SOLUTIONS TO CONCEPTS
CHAPTER - 18

SIGN CONVENTION :

1)

The direction of incident ray (from object to the mirror or lens) is taken as positive direction.

. — Sign convertion
?y S

<

2) All measurements are taken from pole (mirror) or optical centre (lens) as the case may be.
1. =-30cm,R=-40cm
From the mirror equation,
1.1 2
—_—t—=—
v u R
P
1 2 1 2 1 1

v R u -40 -30

60

or,v=-60cm
So, the image will be formed at a distance of 60 cm in front of the mirror.

2. Given that,
Hy =20 cm, v=-5m =-500 cm, h, =50 cm
Since, V. h—2
u hy
or 500 = _%0 (because the image in inverted)
u 20
oru= —% =-200cm=-2m
17 1 1 1 1 1
—+—==0r —+—=—
v u f -5 2 f
orf= -10 =-144m
7
So, the focal length is 1.44 m.
3. For the concave mirror, f=-20cm, M =—-v/u=2
= v=-2u
1% case 2™ case A, \
1.1 1 111 m
—_t—=— - =
v u f 2u u f
B” o B
EBRI El \
2u u f 2u f Case‘l (Virtual)
=u=f2=10cm = u=23f2=30cm
.. The positions are 10 cm or 30 cm from the concave mirror.
4, m=-v/u=0.6andf=7.5cm=15/2cm
From mirror equation,
1 1 1 1 11
o> —t—=—- = ————=—
v u f 06u u f
= u=5cm
5. Height of the object AB = 1.6 cm

Diameter of the ball bearing =d = 0.4 cm
= R=02cm
Given, u =20 cm

We know, 1 + 1

2
R

u v

\ 30cm

<+——40cm ——»

Case lI(Real)
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Chapter 18

Putting the values according to sign conventions A +1 = 2
-20 v 0.2

1.1 -2
v 20 20
Magnification = m = AB - Y_ _o1 = A
AB u -20 200

= AB' = ﬁ =£ = +0.008 cm = +0.8 mm.
200 200

GivenAB=3cm,u=-7.5cm,f=6 cm.
o111 1 1 1 +ve
Using —+—=- > —=—-———
v u f v f u A
)
Putting values according to sign conventions, C F Q T
Ry B
1.1 1 3 §

v 6 75 10 — e .
6cm 7.5cm
= v=10/3cm

= = v =0.1 cm =1 mm inside the ball bearing.

I v 10
.. magnificaton=m= ——=
u 7.5x3
= £=l:>A’B’:@:i:1.33 cm.
AB 75x3 72 3

.. Image will form at a distance of 10/3 cm. From the pole and image is 1.33 cm (virtual and erect).
R=20cm, f=R/2=-10 cm
For part AB, PB =30 + 10 = 40 cm

So,u=-40cm = lzl_l:_i_(ij:_i
Vv

f u 10 (40 40
= v= —% =-13.3 cm. A D SN
So, PB'=13.3cm c_ B §
* P

AB (v T 1 B ¢C | 3
m= = — | =] — | = —— —>

AB u -40 3 10om by A8
= A'B'=-10/3=-3.33 cm T 30em >

For part CD, PC = 30, So, u=-30cm
l:1—1:—1—( L J:—i =>v=-15cm=PC’

v fu 10 30/ 15
Cc'D’ v -15 1
Soom=—~—=——=—|— |=——
CD u -30 2
= C'D' =5cm

B'C'=PC'-PB'=15-13.3=17cm
So, total length A’B' + B'C'+ C'D'=3.3+1.7+5=10 cm.
u=-25cm

A'B’ v v 14 v
m=s-—=—=14=-| — |=>—=—
AB u -25 10 25

V= 25x14 =35cm.

Now, l+l:—
v u f

= 1:i_ L :ﬂ:_i :>f=_8750m
f 35 \-25 175 175
So, focal length of the concave mirror is 87.5 cm.
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10.

11.

12.

13.

u=-3.8x10°km
diameter of moon = 3450 km ; f=-7.6 m

11 1 1 ( 1 ] 1 ]
= D — | ——— | =] —=—
v u f v 3.8x10° 7.6

Since, distance of moon from earth is very large as compared to focal

length it can be taken as .
= Image will be formed at focus, which is inverted.

:>1: [1J:>v——76m oo
Y 7.6
d —(— d.
m = _X: image _ ( 76) _ image
U dopest  (-3.8x10%) 3450x10°
_ 3450x7.6x10° _ _
dimage = W =0.069 m=6.9 cm.
u=-30cm, f=-20cm
We know, l + l 21 leage
v u f

1 1 1
= _+£__]:(——] = v =-60 cm. -
% 30 20 \/ w 20c

Image of the circle is formed at a distance 60 cm in front of the mirror.
\ Rimage -60 Rimage

=2 = = ="
u R -30 2

object
= Rimage =4 Cm
Radius of image of the circle is 4 cm.

Let the object be placed at a height x above the surface of the water.

The apparent position of the object with respect to mirror should be at the centre
of curvature so that the image is formed at the same position.

