CHAPTER -9

RAY OPTICS AND OPTICAL INSTRUMENTS
IR CAIREIRE R CARGRE]

aqE v |

1) A virtual image larger than the object is formed in
(@  Convex mirror (b)  Concave mirror
() Plane mirror (d None of these
Ans -
IE] A 37 ITUTH ufdafds aar 81 6
@ 3ddcyurl (b) 37dde gyor Al
(© THdE egor d) TTH A BIS 6
Ans-  (b)
2) A ray of light bends when it passes from one medium
to another. The bending of a ray is called.
(@  Interference (b)  dispersion
(©) refraction (d) eflection
wmmﬁgﬁmmﬂaﬁwmﬂaﬁmﬁ
SiTet 21f36%0T & 3 BI &61 AT 8l
@ (b) guf- faesyor A
© anﬁ:r @ REaH >
Ans-  (c) 7)
3) The refractive index of water and glass are 4/3 and 3/2
respectively. The relative refractive index of water to
glass will be-
(@ 2 (b) 1/2
() 9/8 (d) 8/9
5ot 3R Sig & Huacdic Hu: 4/3 9971 3/2 #l 5T
&1 BT B ATAE 3TIGAIb B1TT-
@ 2 (b) 1/2
(© 9/8 d 8/9 Ans -
Ans-  (d) 8)
4) When a convex lens whose refractive index is 1.5 and
focal length f is immersed in water (n=4/3) , then its
focal length-
(@  becomes greater than f,
(b)  becomes smaller than f,
()  remains unchanged,
(d)  none of the above.
5Td U 30 A [SIT 379adis 1.5 AT BIpa gt Ans
£ 8, a1 A ST AT 8 (n=4/3), M FEB BIHAGN- 9
@ (fATTAACE, (b (ABETE A &,
(© 3gRafdazsdts, () 3IHA DG
Ans-  (a)
5) The radii of curvature of a bi-convex lens are 10 cm and
15 cm. If the refractive index of its material is 1.5, then
its focal length will be- Ans-
(@ 30cm (b) 24cm
(© 12cm (d) 24cm
HelT-12 (qifadn
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f& -39 &9 BT aopar ATy 10 A 37 15 A
gfe saP yerd &1 37uad=ics 1.5 &), dl qD! Bibd
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The image formed by a simple microscope is-
(@) imaginary and erect

(b)  imaginary and inverted

(c)  realand erect
(d) realand inverted

U T Gl | a1 g31 ufafaa axar -
@ Hoqie g Hdr

(b) HIaHd d3oel
(0 drdfdd g AT
(d gr&Ifdsd d 3oeT |
(a)

The focal lengths of the objective and the eyepiece of
a telescope are F and f respectively. The magnifying
power of the telescope is-

@  F+f (b) Ff
© F/f d f/F

it & 31fieras auT AT H By gfval
aﬂm Fatnf%I “ﬁaﬁaﬂaaﬁrm%
@  F+f (b)  Ff
© F/f d f/F

(@]
When the length of the tube of the compound microscope
is increased, then its magnifying power -

(@) increases, (b) decreases,

(©  becomes zero (d)  remains unchanged.

m&maﬁﬁmﬁmmﬂaﬁﬁ%jﬁ
&T-

@ dedls (b) TedT?
(© AT d) 31gRafdd w2l
(@)

With increase in wavelength, the value of refractive index-

(a) increases, (b) decreases,

(¢  remainsunchanged, (d) none of these

o dof & ggfar & A9, 3T9ad=is &1 aF-

(@ dgdrs (b) "edars
(0 3TuRafddedari, @ TH I BIS TE
(b)
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Ans-

In the absence of atmosphere, the color of the sky
would be visible from the earth -

(@ Black, (b)  Blue,
(¢)  Orange, (d) Red

qrgse B ufEfd & gudl @ 3rHHE &1 i
ﬁm‘éam 1
(@) P, (b e,

T

(© TR, (d)

(@)

Subjective question (fuaf8 U |

1)

Ans -

(@)

(b)

HeT-12 (ifahn

The wavelength of light from sodium source in vacuum
is 5893A.What are its (a) wavelength, (b) speed and (c)
frequency when this light travels in water which has a
refractive index of 1.33.

frafa o Ifeaa Ara A ubir B aar 2o 58934 21
3HD! (a) ¥ &ed, (b) T 3R (0 3T T E ST TR
UBIRT g1t H gTAT 3T & F5HebT 31uad-is 1.33 21

The refractive index of vacuum, n; = 1
The wavelength in vacuum, b = 5893 A.
The speed in vacuum, c =3 x 10  m s7!
The refractive index of water, n. = 1.33
The wavelength of light in water, A.=?
The speed of light in water, v2=?

The equation relating the wavelength and refractive index
is,

M_n

A n,

2
.. n
Rewriting, A, = —L x),
n, "~

Substituting the values,

A, =
= 33x 5893 A = 4431 A
A, = 4431 A

The equation relating the speed and refractive index is,

. n
Rewriting, v, = n—’ xv,
Substituting the values,
v 8 —

2= I 33>< 3x 108 =
v, =2.256 x 10*ms™!

