barakat and El-
Hennawi (1971),
Hamza and Abd
El-Kader (1983).

Sokkar and Shahim
(1985), Hamza et al
(1984, 1985 a,b,c)

matic order

Multiple-beam
Fizeau fringes

White light fringes of
equal chromatic order
Immersion and

multiple-beam Fizeau
methods

Fizeau method

Fizeau method

Double -beam and mul-
tiple-beam microinter-
ferometry.

Maultiple-beam interfe-

Determination of refractive index

variation within optically hetero-

gencous specimens

To determine refractive indices
and birefringence of mohair wool
fibres

To determine refractive indices,
birefringence and tensile proper-
ties of viscose rayon fibres

Derivation of mathematical ex-
pression for the shape of multi-
ple-beam Fizeau fringes and asso-
ciated white light fringes of equat
chromatic order crossing a fibre

The skin effect in rayon fibres is dis-
cussed and values of n" and nl for
both skin and core are given

Variation of refractive indices and
birefringence along the fibre axis is
given. Thermal coefficient of refrac-
tive index of the mohair fibre is de-

. -5
.5
gﬁu\edmdfoundlobe7 x 10

The birefringence of viscose rayon
fibres is increased by increasing the
tenacity of these fibres

The refractive indices and birefrin-
gence can be calculated for both skin
and core of such fibres. The optical
power of a cylindrical fibre was cal-
culated for a paraliel beam of mono-

of circular cross ion having a
core surrounded by a skin

Measurement of refractive indices
and birefringence of acrylic and
camel - hair fibres

Study of the optical anisotropy in

cotton fibres

Investigation of the difference in
mean orientation of skin and
core, for polyethylene and poly-
propylene fibres.

Derivation of mathematical ex-
pressions for the shape of multi-
ple-bearn Fizeau fringes and their
application to determine refrac-
tive indices of multiple-skin fi-
bres

Description of a method suitabl

chr ic light incident on the fibre

acrylic fibres, n = 1.518,
n™ = 1.519 and An = - 0,001 at 35°C
Fgr camel-hair fibres, n" = 1.559,
n"= 1.546 and An = 0.013 at 21.5°C

The vajucs of the mean refractive in-
dices ny and ny and birefringence of
cotton fibres differ for different va-
rieties

The refractive indices of cach layer
of the fibre and their variations with
wavelength of light were determined

The optical properties of multiple-
skin fibres of clliptical, rectangular,
kidney and dog-bone cross scctions
are given

for evaluating small birefringence

in fibres and its application to
acrylic and cuprammonium fibres

D ination of the optical ani-
sotropy of fibres with irregular
transverse sections.

—Y.A-

The lts are in good agreement
with thosc obtained from the double
- beam microinterferometric method

Accurate results are obtained when
considering the area under the inter-
ference fringe shift represented by
the path difference integrated across
the fibre. Values of refractive indices
and birefringence for the skin and
core of a fibre having irregular trans-
verse sections are given
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Interference microscopes using reflected light :
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Interference microscopes using transmitted light
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Tolansky (1948, 1973), Frangon (1961), Heyn (1954, 1957), Barer
(1955), Stoves (1957), Pluta (1971, 1972, 1982), Fatou (1978), Steel
(1986) and Hamza (1986).
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30-G305-2.
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The Pluta polarising inerference microscope
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