PHYSICS FOR JEE MAIN & ADVANCED

HINTS & SOLUTIONS

EXERCISE - 1
Single Choice For reflection by concave mirror

1. u=-x, v=—(45-x), f=-10cm,

1 X +45-x

EZX(T—X) = x*—45x+450=0

=x=15cm,30cm

but x =30 cm is not acceptable because x <22.5 cm.
InAABC 90°+36=180° = 6=30°

10. (O)
2. (B
(B) 11. (O)
3. ©
12, For M :v - - - B0*@0
4. (© CFOTMLVIT U E T (30)-(20)
A v
A am L M=-—L=-2
- B 0.8m B u
* 0.4m _ —
vom| | Elo_am L For M, :u=+20.f=10
£ c A 111
5 D IO.Sm . R T _ _
07 > v 7320 " 10 = v=20
1.4m C
0.7m
b m2=—%=—1 Som=m Xxm,=+2
ED=AD-AE=14-0.8=0.6m 13. (B)
6. (A)
7. (© EE
- A . s 14. ¢ o 0 ¢
8. Vo =3i+4) +5k F Vi = 8i+5j +8k
only in above two cases image moves towards mirror.
V,=2V -V _=2x8-5=11
V,=V_=3 15. (C)
V=V = 4 16. Using mirror formula,
- . A A
Vi = 3i+4j +11k L
9. 1, is the image formed by concave mirror. -10 v I35
2 2
ey E | Axial magnification| = Yy (3% =4
0« u? 15
«—>, 1, . .
1 y E amplitude of image =4 x 2 =8 mm.
22.5¢cm 17. (A)
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GEOMETRICAL OPTICS

18, —=-2
(0] u
. I .
If O and I are on same sides of PA . o will be positive
which implies v and u will be of opposite signs.
Similarly if O and I are on opp. sides, ) will be -ve
which implies v and u will have same sign.
v
IfOisonPA, 1= (- —j (O)= 0 = Iwillalso be on.
u
PA.
19. (O)
20. Forreal inverted image formed by concave mirror.
v=—ve ,u=-ve f=—ve
Alternative
1 1 11
LS TR HUE SRS
v u f v/f u/f y X

= Xy=Xty
= xy-x-yt+tl=1 =2x-1)F-1)=1
)

21. (B)

Hence

22.i=2r
Isini=nsinr
= 25sini/2 cosi/2= nsini/2
= cosi/2=(n/2)
= i=2cos'(n/2)

23. (B)

24. As n varies ‘y’, parallel slabs can be taken, and we
know in parallel slabs
n_sin i = constant . asngsini, =1 xsin90°=1=

constant

final = nair = 1

= 1=1xsinr

n

= 1. =90°

final final

Deviation is zero.

25. (A)

26. (A)

27, sin@= - Sa 4 C,= Y
p o Cy sin@

4
28. n =2;n, ===
quartz glycerine 3
P _ 23
nglycerine 4/3 2 !
18cm
«—
Glycerine Glycerine
Observer ;
Object
-5 .
ng nq ng
d, d,
. 1 1
shift =t|1-—— =18 |1-—=| =6cm
Hrel 3/2
sini \/—
=4/2
& sin30°

— i=45°,

30 (B)

31 For transmission
r, <sin! (1/p) &

r, <sin"' (1/p)
r+r, < 2sin' (1/p) A < 2sin (1/p)

1.1
sin! (/) 245° = —>—— = pu</2.
TRENGY
32 (C)
33 AA) B)O) (O©
D S VI P TR PR VI O Y
v u R \% -R —-R

v=—R for all values of p.
35. (B)
36. Considering refraction at the curved surface,

Radius of
curvature = 20cm

u=3/2 [t=20cm

u=-20; p,=1

24
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PHYSICS FOR JEE MAIN & ADVANCED

u,=3/2 ;R=+20

. Uy | o 0 1 /2
| —_ e — s =2 - - —
appying v u R v -20
_1-3/2 ~ v=_10
20 v
37 (A)

1 1 1
C—=u-1)| ———
38 f (n )[Rl Rz]

R
= mason(m )
2R R
2R
Ll(_Lj
-24 2\ 2R
R=6cm= 2R=12cm
39. D)
1 1
=(u-1)| —=— i
40. P=(n )(RI Rz] (i)
_[m I 1
P —1|| =] ...
0 (“’o j(Rl sz ®
P (w-Duyy _Pu-py)
Py (m—np) LTI (TR )
41. (A)
42. Image of sun is formed in the focal plane. So,
d, 0 d,
100x0.5°
Diameter of image = {0 = ~180° XX 10mm=9.
43. (O)

44. f, =f,=f,=f = P,=P,=P_=P_ =P
45. (D)
46. (B)
47. (C)
48. (A)

I 49. For vertical erect image by diverging lens.

u, v and f are negative

u_ 4 Y-,
— =+ve and — =+ve
f f

X . . .
y= —— sincex & yare +ve graph lies in first quadrant.
X

+1

Also, ax=0,y=0and ax=w, y=1
Hence, (D)

50. (A)
1mm /\
51. -
a5 § /
f=10cm
1
—=1— n 4 = v=+30cm
10 v (-15)

v 30
for small object |[dv|= — |du|= (—j X1 =4mm
u

52. (A)
11 1 11

1]
e

—d— >
screen

2

=Su-du+df=0 =d=

(f-u
for minimum d, u=-2f Hence, d ;, =4f
54. (A)
55, L -2 .2
-10 -R

2 1 2 56-20 36

R 10 56 560 560
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62.

64.

65.
66.
67.

68.

1_ 18 .

R 560
f =-R/2
18 1

) —= = —
“=D 350 = 356

o0
T

_ 141028 14
M 18 18 9
r_tr.1.d_

£ f £, ff
Lo v ood
25 220 -500
_20025 4

500 500 ¢70m
. (©O

1
. C=sin"! (;j W is greatest for voilet

= C is minimum for voilet.

()
60.
61.

©
D)

. (D)

Dispersion will not occur for a monochromatic light.
©
©
D)
In normal adjustment

f,
m = __0

fe

1

So 50=—% = f=-2cm

(7 eyepiece is concave lens)
and L=f +f=100-2 =98 cm

I 69.

70.

71.
72.
73.

74.

(B)

m=1+

sl

(B)
(D)
©)

1

f=—=

1
0 5 metre

f= 0.5 m this is positive so lens is convex lens.

75. (C)
76.m = Yox 2
" Uy fe
1 1 1
From —=—-—
fo  vo ug
1 1
——=—-——=v,=30cm
(+1.2) v, (-1.25)
_ 0B =200
Im. = 12573 T
77. (A)
78. Deviation by prism=A(u—1)=4°(1.5-1)=2°

79.

80.

For 90° total deviation, deviation by mirror

=90°-2°=88°
180°—21=88°
21=92°

1=46°

Mirror should be rotated 1° anticlockwise.

©

h=10 cot 0

11
10m

When mirror is rotated with angular speed o, the reflected
ray rotates with angular speed 2 (= 36 rad/s)

dh d
= |—| = |—(10cotB
speed of the spot ‘dt‘ ‘dt( )‘

10
(0.6)*

= ‘—IOCosecze %‘ _‘- x36| =1000 m/s.

24
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PHYSICS FOR JEE MAIN & ADVANCED

81.
82.

83.

84.

D)
Form=2
m=-—- =2
u
V=-2u  .... (1)
r_tr,r 1 r.1
f vV ou f 2u u
1 1
>—-=— = u=- & v=-f
£ 2u Ty e

Distance between object & image = f+ /2 = 31/2
For m=-2

& v=3f

Distance between object & image = 3ff% .

