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CHAPTER

Geometrical Optics

PROPERTIES OF LIGHT

L. Speed of light in vacuum, denoted by ¢, is equal 10 3 =
LO" /s approximately,

2. Light is an electromagnetic wave  (proposed by
Maxwell). 1t consists of varying eleetric field and
magnetic lield.

. Light carries energy and momentum,

o The formula v = 7\ s applicable o light.

g

&

&

* Propagation of
light i

Tm 10 %m 7800 A3600A 10 “m 10 Y'm
e

T

Radio , Micro ‘ Infra

Visible | U. V. Xeray i

wave  wave rad light
Eleciromagnetic spectyuim

Figurea 1.7

RAY OPTICS

Ray optics treats the propagation of light in terms of rays
and 15 valid only it the size of the obstacle is much greater
than the wavelength of light. [t concerns with the 1mage
formation and deals with the study of the simple (acts
such as rectilinear propagation and faws of reflection and
refraction by geometrical methods,

Ray

A ray can be defined as an imaginavy line drawn in the
divection in which Tight is travelling. Light behaves as a

stream ol energy propagated along the direction of the rays.

The rays are directed outward from the source of light in
straight lines,

A beam of light 1s a colleciion of these rays. There are
mainty three types of beams.

{i) Pavallzi B

Figura 1.2

5:'_\
A search light and the headlight of a vehicle emit a parallel
beam of hight. The souree of light at a very large distance
like sun effectively pives a parallel beam.

(i} Divergznt Beam of Light

k4
ot

Figuire |

The rays going ouf from a point source generally form a
divergent beam.

(iii) Canvergent beam of light

A beain ol light that is going to meet (or converge) at a point
is known as a convergent beam. A parallel beam ol light
after passing through a convex lens becomes a convergent

beam.




-

1.2 Physics Module-3

Figure 1.4

REFLECTION

When a ray of light is incident at a point on the surface, the
surface throws partly or wholly the incident encrpy back
into the medium of incidence. This phenomenon is called
reflection.

Surfaces that cause reflection are known as mirrors or
reflectors. Mirrors can be plane or curved.

Concave mirror

Convex mirror

Figure 1.5

In Figure 1.5,

O is the point of incidence, and 40 is the incident ray.

OB is the reflected ray, and ON is the normal at the
incidence.
Angle of Incidence
The angle that the incident ray makes with the normal at
the point of incidence is called the angle of incidence. [t is
gencrally denoted by /.
Angle of Reflection
The angle that the reflected cay makes with the normal at

the point of incidence is called the angle of reflection. 1t is
generally denoted by 7.

Glancing angle

The angle that the incident ray makes with the plane
reflecting surface is called glancing angle. It is generally
denoted by ¢.

=90 — (1)

Law of Reflection
I. The incident ray, the reflected ray and the normal to the
refllecting surface at the point of incidence, all lie in the
same plane.

2. The angle of incidence is equal to the angle of

reflection, 1.e., 20 = Zr.

These laws hold good for all reflecting surfaces either plance
or curved.,

Some Important Points

I, IW2i=0, Zr=0,1¢., il aray is incident normally on
a boundary, alter reflection it retraces its path.

-

Plane mirror

=
Convex mirror
Figure 1.6

2. Noune of the frequency, wavelength and speed changes
due (o However, intensity and hence
amplitude (I ~ A%y usually decreases.

reflection.

3. I the surface is trregular, the reflected rays on an
incident beam of parallel light rays will be in random
direction. Such an irregular reflection is called diffused

reflection,




PLAME MIRROR

[Plane mirror is focmed by polishing one surface of a plane
ihin glass plate. [tis also said to be silvered on one side.

Reflecting side

|| u n<p1rontpl'1teJ It = agnboliaal

III] anspa e

s e represented as di i
S P b Polished side

--———Polished surface

PLANE MIRROR

Figure
A beam of parallel rays of light incident on a plane niirror
will get reflected as a beam of parallel reflected rays.
Formation of Image by a Plane Mirror
Jrom the argument of similar triangles,

OM = 1M,

¢., perpendicular distance of thg object {from the mirror
perpendicular distance of the image from the mirror.,

¥
!

T, .f‘;;.’(/ﬁ/f/./r‘ ”-’r’.:"f;*’/'r’,f’)////f'.f’,-’////f';‘)’x’f/ /

Figure 1.9

Steps to Draw the Image
I. Drop a perpendicular on the mirror and extend it on
the back side of the mirvor.
2. Image always lies on this extended line,
3. To exactly locate the image, use the Tollowing concept:

Perpendicular distance of the object from the mirror
is equal to the perpendicular distance from the mirror of

the image.

Geomeirical Optics 1.5

d
Figure 1.710
SOLVED EXAMPLE

1/(1

A mirvor iy inclined at an angle of 45° with the horizontal
and the mirror starts from the origin. An object is kept at
v = =2 em. Locate its image,

SOLUTIOR

O
J? 5\ 2em
| ) J—\\'fimage

Limear Ol

gl ed

=

Irmage of an E

Draw the images of the extreme points and join them with
astraight line.

I
v
d ';1%
Figure 1.11

Properiies of Image of an Extended Object, Formed by a
Plane Mirror

I Size ol extended object = size of extended image.

2. The image is ereci, if the extended object is placed

(o

parallel to the mirror,
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B B
A
!
A A

Figure 1,12

Ao The image is inverted if the extended abject lies
perpendicular to the plane mirror.

Be——e A E Al o !

Object
A
Figure 1.1 k3

A

4, [0 an extended horizontal object is placed in front of a
mirror inclined at 45% with the horizontal, the image
formed will be verticat (Fig. 1.14),

X
Horizontal incident rays on the
mirror et reflected in verlical
direction. So the image of
extended object will be verlical

o

Common direction of incident
lights from poirts A and B

Figure 1,74

SOLVED EXAMPLES

EAAMPLE 2

An unnumbered wall clock shows time 8:12 where the first
numeral represent hours and the second numerals represent
minutes. What is the time that its image in a plane mirror show.

tmage shows 3:48.

Shori rick
Draw watch on a paper and then see it from the reverse side.,

Fiele

ol View

The area in which reflected rays exist is called the field
of view. It is the area from which an observer can see the
image ol an object. 10 the observer is outside this area, he
will not be able to see the image, although the image will
be there,

-~ .//./.
. /-/ Field of
Fle_ld of 5 X view \
view. - = N |
GA"/ s ) Y
Ay el '
@) .
A ROt
w S
// (6] \y(
Figure 1.15
EXAMEPLE 2

A man is travelling on the rod along AR Find out the length

.24

of the road for which the image will be visible to him




(b) =
[&]
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¥
© - 7 [36am
4_/3 _ d’
| 36
BN d' = 48cm. ~ o
EXAMPLE 39

A concave mirror is placed inside water with its shining
surface upwards and principal axis vertical as shown. Rays
are incident parallel to the principal axis of the concave
mirror. Find the position of the final image.

4 Air
Water
i 30 ¢m

SOLUTION

The incident rays will pass undeviated through the water
surface and strike the mirror parallel to its principal axis.
Therefore, for the mirror, object is at oo, Its image A (in
figure) will be formed at focus which is 20 cm from the
mirror. Now for the interface between water and air, =
10 em.

GeometricalOptics 1.29

Velocity of the image in case of plane refraction

i
i »
g i 0
|
" ¥
e
Figure 1.61
i v
. A X
n,
= Y= =y
m,
dy  n, dx
di o, dt
n,
= I///m - == Vu.s .
i,

SOLVED EXAMPLE

EXAMPLE 40
Find out the following in the figure shown below.
(a) The apparent speed of the fish as observed by the bird,

(b) The apparent speed of the bird as observed by the fish,
24 cm/s
a4 Bl

T1 cm/s

4l il

SOLUTION
: H,
(ﬂ) L//‘\ 3 77 F 8
i
3
= V,—1=2(12--1)
/ "




= | 1
37
4
[7//; Ir/ - l”/)
3
= ,,_/, - 42
4
133
= % cm/s
(b) n,=4/3,
n, =1
, ,
’/ A - T [EA
|
v, = —24,
V=1
- v, —I ;%“11[7721 1]
97
\“, = —T
()’7
= Wy = 12
133
== cns, B

REFRACTION THROUGH A GLASS SLAB

When a light ray passes through a glass slab having parallel

faces, it gets refracted twice before fi nally emerging out of

it.
First refraction takes place from air to olass,
" siny/
So, me=— (n

sin

Figure 1.62

The second refraction takes place from glass to air.,

& I sin s )
o0, —= 3 (W |

[ sine

From igs. (1) and (?i we get

sin/ sine

sinr o sing

= F=é!

Thus, the emergent ray is parallel to the incident ray.

Apparent shift due to slab when object is seen
normally through the slab

Figure 1.63

First vefraction
Because of the refraction at the first surface, the image of
O is formed at /.. For this refraction, the real depth is x and
the apparent depth is . Also, the first medium is air and
the second is the slab. Thus,

7
m
| X




Sccon(l refraction

he point 7, acts as the object for the refraction at the
second surface. Due to this refraction, the image of 7, is
|‘ornu)d at/,. Thus,

| " '
Jo XL
= d =xy £
N/
{
Shift S=x41—x
[
I
s ,\1_..)
//

[f medium is not air outside the slab,

l

=1 ‘l _ Mot
/l\\;lly

Imporiant points

I. Rays should be paraxial.

Medium on both sides of the slub should be the same.,

>

Shift comes out from the object,

B e

Shiftis independent of the distance of the object from
the slab.

5. 11 shift comes out positive, then shift is towards the
direction of incident rays and vice versa.

SOLVED EXAMPLES

EXAMPLE 41
Caleulate the shift produced by the slab having thickness 15

cm and refractive index [.5 which is kept in air.

SOLUTION

|
[
I

Shift S =7

=15]1 =5¢m i

Lo | b

r
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EXAMPLE 42

See the figure. Find the distance of final image formed by

the mirror,

R=20cm

SOLUTION

2.1—3[1

= 20 cm

.. Object is at the centre of curvature of the mirror. Hence,
the light ray will retrace and the image will be formed on
the object itsell. 3]
EXAMPLE 43

Find out the distance between image and the mirror as
observed by the observer in the figure shown below

,Hm%
T
. 0 5
— =
20 cm E\q
i ‘o

et f=40cm

g *
b ——
15 cm 10 cm
SOLUTION
-
'--"\-\.
)‘\y ——e :
'\/\fjr\r-;i///(g)_(‘)—__ —— i e 3 \.‘_-_" Thesgs !
«
20 cm "?
|' % ot
5cm
e SRS S
15 ¢em 10 cm
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1
Shift = /[1 ]
/l

f= -‘4[}
v =-£20 cm

The distance between the mirror and the image as observed
by the observer = 20 — shift = 15 ¢m. |

Apparent distance between object and
observer whien both are in different medium

A @
n n, ny
e
E
L
1-_:".':':/,:'.'._‘_____ ........... gy
s o e i [
: iy —
Ve L t
L} 1 r | 3
| t| ‘r y |
1 1"
Log s | d
e dl
iz 2]
i
.1—T—77~:~!

Figure 1.64

First refraction:

n,  Apparent distance of object from interface A8

m, Real distance of object from interface AR

_ &

Second refraction:

n,  apparent distance of /, from interface CD

n,  Real distance of / , from interface CD
‘///
' o
Ly,
n,
n, [,
d" =221 41,
nln

Final distance of the image from the observer

= c/”—f—/‘_‘

Note

Il the object and observer are in the same medium,
then shift formula should be used and if both are in
different medium, then the above formula of apparent
distance should be used.

Lateral Shift

The perpendicular distance between the incident ray and

the emergent ray, when the light is incident obliquely on

a parallel sided refracting glass slab is called lateral shift.
ln right-angled triangle OBK, we have

Figure 1.6%
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LBOK =i — _ 10sinl5°
/ cos45°
- 3 4
Sl —r)= —=
OB = I()\/gsin 15° [ |
d= OB sin (i — r). ()

or,
CRITICAL ANGLE AND TOTAL INTERNAL
REFLECTION (TIR)

[ right-angled triangle ON'B, we have

3
YON' y . . .
Cos 1= — Critical angle is the angle made in denser medium for
OB , e [ P
which the angle of refraction in rarer medium is 90°. When
¢ angle in denser medium is more than the critical angle, the
or OB = ——, light ray reflects back in the denser medium following the
cosr

laws of reflection and the interface behaves like a perfectly

Substituting the above value of OB in Eq. (1), we get reflecting mirror. In Fig. 1.66,

! . N
d = ———sin(i—r), (13) ] {V N
cosr : | |
e | ¥
i ¥ s \ Rarer
e - M a,,
SOLVED EXAMPLE A = /,T,f\
P ==
/f,,;«f’” ' ' B
| ' | | Denser
PDLE ' ' U
EXAMPLE 44 N N &
Find the lateral shift of a light ray while is passes through i
a parallel glass slab of thickness 10 ¢cm placed in air. The Figure 1.66
angle of incidence in air is 60° and the angle of refraction 0 = obiect
in glass is 45°, — objee

NN’ = Normal to the interface

1I" = Interface

=
C' = Critical angle
AB = reflected ray due to TIR
SOLUTION When i=C
d - rsin(/ - r) then = 90°
cos s
 10sin(60° — 45°) C=rsinia,
R cos45° i
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Conditions for THR

Circle of
illuminance

Figure 1.67

(@) Light is incident on the interface from a denser
mediun,

(b) Angle of incidence should be greater than the eritical
angle (/ > ¢). Figure 1.67 shows a luminous object
placed in a denser medium at a distance /i from an
interface separating the two media of refractive indices
fr,and g Subsceripts - and o stand for rarer and denser
medium, respectively.

In the figure, ray | strikes the surface at an angle
less than the critical angle ¢ and gets refracted in the
rarer medium. Ray 2 strikes the surface at critical angle
and grazes the interface. Ray 3 strikes the surface making
an angle more than the critical angle and gets internally
reflected. The locus of points where the ray strikes at eritical
angle is a circle, called the cirele of illuminance. All light
rays striking inside the circle of illuminance get refracted
in the rarer medium. If an observer is in rarer medium, he/
she will see light coming out only from within the circle
of illuminance. If a circular opaque plate covers the circle
of tlluminance, no light will get refracted in rarer medium
and then the object cannot be seen from the rarer medium.
Radius of COI can be easily found.

SOLVED EXAMPLES

EXAMPLE 4%

Find the maximum angle that ean be made in glass medium
(/0= 1.5y ifa light vay is refracted from olass to vacuum,
/ £ i
SOLUTICM
I 5in 907,

1.5 sin C =

where C = critical angle.

sin C=2/3

== C=sin"'2/3

EXAMPLE 46

Find the angle of refraction in a medium (n=2)illight|i
incident in vacuum, making angle equal to (wice the critic
angle.

SOLUTION

Since the incident light is in rarer medium, total interna
reflection cannot take place.

) . [
C=sin"' = =30°
1

= S i =20 =060°,

Applying Snell’s law, 1 sin 60° = 2 sjn
sinpy = ==
4
= r=sin 22, |
4

EXAMPLE 47

What should be the value of angle ¢ so that light entering
normally through the surface AC of a prism (n = 3/2) does
not cross the second refracting surface 423,

A

—_—

SOLUTION

Light ray will pass the surface AC' without bending since it
is incident normally. Suppose it strikes the surface ABatan
angle of incidence 7.




i=90° —
q or the required condition,
90° — 0 > C
— Sl O0° o ™~
tid or sin( 90 1y = sin (
Ca
o cos ) > sin C
I 2
na| 32 3
| f) .
0 < cos™' =
[ < s
¢ 3
EXAMPLE 48
A ray ol light from a denser medium strikes a rarer medium
at an angle of incidence /7. [ the reflected and the refracted
pays are mutually perpendicular to cach other, what is the
value of the critical angle?
| et Rarer
(1)
i 9OoDenser
-
i (//D)
: /'
SOLUTION
From Snell’s law, we have
sini fu,
sinr g1,
or, = ﬂ'/.l_
Hg
[
sin s
| = — {1
s

According to the given problem,
ek 907 = 180°
or, r=90% — |,

J . N ~ . o
Substituting the above value of 1 in Eq. (1), we get

| N
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% _sin(90° —i)
sini
or Ji=cotll. (2)
By definition, ;
L= sin"ll‘
H,
or C=sin"'|— (using Liq. (2)
coly
or "= sin '(tan 7)). i}

Optical Fibre Cable

Cylindrical

Figure 1.68

Find out the range of » for which ray will show TR
through curved surface.

SOLUTION

Itis required that all possible // should be more than eritical
angle. This will be automatically fulfilled it minimum # is
more than critical angle.

Angle 7 is minimum when # is maximum. i.e., ¢
(Why?). Therefore, the minimum value of /' is 90° — (.
For TIR,

(()() o ].)IIIIII > (I
9() P = C
Forr
ma
- f = 90°
when i =90° = (,
90° — C = C
3 C < 45°

sin (' < gin 45°




| 1 Variable Refractive Index

F JJ,
|
B

ICRI is a function ol y:

Take an small element of y of width dy.

4
Q.
3
&

£

dy,

Denser(n.) Here
=0 . o ”»
Figure 1.69 1Y)
dy
[,
Graph Between 6 and i
- Y
Wheni< C
h‘ = — ] -, +
. . i
and 7SI = 71,810 7
S 1 or .
J=sin | -—sini Now 1 sin == () sin r
H,
dy
A tan = —
50 b=sin"'|—Lsini|—i (1 dx
",
L = tan(90" — 1)
When i = C
. . dy
fhen, & == — 21 2y o cotr= —
dx
5 . sini
[ JE—
! $0 Sing = ——
(0] . 11{y)
]
LN SO\
E dy (o (y)—sin’i
! = s
‘ N dx sini
1= C f= E {
2 1
g . *dy
Figure 1.70 —— = —
‘ Josini
(1]
Note " 5
PRISM
. - . seeous solid Fransparelit & ol
If the angle & is between (0. - —C) . then there are A homogeneous solid tt 1f1xp u.un. wnd relracting l'nullum
2 bounded by two plane surfaces inclined at an angle 1s called

two possible values of .. .
a prism.




Figure 1.72

Refraction through a Prism

!
Base R

v Figure 1,73

(a) PO and PR are refracting surfaces.

(b) £ZOPR = A is called the retracting angle or the angle of
the prism (also called apex angle),

(¢) 0= angle of deviation,

d) Forrefraction ofa monochromatic (single wave length)
ray of light through a prism,

O =4 ¢) (/‘1 - /‘2)

L 1f ray crosses two surfaces which are inclined to

cach other, then we use the concept of prism
L Ify fay crosses two plain paraliel surfaces, then we
use the concept of slab.
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SOLVED EXAMPLES

EXAMPIE 49

A ray of light is incident on one face ol'a prism (j1 = 1.5)
at an angle of 60°. The refracting angle of the prism is also
60°. Find the angle of emergence and the angle of deviation.
s there any other angle of incidence, which will produce
the same deviation?

SOLUTION

Angle of incidence = i — 60°.
At point P,

$in 60° L5

sin; I
. |
=9 P
1
V3
or, rory 3596,

Using
we gel F=A = = 60° = 35%7
= 24°447,
i sin 7, 1
At point O, S
sine 1.5

= S5 e = 1.5 gin 24° 44/

sin e = (.63

[}

= ¢= 397,

Deviation = 4

= (i e) — A
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= (60° - 39° — 60° = 39",

It and ¢ are interchanged, deviation remains the same.
same deviation is obtained for angles of

Hence, the
incidences 60° and 397,

EXAMPLE 50

A ray of light makes an angle of 60” on one of the faces of
a prism and suffers a total deviation of 307 on emergence
from the other face. If the angle of the prism is 30, show
that the emergent ray is perpendicular to the other face.
Also caleulate the refractive index of the material of the

prism.
SOLUTION
The angle of deviation

5= (i, +i,) =

Here, &= 30°,
i = 060°,
1 = 30°.

