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Solution Ans. 1.5
po 1oy -1 1 B 1-p 2R
For case (a) ;*; - g ¢ givl—R = and v, = o :>m:2(|.l.—1)p
1 B 1-p
For case (b) v, ® - R and v, = ) = pu=m

1
Therefore |.L:2(},L—l)p:> p-1 :E = u=15

Example#27
In figure, L. is half part of an equiconvex glass lens (u = 1.5) whose surfaces have radius of curvature R
= 40 cm and its right surface is silvered. Normal to its principal axis a plane mirror M is placed on right
of the lens. Distance between lens L and mirror M is b. A small object O is placed on left of the lens such
that there is no parallax between final images formed by the lens and mirror. If transverse length of final
image formed by lens is twice that of image formed by the mirror, calculate distance 'a' in cm between lens

and object.

Soluticn Ans. 5
Distance of image of object O from plane mirror = a + b. Since, there is no parallax between the images
formed by the silvered lens . and plane mirror M, therefore, two images are formed at the same point.
Distance of image = (a + 2b) behind lens. Since, length of image formed by L is twice the length of image
formed by the mirror M and length of image formed by a plane mirror is always equal to length of the object,
therefore, transverse magnification produced by the lens L is equal to 2.Since, distance of object from L is a,
therefore, distance of image from L must be equal to 2a.

@+ 2 =2 b=

The silvered lens L may be assumed as a combination of an egui-—convex lens and a concave mirror placed in
contact with each other co-axially as shown in figure.

1 1 1
Focal length of convex lens f, is given by 3 (n-1) [R__R_] =1 =40 cm
a Al 7

For concave mitror focal length, f = —-= - 20 cm

2

The combination L behaves like a mirror whose equivalent focal length F is given by

1 L B
Fifm fl :>F=—lOcm,

Hence, for the combination u = -a, v = +2a, F = =10 e¢m

1 1

Using mirror formula, —+—== =a =5 cm
v u F
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Distance of Bird as seen by fish x,=d + ph

dixg) dh 1 d(d)
By differentiating T E‘*‘ N

wodt h
4 dh d(d 4
vFBi3+ E:6cm/s {I=52=3cm/s,%=2(2)=4cm/s,p=§} Id
-
() F)= 1+ (Ha=s

v E P i & =1 3 (3) = 8 cm/s

d{d) 1

?(for fish image after reflection =0 ) = 3 + ;(O) =3 cm/s

Similarly speed of image of bird = 4 cm/s

Example#25
50x
In the shown figure the focal length of equivalent system in the form of [13} . Find the value of x.
10cm
20cm
/!
6/5

o

1_[§,1][L+L]_L L_[é,ll(i,ij_i L_{ﬁ,lj[i+ij_i
f \2 10 10/ 107 f \5 10 20/ 100 ™ § "\ 20 20/ 50

2

11 1 1 1 -3 3 100 50x

bt —— = =
P f L f 10 100 50 13 13 — X2
Example#26&
Quarter part of a transparent cylinder ABC of radius R is kept on a horizontal floor and a horizontal beam of light
falls on the cylinder in the two different arrangement of cylinder as  shown in the figure (a) & (b). In arrangement
{a) light converges at point D, which is at a distance 2R/m from B. And in arrangement (b) light converges at point

E, which is at a distance R/(m — 1) from C. Find out the refractive index of the material.

(o)
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Example#23
Column- contains a list of mirrors and position of object. Match this with Column-II describing the nature of image.
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Column | Column II
(A) > F} (P) real, inverted, enlarged
B) {/ (Q) wvirtual, erect, enlarged
{C) E (R) wirtual, erect, diminished
D) E } (S) wvirtual, erect
Solution Ans. (A) P (b)RS (C) S (D) QS
Example#24