For refraction by upper surface

1.6 1 1.6-1 1.6
— = = — =06-0.5=0.1
Vi -2 1 Vi

= v,=1l6m
For refraction by lower surface

2 1 - 2
2 L2l 2 o5-05
\&) -2 1 \P)
2
= v,= — =4m
0.5

Distance between images = (16 —4) = 12m.

For M,
uf —15x(=10)
= = =-30
VTUSf 15— (-10) .
ForM, u= 10 cm
_10x(=10) 5
YV lo-(C10) 0"
Lo v (5) 1
magnification m " 10 )
y . 1 3
so, distance of image from CD = by x 3= £y cm
. . 3 3
.. distance of image from AB =3 — £y = £y cm

85.
86.
87.

88.

89. f

90.

(B)
(B)
©
. W LA
i=— =2 A==
20 STy
sini  sine , 1
; = =u = sinr; =
sing sinr, H Lop

1
and  sinr, = \/—2—
u

T
= rn=—-1,

T
Sinc +h=A~ —
ince r,+r, 4 4

. 1 y
= sinr, = - cosr, — —= sinr,
2 V2

= /2 sinr, + sinr, = cosr,

e Vv 1
BoA2p 2u

- Llada)oet
M 2 2p
1(9 1]
= —| =+ =
wl2 2
u2=5 :>u:\/§.
(+20)( - 40)
17 T 00-40) B7-
—X———
=40
1 1.1 x
= =
f f f, ff, \
1,2
T 40 40  40x(-40) 20cm
1_1
f 80
f=80cm
A)

24
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GEOMETRICAL OPTICS

1

1

1

EXERCISE -2

Part # I : Multiple Choice

(B) (D)

isreal.

(C) when object is between pole and focus, image is

magnified.

(D) when object is between pole and focus image formed

by convex mirror is real.

(A) is not true for minimum deviation.
(B) is true only if refracting side are equal.

(C) Two angles for maximum deviation are 90°
and i

(D)5, =(u—1)A.

0p 0p
8=A(7- -1 =8aA and Sa(y-—1)
(A)D)
(B) (O)
10cm 20cm -5cm
/\ g /\ "W. >
e
0O ™ B '_’
\/ B _'Ak—&:m—ﬂ

<10cm><¢—d, —><—20cm—>

Clearly, final rays are parallel to principal axis for any

value of d andd,=(20-5) =15 cm.

form virtual image of a real object.

In fig (i)

image formed by each half will have same x-coordinate
but different y-coordinates. Since their principal axis

are not same.

And image formed by the combination of the two
halves will be have different x-coordinate. Hence,

three images are formed.

In fig (ii) and fig. (iii), combinations have same focal

length.
0. Obvious from theory
1. (A)(©)

2. (B)(©)

(A) No, when object is between infinite and focus, image

Convex mirror, plane mirror and diverging lens always

13

14.
15.

16
17
18

19

. The image will look like white donkey because a small

part of lines can form complete image. The image will
be less intense because some light will stopped by
streaks.

(B)(D)
Refer to Q.no. F-4. Ex.1, Part-I

n R
f= 2n, —n; —n,

n;R

Or S — e
2n, —n; —n,

n; +ny

If n < = fis —ve = lens is diverging

n; +n;

If n,> = fis +ve = lens is converging.

Ifn,=n +n,
= f=ooneither converging nor diverging.

- (AD)
- (A B)
- (A®B) (©O)
. We have v= uf = (10)(10) =45
u-f -10-10
20 305in30°
% 30°N
_j 20c0s30°
v
Vix T~ u2 Vox

NENG)

5 2
= | —| x20.—=———
(—10) ) > mm/sec

- i ><20><l =5 mm/s.
-10 2

5 2

“53/2 B

Viy

Hence tanO=

ix

2
and v, = (%J +(5)2 :% mm/s

24
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Part # 11 : Assertion & Reason I

1.
2.

B

From symmetry the ray shall not suffer TIR at second
interface, because the angle of incidence at first interface
equals to angle of emergence at second interface. Hence
statement 1 is false

D

Draw an incident ray on the mirror and trace the
corresponding reflected ray. If a point object moves
along this ray, its image will always lie on the traced
reflected ray. Hence when a point object moves near
the principal axis of a fixed spherical mirror along a
straight line, then its image formed by the spherical
mirror also moves along a straight line.Statement-1 is
True, Statement-2 is True; Statement-2 is a correct
explanation for Statement-1.

EXERCISE -3

Part # 1 : Matrix Match Type

(B)

(A)Ls (B)j,q (C)m,r(D)k,p
(A) For converging lens (convex lens)

I 1 1

v u f
u=-x, v=y, f=d (+ ve constant )

1,0 111
v x d y d x
atx=0 y=0

Forx=0tox=d, y=-ve

so,ifx T ydandly T

At x=d,y=o

whenx>d ,y+ve, and

atx=o0,y=d

taking magnitude of y, distance graph is shown.

Iyl

For converging mirror (concave mirror )

I 1 1 R

—+—== = u=-x,f=-—, v=
v u f 2 y
1 1 2 1 1 2

—_——— = ===

y X R y x R
Atx=0,y=0

R
for 0 <x< E,y:+ve

©

. 1 R
and as x increases — decrease soy T uptox = >
y

Atx:%,y:oo Iyl

I
I
I
1
So, graphis (1) :
1

R
when x > 2 (—ve) |

andasx T, 1y, y T so,|y|¢

R

=3

graph breaks so graph is (1)

Atx=o0,

For diverging Lens (concave lens )

rr.1

v u f

u=-x, f=-d v=y

1 1 1

_+_77_

y X d

L S B

y < 4 = Yisalways —ve

Atx=0,y=0

Asx T, yd So, |y T v
+d

—d
AtX:d,yZT +d/2

or x=o, y=—d

graph is (2)

(D) For diverging Mirror (convex mirror )

I 1 1
+

+ve

2 S
vy lyl
R/2

R4 |-~

taking magnitude of y distance graph is graph is (2)

24
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A

(B)

©

D)

For spherical mirror, line joining object and its image
crosses principal axis at centre of curvature. The
line joining object and image inverted about principal
axis cuts the principal axis at the pole. The from figure

bellows
object object
9 + mirror By » mirror
\‘i O.\‘ \‘.C -.\_ip
P ¢ P-axis P-axis S
co image *

We can conclude

If object and image are on same side of principal
axis, they are on opposite side of mirror.

If object and image are on opposite side of principal
axis, they are on same side of mirror.

For a lens, the line joining object and image cuts the
principal axis at optical centre.

Then from figures below.
0 : lens o : lens
P-axis P-axis \I

We can conclude

If object and image are on same side of principal
axis, they are also on same side of lens.

If object and image are on opposite side of principal
axis. They are also on opposite side of lens.

Part # Il : Comprehension

Comprehension # 1

1.

1 1 1

f v u

Here v=2.5 (Distance of Retina as position of image
is fixed)
u=-x

1

1
25 x

L
f

. . 1
For f . :x is minimum =

fmin

1 1
_+_
2.5 25

For f :xismaximum
max

For near sighted man lens should make the image of
the object with in 100 cm range
Forlensu=-o v=-100

1 1 1

flens - —-100 -

For far sighted man lens should make image of the
nearby object at distance beyond 100 cm

For grown up person least distance is 25 cm for lens
u=-25,v=-100

1 1 1 1 3
-_— —_ = —_—
f 100 (-25) f 100
P=+3 so no. of spectacle is = +3.

Comprehension # 2

1.
5.

O 2
D)

© 3 O 4. (B)

EXERCISE - 4

Subjective Type

1.