Hence, 307 = 00° 44, — 30°

~ i, = 0.

= .
The angle of emergence is zero. This means that the
emergent ray is perpendicular to the second face.

Since i, = 0, the angle of incidence at the sccond lace

1$ zer0.
r, =0,
Now, Pk = A
ofr, ro=dA= 30°,
We know,
sind,
Jh= =
sin g

$in 60°
sin 30"

A

T

B =1732. ]

Graph Between Z0 and /i

Figuie 1.74

(1) Variation of & versus i (shown in Fig. 1.74).
For one o {except » min), there are two values of angle
of incidence. 17 and e are interchanged, then we gel
the same value of & because of reversibility principle

of light.

(2) There is one and only one angle of incidence for which
the angle of deviation is minimum.

(3) Right-hand side part of the graph is more tilted than
the left-hand side.

Miniimum Deviation and Condition for
Minisum Deviation

The angle of deviation depends on the angle of mcidence
in a particular way. When the angle of incidence s small,
the deviation is large. As i increases, & decreases capidly
and attains a minimum value and then increases slowly with
increase of 7. The minimum value of 4 so attained is called
the minimum deviation (6 ).

+

Condition
Theory and experiment show that o will be minimum whe
the path of the light ray through the prism is symmetrical.

Angle of incidence = angle of emergence




o lel = L C.
for the 1€ fraction at the face AB, we have
4
sing )
—— = ;(Snell’s law)
sin
or $in i = /1 8in I
sine
and — = [,
- sin,
o sin e = jusinr,
jesinr = qusinr,
or, "=,
Hence, the condition for minimum deviation is
f=candr =
e [=ea | :
r¢f
sle. Relation Between Refractive Index and the
Angle of Minimum Deviation
ch when b= 6 . we have
=1
an
and ry= o, = (say).
We know,
Ad=r +r,
ce
H r=-r= 2"
o
Hy - o A
th O e EN
ed ‘
Also, A+d=1i4¢
or, A+E =i+i
A0
()r‘ = o= nt
2
The refractive index of the material of the prism is given by
sin{ X
1= ——(Snell'slaw),
sinr
o AS
21 S m
i8]
or - =
& A
$in
2
—
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1f the surrounding medium has refractive index = 1,

L[ A0, ]
sin :

then M -————2——
no oA

, §in —

2

SOLVED EXAMPLES
EXAMPLE 51

A ray of light incident at 49° on the face of an equilateral
prism passes symmetrically. Calculate the refractive index
of the material of the prism.

SOLUTION

As the prism is an equilateral one, A4 = 060°. As the ray of
light passes symumetrically, the prism is in the position of
minimum deviation.

So,

also,

sin49°
sin30°

0.7547

1.5 |

EXAMPLE 52

The refracting angle of the prism is 60° and the refractive
index of the material of the prism is [.632. Calculate the
angle of minimum deviation.

SOLUTION
Here, A= 60°,
J=1.632
) [ A 0, J
sin !
2
Now, s

J” : | (/1]
Sin
2
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60°+ 0 (b) The relation between 4 and C'is such that the ray wil|
3111[ = ] always cross the surface 5C.
or, 1,632 = = FFor this,
.60
o _._2 . U'J)m.m < C'
60° -+ ' :
SIH[ o l h”l] [A — t-}mru. < (
2
S gin30° A~ (). <C (2)
4 ['6(1°+o,,, ]
or, = sin|————
2
= 1.632 sin30°
=1.632x0.5
. [60°+6
or, sin [1—74] = (.816, Figure 1.76
60° 4o (r)y. =20
or 1 (m _ 540421 [inin
2
» when io==0
(3'" == 49° 27, ] mifn
from Eq. (2),
Condition for Prism A4-0<C
(a) Relation between prism angle A and critical angle Cis AEC

such that the ray will always show TIR at BC: _
i.e., if 4 << C, no rays are reflected back from the second ¥ |

For this; (din > € () surface, i.c.. all the rays are refracted from the second
For (1), . ¥, should be maximum and surlace.
1.‘Or(lvl)m“ . (T > ~ (" < ~ rave are reflecte acle i
(¢) 1f2C > A4 > C, some rays are reflected baclk from the
i L™ 90" second surface and some rays are refracted from the

second surface, depending on the angle of incidence. &
is maximum for two values of i

= i . (corresponding to e = 90"} and i = 90° |

min

(corresponding to ¢

)

i’ ”

— |
Figure 1.75
Now from Eq. (1), |
A—C=C, 7 |5|
Figure 1.77
A= 2C . , ) |
For i oonosini . =n sin(4d — C). J
min s nin I
ic., A > 2C, . ) ) o
Ifi < i . then TIR takes place at the second refractin
i.e., ali tays ave reflected back from the second surface. surface PR.




CO”d{tiO” fOf’ (Smm

i=90°
& ¢ = 90°
or
v
Grazing P o Grazing
incidence emergence
Figure 1.78
nsin(d - Cy = sin e
¢ =sin'[nsin(A—C)]
'je
Grazing T~
incidence
Figure 1.79
6 —idte=A4A
e T -
o O = 90 sin” [nsin(A—C)|— A,
h SOLVED EXAMPLES
hi

EXAMPLE 53

Find the minimum and maximum angles of deviation for a

prism with angle 4 = 60° and Jue= 1S,

SOLUTION

Minimum deviation
The angle of minimum deviation occurs when i = ¢ and r
=ryand is piven by

0}

Geometrical Optics
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= d

"

. A4
= 2sin”™! l;/sm ~J = gl
2

Substituting g = 1.5 and A = 60°, we get

o =2sin"(0.75) ~ 60° = 37°.
Maximum deviation (Grazing incidence or Grazing
emergence)

The deviation is maximum when i = 90%r ¢ — 90°, that is,
at grazing incidence or grazing emergence.

Let i =90°
= ;‘I . (‘
o0
= 8in | —
Ji
5
= roe=sin | == 4020
3
=> ! A —1

=00° — 42" = 18",

Using ii—_P £ ks . we have
sine i
Sin ¢ = g1 sin r,
= 1.5 % sin [8°
= sin ¢ = 0.463
= e = 28°.
Deviation == (‘i“m
= (i -¢)—4
== 90° 4- 28" — 60° = 58°, L
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Deviation through 2 orism of Small Angle EXAMPLE 54
o= ¥ ] - vy (™ 1 (™ R i a1 1 ]
¥ the angle of the prism A is small, r, and 1, (a5 7, Lo A prism having @ refracting angle 4 ‘mdl refractive indey
1) and j and ¢ will be small i . 1.5 is located in front of a vertical plane mirtor as shown. A
(¥ (he refraction at the face A B, we have horizontal ray of light is incident on the prism. What is th ¥l
angle of incidence at the mirror? = .
sing ;
JL= T .“.’Tﬂ
SN /4 'E-')gl\-iu
i
4 ol
AR . . . for ap
or. j=-(smee! and 1, are small angles, st i, = 1, and
=
l ungl{
. secol
siny, ~2 1)
soLu
AT I
SOLUTION in mi
the f

Figure 1.80

The deviation suffered by refraction through the smalk

= For refraction at the face AC, we have i
angled prism is given by
//, == E‘Hl (5 :1([[/,"’1)/1
ST,
= (1.5=Dna =2
[ N
or, i = f/ ¢ eand r,are s pall angles, so sin e = ¢ and This gives the angle of incidence 2° at the MirToL. a
) EXAMPLE 55

sin 7, ©2 7)) o . 5 . = 1.
. Refracting angle of a prism A = 60° and its refractive index:
N - is 1= 312, What is the angle of incidence i to get minimun
' | deviation. Also find the minimum deviation. Assume the

Now, deviation produced by a prism surrounding medium 1o be air (1 = 1).

s=(ite)-4 SOLUTION

For minimum deviation,

Qor, = (//('l - /I'l'l) = /]
]‘\ — [‘2
or, O = //(/‘I 1 ]7) — A l |
or, Se=pd = AL = Al 2
= 30°
or, S (11— A . ‘
=U ) Applying Gnell’s law at / surface

‘The above formula is valid for all positions of the prism

. . - . By L 3.
provided the angle of the prism A is small (say == 107). | x sini= - SN 30°

== o i




R [ 3 }
f==sin |-
—4 4

(3
Amin = 2sin ! [Z] *?r‘ . i)

> 3

EXAMPLE 56 _ .
el 7 e bl .
For a prism, A=00", n= 3 Find the minimum possible

'mglc [¢) l‘inci(lch(_:n so that the llght ray is refracted from the
d
cCOnd SLII'((ICC. Also find hm; .

1

S
SOLUTION

[n minimum incidence case, the angles will be as shown in

the figure
Applying Snell’s law,
. (e ‘
13 s d =,/ sin(A - )
3

": \/; (sin 4 cos C — cos 4 sin C)

= \//- sin ()()\/l e (:os()()\F-
3 7 7

—

—
2
i =30°
oy, T 90° — 4
= 30° - 90° — 60° = 60°. -

DISRPERSION OF LIGHT

The angular splitting of a ray of white light into a number
of components spreading in different directions is called
Dispersion of Light. (It is for whole electromagnetic waves

M totality.) This phenomenon takes place because waves of

Geometrical Optics  1.43

different wavelength move with the same speed in vacuum
but with difterent speeds in a medium.

Therefore, the refractive index of a medium depends
slightly on wavelength also. This variation of reftactive
index with wavelength is given by Cauchy’s formula.
Cauchy’s formula

b
n(d) = «u == =
(N =« %

where « and b are positive constants ol a medium,

_ VIRGYOR

b Ao S

A by d

Figure 1.81

Notes

o Such phenomenon is not exhibited by sound waves.

Angle between the rays of the extreme colour
in the refracted (dispersed) light is called angle of
dispersion.

0=6 —8 (Fig. (1))
Ffig (a) and (c) represents dispersion, whereas in
fig. (b) there is no dispersion,

White light

Alr
medium

X ﬂ\_\-"\..' .

‘_/5;‘. hy =mean deviation or
deviation in the

A m
(' Red beam
Voilel \

Yellow
(a)
Red All parallel to
Aﬂ/ Yellow one another
L~ T
Whiteﬁl/
Medium
(b)
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Notes (Cont'd)

Figure 1.82

For prism of small A and with small /,

0=06 —0 =(n —n)l

EXAMPLE 57

The refractive indices of flint glass for red and violet
lights are 1.613 and 1.632, respectively. Find the angular
dispersion produced by a thin prism of flint glass having
refracting angle 5°.

SOLUTION

Deviation of the red lightis & = (¢, — 14 and the deviation
of the violet light is & = (1, — 1)A.

The dispersion = 6 — 6

= (b, = I, )A
= (1.632 = 1.613) = 5°

= 0.095°. |

Notes

Deviation of beam (also called mean deviation)
d=0 =, 114,

n. n_and n_are R.1. of material for violet, red and
yellow colours, respectively.

Numerical data reveal that if the average value
of g is small yo — yi_is also small and if the average
value of 1 is large yo — 1 is also large. Thus, lavger the
mean deviation, larger will be the angular dispersion.

Dispersive Power (w)

Dispersive power of the medium of the material of prism
is given by

n,—n,
W= ",
n,—1

o wis the property of a medium. [

For small-angled prism (4 < 10%) with light incident ag

small angle 1,

no=n, 6 —0

n, —1 o
0
0

angular dispersion

deviation of mean ray (yellow)

) n. A n,
[ = ——
WL 8]

,if i is not given in the problem],

« N — 1 = refractivity of the medium for the corresponding
colour,

EXAMPLE 58

Refractive indexes of glass for red and violet colours are
1.50 and 1.60, respectively. Find

() the refractive index for yellow colour, approximately
(b) dispersive power of the mediun.

SOLUTION
, i)
(a) JAa -2
1.50 1.60
2
=1.55
(b) W= ﬂ'_,; '”7/\
jh— |
160150
1551
= ().18. ]

EXAMPLE 59

Caleulate the dispersive power of crown and flint glass
prism {rom the following data. For crown olass,

=i 522
=1.522
jr, = 1.57

y — | 514
and fhp = 504,
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or flint plass. Dispersion Without Average Deviation and
0 = 1.662 Average Deviation Without Dispersion
and p, = 1.644.
GOLUTION
For crown glass,
j, = 1.522
and ji, == 1.514
" + 1ty
e =79 Figure 1.83
152241514 Figure 1.83 shows two thin prisms placed in contact in
= . = such a way that the two refracting angles are reversed with

= respect to cach other. Suppose the refracting angles of the
=1.518. two prisms are 4 and A’ and their dispersive power are w
and /', respectively.

Hence, the dispersive power ol crown glass Milla . . . T
Consider a ray of light for which the refractive indices

Ly = b of the materials ol the two prisms are g1 and p/. Assuming
- it e that the ray passes through the prisms in symmetrical
) situation, the deviations produced by the two prisms are
1.5221.514
oy IR < 1,
(1518—1) 8 ={u==lj
—0.01544 and 0, :(/llfl)f’i/ i
w— 0.01544. As the two deviations are opposite to each other, the net

deviation is
For flint glass; ,
O=0 -0,
i = 1.662

(= DA— (=14 1
and p = 1.644 (jr.—DA—(p ) ()

'l [T white light passes through the combination, the net
toA S : : ,
P T e deviation of the violet ray 1s

2

1.662+1.644 B, = (pt, = DA = (i =D A’

2 and that of the red ray is

=1.653

(3; :(w,/ —-hA ,,(//’/ I)/W

! /
Lo Ly : . . —l
w'= f_'% The angular dispersion produced by the combination 1s
p—=
b, =0 =, = p A=, —pHd (2
1662 —1.644

(1.653—1) The dispersive powers are given by
N }/Y _lllr
== (.0276. =] wW=—
i, 1
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and W = e———
Thus, by Eq. (2), the net angular dispersion is
(t), " {5_ :L:(/I'_—])(U,i ---(//,‘/‘ —I)(.l,)//’/ . (’;)

The net deviation of the yellow ray, i.c.,
deviation, is, by L. (1),

the average

8, = (jr, =D A=, —1)4’ (4)

Dispersion Without Average Deviation

[f'the combination is not to produce a net average deviation
in the beam, ¢ should by 0. By Eq. (4), the required
condition i§

! / =

(po, =NA=(p, =14 (5

Using this in Iq. (3), the net angular dispersion produced is
, ‘ j

0, = Q1= (e, — DA(w—w’) (6)

By choosing w and ' o B¢ different and the refracting

angles to satisfy Tig. (5), one can get dispersion without

average deviation,

Average Deviation Withoui Dispersion

Ifithe combination is not te produce a net dispersion, 0, =0,
=0, By Eq. (3)

(o, = Dwd = (] =)' 4’ (7
By Eq. (2), this condition may also be written as
(ph, — 1) = ('//( f—//,/_')xll . (8)

The net average deviation produced is, by Fiq. (1),

By Eq. (7),

(=D a W
by 04

(/4 —-])7 w

s0 that the net average deviation produced by the
combination is '

”*=Uu'“A['_y?} 9)

W'
* SOLVED EXAMPLES

EXAMPLE 60

Find the angle of the flint glass prism which should be
combined with a crown glass prism of 5 so as to give
dispersion but no deviation,

For crown glass: pn = 1.523; = 1.515,
For flint glass: p, = 1.688; i, = 1.650.

SOLUTION

I'or no deviation

or, e .,/f’;;l,,_ A
//‘/ l

Now,

= 1519

! /
/// by
' ’)

1668 1-1.650
=

=1.659

w[|5|9.|,w
) 1659 1)

== 3,947, ||




EXAMPLE 61

find the angle of a prism of dispersive power 0.021 and
refractive index 1.53 to form an achromatic combination
with the prism of angle 4.2° and dispersive power 0.045
paving refractive index 1.65. Also calculate the resultant
deviation.

SOLUTION
w=0.021;
po= 153
W' = 0.045;
pl=1.05
Al =420
[For no dispersion,
wéFw'd" =0
or, wipp—NA+w' ('~ DA’ =0

! /
w'A (' —=1)
or, A==

:().()4.‘5:&'4.2‘54(1.65 1
0.020x(1.65—1)
Nel deviation
bR o = (pn— DA+ (' = DA
= = [1.04°(1.53 = 1) - 4.2°(1.65 — 1)

= =312 @

REFRACTION FROM A SPHERICAL SURFACE

Consider two transparent media having indices of refraction
1, and g1, where the boundary between the two media is a
spherical surface of radius R. We assume that 1, g Let us
consider a single ray leaving point O and foenssing at point
L Snells law applied to this refracted ray gives,

f, sin 0 = i, sin 0,
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Figure 1.84

Because ()I and 0, are assumed to be small, we can use the
stmall-angle approximation

sin ) a0

(angles in radians) and say that
O

0, = . (1)

From the geometry shown in the figure,
0, =+ /3 (2)
and B=0 +y. (3)

Fquations (1) and (3) can be combined to express € in
terms of v and 3. Substituting the resulting expression into
Fq. (2) then yields,

B =Latprey.
Jio
£ et iy =y = ) (4

Sinee, the arc PM (of lengih S) subtends an angle /3 at the
centre of curvature
S
B=—.
R

Also in the paraxial approximation,

1S
= —
u
S
and = -
V

Using these expressions in Fq. (4) with proper signs, we
are left with

Hy i) | R

-l v R




or ’/L LAl (5)

Although the formula (5) is derived for a particular

situation, 1t is valid for all other situations of refraction at a

single spherical surlace,

Important Point for Above Formula

o The above formula is valid only for paraxial ray.

o, v and R should be put along with the sign,

o 41, is the refractive index of the medium through which
the rays are going and g, is the refractive index of the
medium from which the rays are coming.

SOLVED EXAMPLES

EXAMPLE 62
Find out the position of the image formed and draw the
appropriate ray diagram.

»R =10 cm
O / n=15
—
i
30 cm
1= —30cm

R=-10cm

SOLUTION
N L
7 y i R
B 15 105
B voo300 10
N 15 05 1
- v 30
15 0.5
v 30
3015
—> V== (= =
0.5

= 90 cm (Real)

R=10cm

Fo— n=15

\‘\‘ *0\

¢ s 90—
30 cm N

EXAMPLE 63

T
>

Find out the position of the image formed and draw the
appropriate ray diagram.

SOLUTION
n, = 1.5,
n, = |
= —5cm
R=—10cm
n,oon o,
Voo R
L L5 1 05
- voos 10
15 05 1
) v 10 5
- 1.5 =25
- v 10
= y = -0 cn. | |




B ({l’ - t l’[
' dt 154>
= 12 m/s. m

Transverse Magnification
I/ and rare very small,

tan i~ sini /|

tan » = sin 7 =~ r

—
h. ,
= res L (n
Vv
. Ay
tan /= -
u
h .
=i eE (2)
u
Again, by applying Snell’s law,
n,sind =, sine
= i (3)
e From Egs. (1), (2) and (3).
h,
==t
h,
= 1]
my \

EXAMPLE 66

Find out the position of the image formed and draw the
appropriate ray diagram.