2.256 x 108

(10R)

(c)

(@)

(b)

(c)

2)

Frequency of light in vacuum is,

v =
1 /11
Substituting the values,
3x108
= ————=5.091 x 10" H
Y17 5893 % 100 X

Frequency of light in water is,v,= X—
- 2

Substituting the values,

2.256 x 10° ms™!
4431 x 10710

V,=

=5.091 x 10" Hz

The results show that the frequency remains the same in
all media.

fafd T 37dcics GIBIB, ni =1

fafa & aende, 1 = 5893 Al

Fafadnfd, c=3x10sms

57T T 3TUdcIh, 2 = 1.33

T & UeBIRT bl T S, ho=?

STl ® YhIRT b 1T, va=?

T 2ef 37R 3TUad Yadbies I Tafera THieHoT 87
A n

b _ )
X —n

2 1
0 n
— 1
Rewriting, 7t2 = Z XX,
Substituting the values,

b= L xs803 A—4431 A

133
), = 4431 A

T 37R 3TUade abic I Jaerd THIHOT &7
=

2 1
. _n
Rewriting, v, = n_; Xv,
Substituting the values,
v, = X3x108=2256x 108

13 33
v, =12256 x 10°ms!

Fafd o g1 1 3gh 3,

yoo
1 /11
Substituting the values,
3x 108
v] = -
5893 x 10°1°

Frequency of light in water is,v,= X—
- 2

=5.091 x 10" Hz

Substituting the values,

_ 2256 x10°ms!
2 44311070

qfRoTH §dTd € fo gty |t fifsar o |9 38 8

=5.091x 10" Hz

A glass lens of refractive index 1.5 is placed in a trough
of liquid. What must be the refractive index of the
liquid in order to mark the lens disappear?

FHMEIRA. — e IF-He-3R T e RFaRor ¥ (2024)

106

)



Ans-

3)

Ans-

4)

Ans-

5)

Ans -

6)

Ans -

Hqad-Tich 1.5 BY &d DI Ub TTd & QT 74T 8l o &
e 89 &) [fda s7 & Ay avd &1 39adqie
T BT ITfEy ?

In order to make the lens disappear the refractive index of
liquid must be equal to 1.5 i.e. equal to that of glass lens.

™ BT A& D & AU TR BT YA 1.5 O SRTER
BT 918U 374Td g &b ®id & §RT6R 811 A1fey|

A converging lens of refractive index 1.5 is kept in a
liquid medium having the same refractive index. What
would be the focal length of the lens in this medium?

3YadaiP 1.5 BT Uh HAR AT A 37Ud<id
I o H1eaw § @71 ST 81 39 "Hiead o oi| By
HIHA I FT I

The lens in the liquid will act like a plane sheet of glass

.. Its focal length will be infinite (co)

TR o g pid Dl Ub U 2N HT a8 B d
ZHh! BIhA Gl 37 81T (c0)

Write the laws of reflection of light?

UBIRT &b WRIadd & fFram fed »

There are two laws of reflection of light.

1. The incident ray, the reflected ray and the normal to
the reflecting plane at the point of incidence all lie in
the same plane.

2. The angle of incidence and the angle of reflection
are equal to each other.

YHRTS Wadd el Faa g |

1. 3Trufad fororuRTafdd fosroTr auT wiads da &
mﬁqm@mwaﬁmﬁwﬁw
[
2. 31T9d U7 3R URTA A HIUT TR &1 &Id 8l

What is refraction?

3uqdT o1 &2

Refraction is the phenomenon of change in the direction
of a light traveling from one medium to another or it may
be defined as the bending of a light when it passes from
one medium to another. It is caused by the difference in
optical density between the two media.

37UqciH Ueh HTEAH A GaR H1eAH | QAT a3 AT | JaplRT
1 fe=1T  gRac 1 oreT1 8 9120 USRI P 3[eh &b T
¥ g1 fosut 571 [ehdT 8 579 98 U HIedH H gAR
HTeAd ¥ 71T 8l U8 <l HTeqHl & o Ao dhal g o
3idR & HRUTEIdT &l

What is the difference between reflection and
refraction of light?

YHIRT & GRIad 311X 37uad= & &1 3T &2

Reflection of light occurs when light bounces off a
medium. If the surface of the medium is smooth, then
the angle of incidence is equal to the angle of reflection.
Refraction of light is the change in the direction of light as
it passes from one medium to another.

YHIRT BT WIad- dd &IdT & 57 Yop1eT foeal areny
cHdT &l Tfe areay h Tds fiesT &, A 3m9dq HroT
TRTIT IUT &b §T6R BIdT &l Y12 BT 37Udcd ThIRT

HeT-12 (ifahn
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7)

Ans -

8)

Ans -

9)

Ans-

10)

ﬁi’?{;ﬂﬁuﬁaﬁq%aﬂﬁ%wwmmﬁmmmﬁ
ST 8

Why do stars twinkle?
As light from a star enters Earth’s atmosphere, each
stream of starlight is refracted slightly due to the direction

being changed by the different temperature and density
layers in Earth’s atmosphere. That’s why the stars twinkle.

