DACE Geometrical Optics Phy. XI

JEE Main Exercise

(b)

All the reflected rays meet at a point, when produced backwards.
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Perpendicular distance between object & mirror is equal to perpendicular distance between image &
mirror.

Fig.1 shows original condition when object distance is X & mirror is at mean and fig.2 shows final
condition then mirror perform SHM of amplitude 2 cm.
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Fig. 1 Fig. 2
I1"=0'l + 00’ - (Ql’)
=X+X-2(X-2)
II"=4cm
(a)
A plane mirror forms inverted image of object line perpendicular to it.
-
Z
Z
3:25 % 8:35
Object Image
(d)
Deviation produced by plane mirror is given by
d=180-2i

here i =90 — 60 = 30°
0 =180-60=120°
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5.

10.

11.

12.

13.

(a)

There is a phase change of 180° in reflection.

(c)
Only a portion of incident light is reflected by mirror and rest is transmitted in mid water. So intensity
of reflected light is less than intensity of incident light & hence image formed is less bright.

(a)
By the laws of reflection angle of incidence = angle of reflection
Li=Lr

(b)

An image is called a real image if the rays after reflection or refraction actually meet hence converging
rays from real image.

When rays actually meet real image is formed

(@)

All the reflected rays meet at a point, when produced backwards.

(b)
Lateral inversion refers to inverted image of object when kept in front of mirror.
Image of HOX appears same as HOX.

(b)

Perpendicular distance between object & mirror is equal to perpendicular distance between image &
mirror.

Initially the separation between object and image is 200 cm. After 6s the mirror has moved 30 cm
towards the object. Hence object-mirror separation is 70 cm. So object image separation is 140 cm.

(b)
From the following figure we can see that incident & reflected ray are parallel to one another.
I* mirror
Incident
ray
i Reflected
190-0 ray
1™ mirror

(©)

First reflection =3
Second reflection =3
Third reflection =1
Total =7
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14, @
By the formula for the number of image formed %O—l where 6 is angle between the mirror.

No. of images = @—1: 5

15. (©
Paraxial rays are considered because they form nearly a point image of a point source.

6. (d)

10cm
So diameter of the image = fa

zlox(lxijzﬂ
180 18

17. (b)
Using mirror formula
1 1 1
—_t—=—
v u f
¢
Here u =, f = +f
1.1 1
v (-f) f
f
= V=—
2
18. @
Using mirror formula
1 1 1
—t—=—
v u f

Here we have a virtual object so sign of u is positive.
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19.

20.

Here f=+20
u=20

1 1 1 1

—4+—=— = —=0

v 20 20 v

V=00

(b)

Using mirror formula

111

v u f

The equation is in the form of y = mx + c. On comparing we see that taking 1 on y-axis and 1 on x-
v u

axis than m (slope) is -1 and % is intercept on y-axis.

r' N

1

\Y

;3
B — 1
7

Figure shows a rod of infinite length with point A at distance u and B at infinity.
By using mirror formula we find the image of point A & B.

Point A

u=-u f=—f
1 -1 -1

v ou f

1 11

v ou f
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21.

22,

vzf—u uf :—uf
uf f—-u u-—f

Point B

U=-—o0 f=-—f

1 1 -1

vV oo f

v=—f.

2
Distance = uf —f= f
u—f u—f

| 7
o E% =

Takingu =—2f & f = +f

(b)

1 1 1 2+1
= t—=—"
v f 2f 2f

_v_-2f/3_1
—2f 3
(b)
Magnification is —3 because image is real & inverted.
m=_"
u
3-_Y
u
v = 3u.
givenu =-20cm
v =-60cm

—3
20cm f

By using mirror formula

1 1 1
60 20 f
f =-15¢cm
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23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

(d)

Here u =-30 cm, f=-15cm
Obiject is at centre of curvature

= image will be real and of same size.

(a)

By using mirror formula

u=+x;f=—f

1i_t.1

v —-f x

1 - 1 — M =_ve (a|Ways)

vV Vv xf

So if object virtual, image always real.
(a)

When object is real then image move from focus to pole.

So maximum distance f = 20 cm.

(©
dv_—v'du
dt  u? dt

= av is opposite of du
dt dt

So, if v=—ve i.e. real image then away from mirror and if v = +ve i.e. virtual image then toward the

mirror.

(d)

Irrespective of the type of mirror.

(d)

Focal length of the mirror is R/2 which depends on the sphere from which the mirror is cut out.

(b)

Only concave mirror forms larger image of an object.

(d)

Minimum distance between object and image is zero when image concides with the object i.e., object

is placed at 2F.

(b)

It is a convex mirror. It makes a virtual image always.

(©)
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33.

34.

A
/

Magnification = :_' _v

Velocity of light varies with medium. The relation between velocity & refractive index is given as

b U
hh -9 -v
h 3 u
u=v

3 (x—300) =x
3x—900 =x
2x =900

x =450 cm.
(c)

N, v
[

Where n is refractive index & v velocity of light in medium.

sini _H, Vi %

sinr H V, X,

(b)

Applying Snell's law on surface of incidence

e_sinl(sin 60)
3

$=180-[60+0]
¢:180—{60°+sin1(8in6ooﬂ

NG

—180°—[60+30] = 90°
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35.

36.

37.

38.