1= —30 ¢m

R=410cm

R=10cm

120 cm

SOLUTION

N L5 105
’ voo300 10

15 05 |
' vooo10 30
N 1505

' v 30

= p = 490,

Mirror will form the image of /, 30 ¢cm behind it as shown
in the figure,
For the second vefraction:

= - 150 c¢m,

| : (5  —05
voo150 10

[ 05 |
voo10 100

4
|
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| 4 = —x
= —_———

v 100 v =90 ¢m,
= v =25 ¢m (Real). |
= ( ) xr=30cm
EXAMPLE 67 ) B _
Find out the value of x for which the image is formed on O//ZL\E
the object itself. = ———t

R=10¢
cm B

REFRACTION THROUGH THIN LENSES

9 :
44— o
& : Lens

Ry o— ST = RPN LN sl 3
90 cm A lens is a transparent medium bounded by two relracting
surfaces such that at least one of the refracting surfaces is

SOLUTION curved (or spherical).

Case 1: for first refraction Types of Lenses
n, RN, Broadly, lenses are of the following types:
Voo R

0o R, R,
R
R, R, R R

Convexo-convex Equiconvex Plano convex Concavo-convex

lens or Biconvex lens lens lens
rRY JR R R R R, R,
. .5 1 05
= Y e
v o x 10

B 1.5 05 1

v 10 x Biconcave Equiconcave Plano-concave Convexo-concave

lens lens lens lens

= 1.5 0.5x—10 i 1.87
= —ee igure 1.

v 10x &

o I Principal Axis
= ) S
0.5x6 =10 The line joining the centres of curvature ol the two bounding,

V=00 surfaces is called the principal axis.

= x=20c¢m

Case fl:

R = 10, Figure 1.88
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Lens Malter Formula

For first refraction:

Figure 1.89

P by L = i)

(1)
! i K,

¥

thickness of the lens 7 is negligible,
l'or second retraction;

[ e (,
Voo, R,

b

Adding Egs. (1) and (2), we get

1L L
voou |y RR,

' Imporiant Points for the Above Formula

Rays should be paraxial.
| Ze v, Roand R should be put with the sign.
Ao R s the radius of curvature of that surface on which
‘ the ray strikes first.
Lens should be thin.

5. Medium on both sides of the lens should be the same.
Sign Convention (consider pole as origin)

(i) Whenever and wherever possible, rays of light are
taken to travel from left to right.

(i) Distances are measured along the principal axis from
the optical centre of the lens.

(i) Distances measured along the principal axis in the
dircction ol the incident rays are taken as positive
while those measured against the direction of the
imcident rays are taken as negative.

(iv) Distances measured above the principal axis are taken
as positive and those measured below the principal
axis are taken as negative.

Figure 1

Figure 111

Figure 1.90

Figure ] v 4 =,
0 —ve +ve +ve Fve
(i) —ve —~ve —ve ve
(iii) +ve fve +ve +ve
Focus

Il'the rays are parallel to optical axis and paraxial, then
point where they meet or appear to meet is known as foe
ol the system.

Focus
S V.

Figure 1.91

In the lens maker formula if w—oo, v =/,

]
|t ﬁ\ (S ===
X T~ P sl
focus ,,/r/ 1
v “a focus




£ i
— . —'—X
e R
2 focus 2"“focus{ =
v
Figure 1.92

SOLVED EXAMPLES
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EXAMPLE 69

Calculate the focal length of the lens shown in the figure,

30 cm

EXAMPLE 68 SOLUTION
Calculate the focal length of a biconvex lens in air if the | / | |
radii of'its surfaces are 60 cm and 15 cm. Refractive index — = [/"- - l][ —]
()fg][]SS = ] 5 / /I's lel Rl ’
) : | 1
SOLUTION N = (1 5])[ b i_,_ [ _]]]
Consider a light ray going through the lens as shown. It / 30 00
gtrikes the convex side of 60 cm radius and concave side ol
15 ¢m radius while coming out. = /=120 cm
30 cm

(@]
ll'I‘l'
X
Il
—

Rl = 460 ¢cm,

R2 = —15¢m

L,, He | ,I,,L

s fh _RI R,

1R T R
or, =l —

1 L 00 15
= f= 424 cm

Notes

Converging  Diverging
lens lens

* For converging and diverging lenses, focal length of

lens depends on surrounding medium.

* [tve implies converging lens and f—ve implies

diverging lens.

e

[ in the above case, direction of rays is reversed,

U o1
./'W Jhy ) RR

H =5 ._],? =(1.5-1) ,,L [1]
o 60 30

f= 120 cm.

This illustration shows that focal length does not depend on
the incident ray direction.
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Rules for image formation

(i) A ray passing through the optical centre of the lens
proceeds undeviated through the Jens (by definition of

B N
WS N

Figure 1.93

Pole is the intersection of the ray which goes undeviated

through the lens and the optical axis,

(i) A ray passing parallel (o the principal axis afler
refraction through the lens passes or appears to pass

through the focus (by the definition of the focus).

Figure 1.94

(i) A ray through the focus or directed towards the focus,
after refraction from the lens, becomes pavallel to the
principal axis (principle of reversibility of fight).

.

kL_

Figure 1.95

Only two rays from the same point of an object are
needed for image formation and the point where
the rays after refraction through the lens intersect or
appear to intersect is the image of the object. I they

actually intersect cach other, the image is real and i

they appear to intersect, the image is said to be virtual.
EXAMPLE 70
Find out the position of the image formed.

u =30 cm, /=10 cm

SOLUTION
11
/v ou
F 3
\‘\ f=10cm
/30 cm
v
1 ] |
= B
10 v o 30
= S
N v 100 30
300
= po= S
4()
= 7.5¢cm.

__D',’@[_-.:_xlftﬁa )
o f

— ¥

L

Figure 1.96

h

tan) = - (
i
h.

tan = —- (7
v

Dividing Eq. (2) by Eq. (1),

EXAMPLE 71

Find out the position, height and nature of the imag
formed.
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The image is formed at £. 1t is real, inverted and highly
diminished.

2 cmT

(ii) When the Objeci is Beyond 2F

30 cm "
e o
sOLUTION oF F ‘N
w=—30c¢cm,

S=+10cm, Figure 1.98

h =++2em s - N 1 .
o The timage is formed between /7 and 2F. 1t is real, inveried

" and diminished

=10 cin

(iii) When the Object is at 2F

- SRVEN

| L J_d
Jov o Figure 1.99
| | [ . s R .
= = — The image i3 formed at 2/, 1t is real, inverted and the same
1o v 30 size as the object.
I I
= T (iv) When the Object is Between F and 2F
= po=--15 .
; > .
L \\F 2F
/7‘, U 2F F \\l
" hoo15 ™
' 2 =30 ,
) Figure 1.100
= hy=—1cm,
; The image is formed beyond 2F (i.e., between 2F and o).
20 Real, inverted, diminished. =]

It is real, inverted and enlarged.

IMAGE FORMATION BY A CONVEX LENS QF  (v) When the Object is at F

THE LINEAR OBJECT
26 F N
{ T N

\\\ F
_,// Figure 1.101
- > i .- = . .
ue I'he image is formed at infinity. It is real, inverted and
173

Figrure .97

() When the Object is af Infinity

highly magnified. !

*—-———
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(vi) When the Objeci is Between F and O

Fommseeeee
b

oF F \ : F\\?/

Figure 1.102

The image is on the same side as the object is. It 1s virtual,
crect and magnified.

{(vii) Virtual Object Case for Converging Lens

&

Figure 1.103
= -x
f=-+f
I'rom lens formula,
[
voox o Ll
| | |
— = -
v f X
I x=0, v x.
I X == 00, Ve f

Graphs for Converging Lens

N 04
O-Real : O-Virtual
I-Real ‘ I-Real
— j:___L__________:?
T "
O-Real :
I-Virtual !
: v

Figure 1,704

Image Formation by a Concave Lens of a Lineg
Object

{a) Real Object Case
u=—x, f= —f
Irom lens formula,

[ |
S g— -
voox /

Figure 1.105
[
v /X
[f X — X0
Vo —f
It x—0
v— 0.

{b) Virtual Object Case

\‘\~ B

A

A

Figure 1.106

w=x, f=—f

From lens formula,

R
v x [
I y=0-—-pv=0
i X< fiv= 4u
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A'B! = (\)“ — v./l)

_ 140 _ %
I 3
20
= 2= em, |
3

EXAMPLE 74

Find out the linear length of the image of the object us
shown in figure.

SOLUTION

Here the length of the object is very small, then

[
voouo
By differontiating
v - "’2
du
1= —00),
=420
T | |
[ v 60
Y p =30
dv v
du u
B dv_(30)
= L (60)
[
- v = —mm
4
= length of the image. |
Note

Differentiating in solving examples 73 and 74 (Trick).

. [ |
From ————=—,
voou /

differentiate the above equation

B 1 dv

Ldi

N

vidt utdt

=)

n
dv v du

- B
dru dl
2
v ,
Vi = 7% V“,
2

EXAMPLE 75

Find out the velocity of the image of the object shown in
the figure.

f= 10 cn/s

=
SOLUTION
[
/ v
} o1,
' 0 v 5
1 | |
= — e
v 10 15
150
=% V= 30
D
101
/ v
By differentiating
L dv  du
vt di u’
dv  du
= ()=~ = e
voooou




dudv
4 o’
dv v
- du o
30)°
N dit=""0 e (1—2
(15)°
=41
‘7
= (v, =v )=—(v, —v)
o
= (v, —2)=4x -]
= I’I == 2 .
in EXAMPLE76 _
Find out the velocity of the image of the object shown in
the figure.
f=10cm/s
2cmls
‘o —————— S i A
15 cm
SOLUTION
p
h, v
hy u
ho v
= L=
hy u
N dh, v dh,
- dt w dt
30)
= ?:&2 = —4 cm/sec(downwards) M
Combination of Lens
f, f,
? P =P 4P,
Lt P
Figure 1.7108
) -
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P,=P+P,
L b
L, 4o

Important Points

1.
2.
S
4.
5%

6.

If7,

Rays should be paraxial.

Lens should be thin.

Lenses should be kept in contact.

f\s 150 13 - should be put with sign.

foo 1o f; ... are the focal lengths of the lenses in the
surrounding medium.

It fk',(/ is positive, then the system will behave as a
converging systeni.

is negative, then the system will behave as a diverging

system.

EXAMPLE 77

Find out the equivalent focal length of the combination of
lenses shown in the figure. Surrounding medium is air.

¥R = 10 cm

SOLUTION
LF;;L_L
f\ |”'_t RI Rl
10 10,
-2
=0.5x—
10
. 10
= f= B
0.5%—2
=—10cm

LI V7N (.
Ll )RR
1
3 10 10
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3
].._
|

ol ey
""‘:|m
=i

/5
v .-‘fj = [?
=15cm

|
{
<
Il
|

CUTTING OF LENS

Paralfel Cutting

Figure 1.109

No. of images in all the cases = |

- Principal axis does not shifl.

(i)
.,
/A 7{) cm
el X om

-4
ATem

Figura 1,110

/= 10cm

hy v
hy w
X ho 30
—1 15
=" f = -2 (upwards)
R
/ P
I ] ‘ 1
a 0 v 15
o1
' NTONE
150

|
Rl

Total distance =2 - 2 4+2=06cm
(i) | (I
il ————
foovou
I i
= e
10 v 5
I [ l
- v 105
50)
3 o e
5
= —10cm
I, P
hy u
I, 10
— e ————
- =5
> h = ~2cm

Distance = | + 1 =2 ¢em

1 em

L
v T om
Y

Figure 1.111




power of a Lens

|
Power=— (dioptre),

where /- meter

and /should be put with sign
power of converging lens = +-ve

Power ol diverging lens = —ve

I OUU(‘ i Wﬂﬂlﬁﬁ@
:
] OWel == — ; (d o ’:)

where 1 meter
and £ should be put with sign.
Power of converging mirror == ve,

Power of diverging mirror = —ve.

Perpandicular Cutting

(1 f
Ry /\ wR i
e
Figure 1,712
T ()
— = (,l/**]) A ]
R R
|
2
= — = ({1~ 1y —
; fr—1) R
PI2 P2
X AT N
\
“ 74
Figure 1,773
|
|
L—_
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|
1_.::(;/1)[--()]
7 R

(=1

R

f=2f
SOLVED EXAMPLE

EXAMPLE 78

Find out the value of x so that the image is formed on the
object itself.

D —
X
4 30 cm A(g\
1:\

f=10cm f=10cm

SOLUTION

Case k2 When the lens forms the image on the pole of the
mirror,

L_1.1
/ Voo
N o
- 10 30 —u
. 1_1 1
} x 10 30
s, x o= 15 ¢cm,

Case [1: When the lens forms the image on the centre of
curvature of the mirror,

20 x 10

o100 20

x=20c¢m. [ |
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SILVERGING OF LENS

| |
7 (AT
Ko i,

Important Points

1. Rays should be paraxial.

Lenses should be thin.

[

(]

Allthe lenses should be in contact.

-

/7.1 should be put along with the sign,

I/, = —ve

1941

= ¢concave,

1, = 1ve = convex,

It ,f:f =00 = plane mirror,

SOLVED EXAMPLE

EXAMPLE 79

FFind out the value of x so that the image will form on object

itself,

SOLUTION

11

A g (0.5) —-+—

f : 1010
R 1 2
N £ oo 10
= Jo, =—5cm.

The system is equivalent to a concave mirror of focal lengthi
5cm. |
Object must be at the centre of curvature.

=25 =10cm.

y U e
it
' "

DISPLACEMENT METHOD

For the formation of the real image by convex lens,
minimum distance between the object and the image is 4/, bi t
being the focal length of the lens.

If the distance between the object and screen (D) is
greater than 4, then there are two positious of the lens for
which the image of the object on the screen is distinct and
clear. In these two positions. the distance of the object and
image from the lens are interchange.

For First Refraction




IZ(I . /l(l
V== «HJ
h,= —h,
I Wh_' — i { | )
h, e
for Second Refraction
U= —y,
V= kX
h,= —h,,
h,=h,
h —h, —X i
/ = ()
.!lll .]’
(1) x (2)
by = by
5 by = i
| Now 1) = x|y, (3)
d=7y—x (4)

After solving Eqs. (3) and (4),

_D+d
D-—d
X =F .
2
From l |- l e
voxo
2 ) |

e =% |- =
D+d D—d [

BDE—g?
4D

CHROMATIC ABERRATION AND
ACHROMATISM
The refractive index of the material of a lens varies slightly

with the wavelength, and hence, the focal length is also
different for different wavelengths. In the visible region, the

Geometrical Optics  1.63

focal length is maximum for red and minimum for violet.
Thus, if white light is used, cach colour forms a separate
tmage of the object.

Violet

Violet
»- Red

B

- ’J
] —
_p-M v Red
: f, Violet

(a) (b)
Figure 1.117

Red
Violet

The violet rays are deviated more, and hence, they form an
image closer to the lens as compared to the image formed by
the red rays. [ light is incident on the lens [rom left to right,
the violet image is to the left of the red image for convex
lens and it is to the right of the red image for the concave
lens. In the first case, the chromatic aberration is called
positive and in the second case, it is negative. Thus, a proper
combination for a convex and a concave lens may result in
no chromatic aberration. Such a combination is called an
achromatic combination for the pair of wavelengths.

White light

f;l U ) ', l)[ - ]

Terdy G —D) R, R,
Jf“ )". = f;;'.
= and fo=it,=df
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df

=

|
'

|
b
\
i
|
|
|
\
|
\

FFor achromatism, df ‘_‘/ = (),

4 d:_,

2

VA

I

EXTRA PORTION OF JEE MAIN

OPTICAL INSTRUMENTS

Definition

Optical instruments ate used primarily o assist the eye in
viewing an object.

Types of Instruments

Depending upon the use, optical instruments can be
categorized in the following way:

OPTICAL INSTRUMENT

|
T T

Camera  Projector Telescope  Microscope
[Pin hole Lens Simple  Compound
Astronomical Terrestrial

]

Gallalian  Binocular

Refraciing  Reflecting

Figure 1,119

MICROSCOPE

Itis an optical instrument used to increase the visual angle
of near objects which are too small to be seen by the nakeq
eye. Microscopes are of two types, viz., simple microscope
and compound microscope.

Simple Microscope

It is also known as magnifying, glass or magnifier ang
consists of a convergent lens with object between its focus
and optical centre and eye close to it. The image formed by
it is erect, virtual, enlarged and on the same side of the lens
between the objcct and infinity.

Figure 1.120

Here,

Magnilying power

visual angle with instrument

Maximum visual angle for unaidedeye

Now, () st 20

with, 0o="h/D

M.P.




visual angy

D

i

by the Nakel ow. two possibilities are there.

: mjcrosoop,
L

gnifier ang
e ity foey
: formed
sof the ley

I

edeye

(A) fimne

If

50,

(8)

Note

Here, a parallel beam of light enters the eye, e, eye

is least steained.

ar,

& at Infinity (Far Point)

V=00, 1= [ (from lens formula),

/

0D

e iz at D (Near Point)

In this situation,

v = -1, so that,

o
D P D
i /
)
M.P o= | 4 / .
;

Here the final image is closest o the eye, Lo, eye is
under maximum sirain,

Compound Microscope

Figure 1.121%

Geometrical Optics
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It consists of two convergent lenses of short focal lengths
and apertures arranged co-axially.

Lens / is the objective or field lens and /" is the
eye-piece or oeular. Objective has smaller aperture and
focal length than the eye piece. The separation between {he
objective and the eye-piece can be varied.

e 0
Magnifying Power = ——
1]
b D
" /".
h, D
— K —,
/’l” ”'
. . v
But for objective,  m = — |
u
i I p
Le., L
/I” iy
v D
S(\ M. P AR
.
where, p A =L

Now two possibilities are there:

(A)  Finel lmage is at Infinicy (For Poiig)

It 7/
D
- MP— " =,
uyf,
where L=u+f.

Mote
A microscope is usually considered to operate in this
made unless stated otherwise,

(B)  Final limage is at D (Near Paoini)

For eye-picee, Vo=,
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with

Notes
In case, 12> /.

and L = vy

ule-3
_I |
“u,
| | D
Ty |+ —
U D b
M.P. = 1[11 =4
1 /
D)
Lo LD
/. =D
o,
L D

so that |M.P| = -

S

Important Points

1. As magnifying power is negative, the image seen in a
microscope is always truly inverted, i.c., Jeft is turned
right while being upside down simultaneously.

is called resolv

TELESCOPE

It is an optical instrument used to increase the visual angle
of distant large objects. Telescopes mainly are of two ypes.

- Resolving Power: The minimum distance between
two lines at which they are just distinet is called the
Limit of resolution and reciprocal of limit of resolution

ing power,

= 2psin/ 0/,

viz., astronomical and terrestrial.

Astronomical Telescope

It consists of two converging lenses placed coaxially wi
the objective having a large aperture and a large foe

length, while the eye piece has a smaller aperture
focal length. The separation between the eye piece and

objective can be varied.

and

with

Magnifying power

visual angle with instrument

visual angle for unaided eye

Figure 1,122

= /7/(711‘)

MP = ‘—”i}
"

L=f +u.

Now two possibilitics are there.

Eye lens

E Astronomical telescope

(A)  Final Image is ag Infinity (Far Poing)

Here,

in

th



i

=1

g
he

Note
Usually, a telescope operates in this mode unless stated

OtheleSC.

(B) Final lmage is at D (Near Point)

Here, v=1>D
S S
= D —u f
_ A
u
al
v D
f, .
M.P. ===4 I-I—“'
So, . ‘ N
. 1D
with L= f +-——
J.+D
Notes

I. The above discussion is that of the refracting
telescope,

2. Reflecting telescope: If the field lens of a refracting

telescope is replaced by a converging mirror, then the

telescope becomes a reflecting one, where MP =1/

(e8]

Figure 1.712
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Terrestrial Telescope

Figure 1.124

If a lens of short focal length /'is placed at 21 from the
intermediate image at a distance 2/ on the other side of it.
this image will act as an object for eye lens, which will
produce an erect image with respect to the object. This lens
is called an erecting lens. As m = — | for an erecting lens,
the MP and length of the telescope for a relaxed eye will be

Jin = [, +,_/" A
(A) Galilean Telescope

—1—»

/

=b——
— ': M
i
[ i,
—»

Figure 1.125

IHere, the convergent eye piece of an astronomical telescope
is replaced by a divergent lens.