S 81 U dR A UHIRT gE! & argise o TaRT &l 3,
gl & qIgHSA H 3376 dTUAE 37R 89@ wRal
GRT fER1T §C & BRUT ARI BT AP &RT 379 fcid 81
STt 81 gafery an fenfenra

HUatdd aAHid ad1 87
What is the refractive index?

The refractive index is a measure of the bending of a light
ray when it passes from one medium to another. It can
also be defined as the ratio of the velocity of a light beam
in free space to the speed of light in a substance, n = c/v.

U ABich Ueb UhIRT fhUT & gleb1 &bl Udh 3UTY
% 39 9% Uh ATeAT I IR O1eAT H 7T 81 3 st
Ty H UehTRT bl 1T &b Hard AT H UehIRT fehuT &b T
& 3TUTd & ¥ H oft aRHIa fosar s apdr 8, n = c/v

Define a simple microscope with its magnifying power
and uses.

mﬁq%maﬁaﬁmmehmuﬁwas
|1y gfvuTfa Hif5gl

A simple microscope is one that uses a single lens
for magnification, such as a magnifying lens while a
compound microscope uses multiple lenses to increase
the magnification of an object. It uses a lens to magnify
an object only through angular magnification, giving
the viewer an upright enlarged virtual image. A simple
microscope has a convex lens of short focal length, which
is used to view magnified images of small objects.

The magnifying power of a simple microscope is given by:

m=1+D/F  where D =least distance of distinct vision,
F =focal length of the convex lens

U ATYRYT Y&l I8 8 51 31969 & fdiy Ushdd &
&1 3YGNT BT &, 51 3Mdefed &g safp U mfda
FerrerfT fpat g & 3Mae BT d¢H & foiy os wid]
&1 3YUNT BT &l T8 bde PV 3aeiT &b qreny A
oY 3 1 931 H P U Tb @i BT 3T BT &,
5791 21h I U |1 96T §37 TR a7 fierdr &l
T el & BIET BIed gl Bl Udh 3dd «d 8ldT g,
511 3T BICT a3q3il & 3rafdd ufdfarl ol ca
& fog fomar ST 31

gmwma&nz%ﬁaﬁmdqmmmfraﬁr

m =1+D/F 38D =L HI AT R,
F = 3dc1 o1 bl BIchd G
A man with a near point of 25 cm reads a book with

small print using a magnifying glass, a convex lens
of focal length 5 cm. (a) What is the closest and the
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farthest distance at which he should keep the lens
from the page so that he can read the book when
viewing through the magnifying glass? (b) What is the
maximum and the minimum angular magnification
(magnifying power) possible using the above simple
microscope?

25 cm & fabe fdg aTdT U 31TeHY 5 cm BIda v1dTs
& 39 i, U HTa&iss aiF &1 39d &b Bie fiie
arelt U et uear 21 (a)afﬁmna-ﬁ?qa:%{
H gl 71 @ {54 W 30 A9 &) g8 A A 9fEy

Taei AiH & A1eAq A @A W I8 YRS Pl Ug Hdb?
(b) WG |IA HEARIT BT 3YANT B Hferdan
37R gaH Sy 3maef (3mad= fem qar dua &

Ans- D=25cm;f=5cm;
For closest object distance, u; the image distance, v is, -25
cm. (near point focusing)
For farthest object distance, u’; the corresponding image
distance, V'is, V' = @ (normal focusing)
(a) To find closest image distance, lens equation, 1/v - 1/u
=1/f
Rewriting for closest object distance, 1/u =1/v - 1/f
1_1.1
u v f
Substituting ,
r_ 1 r_ 1 1
u -25 5 —25 5
—(1-5)-.6
25 25
u -2 4.167cm
6
The closest distance at which the person should can keep
the book is,u=-4.167 cm
To find farthest object distance, lens equation is, 1/v' - 1/u’
=1/f
Rewriting for farthest object distance, 1/u’ = 1/v' - 1/f
Substituting, 1/u’=1/c0 - 1/5; U'=-5 cm
The farthest distance at which the person can keep the
book is, u’=-5 cm
(b) To find magnification in near point focusing, m = 1+ D/f
=1+25/5=6
To find magnification in normal focusing,
m=D/f=25/5=5
3t}- D=25cm;f =5cm;
W%Wu ;ufdfds gt v & -25 A
(Frepe foig
HEA R D1 A G b foiy, v ; Fford ufdafda @@, v e v
=oco (HTHTY T
(a) opean ufdfde g, o FHeRUT, 1/v-1/u =1/f
& fau
b avq gl & o0 gaei@d, 1/u = 1/v - 1/f
PeT-12 (difaedn

11)

Ans -

1_1.1

u v f
Substituting ,

r_1 1 _1_ 1
u -25 5 25 5
_[-1-5)\__6
25 25
u :'% =-4.167cm

g8 FAdcan it 579 R aafod qeds 3@ TahdT 8, u =
-4167 cm &

HIH G I 4 WIoH B Ay, o0 I8, /v’ - 1/u
= uf

HA R X G B AU oA, 1/u” = 10" - 1/f°
UfARATUA, 1/u’ = 1/0 - 1/5;u = -5 cm
T8 HTEIehH g1 1513 UR Al YReIch 3 Aehel18,u’ = -5

cm

(b) e fdg wihd § HTGE WIsH & fdiy, T = 14 D /f
=1+25/5=6

T Wi & 3aeT @is & fAv,
M=D/f =25/5=5

Establish the formula n/v-1/u=(n-1)/R for refraction of
light on a spherical surface (convex or concave).

foset Mg g8 ( 3T 37941 37add ) W USRI &
3qad & fAU FF n/v-1/u=(n-1)/R 3T HIf501 |
The change in direction or bending of a light wave
passing from one transparent medium to another caused
by the change in wave’s speed is the Refraction. Suppose
the below figure is a spherical surface. There is one
medium with refractive index n, and second medium with
refractive index n..