(@)

r\r

Incident angle and emergent angle will be same.
= the angle between them is 0.

(a)
Shift by a glass slab of thickness t is given by t[l—EJ
il

And shift is towards the path of incident light.

(©)
i =60°

Displacement =tsecrsin(i —r) =5v2

:155ec{§cos r —ﬂ} = 5«/§

2
J§ tanr 1

2 2 B

= r=30°
Now, usinr =sini

u=£><%=«/§

2

()

If light is travelling from medium B and suffers TIR it implies pg <p,.

0c = sinl(“—BJ
Ha

. V V.
ezsm‘l[—AJ {As ﬁ:—l}
Vg W Vs
vy Va Y
sin® sin0
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39. @
r+r'=90° = r'=(90-r)
W Sinr =p, cosr

tanr =12

Hq
Critical angle =sin™£2

My
=sin~*(tanr)
40.  (c)
8
Ha Yo 25 ) 55
Hp VA 2X1O
ec :sinl(ij zsinl(ﬂj [AS ec :sin*1 Mrarer ]
1.25 5 Mdenser

41.  (c)
In order to find the minimum diameter to block all the light we need to find the maximum
radius of the circle formed.

r

A
v

Y

4m |
tan@=_ = sin‘1§:6
4 5
tan‘1§=6 r_3
4 4 4

[For radius to be maximum 6=6-] = r=3m
Diameter =6 m

42.  (d)

12cm

_—« Fish
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tan 6. = % ..... 1)

A ray of light interring at 90° from rarer medium makes an angle of refraction equal to critical angle
in the denser medium and critical angle is given by
.43
B =sint=
¢ 4

43

5 - (2)

Equation (1) & (2)

0 =tan

3 _R _  p_l12x3
NP Nz
43. (©

We know that formula for deviation
d=i+e-A & np+r=A

e=0 np=A
A=A
1sini=psin A

Because angles are small i =pA

44.  (b)
For minimum deviation i, =€ and r, =§= r=r
d=i+e—A=iy,—r)=38° (1)
Now,
44°=42°+62-2r = r=38° (2)
From (1) and (2)
Imin = 90°

45.  (d)
A

370 —~~—X 500*~~’530°
Xy X3

In the graph for angle of deiration v/s angle of incidence the shift in angle of incidence on right side
is more than that of left side X, > ;. Hence only one angle is suitable e = 38°.

| -
Ll
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From the formula

d=i+e—-A
8 =50+40-60=30°
Spmin <30°.

A

300
8min

400 i=-¢e 500
47. (©
Using formula for relation between &, & A.
sin(AJrSmin j
3 2
H=—"4
sin—
sin 90+ O,
3 _ 2
2 sin 45°
Sin(gommm j _\3
2 2
D+Omin _goe = 5, =30°
2
48.  (c)
6min =A
So, 2A=2i
i=A
Now for refraction on first surface.
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49.

sini=psing

sin A= usin A

[For minimum deviation r, =r, :g]

A. A . A
2C0S—Sin— =+/3sin—
2 2 \/_ 2

cosézﬁ
2 2
2230 = A=60°

For light be transmitted the ray should not suffer TIR at second refraction.
Hence r, <0 .

If maximum value of r, is less than C then the ray will be always transmitted
n+r=A

(r2 )max - 6OO_(rl)min
For r; to be minimum i should be minimum

1) = 250}

In limiting case (r,) _ =6c

{2
i3 owtme]
et

7
sini 13
—=—COS sm ——.=
u 7 2\7
Sini—\/z ﬁ i_ﬁ
"o
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sini :{1—1} = 1=30°
2

50. (d)
Given angle of incidence I,
Given angle of emergence |,
Condition for minimum devidation
|:e = .. |1:|2
51. @
Using the given formula
d=(n-1)Aand p+r,=Aand 8, r=r, :rzg
Hence, o, =T.
52. @
Using the formula for refraction at spherical surface
N h_N-h
v u R
3
nl =§
Here n, =1
u=30cm
R=+20cm
1 3 _1-3/2
v 2x30 20
v=+40cm
53. @
R = 20cm
t=20 cm
k\Paper
This problem can be drawn as follows
R = 20cm
air n=3/2
t =20cm !
u=-20cm R=+20cm
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From N M (p—n)
v u R
1+ 3 1-3/2
v 2x20 20
v=-10cm
54. (d)
Weknow thatP=IA &P xt=E
Hence IA=%
2 2
Initially energy/sec = I xn[%j = nd4 !

dy  (dY
Now energy/sec = — | -7 —
oves | o3 -+(3)]
:Indz[i}
16

. . 2
S0, Now Final Intensity _ Itd“3/16 _3

Initial Intensity  I1xd?/4 4
Focus will not change.

55.  (d)
On cutting the less parallel to its principal axis
f does not changes
So P will not change.

/
i

I R
21100 ] 200

f =200cm

56. (©
100 cm =R
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57. @

Using the formula P =

1
f (inm)
p=2D

f; =%=+50cm

f, =-100cm

L_{i_i}
feq f1 fz

1 17 [2-1] 1
50 100] | 100 ] 100

feq =100 cm

58. @
We know that on cutting the lens into two parts perpendicular to its principal axis power of the two
parts will be P/2 each. Let initial power of lens be P.