A bird in air is diving vertically over a tank with speed 5 cm/s, base of tank is silvered. A fish in the tank is rising

upward aleng the same line with speed 2 cm/s. Water level is falling at rate of 2 cm/s. [Take: u_=4/3]
Column 1 (em/s} Column II
(A) Speed of the image of fish as seen by the bird directly P) 8
(B) Speed of the image of fish formed after reflection in Q 6
the mirror as seen by the bird
() Speed of image of bird relative to the fish looking upwards R 3
(D) Speed of image of bird relative to the fish looking s) 4
downwards in the mirror
Solution Ans. (A) - (Q ;B -R ;O -P) ;D -6

d
Distance of fish asseen by bird x, =h + ;

54

T o0 oo\t sEe-Ackansed VSiAP\Phy Ui i 11\Rcyptics\Eng O, Ry heory- Rt 2



m NODES \E: \Dite\ 20 14K JEE- Achvan=ec\SWPAPhy AUt M- 11'WReay- Optizs\Eng\I2, Rery theory-Par2,pss

GAREER INSTITUTE

KOTA [RAJASTHANY

TOPPERPOINT.COM

JEE-Physics

Example#19 to 21
There is a spherical glass ball of refractive
as shown in figure. The radius of the outer
outer surface of the ball at an angle i..

index p, and another glass ball of refractive index p, inside it
ball is R, and that of inner ball is R,. A ray is incident on the

19. Find the value of r,
. 1| sin iy N g Yo g 3y 1

() sin [ " } ® sin™ (u, sin i) (©) sin [ =2 11] D) sin [ Y J
20. Find the value of i,

(A sinl( R—Z’&} ®) ]sinl( 5ﬂ] © sinl( R_lﬂ} o) Sinl{ &ﬂ}

My Ry, Wy Ry M, Ry Jy
21. Find the value of r,
Fl G R1 5 J .1[ 2 % J .1[ R1 1 J -1{ RZ - ]

A) sin [ sin i sin sin i ) sin —-= sin sin i

@ MR : B MRy ] © KR, sin iy el Ry Y
Solution
19. Ans. (A)

. 1| sin iy

B, sin ¥, = SIS TES L T

20. Ans. (C)
: (180 —i R R, sin i ! . 1 R, sini

Using sine rule sm2r1 = | R, fz) = sin i, = i sin v, = [R: ", 1] 1y = sin 1[R;p11
21. Ans. (A)

M 1 Ry sini - g

M_l sin i, = sin r,; M_lR_l N b sin ¥ = sin~* (M I; sin 1J

2 2 By Ty afig

Example#22

Consider a an equilateral prism ABC of glass

4

)

3

(-

3
2] placed in water (p. =

Column-I
(A) FGis parallel to BC
B) .= 90°
a2
(0] iy =iy =sin™ | T
D) EF is perpendicular to AB
Solution

At minimum deviation i, = i,, FF|| BC;
For i, =0, TIR will not take place at AC

Column-II
(P) Maximum deviation
(@) Minimum deviaticn
(R) TIR will take place at surface AC
(S) No TIR will take place at surface BC

Ans. (A) QS, (B)PS, (C) QS, (D) 8

At maximum deviation i, = 90° or 1,=90°
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Solution
13. Ans. (A)
" 2
Time | - distance  fy? + +,f(£—x) +Y2
speed c
14. Ans. {A)
i Tezish e S Zx 2(t—x)
or least time — =0 = -
dx JY12+X2 .J(f—x)2+Y§
15. Ans. {A)

Example#16 to 18
One hard and stormy night you find yourself lost in the forest when you come upon a small hut. Entering it you
see a crooked old woman in the comer hunched over a crystal ball. You are about to make a hasty exit when
you hear the howl of wolves outside. Taking another look at the gypsy vou decide to take vour chances with the
wolves, but the door is jammed shut. Resigned to a bad situation you approach her slowly, wondering just what

is the focal length of that nifty crystal ball.

