PHYSICS FOR JEE GEOMETRICAL OPTICS

Bl Exercise-1

L 4

Marked Questions can be used as Revision Questions.

PART -1: OBJECTIVE QUESTIONS

Section (A): Plane Mirror

A-1.
A-2.

A-4.#

A-5.

A-6.

A-7.

A-8.

A-9.

Sol. 11:60-08:20=3:40
Sol.

30°
6 =180-60=120°

240°

Sol.

in AABC 90 + 36 = 180° = 6 =30°

sol. Vo =3i+4]+5k EVm = 4i+5]+8k
Viz=2Vmz —Voz:2X8—5:11
Vix = Vox =3

Vy =Vey =4 o Vi =3i+4j+1%k

H o180
Sol. Lmn=2 = 2 =90cm
Sol. A thick mirror forms a number of images. Image is formed by front surface which is unpolished

and hence, reflects only a small part of light, while second image is formed by polished surface which
reflects most of intensity. Hence second image is brightest.

Sol.

/aqmﬁﬂﬁv—m
"t qrrEfa v

60 y incident ray G 60°
N

> final reflected ray
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final ray is Il to first mirror.

Section (B) : Spherical Mirror

V=-30cm.

T 1 1
—_—— _
B-1. Sol. v uc=f
1T 1 1
_+_ —
v —f=f
1
v= 2
u 1
B-2. Sol. v=4 v ouz f
u=90cm
B-4. Sol.  When objects is at the centre of curvature C then its image is also at C
B-5. Sol.
4 m/sec
0
— _—
20 cm
f—120m
1 1 1 1 1 1 1
—_=t+— _ +_ — _
f Vv 4 —12V—20:> vV 20 12
=> V=-30cm
w3
dt dt _
velocity of image -_\—20 4. =-9 cm/sec.
= 9 cm/sec away from mirror
B-6.  Sol.
10 cm
2mnlsec E
150m
1.1 111 1_2-3
f V u N —10 V -15 N vV 30
1__v__=
m=0 u =15 =7
di_,do
dt dt = 4 mmisec.
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O/EI f

B-8.# Sol. for real inverted image by concave mirror.
V=-ve ,u=—ve f=-ve
u Vv
= faf are positve =~ =
B-9. Sol. v=2u
1.1 1
v = f
u=-30cm
1 1
—_= 4 —
B-10# Sol. f v u
( 1 -1 1}
vt
v Straight line with n slope

1 is right answer

L 4

Section (C) : Refraction in general , Refraction at plane surface and T.I.R.

C-1. Sol.
C-2. Sol.
C-3. Sol.
C-5. Sol.
C-6. Sol.
C-7. Sol.
C-9.#

For TIR medium at refraction must be rarer.

24 24
T4 (3] 244
—/— Z
x=13 = = 3 =32cm
x  Xd
t: vV =
b
5+2:1.5+ 15 = 7x15=t1+1
105=t1+t2
3 4 {g}
2 sinC=3sin90° = C=sint"?
Ay 6000
_ 4000 _, ¢
4 Navartz mwe
Sol. Nguartz = 2 ; Nglyarine = 3 Nglyarine ty1jtu = 4/3

= HMrel
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18em
Glycerine Glycerine
frorerdl=
O_bzrver RS Object qvg
n, n, n,
g, q
) 5
shift =t Hrel /) = 18 3/2) _6em
C-10. Sol. Md Sin i = pr sin 2i
Md = 2 pr COS i
) )
i =cos™? 2 = cos! 2
Section (D) : Refraction by Prism
D-1.  Sol. V2 sin30°=sine
e =45°
Deviation = 45° — 30° = 15°
A
D-2. Sol. i=e rn=rz= 2 =30°
sini= v2 sin 30°
i =45°
V3
D-3. Sol. ri+r2=30° 2 =psinn
1
usinrp= 2
W= 3
5
D-5. Sol. r2=sint\M/ =450
ri=A—rz2=75°—45°=30°
sini \/— 1
— =42 V2 x—
sinr = sini= V2 sin 30 = 2 =
D-6. Sol.
A
0
()
i ". A
sini B
sinaA !

sinceiand A are small angle. A

i = 45°,

L 4
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D-7. Sol. Deviation by prism.
S1=A(un-1)=4°(15-1)
for plane mirror

i=20°

62=180-21=176°

=

61=2°

§=6+ V2 =1780

Section (E) : Refraction by spherical Surface

nR—Ni g M
E-1.  Sol. R =v_u
2-1 2 1
10 —v_ =20 =
Ha Mg Mo~ Iy
E2. Sol. V wu R
V =—R forall values of u.
3
1.3 7
E-3.# Sol. vV 2><30 +20
E-4 Sol.

v =40 cm
Ha W _ Mo — My
vV -R -R
1 1 1

— =4
Vv 40 20 40

L 4

V =40cm.

(Moderate) Let there be two point objects O1 and Oz, Incident rays from O1 and O2 at point P

shall both bend towards normal and hence the corresponding refracted rays shall intersect the principal
axis in the left medium. Therefore image formed under given condition shall always be virtual.

norm_al
" Tn=3/2

Section (F) : Lens

_1)(;
1

1
? = (“re\
F-1. Sol (Mrer = 1)
1
f=0 = f=w
1 [L_L]
F2. sol. f=(a-DiRi R
F-3. Sol. From displacement method
0= 11]2

1
R,

(Ri=R,R2==R)
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o= V9%x4 —gcm

L 4

F-4. Sol. oou<f

so image is virtual, enlarged and at a distance of 10 cm from the lens.
1 1 1

f v u

F-5. Sol. Nrei<1
So, f is negative

F-6. Sol. Lens changes its behaviour if R.1. of surrounding becomes greater than R.I. of lens.
Wens < 1.33
F-7. Sol.