Then (Pl)f =(P2)f :E

2
Py :(Pl)f :(PZ)f =P
Pi = Pf
No change in power hence no change in focal length.
59. (b)

The rays coming from infinity parallel to principal axis and paraxial meet on focus after refraction and
the rays originating from focus of the lens originate parallel to principal axis after refraction.

R —
\\ —>—
/ﬂ’]

Y <

60. (b)
The focal length of mirror formed will be f :g
f=20cm

—>
10 cm

SR =22cm
f,=—11cm [-ve sign as concave mirror is formed]

f,=20cm
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-1 2 -10-11

11 20 110
; _~l10
a2

61. (b

il

¢ —P
lKh Uy
kg, v

For case 1

u=-U = v=—kuy = f=-f

E 0
ku, u f

For case 2

Uu=-u, = v=ku, = f=-f

.11 -(2)
ku, u, f

On solving (1) & (2)

1
f=5(ul+u2)

62. (c)
From the formula

hy=4/h, xh, =/8x12.5=10cm

63. (d)
All are true.
64. (d)

We know that 6 :sin‘1L and pgs, depends on wavelength of light pug, oc%
Mglass

When A is minimum the m will be maximum & hence 6. will be minimum.
A is minimum for voilet hence 6. is minimum for voilet light.

65. (c)
From the formula
Appartent depth  n;,
Real depth n

glass
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66.

67.

68.

69.

70.

71.

72,

73.

74.

75.

76.

77,

Apparent depth = Real depth « Neir_
nglass
The letter which appear least raised has
maximum Apparent depth and hence it has minimum p for glass.
1
poc s
for p to be minimum A should be maximum which is for Red.

(b)
Using formula
n,—1 Yoo2
156-1.44 o _156+1.44
1.5-1 Y 2
0.12

o=—-=0.24
0.5

W=

1.5

@
1.6333-1=1.6161=0.0172
ny -1
1.6333-1.6161

1.6247 -1

(b)
Disp. (nv- nr) A

(b)

Ray of Red light bends minimum because it has maximum A & minimum p.

=0.276

(@)
(©)
(d)
(©)
(@)
(©)
(b)
(@)
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78. @
79. Image distance from plane mirror = object distance. Lateral magnifications = 1
80.
| — Incident ray
R — Reflected ray
Angle of incidence = 15°
Angle between reflected ray and horizontal = 60°
81. Image from one mirror will behave like object for other mirror.
82.

Ol =0l2=2b
I3 is the image of 1> from mirror Mz similarly l4 is the image of 11 from mirror M.
Ol3=0ls =4b

83.  See point number - 3 of important points in reflection from plane mirror.

84 LLLLLLLLL L LSS L LS
. -~ H
0.2m NP S
] o
]
1

¥ !
Vi

| fed >

[« 1.6m —':l"

d 1 0.2

— =tan 30°=— sod=—

0.2 J3 V3
N =1—§ =8/3=13.85

Therefore, actual number of reflections required are 14.
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86.

87.

88.

89.

Ototal = OM + ON
= (180- 2i) +[180 - 2 (0 - 0]=360 - 26

L 16.5 cm

-+ |

(a)pc’:pi:

Q [ 22cm >

(b) Apply, 1,11 and
v u f

v
m=——
u

f=—=-18cm

R
2
Let u=-xcm

Thenv = —g cm for real image of %th size.
Using, % + ?1; =

1
f
1 1 1
+ =
(-x/9 (-x) -18
Solving we get, x = 180 cm

we have,

Image is inverted. So, it should be real and v should be negative.

=-30cm
Then, v =—15 cm as magnification is half.

Now, applying the equations
1 1.1 1 1
+

f v u —15 -30
f=-10cm

(@f= % =-12cm

Letu=(-x)cm

Then, v = (+ 3x) cm as image is virtual and three times magnified.

Using the equation
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90.

91.

92.

93.

94.

Similarly, other parts can be solved in the similar manner. For real image v should be negative and
Iv[=m [ul

O is placed at centre of curvature of concave mirror (= 42 cm). Therefore, image from this mirror Iy
will coincide with object O.

S

g

I

«—21 cm—><«—21 cm—>
> 42 cm >

Now plane mirror will make its image I» at the same distance from itself.

eV —>]

7 . £

e ’
—x—>]

j¢——2R—>

For convex mirror.
11 1
—_ —=
v —x +R/2
1 2.1
=— 4+ —
R x
 Rx
R+ 2x
Now applying mirror formula for concave mirror we have
1 1 1

“OR-x) —QR+v) —RI2
Solving this equation, we can find value of x.

= =]

or

Actual distance from one side = pu-times=6 x 1.5=9cm
From other side =4 x 1.5 =6 cm
Total thickness = (9 + 6) cm =15 cm

1Mz X 2u3 X 31 =1
4 3 1

~ EXE=;‘J=1U-3 or Hi;=2
_C_.. [

Y

_ 3 x 10°

T 6x10™x300x107

=1.67
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95.

96.

97.

98.

