pefraction ,-:md total internal reflecti
ight rays at different angles of |ncid;0n of
: nce

Fig & J,'h shows the refraction of light {
fom a point source A kept in a denser m dl}lys, (1)  Total internal reflection through a
JERE LT i ) edium 15°. 9p° 45° | ol : ,
o a rarer medium at different Increasing angles ?:,S;d) Vs ‘,'5 prism (or right-angled
o i ; : sosceles prism)
Of ncidence
For the ray AQ, the angle of inci Soigl reslenting prism : A gEO RIS G
it 18 u‘-t'l'-lctu{ as OA' of incidence is zero, @ngle of 90° between its two refracting surfaces
Lo i | and the other two angles each equal to 457, 1S
For the ray AR the angle of incidence i is less called a total reflecting prism because the light
than the crinical angle C (e, i < ), it is partly incident normally on any of its faces, suffers total

oflected as PB and partly refracted as PC at an internal reflection inside the prism. Due to this
angle of refraction r > 1. behaviour, a total reflecting prism is used for the

following three purposes :
(a) to deviate a ray of light through 90",
(b) to deviate a ray of light through 180°, and
(c) to erect the inverted image without

38%16 oU* (i.e., equilateral prism), and (3) 307,
U7 60° prism (i.e., a right-angled prism).

For the ray AQ, the angle of incidence is
equal to the cnitical angle for the pair of media
(i.e., i = C), so it is partly reflected as QB’
and partly refracted as QC’ at the angle of

refraction r equal to 90°. wg deviation in its path.
A o (e)-To deviate a ray of light through 90~
In Fig. 4.47,
RARER ABC is a total
et reflecting prism. A

oenser ~ beam of light 1s
9 incident normally

" at the face AB. It
passes undeviated

B into the prism and
| strikes at the face
Fig 4.46 Refraction and total internal reflection AC at an angle of Fig 447 Deviation through 90°

For the ray AR, the angle of incidence is incidence equal to 45°. For glass-air interface, the
greater than the critical angle (i.e., i > C), so it critical angle is about 427, therefore the beam of
r is totally reflected as RB" at an angle of light suffers total internal reflection at the face AC

reflection r = i, and no refraction OCCUTS. because the angle of incidence is greater than the
; critical angle. The reflected beam inside the prism
nomenon of refraction cnp & P

Note : The above phe : Sie be then strikes the face BC. where it is incident
and total internal reflection c4n e normally and therefore passes undeviated. As a

t demonstrated with tbe help of a la;:;‘ g:rsgc;lur:; regulf, the incident beam gets deviated through 90°
: The main precaution 18 taken that { emerging out through the prism. Fig. 447 shows

damage the cyes. the path of two rays PQ and P’Q’ through the

4.17 TOTAL INTERNAL REFLECTION IN K prism and then out of it
' Nofe - By the principle of reversibility of

is not seen directly as 1t may

P der ¢ | path of light, if light is incident normally on |
o o ncider the phenomenant of | DY of light, if light is incident normally ox
tcxt:.afI i?n\:er\::I gzs S:j three iffere : . | the face BC of the prism, it will emerge out |

(1) 45°, 90°, 45° prism. (L€«
prism or total reflecting Pris™
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prism is used in a away from the normal. The beam eMmerge,
reflecting prism is parallel to the face AC. As a result of I'Efracti-ml; ;,

th + This action of
pPeriscope where a total
preterred over g pl

ane mirror, ) on emergence the rays are inverted and for the &
(b) To deviate o ray of light th'r;mgh 180° inverted object PQ, the CECS image P
In Fig. 4.48. \/ obtained. ‘»{-'\ prism when used 1n this manner ig

called the erecting prism.

the beam of light L
Use : This action of ‘prism 1s used in ¢ slide

from the object
PQ falls normally
on the face AC
(i.e., hypotenuse)
of the prism, so it
eénters undeviated
inside the prism OBJECT A
and strikes the

glass-air interface

AB of the prism. Since the beam of light is _ e
travelling from glass to air at an angle of () Total internal reflection through a prisy

i
Fig. 449 Erecting prism :
Fig. 4.48 Deviation through 180° | E

projector.