Angle turned by the reflected ray =2 (20°) — (10°) =
30° clockwise.

8 = 180°- 60° = 120°

3= 120° Anticlockwise =(360°—120°) clockwise.

21 +2i +6=180°  ..(i)
90°—i +90°—i,+60°=180°

i+i,=60° ..(i) 3T
from eq. (i) and (ii) _ A
120°+0=180° Ak
0=60° ’
A)1; (B) 4,0); (C)No
2 mirror

2P
case 1 ;&%\ 250 0 Horizontal
24-0=0 0=12°

24
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10.

11.

12.

13.

case 2

\ ¢
N

6 +12°=90° = 0="78°

Moon acts as object at infinity, so image is formed
at focus.

11.4x3450

jm = © 3.8x10°

d,

=10.35cm

Image of end fand C is formed at infinity and C
respectively

Hence image is of infinite length.

84 cm, 0.5 cm

A%
m=-—=1.5 v=—-15u
u

v=-1.5x%x(=20)=30cm

1_ 1.1 _2-3 @,

f 30 20 60 B
u=+40cm f=—40cm

1 1.1 1 g
—40 v 40 v 20

=v=-20cm

So required position is 0.2 m form the mirror's pole.
(A) 40 cm/s opposite to the velocity of object.

(B) 20 cm/s opposite to the velocity of object.

Emergent ray is parallel to incident Ray, angle of
emergence = 45°

sin 45
sin r

=15

i=45°
A;‘\‘(
i—r ;
t-r p=1.5
S
Cv\x‘ 3cm
K »’45”":8
3
i 1 2 A\E
sinr = = —
J2x15 3 Az
AB = x=ABsin (i—r1)
L N1 1 2
\/5 3 \/5 3 3{1 1}
= =3|—=-—=|cm
7 RN
3
|
0%
sin 30° 4
14. p= 159
H sin15° ! m
! !
rel
. S I m
Distance travelled by light in slab =
cos15°

15.
16.

17.

C
speed of light in slab = n

_1/cos15°
C/u
u 3 2sin30°
“Ccosl5®  2sin15° 3x10%cos15°
2x1/2 2
= — x 108 sec.

T 1/2x3x10° 3

25cm.

30cm

Apparent shift =t [llJ =10 (1%) =5cm
n
towards slab.

Apparent distance =10+ 10+20-5 =35cm.

24
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18. Apparent. shift=1.4 23. 45°
1 1 1 I AT A
(l_ﬁj 42 (I_Ij +13 (I_Ej 42 (I_Ij I 24. Here i =sin 15 ~sin' ¥ <60
. . So, T.I.R. takes place at second surface
1 1 0+120°=180° ©6=060°
1-— 1--
12 (175 ) v21-1)
=0.4+0.3+0.2=0.9 cm towards the eye. A 80"
So image is formed 0.9 cm above P.
. 2 2) 52
19. Apparent shift =25 (1——j +15 (1__j = cm.
3 5 3
towards A
68 25. 90°

52
Apparent depth = (25+ 15— T) =3 cm
. L3
20. Light comes in air from water where refraction 26. (i) 1.5, (ii) =&

takes place. 27. For refraction at spherical surface
sini, = = R, Mo M Moo 2 T _2-1
C R2+h2 H ' I\" A% u R \'% -10 +20
X c
2R2 N2 2 h: > | '
PR A 2,01 2 1
h2 : “v10 20 7 v 20
2— [ 3
R uz -1 S = v=-40cm. (virtual)
Using magnification formula.
nh?
Area=nR*= —; ) h_2_+ (v h, 1x(-40)
no— m=3-" = 2
h, ty u 2 2x(-10)

21. Applying snells law : \/5 sin30°=1 xsinr — h, = +4cm. (erect)
) )

= r=60° A r 28. (A) — /\
/ > V=+2r
AP P 0 C
tanr:E r N \ ad
e 343
\/_ 3 A
=3 ==
Al Bo W _Mo—W w1 _p-l
— ° \ u R 2r - r
Al= /3 cm
okl p=2p-2 = pu=2
r

. %\ ¥ 2r
. i>sin™! ;

.om 1 Y
SIDZ >E 45450 — \ o
>us = u>2
sin ™ poLo_p-l op_ptl
4 r - r r r HH

=0=-1 not possible
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29. For firstrefraction : 33 Mmoo _mpon

LS 1 15-1

\2 -10 ~ 10 :>V1:730Cm. l_ 3 1-3/2 m:wcm
v 2x(=15) = -10 i

For second refractions P q
u:f(30+20)27500m 1 1 -1 U
_— = —
1 1.5 1-1.5 v 1010

v, -50 10 — Y.=>0cm —  v=-20 cm (virtual)

Hence, final image is formed 50 cm right of B. n, n; B
- —dv+—du=0

30. When seen from air through nearest surface, v u
1 dv 3 )
—_ = X
m N 400 2x225 M
<+ % .
42 _1=2 ‘ 400 8
-5 u 20 V=75 mm =y mm
= +ve dv = no inversion
34. Converging ; real
22 -1 1 -1-4 1_(2 (. .t
uu 20 5 20 35. £, 15 “60 —a0) = f=360cm
u=-8cm.
1 2 1 1
for second case, u=—(40-8)=-32cm — = =1 ||— | = =f =
( ) f, (2 ](—60 40) 0= =f=o
r.2 _1=2
v 32 20 1 i,lj (L,Lj _
f (2.5 60 _40 ) ~f,=-600cm
1 1 1 -5+4
= —=——+t——=— 1
v 16 20 80 36. P=5D :>f:§m:20cm
v=-80cm By lens formula
31. £12cm, £ 60 cm l_l,_ L_L, 1 l_L,L
32. For first refraction, (at the glass-water interface) f v u = 20 v =25 = v 20 25
4/3_3/2 74/3—3/2 observer /\
v o =75 =5 5 T
: 0 25 cm \/
i+i ,L i[10cm f=20 cm
3v. 15 30 s
= —= = v=100cm=1m
i,‘_S Aoy v  20x25
3v. 30 h, v 100
— v=-8cm m= h, U 25 =—4 =>h,=-4cm.
For second refraction : (at air-water interface)
R
10+8)  18x3 37. (A) — %
Apparent depth = 43 4 21, =1y —Hs
54 27 B) — mR
Ty T, om 2uy =1y — K3
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40.

41.

42

¢ 5cm |
< 1< :A S
" Ehem 0
6cm
f=3cm
For A

1 1
_ = -
3 vg -6 vg 3 6 6
=>v,=6cm.

size of image

I I

o]

=v,-v, =l5cm.

—r — ———>"
X 0.8 m X

for first position

0.8
m=Y=22FX 3 08+x=3x = x=04
u -X
1 1.1
:>f vV u
1 1 1
> —-=—-—
f 12 -04
L S NS N U BPON
f 12 04 1.2
f*L_L =40 *1_4
=P o5 m= cm:>m—u—
= v=4u.

Using lens formula

1 1 1 1-4 1 -3

40 4u u 4u 40 4u

= u=-30cm
So, required distance = 30 cm.

0.4cm

5
E cm from the lens

0 c }
—
15cm

f=-20cm f=—10cm

Image is formed at the object itself if the image formed
due to lens is at centre of curvature of the mirror.

For refraction by lens,

SLEN S = u=-60cm
-20 -15 u

44. 1.0 cm if the light is incident from the side of
concave lens and 2.5 mm if it is incident from the
side of the convex lens and the corresponding ratio
of intensities are 1/4 and 4.