99.

ve

Using, B2 -H1 - ”—"“'Rﬂwe get,
vV u
I 15 1-15

v —-10 —15
Solving we get v =-8.57 cm

< (

(a) Using, 2 - “'We get,
s 10 “L5-10
y =20 6

Using ”72—%:E2;—‘“we get
1473 _1-4/3

v -10 ~15
Solving we get v =-9.0 cm

Hl

Using the equation

v u R

1.44 10 1.44 - 1.0

v oo +1.25

USIng ﬁ_p‘l p’Z Ky

vV oou R
1. . . - 1.
weget, 635 1.0 =1635 1.0
=90 +25
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11 1 o pfl_L
100. ;F;_f_(u 1)(R1 Rz]

Solving we get, R =39 cm

101, L 1.1
=50 u +30

Solving we get u = - 18.75 cm

102.

—_ F1 + oo

When object is moved from O to F; its virtual, erect and magnified image should vary from O to -co.

1 1.3 1 1
f=+36cm

(b) Between O and F1 image is virtual. Hence for real image.
|n|<for36cm

104. f=10cm f=10cm

2F U v U 2F

20cm 20cm 20cm 20cm

105. Itis just like a concave mirror
[f] = 0.2m |R|=0.4m Focal length of this equivalent mirror is

12y 2@/, -]

7 R, R (extra points)
_2(4/3) 2(4/3-1)
T 04 +04
or =—0.12mor-12cm
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106. |R|=0.5m (from first case)
In the shown figure, object appears at distance
d=ue0.2) +0.2
Now, for image to further coincide with the object,
d =|R| Solving we get, pe =1.5

107. O=ll, (Displacement method)

=,|’6>(2
3

=2cm

108.  Virtual, magnified and erect image is formed by convex lens.
Let u=-x
Then v =-3x

Now, —-—=—
X=8cm
Distance between object and image = 3x - x =2x =16 cm

109. Diminished erect image is formed by concave lens.

Let u=-xthen v=—§

Now, |u|-|v|=20cm g =20 cm

or x=40cm
u =-40cm and v =-20cm

110. If object is placed at focus of lens (= 10 cm), rays become parallel and fall normal on plane mirror.
So, rays retrace their path.

111.

sini

" sin30°
=sini=psin 30°

= (1.6) G]: 0.8

= i=53°
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P ray deviates from its original path by an angle, 6 =i - 30° = 23°

p
Q
=46°
112.
ool
or sin60 = NG
Solving we get, un=1.5
113.

Applying Snell's law at point A, We have
W, sin® =y, sini
4 3.2

—sinf = =x=
3 2 3

sin® =

W

114. Deviation by prism,
d=(u-1A
=(1.5-1) 4°)
=2°
Without prism ray of light is falling normal on the mirror.
So, they retrace their path. Prism has rotated it by 2°, so we should also rotate the mirror by 2° for
again falling normally on it.
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115.

116.

117.

118.

119.

120.

, [A + s,,,]
sin
8 =30°

T Tsn(a2) "

i1=0°=> r=0°
or r=A
Now nrn=0.=A

sin 4= sin@, =

|-
w [N

or A=sin”! (

(FIS)

0=i1+ir-A
30°=60°+i2-30°i,=00rr,=0.

= n=A=30°

Now. . S _ sin60° _

sinn;  sin 30°

sini; _ 2sin(i;/2)cos(i;/2)

s (,/2) sin (7,/2)
Solving this we get i1 =90° and r, = 'El =45°
At minimum deviation,
ro=rq1-45°
A=r+r=90°

From p = sin [“2‘5'"} / sin (4/2)

We can see that given deviation is the minimum deviation.

A

B [#

At minimum deviation, MN is paralled to BC is /B = ZC.

ABC can be treated as a prism with angle of prism A = 90°. Condition of no emergence is
M

A C

] s
I -
-
| -
I s
] -
] -~
i
I P )
-
-
.
-
-
-
.
BY“

Az20, or sinB, <sin [%}

<sind5° or

12

1 1
or — S
no2
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I PYQ : JEE Main I

MCQs with One Correct Answer

1. (©)
(¢) Realdepth=5cm-+ lcm=6cm 7

dy . '8

d,
Apparent depth = I+ ; 1.33+l.5

= 3.8+0.7 =4.5cm
. Shit=6cm—-4.5c¢cm = 1.5¢cm
So most appropriate option will be (c).

2. (b) o
(b) Velocity of light in medium
e 3cm 3x107*m
med™ 02ns  02x107°s
Refractive index of the medium

=1.5x 108 m/s

8
Vair N 3xl(3 _»
V 1.5x10°m/s

med

p:

=30°

: 1
l . sinC=—=
sinC 1}
Condition of TIR is angle of inciden
than critical angle. Hence ray will suffer

(i=40°> 30°) only.

N | —

As K=

ce i must be greater
TIR in case of (B)

3. (c)
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(c) One side of mirror is opaque and another side is
reflecting this is not in case of lens hence, it is easier to
provide mechanical support to large size mirrors than large
size lenses. Reflecting telescopes are based on the same
principle except that the formation of images takes place
by reflection instead of refraction.

Phy. XI

(d)
(d) If side of object square = ¢
and side of image square = ¢
2
From question, £— =9
e!

or —=3

=

i.e., magnification m = 3
u=-40cm
v=3x40=120cm
f=7

From formula, . = - = 1 _ __]_ 1

viw f 120 —-40 f

[ —=—+t—=——  f=
°f 120 40 120 L= gen

(©)

(¢) For the prism as the angle of incidence (i) increases,
the angle of deviation (8) first decreases gocs 10 minimum
value and then increases.