Real depth 1

Since, ————————— =— (with respect to mirror)
Apparentdepth
NOW L — 1 = X = H i
R-h u

Both the mirrors have equal focal length f.
They will produce one image under two conditions.
Case | : When the source is at distance ‘2f from each mirror i.e. the source is at
centre of curvature of the mirrors, the image will be produced at the same point
S. So, d = 2f + 2f = 4f.
Case Il : When the source S is at distance ‘f from each mirror, the rays from the
source after reflecting from one mirror will become parallel and so these parallel
rays after the reflection from the other mirror the object itself. So, only sine
image is formed.
Here,d =f +f = 2f.
As shown in figure, for 1% reflection in M;,u=-30cm, f=-20 cm

1 1 1

v =30 20

Robject S

30cm

= —4+——=—-—— =>v=-60cm. _forNh +ve |~ for M,
e

So, for 2™ reflection in M,

{

u=60—(30 +x)=30—x

=—x;f=20cm
T i 10x-600-0
30-x x 20

2.

J
T
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14.

15.

16.

17.

18.

19.

20.

10+50 @
2 2
.. Total distance between the two lines is 20 + 30 = 50 cm.

sini 3x10® sin45°

=20cmor-30cm

We know, — - =
sinr Y sin30°
= Vv= 3x10° m/sec
7 .
Distance travelled by light in the slab is,
__Im _ 2
cos30° /3
So, time taken = 2X7\/§8 =054 x 10° =5.4 x 107 sec.
J3 x3x10
Shadow length=BA'=BD+ A'D=0.5+05tanr
Now, 1.33 = SN4%° _ qinr=0.53.

= cosr= \1-sin?r =\1-(0.53)> =0.85

So, tanr=0.6235

So, shadow length = (0.5) (1 + 0.6235) = 81.2 cm.
Height of the lake = 2.5 m

When the sun is just setting, 6 is approximately = 90°
" m:& = ;:4—Bz>sinr:§:>r=49°
sinr sinr 1 4

As shown in the figure, x/2.5=tanr = 1.15
=>x=25x115=2.8m.

The thickness of the glass isd = 2.1 cm and pn =1.5
Shift due to the glass slab

AT = {1_1}, _ (1_i)2.1 =0.7CM
u 1-5

So, the microscope should be shifted 0.70 cm to focus the object again.

Shift due to water At, = | 1— -+ |d = [1 —szo =5cm
u 1.33
Shift due to oil, At, = (1—%)20 =46cm

Total shift At=5+4.6=9.6 cm
Apparent depth = 40 — (9.6) = 30.4 cm below the surface.

The presence of air medium in between the sheets does not affect the shift.

The shift will be due to 3 sheets of different refractive index other than air.

_ (-1 1 1
-£1 12)(0.2){1 13)(0.3)+[1 14j(o.4)

= 0.2 cm above point P.
Total no. of slabs =k, thickness = t4, t5, t3 ... t
Refractive index = p4, po, 13, Has-.- Mk

. The shift At = {1—ijt1+[1—ijt2+ ...... +£1_ijtk (1)
M4 Ho My

&

3

5]
>

— o>

+—3
g
o
3
‘/

2.5m A5

l

w X O
0il 20cm
Water 20cm
(O
n=14 t=0.4cm
1cm
p=13 t=0.3cm

If, u — refractive index of combination of slabs and image is formed at same place,

At = [1—1J(t1+t2+...+tk) ...(2)
n
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21.

22.

23.

Equation (1) and (2), we get,

[1—1J(t1 +t, +...+t) = {1—1}1 +£1—ijt2 +oeeee +[1—ijtk
H Hq Ho My

tL b

=(t1+t2+...+tk)—[ +—+...+t—"]
My Ho Ly
k
k K (t Ztl
Y LI R
M i=1 \ M1 Z(t1/H1)

Givenr=6cm,ry=4cm, hy =8 cm
Let, h = final height of water column.

The volume of the cylindrical water column after the glass piece is put will be, ®
nr’h = 800 © + mry’hy
or r’h =800 + |'12h1 Water
or 6°h =800 +4%x8=257cm h-h1
There are two jhifts due to gl1ass block as well as water. . [G5s|sem
So, Aty = |[1-— |t; = [1-—— |8 =2.26 cm —
1 [ Ho ) 0 ( 3/2) 8cm

12cm

1 1
And, At, = [1——|t, =|1-—— |(25.7-8) =4.44 cm.
? [ ) v ( 4/3)( )
Total shift = (2.66 + 4.44) cm = 7.1 cm above the bottom.
a) Let x = distance of the image of the eye formed above the surface as seen by the fish

So, H_ Realdepth 1 of x = uH _

w

X Apparent depth 5 0 _
H 1 T @ IH
So, distance of the direct image = >+ pH = H(u +§) I—' "
H/2 ~1
— . H 3H 3 S = e
Similarly, image through mirror = 3 +(H+x)= - +uH=H(n+ E) R TR

b) Here, H—/2= K, SO,y = H
y 2u

Where, y = distance of the image of fish below the surface as seen by eye.

So, Directimage=H +y = H+i =H 1+i
2u 2u

Again another image of fish will be formed H/2 below the mirror.

So, the real depth for that image of fish becomes H + H/2 = 3H/2

So, Apparent depth from the surface of water = 3H/2p.

So, distance of the image from the eye = H +ﬁ =H(1 +i) .
2u 2n
According to the figure, x/3 = cotr ...(1)
Again, ﬂ = 1 = 3
sinr 133 4
. 4 .. 4 3 4 L c_3
= sinr= —sini=—x—=— (because sini= —==)
3 3 5 5 AC 5
= cotr=3/4 ...(2)

From (1) and (2) = x/3 =%
=>x=9/4=225cm.
.. Ratio of real and apparent depth =4 : (2.25) = 1.78.
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24.

25.

26.

27.

28.

29.

30.