There is an object O and a ray of light from the object O is
incident on the spherical mirror. Since it is moving from a
rarer medium to a denser medium, the ray bends towards
the normal. Animage is formed and radius of curvature of
a spherical surface is R with the center C of the spherical
surface.

Denser (n,)

» o

u”is the object distance from a pole of a spherical surface

»

Vv’ is the image distance from a pole of the spherical
surface

Now as we know that,

n, is the refractive index of a medium from which rays are
incident, n, is the refractive index of another medium.
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We get,

tano. = MN/OM

tany = MN/MC

tanf = MN/MI

Now, for A NOC,

i is the exterior angle.
i=2NOM+2NCM

i= MN/OM+MN/MC .....(1)
Similarly,

r= MN/MC-MN/M] ....(2)
Now by using Snell's law we get
n sini=nsinr

Substituting i and r from Eq. (1) and (2), we get n /OM+n,/
Mi=(n,-n)/MC

As,OM =-u, Ml =+v, MC=+R
Hence, the equation becomes n_/v-n /u=(n-n)/R

If first medium is air and second medium having refractive
index n with respect to air then n=1and n,=n

Then equation becomes
n/v-1/u=(n-1)/R

T B A H ufRad &b BRI Uoh uReRll AieqH |
AR H ST aTed! UepIRT a1 ol e o ufvad= ar g1
HYacH & A W50 9 31hfd U METeR Ade
8| U ATeAY & 5T 3TacHi® n, & 37R gERT A1emm
ST 1uacHi® n, Bl TP a¥q O & 3iR ¥ 0 A U1
1 fepoT TIefrg edor wR 3mafdd et 81 i a8 fave
qregq I Jad "1eay ¥ 517 387 8, sAfau fovvor sifvera
T 3R 3 AT & 3R Ues ufafad st 8l

L A

Denser (n,)

TMATHR FdE T dghdT bl BT MATHR Tdg &b dhg C
HATYR Bl

"u” TIIATRR HE b §d I a3 Dl gl &
v TIATHR FAE & U & A Ufdfda Hr g @
319 31 o &1 51 & o,

glwmmwmaﬁqﬁ%mwma?ﬁ
{

n, GAR HIEAH ST Udc e 8l
EHUTA &,
tana = MN/OM

12)

Ans-

tany = MN/MC

tanf = MN/MI

319, ANOC & T, i afesmIoT B

i=2NOM+ 2 NCM

i= MN/OM +MN/MC .....(1)

S UBR, r= MN/MC-MN/MI ....(2)

379 U & F0H &1 T 3 R 5 UTd &I &
n Sini=nsinr

%qﬁif&-ﬁ?raﬁmﬂﬁﬁml (1) 37 (2), 89 9T @Rl

n1/0M+n2/MI=(n2—n1)/MC
A, OM = -u, Ml = +v, MC = +R
AT, AHIBROT n /v-n /u=(n_-n )/R T ST &l

gfe gy ATeny aryg &1 quT fgdia A1ens o1 a1g & Ardel
3UAIP n Bldl n=1 dYTn=n

3T IHIHT A
n/v-1/u = (n-1)/R

et cier & oty Frmfe e o s B

1 11
e e
s1et fafvr Frdsa amr=a 319t S ugaa 21

Derive the following formula for a lens

Where different symbols are used in the general sense.

The complete derivation of the lens maker formula is
described below. Using the formula for refraction at a
single spherical surface, we can say that,

For the first surface,

N, _m _ 1M~y
e i Tt e}
For the second surface,
o, N, 1™
v R, Q)

Now adding equation (1) and (2),
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Ans -

HeT-12 (ifahn

m o om o |11

vV ou (027 m) Ri Rz

=>L_L=(&_ 1)[L_1_]
vV u n Ri R2

When u=oand v="f

1_ (ﬂ_ 1)[L_1_

f n Ri R2

Therefore , we can say that,

r_ L. 1
f (n 1)[R1 Ro

Where n is the refractive index of the material.

This is the lens maker formula derivation.

I A I bl G Hed e i afofa 2

U TITATDR A6 UR 3TUdci- & F bl IYFNT &I &
%E Havdl & T,

&oi] Hele b (M,

n, 1m _Mm—n (1)

Vl u - Rl .......

I Ade & fog,

A VIR O R R 0 o)
TV =R e )
379 FHIEHROT (1) 3TR (2) P A W,

=>L_L=(&_l)[L_l_]
v u n Ri R2
When u=ocand v="f
L:<&_1)[L_l_]
f ny Ri R2

Therefore , we can say that,

r_ L.
f (n U[Rl R2

FFu=oo3iRv=f

aife,

%sﬂﬁv,maﬁmﬁﬁs,ﬁnmmmw
I

& @i HehR Il cafd &l

Derive an expression for the effective (equivalent)
focal length of two thin lenses in contact.

