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ACCEPTANCE ANGLE AND NUMERICAL APERTURE

. In order to propagate or transmit the light wave through the optical fibre, it is
necessary to launch the light at angles that fall within certain range.

. The maximum limit of this angle is decided by the acceptance angle.

Acceptance Angle

. Let us consider an optical fibre into which the light is incident.
. In Fig. we show a section of cylindrical optical fibre.

. The refractive index of the core is ul and that of the cladding is pu2 such that ul >
u2.
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A light wave enters the fibre at an angle 6i with the axis of the fibre. This
wave gets refracted at an angle 0r and strikes core-cladding interface at an
angle 0. If 0 is greater than the critical angle 6c, the wave undergoes total
Internal reflection at the interface, since ul > u2.

As long as the angle 0 is greater than 0c, the light will stay within the core of
the fibre.
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Let us now compute the incident angle 0i for which 6i > 6c such that the light refocusses within
the core of the fibre. Applying Snell’s law to the launching face of the fibre, we get

sin@, b .
sin 9,, - p’u (1)
If 6. is increased beyond the limit, 6 will drop below the critical value 6_(as 6 + 6 = 90°, in AABC) and the
ray escapes from the side walls of the fibre. The largest value of 6, occurs when 6= 6. This value of 6 we
represent by 6, From the AABC, it is seen that

sin 6 = sin(90° —6) = cos 6, (as 6 + 6= 90°) (1)
From Egs. (1) and (ii1), we get

anY l'I'Hr:nrsu:tE) E’—cosﬂ
cos 0 Mg

when0=6,  sin@,= L cos6,
0

At critical angle, sin'ﬂc=%~ (as 6 =90°)
1

COS §,= /1-sin’g,
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cos 6, =

By putting the value of cos 8 from Eq. (iv) into Bq. (1ii), we get

2

-
sinh =1 b

inx My

If the ncident wave of light is launched from air medium (for which p, = 1), then

putting® =0, Eq. (v) may be simplified to
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Numerical Aperture

The angle 00 is called the acceptance angle of the fibre, which may be defined as
the maximum angle that a light wave can have relative to the axis of the fibre for its
propagation through the fibre.

The light wave contained within the cone having a full angle 200 are accepted and
transmitted along the fibre. Therefore, the cone associated with the angle 260 is
called the acceptance cone .

The light incident at an angle beyond 00 refracts through the cladding. As at every
internal reflection the light will be lost being incident at an angle less than the
critical angle, the corresponding optical energy is lost.

It is also obvious that the acceptance angle would be larger if the diameter of the
cone is larger.
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Numerical aperture (NA) s the most important parameter of an optical fibre. It is a measure of how much light
can be collected by an optical system such as an optical fibre or a microscope lens. Based on the refractive
indices of core and cladding, we canmeasure the value of NA. It is defined as the sine of the acceptance angle
if the end faces of the fibre are exposed to a medium for which u, =1 (air). Otherwise, the numerical aperture
18 defined as N4 =, sin 6,

For p,=1, NA= smﬁ "2

This relation shows that the light gathenng ability of an optical fibre increases with its numerical aperture.
Sinee the maximunm value of sme can be 1 only, the value of NA cannot exceed 1. It means the largest value
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