For the given cylindrical vessel, dimetre = 30 cm
=r=15cmand h=30cm

sini 3 [Hw :1'33:%}

Now, — =—
sinr 4
= sini=3/4/2 [because r = 45°]
The point P will be visible when the refracted ray makes angle 45° at point of P’
refraction. -
Let x = distance of point P from X. P
x+10

Now, tan 45° =

= d=x+10
Again, tan i = x/d
3 d-10

23 d
3 10

(1)

. . 3 .
since, sini=—— = tani=

42
= —-1=—-——=d-= m
V23 d V23 -3
As shown in the figure,
sin45° 2 . sin45° 1 45
- =—=sinff=———=—==r=21° S
sinr 1 2 242 AN
Therefore, 6 = (45° — 21°) = 24° h
Here, BD = shift in path = AB sin 24° - -
= 0.406 x AB = AE o
cos21°
For calculation of critical angle,
sini_w, _ SinC_ 15 75
sinr sin90 1.72 86

= C = sin”’ (Ej
26

Let 6. be the critical angle for the glass .
s.|nec LN sin@, = 1.2, 0, =sin™’ (gj
sin90°  x 3
From figure, for total internal reflection, 90° — ¢ > 6,
= ¢ <90°— 0, = ¢ < cos(2/3)
So, the largest angle for which light is totally reflected at the surface is cos™ (2/3).

From the definition of critical angle, if refracted angle is more than 90°, then reflection occurs, which is
known as total internal reflection.

So, maximum angle of refraction is 90°.
Refractive index of glass pg = 1.5
Given, 0° <i<90°

Let, C — Critical angle.

=)

=26.7 cm.

2cm=AE

x0.406 = 0.62 cm.

90°—p
90°—

8

AN

sinC  p, sinC 1 .
—="2=——=—=066 1 - |
sinr Hg sin90° 15 40°48" 45 90

= C =40°48"

The angle of deviation due to refraction from glass to air increases as the angle of incidence increases
from 0° to 40°48". The angle of deviation due to total internal reflection further increases for 40°48” to
45° and then it decreases.

He=15=3/2; p,=133=4/3
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31.

32.

33.

For two angles of incidence, v
1) When light passes straight through normal, T=0
= Angle of incidence = 0°, angle of refraction = 0°, angle of deviation = 0 =0
2) When light is incident at critical angle, glass
: T=0
SI,LC =Hw (since light passing from glass to water) vio "
sinr g
= sin C =8/9 = C =sin '(8/9) = 62.73°. )
. Angle of deviation = 90° — C = 90° — sin™'(8/9) = cos™'(8/9) = 37.27° \d glass
Here, if the angle of incidence is increased beyond critical angle, total internal I—'ngoo >
reflection occurs and deviation decreases. So, the range of deviation is 0 to water

cos™(8/9).
Since, p = 1.5, Critial angle = sin™"(1/p) = sin™" (1/1.5) = 41.8°
We know, the maximum attainable deviation in refraction is (90° — 41.8°) = 47.2°
So, in this case, total internal reflection must have taken place.
In reflection,
Deviation = 180° — 2i = 90° = 2i = 90° = i = 45°.
a) Let, x = radius of the circular area

%: tanC (where C is the critical angle) | . '
P [l X 1 >
: HESNPG
_, Xx__snC _ T (because sin C = 1/p) v
h J1-sin?C \/1_1
W2
X 1 h
= —= orx=

h Ju?-1 pi=

So, light escapes through a circular area on the water surface directly above the point source.

0

b) Angle subtained by a radius of the area on the source, C = sin™' (1/p).

a) As shown in the figure, sin i = 15/25
SO, ﬂ — l — E
sinr p 4
= sinr=4/5
Again, x/2 = tan r (from figure)

. tanr x/2
So, sinr = =
Vittan?r  1-x2/4
X 4
= =—

Va+x? S
= 25x°=16(4 +X°) = 9x° =64 = x=8/3m
.. Total radius of shadow = 8/3 + 0.15=2.81m
b) For maximum size of the ring, i = critical angle = C
Let, R = maximum radius
sinC _ R
sinr \/202 +R?
= 16R* = 9R? + 9 x 400
= 7R% =9 x 400
= R =22.67 cm.

=sinC= = 3 (since, sinr=1)
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34.

35.

36.

37.

38.

39.

Given, A=60°, n=1.732
Since, angle of minimum deviation is given by,
. (A + SmJ
sin
=\ 2 ) 1732 x % =sin(30 + 5m/2)
sinA/2

= sin"'(0.866) = 30 + dm/2 = 60° = 30 5m/2 = 5m = 60°
Now,dm=i+i"—A
= 60°=i+i"—60° (6 =60° minimum deviation)
= i = 60°. So, the angle of incidence must be 60°.

Givenp=1.5
And angle of prism = 4°
S|n(m)
= . 2 _(A+5n)/2 (for small angle sin 6 = 0)
sinA/2 (A/2)

A+,

:>H.=T:>15= 4 +8m

4°

= 8 =4° x (1.5) = 4° = 2°.

Given A = 60° and 8 = 30°
We know that,

sin Atdy ) sini600 * O

= ( 2 -2 :23in600+(Sm
sinA/2 sin30° 2

Since, one ray has been found out which has deviated by 30°, the angle of minimum deviation should
be either equal or less than 30°. (It can not be more than 30°).
60°+9,,

So, u < 2sin (because p will be more if 8, will. be more)

or,u<2x 1132 orju < 2

w =1, u2 = 1.5, R =20 cm (Radius of curvature), u = -25 cm "f —sign convertion
Mo M Mpowy 15 05 1 1 1 3 SRt
v ou R v 20 25 40 25 200 S g
= v =-200x0.5=-100 cm. WW’

So, the image is 100 cm from (P) the surface on the side of S.