A —> <+
I
45. Case- 1 O/\\l1 =
=30 cm>{«—30 CmN\
v
f=15cm
3cm
—p -
Case-2

=30 cm»><4=30 cm-¥

For refraction by lens

1 1 1 1 1 1
—_———— = —=——— = v=30cm
15 v =30 v 15 30

1
apparent shift by plate=3 | 1-—— | =1 cm.
pp yp ( 3/ 2}

Distance of final image from lens = (30 + 1) cm
=31cm.

46. 10 cm for convex lens and 60 cm for concave lens

v
47. u=-12.5cm,m= 0 =—4 = v=+50

1 1
Also ,—=— - —
f v u
N N S B Er oo
f +50 -12.5 50 10
f=10 _L P—l—IOD
=10em=7om=P=_= .

P
Power of each lens = 2 =5D.
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1
48. (A) 7 =025 (B)0.90

49. (A)

q
’
.
I
I
I
I
I
.
’
'

"0
ROC =60 cm

‘/Rom 20 cm

First image should form at centre of curvature of mirror
after refraction by concave surface.

15 1 _15-1 1 1 15 1.9

20 u 60 w120 20 120
120

:>u:—T:—150m

After refraction by water lens image should form at 15
cm (Answer of parta)

1 _L_l_(i_lj(i_Lj
fouer —15 u 3 ©  —60

(B)

= u=-13.86cm
= So, distance through which the pin should be moved
=(15-13.86)=1.14 cmtowards lens.

2(p, -1
, (B)M
py'—1

2 —
A) (u'v ur,)
My —He

50.

51. Since deviation of mean ray is zero.
A, -1 = A ,-1)
6°(l.6—-1) = A, (1.9-1)

6°x0.6
AT o9 ¥
52. Assume microscope in normal use i.e., image at

25 cm. Angular magnification of the eye-piece
&> +1=6
5

30
Magnification of the objective = 5 5

which gives u, = -1.5 cm; v, = 7.5 cm.
[u| = (25/6) cm = 4.17 cm. The separation between
the objective and the eye-piece should be (7.5 +4.17)
cm = 11.67 cm. Further the object should be placed
1.5 cm from the objective to obtain the desired
magnification.

53. 24;150 cm

54.(A) v,=-2.5cmand f =6.25cmgiveu =—5cm;
v,=(15-5)em=10cm.
f,=u,=—2.5cm;
25

10
Magnifying power = —x — =20
gnitying p 255

(B) u,=-6.25cm, v, =(15-6.25)cm=8.75,f =2.0 cm.
Therefore
u,=—(70/27)=~-2.59 cm.

Vo

27
Magnifying power = x (25/6.25) = 5 x 4

lug |
=135

15
55.(A) Angular magnification = 0ol 1500

(B) If d is the diameter of the image (in cm).

d  3.48x10°
1500 3.8x10°

ie.,d=13.7cm

56. 3m

57. From figure, AEMPand APOS are similar.

Eye E
0.8m
T M %L P
1.8m />< 0.5m
o R 0

0.5m
S —2m——
EM  MP 2
So, o= = L 0S=1x —— m=25m.
“ p0 " 0s 0g oM

Similarly, AENQ and AQOR are similar.

0.5%x2
o= XL m.=0.77 m.

EN _ QN _
(1.8-0.5)

Q0 RO

Hence, length of wall visible in mirror.
=0S-OR=(2.5-0.77)m=1.73m.

So,
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58.

59.

60.

—6

Let the object be placed at a distance x from the concave
mirror as shown.

for concave mirror,
u=—xand f=-F F, \ A F\
(1= x
| g
Tt |
v f —1m—>
11 1 11 B Fx
v F (0 X F 7V (F-x
v F
Also m=""=F_x
For convex mirror, u=—(1-x) and f=F
F(1-x) v F
Ve —————— D> m=-—— ="
F+(1-x) u (F+1-x)

But size of the images formed are same

| F|__F
S p—
“lE-%)| T (F+1-x)

_F F
= (F-%) " Frl-x
(for F—x<0)
forF—x>0 __F
ore—x F-x F+1-x

(which is not possible).

B 2F +1 B 2x0.36+1

> > m=0.86m. =86 cm

X

Let the situation be as shown in figure with the object
and image shown at A . For image formation by
concave mirror,

Moo e
f=- (S (4FX——>¢x
(@)
1 1 1 1 1 /
— = — =_ — 4 —
v f u f  x
< 4 f
£ fx
v =

f—x
.. Distance of the image from the convex mirror

fx 47 3fx
=4f+ =

f—x (f—x)

61.

62.

Now for image formation by convex mirror,

(412 - 3fx)
uf——(f_x) = f=f
By the question,
— 4f . l —_— l__ 1
v=—(4f-x).. v T F g gives,
1 1 (f-x)

—(4f—x) 1 (4f2-3fx)
on solving, we get, x>—6fx +6f2=0

which gives, x=(3+3)f But x<4f
Hence, x= (3—\/§)f Ans.

Let the situation be as shown in the adjoining figure.
So, for refraction on the water surface,

<
(30-h)

e— > —

w

—(30-h)—>

4
A SIn1 = Smr

3
But from the figure r=45°

= 4sini = 3sinr

So, tani = i—g
5 \/B h

from (i) and (ii) we get,

5423

h= mcm =13.35cm

At a distance of 50 cm from the mirror & 2 cm from
each other

169

6
. (A) EmIZ.Sm

3
B) 5\/7 m=22.6 cm

24
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64.

65.

66.

9 cm/s

()

>
»

0 X 90

x is the minimum angle of incidence for total internal
reflection.

x=C

for refraction

T SCIIE. S SR B
if i=C=r 2:8 (r—1) 2 C.

—y= % ~C.=90°-C
for total internal reflection,

if i=C=6=180°-21=180-2C.
=z=n—-2C.

(i) C=sin" (4—/3j —sin”! (§]
3/2 9

using graph required range is. y to z.

for=r (] [ 4]

Apparent shift in position of the object due to refraction

1
through the slab =d [1 _H_j
rel

1
=3 (1 - ?J =1 cm towards the mirror
2

Now, for reflection from the mirror,

R
u:—300m.:>f:—3 =—10cm

Thus, image is formed 15 cm, right of the mirror but
because of second refraction through the slab the im-
age is shifted 1 cm away from the mirror. Hence final

image is formed at a distance 16 cm away from mirror.

67.

68.

69.

. (A+8mj
sSin
_\ 2 )

A=60°8 =60° = p= ——
mn sinA /2

sin60"_\/§/2_\/§

sin 30°  1/2
A =60°
in 60°
w= Sll:l :\/g
sin 1,
= \/5 =\/§
2sinr,
o1 .
smrz—g = r1,=30

=1, =A-r, =60°~30°= 30°

sin90° 1
“h= R Gn3oe

=2% 3

sinT

Hence, observations are not correct

2

fsusﬁ

f=15cm f=—10cm

For image formation
by lens :- m 0 \
u=—40cm Dom—Hitod)
f=+15cm

1 1 1 1 1 k— 50cm——»
VOETY T 15 a0

v=24cm

So, image is formed at a distance 24 cm left of the lens.
For image formation by the mirror and the lens,
u=-10cm = f=-10cm

L S S S E
Vv fu 1010 o V%
forlens, u=-o f=15cm v=-15cm

Thus, image is formed at a point 15 cm towards
left from the mirror.

One at 15 cm and the other at 24 cm from the lens
away from the mirror so distance between images
9cm

24
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70. At the pole of reflecting surface of the sphere

oy —8g _ (by —Hg)

71. Dispersive power =

dy (ny -1
_ Wy =D=(up =D
(uy —1)
We k tht1 (n-1) : ! (p-DK
e kno at,— = (u— — | =(u-
VR TWHTUAR R,
1
where K= ——-—
R1 R2
1
So, (u,— 1K= TS )
1
(h,—DK= oo (i)
and ( fl)K:L (iii))
Ky 5o
41
~. Dispersive power , 0= 2 1100 _ Y
= 4900

72. 90 cm below the bottom of the container.

