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Ray Optics and Optical Instruments

SOLUTIONS

Exercise-I (Conceptual Questions) F=10cm
1. Li=/r
i 3cmyy
w/Zi=0, . /r=0 12 / 3em =
2. 06=180-2i ' < >
25cm =
d=180-2 x 30°
d=120°
360 Side of square = 3cm
3. n="——=4(even number) a
90 Ao=3x3=9cm?
No. of images=4-1=3 Ar=m2x Ay
4.  Vi=V,, (with respect ot mirror) f ~10 10 -2
- m = = = ——
Vi=15 m/s: : f-u -10-(-25) 15 3
I’ I § Scm é Il I2 I3 -2 2
5. 20cm 10cm 3 7 S5cm 25cm 35cm A= (—j x9 =4 cm?
3 < 15cm . 4 3
M1 M2 13. m:__l;m:L; _l: —12
] 4 f-u 4 -12-u
then ans. will be 5 cm, 25 cm, 35 cm U= -60 cm
6. 0=360°-26 (for two deviation) £ 30
8=360°- 2 x 40° 14. m=—;m= ——
& =280° —u -30-(-90)
7.  Required minimum length of the mirror m = —_30; m = 1 _s Image size is smaller
H 6 60 2
= —=— =3 feet i
2 2 than object
8. Minimum length of plane mirror required N -v -1 -v
m-= —; —_——
=Ezﬂzgocm u 2 -90
2 2 -v=45;v=-45cm
360° 360° h, -3
9. n= = =8 e B i
0 45 15. m b 15 2 (Real image)
n is even so number of images=(n-1) =7 ¢ ¢
10. m=— T T (s
' f-u - ~(=15)
m = - 2, — Real, Inverted -2f-30=f
-50 f=-10 cm
-2= ;u=-75cm S .
—50—u 16. Erect diminished image formed by convex
11. R=25cm mirror.
f=12.5cm 17. Vi=-m2xV,
f 12.5 f —24 -24 -2
m= = m= = = = —
f-u 12.5—-(-40) f-u -24-(-60) 36 3
m = 0.23 9\
height of image V., =—| =] x9.
m= | 3 )
height of object
height of image = 0.23 x 7.5 = 1.78 Vi = -4 cm/sec (toward the mirror)
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f i
18. m=— 30. ini=psin| —
P g Sin i usm(zj
Image to be real and three times m = -3 ; ; ;
f 1x2sin| —|xcos| = | =pxsin| =
3= 2 2 2
f—(-20) :
f= —15 cm coS [%j:[%j
20, 1,11
v ou T i:2cos-1[Ej
R=22cm 2
f=11cm 31. sin@c= L
1 1 1
Now, U+ 0 =% VIBGYOR.
1 1V u1 f r1
111 — sl
v -14 11 _— eCT
v = +6.16 [Back side of mirror]
21. Focal length of spherical mirror does not o 1
depend on wavelength of light. A
22. u=-10cm,v=-20cm 32. Apparent depth = Actual depth
v -(-20) 1
m=s—————=—
u -10 1
dv=-m2xdu and Hoco
= Av=-4x0.1 33. from one side
= Av=-04cm )
-ve sign indicate object and image are moving (d,,); = el