incidence equal to 45° which is greater than. the wlfere each angle is 60° (i.e., equilatera) |
critical angle (= 42° for glass-air), therefore the pEsm)
beam of light suffers total internal reflection. The A prism of each angle 60° can be used g

Lt

reflected beam inside the prism strikes the face deviate a light ray through 60° by total internal
BC at an angle of incidence equal to 45°, so jt reflection. Fig. 4.50 shows a prism ABC of each

again suffers toral internal reflection. The beam angle 60°. A light ray PQ incident normally GII*J%
of light inside the prism now falls normally on the face AB of the prism passes undeviated as QR
the face AC and therefore passes undeviated out Into the prism and it strikes the face AC at an
of the prism, forming the image P’Q" of the angle of incidence 60° at the point R. Now thﬁ
object PQ. The beam thus gets deviated by 90° light ray QR suffers total internal reflection at the

B _ N

‘n
|
at each reflection and the total deviation due to glass-air interface, since the angle of incidence
two reflections becomes 180°. (= 60°) is greater than the critical angle which 1§ 1

Use { This action of prism is used in a 4% » Such that ZQRS is 120°. The ray RS

binocular*and camera to invert the image withowe ©Ptained after total internal reflection falls

the loss of intensit?j lormally on the -face BC of the prism and so it ii

(c) To erect the inverted image without dewhr@zﬁ fois 0fl Widgvinted through the face BC. Thm

In Fig 4.49, the beam of light from the object

PQ is incident parallel to the face AC (i.e..

hypotenuse) of the prism and strikes the face AR

ot the prism. It suffers refraction from air to glass
and strikes the face AC of the prism travelling
from glass to air at an angle of incidence greater
than the critical angle (= 42°), therefore it suffers
total internal reflection. The beam inside the
prism now strikes the face BC at an angle of _
incidence less than the critical angle hence it _ T
suffers refraction from glass to air and bends %8 4.50 Deviation ff'm-‘-tgh 60° by

vk e oot ML SN A Rl o

bR T 1

g
i
- o
an equilaterg] privm. .
g Y L. _.: | it g Y A T .-,!3_.:‘-' .... ...__- -._‘l :-.. A ‘;};';_:. = £ =

= . il . ! B i o o, ’ L 4 "
L A E . - g - = B bt e L - 5 e - » -t 8 r Al - = 4 I s
" ot Wi = ] e 'n.:_. a R Ty T [ o8 ¥ I ks i - Rty L NS e "'| = T == Tty e X = - WL : .
. Bl g o o g T £ iy o = . Ry - E =" :'l s g - 1" il Nas, o l i B i s .l -3 oy M = g ® 5, o . T S
! _.Jg* ¥ '.... :—;.q iy _‘ :'; £ _'l‘.. .:'."l._-r. ."-‘i' L R . i_|__-l-_'t" & _'1'-_' raty l.-' g} - '.__.J'_ o _li_*.:-!. % _?;_"_,"‘H:* IH = Sam 's‘f t '.. [ o & p - i - L L % o .,-' & o B > p ol i = L. :
et AT Sy B B M was Il R M B DR AT R Dt Y e SRR v SR A S < = R ey -3 g 3
e %'r; . ‘:.-' -q'?i' i-r '.}I'- '-{n'.!ﬁ i 'I; T .':.l"ll+|-n T e 1 - ."'i".'t' #i‘l-' = g = - e By e p—_ " "i. ~ F v - ::-" : F i B R 5 ! o e i 'r ‘-i e
F o [ et A o "W + ._t-,_ " e J k- %
2 Sl . R W L e Y i