73. (A)3° (B)0.015° (C)3° (D)0.225°

EXERCISE -5

Part#1: AIEEE/JEE-MAIN

1. The objective of compound microscope is a lemax lens
and it forms real and enlarged image when an object is

placed between its focus and lens.

360°
0

3. i>cforITR

1
o 45°>gin! (—j = n> 2
n

-1=3.=0=90°

4. To get real image of the size of the object, object should
be placed at the centre of curvature of equivalent mirror.

r
/

Oe

10.

1 1 2

—=—-— =1f =—15cm
F f, f m
Lol 2
MR TSI 60
F,=-10cm

Hence, object should be placed at 20cm from the
combination

Angle of minimum deviation D =(pn—1) A

)} “‘hluc > “rcd
"~ D,>D,

A travelling microscope moves horizontally on a main
scale provided with a vernier scale, provided with the
microscope

For a convex lens

u=-ve f=+ve

Ifv=0, u=fandifu=-ow,v="f.

We have v =+ve and u = —ve

and u and v are symmetrical. Hence graph is shown,

2 2
sin 0= ﬁ sinr= ﬁ cosi ...(1i)

d 2 ini=si 90 -
and —7= sini=sin 90° . .
V3 L
=1=60°....(11) ; .
From (i) and (ii) 0

1 A
smezﬁ
— b d l+_ l
v=uan ol
2 1
— == = v=2f u=2f
s f
Mirror formula :
l _1 :L f=20 cm
v —-280 20 28m
1+L+L — '15m/s %
v 20 280
l+14+1 ~ 280
v 280 — VT 1s
(Y, (20 Y
Vit ) em i T T (15x280 )
) -15 1
v = 15x15 = Vl:—ﬁ m/s Ans.
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11. X-Y axis I 16. 4

W,sind, = p,sinb, AD 500 x107° x 25 x 107
— 1222
10 1010 7.y = d 2% 025%10°

cos0, =
J63) + 53 +100 400 20 = y = 30um
1 o 1
cosO, = 7= 0,=60 18. Bends upwards
JJ2 sin60°= /3 sind, / \<
V2 ><— = \/_sme
Sing, = —— = 0,=45°
2 \/E 2
19. r,<0,

12. S, : When light reflects from denser med. (Glass) a phase

<sin ! (1/
drift of m is generated. r, <sin (1/p)

. . . sinr, <1/
S, : Centre maxima or minima depends on thickness of 2= K

the lens. sin 0 = usinr,

r, = sin"! (sinb/p)
13. Apparent shift : sin (A—1,)< 1/
K. Kerosene [h,

1 1 1
- hl[l__j+h2 [1__j H Water | h sin | A —| sin™! sin © <=
Hy Ha ! mn n

M iy . sin O , 1
A—sm’l <sm*1 —_
1 1 1 1 1 u n
‘(“”[R R—] [
1 2 B Ir
1 in 6
£>f A —sin™! (—j <sin! (sm j
R 1 u n
15. 1.1 —t— I _20+1 = f:@m . .1 sin 0
f 12 240 240 21 sin| A—sin” | — <
m n
2 1
hift =1(1- =)= —
- ( 3) 3
. (1
, 1 35 sin”! [p{sm[A—sm IL—DH <0
Now v =12— — =— cm m
3 3
213
T 240 35 u 20 2

L3 21 13 21
u 35 240 5\7 48
5 [|144-147
> |1

= u=560cm=5.6m
48x7
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Part # 11 : IIT-JEE ADVANCED

1. (i) Applying Snell’s law (u sin i = constant )
at 1 and 2 we have
W, sini =p,sini,
Here p, = My and p,=1land 1i,=90°
i =i
p, sini= (1) (sin 90°)

(ii) Image formed by convex lens at T, will act as a
virtual object for concave lens. For concave lens

B A

26 cm e 4cm "
1 1 1 11 1 _s
. uffor v 4 T Ty O v=Sem
. . v 5
magnification for concave lens m= — = A 1.25
u

As size of the image at T, is 2 cm. Therefore, size
image at T, willbe 2 x1.25=2.5 cm.

2. For refraction at first surface,

Bagy [Ho—We o )

v, -—o© +R

For refraction at second surface,

Hs My _Hs—H, @)

V, V; +R

Adding Eqs. (1) and (2), we get

Mo _

v, R TR

Therefore, focal length of the given lens system is
HsR

[

When the object is placed at the centre of the glass
sphere, the rays from the object fall normally on the
surface of the sphere and emerge undeviated.

Hence, the correct option is (B).

During minimum deviation the ray inside the prism
is parallel to the base of the prism in case of an equilateral
prism.

Hence, the correct option is (C)

41
Critical angle 0_= sin 1(;]

Wavelength increases in the sequence of VIBGYOR.
According to Cauchy’s formula refractive index ()
decreases as the wavelength increases. Hence the
refractive index will increase in the sequence of
ROYGBIV. The critical angle 0. will thus increase in
the same order VIBGYOR. For green light the inci
dence angle is just equal to the critical angle. For
yellow, orange and red the critical angle will be
greater than the incidence angle. So these colours
will emerge from the glass air interface.

Hence, the correct option is (A).
Applying Snell’s law on face AB,
(1)sin45°=(~/2 ) sint
1
o1 —30
sinr=— or r

i.e., ray becomes parallel to AD inside the block.
Now applying,

B W % on face CD,

v u
1514 V2 1514-42
OE el 0.4

Solving this equation, we get OE =6.06 m

Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035
+91-9350679141



PHYSICS FOR JEE MAIN & ADVANCED

1 1 1
7. Differentiating the lens formula I T with

respect to time, we get

v 1 du
v2 o dt g? o odt

av)_(¥) qu
dt ) \u?) dt

Further, substituting proper values in lens formula,

=0 (as f =constant)

(u=-04m, f=0.3m)

or v=12m
Putting the values in Eq. (1)

Magnitude of rate of change of position of image
=0.09 /s
v

Lateral magnification, ,m= —
u

d d
dm _ u.d—f['—v.d—‘,[l

_(=0.4)(0.09) - (1.2)(0.01) _
- (0.4)° =

.. Magnitude of rate of change of lateral magnification
=0.3/s

8. (A)

-0.3/s

Atminimum deviation, r =r,=30"

sin i,

From Snell’s law p=

sin

sini, = — or i, =60"
2

(B) In the position shown below net deviation suffered
by the ray of light should be minimum. Therefore,
the second prism should be rotated by 60°

(anticlockwise).

BD E

& c
9. By mirror - lens combination formula

13,2 1 _1 2
F f, fi F o 15

m

10.

So

11.

12.

13.

By mirror formula
1 1+1 2 1 +1
——— = & - 4
F u v 15 =20 v
1.1 2 3-8

v 20 15 60

v=-12 cm negative means towards left

1 1 1
—=——-—= .. 1
f vV ou M
r1_1 1

f 10 -10
f=+5

By differentiate eq. (1)

—Af_—AV & 1
£2 - V2 u2 4y

1
Av + —zAu
u

. 1x(0.1
L Af_Ix(0.D)  1x(0.1)

52 +10° 102
0.2 0.2
- x25 = —==0.05
Rf 100 4
f=5+0.05 Ans.
r=ftana .
0 f
g X
Hence, mr?oc 2. l
LN

There will be partial reflection and refraction as shown
in figure.