Here MP "':.f(-./f‘: with /, =/ — f"
Notes
Inthis telescope as the intermediate image is outside the

tube, the telescope cannot be used for measurements.
This was not the case for all carlier telescopes.

Resolving power of a telescope = .
1.22
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EXERCISES

JEE Main

(3

.

om (A): Plane Mirior

A poini source of light is placed infron ol'aplane mitror,
(A) Only the e ;
a point when produced backward.
(B Al the reflecied
produced backward.
(Cy Only the reflected rays making a
with the mirvor, meet at a point when produced

5 close 10 the normal meel at

rays mieel at a point when

simall angle

backward.

(D) Light of different colours make different images.

A point object is kept in front of a plane mircor. The
plane mirror is doing SHM of amplitude 2 em. The
|)|nw micror moves along the weaxis and Xeaxls s
notmal to the mirror. The amplitude of the mirror is
such that the object is always infront of the mircor. The
amplitude of 5HM of the Tmage is
(A) zero ()
()4 (1)

2oem

L cim [ ¢m

A watch shows the time as 3:25. What will be the toe
that appenrs when seen through a plane mirror?
(A} 835

‘.
(Cy 7:35 (D

Il"n ray of light is incident on a plane micror atan angle
60° from the mirror surface, then deviation produced
bry mivror is:
(A) 307
( <m“

(13) 60°

(D) 1207

when light is reflected from a mirror a chunge oceurs
N its:

(A) phase,

(Cy wavelengih,

(1) frequency,
(1) speed

The images of clouds and trees i water always less
bright than in reality

(A)Y beca
() because there is an opiical iusion due to which

so walter is forming the image dirty

ihe image appears (o be less brighi
becanse only a poriion of ihe incident light s
reflecied and quile a large portion goes mid water
i above the surface ol water (

1y because o containg o

[of of muoisitre

o =)

)

1l

12.

20 s

A rays is incident at an angle 387 ot a mirror.

angle between normal and reflected ray is

(A) 38" (13) 527

() 76"

Mark the correet oplions,

(A) 1M the incident rays are converging, we have a reg)
object.

(B 1F the final rays are converging, we have o veal
mage,

(C) The image of a virtual object is called a virtual
N, '

(D) Ifthe iniage is viriual, the corresponding object |

called a virtual object.

A point source of light is placed in front ol a plang

MIFTor,
Al the
produced backward.

(12) Only the reflecied rays close to the normal meet o
a pomt when proziucul backward.

(C) Only ihe
with ihe mirror, meet at a poini when produce

4

meet at o point when

seted rays

reflecied ravs making a small angld
backward,

(13) Light of different colours make different images,

which of the following letiers do not surface laterd]

inversion:

(A) HGA

(C) VET

() HOX
(Dy YUL

An object is initially al a distance of 100 cm [rom
plane mirror. If the mirror approaches the object at

apeed of 5 em/s, Then afier 6 s the distance betweel

ihe object and its image will be:
(A) 60 cm () 140 ¢m
(Cy 170 em (D 150 ¢m

Two mirrors are placed perpendicular to each other.
ray sirikes the fivst mirror and after reffection from th

first taivror it falls on the second mieror The ray
refleciion from second mirror will emerge:

(A) Perpendicular io the original ray

(B Parallel to the original ray

(Cy AL457 10 the original ray

(1) AL 60 to the original ray
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{3, A person 15 in-a room whose ceiling and (wo adjacent
T walls are mirvors, How many images are formed?

(A) 5 3y o
() 7 (D) 8

If an object is placed unsymmetrically between two
plane mirrors, inclined at the angle of 60°, then the
total number of images formed is

) (B) 4

(D) mhnite

Spherical Mirror

sectivii (B,

15, In image formation from spherical mirrors, only
paraxial rays are considered because they:
(A) are casy (o handle geometrically
(B) contain most of the intensity of the inciden light
(C) form nearly a point image of a point source
(D) show minimium dispersion effect.

16. A concave mirror of radius of curvature 20 ¢m forms
image of the sun. The diameter of the sun subtends an
angle 17 on the earth. Then the dinmeter of the image
s (inem):
(A) 27/9
() 20

(13) /9
() /18

~3

A conves. mirror has a focal fength /. A real object,
placed at a distance /" in front of it from the pole,
produces an image al

(A 2f 3y /2
(() / ([)) DG

20 cm. A
convergent beam tending to converge to o point 20 ¢m

(8. A convex mirror has a focal lengih

behind convex mirror on principal axis talls on it. The
image if formed at
(A) infinity

{C)y 20 em

(B) 40 ¢m
(DY 10 cm

~

An object is placed at a distance « from a concave
mirror and its real image is received on a sereen placed
ata distance of v from the mirror. H /s the foeal lengih
ofthe mirror, then the graph between /v versus [ is

(A) #1 (B) t1
v 7 v
vl .\\.
1 1

* U ——k |

-

2.

&
==

(]

1]

()
1]

™
&

26,
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An infinitely long rod lies along the axis of a concave
mirror of focal length /0 The near end of the rod is at
adistance i/ from the mirror, [ts image will have a
fength

(A) Pl — /) (BY wiitn — 7y

(C) S+ /) (D) wft + 1)

A candle i kept ai a distance equal to double the
focal length from the pole of a convex mirror it
magnification will be:

(A) —1/3
(C) 2/3

(13y 1/3
(13 —2/3

A concave micror gives an image three times as large
as the object placed ai a distance of 20 ¢m from ii. For
the image to be real, the focal length should be:

(A) 10 em (B) 15 ¢m

(CH 20 cm (Dy 30 ¢cm

Ifan object is 30 cm away from a concave mirror of
tocal length 15 cm, the image will be

(A) erect (13) virtual

(C) diminished (1) of same size

A concave mirror cannot form:
(A) virtual image of virtual object
(B) virtual image of a reat object
(C) real image of a veal object
(D) real image ol a virtual object

The largest distance of the image of a real object from
a-convex mirror of focal lenpth 20 cm can be:

(A) 20 ¢m

(3 infinite

(Cy 10 em

(1) depends on the position of the object.

A pariicle is moving towards a fixed spherical mirror,
The image:

A) must move away from the mirror

) must move towards the mirror,

) may move towards the mirror,

L) will move towards the mircor, only if the mivror iy

(
(
{
(

cConves,
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27.

28.

29.

30,

31.

A straight line joining the object point and image point
is always perpendicular to (he mirror ‘

(A) if mirror is plane only

(B) if mirror is concave only

(C) if mirror is convex only

(D) none of these

The focal length ol spherical mirror is
(A) Maximum for red light

(B) Maximum for blue light

(C) Maximum for white light

(D) Same for all lights

A virtual image, latger than the object can be produced
by

(A) convex mirror
(C) planc mirror

(BB) concave mirror
(ID) concave lens

In case of concave mitror, the minimum distance
between a real object and its real image is:

(A) f (B) 21

(C) 4 (D) zero

The rear-view mirror of acaris:
(A) Plane (B) Convex
(C) Concave (D) None of the above

- A candle flame of 3 e¢m ig placed at 300 ¢cm from g

wall. A concave mirror is Kept at distance x from the
wall in such a way that image of the flame on the wall
i 9 cm. Then x ig
(A) 339 cm
(C) 450 em

(B) 900 ¢m
(D) 423 em

Section (C): Refraction in General, Refraction ai
Plane Surface and 11.R.

33.

34.

When a wave is refracted;

(A) its path must change

(B) its amplitude must change
(C) its velocity must change
(D) its frequency must change

Aray incident at o pointat an angle of incidence of 60°

enters a glass sphete of /1 = /3 and itis reflected and
refracted at the farther surface ol the sphere. The angle
between reflected and refracted rays at this surface js
(A) 50° (B) 90°

(C) 60° (D) 40°

35.

- A beam of light js converging towards a point, A pla

A ray of light passes through a plane glass slaly
thickness ¢ and refractive index fi==1.5. The ap|
between incident ray and emergent ray will be
(A) 0° (B) 30°
(C) 45° (D) 60°

parallel plate of glass of thickness ! refractive indey
is introduced in the path of the beam. The convergg
point is shifted by (assume near normal incidence):

(B) I(I— -ljaway

1
(A) t[l -]:1wuy
//,

1

] 1
() l(l - } nearer (D) l( |- ‘[Jnearcr

14 1

- A ray of light is incident on one face of a transpareng

slab of thickness 15 ¢m. The angle of incidence is 609
If'the lateral displacement of the ray on emerging frony

the parallel plane is 5v/3 cm. the refractive index o
the material of the slab is
(A) 1414
(C) 1.732

(B) 1.532
(D) none

- The eritical angle of light going from medium 4 to

medium B is f, The speed of light in medium A is v,

The speed of light in medium £ js-

(A)
sind/

(B) vsing

(C) veot (D) vian o

- A ray of light from a denser medium strike a rarer

medium. The angle of reflection is 7 and that of

relraction is ', The reflected and refracted rays make
an angle of 90° with each other, The critical angle will
be

(A) sin!(tan ) (B) tan~" (sin »)

(C) sin™! (tan ') (D) tan! (sins)




40. Two transparent media A and B are separated by a

_Of planc boundary. The speed of light in medium A is
k 2.0 » 10°m s " and in medium B is 2.5 x 10" ms
The critical angle for which a ray of light going from A
to B is totally internally reflected is
(1 f2
(A) sin” | — (B} sin |-
It

7 n
nt ) sin"[»f (D) sin' ~J
© s'[{) 3

41. A small source of light is 4 m below the surface of a
liquid of refractive index 5/3. In order to cut off all the
light coming out of liquid surface, minimum diameter
of the disc placed on the surface of liquid is
(AY 3m (B) 4m
(C) 6m (D) o0

42. A fish looking up through the water sees the outside
world contained in a circular horizon. If the refractive
index of water is 4/3 and fish is 12 ¢m below the
surface, the radius of the citcle in ¢m is

‘ (A) 12 % 3 = \/g (B) 4 = \/5

| (CY 12 x 3 x \ﬁ (D) 12 = 3/\5

;t Section (D): Refraction by Prism

1 43. A ray of light is incident at angle 7 on a surface of a
prism of small angle 4 & emerges normally from the

i opposite surface. I the refractive index of the material
of the prism is yi, the angle of incidence i is nearly
equal to:

A A
(A) — (B) ——
0 It (20)
i
. A
(C) A (D) o

4. A certain prism is found to produce a minimum
deviation of 38°. 1t produces a deviation of 44° when
the angle of incidence is either 42° or 62°. What is
the angle of incidence when it is undergoing minimum

r,_ deviation?

4 (A) 45° (B) 49°
g (C) 40° (D) 55°
1

45. A vay incident at angle 53° on a prism emerges at an
angle at 377 as shown. If the angle of incidence is
made 50°, which of the [ollowing is a possible value
ol the angle of emerpence.,

46.

47.

49,

51,
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(A) 35° (B) 42°
(C) 40° (D) 38°
A beam of monochromatic light is incident at i =

50° on one [ace of an equilateral prism, the angle of
emergence is 40°, then the angle of minimum deviation
1s:

(A) 30°
(Cy < 30°

(B) « 30°
(D) > 30°

A prism has a refractive index \/; and refracting

angle 90°. Find the minimum deviation produced by

prism.
(A) 40° (B) 45°
(C) 30° (D) 49°

. A prism is made up of material of refractive index /3.

The angle of prism is A. If the angle of minimum
deviation 1s equal to the angle of the prism, then the
value of 4 is:
(A) 30°
(C) 60°

(B) 45°
(D) 75°

R.L of a prism is \E and the angle of prism is 60°.

The limiting angle of incidence of a ray that will be
transmitted through the prism is:

(A) 30° (B) 45°

(C) 15° (D) 50°

. The angle of a prism is 60 and the index of refraction

of glass with air is 1.5, [f the angle of incidence on the
first face is 7, and the angle of emergence at the second
face is £, then the prism produces minimum deviation
when

(A) [, =0 (B) 7,
(C) 1, <1, (D) {

\/

I /;z

In a thin prism of glass (refractive index 1.5) which of
the following relations between the angle of minimum
deviation & and angle of refraction » will be correct:

ﬁ
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(A) (5‘“?: Iz By o = 1.5
(C) 6 =1r (D) o 2

Sphar

an (E): Rafraction kb ol Surface

The image tor the converging beam after relraction

fisl

N g 2,
through the curved surface is formed at: 6.

- /
‘\\- =
M= 3/2

&7,

\’ = 20 cm

40

cm

a0 ‘ [ &0 .
(D) x= —/ cim 58.

%3, A planoconcave lens is placed on o paper on which a
flower is drawn. How far above its actual position does
the flower appear to be?

Radius of
curvature = 20 cm
‘\\___;l% air __a-""'/ 3
= 1 =
[1=20cm 2
\_‘,_\__
Paper
(B)
(1) none

(A) 10em
(C) 50 cm

15 ¢m

Section (F): Lens and Combination of Lernses/Lans
angd Miryors

54, A thin lens of Tocal length fand its aperture diameter
) ]
o, Forms o real image of intensity /. Now the central
. o
part of the aperture upto diameter ( )i blocked by

an opaque paper. The foeal length and image intensity

would change to

G,

Y
(") [

N

o
b

A thin symmetrical double convex fens of power A
7 s cut into three part, as shown in the figuce, B

Power ol A ts: ?

I_)

(A) 2P (B)
/)

(© 5 (D) P

A plano convex lens has a curved surface of radiug
100 cm. 1f 2= 1.5, then the focal length ol the lens is;
(A) 50 ¢m (B) 100 ¢m
(Cy 200 em (D) 500 cm

A lens of power 2.0 D is placed m contact with
another lens of power —1.0° 0. The combination will
behave like

(A) aconverging lens of focal length 100 cm
(13) a diverging lens of focal length 100 em
(C) aconverging fens of Tocal length 50 cm
(D) adiverging lens of focal length 50 em.

A biconvex lens has a focal length of 10 em. Tt is cuf
in halt and two picces are placed as shown. The focul
fength of the final combination is:

(13) 20

(A)Y 10
(C (D) Nolalens

) 40

Parallel beam of light is incident on
convex fenses of Tocal lengths /| =
10 cm. What should be the distance
lenses so that rays after refraction from both the Tenses

a system of twe
20 c¢m oand /, =

2

between the twe

pass undeviated

(A) 60 cm
(Cy 90 ¢m

(B) 30 ¢m
(1) 40 cm

A pinis placed 10 cnvin front of convex Tens of focall
leneth 20 em and refractive indes 15, The surface o
the lens tarther away from the pinis silvered and has 4
radius of curvature of 22 em. How far from the lens i
the final image tormed?

(A)y T1em (B) 12 ¢m

() i53em () [4cm
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section (G):

03.

when the object is at distances v, and w, the images 68,
formed by the same In ngare real dll(] virtual re spectively
and ot the same size. Then focal length of the lens is:
I o]
(A) > Jz/,//j (2) 7(11‘ i)
(G \/HII!J () 2 0y
The height ol the image formed by 6

on asereen i 8 em. For the same position of the object

I

and screen again an image of size 12.5 em s formed
oin the sereen by shifting the lens.
abject

(A) 625/32 ¢cm
(C) 10 em

The height of the

(B) 04/12.5 ¢m
(13) none

Dispersion of Lig

The dispersion of light in a medium implics that;

(A) lights ditlerent
different speeds in the medium

(B) lights of different frequencies travel with different
speeds in the mediom

(C) the
different wavelengths

(D) ali ol the above.

ol wavelengths  travels  wiih

relractive index of medium s different for

Critical angle of light passing from glass to air is 70
imiminium for
(A) red (B3) green
() yellow (13) violet
A plane glass slab is placed over various coioured
letiers. The letter which appears to be raised the least
is:
(A} violei (B) yellow
(C) red (D) green i

A medium has n =1z
power is:

0.0 = 144 Then its dispersive

3 O
(A) — (B) —

50 25
() 0,03 (13) none

The refractive index of flint glasy for blue line is

(0333 and red line is o161, then dispersive power of
ihe glass 1s:
(A) 0.0276 (I
(C) 2.76 {

Geomeirical Optics 1,73

Indicate the correct statement in the following,

(A) The dispersive power depends upon the angle of
prisgim

ele of

(B) The angular dispersion depends upon the ang
ihe prism

(C) The angular dispersion does not depend upon the
dispersive power

(12) The dispersive power in vacuum (5 one

Which of the Tollowing diagrams shows correeily the
dispersion of white Tight by a prism?

(B3)

Reasaning Type

Sigiement 1: M a source of light is placed in front of

rough wall its image is not seen,
Statement T

)l
(A) Btatement | is troe, statemeni 2 is iruc; statemeni 2

The wall does not

is correct explanation for statement |
atement 2 is true; statement 2
15 NOT correet explanation for statement |

(B) Statement | isirue, s
(C) Statemeni 1 is true, stateinent 2 is false,
(I2) Statement s false, statement 2 1y irue.
Statement [+ As the distance x ol a parallel vay from
axis increases, focal length decreases

Statement

S
B2,

the point oi intersee ll()ll of reflecied ray with principal

the distance from pole to

axis decrcases
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Statement Listrue, statement 2 istrue; statement 2
is correct explanation for satement ]

Statement | is true, statement 7 is true; statement 2
is NOT correct explanation for statement |
Statement | is true, statement 2 is false.
Statement 1 is false, statement 2 is true.

(A

(B)

()
()

Statement I: When an object dipped in a liquid is
viewed normally, the distance between the image and
the object is independent of the height of the liquid
above the object.

Statement I1: The normal shift is independent of
the location of the slab between the object and the
observer.

(A) Statement | is true, statement 2 is true; statement 2
is correct explanation for statement !

Statement 1 is true, statement 2 is true; statement 2
is NOT correct explanation for statement |

(C) Statement 1 is true, statement 2 is false.

(D) Statement | 18 falge. statement 2 is true.

(B)

Statement It When two plane mirrors are kept
perpendicular to cach other as shown (O si the point
object), 3 image will be formed.

Statement I1: In case of multiple reflection, image
of one surface can act as an object for the next
surface.

4.

e
o

JTTI7TI7TT77777777

Satement | is true, statement 2 is true; statement?
is correct explanation for statement 1
Statement 1 is true, statement 2 is true: statement 2
is NOT correct explaation for statement {

(C) Statement 1 1is true, statement 2 is false.

(D) Statement 1 1s false, statement 2 is true.

(A)

(B)

Statemen 13 A piece ol paper placed at the position
of a real image of a virtual object 0 [ intense light will
burn after sufficient time.
Statement 1§: A virtual object is that point where the
incident rays appear to converge and a real image is that
point at which re ected/ refracted rays actually converge,
(A) Statement 1 is true, statement 2 is true; statement 2
is correct explanation for satement 1
(B) Statement | is true, statement 2 is true: statement 2
is NOT correct explanation for statement 1
(C) Statement | is true. statement 2 is false,
(D) Statement 1 is false, statement 2 1is true.

JE

E Advanced

section (A): Plane Mirroy

i

When a plane mirvor AB is placed horizontally on
level ground at a distance ol 60 metres from the foot
of a tower, the top of the tower and its image in the
mirror subtends, an angle of 907 at B. The height of
the tower is:

B

A 777TTIIITTIITITITT

(B) 60 metre
(D) 120 metre.