Since, paraxial rays become parallel after refraction i.e. image is formed at .
V=00, U1 = 1.33, u= ?, U2 = 1.48, R=30cm —sign convertion
Hp B4 _Hp—iy 1.48 1.33 _ 1.48-1.33 :_1.33 _0.15 ,=1.48

vV u R 0 u 30 u 30

= u=-266.0cm
.. Object should be placed at a distance of 266 cm from surface (convex) on side A.

30cm
Given, u; = 2.0
So, critical angle = sin™’ [i] =sin™ (l) =30°
K2 2
a) As angle of incidence is greater than the critical angle, the rays are totally
reflected internally. c /
b) Here, M2 _H1_H2—H1 A
v u R hs
= 2 —(—l) = 2-1 [For parallel rays, u = «] | B,
\ 0 3 \ 3
‘\ /’ cm ,’
:>Z=% =v=6cm \\A:/

Y - .-
= If the sphere is completed, image is formed diametrically opposite of A.
c) Image is formed at the mirror in front of A by internal reflection.
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40.

41.

42.

43.

a) Image seen from left :
u=(5-15)=-3.5cm

=-5cm
CMp W _ppowm 1 15 1-15
vV u R v 35 5
1 = 1.3 =>vV= -0 —3 cm (inside the sphere).
v 10 7 23

= Image will be formed, 2 cm left to centre.
b) Image seen from right :
=—-(5+15)=-6.5cm

=-5cm
DM By Moo 1 15 1215
v u R v 6.5 -5
1 = 1.3 = V= _130 _ —7.65 cm (inside the sphere).
v 10 13 17

= Image will be formed, 2.65 cm left to centre.
Ri=R;=10cm,t=5¢cm,u=-w
For the first refraction, (at A)

b_u_a:Lg_ua or E—O:E
vV u R, v 10
=v=30cm.
Again, for 2" surface, u = (30 — 5) = 25 cm (virtual object)
R, =-10cm
So, 1—E :ﬁ =v=91cm.
v 25 -10

So, the image is formed 9.1 cm further from the 2" surface of the lens.

For the refraction at convex surface A.
p=—oo, =1, up="7?
a) When focused on the surface,v=2r,R=r

So Mo M1 _ M —my

vV u R

_ Hp_pp 1
2r
b) When focused at centre, u=r;, R=r

S =20 -2 pp=2

u R

-1
TIPS}
R r
This is not possible.
So, it cannot focus at the centre.

Radius of the cylindrical glass tube = 1 cm

So, M2 M1 _ M2~

We know’ ﬁ_ﬂzu
vV u R
Here, u=-8 cm, p, = 3/2, uy =4/3, R=+1cm
3 4 3 1 1
So, —+ —==— V=

= —+
2v. 3x8 2v. 6 6
.. The image will be formed at infinity.

+ve| —Sign convention
N for both surfaces

p= Glass rod

3/2)

u=4/3 Q

water

8cm
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44,

45.

46.

47.

In the first refraction at A.
=32, 1y =1,u=0,R=w
Mo — 1y

So, K2 M1
vV u R

= v=0since (R= wandu=0)

.. The image will be formed at the point, Now for the second refraction at B,

u=-3cm,R=-3cm, uy=3/2, up =1 3cm

1 N 3 1-15 1 A

-3 6

object

= v =-3 cm, .. There will be no shift in the final image.
Thickness of glass =3 cm, pg = 1.5

Image shift = 3(1 —ij
1.5

[Treating it as a simple refraction problem because the upper surface is flat and
the spherical surface is in contact with the object]

= SX% =1cm.
1.5

The image will appear 1 cm above the point P.
As shown in the figure, OQ =3r, OP =r

So, PQ =2r
For refraction at APB
We know, P'_z_h = M
vV u R
= E—i:%:i [because u = —-2r]
v =2r r 2r
=V=w®
For the reflection in concave mirror
u=oo

So, v = focal length of mirror = r/2
For the refraction of APB of the reflected image.

Here, u = -3r/2

1_15 :ﬁ [Here, py=1.5and up =1 and R =]
v =3r/2 -r

=Vv==2r

As, negative sign indicates images are formed inside APB. So, image should be at C.
So, the final image is formed on the reflecting surface of the sphere.
a) Let the pin is at a distance of x from the lens.

Then for 1% refraction, K2 _ K1 _H2 —H1
v u R

Here u, = 1.5, uy =1, u=-x, R=-60 cm

15 1 05

v —x -60

= 120(1.5x + v) = —vx
= v(120 + x) = -180x
-180x
120 + x
This image distance is again object distance for the concave mirror.

..(1)

=>V=

18.10
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48.

49.

50.