Angle between the reflected ray and the refracted
ray = 180°~(6+¢)

which is less than 180° — 20 (because ¢ > 0)

air
refracted ray

Reflected ray

0 Lo
' A

Laws of reflection are valid for all surfaces.

So statement (2) is incorrect.

24
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14.
For minimum deviation i = ¢ and r, = r, = A/2
= 30° which is independent of nature of light.
Both the lights are set for minimum deviation
so angle of refraction will be 30° for both colours.
Ans. (A)

15. As the beam just suffers TIR at interface of
region Il and IV.

Region | Region 11 Region 111 Region IV

T g %
nU

16.

0 0.2m 0.6m

n, .
9 sin 90°

. n, . ng .
n, sin0 = 7s1n6l = ?sm 0, = 3

1
sinf = 3 = 0=sin"' ! Ans. (B)
8

(A) f<o,
uf f u v
u—f 1-f/u_ u/f-1 u
values of v may be positive, negative or infinity,
also it can have values less than or greater than u.
(A) = (p.q.1,8)

(B) In this case fis positive.
So v will be positive and less thanu. (B) —> (q)

_ f  u
1+f/u u/f+1

Hereu<0 f >0
v may be positive, negative or infinity

©) v

v may be greater than or less than u
S0 (C) > (p.q.r,8)

1 1 1

e (u=-1)] ———

f " )[Rl Rz]

for diagram R, >R, = fis+ve

This is same as in case (C) for the nature of image.
So (D) = (p,q.t.8)

D)

19.

V. 42x10x(20-12.8) 4

X'= V=

rel | 1 3
=16m/s.

1 1 1

LRI I B N
vou f o —|v[ —fu] -—[f]
Ly ullf

[ul=[f]

(42)(24)

For [u|=42, f]=24;|v|= 56 cm

42-24
so (42, 56) is correct observation
For [u|=48 or [u|=2f or |v|=2f
s0 (48, 48) is correct observation
For [u|=66 cm; |f|=24 cm

~(66)(24)
|V\——66_24 ~ 36cm

which is not in the permissible limit so (66, 33),
is incorrect recorded For [u|=78, [f|=24 cm

78)(24
|V‘:% ~ 32cm

which is also not in the permissible limit. so (78, 39), is
incorrect recorded.

By refraction at face AB :

1.5in60°= /3 .sinr, So r1,=30°

This shows that the refracted ray is parallel to side
BC of prism.

For side 'CD' angle of incidence will be 45°, which
can be calculated

from quadrilateral PBCQ.

By refraction at face CD :

\/5 sin45° =1 sinr,

o s V3
o sinr,= T
2

which is impossible. So, there will be T.I.R. at face
CD. Now, by geometry angle of incidence at AD
will be 30°. So, angle of emergence will be 60°.
Hence, angle between incident and emergent beams

s 90°

24
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20. When object distance is 25. I

Alternate :

f 23.

Mmys 20-25

= = =6
20-50

My,

21. Firstimage,

30cm 10cm 20 cm

v =30, image in formed 20 cm behind the mirror.

Second image, by plane mirror will be at 20 cm infront of
plane mirror.

For third image , e _ 9
v 10 15
3+2 5

30 30

1 1 1
-
15

v 10

v=6cm
Ans. Final image is real & formed at a distance of 16 cm
from mirror.

22.

24.

R=20m,f=10m

For mirror,

I 1 1 11 1

& ——+

S0/7 uw, 10 u, 25

u, u, 25

= u,=-25cm

0, speed = Atl - 30 sec. = 6 sec.
. 5 18

& inkm/hr :gx?:?)km/hr.

t C—5 i

anC = A @)

o ———

CEESEE
SCmI c : (¢}

5 . . . 3
—sinC = 1.sin90° = sinC = g

3
3 R
C=37" = ZZE = R=6cm. Ans.

A) K M2 My

M= 1y
As there is no deviation. As the light bends towards
normal in denser medium p, >,

p—-A & C

N

B) u, T T

As light bends away from normal
By <hp & puy<p,
qg-B & D

24
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©
M My

1y = s (As no deviation)
L, > 1, (As light bends towards normal)
r-C & A

D) /

Hs Mo s

Ly <1y
H3<iy
As light bends away from normal
s—B,D
®)
M H

L, = Uy As no deviation of light

L, <, As light bend away from normal
t—-C&B

air

25.

0i glass

Initially most of part will be transmitted. When 0>1_, all
the light rays will be total internal reflected.
So transmitted intensity = 0

So correct answer is (C)

Ho By My =Yy
260 ———=—"7T"""
v u R
S
=1
24 cm
R =6cm
u=7/4
e s 18 cm
n=4/3 o5
B

21 7/4

OSH

21

OSH
OS"=16
BS"=2cm

1 1 1
(i) —
R fi ® )|:R1 Rz}

1 11
E_aj—nhz—;}

7 3
_X_
4 4

R =14cm

7 1 1 1

T 140 40

T 20 40

24
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c
28. n= - for metamaterials 5 >
34. /\A
C <>
v=— 50cm
In|
29. Meta material has a negative refractive index [N R P
a A% u R
. sin@,= —Lsing, = n, is negative .. 0, negative
Ny 1 15 1-15
30. A,C v =50 -10
31, C r,5s 5
v 500 100
33. Image for mirror T
1_19w3 &3
L N 15cm ~ v 20 100 100
v (=15 10 |
LI S L 1%
Vv 15 10 30 30 100
v=——=150
v -30) 2
v=-30cm&m =——"=—7_7_ 1o, =-2
I (=15) now for S,
Image from lens By BBl
1 v u R
YT ]
1 1 1 _ V—>®©
= — + % = E 20cm
v 1.5 1 1.5-1
1 1 1 o X 10
“ v 10 20 x=+20
=>v=-20cm d=50+20=70cm
m,=—1
M| =|m, * m,|=2 35. 8§=i+06-60°
In air for lens 1 xsin60°=nxsinr,
L (1) (2 V)
?(2] (RJSRN)CIH I, = sin m
When dipped By snell’s law
3 6 2
1(3.6 ) [2]2,2_ 4 2 N O
£ 277 10 7710 70 35 1 x sin® = nsin | 60° — sin ey
1 2 1 87
VT35 70 " a0 oM = M= sme:[ﬁﬂn”_l 3}
2 2 2\2
IM,[/[M,[=7
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36.

37.

Differentiating w.r.t.n :

\/5 8n

cosfd) =————— dn 6cmf A 43cm
2 2\4n* -3x2 « ‘
{ 167 cm
. _ o _ : N
. 0=60° n=43 5 |

Figure in self explanatory.

1d0 3 8v3

a2 z an
n 2\/4(\/5) —3x2 , L_V
0 u
0 _, I
dn If O and T are on same sides of PA . o will be positive
which implies v and u will be of opposite signs.
I
I n, Similarly if O and I are on opposite sides, ) will be -ve
_ /&I\ n which implies v and u will have same sign.
/ \
I[fOisonPA,I= (— —) (O) = Iwillalsobeon.PA.
u
1 1
3. Vim = V;ym (normal to plane mirror)
n
ForTIR=0 > 0. =sin”' | = o p Lo
nl = Vlfvm :_(VO_Vm)
1

= 1r=90°-6 V; —=Vsin® =—(0 -V sin0)
= n(sini)=n,sinr=n, cos O V,=2Vsing
= nsini_=>n cos 0 4. AsAB is common and O B = BI

AO,BA and ABAI are congruent
By symmetry Al is perpendicular to O, to O,
1-—=2=.n?-n? and » O,AB= /BAI

Now put values.