(A) 30 metre
(Cy 90 metre

A unnumbered wall clock shows time 04:25:37, whe
|st term represents hours, 2nd represents minutes
the last term represents seconds, What time will its
image in a plane mirror show.
(A) 08:35:23
(C) 07:34:23

(B) 07:35:23
(D) None of these

Two plane mirrors of len gth L are separated by distan
L and a man M, is standing at distance L from th
connecting line of mirrors as shown in figure. A ma
M, is walking in a straight line at distance 2L paralle
to mirrors at speed u, then man M, at O will be able t
see image of M| lor total time:
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A person s standing in a room of width 200 ¢cm. A

plane mirror of vertical length 10 cm is fixed on a wall

in front of the person. The person looks into the mirror

from distance 50 cm. How much width (height) of the
wall behind him will he be able to sce: (assume that he
uscs the Tull mirror)
(A) 30 cm
(C) 50 cm

(B) 40 ecm
(D) None

. Inthe diagram shown, all the velocities are given with

respect to earth. What is the relative velocity of the
image in mirror (1) with respect to the image in the
mirror (2)? The mirror (1) forms an angle & with
the vertical.

Mirror(1)

Mirror(2)
(B)y 2V sin /4
(D) none

(A) 2V sin 2/4
(C)y 2F/sin 24

- Two plane mirrors are inclined to cach other at an

angle 60°. If a ray of light incident on the first mirror
is parallel to the second mirror, it is reflected from the
second mirror.

(A) Perpendicular to the first mirror

(B) Parallel to the first mirror

{C) Parallel to the second mirror

(D) Perpendicular to the second mirror,

7.

8.

9.

11.

= ———
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Two mirrors are inclined at an angle ¢ as shown in
the figure. Light ray is incident parallel to one of the
mirrors. The ray will start retracing its path afier thir
reflection if:

‘y’

\9}9!
»&ﬁi&
7, TR

(B) 0= 30°
(D) all three

(A) ) =45°
(Cy 0= 60°

There are two planc mirror with reflecting surface
lacing cach other. Both the mirrors are moving with
speed vaway from each other. A point object is placed
between the mirrors. The velocity of the image from
duc to n-th reflection will be
(A) v

(C) 3mv

(B) 2nv
(D) 4nv

Two plane mirrors are placed parallel to cach other at
a distance L apart. A point object O is placed between
them, at a distance 2/3 from one mirror, Both mirrors
form multiple images. The distance between any two
images cannot be
(A) 312

(@) 2L

(B) 24/3
(D) None

Images of an object placed between two plane mirrors
whose reflecting surfaces make an angle of 90 with
one another lie on a;
(A) straight line
(C) circle

(B) zig-zag curve
(D) ellipse

A person’s eye is at a height of 1.5 m. He stands in
frontofa 0.3 mlong plane mirror which is 0.8 m above

the ground. The length of the image he sces of himself
is:
(A) 1.5 m (B) 1.0m

(C) 0.8m (D) 0.6 m

A man of height 4’ is walking away from a street
lamp with a constant speed “v”. The height of the street
lamp is 34. The rate at which of the length of the man’s
shadow is increasing when he is at a distance 104 from
the base of the street lamp is:
(A) v/2

(C) 2v

(B) v/3
(D) v/6

A boy of height 1.5 m with his eye level at 1.4 m stands
before a plane mirror of Tength 0.75 m fixed on the
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wall. The height ol the lower edge of the mirror above
the floor is 0.8 m. Then:

(A) the boy will see his full image
(B) the boy cannot sec his hair

(C) the boy cannot see his feet

)
)
)
(D) the boy cannot see neither his hair nor his feet.

. A plane mirror is moving with velocity 4i + 57 + 8k.

A point object in front of the mirror moves with a
velocity 37 - 4_;’+5/€ Here £ is along the normal to
the plane mirror and facing towards the object. The
velocity of the image is
(A) —3i —475k
(C) =3 —4j-+11k

(B) 3i+4)+11k
(D) 75497411k

. A man of height 170 ¢cm wants to see his complete

image in a plane mirror {while standing). His eyes are

at a height of 160 cm from the ground.

(A) Minimum length of the mirror = 80 ¢cm

(B) Minimum length of the mirror = 85 ¢m

(C) Bottom of the mirror should be at a height 80 ¢cm
or less

(D) Bottom of the mirror should be at a height 85 ¢m

A flat mirror M is arranged parallel to a wall W at
a distance / from it. The light produced by a point
source S kept on the wall is reflected by the mirror and
produces a light spot on the wall. The mirror moves
with velocity v towards the wall.

Wall

%
e ‘777777777J777777M

(A) The spot of light will move with the speed v on the
wall

(B) The spot of light will not move on the wall

(C) As the mirror comes closer the spot of light will
become larger and shift away from the wall with
speed larger then v

(D) The size of the light on the wall remains the same

Section (B): Spherical Mirvor

17.

The distance of an object from the focus of a convex
mirror of radius of curvature ‘e’ is “b’. Then the

distance of the image trom the focus is:

18.

20.

)
R

b’ i o
(A) By —

4 h”
() in (D) none

Ab

A boy 2 m (all stands 40 ¢cm in tront of a mirror. Hg
secs an erect image, | m high. The mirror is:
(A) Concave, f= 40 cm

(C) Plane
(D) Either convex or concave

What is the distance of a needle from a concave mirror
of focal length 10 ¢cm for which a virtual image of
twice its height is formed?
(A) 2.5¢m

(C) Sem

(B) 5c¢cm
(D) 9.1 cm

A convex mirror has a focal length # An object of
height 4 is placed in front of it. If an erect image of
height A/n is formed. The distance of the object from
the mirror is:
(A) nf

(Cy m+ 1) f

(B) fIn
Dy (n—1) 1

. Avrealinverted image in a concave mirror is represented

by (u, v, fare coordinates)

(A) vt (B) ul
*1.S:““—+uﬁ '*f/zi1 e ulf
(C) vif (D) vif
_________ r L+1 *
. /f -.\—pl,T ulf

. Which one of the following statements are incoriect

for spherical mirrors.

(A) a concave mirror forms only virtual images lor
any position of real object

(13) a convex mirror forms only virtual images for any

position of a real object.
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(C) a convex mirror forms only a virtual diminished
image of an object placed between its pole and the
focus

(D) aconcave mirror forms a virtual magnified image
ol'an object placed between its pole and the focus.

23. The distance of an object from a spherical mirror is
equal to focal length of the mirror. Then the image:
(A) must be at infinity
(B) may be at infinity
(C') may be at the focus
(D) none

24. In the figure shown, the image of a real object is
formed at point /. AB is the principal axis of the mirror,
The mirror must be:

(A) concave & placed towards right /
(B) concave & placed towards left of /
(C) convex and placed towards right of /
(D) convex & placed towards left of /.

25. A point object at 15 c¢cm from a concave mirror of
radius of curvature 20 cm is made to oscillate along
the principal axis with amplitude 2 mm. The amplitude
of its image will be
(A) 2 mm
(C) § mm

(B) 4 mm
(D) none

26. A luminous point object is moving along the principal
axis of'a concave mirror of focal length 12 cm towards
it. When its distance from the mirror is 20 cm its
velocity is 4 cm/s. The velocity of the image in cm/s at

| that instant is

(A) 6, towards the mirror

(B} 6, away from the mirror

(C) 9, away from the mirror

(D) 9, towards the mirror.

27. A point object on the principal axis at a distance 15 cm
in front of a concave mirror of radius of curvature 20 cm
has velocity 2 mm/s perpendicular to the principal axis.
The velocity of image at that instant will be:

(A) 2 mm/s (B) 4 mm/s
(C) 8 mm/s (D) none of these

28

29.

30.

— f'

. Inthe figure shown il the object ‘O’ moves towards the
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The origin of x and y coordinates is the pole of a
concave mirror of focal length 20 cm. The x-axis is the
optical axis with x > 0 being the real side of mirror. A
point object at the point (25 ¢cm, | cm) is moving with
a velocity 10 em/s in positive x -direction. The velocity
of the image in cm/s is approximately

(A) —80i+48; (B) 160i+8/

(C) —160/ 48/ (D) 160i—4/

The circular boundary of the concave mirror subtends
a cone of half angle ¢ at its centre of curvature. The
minimum value of # for which ray incident on this
mirror parallel to the principle axis suffers reflection
more than one is

(A) 30°
(C) 60°

(B) 45°
(D) 75°

An object is placed in front of a convex mirror at a
distance of 50 cm. A plane mirror is introduced covering
the lower half of the convex mirror. If the distance
between the object and the plane mirror is 30 cm, it is
found that there is no gap between the images formed
by the two mirrors. The radius of the convex mirror is:
(A) 12.5¢cm (B) 25¢m

(C) 50 cm (D) 100 ¢m

In the figure shown find the total magnification after
two successive reflections first on M, & then on M,

f=10cm f=-20cm

(A) -1
(C) +2

(B —2
(Dy — 1

plane mirror, then the image 7 (which is formed after
successive reflections from M and M, respectively)
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33.

W

\ O— 3
M " \M

3 e 2

(B) towards left
(Dy cannot be
determined

(A) towards right
(C) with zero velocity

A ray of light is incident on a concave mirror. It is parallel
to the principal axis and its height (rom principal axis is
equal to the focal length of the mirror. The ratio of the
distance of point B to the distance of the focus from the
centre of curvature is (48 is the reflected by)

N A
Jr g /H*e
f /-
/N
B ;
/ /
e
2 3
(A) —= (B) ——
\/5 o)
L2 |
(C) 5 (D) E

. The image (ol a real object) formed by a concave

mirror is twice the size of the object. The focal length
ol the mirror is 20 em. The distance of the object from
the mirror is (are)
(A) 10 cem
(C) 25cm

(B) 30 em
(D) 15¢m

In the figure shown consider the first reflection at the
plane mirror and second at the convex mirrvor. AB is
object.

e
§ Velocity
‘—.
A B c
e M
‘10cm F100m '\' 120 cm
X 50 cm T

(A) the second image is real, inverted ol 1/5th
magnification

(B) the second image is virtual and erect with
magnification 1/5

(C) the second image moves towards the convex mirror.,

(D) the sceond 1image moves away from the convex
mirror.

36. A refiecting surface is represented by the equatigy,
2L . (nx , i .
V=—sinj—|, 0 < x < [. A ray travelling

i L
horizontally becomes vertical after veflection. T
coordinates ol the point (s) where this ray is incident i

¥

ey
® S2E L 3L
4 x M
3L 2L 2L 3L
Ay
4 @ I oom

37. A concave mirror cannot form

(A) virtual image of virtual object
(B3) virtual image ol a real object
(C) real image of a rcal object
(D) real image of a virtual object

Section (C): Refraction in General, Refraction ai
Plane Surface and T.1.R.

38. The x-z plane separates two media A4 and 5 with
refractive indices 1, and i, respectively. A ray of light
travels from 4 and B. 1t directions in the two media
are given by the unit vectors, 7 =ai b/ and

7 =i 1] tespectively where | and } are unit
veetors in the x and y directions. Then

(A) i = a0 (3) froe= jud

(C) //Ih = //2/;' (D) p,B = //?/)

39. A ray ol light moving along the unit vector (— / — 2j)
y O O > J
undergoes refraction at an interface ol two media,
which is the x-z plane. The refractive index for y = 0 is

2 while for v < 0, it is \/S/’ The unit vector along
which the refracted ray moves 1s:

—3i -5/ 4i—3
(A) # (B) (_l,[,_/l
V34 5
A A
() ohemd ) (1) None of these

3




40.

41.

42.

43.

44,

[How much water should be filled in a container of
21 em in height, so that it appears half filled (of total
height of the container) when viewed from the top of
the container?

(Assume near normal incidence and f1, = 4/3)

(A) 8.0cm (B) 10.5¢cm

() 12.0cm (D) 14.0 cm

A mark at the bottom of a beaker containing liquid
appears to rise by 0.1 m. The depth of the liquid is 1 m.
the refractive index of liquid is:
(A)y 1.33
() 10/9

(B) 9/10
(Dy 1.5

A parallel sided block ol glass of refractive index
1.5 which is 36 mm thick rests on the floor of a tank
which is filled with water (refractive index == 4/3.) The
difference between apparent depth of floor at A and B
when seen from vertically above is equal to

(A) 2 mm
(Cy 4 mm

(B) 3mm
(D) none

An underwater swimmer is at a depth of 12 m below
the surlface of water. A bird is at a height of 18 m {rom
the surface of water, directly above his eyes. For the
swiminer, the bird appears to be at a distance .Y from
the surface of water. (Refractive index ol water is 4/3.)
The value of X'is
(A) 24 m

(Cy 18m

(B) 12m
(D) 9m

A concave mirror is placed on a horizontal table, with
its axis directed vertically upwards. Let O be the pole
of the mirror and C its centre of curvature. A point
object is placed at €. Its has a real image, also located
at C (a condition called auto-collimation). If the mirror
is now filled with water, the image will be:

(A) real, and will remain at ¢

(B) real, and located at a point between € and o

(C) virtual, and located at a point between C and O
(D) real, and located at a point between Cand O

45,

46.

48.

49.

1.79
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A bird is flying 3 m above the surface of water. If the
bird is diving vertically down with speed = 6 m/s,
his apparent velocity as seen by a stationary fish
underwater s

(A)y 8m/s (B) 6 m/s

(Cy 12 m/s (D) 4 m/s

Given that, velocity of light in quartz = 1.5 x 10° n/s
9 ,

and velocity of light in glycerine = Z»zl()N m/s. Now

a slab made of quartz is placed in glycerine as shown.
The shift of the object produced by slab s

18 cm
Glycerine Glycerine
Observer Object
20 cm
Quartz
(A) 6cm (B) 3.55¢cm
(C) 9cem (D) 2cm

7. A light ray is incident on a transparent sphere of

the deviation of a tiny fraction of the ray, which enters
the sphere, undergoes two internal reflections, and
then refracts out into air?
(A) 270°
(C) 120°

(B) 240°
(D) 180°

in the figure ABC is the cross section of a right angled
prism and BCDE is the cross section of a glass slab. The
value of # so that light incident normally on the lace
AB does not cross the face BC is (given sin '(3/5) =
37%)

=32\
n==6/5

<7

A cD
(A) 6= 37° (B) &= 237°
(Cy 0= 53° (D) 0 < 53°

A cubical block of glass of refractive index n, is in
contact with the surface of water of refractive index n,.
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A beam of light is incident on vertical face of the block
(see ligure). Aflter refraction, a total internal reflection
at the base and refraction at the opposite vertical face,
the ray emerges out at an angle (. The value of # is
given by

(A) sinf) < ﬁfni

7174 (D) tan/ﬁ:;—-

4 2 2 2
H‘ = H2 Hl e ”l

(B) tanf) < \[”f — n;"

(C) sinf) <

. A vertical pencil of rays comes from bottom of a tank

filled with a liquid, When it is accelerated with an
acceleration of 7.5 m/s?, the ray is seen to be totally
reflected by liquid surface. What is minimum possible
refractive index of liquid?

(A) slightly greater than 4/3

(B) slightly preater than 5/3

(C) slightly greater than 1.5

(D) slightly greater than 1.75

. A ray of light is incident normally on one face of 30°

— 607 — 90° prism of refractive index 5/3 immersed in
water of refractive index 4/3 as shown in figure.

A

(A) 'The exit angle ¢, of the ray is sin~'(5/8)

(B) The exit angle ), of the ray is sin~'( 5/443)

(C) Total internal reflection at point P ceases if the
refractive index of water is increased to 5/2+/3 by
dissolving some substance.

(D) Total internal reflection at point P ceases if the
refractive index of water is increased to 5/6 by
dissolving some substance.

. A ray of light in a liquid of refractive index 1.4,

approaches the boundary surface between the liquid

and air at an angle of incidence whose sine is 0.8]
Which of the following statements is correct about the
behaviour of the light
(A) Lt is impossible to predict the behaviour of th

light ray on the basis of the information supplied
(B) The sine of the angle of refraction of the emergen

ray will less than 0.8
(C) The ray will be internally reflected
(D) The sine of the angle of refraction of the emergengl
ray will be greater than 0.8.

94
9%

(e, /11, = k, (r = angle of refraction)

(A) the value OF/H Is

((‘) the value of (}2 = 7/3

54. In the diagram shown, a ray of light is incident on the
interface between 1 and 2 at angle slightly greater tha)
critical angle. The light surfers total internal reflectior
at this interface. After that the light vay falls at the
interface of 1 and 3, and again it sulters total internaj
reflection. Which of the following relations shoulg

hold true?

(A 1, 2 g, =y,
©) g

2 2
—Hy

Section (D): Refraction by Prisia

85, A ray of monochromatic light is incident on ong
refracting face of a prism of angle 75° It passe;
through the prism and is incident on the other face a

. The figure shows ray incident at an angle ;i = /3. 1§l
the plot drawn shown the variation of |r — || versusr!'_

J3

;/(

(B) the value of ), = n/G

(D) the value of /(,2 is

(13) //i’ = //,f_ o //5
(1) //I?' f\—-//; > //;"




50.

57.

58.

the critical angle. If the refractive index of the material

ol the prism is V2, the angle of incidence on the first
face of the prism is
(A) 30°
(C) 60°

(B) 45°
(Dy 0°

A prism having refractive index J2 and refracting
angle 30°, has one of the relracting surface polished. A
beam of light incident on the other refracting surface
will retrace its path if the angle of incidence is:

(A) 0° (B) 30°

(C) 45° (D) 60°

A triangular prism of glass is shown in figure. A ray
incident normally on one face is totally reflected. 11 ¢/
is 45°, the index of refraction of glass is:

(B) Equal to \/2

(D) None of the
above.

(A) Less than \/;
(C) Greater than \/;

Aray ol light is incident normally on the ficst refracting
face of the prism of refracting angle A. The ray of light
comes out at grazing emergence. I one halt of the
prism (shaded position) is knocked off, the same ray
will

. . |
(A) emerge at an angle of emergence sin™! [Z sec A/2

(B3) not emerge out of the prism
. . .
(C) emerge at an angle ol ¢inergence sin —seC Al4

(DY None of these

60.

61.

62.

64.

685,
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. A ray of light is incident at an angle 60° on the face of

a prism having refractive angle 30°. The ray emerging
out of the prism makes an angle 30° with the incident
ray. ) through which it emerges from the surface.

(A) 0° (B3) 30°

(C) 45° (D) 60°

A ray of light is incident normally on one face of an
cquilateral prism of refractive index 1.5. The angle of
deviation is
(A) 30°
(C) 60°

(B) 45°
(D) 75°

Light ray is incident on a prism ol angle A4 = 60° and
refractive index j1 = J2 . The angle of incidence at
which the emergent ray grazes the surface is given by

(A) sin! L/E (B) sin |[]—\f3]
9

2

g e

The angle of a prism is 4 and one of its refracting
surfaces is silvered. Light rays falling at an angle of
incidence 24 on the first surface return back through
the same path alter sulfering reflection at the second
(silvered) surface. The refractive index of the material
of the prism is
(A) 2sin A

(C) 1/2 cos A

(Cy sin™!