Distance between lens is = f1 + f2,

F-8.# Sol. for vertical erect image by diverging lens.
u=-V, V==V, =-V
4 V4
f=—vi and f =+vi
1 1 1 fof 1 1
f V 4 1=V 4 foxX+1
X

y = X+1 since x & y are +ve graph lens in first co-ordinate.

F-9.#

10cm -20cm
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F-11.

F-12.#

F-14_

L 4

2 2
V_du Q x1
. G _ \15 _
for small object dv = = =4 mm
Sol. fa =z = fc = fret = Pra=Ps=Pc=Pnet =P

Sol. u1 = ps since there is no bending at first surface. ps < p2 since the ray bends towards normal as
it passes from ps to p2 medium.

dv _ vZ du dv du
= ful e
Sol. dt u® dt (where dt denotes image speed w.r.t. lens and dt denotes object speed w.r.t.
lens)
du 1

=m2. dt -4 8 =2
Therefore image speed w.r.t. lens is 2 m/s towards left.
Therefore image speed w.r.t. ground is 3 m/s towards right.

Section (G) : Combination of thin Lens/Lens and Mirrors.

G-2.

G-3.

G-4.

G-5_

11 1 d

sol. T B B fh
1 1 d
_25 20 -500
20-25 d
- 500 - 500
d=5cm.

Sol. P=P1+P2
=+4+(-3) =+1

Sol. PL=P1+ P2

PL:fL
f=—10 f=0
= + 1 12 2
Sol. 3 F=fn_fL =7 -10 4 F=5
f=+10 f=w0o
< = + 112 2
Sol. S F=fno _fL =" 10 5 F=5

Section (H) : Dispersion of Light

H-1.

H-2.

My — M
M, —1
Sol. w=\""

Sol. Hred = minimum
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H-3.

H-4.

H-7.

H-8.

H-9.

H-10.

H-11.

[1.62—1.42] 02 4
= =05 =10 =04

Sol. w=. 15-1

O, D2
Sol i f = 0 for achromatic lens
(O] 30

Sol. C=sint\M
i is greatest for voilet
= C is minimum for voilet.

t (1 lJ
Sol.  Apparent shift H

uis least for red= shift in least for red.
n, —n,
[nv +n, } 4 6
Sol. W= 2 = 25,
Sol. w depends only on material property.

Sol. Dispersion will not occur for a light of A = 4000 A.

Section (1) : Defects of vision

I-1.

I-2.

111 1.1 1 -146 5
Sol. f vV u_f —60 -10 - 60 _ 60 -

=

f=12

L 4
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L 4

Section (J) : Optical instruments

D 25
1+— 1+ —
J1. Sol. mp=\ f/-L 95J_g

J-3. Sol. In normal adjustment
fo
m=fe
100
SO 50 = fe = fe=2cm

(- eyepiece is concave lens)
and L=fo—fe=100—-2 =98 cm

J-8. Sol. For normal adjustment
fD

m=-— '
When final image is at least distance of distinct vision from eyepiece,

fﬂ[1+fiJ 10(1+i]
m.:_fe d)_ 25 - 12

1 1

J9. sol. f=P Zmetre
f= 0.5 m this is positive so lense is convex lense.

Bl Exercise-2

Marked Questions can be used as Revision Questions.

PART -1: OBJECTIVE QUESTIONS

1# Sol. Deviation by prism = A(u-1)
For 90° total deviation, deviation by mirror

=90-2=288°
180° — 2i = 88°
2i=92°

i = 46°

Mirror should be rotated 1° anticlockwise.

2.# Sol. For refraction by upper surface
16 1 16-1
16
- Vi 206-05=01
Vi=16 m

For refraction by lower surface
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2 1 2.9

2

V2 —1-05=05
2

Vo= 0.5 =4m

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

3.# Sol.
O

4.# Sol. Division by prism

R=20cm
Since, incident ray is almost perpendicular to P-axis
Image will form of focus
Distance of image from P—axis
0.9%

=100 x 180 mm=1.57 mm

5.# Sol. (Tough) The only possibility is by reflection from concave mirror as shown.

<

z

6. Sol.

L 4
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\ 4

9.#

10.#

11.

L 4

30 em

< 7

I 0

100m§100m
M

M?
. f=20cm
Reflection from M1
I: : image fromed by plane mirror
Reflection from M2 :
I: acts as a object for concave mirror and its image is formed at itself as position of I1 is centre of
curvature of concave mirror.
Reflection from M1
Plane mirror finally forms image at object O.

Sol. Image velocity (w.r.t. mirror) = —m? x object velocity (w.r.t. mirror) = —u
Here m=1.
Image velocity w.r.t. ground = —2u

Sol. (Moderate) Let there be two point objects O1 and Oz, Incident rays from O1 and O2 at point P
shall both bend towards normal and hence the corresponding refracted rays shall intersect the principal

axis in the left medium. Therefore image formed under given condition shall always be virtual.
normal

“""n=3/2

s G
Hint:  10=\2 R =) 2R=10 5R=5¢m
Rays should extance the path = incident rays on mirror should be normal
32 1 (i_ﬁ}

= o - —d=\"d 5 [u=-d, as lens is their
11
= d =10 = d=10cm
Sol.  The effective focal length is 5 cm.
V.0 f 5
The height of final images is = Y =u+f = 7545 x1=2cm
Sol.
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\ 4

L 4

incident ray

/

" final reflected ray

arfeqm wRmafda fowor

final ray is Il to first mirror.