_ -180x
120 + x
17 1 1 1 1 —(120 + x)

L —t—=o > —=———
v u f v, -10 180x

1 120+x-18x 180x
—_——_— V=

V4 180x ©120-17x

Again the image formed is refracted through the lens so that the image is formed on the object taken in
the 1°! refraction. So, for 2" refraction.
According to sign conversion v =—x, u, =1, uy = 1.5, R =-60

Mo Wi_Ha—ii o 180x ]

,f=—-10cm (.. f=R/2)

Now,

v u R 120 -17x
15 120-17%="22
-x 180x —60

1 120-17x -1
= —4—=—
X 120x 120
Multiplying both sides with 120 m, we get
120 + 120 — 17x = —x
= 16x=240 = x=15¢cm
.. Object should be placed at 15 cm from the lens on the axis.
For the double convex lens

f=25cm, Ry =R and R, = -2R (sign convention)

1 1 1 +ve
e L
f=( >[R1 sz R
- i=(15—1)(1—i) - 0.5[5) . A
5 R 2R 2 C \/ I
1. 3] = R=18.75cm

25 4R
R;=18.75cm, R, =2R=37.5cm.
Ri=+20cm; R, =+30cm; un=1.6
a) If placed in air :

R e
\

= f=60/6 =100 cm
b) If placed in water :

—
1 1 1)_(16 1 1 R:
c= N oo | = | 7ox 1 5030
f R, R, 1.33 20 30
= =300 cm
Givenn=1.5

Magnitude of radii of curvatures = 20 cm and 30 cm
The 4types of possible lens are as below.

1 1 1
G

Case (1) : (Double convex) [R; = +ve, R, = —ve]

1:(15—1)[i—ij = f=24cm
f 20 -30
Case (2) : (Double concave) [R1 = —ve, R, = +ve]

1:(15—1)(_—1—ij =f=-24cm
f 20 30

18.11
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Case (3) : (Concave concave) [R; = —ve, R, = —ve]

1:(15—1)(L—L) = f=-120 cm

f -20 -30

Case (4) : (Concave convex) [Ry = +ve, Ry = +ve]
! =(15- 1)( 1 ij =f=+120cm
f 20 30

51. a) When the beam is incident on the lens from medium p.

Then M2 _ M1 _H2—"Hq Ho M4 Mo — 1y

or 22_ M1
v u R v (-o0) R
- R

or L M2 THr o M

v R Ha =y
Again, for 2" refraction, Hs M2 _Ms~Hp

v u R

N e R 3 —Hp — Uy +u1}
or, —= — = | == Tz e 71

: { e, m} oo

R
or,v= —{—“3 }
M3 — 2up + 1y

So, the image will be formed at = MaR

2up — g —p3
b) Similarly for the beam from p; medium the image is formed at

52. Given that, f=10cm
a) Whenu=-95cm
11 1 1
=

1
v u f v 10 98 98
= v=-490cm
So,=>m= V. —4% =50cm
u -9.8
So, the image is erect and virtual.
b) When u=-10.2 cm

1 1.1 _1_1 1 _102

v u f v 10 -10.2 0.2
=v=510cm
v _ 510
u 98
The image is real and inverted.
53. For the projector the magnification required is given by
v 200

m=—=——=u=17.5cm
u 3.5

1%

So,m=

AN

1
3
n 25
+ve
—
H1 3
n L

10cm

10cm

10.2cm
(Real image)

[35 mm > 23 mm, so the magnification is calculated taking object size 35 mm]

Now, from lens formula,

111
v u f
17 1 1 1 1 1
—_—_— e — 4 — ==
v -u f 1000 175 f
=f=17.19 cm
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54.

55.

56.

57.

58.

When the object is at 19 cm from the lens, let the image will be at, v;.
1T 1 1 1 1 1

19 12

vioup f Vi ___21cm V4

= v, =32.57 cm
Again, when the object is at 21 cm from the lens, let the image will
be at, v,

:>i—i:1:>i+i:i A l\'/l 'B

=V, =28 cm

A M B

AB" v,-v,
2

.. Amplitude of vibration of the image is A =

32.57-28

=A= =2.285cm.

Given,u=-5cm,f=8cm
o, 1 1 1 1.1 3
v u f 8 5 40
= v =-13.3 cm (virtual image).
Given that,
(-u) + v =40 cm = distance between object and image

ho=2cm, hj=1cm

Since :—' -Y - magnification
. -

1 v 40cm
= —=— > UuU=-2v
A
- Tho B

2 -u
11 1 1 1
g = = —
v 2v f

Now, ———=- =
v u f

1 2v

=5 —=—-=f=—
2v f 3
Again, (-u) +v =40
= 3v=40=v=40/3cm
_ 2x40
=53
From eqn. (1) and (2)
= -2v = -3f = -3(8.89) = 26.7 cm = object distance.

A real image is formed. So, magnification m = -2 (inverted image)

3

o f

= 8.89 cm = focal length

Y= oo v=2u=(-2)(-18)=36
u

1 1 1 1 1 1
From lens formula, - ——=- = — ———=—
v u f 36 -18 f
=f=12cm
Now, for triple sized image m = -3 = (v/u)

171 1 1T 1 1
=

v ou f 3u u 12
=3u=-48=u=-16cm
So, object should be placed 16 cm from lens.
Now we have to calculate the image of A and B. Let the images be A’, B'. So, length of A’ B’ = size of
image.
For A,u=-10cm, f=6cm

18.13



Chapter 18

59.

60.

61.