opposite to each other
23. R=2f;R=2x20=40cm (d,.), =n(d,,, ), =1.5x5=7.5cm
25. Frequenq{ depend upon the source from second surface
26. sinf.= " ; { WL oc %} (d,.),=u(d,,,), =1.5x2=3.0cm
R™D
. Ay 35004 o - 1, o - 30° Total d,. =(d,.), +(d,.), =7.5+3.0=10.5cm
St Be= Z_ 70004’ St Y= 2’ T 34. Frequency doesn't change with change in
1 1 medium
27. Shifting = t|1-— =6[ ——j t
11 15 +«—
Shifting = 2 =R
ifting =2 cm 35.
Vair .
28- airp.g]ass = nght > >
glass
Vair = 2 x 108 x 1.5 m/sec
Var =3 x 108 m/s
8 _c ¢ ¢ 1
Vi 3x10 H=—=V, =—=— (1)
airMliquid = = 3 =1.2 Vo L n
Vliquid 2.5x10 .
H A . Velocity = displacement _t _y @
N1 J@ B M=)
° c__t = time=—
Diameter of disc = 6m n time B
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36. SineC:”_R 50. ﬁ_&:—uz_uljl;s i:—l.s—l’
Hp vV u R v -15 30
i v=-30cm
it MR | _cint] 3 51. PO=0Q;u=v
ec =SIin [“Dj Sin § E_i B 15_1 Air guzls
2 u -u R P K Q
eC:sinl(gj 1'5+1=%; 25_05 R
9 u R u R
37 Sinec:_:?smec:i:% Ul:51R 1 1 _ 100 100
aMyg ato 52. P=-=—+—;P=—+—=49D
= Cu > Cg f f f 20 25
38. sino. -1 & poct 53. P=Pi-P, =P=+250-375
ST by P=-1.25
42. If object will be invisible then R.I. of material f= 7100 _ o0 em
and R.I. of medium should be same. 1.25
43. dm= (llP - 1) A 54. net = P1+ P2; Pnet=3-5; Pnee=-2D
Om=(1.52 -1) x 4.5° 100
Sm = 0.52 x 4.5° f= -—==-50cm
m = 2.34°
44, Jd,=2i-A E—LZL;V:—ZSCI’H
3 v =50 -50
e=i= —x60° = i=45"° 1 1 1
4 55. —=—+—
8m =2 x 45° - 60° ff f
Om =30° 1 100 100
(8. +A . (30°+60° = P70 5 4
sm( m2 j sm(zJ
45. p- - = = : =P=-15D
sin— sin 56. f=xX;
Sin450_ixz, _\/E 10= 5X2 :>X2=20cm
sin30° 2 ' = distance of image from lens = x, + f = 30 cm
100
46. sin0c= l; sin 45° = 1 57. f= T=+20cm
U H
n=+2 %:(15-1)(%—%)
sin(A+8mj 1 0.5x2 i
2 — = —2X% . R=20cm
SinE 58. fZ=x1x;
A is same for all prism f2=9x25= f=15cm
Here < pz < s 59. L L_l}{i-i} (1)
81 < 62 < 63 I:air Rl RZ
49. Lightshould be incident L on silvered surface 1 [y -n 1 1
sini=psinr Z £ —H - R R (2)
r m m 1 2
sinizx/zsin?;O Z
) . L 1 é Equation QZEZM
i=sint| —— |=45° 2 for [ BBy
2 ; .
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60.