12. Sol.
A
Bm B
Aml/
E
A
4 B A
7m
3m
1.5m| | 1.4m C
E
C .Tml/
D 8m
A 4 D

ED=AD-AE=14-8=.6m

c <

13# Hint: v=-30,m=-UY=—-2 ~AB'=CD'=2x1=2mm
BC AD Vv
T 2
Now BC = AD - U -4=pBC=AD=4mm
length =2+2+4+4=12mm Ans.

14# Hint: for M1:V=-60,M1=-2

1 1 1
for Mz:u=+20.f=10 ~ V42010 - V=20
20
Mo=—20 =_1 M=Mix Mz =+2
tsin(i—r)
15. Sol.  Displacement = COST and 1sini= nx sinr

Since i and r are small angles. and i = nr
Displacement =t (i—r)

1_5] [1_1J to(n—1)
i =10 n = n

-~ Displacement =t i (

16. Sol. For transmission,
r <sin!(1/p) & ri < sin~t (1/p)
rn+r < 2 sin™t (1/p) A<2sin™ (1/p)
1,1
sin-1 (1/p) > 450 > no2 > nsv2.
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\ 4

18.#

19.

21.#

22.#

23.

24 #

A (shown)~ P B
»
L (correct)

Sol. Error — 1 *
\
\:iorrecl)
i~ p
© Normal
/ P [¢
Error — 11 {shown)
D v f

Sol. D=uU=s
(image created at focus)

L 4

D
Earth
Sun
b TP
D'=fx $ =9gcm5 180  =157mm
Sol.  As the object moves from infinity to centre of curvature, the distance between object and image

reduces from infinity to zero.

As the object moves from centre of curvature to focus, the distance between object and image increases

from zero to infinity.

As the object moves from focus to pole, the distance between object and its image reduces from infinity
to zero. Hence the distance between object and its image shall be 40 cm three times.

Sol. by shell's law 2sin30° = Vi3sinr

1= \/ﬁsinr
1 1
siny = ‘/ﬁ,tanrz V12
tsin(i—r)
So, lateral displacement = COST
t[sin(i)cosr —cos(i)sinr]
= cosr
= t[sini — cosi tanr]
=10[sin30 — cos 30 x \/ﬁ]= 3 =25cm
X _ Xl
Sol. 1 Ly Xrel = U X
dzer—;l — udz_x
dt? dt?
drel = UQ
dx
Sol. If dt =

[Sol. Made by SSI Sir]
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L 4

dy
dt —»
G 1ey]
€<—— X —
H» 1 op
25# Sol. 2R _ = = =>p=2.

26.  Sol. r<6c ;A-r<6c
rr>A-0c
= sinry > sin(A — 8¢)
sini
= M >sin(A-6c)
= sini > p(sinA cosBc — sinBc cosA)

R SRR

27._
we can use sin X = x (where x is in radians)
3
sin2° = 2sinr;°
4 8
=3 r1=3;=>rz=A—r1=3
3 4 9
2 sinr2= 3sine »> e=8 r,=3°
S=i+te—A=2°+3°-4°=1°
28._  Sol. From Nerwton's equation of lens [Soln. by SSI Sir]

size of object = 02 = l1l2
where |1 is size of Image of object and Iz is size of image when pisitions of object & image are interchanged
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L 4

So A2=A1A; = A= AiAz
1 1 1 1 1 1 2
?=(pre\ -1 (R__R_] f_:(“rel_1)ﬁ — = - N5
29#  Sol. 1 N2 Up fiow R
1;Icawer — l
= fupper 2 = fupp. = 2 fiower
Image by upper part will be at larger distance.

30._ Sol. ite=A+6
A=(i+e)—8=(37°+42° — 40° = 39°.

32._

PART - Il : MISCELLANEOUS QUESTIONS

A-1.  Sol. 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

A-2.  Sol. If the angle of incidence is greater than critical angle for all colours, the beam will be totally
internally reflected. The beam may not always suffer refraction and hence dispersion . Hence both
statements are true. Since statement-2 has no connection with TIR, it is not an explanation of statement-
1

A-3. Sol. In the situation of statement-1, the magnitude of image (v) and object (u) distance is same.

The size of image = N2 U« size of object

T V=u and n1 # nz

-~ size of image # size of object.

Hence statement-1 is false and statement-2 is true.

A-4 Sol. (4) We know that the refractive index increases with decreases of wavelenght i.e., refractive index
is maximum for violet and minimum for red. Therefore index is maximum for violet and minimum for red.
Therefore, the apparent shift HJ1 is maximum for red and minimum for violet. This is the
reason the red coloured letters apper more raised up.

A-5.  Sol. (1) Accodring to Snell's law,

sini _p_z_c/\fz vy

sinc - CIVe Vo e = v,

This show that higher is the refractive index of a medium or denser the medium, lesser is the velocity of
light is that meidum.

A-6.  Sol. (2
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A-7.

A-8.

o
v

The light gathering power (or brightness) of a telescope is directly proportional to area of the objective
2
oC ]'EI"2 o D

lens i.e., light gathering power 4 where D is the diameter of the objective.
Thus telescope will have large light gathering power if aperture diameter of the objective lens is large. So
by increasing the objective diameter even far off stars may produce images of optimum brightness.

Sol. We cannot interchange the objective and eye lens of a microscope to make a telescope. The
reason is that the focal length of lenses in microscope are very small, of the order of mm or a few cm and
the difference (fo — fe) is very small, while the telescope objective have a very large focal length as
compared to eye lens of microscope.

Sol. The resolving power of a microscope is determined by the smallest distance between two point
objects which can be distinguished by it. The distance d is given by
g 1.2?A
2nsin0

The resolving power of the microscope is reciprocal of the distance d. An increase in n (refractive index
of the transparent medium between the objects and the objective of the microscope) will produce a
greater resolving power. It also increases with decrease in wavelength. While the resolving power of
telescope is defined as the reciprocal of the smallest angular sepration between two distant objects
whose images are distinctly separated by the telescope.
50 — 1.220
D

So for higher resolving power telescope should have the objective lens of large diameter (D) and object
is illuminated by light of small wavelength. Thus in both the case resolving power is increased by taking
illumination light of small wavelength.