(d)

(d) Given, Focal length of objective, f; =30 cm
focal length of eye lens, f, = 3.0 cm

Magnifying power, M = ?

Magnifying power of the Galilean telescope,

fo( f) 30( 3)
Mp=-L{1-=¢| ==[1-=|[- D=25cm
T 7 25 ) L ]

= 10><2 =8.8¢cm
25

s - -~ . . ] -al

- - - - Fa S
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Phy. XI

7. (d)

«— R —>

1

@@ sinC=—=—n——_==
B yRZ4nZz 4

= 16R2=9R2+9h2

= TR?=9h?

8.  (d)
(d) Ist position:
Uu=-=X,v=+y
.
1 P
IInd position:
U= V=X

vV +X
mz = oe— = —

B =y
Here, ﬂ=i == 5
my 2 X Z
Also,y—x=10
solving (i) & (ii), we get
y=44.5cmand x= 54.5 cm
So,d=x+y=99 cm

9. (c)
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(C) M.P=—=—5—=30

50" i 50 cm
ano=—-=— o

1000 20

According to the question, 1000 m .
ange fomed by the imege of the tower is 6. We can

write
tan § = tan © ()
tan B = (M.P) tan [~ o and B are small]
=30x—1—=-§-=1.5
20 2

from (i), tan 6 = 1.5
0 = tan™! (1.5) = 56.31°
10. (©

Convex mirror is used as a shaving mirror.

—_h.D

10 em 15 cm

From question : v=15cm,u=-10cm
Radius of curvature, R=2f =?

Using mirror formula, 1+1=£

v u f
i+i=l = f=-30cm
15 (-10) f

Therefore radius of curvature, R=2f =—60cm

1. (d)
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1
P=—
’ ; 1 .1 2
P|=P, +P, =—+—=—
FI= 2 £ f f
As there is reflection happening, the power will have
negative sign so
2 f
P= —? = feﬁ' = —5
—
oW, _r
-a -a A a a
3 2
12. (c)
(c) Weknowthati+e—-A=9
35°+79° - A=40° s A=T74°
. (A+dy, . 74+8m)
sm( 5 )_sm( >
Bt B = GnA T2 Y
b
= -5-sin (37°+ —“l)
3 2 p
i i ==1.67
Mmax can be 3 That is Mmax 1S less than 3
But §_, will be less than 40°
sop< 2 sin57° < 2 sin60° = p=1.5
3
13, (b)
dg
] h/d; _ dﬂ 2o
b M=-2,20=—"-=20=
0 h/dg d; 20
4. (b)
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Phy. XI

(b) Given, radius of hemispherical glass R = 10 ¢cm

10
. Focal length f= = -5 cm

u=(10-6)=—4cm.
By using mirror formula,
1 1 1 1 1 1

— === —— = — =
Vo v = _5=>v—20¢m.

1
Apparent height, i, = i, == =30 15 20 cm below

i

flat surface.
15. (d) ' L
(d)  Incidentray i
' denser i
(p)

From Snell's law, MR _ Sini o
Up sinr
If Zi=A and Zr=(90°- A)

We also know that, sin 0c = HR

D
From equation (i), sinB¢ = &
sin(90° - A)
sinO¢ = it
= €~ cosA

= sinBc=tanA = A=tan"! (sin 0)

16. (a)
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17.

18.

19.

{a)' G?ven, focal l-cngth oi‘lcns H=15cm
object is placed at a distance (u) =-20 cm
By lens formula,

11 1 f=15cm

for mirror, u= 55 cm
for the mirror to form image at 'Q'

11=R.:2f‘—‘bf=%=27.50m
() .

(c) Angleofprism, A=30°1=60°

angle of deviation, & = 30°

Using formula, §=i+e—A

=>e=8+A-i
=30°+30°-60°=0°
Emergent ray will be

perpendicular to the face

So it will make angle 90° with the face through which it

emerges.

@)

(@) For minimum spherical aberration separation
d=f,-f2=20m ’

Resultant focal length = F = 10 em

Usin l l : a

_=—+__*

, and solvi
F- 7 7 AR ng, we get fi, £, as 18

cm and 20 em respectively,

PN F

(©)
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4. (¢) For minimum deviation:

A~ aco
I=Ty =—=30
by Snell’s law p,sin i = p,sinr
3 :
1 xsini= 3x-1-=% =1=60
20. (o)
v
5=—— = v=-hu
u
.1 1 1 1 1
using —+—=— = —+—=—
v u f -5u u 04
u=0.32m
21.  (c)
(¢) Ifvis the distance of image formed by mirror, then
l‘i‘l:i l.*.i—-_l_ . _ 2_O.cm
v u T =5 28 *V3
Distance of this image from water surface
20 35
=—+5=—c¢
3
Usi RD
sing, — =
ST
RD (35
L _=( /3)

M 133 ~ 8.8cm

22, (d)
(d) From the equation of line
m=k,v+k, (- y=mx+c)