=0 =sinB, =sinf, >0, =0,

16. If the crystal ball is 20 c¢m in diameter with RI. = 1.5, the gypsy lady is 1.2 m from the ball, where is
the image of the gypsy in focus as you walk towards her?
(A) 6.9 cm from the crystal ball (B) 7.9 c¢cm from the crystal ball
(C) 89 cm from the crystal ball (D) None of these
17. The image of old lady is
(A) real, inverted and enlarged (B) erect, virtual and small
(C) erect, virtual and magnified (D) real, inverted and small
18. The old lady moves the crystal ball closer to her wrinkled old face. At some point you can no longer get
an image of her. At what object distance will there be no change of the gypsy formed?
(A) 10cm (B) 5 cm (C) 15 cm (D) None of these
Solution
16. Ans. (A)
15 1 15-1 @
For refraction at 1% surface T_ o0 £ =v; = 36cm I_edy @
120am
] - i W5 :171.5:‘]: 80 _ .
for refraction at 2™ surface (36 — 20) 1o 115 .
17. Ans. (D)
o Lo ¥y TR W ;
Total magnification = m;m, = = = negative
Mo JA My u
18. Ans. (B)
At this point image will formed at infinity
1 15 1-1.5
For refraction at second surface =~ 10 = vy =-30cm
Yy
1.5 1 15-1
For refraction at first surface -——= = x=bem
-10 -=x +10
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Solution Ans.(AC)
Case I A * vV, _=5i,v_=-biov =0
s
5ms
Case 1l e v, =-150,v_ =+15{ = v, = 20ms™
—
5ne
O—7F5P . e, "
Case II L0 Moo= 151 U = —15i = v, = 20ms™
*+=—5rr -
Case IV Tom® E el = 15y, = O ms
+—5n”
OR v, =20, -V, |=2(45)- (+10)| = 20 or 0 m/s

Example#13 to 15
A ray of light travelling with a speed ¢ leaves point 1 shown in figure and is reflected to point 2. The ray strikes
the reflecting surface at a distance x from point 1. According to Fermat's principle of least time, among all
possible paths between two points, the one actually taken by a ray of light is that for which the time taken is

the least (In fact there are some cases in which the time taken by a ray is maximum rather than a minimum).

L = L2

8,10,

il E .
- —

13. Find the time for the ray to reach from point 1 to point 2.

2 g L) 2
A N Y2 + A R) ® 4 Q) Y, Y D) 2TX

c (o c c

14. Under what condition is time taken least?

(A) B, =9, B) x=f-x Q) Y=Y (D) all of these

gL 2

15. Which of the following statement is in accordance with Fermat's principle
(A) A ray as it moves from one point to another after reflection takes shortest possible path
B) A ray as it moves from one point te another after reflection takes longest possible path

(B)
(O A ray as it moves from one peoint to another takes shortest possible time
(

D) A ray as it moves from one point to another takes longest possible time
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A ray of light is incident in situation as shown in figure.

=2

Ko

w=4

Which of the following statements is/are true?

{A) If u,= 3.2 then the angle of deviation is zero (B) If p,= 2.8 then the angle of deviation is 60°

{C) If p,=1.8 then the angle of deviation is 120° (D) If u,=1.8 then the angle of deviation is 60°
Solution Ans.(BC)

n, sin 30% =p,sinb= p,sinB, = 2=u,sinB =2 sind, = 6, =90%and p, >2

For p, <2, TIR will take place at first surface.

=

n<2

=g = Win°

Example#11
A fish lies at the bottom of a 4m deep water lake. A bird flies 6 m above the water surface and refractive index
of water is 4/3. Then the distance between

(A) Bird and image of fish is 9 m (B) Fish and image of bird is 12 m
(C) Fish and image of bird is 8m (D) Fish and image of bird is 10m
Solution Ans. {AB)

For a bird, fish appears 3 m below the water surface and for fish, bird appears 9m above the surface.

