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EFRACTION

(C) SIMPLE APPLICATIONS OF R
. denser medium (YRS )
g 0 1t bends away from thﬁ
t of incidence B op -
BC in air.

¢ from

4.10 - ay travel
FiEA.L AND APPARENT DEPTH ot fium (air),

(o a rarcr Med

T W i Al ) iy o e g, i i e R T

i Saretp laced in a denser medium when | normal N'BN drawn 0. 788
and travels along

- viewed fro L ant b .. |
2 e;ved ﬁ'f?m a rarer medium, appears o be at the surface PQ
e aepth lesser than its reql depth. This is
Jecause of refraction of light,

the g:)tlt:;rgﬁ ;1%361 “angMies gainiobjact  kept at
Gy o zu? tfilin:z[‘)arent. medium (Sthfll as water
ray of [; hf Ole horp air by the surface PQ. A
incident fn th » Starting from the object O, is
undeviated ga] o KB nm;mal]y, SRl fassss
Starting f M the' path AA: Another ray OB,

& rom the object O, strikes the boundary

Surface -
PQ at B and suffers refraction. Since the Fig. 4.36 Real and apparent depth
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Nofe : The point B is ve
A, and both the rays QA* and
' simultaneously, In Fig. 43¢

shown separately for the ’
ray diagram.

| | Vinis | irivp, b h e | l
mace of O S the virtug] | Y which the object appears to be é
imag btained op Producing A’A ang cp  "@%ed, depends on : i

0, when seen from aboy c.8. 4 Coin) placed at (1) the refractive index of the medium, 1l
P t(l?lr)! Will appear to be (2) the thickness of the denser medium, and 1
depth (= ACH Pth (= AI) than its actual (3) the colour (or wavelength) of incident light*. |

(1) Dependence of shift on the refractive

ray OB, angle of index : Higher the refraction index of the l{!
and angle of refraction medium, more is the shift. l

" are parallel and OB (2) Dependence of shift on the thickness of
medium : Thicker the medium, more is the

In Fig. 4.36, for the incident
incidence i
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1S a transversal line, so

e % Y -3 ..
- = ="

ZAOB = ZOBN’ = ; shift. |
Similarly, A’ and BN are parallel and IC is the (3) Dependence on wavelength (or colour) of *
transversal line, so light : The shift decreases with the increase |
ZBIAL SUACBE = in the wavelength of light used. Since py, > pg, f
Now in right-angled triangle BAO therefore the shift is more for the violet light
o : than for the red light in a given medium.
SIn I = S Examples
and in right-angled triangle IAB, :
S s - - (1) For glass, AL %, therefore the thickness of
Sin 7 = " glass slab appears only two-third of its real
For refraction from medium (water or glass) thickness when it is viewed from air by
to air, by Snell’s law keeping the eye vertical above the slab.
:11:]1 :: = (1) For water, pn = %—, therefore the depth of a
dn i BATOR™Emm water pond appears three-fourth of its real depth
Oor mt i E i T BA BN GR on seeing it from air in a nearly vertical direction
Refractive index of medium with respect to air (i.e., 1t appears shallow). This is why a fish when
1 OB seen from air appears to be nearer the surface
AT o TR (5 of water than at its actual depth.

Since the point B is very close to the point A,
i.e., the object is viewed from a point vertically

above the object O, .. IB =IA and OB = OA.

Note : The apparent depth of an object lying
in a denser medium is always less than its real
depth when viewed from any direction in the
rarer medium. But the above eqns. (4.13), (4.14)
and (4.15) are valid only when the object is
seen from vertically above. , -

..(4.13)

w(414)  « Te refractive index of a medium increases with the decrease
in wavelength of incident light (jy, > g). g
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4.11 APPARENT BENDING OF A STICK
UNDER WATER

Fig. 4.37 shows a straight stick (or pencil)
XOP placed obliquely in water. The portion OP
of the stick (or pencil) under water when seen
from air appears to be shortened and raised up
as OP’". This is due to refraction of light from
water to air. The rays of light coming from tip P

of the stick (or penci :
it best (or pencil) when pass from water to Fig. 4.38 An object in rarer medium
air, bend away from the normal and appear to be viewed from a denser medium

coming from a point P’ which is the virtual 3
image of the point P. The same is true for every 412 SOME CONSEQUENCES OF

REFRACTION OF LIGHT L

point of the stick (or pencil) inside water from P
i

to O. j,,c2  In our daily life we come across many
; ~phenomena which are caused by the refraction of

2 M;}ligh? Some of these are given below
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Fig. 4.37 Bending of stick due to refmctién

Thus, the part PO of the stick (or pencil)
appears to be PO, i.e., the immersed part of the
stick appears to be raised and therefore bent qt
the point O on the surface of water and the stick

(or pencil) XOP appears as XOP’. P v d
— | Coh g AR ¢ —'..*f AL

Note : An object placed in a rarer mediym
when viewed from a denser medium appears 1o
“be at a greater distance than its real distance.
In Fig. 4.38, an object O placed in air when
viewed from water appears to be at 1 which
is higher than the object O.
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«s is incident at the glass-at
le of incidence i. It {8

N OF LIGHT F
ROM A travelling in gl
il ing in gla
;;:3 A RARER nﬁbﬁﬁfn OR WATER) interface at a small ang
FFERENT ANGLES OF IN (AIR) AT partly reflected and partly refracted. We get 5 =
CIDENCE weak reflected ray OC and a strong refracted ﬂé«“‘

Consid
lder the refracti
» acuon : »
| of light from a denser OB. Since the incident ray bends away from the




air, therefore the

medium to a rarer medium, at a

angle of
than the an le PR reﬁ‘actio ; | :
Now if gth o iy " 7S greatey 414 cRimIc i
- O SglceRRe : AL ANGLE
increased, the angle Ncidence ; - We hav
: Of r IS grady C read that when a ;
but the mtenSIty efrac on SO increasagsy from g denser ray of light passes

incidence equal to : At angle of i
angle of I'G:fractmnthb Critical angle o= 0 the 4.15 RELATIONSHIP BETWEEN THE
Fig. 4.43, The &t €Comes 90° 44 shown in CRITICAL ANGLE AND THE

fealt Koraend by 0n Wl o il REFRACTIVE INDEX (i = 1/sin ©)

interface and it is very weak @ | glass-air

In Fig. 4.43, AO is an incident ray from
glass to air at an angle of incidence i = C (critical
angle) for which the angle of refraction r is 90°.

Therefore, the refractive index of air with respect
to glass is

AlR

sin C

sin 90°

gHa
But.sim 90° = 1 . gHg = sin C

But refractive index of glass with respect to air is

In Fig. 4.43, for the incident ray AO at i = C,
the refracted ray is OB and the reflected ray is OC.

Case (iii) when the angle of incidence is
greater than the critical angle (i > C) :
Fig. 4.44 shows that for the incident ray AO at
an angle of incidence ¢ greater than the critical
angle C, no refracted ray is obtained and the
incident ray is totally reflected as OC. Such that Examples :

ZAON = ZCON. (1) For glass, refractive index p o = }2-

Thus, knowing the refractive index of the
denser medium with respect to the rarer medium.

we can calculate the critical angle C for that pair
of media.
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ate 3
But sin 42° = %, et e

(2) For water, refractive index = %

sin C =

But sin 49° = -fi'- L C=49°