:>—‘i=k1v+k2 ('.‘m=—v-)
74 u

k A
- L ky + 2 (Dividing both sides by v)
V

u
ky 1 ky 1
Vv u vV U
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C : ; Ll 1
omparing with lens formula ——— = 7, we get
1 1
- ky slope of m - vgraph
_ -1 b
slope of m—vgraph ¢
23 (@)
@) 1 = (i, 1)(L_L} R,=+18cm
flens Ry R,
1 1 1
=(1.5-1)| —- =—
(f )(—18 —18) 18
=18 cm
Forl‘i?auid in between lens R,=-18cm
1 1 1 R, =18 cm
—=Qp-1)|—— ;
fiq R; R,
1 1 u-1
sl === | )i
3o ) R,=o
| CR | 1
chie b
f fliq flens
I D A (e 4
27cm 18cm 18em HT3
24. (b) .
(b) We will have 3 phenomena one by one =109 cm
(1) Refraction from lens. 0\ f= %9 em L &,
(it) Reflection from mirror &
(ii1) Refraction from lens ":
Ist refraction from lens -
u=-40,f =+20cm < < € 3
40 40 20 QO
= V=+40cm (I,),m, =-1 \LI N i ¢ °%
Reflection from concave mirror 3 L0
60 cm
u=-20cm,f =—10cm

= V=-20cm(I,) and m,=-1

2nd refraction from lens

u=-40cm,f =+20cm

= V=40 cm (I;) and m; =1

So, M, =-1x-] x-1=-1

.. Final image is formed at distance 40 cm from the
convergent lens and is of same side as the object
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25, (d)
(d) By lens formula

1 10 1 _ 1 _197 _ 60

—_— —=——= V=—
v 3 20 v 60 197
Magnification of lens (m) is given by

&)
(v) 197
m=|—|=—w  ——
u 20
velocity of image wrt. to lens is given by
VI/L - m2V
A"~ Vorr. _

direction of velocity of image is same as that of object

v _[ 60 x1 )2 5
L 19720 ()=I.I6XIO‘3m/stowards the lens

26.  (d)
(d) For telescope
Tube length (L) =1, + f, = 60

and magnification (m)= Lo =5 e =t
e
fo=50cmandf,=10cm
Hence focal length of_ eye-piece, é’= 10 cm

27. (a)

(@) According ‘question, M = 375
L=150mm, fy=5mmandf,=?

M= L l+-l-)-
Using, magnification, ™ fo 5

=:~375=!-5--(1 1'*"2-5‘0') (+ D=25cm=250 mm)
5 Je

0 250 .
= 12.5=1+35—=> f, === =21.7T=22mm

1. 115
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28.  (b)
4
M) As, n=.Ju,¢, = §x3 =2
And, sinf, = L =% . Critical angle, 6, = 30°
n
29. (a)

(a) Focal length of the convex lens, f= 0.5 m
Object is at 2f so, image (/;) will also be at 2f.
Image of /; i.e., I, will be 1 m behind mirror.
Now I, will be object for lens.

Im Im .. Im g Im

Object T A
f= 0.5m N;irrar
U=+ D+ ()= 3m

Using lens formula, 111

v ou
l—l+l——l +Lorv—3—06
v f u +0.5 -3 R
Hence, distance of image from mirror
=2+ 0.6 =2.6 m and real.

30. (50)

(50) Given: I:ength of compound microscope, L = 10 cm
Focal length of objective f; = 1 cm and of eye-piece,

f,=5cm -
uy=f,=35cm
Final image formed at infinity (), v, = ®©
V0=]O'—5=5

. [ i
Using lens formula, ———=—

v u f

1 1 1 1 1 1
R e T, e el el
Vo U Jo 5 uy 1

=>§=l N=22_50cm

4 40 4
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31. @
(a) According to prism formula,

mn(ﬂm_)
N 2

N‘T
sin| —
2

Here, 5 = angle of minimum deviation
A = angle of prism
We have given, 5 = A

sin A A -1 K
= — =2c0os— = A =2co0s (—)
T R ™ 2
2. (d)
VB VJ‘L
— —>
B A

Mirror will be convex mirror
V, = -m?y,
V, is velocity of image w.r.t. mirror
V, is velocity of object w.r.t. mirror
Vo =40m/s
10 1
f—u 10+190 20

Magnification m =

1
V, =——x40=-0.1m/s
207 /

33. @
(@) :

L
)
>

H=17.5cm v

v
For an observer outside the water, height of water

_x_ % _3x
Hw (4/3) 4
3x 113 5
— =" = x=—=11.7cm
Now, 4= 3
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34. (o) _
© u=-f
Using lens formula
1 1 1 1 2 -f
———E— D —=——Dy=——
v u —-f v & 2
v 1 i
m=—=—
u 2
: -
Distance = )
35. (b)
(b) Focal length of plano-convex lens
l = ( _1) l :
fi 3 pl R ['.‘ R1=00andR2=—R]

Focal length of plano-concave lens

-=(a-1(3)

72—(112—) = [ R;=-Rand R, = ]
Focal length of combination

11 1 (m=1)-(-1)

j;.’q -/i f2 R
1 (m-wp) R,
7T R =>feq—(u1 Ha)
6. (d)

(d) In given case, medium 1 has refractive index 1.25 and

medium 2 has refractive index 1.4.
From the refraction formula

n2 ny _ nz—n] 3 u_IZS _1.4—1.25

v u R v 40 . (-25)
14_-015-125
AL .
37.  (d)