Section (B) : Match the column

B-1.
Sol.

Ans.  (A)p,s;(B)qg;(C)r,s; (D)r
Vim =—m? Vom (for all types of mirrors)

for A; m=1
for B ; Im]>1
forC& D ; Im <1

In case of A & C image is virtual (behind the mirror) and in case of B & D image is real (in front of mirror).
Since image and object moves opposite to each other with respect to mirror so when a real object moves
closer, virtual image also moves closer while real image moves away from mirror.

Section (C) : One or more than one options correct

C-1.

Cc-2*

v

Sol. f=-20m & m=—U=x2
using v = 2u.

1 1 1 3 1
-20 20 u = 2u 20 u=-30cm
usingv =-2u

1 1 1 1 1
20 -2 u = 2u -20 u=-10cm
Sol. (1) No, when object is between infinite and focus ,image is real.

(3) when object is between pole and focus, image is magnified.
(4) when object is between pole and focus image formed by convex mirror is real.
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L 4

Cy _sinr 1
c3# Sol. Cx SN _ian3pe= V3
1
Cy: Jng

since y is denser, total internal reflection can take place when ray is incident from y.

C-4* Sol. (2) is not true for minimum deviation.
(2) is true only if refracting side are equal.
(3) Two angles for maximum deviation are 90° and imin.
(4) Smin. = (u—1) A.

C-5* Sol. A = 60°, § =400, i+te=A+8§ = i +e=100°
and i—e =20° = i = 60° or 40°

Marked Questions can be used as Revision Questions.

PART -1: JEE (MAIN)/ AIEEE PROBLEMS (PREVIOUS YEARS)

1. Sol. Larger aperture increases the amount of light gathered by the telescope increasing the resolution.
(360°J_1 (360 1J

2. sol. n=\ 0 -\680 J_g

3. Sol. Optics fibres are based on total internal reflection.

4, Sol. 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°
5. Sol. b _1=3.=0=090°
Sol. i>cforlTR

)
- 450 > sint A\

:n>\/§

7. Sol. To get real image of the size of the object, object should be placed at the centre of curvature of
equivalent mirror.
1 1 2

F f, f
fm = —15cm
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1_1_2

and f, -156 60

F2= —-10cm

Hence, object should be placed at 20cm from the combination
8. Sol.  Angle of minimum deviation D = (u-1) A

e Hblue = [red

D2 > D1

9. Sol. A travelling microscope moves horizontally on a main scale provided with a vernier scale,

provided with the microscope

10#  Sol. For a convex lens
u=-ve f=+ve
Ifv=ow, u=fandifu=—ow,v=",
v=o, u=f u=—-o,v=H.
We have v = +ve and u = —-ve
and u and v are symmetrical. Hence graph is shown,

11.# Ans.(3)

A 4

Sol.
sin @ = "/gsinr: "/gcosi ()]
2
and V3 sin i =sin 90° = i = 60° ()}
From (i) and (ii)
1
sin 6 = V3
12. Sol. Ans.(4)
1 1 1
—_——t—=—
v=uand vV U f
2 1
v= f
= v=2f u=2f

13. Ans  (4)
Sol.
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14

Sol.

15.

Sol.

13

Sol.

14.

15.

Sol.

_—
_
_
_—

medium

L 4

Beam is incident normally therefore does not diverge or converge so it travels as a cylindrical beam.

Beam does not converge or diverge so shape of wave front remain planar.

Ans. (4)
Ans. (1)

W= po + a2 (I)

|

U

as it is given that intensity of beam is decreasing with increasing radius, and as 1 decreases p also

decreases.
c
Now by V = K

speed of light is minimum at axis of cylinder.

Ans (4)

—9_
_
_—
é_

Ans. (4)
Ans. (1)

W= o + pz (I)

HiegH

|0
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16.

Sol.

17.
Sol.

Ans. (2)
Mirror formula : :

2.8m

M 4

;15m/s

2
20
v = 15x 280
LV = —

-15
SV = 15x15
1

vi= 15 mss

Ans.

Ans. (2)
X=Y

1

Y’<
\ Xy

H1Sin61 = p2sind2
10 10 10

coc, = V(BVBP +(837 +100 V400 20
1

cosf = 2
01 = 60°

V2 Sin60° = V3 Sing.

5.3

X —
2 = ‘/gsinez

L 4
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1
sinB2 = V2
02 = 45°
18. Sol.
L. Kerosene |h, W g @1 dd| h,
i Water |h, Hoo g h,

Apparent shift :
1L )on 1]
- Hq M2 )

19. Sol. UR < UB

1 (1_1]
fa@-n N e
1 1

_>_

1:B fR

fr>fs.

20. Ans. (4)
1 1 20+1

12 240 240

200
f= 21

1
f

Sol.

shift = 1(1 -

Now =12 —
213 1
n 240 - 35 _u
1 3 21 13 21
7 48

u_35 240 5

5 [144-147
u | 48x7

21. Sol.

e
-----
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32+ (R-3mm)?=R?
= 32+ R?— 2R(3mm) + (3mm)? = R?
=>R=15cm

e

23. Ans. (2)

1_[31}[11]
Sol. f 2 Ry Ry

1 1 [1 i_LJ
f2x o f= here \* Ri Re
1 1

f, [4/3 ]?

v (3"2 JU

f 5/3 . = fz2is negative

1

f, 8x 4(2x) T af

= f1=4f

Analytically, If a lense is inserted in a denser sourrounding the sign of focal length changes and if lens
is inserted in a rarer sourrounding , the sign of focal length remain same.