Fads A Y e M) D THTT (AT BIbA (a8
& fU 151 eud HIfUI

Consider two lenses A and B of focal length f1 and 2

(110)

placed in contact with each other. Let the object be placed
at a point O beyond the focus of the first lens A (Fig). The
first lens produces an image at I1. Since image I1 is real, it
serves as a virtual object for the second lens B, producing
the final image at I. It must, however, be borne in mind
that formation of image by the first lens is presumed
only to facilitate determination of the position of the final
image. In fact, the direction of rays emerging from the
first lens gets modified in accordance with the angle at
which they strike the second lens. Since the lenses are
thin, we assume the optical centers of the lenses to be
coincident. Let this central point be denoted by P. For the
image formed by the first lens A, we get,

11 1

V,-::E .......... (1)

for the image formed by the

second lens B, we get
1 1 1

7'71 = T e 2)

Adding eqn (1) and (2) we get,
1. 1_1.1

v ou f f

If the two - lens - system is considered
equivalent to a single lens of focal

length f, then
1 1_1

v u f
so that we get,
1_1,1
f £ f

The derivation is valid for any number of thin lenses in
contact. If several thin lenses of focal length f1, f2, f3,.. are
in contact, the effective focal length of their combination
is given by

1_1,1 1

£ f £ g,

BIHA 11 f, 3R 1, B el T A 3R B R GAR BT 7
T & AU H 7 MY &l A AU b %] gt o1 A
(T & wieed A IR fog 0 TR 3@ 118 8l Ueedl oid [ IR
U ufdfdd §-1a1 81 gfos ufdfds I arfds 8 a8 gar
¥ B & Ty goh U g% & 9 | B el 8, 1
R 3ifa ufdfdd a=1aT 81 8T, 98 eam o 371 ST
a1fey o uee oi g1 ufdifad ot Amfur dhaet FHerifya
A Db Jfaen & foig 71 s &1 3ifaw gfdfds o1
fRfdl ada #, uee «F A e areil foseoil &
TR G 1 ;A THI e BIVT &b AR dGed STl
&l Ifop &I Ud I &, SATMY 80 01 & UpTIRI doal
I YT 7T oId &l S a1y fag B P gRT FHEUd Bl
T8l oI A GRT §TS T8 Bfd & ey 6 fieiar g,

FHMEIRA. — e IF-He-3R T e RFaRor ¥ (2024)

110)



14)

Ans -

HeT-12 (ifahn

11 _ 1
" e (1)

TR @Y B GRT & Ufafas & foiy, 89 UTed &vcl ©
11

L
= e )

Vi

Eq (1) 37R @) B AT R &7 UTd R &,
o1 1

vV u fi f;

gfe T WT-UUTTE] B BIdd a8 f & Tod ™d b
HAET HAT ST 8,

1 1 _1
vV u f
qrfes &9 Ut &3
1_1 1
£ fi £

Feafc Fudh 1 foset Y IReaT # ude@ ol & foig 71y
B afe s, £, 1. P Ps Udel o AU & & aY 39 Fas
&Y YHTA) Bl TS 58 YbR &1 STt &

1_1,1 .1
f £ f

What do you understand by the condition of minimum
deviation of a prism? Find the following formula for
prism
sin[A + o.2]

sinlA/2]

%mﬂﬁamﬁﬁaﬁﬁmmm%?

n2,=%=

m sinlA/2]

B C

Figure shows the passage of light through a triangular
prism ABC.

The angles of incidence and refraction on the first face AB
areiandr,

While the angle of incidence (from glass to air) on the
other face ACis r, and the angle of refraction or emergent
angle e.

Angle between the direction of emergent ray RS and
incident ray PQ is called angle of deviation.

In quadrilateral AQNR, two angles (vertices Q and R) are at

right angles.

Therefore, the sum of other angles In the quadrilateral is
180°".

A+ /QNR =180°

from triangle QNR,

r+r,+2QNR=180°

Comparing these two equations, we get
r+r=A

The total deviation & is the sum of the deviations on two
faces

d=(i-r)+(e-r)
or,
d=i+e-A

Thus, the angle of deviation depends on the angle of
incidence.

60™
() ,
rd
o Fi
i~ /
= O S e N s s T e /
s 50 /?
.-g \ ///
° \ i
L NG //
‘al’j 40I— ...................... BassesaTw v
< v i=el
30" : 4 bt
0 20" '40.. 60 [ 80’

Angle of incidence (i)

A plot between the angle of deviation and the angle of
incidence is shown in above figure. We can see that,
in general, for any given value of, i = e, corresponds to
two values i and hence e. It is, in fact, expected by the
symmetry of i and e in the above equation, i.e. remains the
sameifiand e are interchanged. minimum deviation at §_