Website: wwwe.iitianspace.com |

online.digitalpace.in


http://www.iitianspace.com/

PAC 3 Geometrical Optics

Phy. XI

(d) From figure,
t=0.3cm R dr2
£=3cm 0O ‘l'
2 S (R-0)—— 7
So,R?= (R —0.3)2 + 32
= R=15cm
Now from Lens maker’s formula,
1 e S
e e
f Rﬂat R2
1 2 G
=> 7—(}1— )XE [53 Rg,t=®and R,=-R]
1 _{1.5=1)
= ?“ 15 =f=30cm
38. (© _
(c) 1=45°,D=15° _
D=j-r air
15°=45°-r=>r=30° i
. : ; 45°
n, sinl = n, sin r (from snells’s law)
1 sin45° = pnsin 30° o [Ty med
1 1 -
39. (@)
(@) ngsini =n_sin 90° (" From Snell’s law)
e e L i C
SIYL =" e TN S
Ny Vi : n
. _15x10° 15
2x108 2
smi; =
) 3 3
tan1. = —1

y _1( 3
The critical angle between them, 1, = tan l[—)

PR . . -~ -~ 1N ﬁ
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40. (a) o)
@ t,—-t=5x1071° AR
d d o d
=>V——V—=5><10 10:> EB—d“A=5x10~10
B A

= d(“_B_“_A) =5x10710
cC C '

= d(EH_A—%)=5X]O_IO

C
5x10710 _
= d=—"——=5x10""V,m
HA
C
41.  (d) )
(d) We know that critical angle is given by
10
sinC = £z and uoc-l-:>BL=v_d= 1.5x10 =_3i
Ha Voowg v 2x1010 4
SO, sinC =é =C= Sil‘l—l (2)
4 4
Therefore, for TIR
. _1[3]
o>C=>0>sm p]
42.  (d) o
(d) Let 2i be angle of incidence
By Snell’s law :
:>lsi112i=\/:2_r7$£i 7,/“5"
= 2sinicosi= Jan sini ;
. p=|
) I I (. /(N{ g
= cos i = 4|[= =1 =C08 7 :
2 :
n
L) -1 \/:
= 2i=2c0s ( 2}
43. (c)
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44,

45.

46.

(¢) On going from rare to denser, frequency remain
unchanged, whereas speed and wavelength decreases

because JV oc -1- and A oc—.

K K
(d)
1 11
d P=—-=(yu - A
£ = P-z)[R] Rz]
(u, is refractive index of lens and 1, is of surrounding

medium)

(1.5 ) 1 +—1—]
:1.25-: . “2 0.2 0.4

1.25%0.08 4

== =(5-W)=>2lK=7

0:6_ - ( i M2 2 3

by .

() Applying lens formula .
] 1 1 R
v ou f m §
1 S A 1 | N
—_—— —_——— 'Q
012 24 r f 24 S
Upon putting the glass slab, g
shift of image is le— Slie N

( 1] 1
Ax=t|]l—-—|[==cm
By 3

1. 25
N =12-—=—cm
ow vV s a

Again apply lens formula
1 1 1 210_1_210 1

—+ —=
0.12 u f 24 u 24 0.12

Solving we get u=-5.6 m
Thus shfit of objectis 5.6 —2.4=3.2 m

(a)
(2) In prin}ary rainbow red is at top and violoet is at bottom
becuase violet colour has smallest wavelength and it
suffer maximum refraction,
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47. €))
(@) We known that

sin( 4 +8m) : (A+8m]
7 sin
2 4 1
2

Numerical Value Answer

48. (1)
Distance of object, u=-30cm
Distance of image, v=10cm
v (-10) 1

Magnification, m=—="+—~==
u -30 3

Speed of image =m? x speed of object = % x9=1cms™*

49.  (158)

(458): Frou figiie; sifir=——

J15% +302

sinr=£=l=>r=45°
15

From Snell's law, pxsini =1xsinr

15
2u><———=1><sin45°=L
152 4302 V2
2y
15em \\’< E15cm
TP N-. 450 15cm45°m
30 em i -
Il
15 cr
1 30cm
N/ 2_N
AT =158x107" =—
=15 100
V1125
Hence, value of N =158.
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50.  (90)

(90.00) In the figure, OR is the reflected ray and QS is
refracted ray. CQ is normal.

Apply Snell's law at P
15in60° = /3 sinr

. 1
=sinr=— 5
2

a" R
. reflected\ray

=r=30°

From geometry,
CP = CQ = radius
sr'=30°

Again apply snell's law at Q,

J3sinr'=lsine = T3= sine=>e=60°

From geometry :
r'+0+e=180° (As angles lies on a straight line)

= 30°+0+60°=180°= 0 =90°.

51.  (476.19)
(476.19) lecn

Distance between an object and screen, D = 100 ¢cm

Distance between the two position of lens, d = 40 cm
Focal length of lens,

e DF —d> _100° -40” _ (100+40)(100-40)

- =2]
4D 4(100) 4(100) -
o oL 100 N

WSS~ F7 21 100

- N =476.19.