.. BAI=45°

D and  BAC =90°

5. Bysnell'slaw:

o
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sini '8, A=90°-0
sini_ £, =A=90° 0> 0, \
sint
0> sind 6/5 4 E2\ -
sin© cos sinb.= .—5>= 7
fori=0,r=0,and pu, =1. W,= L. SEZES
sin 0, (B is critical angle )
6. As we know that light travels in a path such as to

4
. . . L
reach from one point to another in shortest possible = 0 <cos 5 37°.
time.
9. 1,<0.;A-1r,<0.;r,>A-0
Therefore, the man must travel along that path on 2 ¢ 1-7C .

which light would have travelled in moving from P to . ) sini |
Q. = sinr, > sin(A - 0,) = T >sin (A—-0,)

/ C
/ B
P : ___ o = sini > p(sinA cos0 — sinO cosA)
By Snell's law ; _ \/z ﬁ 1—2—\/2l — 1_121
302V 7 72 2 2
sini _ u,

72 . 351 L.
. = SInr= — .SsIn1
sint

1
= = sini > 5 or i>300,
sinr:z.i:— = r=53°
53 10. Given i=60°A=58=¢
AQ=10Km. d=ite—A= 6=1 (> e=A) and d=i=e
FromPtoA:
5 sin (AZS‘“j
=7 _
3 W=
FromAto Q: st
t,= 10 - el Here angle of deviation is minimum (- i=e¢)
4 2
. [ 60°+60°
S 5+5 25h [ﬁ+l)h sin | ———
= = = — = —__ hr. = r B — = An
P32 6 6 6 M= in(60°/2) V3 Ans.
= (4hr+%hrj = 4hr + 10 minutes 11. Using formula of spherical surface taking 'B' as object
Ha My Ho — 1y . .
—- = Rb the rad f th
: Y x. » ©  (-2R) R (R being the radius of the
° rel
! - curved surface)
dzxre] d2X l‘l’l
— =l = a = = — =2
dt2 dt2 rel Mg le
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12. For spherical surface

= n=2n-2 =>n=2.

13. The image is erect hence, mirror must be between
object & image. Virtual image of real object is
diminished, hence mirror is convex.

. 3mg 3
14. Acceleration of block AB= -—— = —g;
3m+m 4
: __2me  2g
acceleration of block CD = dm+m - 3

Acceleration of image in mirror AB

=2 acceleration of mirror
_2. (_—3*‘5} .
4 2
‘ . L 2g| 4g
Acceleration of image in mirror CD = 2. ? =3
.. Acceleration of the two image w.r.t. each other
_dg (3g) 17g
3 2 ) 6
15. In the first case the distance travelled in the slab <
distance travelled in the slab in the 2" case.

16. Considering refraction at the curved surface,

Radius of
curvature = 20cm

p=3/2 |t=20cm

u=-21,/3 ;p,=1 w,=32 ; R=+
20
. By W BTy
applying O R
1 3/2 1-3/2
= v = v=-10

v 20 20
i.e. 10 cm below the curved surface

or 10 cm above the actual position of flower.

18.

19.

or =

At first position of lens, let the distance of lens from
object and screen be x and y respectively.

e----- y ——--——-- e ——= X ===

Obj'ect Screen
fe- X = ————mm— = y ————— - -l
x+y=100 ... 1

At second position of lens the distance
of lens from object and screen shall be
y and x respectively.

y—x=40

solving equation (1) and (2) we get

y=70cm= Too ™

andx=30cm= mm

The power of lens is

L_1 1 _100 (100} 100 _
fy x 70 30 )~ 21 ~°diopters
1 11
\Y% u_f
1
P o 222
A u
X _ X
YT

Hence, a virtual erect image by a diverging lens is

represented by

u/f

v/f

24
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20. When mirror is rotated with angular speed w, then the !
reflected ray rotates with angular speed

2m(=36rad/s)
dh d
speed of the spot = ‘I‘ = ‘a(lOCOt 9)‘

= ‘—10 cosec’0 @‘
dt

h=10 cot 6

10
=|- 3 x36 | =1000 my/s.
(0.6)
21. PutA=3_ andp= 2
A - 8min n= \/E
Sin[A"'jmin
The relation p= A and solve for A
sin (j
22. Let y-axis be vertically upwards and x-axis be
horizontal. A
Vy(rea\) \Y/
V, (real)
V, (app.) = —( 1]
M 1(3/5)
V_ (app.) =V_(real) # =5 >
Vx(real)
V, (3 4
tan ¢ = »(app) =—tan6 — i><i: 1
Vi(app) 3 3 4
23. Use refraction formulae separately that is for air and
pw=1.6 and for air and p =2.0 and find the positions of
the two images.
24. Dispersion will not occur for a light of single wave
length A =4000 A.
25. This question should be solved by directly substituting

the options
If x =f, y=fthen final image will be formed as shown.

27.

28.

et )

y=

For option B and C the position of image will be different.

When x =2f, y = 2f, the lens makes image I' of object O
on the surface of mirror as shown in the figure. Mirror
shall make of image of I' over I’ itself. Hence lens shall

make image of I' at the position of O. (whichis 1)

[ —

PJ

x=2f
. V:—3O,m:—X:—
u
A'B'=C'D'=2x1=2mm
2
Br ’ AfD! \%
Now D= = 22 = 2 oy

BC AD 2
— B'C'=AD =4mm
length=2+2+4+4=12 mm

. ‘ > +X . ‘ .

I I
o

«—d —J +«—d — +—d+A—>f«—d+A—>
(i) (ii)
from figure (i) & (i1) it is clear that if the mirror moves

distance ‘A’ then the image moves a distance ‘2A’.

for M, : V=-60,m =-2
for M, :u=+21.f=10

L N T
v 720 10 7V
VI

20

24
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29.

32.

By mirror formula : I + 1 = 1

v -10 10
1

=+
m=rs

= v=+5cm ..

1
the image revolves in circle of radius 3 cm. Image of

a radius is erect = Image will revolve in the same
direction as the particle. The image will complete one
revolution in the same time 2s.

locity ofi 271 1 T o/
= = — X — = —
velocity of imagev=or 5 > > cm/s

=1.57 cm/s

. Cutting a lens in transverse direction doubles their

focal length i.e. 2f.

Using the formula of equivalent focal length
1 1 1 1 1

— =t —t—+—
f 6 f, f, f

f
We get equivalent focal length as 5

. Draw an incident ray along the top side of rectangular

strip, which happens to be parallel to the principal
axis. After reflection this ray passes through focus.
Hence image of all points (fore.g. 0, 0,, O,, ....... )on
top side of the strip lie on this reflected ray (at I, L,
I ) in between focus and centre of curvature.
Thus the image of this strip is a triangle as shown

in figure

/ 0,0,0,
I~r
f\\ G
\ I I, 11\

A

For refraction at glass-air interface, ray passing through

point Q,
sinr 1
sin90 1.5 feé
= sinr= - :
1.5

For refraction at water-glass interface, ray passing
through point P,
sinf 1.5
sint  4/3

= '6—i
sin! 4

33.

37.

38.

39.
40.

For convex mirror
|m| <1 for any real object

V. =-m’V

image

,
Now ? object

= |V

lmagc| <|V . |always.

object

. The image of a point closer to the focus will be farther.

As the transverse magnification of B will be more than
A, the image of AB will be inclined to the optical axis

d=n-2i

i=0 i=i i=90

6 =1+e—A (for minimum derivationi=e)
.. minimum deviation =2i—A
60=2x60-A = >rA=60°

. (A+8mj . (60+60j
s > sin )
] (AJ = :«/g
sin| —
2

. (60]
sin| —
2
5, =i, te-A

65°=1,+70°-60° ori =55°

O versus i curve is not parabolic
A,C,D)

o]
o]

n=

I

=

Image is inverted = It should be real

The index of refraction for light at the red end of the
visible spectrum is lesser than at the violet end.
Hence statement -2 is false

Statement-2 is correct explanation of statement-1.