[hill the incident ray PQ has
angle of 60" towards the ba

dircc[inn and 1t CMEerges out as ST
(3) *1_111;;1 il_nivnml reflection and ref
licht through a 30°%, 90°, ¢(°
angled prism) ‘
A 30° 90° 60° prism
~an be used to deviate
q light ray through an
angle less than 60° by
total internal reflection.
Fig. 4.51 shows a prism
ABC of angles 30°%, 90°
and 60°. A light ray PQ
incident normally on the
face BC of the prism >
(_OppOSite to the £g. 4.51 Deviation through
refracting angle 30°) g
_ 60" prism
passes undeviated as QR
into the prism and it strikes the face AC at an
angle of incidence 60° at the point R. Now the
light ray QR suffers rotal internal reflection at the
glass-air interface since the angle of incidence
(= 60°) is greater than the critical angle which 1s
42°. The ray RS obtained after total internal
reflection is incident at the face AB of the prism
at an angle of incidence equal to 30°. This angle
of incidence at glass-air interface is less than the
critical angle, so the ray RS 1s refracted from
glass to air as ST with an angle of refraction
ereater than 30°. Thus the emergent ray ST has
turned through an angle 0 (which is less than 60°)
from the direction of incident ray PQ.

Non occurance of total internal reflection
through a 30°, 907, 60° prism : In Fig. 4.52 (a)
a light ray PQ is incident normally on the face
AB of the prism ABC while in Fig. 4.52 (b) an

light ray PQ is incident on @ part of face AC of

the cases, the light

| internal reflection
RS

the

the prism ABC. In both

ray does not suffer told :
inside the prism and gets refracted as

obeying the
angle of incidence at

laws of refraction. [n each case,
the other

g

face inside the

P%’_CJ_I, ; .
JP%
60°

L e _
(a) (b)

Fig. 4.52 No total internal reflection
through a 30°, 90°, 60° prism

P-I‘ism is 30° which is less than the critical angle
(i.e., 42°).

Exception : A ray of

light incident normally

on hypotenuse of prism
below the foot of

perpendicular on it from 1 |
its opposite corner, \
suffers total internal
reflection and gets S

deviated by an angle =

greater than 60°. In Fip. 4.53 Total internal
Fig. 4.53, a light ray PQ reflection through a

is incident normally on BU7:90%; 6 prism

the face AC (hypotenuse) of the prism in the
portion DC such that the point D is the foot of
perpendicular from B on AC. It passes undeviated
as QR inside the prism and strikes the face BC
of the prism at an angle of incidence 60° which
is greater than the critical angle (= 42°). The ray
suffers total internal reflection 1nside the prism as
RS. The reflected ray RS then strikes the face AB
at an angle of incidence 30°, so it suffers
refraction from glass to air and emerges out of
the prism as ST, bending away from the normal

at the face AB. Thus the incident ray PQ gets
deviated through an angle greater than 60°.

418 USE OF A TOTAL INTERNAL
REFLECTING PRISM IN PLACE OF A
PLANE MIRROR

A total reflecting prism is used in place of a
plane mirror to deviate the light ray by 90° in a

periscope and by 180° in a binocular as well as
total

in a camera. The reason is that due to
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mternal reflection in the prism, the entire incident
light (100%) is reflected back into the denser
medium, whereas in ordinary reflection from a
plane mirror, some light is refracted and absorbed,
so the reflection is not 100%. Thus the 1mage
obtained by the use of a total reflecting prism, is
much brighter than that obtained by using a plane
murror. Further the brightness of image formed by
a total reflecting prism always remains unchanged,
while due to deterioration of silvering of the
plane mirror after a long use, the image formed
by it becomes faint.

Distinction between the total internal reflection
and rfﬂecaan from a plane mirror

4.19 SOME CONSEQUENCES OF TOT ;% |
INTERNAL REFLECTION i

In

(1)

(2)

(3)
(4)
(5

consequences of total internal reflection. Some o ..
these are given below : -

1 ,;1"_ .

"-1‘.!

. -I
i-l-..

our daily life, we observe

On a hot sunny day, a driver may m
pool of water (or wet road) in front o
him at some distance. It is
phenomenon of mirage which is ofte "‘:
observed in desert. ?-‘*11
An empty test tube placed in water m" E
beaker with mouth outside the wa

surface, shines like a mirror when w

certain angles.

A crack in a glass vessel often shmcs m
a mirror,

= &
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An opucal fibre is used to transmit a li ‘.

signal over a long distance wi thtmt
loss of energy.