If lense is inserted in rarer medium the focal length increases.

24. Ans. (2) IN HINDI (3)
Sol.

Air

here sin C = water

2
and Nwater = »
If frequency is less = A is greater and hence R.I. (nwater) iS less and therefore, critical angle increases.

25. Ans. (3)

10

Sol. 0= X
19 20

91: X

Now 20 times nearer

26. Ans. (4)
Sol. When = 35°and e =79° then § = 40°
S§=i+te—-A
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40°=35+79-A

A=74°
Since i £ e so &minWill less than 40°
Sin M
2 )
(%)
sin| —
n= 2
. (40°+74
sin| ———— ]
2 _sin(57°) 0.84

1.4

2

Since &min Will be less than 40° so
n will be less than 1.4
so the closest answer will be 1.5

. [74} " sin(37°)  0.60
sin
n=

27. Ans. (2)

Sol. Image formed by first lens is 11 which is 25 cm left of diverging lens.
For second lens u = 40 cm (i.e. at 2F) so final image will be 40 cm right of converging lens.
Image will be real.

N A
— —
L e I
PN v

f==-25cm f=20 cm

PART -1l : JEE (ADVANCED) /IIT-JEE PROBLEMS (PREVIOUS YEARS)

* Marked Questions may have more than one correct option.

02
1. Sol. d=0.2tan 30° = \/g
128
d 0.2/\/§ =30
I 1=2[3m |

i

Therefore, maximum number of reflections are 30.

T

2.(i) Sol.  Applying Snell’s law (p sin i = constant)
at 1 and 2 we have
M1 SiN i1 = p2 sin iz
Here w1 =pg; and p2=1land i2=90°
it =i
g Sin i = (1) (sin 90°)
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(i)

6.#

7.#

L 4

1
or g = SiNi
Sol. Image formed by convex lens at /1 will act as a virtual object for concave lens. For concave lens

1
v ou = f or v 4 = -20 o v=5cm

<
[4)]

magpnification for concave lens m= U = 4 =1.25
As size of the image at 11 is 2 cm. Therefore, size image at Iz willbe 2 x 1.25 =2.5 cm.

Sol.  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).

Sol. 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)

(&)
Sol.  Critical angle 6c =sin M

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 6c will thus increase in the same order VIBGYOR. For green light the
incidence 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).

Sol. By mirror - lens combination formula
1 1 2
Fofo_ 1T
1 1 2
F-w_15
By mirror formula
1 1 1 2 1 1
Fousv N _15- 20 4 v
1 1 2 3-8
L V_20_15 .60
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10.

11.

By differentiate eq. (1)

CAT_ AV, Au 2
= f2 vioouw? o Av + u? Au
AF O 1x(0.0)  1x(0.1)

N +5% = +10% L 102
02 55 02 (05
Af = 100 =4

so,, f=5+0.05 Ans.

Sol. r =ftana

Hence, mr? o« f2.

L 4

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

Angle between the reflected ray and the refracted

180° - 260 (because ¢ > 0)

air

j/, refracted ray

0 106~

4
Reflected ray

Sol. Laws of reflection are valid for all surfaces.

So statement (2) is incorrect.

Sol. For minimum deviation
izeandri=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)

ray = 180° — (6 + ) which is less than

0 ag
D_/) agafda faeor

N

A qRrafdd for
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& e &= 111 &4 1V
) n, N, N,
/e)/ 2 B £
nD
12. 0 0.2m 0.6m
Sol.  As the beam just suffers TIR at interface of region III and IV.
Region T Region 1 Region IIT Region 1V
_________ n, n, N,
/2}/ 2 6 8
HO
0 0.2m 0.6m
n—Dsine1 n—Dsine2 o singoe
No sin® = 2 =6 =8
1
sino= 8
1
6 =sin18 Ans. (B)
X V. J2x10x(20-128) 4

13. Sol. x =Ml | v = Mel = 1 3 =16 mis.

1,11 r .1 _ 1 lul If]

LT =
145 Sol. v u fop-Ivl —lul -If| S = lul=Ifl

(42) (24)

For luj=42, [ff=24 ;|v|]= 42-24 =56cm so (42, 56) is correct observation

For |u| =48 or |u] = 2f or |v| = 2f S0 (48, 48) is correct observation

For |u=66cm; |f|=24cm

(66) (24)
vl = 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| = 78-24 = 32cm which is also not in the permissible limit.
so (78, 39), is incorrect recorded.

15. Ans. (B)
f=15 cm

0 12{ I,
O — —— —— —— — - —

& L L3 LY

Sol.  30cm 10cm 20cm
First image,

L 4
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16.#
Sol.

17.

L 4

1.1 1
v ou=zf
11 1
v 30 = 15

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

Second image, by plane mirror will be at 20 cm infront of plane mirror.
i1 1

For third image, v 10 = 15

1 1 N 1 3+2 5

v 10 15 = 30 = 30
v=6cm
Ans. Final image is real & formed at a distance of 16 cm from mirror.

Ans. (C)
(©)

air aiy

0i glass®=

Initially most of part will be transmitted. When 6 > ic , all the light rays will be total internal reflected. So
transmitted intensity = 0

So correct answer is (C)

p=15

R = 14em R = 14cm

1 1 1
7=05-9| -]
1_05

f, 14

1 1 1
et el
1_02

f, 14
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1
f

1.7 1 1 1
v 140 40 = 20 40
1 2-1

o=

\'

18. Sol. n=Vv
for metamaterials

c
v=Inl
19. Sol. (C) Meta material has a negative refractive index
M sin 0,
. sin@y= "2 > Nz is negative _
~ B2 negative _
1y
20. Sol. v=8m (magnificaton= 3 = U)
u=-24m
1 (3 1 1
—===1 —_——
f 2 w R
R =3m

21. Sol.# Angle between given rays is 120°

so angle of incidence is 30°
AY

22*_ Ans. (A), (C)

1 -1 (i—lJ = fym=o (infinite)
Sol. film R R
No effect of presence of film.
From Air to Glass:
Using single spherical Refraction :-

np 1 n—1
v u = R

L 4
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L 4

23.