Example#12

A plane mirror and an object has speeds of 5 m/s and 10 m/s respectively. If the motion of mirror and object

is along the normal of the mirror then the speed of image may be :—

&) 0 m/s B) 10 m/s (C) 20 m/s D) 25 m/s
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Example#7
A man of height 2 m stands on a straight road on a hot day. The vertical temperature in the air results

in a variation of refractive index with height v as u = u,.f(1+ay) where p, is the refractive index of air

near the road and a=2 x10-¢/m. What is the actual length of the road, man is able to see

(A) 2000 m (B) 3590 m (C) infinite distance (D) None of these
Solution *
siciiye SO e 1
usin® = psin90 = p, = sinB = T

3 2
But d—X:tanede:(dy)( 1 wﬁijLdVP\[g} =2000m
dy L J 0 2

o

Example#8

=— %
1+y2,where0_y

A system of coordinates is drawn in a medium whose refractive index varies as M

<1 and p =2 for y < O as shown in figure. A ray of light is incident at origin at an angle 60 with y-axis as
shown in the figure. At point P ray becomes parallel to x-axis. The value of H is :-

VA
- p
5) ®
—o
sr I

9 1/2 9 1/2 4 172
@) {[\E} 1} B) {Jg} © {(V3) -1} ©) [Jg 1}
Ans. {A)
psing =, sind, = at originx =0, y =0 > p =2 & 6 = 60

onlig)

Nl 2
at point P: 8 =90 = 2 sin60 = psin90 — Vo =

Example#9
A ray of light is incident along a vector { + walz on a plane mirror lving in y—z plane. The unit vector along

the reflected ray can be

i i+i-k = = I ” el - 3{+7-k
(&) Nz B) Nz @ Vo) D) N

Solution Ans. (C,D)
According to law of reflection t= éf2(é.ﬁ)ﬁ Here &= M, f=+i
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If x and v denote the distances of the object and image from the focus of a concave mirror. The line

AREER INSTITUTE
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v= 4Ax cuts the graph at a point whose abscissa is 20 cm. The focal length of the mirror is

Yy

(A) 20 cm (B) 40 cm (C) 30 cm (D) can't be determined
Solution Ans.(B)

For x =20 cm, v=4 20 = 80 cm

From Newton's formula xy = {2 = (2) (80) = 12 = f = 40 cm

Example#6
A concave mirror forms an image | corresponding to a point object 0. The equation of the dircle intercepted by
the xy plane on the mirror is

AY
e O
H0.4
e
21
@5,-1)
(A < + ¢ = 1600 B) x* + v*-20x - 1600 =0
(C) 2 + *-20x — 1500 = 0 D) =% + y?-20x + 1500 = O
Solution Ans. (C)
| - 11
From mirror equation R 7—(x1—25) +—(x1+ 50) = and
v 1 %25 ,l .
from m= - E: e X, +50 = 4x -100 = x +50 = 3x, = 150 = % = 50 unit
O-50.4
o4
X
L S *—[L+LJ f=-20 unit = R = - 40 uni
{ B0—05 ED4BE  LPE 1gmy T T el sl sl

Centre of circle will be at (10,0
Equation of required circle (x-107 + -0 = (40> = =2 + 2 - 20 x - 1500 = 0
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Example#3

On one boundary of a swimming pool, there is a person at point A whose speed of running on ground (boundary)
is 10 ms? , while that of swimming is & ms™. He has to reach a point B in the swimming pool. The distance
covered on the boundary so that the time required to reach the point B in the pool is minimum, is—

Aq—10m—p

& EL
ST\
Podl

{A) 10m B) 6m () 7m D) 116 m
Seolution Ans. (C)
Ag—10m—p
PR EI
jam 2 2
; = L
PEO; y }'3* Required time = %Jr%()x) For minimum time b =0 = x=7m

OR

Just like light, he has different speeds on ground and in water, so to minimize the time,

Fermat's principle must hold good.

sin 6, :izizec =37 = tand, :%: 104_X

Example#4

A person has D ¢cm wide face and his two eyes are separated by d cm. The minimum width of a mirror
required for the person to view his complete face is

D+d ®) D-d © D+d D-d
2 4 4 P

(A)

Solution Ans. (D)

According to ray diagram

T H1E2 [ H2E1 .-' '
H MBS S TLM, SR T
1 D+d ' i
HE, =D~ > D)= S5~ =HE, :
1 1 1 1 D+d ‘~.~'~. E
MM, = D-HM', - HM, =D - | — S
D )

2
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