The refracted ray becomes parallel inside the prism to its
base. we have

8=0_,i=ewhichmeansr =r,
gives,
2r=Aorr=A/2

in the same way,
8 =2i-A,ori=(A+3 )/2

the refractive i[ndex of the qrism is
n, =L - sm(A—

m sin[A/2]
The angles Aand §_ can be measured experimentally and
the refractive index of the prism can be determined from

it.
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%ﬁﬁﬁw U= ABC & ATeAT A UH1RT & AT T &21far
|

& Thaldh AB TR 3T 3R 37udcH 10T 3R 1 &,
STafd AR i AC TR U IV @Bid A &dT M r &
3R 3qac BroT A Ffa BT e,

ot fsRoT RS 37R 3ufad fdwor PQ & ferm & S &1
DIV fITIT BT BIUT HEeITdT &l

T AQGNR 1, 21 10T R Q 37R R TR) THBIOT &
3T 310 BIUT BT I H 1T 180° Bl

A+ ~QNR =180°

T NR 9,

r +r,+2ZQNR =180°

g &1 FHIHRUTT T T 1 bR UR, B UTG Hd &
rt+r=A

e faaei , 5 faaei= &1 917 & &l haid! R,
d=(i-r)+(e-r)

qLs=i +e -A

2 UPR, faaei o1 HIUT HTUH HI0T IR R & 8l

60"
= ;
rd
o /
=) o
- L S A PP s, Koy ey e T /
s 50 /?
.-g \ ///
° \ i
L NG //
‘al’j 40I— ...................... BassesaTw v
< p =t
30" : 4 bt
0 20° ‘40’ 60’ ¢ 80

Angle of incidence (i)

TP 3@ faaeid pIoT 37 37adq HIvT & g 3W
gTfaT AT 8

B ¢ Jobd & fob, T dR IR, & oot oft feg mu v
i=e I BISH a AT i 3R SATAY e & I | s,
qrEd ¥, 310fard 3WRIad THIH0T H i 3717 e Y IHfAfT
[, 37T & T8aT & T i 37R e 3MUH o 9o S Bl

HeT-12 (ifahn

15)

Ans-

IAH faae § W,

059 & 3teR 31uafcdd fas=or AHHIAR & Tl &
HDH IR TR

5=<3m,i=eﬁlﬂT:I'?[Ei-T‘zf%"rl=r2

aarg

2r=AdTr=A/2

M AREA,

8 =2i-ATTi=(A+5)/2

50 &1 3Tuadi® 8

=

L sin[(A + 3m)/2]

v sinlA/2]

PIUTA 375 BT IANTES ¥ J 1T 377 FebelT & 31R
388 U5 & 379ads Fabic ol Feior fear s
HBATR |

n, =

=]

With the help of a ray diagram, describe the
construction, working of a compound microscope
when the final image is formed at the least distance of
distinct vision (D = 25 cm). Derive an expression for the
magnifying power (m).

fotor 3w Y weradT A, U fafda gererit &
AT, HTAYOTI] BT qof &2 519 ufdfde we gfe Ht
g (D = 25 A TR q7t B 3TEE &t (m) b fRQ
5T Fead HIfAUI

A compound microscope is an optical instrument
composed of two convex lenses of short focal length,
used to magnify images of very small objects up to 1000
times. The working principle of a compound microscope
is that when a very small object is placed just beyond the
focus of the objective lens, an inverted, virtual and highly
magnified image is formed. The image is formed at the
least distance of distinct vision from the eyepiece.

The compound microscope consists of two convex lenses;
A lens having short focal length and small aperture is
called an objective lens. The focus distance and aperture
of the second lens, which is called the eyepiece, is greater
than that of the objective. As the name suggests, the
eyepiece is placed close to the eye and the objective is
placed towards the object.

We can draw a schematic diagram of a compound
microscope as follows,

(119)

The image formed by the objective is real, inverted and
magnified and acts as an object for the eyepiece. This
object is magnified by the eyepiece to form the final
image which is virtual, inverted and enlarged. The first
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Ans- TU® Giffis

image formed is near the focal plane of the eyepiece and
at a suitable distance for the final image formed at infinity.

We will first find the linear magnification by the objective
using tanp=h/f =h"/f

Thus, we have m = h'/h = L/f ... ()

Where, h is the size of the object, h’ is the size of the
first image, f, is the focal length of the objective, L is the
distance between the focal length of the objective and the
eyepiece and is called the tube length of the compound
microscope.

Now, we will use a simple microscopic magnification
equation to find the angular magnification m_=D/f......... (i)

Where, D is the distance of the final image from the
eyepiece and f_is the focal length of the eyepiece.

Now, the total magnification after the image is formed at
infinity will be

m=m_ xm_=L/f xD/f,

Hence the final image formed can be placed by our eyes
close to the eyepiece and the final image can be seen
after adjusting to the minimum distance of distinct vision
ie.D=25cm.

ayeeff Uk 3iifPhe 3uawur & 31 BT
BIho (aTS B &l 390 o1 & 597 81dT &, 5 aesT 3ua
g BICT a3l 1 ufdferai Bl 1000 AT db Hrafdid
A $ fay fFar sirar 21 difiies garerff o1 o
fAgerid ue & fob 5Ta U agd oidl axg &1 3ifufeas
(3TTeifdea) ©d &b BIhd B SIdh UR 3G ST &, 9 Th
IACT, 3T 3R 37t 3mafda ufafde sdt 21
1 areiT gfcfer AT T F TE gfF B FAaH
R RIAAT S

iffies araRff § Q) 39 of¥ 8Id & U @id BT Bl

HH dUT ER® BICT8IdT & 34 37ffeus G(iieifaTa)