24*,
Sol.

1._571 1.5-1
v o« = R = y=3R
f1=3R

From Glass to Air :-
1 n, 1-n,

Vv u = -R
1_1._5_1—1.5
= v o« -R
= v=2R
' fo=2R
Ans. (B)
S, S,

«—>
(d —20)em
R=10cm R=10cm
at glass rod S2

1 — n refraction
w u, +10

= u=-20
at glass rod S:

n i:n—1

for n — 1 refraction
Vi=d-20

1 n _1-n
d-20 (-50) -10

1 n 1
— _— +_
d-20 50 20
d=70cm

Ans. (A,C)
Ns Sin im = N1 Sin(90 — c)
ny

sinc= ™
Where ns : Refractive index of surroundings
N,

C
90 - ¢ n1

NA = sin im = =
For Sz in Air

%‘@
1] |

For Siin ns=
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L 4

6
ns:\/ESl
A5 [45 9 315

NA= 6 V16 4 _- 24
For S: in water

1 45 9
apve s 23] 2
NA:(/3) - 4\4)_ 16
For Sz in Air
1 (64 49 J15
5

NA= 1V25 25 _
For Sz in water
1 64_49

(4p\25 25

V15
5

s
Alw

NA =
16
For Sz inns = 3\/E

3J15 V15 9
16 5 =16
4

For S2 sin ns = \/ﬁ
J15 [64 49 15 /15

3
NA= 4 V25 25 _ 4 5 _24

NA =

25. Ans.
\§
Sol.
LIy S
1 2
NA= "
NA2 < NA:

Therefore the numerical aperture of combined structure is equal to the lesser of the two numerical
aperture, which is NA2

26. Ans. (A)
sin45°

Sol. sinr = r=30°
Also r1 > 45° for internal reflection.
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27.

Sol.

28.

90-06=r+90—-n
rn>30+ 6>45°
0>15°

Ans. (AD)
Case-l

45&; r

Ans.

(A)

fi=+20cm
Rl of lens is 2.5.
ROC of convex surface is 30 cm
Faint image is erect and virtual
focal length of lens is 20 cm

Ans. (ACD)

L 4
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Sol.

29.

Sol.

-Additional Problems For Self Practice (APSP)‘

1
Nt
H,

H2 \

(A*) n1sinB1 = nzsingd;
(C*) ¢ is independent of n2

(D) ¢ is dependent on n(z)

Ans. (B)

oe
]
N
x

Forlps = u=-50

final image is I2

y
90 -x :tan60:\/§ y:50‘/§—\/§x

o Bz 5043

A and B both option satisfy this,
size of image > size of object

y% +(50 - x)2

sin30° > 25 sin30°
y? + (50 — x)? > 625
625 625
for option (A) 3 9 <625
625 , 625
3 9 <p25

for option (B) 625(3) + 625 > 625
so B is correct.

L 4

PART-I: PRACTICE TEST PAPER
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\ 4

L 4

1. Sol.

>

Y T T T T

From diagram distance of camera from image =4.5+ 3 =7.5m.

2.
Sol.
______ .____ e ——
1T 1 A 1 u-—f uf
—_—— _ _ RN R
v u :f = V= u :V—U*f
_y o1
m= MY = (u—f)u =fT-u - x
3. Sol. f=(a-1) N Re
For air
1 2
f=tn-1) R
1 1 2
-_ —_— —
f=2 R = R=f
For liquid
1 (3 42
50 _ \2n 10
=)
10 2n
3 1
2n = 10
n=136 Ans.
v
4, Sol. m=u=f+u
n= f+u
f(1-n)
u= n
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\ 4

Sol.

10.

Sol.

—f(1-n) f(n-1)
Distance = n = n Ans.
Sol. For air
1 (1_1]
? = (nrel - 1) R1 RZ
1 2

10 —152-1) R
R=10x2x .52

L 4

For liquid a0
1 (‘1.52_1 2
f - \1.68 R
1 16 2
f —_ 168 10x2x.52
=-54.60 cm Ans.
Sol. If time in object clock is T1 & time in image clock is T2 then,

T1+T2=12:00:00
4:25:37+T2 =12:00:00
T2=07:34:23

Hint :

O

L]
JAAELLALEERRARY ARERRRRRRANNNNY
3
v
+
x

«—d —

(i) (if)

«—d+A—

ARTRRRTRIRR R

«—d+A—r

From figure (i) and (ii) it is clear that if the mirror moves distance ‘A’ then the image moves a distance

2N,

Taking first reflection by A.
A

:

I, 1 0

P
15em = 15¢cm 5¢m

55 cm
Taking first reflection by B

g 5cm

L, 0

4 —p 15 5 B
4>
25cm | A 1CMm oom 45 cm

o w
o
(e]
3

—
"o

T 0O

|

L5

LAULVAAY AAVANAY

I
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1% X >l E ]

22.5¢cm
l1 is the image formed by concave mirror.
For reflection by concave mirror

L 4

u=-x, v=—(45-x), f=-10cm,
1 1 1
_—_— e —
-10 —(45-x) —x
i_x+45—x
10 x(45-x) o X2—-45x+450=0 = x =15 cm, 30 cm
but x = 30 cm is not acceptable because x<225cm.
11. Sol.
c f 0 T 0~ 1§ c

only in above two cases image moves towards mirror.