61.

62.

63.

64.

65.

66.

f 3‘1) 2
8 [3_4| 1
2 3 8
4
3
fn=4%x8=32cm
1 1 d
=t
f f ff

1
f
i_t,1 10
f 10 15 10x15
1
f

1.1 1_1
10 15 15 10
f=10cm
Power =
Focus

due to immersed in water fT

1:@_1}(1_%
f i Ry Ry

R.I o< no. of images
1 1 1
“= (- -
f R, R,

L s oL
10 75 R,

Rz=-15cm

1

% =f=100cm

=(uL-1){$—%}

1
Z(HL_l)XE

e e Y e el s Y R

1

30

U

1
(M—l)ﬁ

= p=l+1=£=1.33
3 3

b p 4 p, o 100, 100
80 (-50)

P=125-2

P=-0.75D

60 cm
1.6

7

f1=10cm

f2=15cm

[T

68. Q or
£
f

69.

70.

71.

72.

f=t f =2t

1 2
F:(H—l) Ej

(R
2(u-1)
., R
2(n-1)
flI:
p—1
S f=f&f =2f

A

0 F1 F2 I

k- x1 = [ e [ e x>

— U —e—— v —
Here, x; = 25 cm, x2 =40 cm
According to Newton's formula
fz =X1X2 = (25)(40)

f=./(25)(40) =10J10cm=32cm

Object distance, u =—(f+ x1)=-(32+25)cm =-57cm
Image distance, v =(f + x2)=(32+40)cm =72cm
72

Magnification, m = v_ fe_ -1.3
u 57

[fo| + |fe| = 45
8fe + fo =45
9f. =45
fe=5cm
fo=40 cm
me x Mo = 35
mex 7 =35
me=>5

[4]
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73. MP= _—f°(1+f—ej
f D

e

mp= —100(,, 10
10 25

MP =-14

74. |fo| + |f.| = 105 and -£—°=—zo; fo =20 f.

e

Now 20 f. + f. =105 = 21f. =105
fe=5cm and fo =100 cm

75. m= 1+2; m= 1+2?5

m=6
77. mp-P__ L _PB _ 100
a f 05 2
p=-25°
fO
78. M:——:—4
fe
fo = 4fe (i)

L=[f]+]f

10=|f,|+|f,| ... (i)

from (i) & (ii) equations
10=|4f,|+|f,|

fe=2cm
fo =8cm i.e. L4, L1
79. Image is at D distance

MP=(f2+1J:> 6:2f—5+1

e e

5:2—5 = fe=5cmor=0.05m

80. MP=-2

fo =200 cm
OR
The focal length of objective lens is greater than

eye piece so answer should greater than 20.

tan9=£=£
d f
-2
h, = h, xf :50><200><310 _£410%m
d 2x10
h, =5cm

Exercise-II (Previous Year Questions)

1.  Magnifying power of Microscope = LD

fOfe

= M.P.x i

0

Magnifying power of Telescope =£—°

e

By Snell's law

(1) sin2A = () sinA = p = 2cosA
2sinA cosA = psinA

2cosA=p

. (8,“ +Aj
sin
3. N2 )

3]
sin| —
2

- u=cot(A/2)

. (6,“ + Aj
Sin
- cot (A/2) = 2

= cos (A/2) =sin (Sm;A]

o +A
2
= Om =180° - 2A

—90°-A/2 =

www.allen.in
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1‘12=1.7

[SA
Il1=1.5

From lens maker's formula
1 1
—=(pn-1 )(R__R_)

we have l=(1.5—1)(ij:i
f, 20) 40

1
__(1 _)( j 40

7
1 a7 -
& f, ( )[ 20] 100

1 1 1 1

Now —=—+—+—
f f f, £

1 1 1 7

f 40 40 100
= f=-50cm
i=45% A =60% 8, =2i-A=30°

. [A+3,,
sm( 2 j sin45° 1 2

= = =—2=02
sinA /2 sin30° 21

Using lens formula for objective lens

1 1 1 1 1 1

- — 0 — = — _ J—
VO u() fO VO fO uO
11 1 +45-1
v, 40 -200 200

=vp=50cm

Tube length ¢ = |vo| + fe =50 + 4 = 54 cm.

For spherical mirrors

m = +ve = virtual image
m = -ve = real image

|m| > 1 = magnified image

|m| < 1 = diminished image

10.

11.

_4
My 3
3 3
H1—2 M3 =
fi f3
fa
f=f3= ; =R =f(given)
(5
2
f,= —R =—3R——§
2

AR
fq fi T, f3 f 3fF) f
L 4
Tt 3 94
[ X — (—x —
o
°
f 4 {
X —5cm .. (i)
v
2% _3em .. (ii)
u
From (i) and (ii)
{=(5+3)u=12cm
light spot 0

[6]
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12.

13.
14.

15.

16.

17.

By using snell's law

sini= \/Esin30°= \/EX—:

Zi=45°

N[ =

(i) object

_ uf _(-40)(-15) _ 600

v, = =-24cm
u—f —40+15 -25
f=15cm
(ii) obj.ect %
20c§
v, = uf [ 20) (- 15)_ 60 cm

—-20+15
Displacement of image = v,- vi=-36 cm

u—f

= 36 cm away from the mirror

Longest wavelength is of red colour.

i:l+1:>F =f/2
FF f f

AndF,=f= F _1
F, 2

At critical angle

rarer

ic denser

angle of refraction = 90°

Focal length does not change — Power does

not change

A ey
f Hq R Ry

1 1.5-1)(1 1
jﬁ:[TJ(E_ﬁj

z2_3 R—7—5—1875
25 2R 4

18.