I Hed &l IRT @A 5 ARFST (U Hed & &I

HI6H Gl g gR AfHfeges oI e Hfgw erdl 8l

1 {35 719 T a1 IedT &, AT P 31T B BT @7
STTdT & 31R 31f9fe2ucs oY 3iTestae &1 31 W1 71T 2l

& U dlffies geaeRll &1 dismege 3G 39 UdR
T Hebd &

31fufEuss gRT 91 ufafars aRafdes, 3oeT auT 3afed
BIdT & AT AT & iy avq &1 H1d ozl &l 37 axq
B AT gRT 3Tafed ok 3ifan ufafears g3 srar
& Y 3T, 3oeT 37RR 937 &7 81 FAfa use ufafds
AFBT F BIhA dod & UIT & 37k 34d IR &9 Tl
3ifam ufdfas & Ay 3ugad Q@ R 2

&H UEM tanp= h/f, = h'/f &1 T b AU gRT
X e ST B3

HeT-12 (ifahn

()

16)

Ans -

FHYBR, EHR I m_ = h'/h = L/, ...... ()

581, h 3% I ATHR 8, b’ U6l BId BT ATHR &, f
RS & BIod ot §, L 31feacs 31 3T bt
uﬁwﬁgﬁésaha’ﬁ@%aﬂ?sﬁ@éﬁMW
STar 8l

319, 8 PHIUNY 3MTET m_ = D/, ......{i1) ST A & fiw
USD TR Y& 3TaeiT &I 33U DB

7ef, D AfAeT A 3ifaw ofs H1 @ € 3tk 1, A H
Blhel MdTs ol

319, 37Td IR Bfd T & 1 e TGE BT m = m x
m, = L/, x D/f,

31a: Ffia 3ifam ufafame @1 sardt 3ikat grr 5@ &
T 3@T ST TahdT & 377 3ifam ufafera o1 we gfe &t
Wgﬁfﬂh D =25 A H AHTGISA H & d1e &1
TT AehdT Bl

A microscope has an objective and eyepiece of focal
lengths 5 cm and 50 cm respectively with tube length
30 cm. Find the magnification of the microscope in the
(i) near point and (ii) normal focusing.

U HISHIPIY e &I o1dTs 30 cm & HIY HHIM:
5 cm 31 50 cm BIFHd 71aTE BT U 31fHgas 3R
Afaer #rar 21 () Frpe fag 31 i) T wietEm

HTSHIRPIY BT HTIET FATd HITYI

f,=5cm=5x107m; f,=50cm = 50x107 m;
L =30cm =30x107m; D =25cm = 25x10” m

(i The total magnification m in near point focusing is,

n’]:mome
L D
= f— —_— +_
™ mome <fo )(1 fe>
Substituting ,
_ _(30><10'2>( 25><10'2>
m = mome = S )\t )
5% 10 50 X 10

=(6)(1.5) =9

(i) The total magnification m in normal focusing is,

m=m m_
w12
ocusing is ,m = mome £\

Substituting ,

30 X 107
5% 107
=(6)(0.5) =3

|

f,=5cm=5x10"m;f =50 cm=50x107m;

25 X 10'2>

mzmme= =
0 ( 50 X 10~

L =30cm =30x102m;D=25cm =25x102?m

i) e fog BIesfAT et &I m e, m=m_ m,
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Ans-

L D
= +—=
m = mome — <fu )(1 . )
Substituting ,
_ _<3o><10'2>< 25 X 10° )
m = meme — ) 1+
5X10 50 %107

=(6)(1.5) =9

(i) AT BIBATH P TGETm e, m=m_ m,

)( < )
fo f
30 X 10-

2\ 25 %107
5%107

50 X 107
=(6)(0.5)=3
Draw a labeled ray diagram of a refracting telescope.
Define its magnifying power and write the expression
for it.

focusing is ,m = mome = <

Substituting ,

m=mome=(

Write two important limitations of a refracting
telescope over a reflecting type telescope.

uade Raril &1 Amifea fewor 3m@ a9l
@I TEHT amar & affa Hif5rg aur s66
foio arstss fafaml

it 4R 3uade grerif &1 A
qﬁt{ﬁ?ﬁmuﬁﬂ%{;

Light from a distant object enters the objective and a real
image is formed in the tube at its second focal point. The
eyepiece magnifies this image to form a final inverted
image.

Magnifying power : The magnifying power is the ratio of
the angle B subtended at the eye by the final image to the
angle o which the object subtends at the lens or the eye.

m=-Blo=-h/f f /h=—f /1

Limitations of refracting telescope over reflecting type
telescope:

(i Refracting telescope suffers from chromatic aberra
tion as it uses large sized lenses.

(il The requirement of big lenses tend to be very heavy
and therefore, difficult to make.

