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2.1 LENS

the images formed (using fﬂ? diamlﬁi ﬁﬁlﬁi
ereby determining magnification, Ry s

» convex and concave action of a lens as a set of
» principal axis, foci, focal plane and _fﬂcalh length,

ray diagrams, formation of images — principal |
for various positions of a small linear object on
direct numerical problems using the lens formula

A convex lens may be of the following three

We are all familiar with the use of lenses in kinds :

spectacles. We define a lens as follows -
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a transparent refracting medium

unded by eithier two spherical surfaces
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Note : A plane surface can be treated as a
spherical surface of infinite radius of curvature.

Kind of lenses : Lenses are of mwo kind :
(1) convex or converging lens, and
(2) concave or diverging lens.

(1) Convex or converging lens

A convex lens is thick in its middle and
thin at the periphery. In other words, a lens which
bulges out in the middle, is the convex lens. A
light beam converges on passing through such a
lens, so it is also called the converging lens.

(1) bi-convex or double-convex or equi-convex,
(11) plano-convex, and
(111) concavo-convex.

Fig. 5.1 shows the shape of the different kind
ol convex lenses.
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Fig. 5.1 Convex lenses

A biconvex lens has both its surfaces convex.
a plano-convex lens has one surface plane and the
other surface convex, while a concavo-convex
lens has one surface convex and the other surface

concave such that it is thicker in the middle as
compared (o its periphery.
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Fig, 5.2 Concave lenses

A bi-concave lens has both its surfaces
toncave, a plano-concave lens has one of its
surtace plane and the other surface concave, while
4 convexo-concave lens has one surface concave
anﬁd the other surface convex such that it is
thinner in the middle as compared to its periphery.

Note : Both the concavo-convex and the
convexo-concave lenses have one surface
convex and the other surface concave. but they
differ in their shape and action. A concavo-
convex lens is thicker in the middle and has a
converging action on a light beam, while a
convexo-concave lens is thinner in the middle
and has a diverging action on a light beam.
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5.2 ACTION OF A LENS AS A SET OF
PRISMS

We have read the refraction of light through
a prism. The refraction of light through a lens can
be understood in a simple way by considering a
lens as being made up of a set of prisms as

shown in Fig. 5.3.
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(a) Convex lens (b) Concave lens

Fig. 5.3 A lens being made up of a set of prisms

To make it further simple. Ihf: prisms N the
central portion of the lens, shown in Fig. 5.3, ma,
be treated as a rectangular slab. I'he‘n the lens Can
be considered as being made up of a rectangulay
slab at the centre and one prism On either gjda

of it as shown in Fig. 5.4.
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(b) Concave lens

(a) Convex lens

Fig. 5.4 A lens being made up of a reclangu!ar stab at the
centre and one prism on either side of it

A convex lens in its upper part has a prism
with its base downwards and in its lower part
has a prism with its base upwards as shown ip
Fig. 5.4(a). On the other hand, a concave lens ip
its upper part has a prism with its base upwards
and in its lower part has a prism with its base

downwards as shown in Fig. 5.4(b).

Convergent action of a convex lens

Let us consider the refraction of parallel rays
of light A, B and C incident on the prisms
respectively in the upper, central and lower parts
of the convex lens. We know that a ray of light
incident on a prism, on refraction through it,
always bends towards the base of the prism.
Therefore the prism in the upper part of convex
lens bends the incident ray A downwards. while
the prism in the lower part of convex lens bends
the incident ray C upwards (Fig. 5.5). The central
part which is a parallel sided glass slab passes the
ray B normally incident on it, undeviated. Thus
the set of prisms forming a convex lens converges
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common point F situated on the side of rays
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has a diverging action on the incident light
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Fig. 5.6 Divergent action of a concave lens