19.

20.

21.

22.

23.

Ist surface radius = 18.75 cm
[Ind surface radius = 37.50 cm

Herer;=0sori=A
Apply Snell's law sini = usin ri= usin A
for small angle

Spherometer is used to measure radius of

curvature of the curved surface.
100 100 100

P= =f= = =10cm
f p 10
R .
= (for equiconvex lens)
2(n-1)
10= 10
2(n-1)

= (H—1)=%:>H=%+1=%

. . 1 1 1
By using mirror formula —+—==
u v f

We have L +l:l:>1:_l+i

-15f v -f \Y f
N 12—1.5+1 :i'5:V=—3f
\% 1.5f 1.5f

sinf, =—

1 1 1
n= = = =2

sin@. sin45° (1/\/5)

n=+3

1

|
ri+rp= A =30°
r2=30° (r1 = 0°)
from Snell's law
\/§sinr2 =1xsine
\/§sin 30°=sine
e=60°

60°

www.allen.in
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24.

28.

29.

30.

31.

32.

d—

_____
==

-

—‘——

Speed of light is air V; = ti

1

speed of light is a medium V; = 10x

V t
Slnec = _2: 10X_1
1 tZ

c= sin’l (—10t1 J
tZ

X

feq =0
Since lens is made of three materials so three
p and hence three images.

60

6o >
,I

+90°

A=r1+r;=6°

W=15 s-ine :s.ine
sinr, sin6
sine=1.5 x 6°
e=9°
Sini, =—oc )
i
ic ocA

Yellow, orange, red emerge from air.

33.

35.

36.

Here rz = 6¢
Hence r1 =A-6¢

Grazing
Emergence

By snell's law

Masin30 = p sinrg

= (1) sin30 = p sin(A - 6¢)
= sin 30 = usin(90 - 6¢)
= sin 30 =pcos O¢

Y -1

= sin30=p

1)
= = =u’-1 '.'sinﬂc:l
n
1 2_1
= —=pur-1 cosO, = K
4
1)
= u2=5/4
5
= pu= —
2
For Telescope -
Magnifying power
M.P. = ﬁ= ﬂ=—28
fe 5
MP =-28

Statement 1 is correct :- Image is only
formed by regular reflection not by irregular
reflection.

Statement 2 is correct :- The variety in
colour of objects we see around us is due to
the constituent colours of the light incident
on them.

[8]
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Exercise-III (Analytical Questions)
Simple microscope forms erect image while

compound microscope form inverted image.

M.P o 1? (for normal adjustment M.P = ?)

IlZcm
................. 4
24 =—
cm —— K 3
B¢ i
24
A)(d surface = x1=18 cm
(A) (dv)surs 1/3

(B) (dbf)surface = 1—12 X g =16 cm

24 1-12+418=30 cm
4/3

(C)dp = 12+

(D) dof = 24+%x§=24+16=40 cm

When mirror moves parallel to its plane, then

image will not move.

7.

10.

(A)

(B)

@

(D)

11.

14.

1=(u—1) 1 1 Both are same for thin
f R, R,

lens.

On covering upper half of the lens its aperture
decreases which results in decreasing of
intensity but nature, position, shape and size
of image remain same.

M.P. =? and D may be different for different

persons.

P

u=-f f=+f v:_fo:if:m:_X:l
—f-f 2 u 2

weffef ve—X o meo
~f-(-h)

w=2ffef ve 22Xt e o1
—2f —(~f)

u=-2f f=+f VZ_Zfo:Lijmzl
2f—f 3

For A > 20¢; the light ray never crosses the
prism for any angle of incidence.
e=(A+3)-i=(30°+30°)-60°=0
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