12.
Sol. Using mirror formula,
L
-0 v 155 v=-30cm.
v (2]
—=| =
| Axial magnification | = Y 15) -4
amplitude of image =4 x 2 =8 mm.
13. Sol. Using Newtons formula. x — distance of object from focus

Xy = f2 y — distance of object from focus

f — focal length.

a2

= by =(a/2)2, y=4b .

v
14. Sol. O=_u
1
If O and I are on same sides of PA . O will be positive which implies v and u will be of opposite signs.
1
Similarly if O and | are on opp. sides, O will be -ve which implies v and u will have same sign.

\'

IfOisonPA, I = [ UJ (O)=0 = Iwillalsobeon.P.A.
15.#
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L 4

1T 1 1 1 -1 1

_— — —_—=—t—
Sol. —f —-v -u = v u f
1
Slope =—1 intercept M = f (positive)
16. Sol. i=2r
1sini=nsinr
= 2sini/2cosif2= nsini/2
= cos if2 = (n/2)
= i=2cos™ (n/2)
1_Ca Vv
17.  sol. sine=" GCs S Cp = Sin®
18. Sol. For transmission
rz <sin?(l/p) & re < sin-t (1/p)
rn+r, < 2 sin7 (1/p) A<2sin (1/p)
1.1
sin-1 (1/p) > 45° = noV2 = ns2 .
19.# Sol.
Radius of

curvature = 20cm

u=3/2 T:zof‘

\Object
Considering refraction at the curved surface,
u=-20 ; H2=1
M1 = 3/2 ; R=+20
Moo M pp i 1 32 1-372
applylng v - U = R = vV — =20 = 20 = v=-10
ie. 10 cm below the curved surface or 10 cm above the actual position of flower.
oo (o] domen (oo (2
20. Sol. ! 2 A B
Rg 0.63
ne-1=063x 1 09 —g7ng=17
1 1
(n—=1) [R_R]
21. Sol. P= T (i)
)
Po= \Ho Ri Re) (ii)
P (=" Pu— 1)
Po (h—1p) Po = Ho(p—1)
22. Sol. Lens changes its behaviour if R.1. of surrounding becomes greater than R.I. of lens.
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23.#

24,

25.

26.

27.

28.

Wens < 1.33
Sol. fa = fg = fc = fret = Pr=Ps=Pc=Pnet =P

Sol. Form=2

v
m= U=2
V==2U.ccooovrrrrrr.... 0]
11 T
f=v u = f - —-2u u
11 f
= f = 2u = u= 2
& v=—f

Distance between object & image = f + /2 = 3f/2
For m=-2

_y
m= UY=-2
v=2u
141 3f
= f=-2u u = u= 2
& v = 3f
3f

Distance between object & image = 3f— 2 .

Sol. P=P1+P2

2=5+P2
P,=-3D
o K B3
w, - T, __ P _5
LD

Sol. m—fﬁfe Here L=18 cm D=25cm

VO[D] Vo L
orm= %0 fe Here Yo = o

18x25 2250

m= 02x4 = 4 =5625

tsin(i—r)

Sol.  displacement =  COSr
Since i and r are small angles.
Displacement =t (i—r)

), 2
=ti+ Y=te* M= n

Sol. S§=A=2r=(2i-2r)

= i=A
sinA
J3_ sinA/2

L 4
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111
29. Sol. v -u=f
L
_5_—1:f
f=1.25inch
30. Sol.
L=11+]u,|
T\T L
«  »
1.1 T~
ue
b
v,=-25¢cm
For objective
a1
vop -1.1 1
a1
Vo 11,vozllcm
For eyepiece.
1.1
Ve ue fe
1 1.1
-25 u, 5
_1_8
u, 25
25
— Ue = 6
25 91

L=11+ & 6 ¢m

PART -1l : PRACTICE QUESTIONS

1#

Sol. Key Idea : For total internal reflection angle of incidence should be greater than critical angle. For total
internal reflection to take place, angle of incidence > critical angle
ie. i>C
or 6>C
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or sin @ >sin C
1

but sinC=H
and from figure, 6 = 90° —r

1
So, sin (90° —r) > H#
1

ie., p = cosr ()
From Snell’s law,
sin45°
sinr =,
1
= sinr= Vau

cosr=V1-sin’r _ 2

Thus, equation (i) becomes

1
1- 12
p> V2
1
-
2= M
1
or -2 =1
3
or u= 2
2.4 Sol. Initially, the focal length of equiconvex lens is

Case | : When lens is cut along XOX’ then each half is again equiconvex with

Ri=+R,R2=-R
1 {l L}
Thus, f =(u-1) LR R)
1 1 }
R'R
=(n-1)
2 1
= (u_ 1) R =1
> fr=
Case Il : When lens is cut along YOY’, then each half becomes plano-convex with
Ri=R,R2=wo

1 [1_1}
Thus, f"=@u-12) Ri R
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L 4

4
=(u-1 R~

=1 1
= R =2f
Hence, f'=f,f” = 2f
3. Sol. From lens maker’s formula
1 [L_L]
n R, R .
f=(g-1) 2" 72 e (i)

When convex lens is dipped in a liquid of refractive index (p,) then its focal length

T _\ Mo Ry Ry

1 (ug—ue)(1_1]
fom Ri R,

or ...(i)
Dividing equation (i) by equation (i), we get

f{’ (l-‘-g - 1)“’?

o= (o) ... (i)

But it is given that refractive index of lens is equal to refractive index of liquid i.e., pg = p,.
Hence, equation (iii) gives,

f‘? (l'lg _1)}1?
f = 0 = o (infinity)
4, Sol. According to the given condition, the beam of light will retrace its path after reflection from BC.
So
2 CPQ =90°

Thus, angle of refraction at surface AC
2PQN = £r =90° - 60° = 30°
By Snell’s law

B
sini
W= sinr
sini
N V2 _ sin30°
\6 x sin 30° = sin i
V2 %2
= 2 =sini
1
= sini= \E = sin 45°
: i =45°
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5.# Sol. Key Idea : Critical angle is the angle of incidence in denser medium for which the angle of
refraction in rarer medium is 90°
As shown in figure, a light ray from the coin will not emerge out of liquid, if i > C.