Refracting telescope:

Objective —— f,—— Eyepiece
b f,

o

HeT-12 (ifahn

=,

3ae &mar: 3 e, 3ifan sfd grT 3R W

3t BHI0T B 3R T GRT &4 T 3G W 3fARd PIoT

o T 34T 8l

m=-lo=—h/f f_/h=—f /f_

WD GHR & SHARDIT TR 3Udcdch CoRpIT bl

() 3Uacde grexlt 39 AUy A R & wifs gg 3
37THR & o] T UGN BT &l

3 0T hY 3TAADBAT 95 P 8t & 31
AU 2 ST BIS 8lelT 8l

HUAdD R T:

(ii)

Objective —— f;—— Eyepiece
b, —nd

o

18)

Ans -

A small telescope has an objective lens of focal length
125 cm and an eyepiece of focal length 2 cm. What
is the magnification of the telescope? What is the
separation between the objective and the eyepiece?

U B AR ¥ 125 cm BIHA T BT 31fga®
W TUT 2 cm BIHT I DI DT 8l SHARDIT BT
HadT a2 3R IR B ST @ Far

fo=125cm;f,=2cmm=%L="7

Equation for magnification of telescope, m =f_/ f,
Substituting, m = 125/2 = 62.5

Equation for approximate length of telescope, L = f +f,
Substituting, L =125+2 =127 cm =127 m

f,=125cm;f =2cm;m =%L =7

e & 3Tael & fTy AL m=f /

UfaRATIA, m =125/2 =625

SRBIT B I TS & AT RO, L= £ 4,
UfaRITA, L = 125+2 =127 cm = 127 m
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Ans -

0}

(ii)

Draw a labeled ray diagram of the reflecting telescope.
Mention its two advantages over the refracting
telescope.

Wade greRil &1 Amifed fevor 3ma Hifayl
37U GeRiT B TOAT § 30D a1 ATl BT 3o
$Hif5ul

A telescope is an optical instrument designed to see
distant objects, as it makes them appear nearer. It is
constructed using an arrangement of lenses, or of
curved mirrors and lenses, using these the rays of light
are collected and focused and the resulting image is
magnified in nature.

It consists of a large paraboloidal (primary) concave mirror
of a large focal length with a hole at its center. There is
a small convex (secondary mirror) near the focus of the
primary mirror. The eyepiece is placed on the axis of the
telescope near the hole of the primary mirror.

The following diagram will clearly portray a reflecting
telescope:

Parabolcidal objective mirror

Paraliel rays from distant object

Secondary mirmor ——e-""2
.l

Eye piece

—

Let f_ be the focal length of the objective and f, the focal
length of the eyepiece.

For the final image formed at the least distance of distinct

vision
fe )
+ —_—
T\ D

For the final image fomed at infinity
R

fo _ 2

ng_ fe

The following are two advantages of a reflecting telescope
in comparison to a reflecting telescope.

A concave mirror of a large aperture has a high gathering
power and absorbs a very less amount of light than the
lenses of a large aperture. Thus the final image formed in
the reflecting telescope is very bright. So even the faint or
distant stars can be viewed easily.

The use of a paraboloidal mirror reduce the spherical
aberration ie the phenomenon of formation of a non-
point and blurred image of a point object.

IR - CHIRBIY U HIPHA 3BT & 510 g I a3l

HeT-12 (ifahn

B G & Ty f3s1re foar maT & Fifes g8 3% A9
fe@mé &aT B g8 of¥l, 91 gHTeCR yull 3R ol &
TP HXIT BT UGN I I9719T 47 &, 579 3uamm
Uh1RT I fasrunt &Y Ublaa 37k Hied faar siar & 3ik
gfoe} 8fd gpfa 7 3mafea g 8l

(115)

3N g W U B¢ & ATY U d31 BIhel TS &l Uh
CESl ©Tafiep) 37ddd <guT BT 8l UTufie
TUUT & BIhd & UTH U Biel 39d (Fgdas gdon &rar
81 UTORT b1 UTafHeh GUUT & gRa & fHdhe grarff & 3781
TR TGT AT &l

Wﬁwmﬁ?ﬁﬁmmﬁﬁﬁﬁ

Parabolcidal objective mirror

Paraliel rays from distant object

Secondary mirmor ——e-""2

—

(0}

(ii)

20)

Ans-

>

Tt

UG GRERIT ol o1 H WRTaIS qrarll &b Hufeiad
AAHE:

§S GRS & 3Tadd cUuT § 3= JUEUT 21fT 8l &

3R §3 GRS & oI Y JorT X ggd HF AT F TR
TGN PAT & | 3T DR WIacid gxa2l § g9 arait
3ifaw ufafas aﬂ?ﬁwﬁs’lﬁﬁlwﬁvqaﬁmq\f
%amaﬁ%ﬁmﬁ@rmmm%l

RIS SUUT & JANT I M faugT &0 &1 51T 6,
31y fig awq 1 31 31K gera ufafem s B aer

Draw a ray diagram of an astronomical telescope in a
normal adjustment position. Write the expression for
its magnifying power.

| gATEEE ffafd § fed ey é{;‘tﬁ Cal
fovuT 3@ WU 38! e amar &

fafaol

For the eye at rest, the intermediate image should be at
the first focus of the eyepiece or Ue =fe

M f ———————————b— f —

B oo

Magnification M,, =-
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