From symmetry the ray shall not suffer TIR at second
interface, because the angle of incidence at first interface
equals to angle of emergence at second interface. Hence
statement 1 is false

24
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41. If the mirror is shifted parallel to itself such that the I 48. to 50. Consider a object on left side of spherical surface

42.

43.

44.

45.

46.

47.

48.

49.
50.

velocity of the mirror is parallel to its surface, the image

shall not shift. Hence statement 1 is false.

111
f v u
Here v =2.5 (Distance of Retina as position of image
is fixed)
u=-x
1 1 1
—_—= — 4 —
f 25 x
L 1 1
Forf :xis minimum =+
fmin 2.5 25
. . 1 1
For f :xis maximum =—+—
max .5 0

max 2
For near sighted man lens should make the image of
the object with in 100 cm range
Forlensu=—-o0 v=-100
11 1
Frens  —100 -0
From passage, (D) is correct.

From points (2) and (3) of passage :
f and f" must be of opposite sign.
Also o . <wjand f < f,

which is satisfied only by (D).

)
_J’__:
£, £, 0
! f) 1
—— === =T e, 1
o T2 M
1 r. 1 _ b )
= FoT, f2740 ................. 2)
After solving (1) & (2)
f,=20cm
f,=—40 cm.

Mo _ M (K2
\% u R

(n,—p) is +ve and R is — ve if u is —ve, v will always be
—ve
i.e. for real object image is always virtual.

D)
D)

52.

separating two media.
Ifreal objectis in rarer mediai.e., n, <n,

n, n,—m n

Then =—=———+ =—-ve
v (-u) (-R)
r-]1 n2
O
>
u

Hence image shall be virtual for a real object lying on
concave side with rarer media. v (1)
Ifreal object is in denser mediai.e.,n >n,

n —(n;—n n
_2:(1 2)+ 1

(-u)

n,—n, 1mn

(-R) ~ u R

n, —n n
17 0

.. Image is real if

(n; —ny)R
n;

or u<

Q)

~3)

. y . . n,—n
and image is virtual if u > (1—2] R
n;

From statements 1, 2 and 3 we can easily conclude the
answers.

SV, =itat=1+Qi+)Q@) = 5i+2]

{IA, :—5f+2j

1 r r 2
Vaa = vy —vy, =-101

r 2 A r a A r A
vg =(-1+3j), vgy =1+3j So Vg B =21
For particle C

dv

— =2t = v, - 6=t = v, =6+4=10
dt y y

Ve =5i+10], Vo =—5i+10]

T N
So VC,,C = _101

A

r AN § roa r 2
Vp=3i-]j , vy =-3i—], Vp p=-01

Initially the image is formed at infinity.

(A) As pisincreased the focal length decreases. Hence
the object is at a distance larger than focal length.
Therefore final image is real. Also final image
becomes smaller is size in comparison to size of
image before the change was made.

24
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55.

. Bysnelllaw n=

(B) Ifthe radius of curvature is doubled, the focal length I

decreases. Hence the object is at a distance lesser
than focal length. Therefore final image is virtual.
Also final image becomes smaller is size in
comparison to size of image before the change was
made.

Due to insertion of slab the effective object for lens
shifts right wards. Hence final image is virtual. Also
final image becomes smaller is size in comparison to
size of image before the change was made.

©

(D) The object comes to centre of curvature of right
spherical surface as a result. Hence the final image
is virtual. Also final image becomes smaller is size in
comparison to size of image before the change was

made.

. Image by convex mirror is always virtual, erect and

diminished.
In case of concave mirror, see using position of
object.

sin 1

sin r
Since for 1st case angular incidence is same for all
ray. So r will be less for red.

(A) For plane incident wave fronts a divergent
refracted beam can be formed only by
diverging action and convergent reflected
beam can be formed by converging action.
Hence (A) p, 1

For plane incident wave fronts a convergent
refracted beam can be formed only by converging
action and divergent reflected beam can be formed
by diverging action. Hence (B) g, s

(B)

(C) For a incident divergent beam a parallel
reflected or refracted beam can be formed
only by converging action. Hence (C) q, r

For a incident convergent beam a parallel
reflected of refracted beam can be formed

only by diverging action. Hence (D) q, r

D)

. For a spherical mirror, line joining object and its image

crosses principal axis at centre of curvature. The line
joining object and image inverted about principal axis
cuts the principal axis at the pole. Then from figure below.

object

object 7
. . mirror

“ mirror
:

. i | image
v “o‘

p C ' P-axis P-axis o

5

We can conclude

(A) If object and image are on same side of principal
axis, they are on opposite side of mirror.

(B) Ifobject and image are on opposite side of principal
axis, they are on same side of mirror.

For a lens, the line joining object and image cuts the

principal axis at optical centre.

Then from figures below.
(0] lens O lens
P-axis : P-axis \I

We can conclude

(C) If object and image are on same side of principal
axis, they are also on same side of lens.

(D) If object and image are on opposite side of
principal axis. They are also on opposite side of
lens.

. Form,u=-10,f=-15h=2.

Using mirror formula

<— 40cm y
1 1T _1 .
v u f 0 .
45° P X
SR S S \ /
v -10 =15 M, M,
1 1 1 3-2
- —=—__— "%
v 10 15 30 .
= v=30cm !

014—1 0—

A3
‘\ 6
h2 v \% /4_30_,
& —_—t - _ —
hl u M2 P

— 40—

= h,=6cm
The image formed by the plane mirror is at 70 below
the principal axis & 70 + 6 — 30 = 46 of the concave
MirTor.

.. coordinates of [2 w.r.t. P=(— 46, — 70)
By snell’s law.
AY

air Slab of variable
// refractive index

24
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1 xsin30°=....ccceeueeneee. = e =nsini

where nis R.I. aty and i is angle of incidence at y.

d
tan (90— i) = d—z —8x= 4.y

1
= SlIll—3
sin30° 1/2
= Tsini 13 1@

59.

“15cm

I, is the image of object O formed by the lens.
! 15 f,=10

_ == u=— y

vi uw f ! d

Solving we get

v,=30cm

I, acts as source for mirror
u,=—(45-v,)=—-15cm

L, is the image formed by the mirror
* v,==30cm
The height of I, above principal axis of lens is

\
=2 x1+1=3cm
Lo

60.

L, acts a source for lens
Souy=—(@45-v,)=-15cm

Hence the lens forms an image I, at a distance
v, =30 cm to the left of lens and the image of

v
L, — % 3=6cm below the principal axis of lens.
Us

The height of I, above principal axis of lens is

%
=—2 x14+1=3cm
u,

required distance = ,/30% + 6> =6./26 cm

Att= 0.2 sec, velocity of lens
V, = gt=2m/s (downwards)

.. for lens the fish appears to approach with a speed

3 11
f2+|1Ix=|= —m/
o ( 4) L,
% lvk
42 cm
v
4 t=0.2s
n=-3 T Vl24 cm
F
24
at a distance of 42+T =60 cm.
3)
—60 x 90
ffish from lens, V=—————=-180cm.
image of fish from lens, 60 £ 90 cm

.. Velocity of image w.r.t. lens

vZ)du (-180) 11 99
Vi= | S =] x— = —mws
u” ) dt

—-60 4 4
velocity of image w.r.t. observer

99 91
:Vi_ZZT -2 = Tm/s:22.75 cm/s (upwards)

24
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