L 4

[
A R IB ,1\ >
Frog
=y,
A
She=
Coin
Therefore, minimum radius R corresponds to
i=C.
In A SAB,
il
1
C
u? -1
R
h=tanC
or R=htanC
h
[ 2
or R= VW -1
Given, R=3cm,h=4cm
1
35
Hence, 4= V&' 1
2 5
or p2 = 9 or u= 3
c c
But n=Vv or v=H
3x108
= 5/3
=1.8x 108 m/s
6. Sol. Focal length of conave mirror f = - 15 cm
magnification = 2 (for virtual image)
size ofimage v
Linear magnification m = size of object _ _
hd
2=-— VY orv=-2u

Now, from the relation
1 1

1
f:U+u
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or - 15=

or2Zu=-150r u=-7.5cm

7. Sol. Appplying the lens maker’s formula

1 (L_L]
f=p=p-2 " R
1 1

we know that the greater positive power is for that material for which Ri _ Ry is maximum and positive.
For this condition R1 and Rz should be as small as possible but still it must be positive, therefore we must
select the combination which has less radius of curvature for convex lens. Hence, option (1) is correct.

8. Sol.  The focal length of the convex lens
1
f= Pm
1
or  f=95x100cm
or f=20cm

From the relation, we get
1 1

1
f=-v_ U
— here, f=20cm, u=-10cm

1
therefore, v = U+ f
1 1
- —10 420
-2+1 1
- 20 -_20

Hence,v =-20cm
Therefore, the image will be formed at a distance of 20 cm on the same side of the object.

Sol. For prism

Here, A = 60°
[ 60°+3,, J
= \/gxsin 30° =sin 2

(60°+6mJ
= sin 2 = sin 60°

= 60° + §,=120° = 6m = 60°

10.# Sol. Using the formula
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11.

12.

13.

Hiiquid 132 1

Hprism = Hprism = 1.56 = 13 (I)
Now, the condition for the total internal reflection, occurs when
sine>pu

ﬂ
So, sin 6 > 13

Sol. Length of tube = 10 cm
fo+fe =10 cm

fo
Magnification m = fo = 4
fo=4fe
putting in Eq. (i),
5fe =10 cm,
or fe= 2 cm,
and fo=8cm,

fo=8cm, fe=2cm
Hence, Ls and L1 will be used.

Sol. Biconvex lens is cut perpendicularly to the principal it will become a plano-convex lens.
Focal length of biconvex lens

1 (L_L}
?=(n—1) Ri R
1 2
f=n-1) R (- Ri=R, R2==R)
R
- f= 2(n=1) ()

For plano-convex lens

1 (1_1J
1 =(h-1) R =
R

f= (-9 . (i)
Comparing Egs. (i) and (ii), we see that focal length becomes double.
1

As power of lens p « focal length

Hence, power will become half.
4

New power = 2 = 2D

Sol.

L 4
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incident ray S fepser
> final reflected ray aifea® uxrafda fawur

§ = (m - 60°) + (T — 60°) = 240°
14.

111 1
Sol. v o f P = f

v=50cm f=50cm

Specticle lens forms image at 50 cm, which acts as an object for eye.

He can see objects clearly input 50 cm
15. Sol. Larger aperture increases the amount of light gathered by the telescope increasing the resolution.

(360“}_1 (360 _1J
16. Sol. n=\ 9 =\ 80 J_g
17. Sol.  Optics fibres are based on total internal reflection.
18. Sol.
nd®
Initial area = 4
nd? ﬁ 3 nd?
after blockening, area that allows light = 4 - 16 = 4 4
3
Itis 4 th of the total area of the lens that would allow the light, hence
31

Intensity is now 4 . There will be no change in focal length
19. Sol. 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°
20.  Sol. O _—1=3.=8=90°
21.# Sol. i>cforlTR
)

- 450> sint A"

>n> V2
22. Sol. To get real image of the size of the object, object should be placed at the centre of curvature of

equivalent mirror.
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L 4

\ 4

1 1 2
Fofn
fm = —15cm

1 1 2
and f27$_&
F2= —-10cm

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

23.()# Sol.  Applying Snell’s law (i sin i = constant )

(i)

24.
Sol.

at 1 and 2 we have
p1 Sin i1 = p2 sin iz

Air‘

Water
Glass

Here mu=pg;and pz2=1and i2=90°
iL=i

Ug sin i = (1) (sin 90°)

A
or g = Sini
Sol. Image formed by convex lens at 71 will act as a virtual object for concave lens. For concave lens
L
v uczf or v 4=-20 o v=5cm

magnification for concave lens m= Y = 4 =125
As size of the image at /1 is 2 cm. Therefore, size image at /> will be 2 x 1.25 =2.5 cm.

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).
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o

25.#

26.

v

Sol. 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)

iy

Sol.  Critical angle 8c =sin ‘M

Wavelength increases in the sequence of VIBGYOR. According to Cauchy’s formula refractive index (p)
decreases as the wavelength increases. Hence the refractive index will increase in the sequence of
ROYGBIV. The critical angle 6c will thus increase in the same order VIBGYOR. For green light the
incidence 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).
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