(B) 2 cos A
(C) tan A

3. A prism ol refractive index J2 has a refracting angle

ol 30°. One of the refracting surfaces of the prism is
polished. A beam of monochromatic light will retrace
its path il its angle of incidence on the refracting
surface is
(A) 0°
(C) 45°

(B) 30°
(D) 60°

The maximum refractive index of a material of a prism
of apex angle 907 for which light will be transmitted is:
(A) 3 (B) 1.5

(C) \/; (D) None

A prism having an apex angle of 4° and refractive

index of 1.50 is located in ront of a vertical planc
mirror as shown. A horizontal ray of light is incident
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00.

on the prism. The total angle through which the ray is
deviated is

(B) 1787 clockwise
(D) 8° clockwise

(A) 4° clockwise
(Cy 2° clockwise

70

A thin prism of angle 5
10 cm from object. What is the distance ol the image
from object? (Given joof prism = [.5)

(A) w/8cm
(Cy 537/36 ¢m

(B) #/12em
(D) w/7cm

67. An equilateral prism deviates a ray through 40° for
two angles of incidence differing by 20°. The possible
angle of incidences are:

(A) 40° (B3) 50°
(C) 20° (D) 60°
68. A prism of refractive index J2 has refracting angle

69.

70

60°. 1 order that a ray suffers minimum deviation it
should be incident at an angle
(A) 45°
(C) 307

(13) 90
(D) none

For refraction throngh a small angled prism, the angle

of deviation:

(A) increases with the increase m R o [ prism.

(3) will decrease with the increase in R.L of prism.

(C) is directly propertional to the angle of prism.

(D) will be 20 foraray of R =2.4 if'itis 1 foraray
of RY=1.2

. For the refraction of light through a prism
(A) For every angle of deviation there are two angles
of incidence.
(13} The light travelling inside an equilateral prism is
necessarily parallel to the base when prism is sct
for minimum deviation,

(C) There are two angles of incidence for maximum
deviation.
(D) Angle of minimum deviation will increase if

refiactive index of prism is inercased keeping the
outside medinm unchanged i 0 = 1.

is placed at a distance of

Section (F): Refraction by Spherical Surface

1. A fish is near the centre of a spherical water filled fish

g

7

74.

2.

3.

bowl. A child stands in air at a distance 2R (R is radiug
of curvature of the sphere) from the centre of the bowl,
At what distance from the centre would the child’
nose appear to the fish situated at the centre (R.1. of

water = — )

g
(A) 4R (B) 2R
(C) 3R (D) R

A concave spherical surface of radius of curvature
10 cm separates two medium x and v of refractive
index 4/3 and 3/2 respectively. If the object is placed
along principal axis in medium X then

X Y

(A) image is always real

(B) image is real if the object distance is greater than
90 cm

(C) image is always virtual

(D) image is virtual if the object distance is less than

90 ¢cm

A spherical surface of radius of curvaiure 10 cm
separates two media X and Y of refractive indices 3/2
and 4/3 respectively. Centre of the spherical surface
lies in denser medium. An object is placed in medium
X, For image to be real, the object distance must be
(B) less than 90 em
(D) less than 80 ¢m

(A) greater than 90 ¢m
(C) greater than 80 ¢m
A beam of diameter “¢” is incident on a glass
hemisphere as shown. If the radius of curvature of the
hemispherc is very large in comparison to d, then the
diameter of the beam at the basc of the hemisphere

will be
_H.t, J._
ra ‘I_ '“"‘.\ == 1
[ = WX
(A) 34 d By
(C) di3 (DY 213 d

—




A concave spherical refracting surface separates two

75 . face ; .
1: media glass and air (1,5, = 1.5). [f the image is to s
- eal at what minimum distance u should the object be
placed in glass if R is the radius of curvature?
(A) u>3R (B) «=2R
J‘ (C) u< 2R (D) u<R
sestion No. 76 to 78
¢ figure, shows a transparent sphere of radius R and

fractive index g1 An object O is placed at a distance x
om the pole of the first surface so that a real image is
srmed at the pole of the exactly opposite surface.

I Air Air

I O /" T
R

_lﬁ. Ifx = 2R, then the value of /1 18

(A LS (B) 2

|| () 3 (D) none

7. I x = oo, then the value of 1 1s
(A) 1.5 (B) 2
()3 (D) none

first surface, then the real image is formed at a distance
R (rom the pole of the second surface. The refractive
index g of the sphere is given by

(A) 1.5 By 2
©) V2 (D) none

). In the figure shown a point object O is placed in air
on the principal axis. The radius of curvature of the
spherical is 60 cm. 7 is the {inal image formed after all
the refractions and reflections.

F 312
(]

[1e]

TR

(A) Ifd, = 120 em, then the ‘I,’ 1s formed on “O’ for
any value of ..

(B) If(/l — 240 cm. then the ‘I/’ is formed on *O” only
iFd, = 3060 cm.

(C) I a/hl = 240 cm, then the “I/“ is formed on *O’ for

all value of d,.
(D) 1, = 240 cm, then the "1 cannot be formed on
‘0.

3. [fan object is placed at a distance R {rom the pole of

T T T —
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80. Two relracting media arc separated by a spherical

interface as shown in the figure. PP is the principal
axis. f1,, and g, arve the refractive indices of medium
of incidence and medium of refraction respectively.
Then:

(A) i€ g1, =y, then there cannot be a real image of
real object.

(B) if ys, > g1, then there cannot be a real image of
virtual object.

(C) ity > 1. then there cannot be a virtual image ol
virtual object. )

(D) if go, = o, then there cannot be @ real image of
real object.

Question No. 81 to 83

A curved surface of radius R separates two medium of
refractive indices g1 and g1, as shown in figures A and 3

aa

o

———————

—

. Choose the correct statement(s) related to the real

image formed by the object O placed at a distance x, as

shown in figure A

(A) Real image is always Formed irrespective of the
position ol object if 11,

(3) Real image is formed only when x > R

(C) Real image is formed due to the convex nature of
the interface irrespective of 71, and yu,

(D) None of these

Choose the correct statement(s) related to the virtual

image formed by object O placed at a distance x, as

shown in figure A

(A) Virtual image is formed for any position of O il
[I.,l - l“l

(B) Virtual image can be formed ifx = R and Jh =g

(C) Virtual image is formed it x < R and 1, > 1,

(D) None of these

ldentify the correct statement(s) related to  the
formation ol images of a real object O placed at.x from
the pole of the concave surlace, as shown in figure B3
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(A) I ge, > o, then virtual image is formed for any
value of x

(B) If g2, = g, then virtual image is formed if x <

R

=1

(C) 1 ye, <2 go,, then real image is formed for any value
ofx

(D) none ol these

Section (F): Lens and Combination of Lenses/Lens
and Mirrors.

84. wo symmetric double convex lenses A and B have
same focal length, but the radii of curvature differ so
that R, = 0.9 R . Iln = 1.63, findn,

(A) L7 (B) Lo
(Cy 1.5 (D) 4/3

85. When a lens of power 2 (in air) made of material of

refractive index 41 is immersed in liquid of refractive
index 41,. Then the power of lens is:

. — | ) —
(A) l,,,,i_l) (B) ﬂj"l P
i jo—1
i P
(C) u.f (D) noue of these
=1y

86. Anobjectis placed at 10 cm from a lens and real image
is formed with magnification of 0.5. Then the lens is:
(A) concave with focal length of 10/3 cm
(B) convex with focal Iength of 10/3 ¢m
(C) concave with focal length of 10 cm
(D) convex with focal length of [0 ¢cm

87. A thin lincar object of size 1 mm is kept along the
principal axis of a convex lens of focal length 10 cm.
The object is at 15 cm from the lens. The length of the
image is:
(A) | mm
(C) 2 mm

(B) 4 mm
(D) 8§ mm

Question No. 88 to 90

A turnip sits before a thin converging lens, outside the focal
point of the lens. The lens is filled with a transparent gel so
that it is flexible; by squeezing its ends toward its center [as
indicated in figure ()], you can change the curvature of its
front and rear sides.

88.

89.

90.

91.

Sequeeze

v

v [
i’

Fig‘ure (a)

When you squeeze the lens, the image
(A) moves towards the lens

(B) moves away from the lens

(C) shifts up

(D) remains as it is

The lateral height of image
(A) Increases
(C) remains same

(B) decreases
(D) data insulficient

Suppose that the image must be formed on a card whicl

is at a certain distance behind the lens [figure (b)]
while you move the turnip away from the lens, they
you should

v

m Card

Vo
T

Figure (b)

@

(A) decrease the squeeze of the lens
(B) increase the squeeze of the lens
(C) keep the card and lens as it is

(D) move the card away from the lens

IFan object is placed at A(O4 > f); Where fis the focal!

length of the lens the image is found to be formed a

B. A perpendicular is erected at O and C is chosen on

it such that the angle ZBCA is a right angle. Then (he
value of /'will be
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95. An object is placed at a distance of 10 ¢cm from a
co-axial combination of two lenses 4 and B in contact.
The combination forms a real image three times the
size of the object. I Tens B is concave with a focal
length of 30 em, what is the nature and focal length of

lens A?
(A) ABIOC? (B) (ACKBCYOC (A) Convex, 12 cm (B) Concave, 12 ¢cm
(C) (OCHABYAC -+ BC (D) OC/4B (C) Convex, 6 cm (D) Convex, L8 cm

A converging lens of focal length 20 cm and diameter 96. The curvature radii of a concavo-convex glass lens are
5 em is cut along the line AB. The part of the lens 20 em and 60 c¢m. The convex surface of the lens is
silvered. With the lens horizontal, the concave surface
is filled with water. The focal length of the effective
mirror is (/1 of glass = 1.5, 11 of water = 4/3)
(A) 90/13 cm (By 80/13 cm
(C) 20/3 cm (D) 45/8 em

92.

shown shaded in the diagram is now used to form an
image of a point / placed 30 cm away from it on the
line XY. Which is perpendicular to the plane of the
lens. The image of P will be formed.

97. Anobjectis placed at a distance of [5 ¢m from a convex
lens of focal length 10 cm. On the other side of the lens,
aconvex mirror is placed at its focus such that the image
lormed by the combination coincides with the object

(A) 0.5 cm above XY (B) 1 cm below XY itsell. The focal length of the convex mirror is

(C) on XY (D) 1.5 cm below XY

93. A pointobject is kept at the first focus of a convex lens.
If the lens starts moving towards right with a constant
velocity, the image will

(A) 20 cm (B) 10em
(Cy 15 em (D) 30 cm

object

98. An object is placed in front of a thin convex lens
of focal length 30 cm and a plane mirror is placed

(A) always move towards right L5 em behind the lens. If the final image of the object
(B) always move towards left coincides with the object, the distance of the object
(©) first move towards right and then towards left. from the lens is
(D) first move towards left and then towards right. (A) 60 cm (B) 30 cm

(C) I5¢m (D) 25 cm

94. Two plano-convex lenses each of focal length 10 cm &
| efiactive index 3 luced | In il 99. Look at the ray diagram shown, what will be the focal

redaptive index 2 atofpiaced as shown. I the: space length of the 1" and the 2" lens, if the incident light ray

: 4 passes without any deviation?
| left, water |R.I=—| is filled. The whole arrangement
I 3 =3 o| sl 2nd
isinair. The optical power of the system is (in dioptres): lncim
Toh

L5 cm ‘5 (;mrj

(A) =5 cmand —10 cm
(By -5 cmand 10 em
(C) =5 emand -5 cm
(D) k5 cmand 4-5 em

¥

== Emergent

(A) 6.67 (B) ~06.67
1 (C) 333 (D) 20
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100. An object is placed in front of a symmetrical convex
lens with refractive index 1.5 and radius of curvature
40 em. The surface of the lens further away from the
object is silvered. Under auto-collimation condition.
the object distance is
(A) 20 cm
(C) 40 cm

(B) 10 cm
(D) 5¢m

101. A planoconvex lens, when silvered at its plane
surface is equivalent to a concave mirror of focal
length 28 ¢cm. When its curved surface is silvered
and the plane surface not silverted, it is equivalent
to a concave mirror of focal length 10 ¢m, then the
refractive index of the material of the lens is:

(A) 9/14 (B) 14/9
(C) 17/9 (D) none

102, In the above question the radius of curvature of the
curved surface of plano-convex lens is:

) 280 R0
(A) ——-cm (B) —cm
() 7
9 280
(C) gfcm (DY —-cm
3 11

103. A screen is placed 90 cm from an object. The image
of'an object on the screen is formed by a convex lens
at two different locations separated by 20 ¢m. The
focal length of the lens is
(A) 18 ¢m
(C') 60 cm

(B) 21.4 ¢m
(D) 85.6¢cm

(04, 1n the above problem, if the size of the image formed

at the positions are 6 cm and 3 cm, then the highest of

the object is
(A) 4.2 cm
(C) 5¢em

(B) 4.5cm
(D) none of these

105, Which of the following cannot form real image of a
real object?
(A) concave mirror
(C) plane mirror

(B) convex mirror
(D) diverging lens

106. The radius of curvature of the left & right surface of
the concave lens arc 10 cm & 15 cm respectively. The
radius of curvature of the mirror is 15 cm.

__Water
(n = 4/3)

Class
(n=23/2)

107.

(A

cquivalent focal length of the combinatiy
is —18 cm
(B) equivalent

is +36 cm .
(C) the system behaves like a concave mitror
(D) the system behaves like a convex mirror.

focal length of the combinatig

[F'a symmetrical biconcave thin lens is cut into twa
identical halves. They are placed in different ways af
shown:

Object

108.

109.

L

Fig (i)

Fig (i) Fig iy |

(A) three images will be formed in case (i) i
(B) two images will be formed in the case (i) ‘
..... ) |

(C) the ratio of focal lengths in (i) and (iii) is |
(D) the ratio of focal lengths (in) (i) and (iii) is 2 |

A convex lens forms an image of an object on screens
The height of the image is 9 cm. The lens is now;
displaced until an image is again obtained on 111@
screen. The height of this image is 4 em. The distance
between the object and the screen is 90 cm. 1
(A} The distance between the two positions of the}

lens is 30 c¢cm, i

position is 36 cm.
(C) The height of the object is 6 cm.
(D) The focal length of the lens is 21.6 ¢m.

A thin lens with focal length £ to be used as a
magnifying glass. Which of the following slutemcnts!,
regarding the situations is true?

(A) A converginglens maybeused,and theobject be §
placed at a distance greater than 2/ from the
lens.

(B) A diverging lens may be used, and the object be
placed between Sand 2/ from the lens.

(C) A converging lens may be used, and the object be
placed at a distance less than /from the lens.

(D) A diverging lens may be used, and the object be
placed at any point other than the focal point.




T L

0 which of the
' and erect image of your face,
(A) Converging mirror
(C) Converging leny

l !‘()H()\/vin;_: can form diminished, virtual
' »

(3) Diverging mirror
(D) Diverging lens

Which of the following quantities related to a lens
depend on the wavelength of the incident light?
(A) Refractive index (B) Focal length
(C) Power (D) Radii of curvature

il.

A man wishing 1o get picture of a Zebr

photographed a white donkey after fitting a glass with

black streaks onto the objective of his camera,

(A) the image will look like
photograph.

(B) the image will ook [ike a
photograph.

(C) the image will be more mtense compared to the
case in which no such elass is used.

(D) the image will be legs intense compared to the
case in which no sych glass is used,

112.

a white donkey on (he

Zebra on the

Section (G): Dispersion of Light

13. A thin prism Pyowith angle 4° made of glass of
reliactive index 1,54 iy combined with another thin
prism P, made of glass of refiuctive index 1.72 (o
produccWdispcrsion without deviation, The angle of
the prism P_ ig:
Ay 3>
(C) 4°

(B) 2.6°
(D) 5.33°

Light of wavelength 4000 A i incident at small angle
o a prism of apex angle 4°. The prism has n = 1.5
and n_= 1.48. The angle of dispersion produced by
the prism in this light is:
(A) 0.2°

(€Y 0.192°

(B) 0.08°
(D) none
Two lenses in contact made  of materials with
dispersive powers in the ratio 2:1, behaves g an
achromatic lens of foeal length 10 e, The individual
focal lengths of the lenses are:
(A) Sem, — 10 em

(C) 10 em, —20em

4

(B) —5cm, 10 em
(D) =20 cem, 10 em

+ A beam of light consisting of red, green and blue and
is incident on a right angled prism. The refractive
index of the material of the prism for the above red,
areen and blue wavelengths are 139, 1,44 and .47
tespectively. The prism will:

7. It is desired to make an

I8,

119,

120.

one matching options in column-[1,
— 5 VPNONS |
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—3
45°

(A) separate part of the red colors from (he green
and blue colors,

separate part of the blue colors from red
green colors.

and

(C) separate all the three colors from the other two
colors.
(D) not separate even partially any colour fron the

other two colors,

achromatic combination
ol lwo lenses (L[ and L,) made of materials hzwing
dispersive powers wand w, (<w,). If the combination
of lenses is converging then

(A) L is converging

(B) L, is converging

(C) Power of {.l is greater than (he power nf!,:

(D) none of these

A narrow beam of white light goes through a slab

having parailel faces

(A) The light never splits in different coloyr

(B) The emergent beam is white

(C) The light inside the stab is split into different
colours

(D) The light inside the slab is white

By properly combining two prisms made of different
materials, it is possible (o

(A) have dispersion without average deviation

(B) have deviation without dispersion

(C) have both dispersion and average deviation
(D) have neither dispersion nor average deviation

Column <11 shows the optical phenomenon that can
be associated with optical

components given in
column-,

Note that colunin.] may have more than

_
Columin-1}

(A) Dispersion
(ii) Converging leng (B) Deviation

(C) Real
object

Colump-§

(i) Convex m irror

(1) Thin prism mage  of  regl

(v} Glass slab (D) Virtual image of real

bjec
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Section (A): Plane Mirvor

1.

Find the angle of deviation (both clockwise and
anticlockwise) suffered by a ray incident on a planc
mirror, at an angle of incidence 30°.

30°

Figure shows a plane mirror onto which a light ray is
incident. If the incident light ray is turned by 10° and
the micror by 20°, as shown, find the angle turned by
the reflected ray.

107, i Reflected ray

TR

307

' ) 20°

A light ray is incident on a plane mirro, which after
getting reflected strikes another plane mirror, as shown
in figure. The angle between the two mirrors is 60°.
Find the angle ‘07 shown in figure.

4. There are two plane mirvor inclined at 40, as shown.

A ray of light is incident on mirror M,. What
should be the value of angle of incidence ‘i° so
that the light ray retraces its path after striking the

mirror M,.

. Sun rays are incident at an angle of 24° to the horizon

How can they be directed parallel to the horizon using
a plane mitror?

An object is placed at (0, 0) and a plane MItror ig
placed, inclined 307 with the x axis.

y axis
M
¥\ 30°
Object (1, 0) x axis
(0,0

(a) Find the position of image.

(B) Ifthe object starts moving with velocity Li m/
and the mirror is fixed find the velocity 011
image.

A point object is placed at (0, 0, 0) and a plane mirro|
is placed parallel to YZ plane at x = 2. Find th
coordinate of image

A plane mirror 50 c¢cm long, is hung parallel to
vertical wall of a room, with its lower edge 50 cn
above the ground. A man stands infront of the mirtg;
at a distance 2 m away from the mirror. If this eyey
are at a height 1.8 m above the ground, find the lengtl
of the floor between him & the mirror, visible to hir
reflected from the mirror.

In figure shown AB is a plane mirror of length 40 cf
placed at a height 40 cm from ground. There is a ligh
source S at a point on the ground. Find the minimuf
and maximum height of & man (eye height) required
see the image of the source it he is standing at a poil
A on ground shown in figure.




d
A
&
(&}
(@]
=
B
&
(6]
(o)
< S A
)
20cm 40 cm
10. A plane mirror of circular shape with radius r = 20 cm
is fixed to the ceiling. A bulb is o be placed on the
n axis of the mirror. A circular area of radius £ = | m
fg on the floor is to be illuminated after reflection of light

from the mirror. The height of the room is 3 m. What
is maximum distance from the centre of the mirror and
the bulb so that the required arca is illuminated?