. 1 1 1 1 1 1
Since, ———=- > ————=—
v u f v -10 6
=v=15cm = OA’
ForB,u=-12cm, f=6cm
Again, 1111 11 G
v u f v 6 12
=v=12cm= 0B’
~AB =0A'-0B'=15-12=3cm.
So, size of image = 3 cm.
=—15x10"m;f=+20x 102 m
Since, fis very small compared to u, distance is taken as «. So, image will be formed at focus.
=v=+20x107%m
v h

. We know, m = — =M%
u h

<o >

11cm

object
20 ><10_2 Dimage

= "o 9
1.5x10 1.4x10

= Dimage = 1.86 mm

D.
So, radius = % =0.93 mm.

Given, P = 5 diopter (convex lens)

=f=15m=20cm

Since, a virtual image is formed, u and v both are negative.
Given, v/iu=4

W
ALY
\
Lo

= v =4u (1) ML\&*
From lens formula, i = v ‘A//K/ F
v u f

1.1 1 NSy u

f 4u u 20 4u 4u ) v "
=u=-15¢cm
.. Object is placed 15 cm away from the lens.
Let the object to placed at a distance x from the lens further away from the mirror.
For the concave lens (1% refraction) A S
u=-x,f=-20cm T=1::§;’,'~%’ / ¥\
From lens formula, B :E;‘ 5 = S :
11 1 1 1 1 v
_—_—= = —=— 4 — A" 4
v u f v -20 —x « — N

X 5cm

_ ( 20x j
=>V=—
X+ 20

So, the virtual image due to fist refraction lies on the same side as that of object. (A'B’)
This image becomes the object for the concave mirror.
For the mirror,
_ ( 20x j_ (25x+100j
=_| 5+ =
x+20 x+20
=-10cm
From mirror equation,
11 1 1 1 x+20

=t
v u f v -10 25x+100
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62.

63.

64.

65.

_ 50(x+4)

© 3x-20
So, this image is formed towards left of the mirror.
Again for second refraction in concave lens,

u= —[5 —M} (assuming that image of mirror is formed between the lens and mirro)

3x-20
vV = +Xx (Since, the final image is produced on the object)
Using lens formula,
S O I B B
v u f " x g 50(x+4 -20
3x-20
=x=60cm

The object should be placed at a distance 60 cm from the lens further away from the mirror.
So that the final image is formed on itself.
It can be solved in a similar manner like question no.61, by using the sign conversions properly. Left as
an exercise for the student.
If the image in the mirror will form at the focus of the converging lens, then after transmission through
the lens the rays of light will go parallel.
Let the object is at a distance x cm from the mirror
=-xcm ;v =25-15=10 cm (because focal length of lens = 25 cm)

f=40cm

111 1 1 1
= 4 —=—>—=———

v u f x 10 40 A i
= x =400/30 = 40/3 [¢) Q § E
.. The object is at distance (15 —?) :g = 1.67 cm from the lens. \/ X

15cm

The object is placed in the focus of the converging mirror.

There will be two images.

a) One due to direct transmission of light through lens.

b) One due to reflection and then transmission of the rays through lens.
Case | : (S’) For the image by direct transmission,

40cm .
u=-40cm,f=15cm ;
17 1 1 11 1 _ s N a

vuf v 15 40 s s 3
= v =24 cm (left of lens) g
Case Il : (S") Since, the object is placed on the focus of mirror, after 500m
reflection the rays become parallel for the lens.

SO, u=oo
= f=15cm

11 1
= il = v =15 cm (left of lens)

Let the source be placed at a distance X’ from the lens as shown, so that images formed by both
coincide.

For the lens, i—i:i:>v/: 15x ...(1) x
v, x 15 ' x-15 /\ §
Fro the mirror, u = —(50 — x), f =—10 cm . . 5
1 1 1 s 0 S 3
So, —+—=——
vV, —(50-x) 10 §
50cm
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66.

67.

68.

1 1 1
- =
v, —(50-x) 10
10(50 - x)
So,vp= ——* ..(2
&Ym= 40 @)

Since the lens and mirror are 50 cm apart,
15x  10(50 - x)
x-15 (x-40)

vV, -V, =50= =50

= x=30cm.
So, the source should be placed 30 cm from the lens.
Given that, f; =15cm, F,, =10 cm, h, =2 cm

. . 1 1 1 30cm
The object is placed 30 cm from lens ———=—. AI /\ A" %
' B

v u f I
V= Ut BlB” lgf ;
u+f A" \/ A /\§
Since, u=-30cmand f=15cm *
So,v=30cm
So, real and inverted image (A’B’) will be formed at 30 cm from the lens and it will be of same size as
the object. Now, this real image is at a distance 20 cm from the concave mirror. Since, f,, = 10 cm, this

real image is at the centre of curvature of the mirror. So, the mirror will form an inverted image A"B" at
the same place of same size.

Again, due to refraction in the lens the final image will be formed at AB and will be of same size as that
of object. (A"'B"")
For the lens, f=15cm, u = —-30 cm

50cm

From lens formula, l —1 = 1 p=1.5
v_u f /\
:>l=i—i:i =v=30cm .
v 15 30 30
The image is formed at 30 cm of right side due to lens only.
Again, shift due to glass slab is, 30cm Tem

=At= (1—%)1 [since, pg=1.5andt=1cm]

=1-(2/3)=0.33 cm
. The image will be formed at 30 + 0.33 = 30.33 cm from the lens on right side.
Let, the parallel beam is first incident on convex lens.
d = diameter of the beam = 5 mm

=15
Now, the image due to the convex lens should be formed on its =
focus (point B) TR
So, for the concave lens, R - 1"_2:‘
u = +10 cm (since, the virtual object is on the right of concave lens) -- "'6? \
f=—-10cm E Tom
So,l_lzljl: 1 +i:0:>\,=oo 10cm 10cm

v u f v -10 10
So, the emergent beam becomes parallel after refraction in concave lens.
As shown from the triangles XYB and PQB,
PQ RB 10 1
XY zB 20 2
So, PQ =% x5=25mm
So, the beam diameter becomes 2.5 mm.
Similarly, it can be proved that if the light is incident of the concave side, the beam diameter will be 1cm.
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69.