5.3 TECHNICAL TERMS RELATED TO A
LENS

Centre of curvature : A lens has two
surfaces. Each surface of the lens is a part
of a sphere. The centre of the sphere whose
part is the lens surface, is called the centre
of curvature of that surface of the lens. Since
a lens has two spherical surfaces, so there
are two centres of curvature of a lens.
In Fig. 5.7, C, and C, are respectively
the centres of curvature of the two surfaces
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(2) Radius of curvature : The radius of the
sphere whose part is the lens surface, is
called the radius of curvature of that surface

of the lens. In Fig. 5.7(a), PC, and PC, are
the radii of curvature of the two surfaces 1

and 2 of the convex lens. If the lens is thin.
then PC, = OC, and PC, = OC,. Similarly
in Fig. 5.7(b), P,C, and P,C, are the radi of
curvature of the two surfaces 1 and 2 of
the concave lens. If the lens is thin, then
P,C, = OC, and P,C, = OC,. The point O is
called the optical centre. Thus for a thin lens,
the radius of curvature of a surface of lens
1S equal to the distance of centre of curvature
of that surface from the optical centre. For
an equi-convex or equi-concave lens, the
radii of curvature of both the surfaces are
equal (i.e, OC, = OC,). The lenses shown
in Fig. 5.7 (a) and (b) are not equi-convex
and equi-concave since the radit of curvature
of the two surfaces OC, and OC, are not
equal.
(3) Principal axis : It is the line joining the
centres of curvature of the two surfaces of
the lens. In Fig. 5.7, the line C,C, is the
principal axis. It can extend on either side of

the lens.
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(8) Concave lens
Fig. 5.10 Pira fovus and focwl lengeh
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(b) Concave lens
Fig. 5.11 Second focus and focal length

focal point is a
 light incident parallel to the

5 W F 3 . . y . |
S s S I o } i P ol - ¥ ipt -
Ay .:I‘ JI Ll i o "- I’I,:"'I., o B i A 5 \"l- :
1 - e B 3 o Y " - 'u.:l'"" =5 1 e 2
4 i iy } i wi © 1 = 'l..-.\. - b |" !
i | ',. I j P - iy 'ﬁ o :';,I-'_- __-h b o
[ ~ gl e . iy < i = ¥ 3 4
} i.- LR . l'.’lE .Pt., R 3 .Iilq AR 'lr"-'--ﬂ:l" ! T {4 l. - o ks
ol [ ¢ s )48

(6) Focal plane : A plane normal to the principal
axis, passing through the focus, is called the
focal plane. A lens has two focal planes.

(i) First focal plane : A plane passing
through the first focal point and norm_a]
to the principal axis of the lens, 18

called the first focal plane.

(ii) Second focal plane : A plane .passing
through the second focal point and
normal to the principal axis of the lens,

ocal plane.

+ The distance of focus (or focal
the optical centre of lens, is
al length, A lens hag two {ocal

(i) :;ll'ﬂl focal length ¢ The distance from
¢ optical centre O of the lens to it

first focal point B is called the ﬂr.-n;r
focal lengih [, of the lens, In Fig..S 10

It is shown as OF = f, B

() Second foenl length : The *distance
from the optical centre O of the lens to

the second focal point V, is called the

.s*e.'mnd focal length f, of the lens. In
Fig. 5.11, it is shown as OF, = f..
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parallel rays incident on a convex lens, after

R e | = L

Note : (1) If the medium on both sides of aﬁ
lens is same, its first and second focal lengths are
equal, i.e., f, = f, (numerically). |
(2) Usually, when we say focus, we mean the

second focal point. Hence the focal length of a
lens implies the second focal length of the lens.

(3) A convex lens has a real focus (because the

refraction from the lens actually pass through this
point), while in a concave lens the focus is virtual
(because the parallel rays incident on a concave lens,
after refraction do not actually pass through this
point, but they appear to diverge from this point).
(4) Only a beam of light incident parallel to
the principal axis converges to a single point F,
(the focus) on the principal axis after refraction
through the convex lens. If the parallel beam of
light is incident obliquely (i.e., the rays are not
parallel to the principal axis of the lens), it does
not converge at the principal focus F,, but 1t

Fig. 5.12 Refraction of an oblique parallel
beam by a convex lens