11. Alightray /is incident on a plane mirror M. The mirror is
rotated in the direction as shown in the figure by an arrow
at frequency 9/ rev/sec. The light reflected the mirror is
received on the wall W at a distance 10 m from the axis of
rotation. When the angle of incidence becomes 37° find
the speed of the spot (a point) on the wall?

Section (B): Spherical Mirror

B 12, A vod of length 10 cm lies along the principal axis of
a concave mirror of focal length 10 ¢m in such a way
that the end farther from the pole is 20 em away from
it. Find the length of the image.

13. A concave spherical mirror forms a threefold magnified
real image of'a real object. The distance from the object
of the image is 2.6 m. What is the radius of curvature
of the mirror?

14 What does point A indicate? (f'is magnitude of focal
length, w and v are coordinates)

1

A —

v
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(1) Point A4 represents that the object is
(Real/Virtual) and the image is . _(Real/
Virtual)

(ii) Point A represents that il is (larger,/
smaller) than  [v] and hence image size s

(larger/smaller) than the size of
object.

I3, Point B represents that the objectis {Real/
Virtual) and the imageis Real/Virtual)

16. Point B represents that lul s (larger.,/
smaller) than [vl and hence image size is ___
(larger/smaller) than the size of object.

17. As we move from point €' to D in the graph, the
— (real/virtual) object  moves  [rom
— 1o and the (real/
virtual) image moves from to
Show this movement in a diagram.

I18. A point object is placed on the principal axis at 60 cm
infront of a concave mirror of focal length 40 cm on the
principal axis. If the object is moved with a velocity of
10 cm/s (a) along the principal axis, ind the velocity
of image (B) perpendicular to the principal axis, find
the velocity of image at that moment,

19. A man uses a concave mirror for shaving. He keeps his
face at a distance of 20 cm from the mirror and gets
an image which is 1.5 times enlarged. Find the focal
length of the mirror.

&
=

A concave mirror of focal length 20 cm is cut into two
patts from the middie and the two parts arc moved
perpendicularly by a distance | ecm from the previous
principal axis AB. Find the distance between the
images formed by the two parts?

21 A balloon is rising up along the axis of a concave
mirror of radius of curvature 20 m. A ball is dropped
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22.

23.

from the balloon at a height 1S m from the mirror
when the balloon has velocity 20 m/s. Find the speed
of the image of the ball formed by concave mirror after
4 seconds? [Take: ¢ = 10 m/s7]

A thin rod of length /3 is placed along the principal
axis of a concave mirror of focal length =  such that
its image, which is real elongated, just touches the rod.
Find the length of the timage?

A point object is placed 33 c¢m from a convex mirror
of curvature radius == 40 cm. A glass plate of thickness
6 em and index 2.0 is placed between the object and
mirror, close to the mirror. Find the distance of final
image from the object?

Section (C): Refraction in General, Refraction at
Plane Surface and T.1.R.

24.

)
h

26.

A light ray €alling at an angle of 60° with the surface of
a clean slab of ice of thickness 1.00 m is vefracted into
it at an angle of 15°. Calculate the time taken by the
light rays to cross the slab. Speed of light in vacuum =
3 % 108 m/s.

An observer in air (7 = 1) secs the bottom of a beaker
filled with water (# = 4/3) upto a height ol 40 cm.

What will be the depth felt by this observer.

o Observer

40 cm

Rays incident on an interface would converge 10 ¢cm
below the interface if they continued to move in
straight lines without bending. But due to refraction,
the rays will bend and meet somewhere else. Find the
distance of meeting point of refracted rays below the
interface, assuming the rays to be making small angles
with the normal to the mterface.

27.

28.

29.

30.

. A slab of glass of thickness 6 cm and index 1.4

i

Find the apparent distance between the observer ay
the object shown in the figure and shift in the positi
of object.

A .C
j=1 pro=1
Observer | /t =2 | Object
° ° :

10 cm ‘_mmb 20 cm
B D

Light attempts to go from glass (;1. = 3/2) to air. Fi
the angle of incidence for which the angle of deviatig
is 90,

A rectangular glass wedge is lowered into water (44
4/3). The refractive index of glass is yo_ = 1.5, At wl
angle «v will the beam of light normally incident on
reach AC entirely?

A long solid cylindrical glass rod of refractive iné

3/2 is immersed in a liquid of refractive index 3 3
The end of the rod are perpendicular to the central a
of the rod. a light enters one end of the rod at
central axis as shown in the figure. Tind the maxim
value of angle ¢ for which internal reflection occ
inside the rod?

}JJ’ """""""

place somewhere in between a concave mirror aty
point object, perpendicular to the mirror’s optical 4
The radius of curvature of the mirror is 40 cm. It
reflected final image coincides with the object,
find the distance of the object from the mirror?




35

i3(v.,

34

.”” [

32, ATaY ol'lightenters a diamond (1 = 7 from air and is

being mternally reflected near the bottom as shown in
the figure. Find maximum vajue olangle 1/ possible?

33. A ray of light on a transparent sphere with centre at ¢

as shown in figure. The ray emerges from the sphere
parallel to line AB. Find the refiactive index of the

sphere.

A beam of parallel rays of width b propagates in glass
atan angle ¢ 1o its plane face. The beam width after it
goes over to air through this faceis —_  ifthe

refractive index of glass is /1.

(,} bé Glass

Air

A cubical tank (of edge /) and position of an observer
are shown in the figure, When the tank is empty, edge
of the bottom surface of the tank is just visible. An
insect is at the centre C of its bottom suriace. To what
height a transparent liquid of refractive index [ho=

\/5/2 must be poured in the tank so that the insect will
become visible?

s

Eye

O

Light from a luminous point on the lower face of a
2 em thick glass slab, strikes the upper face and the
totally reflected rays outline a circle of radiug 3.2 em
on the lower face. What is the refractive index of the

elass,

Geomeirical Optics 1,97

Section (D): Refraction by Prism

37.

40

41,

42,

A prism (n == 2) of apex angle 90 iy placed in air (n =
D). What should be the angle of incidence so that light
ray strikes the second surtace at an angle ol 60°

Ref.index of a prism (4 = 60°) placed in air (7 = | ) is
n= 1.5, Light vay is incident on thig prism at an angle
of 60°. Find the angle of deviation. State whether this
1S a minimum deviation, ‘

|
I

— 59, 8in1 0.4 = 25° gin ! 0.6 —

=3

Gaivens sin
,5 70

The crosy section of a glass prism has the form of an
equilateral wiangle. A ray is incideni onto one of the
faces perpendicular to it Find the angle # between
the ineident ray and the ray that leaves the prism. The
reftactive index of glass is 1 = 1.5,

The angle of refraction of a prism is 60°. A light ray
emerges from the prism at the same angle as it is
incident on it. The refractive index of the prism is 1.5,
Determine the angle by which the ray is deflected from
its initial direction as a result ofits passage through the
prism.

Find the angle of deviation suffered by the light ray
shown in figure for following two condition The
refractive index for the prism material is fr=3/2

(i) When the prism is placed iv air (jr="1)
(1) When the prism is placed in water (1= 4/3)

A prism of refractive index V2 has a celracting angle
of 30°. One of the refracting surface of the prism is
polished. For the beam of monochromatic light to
retrace its path, find the angle of incidence on the
refracting surface.

An equilateral prism deviates g ray through 23¢ for
two angles of incidence differing by 23°, Find s of the
prism?

A equilateral prism provides the least deflection angle
467 i air, Find the refracting index of an unknown
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liquid in which same prism gives least deflection angle
ol'30°

45, A right angle prism (457 — 907 — 45°) of refractive
index n has a plate of refractive index n,(n, < n)
cemented 1o its diagonal face. The assembly is in air. a
ray is incident on A8 (sce the fgure).
(i) Calculate the angle of incidence at 48 for which
¢ the ray strikes the diagonal face at the critical
angle.
(i) Assuming n = 1,352, Calculate the angle of
incidence at AB for which the refracted ray passes
through the diagonal face undeviated.

46. A prism of refractive index n, and another prism of
refractive index n, are stuck together without a gap
as shown in the figure. The angles of the prisms are
as shown n and a, depend on A, the wavelength of

, ‘ 10.810"
light according to  n =120 — - and
180107
n, =1.454-— I where A is in nm.
i

e
A
(i) Calculate the wavelength N~ for which rays

incident at any angle on the interface BC pass
through without bending at that interface.

(iiy For light of wavelength A\, find the angle of

incidence 7 on the face AC such that the deviation
produced by the combination of

minimum.

prisms in

. Section (E): Refraction by Spherical Surface

&7, A spherical surface of radius 30 cm separates two
transparent media A4 and B with refractive indices 4/3
and 3/2 respectively. The medium A 15 on the convex
side of the surface. Where should a point object be

placed in medium A so that the paraxial rays becomg
parallel alter refraction at the surface?

48. A narrow paraliel beam of light is incident par axialy
on a solid transparent sphere of radius ». What should b
the refractive index if the beam is to be focused (a) A
the surface of the sphere, (3) at the centre of the spherg

49, An extended object of size 2 cm is placed at a distanc
of 10 em inair (n = 1) from pole, on the principal axj
ol a spherical curved surface. The medium on the othg
side of refracting surface has refractive index n =
Find the position, nature and size of image forme
after single refraction through the curved surface.

i / %

10 cm
ROC 20 cm

50, An object is placed 10 cm away from a glass piecg
(n = 1.5y of length 20 cm bound by spherical surfacey
of radii of curvature 10 em. Find the position of final

image formed after twice refractions.

-
o

Object A

" ROC = 10 cm

-
10 cm

51, There is‘ a small air bubble inside a glass sphere (=
1.5) of radius 5 cm. The bubble is 7.5 cm below th
surface of the glass. The sphere is placed inside watg

<

G = ) such that the top surface of glass 1s 10 ci

()

below the surface of water. The bubble is viewe
normally from air. Find the apparent depth on th
bubble.

Observer

= ]_0 ¢m

- Il

/ !

(Gtas% o c

\\\ 5
Water




5. A narrow parallel beam of light is incident on a
transpatent sphere of refractive index ‘i’ If the beam
finally gets focussed at a point situated at a distance =
7 » (radius of sphere) Jrom the centre of the sphere,
then find n?

<3, A uniform, horizontal beam of light is incident upon a
quarter cylinder of radius R =5 em, and has a refractive

A index Z/ﬁ A patch on the table for a distance “x’
from the cylinder is unilluminated, find the value of
X7
i -
—b
—»
—b
B R o X T

section (F): Lens and Combination of Lenses/Lens
and Mirvors.

54. A double convex lens has focal length 50 cm. The
radius of curvature ol one of the surfaces is double of
the other. Find the radii, if the refractive index of the
material of the lens is 2.

55. Lenses are constructed by a material of refractive
index 1.50. The magnitude of the radii of curvature are
20 cm and 30 ¢cm. Find the focal lengths of the possible
lenses with the above specilications.

56, Givenanoptical axis MN & the posttions ofareal object
A B and its image A’ B, determine diagrammatically
the position of the lens (its optical centre Q) and its
foci. Is it a converging or diverging lens? Is the image
real or virtual?

A/

A thin lens made of a material of refractive index i,
has a medium of refractive index g1, on one side and
a medium of refractive index i, on the other side.
The lens is biconvex and the two radii of curvature
has equal magnitude R. A beam of light travelling
parallel to the principal axis is incident on the lens.
Where will the image be formed if the beam is
incident from (a) the medium j and (B3) from the
medium 1,7

59.

60.

61.

62.

63.

65.

Geometrical Opiics  1.93

An object of height 6 cm is set at right angles to the
optical axis of a double convex lens of optical power
Sd & 25 emy away [rom the lens. Determine the focal
length of the lens, the position of the image, the linear
magnification of the lens, and the height of the image
formed by it.

A 5.0 dioptre lens forms a virtual image which is 4
times the object placed perpendicularly on the principal
axis of the lens. Find the distance of the object from
the lens.

A converging lens and a diversing mirvor are placed at
a separation of 15 ¢cm. The focal length of the lens is
25 cm and that of the mirror is 40 cm. Where should a
point source be placed between the lens and the mirror
so that the light, after getting reflected by the mirror
and then getting transmitted by the lens, comes out
parallel to the principal axis?

A converging lens of focal length 15 e¢m and a
converging mirror of length 10 ¢cm are placed 50 em
apart. if a object of length 2.0 cm is placed 30 ¢ from
the lens Farther away from the mirror, where will the
final image form and what will be the size of the final
image?

2 identical thin converging lenses brought in contact
50 that their axes coincide are placed 12.5 e¢m from an
abject. What is the optical power of the system & each
lens, if the real image formed by the system of leases
is four times as large as the object?

A point object is placed at a distance of 15 ¢m from a
convex lens. The image is formed on the other side at a
distance of 30 em from the lens. When a concave lens
is placed in contact with the convex lens, the image
shifts away further by 30 c¢m. Calculate the focal
lengths of the two lenses.

A convex & a concave lens are brought it close contact
along their optical axes. The focal length of the convex
lens is 10 cm. When the system is placed at 40 cm
from an object, a sharp image of the object is formed
on a screen on the other side of the system. Determine
the optical power of the concave lens il the distance
between the object & the sereen is 1.6 .

A point object is placed at a distance of 25 cm from
a convex lens of focal length 20 em. I a glass sfab of
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66.

68.

69,

70.

thickness 7 and refractive index 1.5 is inserted between
the lens and object. ‘The image is formed at infinity.
Find the thickness ?
A}

An object is kept at a distance of 16 ecm from the thin
lens and the image formed is real. [f the object is kept
at a distance of 6 c¢cm from the saime lens the image
formed is virtual. If the size of the image formed are
equal, then find the focal length of the lens?

A thin convex lens forms a real image of a certain object
7 times its size. The size of real image becomes
times that of object when the lens is moved nearer to the
object by a distance “a” find focal length of the lens?

[0 the figure s
convex lenses is the same = /7 They are separated
by a horizontal distance 3/ and their optical axes are
displaced by a vertical separation ‘d’ (d << /), as
shown. Takmg the origin of coordinates O at the centre
of the first lens, find the x and y coordinates of the

1wown, the focal length of the two thin

point where a parallel beam of rays coming from the
felt finally get focussed?

LI

A pomt source of light is kept at a distance of 15¢nt from

a converging lens, ou its optical axis. The focal length of

the lens 1s 10 em and its diameter is 3 cm. A sereen is
placed on the other side of the lens, perpendicular o the
axis ol lens, at a distance 20 em from it. Then find the area
of the illuminated part of the screen?

A glass hemisphere of refractive index 4/3 and of

radius 4 cm is placed on a plane mirror. A point cbject

~1
jou

is placed at distance “” on axis of this sphere as shown,
[ the final image be at inlinity, lind the value of “d,

O
d
v A
\4!3 a4 cm;
: Air
e T e reed

A double convex lens has focal Tength 25.0 ¢m in air,
The radius of one of the surfaces is double of the other,
Find the radii of curvature it the refractive index of the
material of the lens is 1.5,

1.5) has a maximum
thickness of 1 mm. 1T diameter of its aperture 1s 4 cm.

A plano convex lens (pr =

Find

(i) Radiug of curvature of curved surface
(1) its focal length i air

A plano-convex lens, when silvered on the plane side,
behaves like a concave mirror of focal length 30 ¢m,
When it is silvered on the convex side, it behaves
like a concave mivror of focal length 10 em. Find the

refractive mdex of the material of the lens.

i (G):

A certam material has refractive indices 1.56, 1.60 and
1.68 for red, yellow and violet light respectively.

(2) Caleulate the dispersive power.

(b) Find the angular dispersion produced by a thin

sion of Ligit

prism ol angle 67 made of this material.

A flint glass prism and a crown glass prism are to be
combined in such a way that the deviation of the mean
ey is zero. The refractive index of flint and crown glasses
for the mean ray are 1.620 and 1.518 respectively. 11 the
refvacting angle of the (lint prism is 6.0, what would be
the refracting angle of crown prism?

5

Level I}

Section (B): Sphevical Mirrer

l I

An observer whose least distance of distinet vision is

', views his own [ace in o convex mirror of radius of

curvature  »’. Prove that magnification produced

i

o+ \/UI'] 4t

cannot excead

b

A thiel is running away i a cair with velocity of 20 n/s.
A police jeep s following him, which is sighted by thiel
in his rear view mirror which is a convex mirror of focal
length O m. He observes that the image ol jeep is moving

towards him with a ve
of the mirror for the jeep al thai time is 1/10. Find

octty of [ em/s, I the magnification

(a) actual specd of jed




N

Secidon (T): Refra
Plarie Suny

6.

(b rate at which magnification is changing
Asgsume that police jeep is on axis of the mirror.

A luminous point P is inside a eircle. A ray enters from

pand after two reflections by the circle, return to 2. 1F

¢ be the angle of incidence, « the distance of P from
the centre of the circle and A the distance of the centre
from the point where the ray in its course crosses the

t—h

diameter through P, prove that tan - -
a+h

An object is kept on the principal axis of a convex
mitror of focal length 10 cm at a distance ot 10 em
from the pole. The object starts moving at a velocity

20 mm/see towards the mirrov at angle 307 with the
principal axis. What will be the speed ol its image and

divection with the principal axis at that instant?

I the feure shown £ is o converging lens of focal length
[0 cm and M is a concave mirtor of radius of curvature
20 ¢, A point object O 1s placed in front of the lens at
a distance 15 ¢m. A8 and CD are oplical axes of the lens
y. Find the distance ol the final

and mirror respective

image formed by this system from the optical centrg of

the Jens. The distance between CD & AB 15 T em.

L ~
C_ . Ei ________ D
A @) _—M 1em 5
3
w15 om s———45 em —

ciion in General, Refraction ai
ce and T1LR.

A surveyor on one bank ol canal observed the image
ol the 4 inch and 17 ftmavks on a vertical stafl, which
is partially immersed in the water and held against the
bank dircetly opposite to him, coincides. [ the 17 11
mark and the surveyor’s eye are both 6 (t above the
water level, estimate the width of the canal, assuming,
that the refractive index of the waier is 4/3.

A cireular disc of diameter o lies horizontally inside a
metallic hemispherical bowl radius a. The disc is jusi
visible (o an eye looking over the edge. The bowl is
now filled with a liquid of refractive index yo. Now, the
whole of the dise is just visible (o the eye in the same

(-

position, Show that = 2u

)

(1 -I-H~

©
o,
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A ray of light travelling in air is incident at grazing
angle (incidence angle = 90%) on a medium whose
refractive index depends on the depth of the medium.
The trajectory of the light in the medium is a parabola,
. Find, at a depth of 1 0vin the medium.

ihe refractive index of the medium and

(i

j
(i) angle of incidence .
Two thin similar wateh glass pieces are joined
(ogether, Tront to front, with rear portion silvered and
the combination of glass picces is placed at a distance
¢ = 60 ¢cm from a screen. A small object is placed
normal to the optical axis of the combination such
that its two times magnified image is formed on the
screen, 11 air between the glass pieces is replaced by
water (0 = 4/3), caleulate the distance through which
the object must be displaced so that a sharp image is
again formed on the screen.

A thin plano-convex lens fits exactly into a plano
concave lens with their plane surface parallel to each
other as shown i the figure. The radius of curvature
of the curved surface ® = 30 ¢m. The lens are made
ol difference material having refractive index o, = 3/2
and g1, = 5/4 as shown in figure.

= 312

.

(iy il plane
silvered, then caleulate the equivalent focal length
ol this system and also caleulate the nature of this
cquivalent mirror.

surlace of the plano-convex lens is

(i) An object having transverse length 5 em in placed
on the axis of equivalent mirror (in part 1), at a

¢
0
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distance 15 ¢m from the equivalent mirror along
principal axis. Find the transverse magnification
produced by equivalent mirror.