70.

71.

Given that, f; = focal length of converging lens = 30 cm
f, = focal length of diverging lens = —20 cm

and d = distance between them = 15 cm

Let, F = equivalent focal length

11 1 d 1 ( 1 ) 15 1
So, . —=—F———F = —+|— || —— |=—
F £ f, ff, 30 20 30(-200 ) 120
=F=120cm
= The equivalent lens is a converging one.
Distance from diverging lens so that emergent beam is parallel (image at infinity),
_dF 15x120
dy=—=
f, 30
It should be placed 60 cm left to diverging lens
= Object should be placed (120 — 60) = 60 cm from diverging lens.
Similarly, d, = 3 - 19x120
f, 20
So, it should be placed 90 cm right to converging lens.
= Object should be placed (120 + 90) = 210 cm right to converging lens.
a) Firstlens :
=-15cm, f=10cm

17 1 1 1 ( 1) 1
—_————e ) — | —— | = ——
v u f Y 15 10

=60 cm

=90 cm

=v=30cm 15¢m

So, the final image is formed 10 cm right of second lens. ‘—m’ ond

b) m for 1% lens : T A A
v h 300 h

_ 'image ( ) image

—_= = | —— | =

U Nopject -15/) 5mm \/ \/

= himage = —10 mm (inverted) —

Second lens : 40cm
=—40-30)=-10cm;f=5cm

[since, the image of 1% lens becomes the object for the second lens].

17 1 1 1 ( 1) 1
—_—_——=— = —— | —— | = —
v u f Y 10 5

=v=10cm

m for 2™ lens :
\ himage (10) _ himage
A ===

U Nopject 10 -10

= himage = 10 mm (erect, real).

c) So, size of final image = 10 mm

Let u = object distance from convex lens = -15 cm

v41 = image distance from convex lens when alone = 30 cm
f1 = focal length of convex lens

60cm
Now, - 11 N

vi u f

S I B I .
ff 30 -15 30 15 « »

or f{=10cm

Again, Let v = image (final) distance from concave lens = +(30 + 30) = 60 cm

v = object distance from concave lens = +30 m

30cm
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72.

73.

74.

f, = focal length of concave lens

Now, - +— -1
v vy
or, l:i—i = f, =-60 cm.
f, 60 30

So, the focal length of convex lens is 10 cm and that of concave lens is 60 cm.

a) The beam will diverge after coming out of the two convex lens system because, the image formed by
the first lens lies within the focal length of the second lens.

b) For 1% convex lens, 1.1 :1 = 1 = s (since, u = —x)
v u f v 10
or,v=10cm 1 1 1 f, =10cm f, =10cm
for 2™ convex lens, — = — + — M
v f u
1 1 1 -1
o, —=—+———=— ,&VI/
vi 10 —-(15-10) 10 \\VL
or, v'=-10 cm 15cm
So, the virtual image will be at 5 cm from 1% convex lens.
c) If, F be the focal length of equivalent lens,
11 1 d 1 1 15 _ 1
Then, - =—+ ———=> —+—-—= —
F f f, ff, 10 10 100 20
= F=20cm.
Let us assume that it has taken time ‘t’ from A to B.
1 2
.. AB = —gt
5 g
18 =h
.. BC=h- =gt v | ot?
2g h BI ?
This is the distance of the object from the lens at any time ‘t’. ic
Here,u=—(h— %gtz)
p2 = p(given) and py =i (air)
So, = E_ 11 = “F;1
\% 2 !
—(h—-—gf
( 59 )
1)(h-gt?)-R
:>E H_1_ 1 _(H_ N _Eg )-
v R 1 2 1 .2
h-—gt R(h-—gt
( 59 ) ( 59 )
1
uR(h —Egtz)
So, v = image distance at any time 1’ = ]
(u—1)(h—§9t2)—R
uR(h—lgtz) 2
So, velocity of the image =V = z—\t/ =% 12 = uR7gt (can be found out).

(-1h-29)-R | (1-1(h-gt*)-R

Given that, u = distance of the object = —x
f = focal length = —-R/2
and, V = velocity of object = dx/dt
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75.

. . 1 1 2
From mirror equation, — + —=—-—
-X Vv R
1 2 1 R-2x Rx .
=2y V= = Image distance ,
v R x Rx R -2x

So, velocity of the image is given by,

[
V1=dv_ dt

a)

(XRIR - 2x)]~ [ (R~ 20)lIXR]

v o
Object Image \E\
d 'ag
dt /§
g

dt (R-2x) —_—3

RIS (R-2x)1-[-2 5

_ R[v(R-2x)+2vx0
(R-2x)? (R—2x)?
VR?  R[VR-2xV +2xV

(2x-RY?  (R-2x)

When t < d/V, the object is approaching the mirror

As derived in the previous question, t< (di)
Velocity of object x R? = v

[2 x distance between them —R]?

VR? o T
m [At any time, x = d —Vt]

After a time t > d/V, there will be a collision between the mirror and the mass.

As the collision is perfectly elastic, the object (mass) will come to rest and the mirror starts to move
away with same velocity V.

