
1. Define the following with diagrams:

(a) Critical angle: Def+Dig



(b) Mode field diameter:

(c) V-number:  Def+Dig





(d) Acceptance angle and acceptance cone:  Def+Dig

Assuming that light is launched as meridional rays into the optical fiber, let us now carry out a simple
analysis. For that let us concentrate on figure 3.7 below. The figure shows a cross-section of an
optical fiber with a core of refractive index n1 and a cladding of refractive index n2. The incident ray
AO (shown by dotted line) is incident at an angle ϕ with the axis of the fibre. The refracted ray for
AO in the core (dotted line ON1) fails to be incident on the core-cladding interface at angle greater or
equal to the critical angle of the core w.r.t. cladding and hence refracts out of the core and is lost to
the cladding. In other words, the angle of incidence of a refracted ray at the core-cladding interface in
turn depends on the initial angle at which the incoming ray was launched into the fiber. If this
launching angle (with the fiber axis) is decreased, the angle of incidence which the refracted ray
makes at the core-cladding interface increases. If this increase is such, as to exceed the critical angle
of the core-cladding interface, then total internal reflection of the refracted ray takes place and the
light remains in the core and is guided along the fiber. The ray CO is launched into the fiber at such



an angle ‘α’ that its refracted ray is incident at the core-cladding boundary at its critical angle ‘θc’. If
any light ray is launched at an angle more than α then the refracted ray just refracts out to the
cladding because the angle of incidence of its refracted ray at the core-cladding interface is less than
the critical angle. Thus the angle α is indicative of the maximum possible angle of launching of a
light ray that is accepted by the fiber. Consequently, the angle α is called the angle of acceptance of
the fiber core. Since the optical fiber is symmetrical about its axis, it is very clear that all the
launched rays, which make an angle α with the axis, considered together, form a sort of a cone. This
cone is called the acceptance cone of the fiber as shown in the above figure. Any launched ray that
lies within this cone is accepted by the fiber and the light of this ray is guided along the fiber by
virtue of multiple TIRs as shown by the red ray BO in the figure 3.7.

(e) Cut-off freq (for single mode fiber):

2. (a) Estimate the maximum core diameter for an optical fiber with refractive index of core 1.48
and relative index difference of 1.6%, in order that it may be suitable for single mode operation
for an operating wavelength of 0.9 micrometer. Further estimate the maximum core diameter for
a single mode operation when the relative index difference is reduced by a factor of 10..



(b) Explain different types of absorption losses.













3.(a) Determine the cut-off wavelength for a step index fiber to exhibit single mode operation when core
refractive index and radius are 1.46 and 4.5 micrometer respectively, with relative index difference being
0.25%.



(b) Explain different types of scattering losses.

















4 (a) A multimode step index fiber with core diameter of 80µm and a relative index difference of 1.5% is
operating at a wavelength of 0.85µm. If the core refractive index is 1.48, estimate the normalized
frequency for the fiber and number of guided modes.

(b) Explain different types of bending losses.









5 (a) With the help of neat diagrams discuss the structure of single mode and multimode step index fiber
with appropriate mathematical equations.

The refractive index profile may be defined as:

(b) Derive an expression for pulse broadening due to material dispersion which is a function of
wavelength and time delay.





6.(a) Define numerical aperture, derive the expression for NA with light launched in the meridional plane.
State the significance also.

(b) Derive an expression for pulse broadening due to waveguide dispersion.



7. Explain the following:
(a) Photonic crystal fibers:









(b) Graded index fiber (with mathematical equations):







8. Silica has an estimated fictive temperature of 1400K with an isothermal compressibility of 7×10-11m2N-

1.The refractive index and photoelastic coefficient for silica are 1.46 and 0.286 respectively. Determine
the theoretical attenuation in decibels per kilometer due to the fundamental Rayleigh scattering in silica at
optical wavelengths of 0.63, 1.00 and 1.30µm. Boltzmann’s constant is 1.381×10-21 JK-1