52.  (60)

(60) Given: pu=1.5;R . .q=30cm
Using, Lens-maker formula

1
7 —( )[ R R ]
For plano-convex lens
R, = oothen R, = -R

R 30
S f= = =60 cm
p—-1 1.5-1
Website: www.iitianspace.com | online.digitalpace.in


http://www.iitianspace.com/

P.AC 3 Geometrical Optics

Phy. XI

53.  (50)
(50)

P ~
. k4

- H
12 8cm  30cm
Image will coincide with object, if light fall perpendicularly
to mirror. Which is possible if light converge at C of mirror.
In the absence of mirror, light will be converging at centre
of curvature. Distance = 12 + 8 + 30 = 50 cm

& .
<

54, (15)
(15) m:f-i—u
As,ml=—m2
Fiu o5l = f=15cm
f=10 =20
55. (60)

(60) Giveni= 2r=A
And at minimum deviation =n =%
From Snell’s law,
Hysini=p, sin r,
slsini= \/isin T
e A LA
= Isin A = ﬁsm% — ZSmE cos%= s/ism—

2
B A

:cosﬁ=—=>—=30°or,A=60°
2 2 2

Hence angle of prism = 60°

56. (12

(12) Using § =5,( _&]

02 1
2=51(]—E) 81(3):61=6

Also, §; =A(py, =) =A4(1.5-1)= 4=12°
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57.  (25)
(25) In case of simple microscope,

D D
Magnification, m=1+—or,6=1+—
0 fo
=> = 22 ... fo = SCII]
fo

As total magnification double using an eyepiece along
with the given lens i.e, case of compound microscope,

Magnification, m = £-D
fs T
or,12= Lot o fe =25cm
fe

58.  (150)

The distance between the extreme points where man can see the image of light source in the mirror,

PQ =2x(50+25)cm =150 cm
Q

50 ecm

25cm

59. (400)
After 10 sec.
u=-80cm, f =-100cm

By mirror formula = l+1:% = v=400cm
vV ou

60.  (210)
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61.  (15)
(15) A =43 -33j -5k
A Medium 1 M,
i =2
Q Q
) Medium 2 M,
" R RE™ V3

As incident vector 4 makes i angle with normal z-axis and

refracted vector R makes r angle with normal z-axis with
help of direction cosine

A,
( (f) ( o ﬁm]
cos™! S =i=60°
10

By Snell’s law, we have

\/-Z_Sin60° — \/§xsinr = r=45°
Difference between i and » = 60° — 45° = 15°

62. (27)

(27) Using Snell’s law at face AC
p sin 60° = n x sin 90°
1.5 sin 60° =n x sin 90°

5,0

l.SXT-— =33 =/x =>x=27

7

63. (9
. 1 3 R &
(9) We have, sinc=—=— : >
p’ 4 : c
3 h}
So, tanc =— :
|
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Also, tanc = 5

= 2L R R=3
——==— =3 R=
PN N "
So, area of illumination = mx 3% = 97m?

64. (12)
(12) The formula of lateral shift in glass slab is given by

l= tsini{l-&j\ = 4J§ =(sin60°| 1 - cos 60

\htz—sinzi 3_§
\} 4

:$4J§=tx%§ j-

oW —

U

i N

by

Il

|&

X

IS

=1t=12cm

65.  (15)
(15) By Newton’s formula

= £
Z:,fﬁ.:225=>f=150m

66. (10)
= f2=225=>f=15cm Y

(10)

B 1 L L L
T 1 1 T |02
~0.10 —0.08 —0.06 -0.04 -0.

&

J—(cm")
u

For point B, 1 =-0.10cm™, 1. 0
u v

Thus,u=-10cm, v =00

i.e,f=10cm
L. (:2) |
——=(15-1)=|=—=R=10cm
= foem” CTRSTRTION
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67.  (10)

(10)The given figure shows the schematic diagram

f=20cm

For lens

L 1.1

v u f
b e lmg oL - L e
—————=— o —4—=—=v=30c
v (-60) 20 T v 60 20

68. (225)

(225) At surface 1

E_L 15 1

Vl [e o] 15

-l-i L: 45 30 cm 1

vl 30 A cm 1 | 2

"15cmt

For surface 2 b

115 1-15 1l o1

v 15 —15 v 10 30

v 30 10 30

L= -3? => v="7.5 cm. Sorequired distance= (15 + 7.5)cm

=22.5cm=225 mm.

69.  (10)
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(10) By lens maker formula, 2
1_ep (L1
f o le R,

" For Lens 1:
1 (1 1)
—=(1.5-)|———
7 ( )R -

=>L=0.5><z

f R
= fi=R=R=15cm
For Lens 2:
L=(l.25-l)(L—L)
f -R +R

e iy, B TS g 2L
R R 2R

e f2 =-2R

For Lens 3:

Similarly like lens 1, /3 = R

1 1 1 1 1 1 1
Semde—t— = ——t—
Joo Hh S2 s R 2R R

So,

2R ZXIS_IE _,(;m,=1ﬂﬂm

70. (4

(4) Deviation produced by glass prism for yellow light

=A(u’y _l)
8=A(ky —D)-Aluy —1) (= A, =6°A,=5°

=6(1.5-1)-5(1.55-1) =%

71. (45)
(45) Refractive index
Sm(A+§'sm] (60+8m. J
M= y =V2=sin~—%__ 7 2 ~
sin(—] : sin30
2
— .1_= Sin(% = 45°= 6ﬂ+6min
2 2 2
= Eim.n=3[l°
d=i1+e-A
Here, e =i
So, Omin=20-A=>2e=3 . +A
o= Suin t A4 _30°+60°
= > - =450
2
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