At any time t > d/V, the distance of the mirror from the mass will be
X = V(t—g) =Vt-d
\Y

Here,u=—-(Vt—-d)=d-Vt;f=-R/2 v t<(dw)
1 1 1 1 1 1 _{R+2(d—Vt)} 3
v

image —

= Vimage =

So, —+—=- = —=- +
d-Vt (-R/2) R(d-Vt)

_ { R(d - Vt)
>V | —
R—2(d— Vt)

So, Velocity of the image will be,

i(Image distance) = df_R@=Vt)
dt dt| R+2(d - Vt)

Let, y = (d — V1)

:>d—y:—V

dt

} = Image distance

Vimage =

SO: Vimage =

d { Ry } _ (R+2y)R(-V) -Ry(+2)(-V)
dt|R+2y | (R +2y)?

_ _ 2
_ _V{R+2y Zy} VR

(R+2y)2 (R+2y)2

Since, the mirror itself moving with velocity V,

R2
—2:| (since, V = Vyiror + Vimage)

Absolute velocity of image = V| 1-
(R+2y)

= V|:']_R—2:| i
[2(Vt—d)-R?
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76.

77.

Recoil velocity of gun = V4 = mVV .

At any time ‘t’, position of the bullet w.r.t. mirror = Vt +mVVt = (1 +%)Vt

For the mirror, u = —(1+%)Vt =kVt

mirror(

v = position of the image v,
Vo= (mv),m‘_‘F
From lens formula,

1T 11 1 1 1 1 1 f-kvt

v F TKVE KV KVAT

V f u
Let (1+m: )
M

kVft ( kVif j
So,v= =
—KkVt+f \f-kVt

So, velocity of the image with respect to mirror will be,
d_v _ i[ kVtf } _ (fF—kVt)kVf —kVtf(—kV) kVt?
dt  dt[f—kvt (f —kVt)? (f —kVt)?

Since, the mirror itself is moving at a speed of mV/M and the object is moving at ‘V’, the velocity of
separation between the image and object at any time ‘t’ will be,

Vq =

_ mV  kVf?
Vs =Vt —————
M (f —kVt)
When, t = 0 (just after the gun is fired),

Ve = V+m—V+kV=V+mV+(1+m)V:2(1+mjV
M M M M

Due to weight of the body suppose the spring is compressed by which is the mean position of
oscillation.

m=50x10"kg,g=10ms % k=500 Nm? h=10cm=0.1m ——
For equilibrium, mg = kx = x = mg/k = 10°m = 0.1 cm 30 om
So, the mean position is at 30 + 0.1 = 30.1 cm from P (mirror). L]

Suppose, maximum compression in spring is 3.
Since, E.K.E. — |.LK.E. = Work done

=0-0=mg(h+3)-" k&? (work energy principle)
= mg(h +8) = % k&% = 50 x 107> x 10(0.1 + 8) = % 500 &° “”;’;’;{f’"
So, 5= 222025450 _ 645 1 = 1.5cm.
2x 250
From figure B,
Position of B is 30 + 1.5 = 31.5 cm from pole. mirror
Amplitude of the vibration = 31.5 - 30.1 — 1.4. | ®
Position A is 30.1 — 1.4 = 28.7 cm from pole. A 130-1 em
ForAu=-315,f=-12cm 1.4c
LIS S mean

v f u 12 315 tem

= Vp= _1 938 cm ’//A;-:_//A-Yf/fx
Fig-B

ForBf=-12 cm, u=-28.7 cm
1 1 1 1+ 1

v f u 12 287
= vg =—-20.62 cm
The image vibrates in length (20.62 — 19.38) = 1.24 cm.
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78.

79.

a) Intime, t = R/V the mass B must have moved (v x R/v) = R closer to the mirror stand
So, For the block B :

=-R, f=-R/2

Tt 112 1 1

v f u R R R _ 2R L R .
= v = -R at the same place. ) S .
For the block A : u=-2R, f=-R/2 L v

1 11 2 1 -3 H i. ) ‘m
S Em— = — o —=— =

v f u R 2R 2R - N

A I B

_ origin
=>vV= % image of A at % from PQ in the x-direction.

So, with respect to the given coordinate system,
.. Position of A and B are % R respectively from origin.

b) When t = 3R/v, the block B after colliding with mirror stand must have come to rest (elastic collision)
and the mirror have travelled a distance R towards left form its initial position.

So, at this point of time, R R
For block A : 4
=-R,f=-R/2
Using lens formula, v = —R (from the mirror), H H
So, position xa = —2R (from origin of coordinate system) N 5
For block B :

Image is at the same place as it is R distance from mirror. Hence,

position of image is ‘0’ 3 R ,\‘1 = >
Distance from PQ (coordinate system) ¥ -
.. positions of images of A and B are = -2R, 0 from origin. <L:‘ J:‘ EB'E H
c) Similarly, it can be proved that at time t = 5R/v, il By '
I

the position of the blocks will be —3R and —4R/3 respectively. A
Let a = acceleration of the masses A and B (w.r.t. elevator). From the freebody diagrams,
T-mg+ma-2m=0 (1) T
Similarly, T-ma =0 ...(2) T
From (1) and (2),2ma-mg—-2m =0 ,a
= 2ma =m(g + 2)

TZm/s2

=a= M:E =6ms_2
2 2
so, distance travelled by Bint=0.2 sec is,
s=%at2:%x6x(0.2)z=0.12m=120m. mg
So, Distance from mirror, u = —(42 - 12) =-30 cm ; f= +12 cm FBL”;(Z)
. .1111(1)1 FBD-A

From mirror equation, —+—=-=—+| —— |=—

v u f v 30/ 12

=v=8.57cm
Distance between image of block B and mirror = 8.57 cm.

AADA
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