Th. A ray of light travelling in air is incident at grazing
angle (incident angle = 90) on a long rectangular
slab ol a transparent medium of thickness £ = 1.0 (sec
figure). The point of incidence is the origin A (O, O).
The medium has a variable index of refraction n(y)
given by: n(v) = [k - 1" where k= 1.0 m "~
The refractive index of aicis 1.0, [JIEE 1995]

y‘P
AR P(x,.y,)
'y ',.
E R
I ’,'!'}B(X,y)
¥ Medium
_(0,0) Air

(i) Obtain a relation between the slope of the
trajectory of the ray at a point B(x, y) in the
medium and the meident angle at that point.

(i1) Obtain an equation for the trajectory y(x) of the
ray in the medium,

(iii) Determine the coordinates (x , y ) of the point P,
where the ray the ray intersects the upper surface
of the slab-air boundary.

(iv) Indicate the path of the ray subsequently.

Section (ID): Refraction by Prisr
J

1Z. Anisosceles triangular glass prism stands with its base
in water as showil. The angles that its two equal sides
make with the base are ) cach. An incident ray of light
parallel to the water surface internally reflects at the
glass-water interface and subsequently re-emerges
into the air. Taking the refractive indices of glass and
water to be 3/2 and 4/3 respectively, show that ¢ must

"
B
be at least tan —=

JI7

or 25.9%,

3. A parallel beam of light falls normally on the firsi face
ol aprism ol small angle. At the second face itis partly

transmitted and partly reflected, the reflected bean
striking at the first face again, and emerging from j;
in a direction making an angle 6730 with the reverseg
direction of the incident beam. The refracted beam ig
found to have undergone a deviation of 1915 from the
original direction. Find the refractive index of the glasg
and the angle of the prism.

The relractive indices of the crown glass for violet and
red lights are 1.51 and 1.49 respectively and those of
the flint glass are 1.77 and 1.73 respectively. A prism
of angle 67 is made of crown glass. A beam of white
light is incident at a small angle on this prism. The
other thin flint glass prism is combined with a crown
elass prism such that the net mean deviation is 1.5°
anticlockwise.

Crown glass

Flint glass

b
2m

(1) Determine the angle of the flint glass prism.

(i) A screen is placed normal to the emerging beam
at a distance of 2 m from the prism combination.
Find the distance between red and violet spot on
the screen. Which is the topmost colour on screen.

Seetion (E): Rafraciion by Sphericel
Surrfoise

15, A concave mirror has the form of a hemisphere with
a radius of R = 60 ¢cm. A thin layer of an unknown
transparent liquid is poured into the mirror. The
mirror-liquid system forms one real image and another
real image is formed by mirror alone, with the source
in a certain position. One of them coincides with the
source and the other is at a distance of / = 30 ¢cm from
source. ind the possible value(s) refractive index y1 of
the liquid.

Foey e
e

tiom (F): Lens and Combination of Lenses/Lens
and Miriors

16. Inthe figure shown, find the relative speed ol approach/
separation of the two final images formed after the
light rays pass through the lens, at the moment when
i = 30 cm. The speed object = 4 cm/s. The (wo lens




[\_‘.fvp
palves are placed symmetrically w.r.t. the moving

object.

-
f=40cm
Object . ,\/(‘\m ,
SRR it
w

17. Inthe figurc shown “O’ is point object. A8 is principal
axis of the converging lens of focal length #. Find the
distance of the final image from the lens.

)
o [\

A s

d Z

«—N\) d [
|

=

B

18. The rectangular box shown is the place of lens. By
looking at the ray diagram, answer the following

questions.
(i) If X' is 5 ¢cm then what is the focal length of the
lens?

(iiy 1t the point O is | ¢m above the axis then what
is the position of the image? Consider the optical
center of the lens to be the origin.

19. Two identical convex lenses L and L, are placed at
a distance of 20 ¢m from cach;other on the common

|

20.
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principal axis. The focal length of cach lens 1s 15 cm
and the lens L, is to the right of lens L. A point object
is placed at a distance of 20 cm on the left of lens L, on
the common axis of two lenses. Find, where a convex
mirror of radius of curvature 5 cm should be placed so
that the final image coincides with the object?

A thin plano-convex. Lens of focal length /7 is split
into two halves, one of the halves is shifled along the
optical axis. The separation between object and image
planes is 1.8 m. The magnification of the image formed
by one of the half lenses is 2. Find the focal length of
the lens and separation between the two halves. Draw
the ray diagram for image formation. [JEE 1996]

//"'

1.8 m

A thin equiconvex lens of glass of refractive index
j=3/2 & ol focal length (.3 m in air is sealed into
an opening at one end of a tank filled with water
{10 = 4/3). On the opposite side of the lens, a mirror is
placed inside the tank on the tank wall perpendicular
to the lens axis, as shown in figure The separation
between the lens and the mirror is 0.8 m. A small
object is placed outside the tank in front of the Jens at
a distance of 0.9 m from the lens along its axis. Find
the position (relative to the lens) of the image of the
object formed by the system. [JIEE 1997}

0.9 m 0.8m ol

&

i
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P

Previous Year Questions
JEE Miain
L. Anobject 2.4 mvin front of a lens forms a shacp image

e

on a film 12 cm behind the lens. A glass plate 1 em
thick, ol refiractive mdex 1.50 is interposed between
lens and film with its plane faces parallel to film. At
what distance (from lens) should to be in sharp focus
of film? JATERE 2012]
(A) 7.2 m (3) 2.4 m

(C) 3.2m (Iyy 5.6m

A beaker contains water up to a height /1, and kerosene
of height /1, above water so that the total height of
{(water + kerosene) s (h, -+ ). Refractive index of
water is 7 and that of kerosene is g1, . The apparent
shift i the position of the bottom of the beaker when

viewed from above s [ATEIEE 201 1]

| |
(A |1 —=—1h, |1 —]//1
/’l /)

-”I ,“1
I
© 1= cli=L |,
//\ ;”'_\
o |
(D) "—J/a ok -}h.
I /s

When monochromatic red tight is used instead of blue
light in o convex lens, its Tocal length will
JALCRE 20101

(A) does not depend on colour of light
(B) increase

(C) decrease

(D) remain same

\
Statement 11 On vic\\/ing_;\llng ciear blue portion of
the sky through o Caleite Crystal, the iniensity of
transmitted lght varies as the erystal is rotated.
Statement o The light coming from the sky is
polarized due to scattering of sun light by particles in
the atmosphere. The scattering is largest for blue light.
AR 20101

&

I

s
°e

{A) Statement 1is false, Statement 11 is true
(B) Statement Lis true, Statement I is true
(C) Statement [ is true, Statement [ is true, Statemeny
I11s the correct explanation of Statement |
{D) Statement [ is true, Statement I is true; Statement
[l 15 not correct explanation of Statement |

Let the x-z plane be the boundary between two
transparent media. Medium | in z > 0 has a refractive
index of /2 and medium 2 with = <2 0 has a refractive
index of 3. A ray of light in medium 1 given by the

veetor A - :()\/Bf—\— 8\/37 10k s incident on the
plane of separation. The angle of refraction in medium
218 JATEEE 2011
(A) 45° (B) 60°
(C) 75° (D) 30°

A caris fitted with a convex side-view niirror of focal
length 20 ¢cm. A second car 2.8 m behind the Girst car
is overtaking the first car at a relative speed of 15 m/s.
The speed of the image of the second car as seen in the
mirror of the first one is (ATELE 2011

|
—m/s

(A) - (B) 10 /s
15

() 15m/s (D) —l-—111/s
10
As the beamt enters the medium, it will
TATERE 2010]
(A) diverge
(B) converge
(C) diverge near the axis and converge near the
periphery

(D) travel as a cylindrical beam

—

The speed of light in the medium is— [AJERE 2010]
(A) minimunm on the axis of the beam

(13) the same everywhere in the beam

(C) directly proportional to the intensity

(D) maximui on the axis of the beam

object fixed, a student varies the positions ofa convex
fens and for cach position, the sereen is adjusted to
ocet a celear image of the object. A graph between

Inan optics experiments, with the position of the



the object distance v and the image distance v, from
the lens, is plotted using the same scale for the two
axes. A straight line passing through the origin and
making an angle of 45° with the x-axis meets the
experimental curve at 2. The coordinates of 2 will
be IATER 2009)

i

() (f.h) (D) (4/.47)

. A transparent solid eylinder rod has a refractive index

@,
of —= Itis surrounded by uir. A light vay is incident at

V3

the mid-point of one end of the rod as shown in the
figure.

The incident angle ¢ for which the light ray grazes
along the wall of the vod is |ATEEL 2009]

[t 3
(A) sin '[—f] (B) sin'l[ﬂJ
2 2

.) |
(Cy sin ' — (D) si -'I;_.]
[\/%] sin 7

- A student measures the focal Tength of & convex lens

by putting an object pin at a distance v from the lens
and measuring the distance v of the image pin. The
graph between u and v plotted by the student should
look like [ATRIEE 2008|

(A) v (cm) () v (cm)
K 7.
0 u {cm) ¥ 5 u (cm)
(Y v (cm) (D) v (cm)
: 3] u {cin) o] uem)

12.

i3.

16,

The refractive index of glass is 1.520 for
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Two lenses of power —150 and 50 are in Cotact

with each other. The focal length of the combination is
[ATEEE 2007]

(B) —10¢em

(D) ++10 cm

(A) =20 cm
(C) +20 em

red light
and 1.525 for blue light. Let 2 and D, be angles of
minimum deviation for red and blue light respectively
in a prism of this glass. Then | ATELE 2006)
(A) D, <D, (B) D =D,

(C) D, can be less than or greater than D, depending

upon the angle of prism
(D) D =D,

. A fish Tooking up through the water sees the outside
o &

world, contaimed in a circular horizon. If the refractive
index of water is 4/3 and the fish is 12 ¢m below the water
surtace, the radius of this cirele in cnvis JATICEE 2005

= 3¢

(A) 367 (B) —~
J7

(€) 365 (D) 45

. Two point white dols are | mm apart on a black paper.

They are viewed by cye of pupil diameter 3 mm,
Approximately, whal is the maximum distance at
which these dots can be resolved by the eye? [Take

wavelength of Tight = 500 nm] JATERR 2005)

(A) 5m (3 I'm
(C) 6m (D) 3m
A thin glass (refiractive index 1.5) lens has optical

power of —50 in air. lts optical power in a liquid
medium with refractive index 1.6 will be

[ATIIK 2005]
(B) —1D
(D) =25D

(A) tD
(C) 250

A light ray is incident perpendicular (o one face of a 90°
prism and is totally internally reflected at the glass-air

w0

inferface. 11 the angle of reflection iy 45°, we conclude

that for the refractive index » as | ATIEE 2004]

¥
=
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1 —
(A) n<—F= (B)y n=> J’
-
1 3
(C) n=>-— (1) u\;ff.’.
J2

18. A plano-convex lens of refractive index 1.5 and radius
of curvature 30 cois silvered at the curved surface.
Now, this lens has been used to form the image ol an
object. At what distance from this lens, an object be
placed in order to have a real 1mage the size of the
object? |ATEEE 2004]
(A) 20 ¢m (13) 30 cm
(Cy 60 cm (D) 80 cm

19. Theangle of incidence at which reftected light is totally
polarized for reflection from air 1o glass (refractive
index 1), 18 |ATERE 20041

(B) sin' il}
n

; |
(Cy tan 'i—r} (D) tan (1)
n

(A) sin Yo

20. The image formed by an objective of a compound
microscope is JALERE 2003)

(A) virtual and diminished

(B) real and diminished

(Cy real and enlarged

(D) virtual and enlarged

31. The carth radiates in the infra-red region of the
gpectrum. The gpectrum 1s correctly given by
|AIEEE 20031
(A) Rayleigh Jeans law
(B) Planck’s law of padiation
(Cy Stefan’s law of padiation
(D) Wien's law

22, To get thice IMages o {a single object, one should have
two plane mirrors at an angle of [AIEEE 2003]
(A) 607 (B3y 90°
() 120° (Dy 30°

273, 1 two mirrors are kept at 607 to each other, then the
pumber of 1Mages formed by them is JATEER 20021
(A) 5 (B) 6
(7 (D) 8

JEE Advanced

I, Anobserver can 5e¢ through a pin-hole the top endofa
. thin rod of height f1, placed as shown in the figure. The

. Wavelength of light used in an optical instrument are

5. An astronomical telescope has a large aperture fo

e : : 3
7. A thin convex lens made from crown grass | f=-7
- 2

A =4000A and A, = 5000 A , then ratio of their

respective resolying powers (corresponding to A ang
A s [AIEEE 2002
(A) 16:25 (B) 9:1
(C) 4:5 (D) 5:4

[AIEEE 2002)
(A) reduce spherical aberration
(B) have high resolution
(C) increase span of obscrvation
(D) have low dispersion

6. Which of the following is used in optical fibres?

|ATEEE 2002]
(A) Total internal reflection
(B) Scattering
(Cy Di flraction
(D) Refraction

has focal length /. When it is measured i two different
- . L 4 5 .
Jiquids having refractive indices 5 and 3 it has the

focal length f, and /, respectively. The correct relation
between the focal lengths is: [JIE Main 2014]
(A) 1, > fand /, becomes negative
(B) f, and [, both become negative
(©) £, =1 <[

(DY f, = fand f, becomes negative

28. A green light is incident from the water 0 the air -

water interface at the critical angle (). Select the

correct statement. YT Main 2(]14]_'.

(A) The spectrum of visible light whose frequency i
more than that of green light will come out to the
air medium.

(B) The entire spectrum of visible light will come oul
of the water at various angles to the normal.

(C) The entire spectruim of visible light will come oul
of the water at an angle of 90° to the normal.

() The spectrum of visible light whose frequency
jegs than that of green light will come out to the
air medium.

beaker height is 3 and its radius 1. When the beak
i filled with a liguid up to 8 heipht 24, he can see b




“TL

wer end of the rod. Then the refractive index of the
[JEE (Ser) 2002]

ﬂ v

lo :
Jiquid 1

2h

(A) 512 (B) J5/2
B2 (D) 3/2

_ Which one of the following spherical lenses does
not exhibit dispersion? The radit of curvature of the
surface of the lenses are as given in the diagrams.

[JEE (Ser)2002]

(A)
I ; o
R ’ S

. Two plane mirrors 4 and B are aligned parallel to cach
other, as shown in the figure. A light ray is incident
at an angle of 30° at a point just inside one end of 4.

the figure. The maximum number of times the ray
undergoes reflections (including the first one) before it
emerges out 18 [JEE (Sexr) 2002]
B

= -

2J3m i

| 4
LLLLLLLLLLLLLLLLLLLLLLLLL,

0.2m

= ATITITRTITITIT T T,

The plane of incidence coincides with the plane of

92

6.
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(A) 28
(C) 32

(B) 30
(D) 34

A convex lens of focal length 30 cm forms an image
of height 2 e¢m for an object situated at infinity. 1f a
concave lens of focal length 20 cm 1s placed coaxially
at a distance of 26 cm is front of convex lens then size
image would be [JEE (Sey) 2003]
(A) 2.5 cm (B) 5.0

(C)y 1.25 (D) None

. A meniscus lens is made of a material of reflractive

index y1,. Both its surfaces have radii of curvature R. It
has two different media of refractive indices 1, and i,
respectively, on its two sides (see figure). Calculate its
focal length for g1, << 41, < p1,, when light is incident on
it ag shown. [JEE 2003]

White light is incident on the interface of glass and
air as shown in the figure. [f green light is just totally
internally reflected then the emerging ray in air

containg [JEE (Sew) 2004]

Air Green

Glass

k4

White

(A) yellow, orange, red
(B) violet, indigo, blue
(C) all colours

n

all colour except green

A ray ol light is incident on an equilateral glass prism
placed on a horizontal table. For minimum deviation
which of the following is true? ISR (Ser) 2004

]
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(A) PQ s horizontal

(3} OR is horizontal

(C) RSis horizontal

(D) Either PO or RS is horizontal,

A point object is placed at the centre of a glass sphere

of radius 6 cm and refractive index 1.5. The distance

of the virtual image from the surface of the sphere is
R (Ser) 2004

(A) 2 cm (B) 4 ¢em

(C)y 6 em (D) 12 ¢em

Figure shows an irregular block of material of

refractive index V2. A ray of light strikes the lace
AB as shown in the fgure. After refraction it is
incident on a surface CD of radius of curvature
0.4 m and enters a medinom of refractive index 1.514
to meet PO at . Find the distance OF upto two
places ol decimal, LTS 2004

. A object is approaching a thin convex lens of (ocal

fength 0.3 m with a speed of 0.01 m/s. Find the
magnitudes of the rates of change of position and
lateral magnification of image when the object 1s at a
distanee of 0.4 m (rom the lens, [JHCH, 20044

. The ratio of powers of a thin convex and thin
concave lens is 3/2 and cquivalent focal length of

their combination is 30 ¢m. Then their Tocal lengths
respectively are fIRCR (Ser) 2005]
(A) 75,50 (B) 75,50

(C) 10, =15 (Ly) —75, 50

Figure shows object O. Final image 7 1s formed after
two refractions and one reflection is also shown in
figure. Find the focal length of mirror, (in cm):

R (Ser) 2009]

(A} 10
(CH 20

What will be

surfaces?

JﬂJ
JluﬂJ

il IJIJIiHJI_IJ_I.IJ[um

! %5

the minimum angle of incidence su
that the total iternal reflection occurs on both
JJIE 2000

al lace AR, Find,

sy =2
bd My =2
Iy ::u'r;_ﬂ

() the angle of meidence, so that the emergent
(ron the first prism has minimum deviation,

(b)y through what angle the prism DCE should
rotated about €' so that the final emergent ray aly

has mimimum deviation.

plane surface iy silvered. The image will form ai

5. A point object is placed at a distance of 20 cm fic
a thin plano-convex lens of focal Tength 15 emy, if (

15 cm

4. Two identical prisms of refractive index ﬁ are kg
as shown in the figure. A light ray strikes the first pris

[JEL 260

| JEE 200
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18.

(A) 60 cnylelt ol 48
(C) 12emlelftolr Al

(By 30 em leftolf A8
(D) 60 emright o AB

Graph ol position of image vs position of point object

from a convex lens is shown. Then, focal length of the

lens is [JEE 2006]
+31
flvem
130
20
110
/—’-// II'-
(7ol S| B (—9,+9)
31 30 20 —10 0
(A) 0.50 L 0.05 cm (By 0.50 4 0.10 ¢m
(C) 5.00 - 0.05 ¢m (D) 5.00+0.10 ¢cm

Parallel rays ol light from Sun falls on a biconvex lens
of focal length fand the circular image of radius r is

formed on the focal plane of the lens. Then which of

the following statement is correct? [JIEHE 2006]

(A) Area of image 7 dircetly proportional (o /

(B) Area of image 7 directly proportional o/

(C) Intensity of image increases if /is increased.

(D) 1f lower half of the lens s covered with black

paper area of image will become half,

A simple telescope used to view distant objects has
eyepiece and objective lens of focal lengths I
respectively. Then B DR

Column 1 Colimmn 2

(A) Intensity of light (") Radius of aperture R
received by lens
(B) Angular (Q)

magnification

Dispersion ol lens

(C) Length of telescope  (R) focal length T .

(D) Sharpness of image  (5) spherical aberration

A ray of light travelling in water is incident on its

surface open to air. The angle of ncidence is 0, which

than the critical angle. Then there will be
LIECIE 2 M7y

(A) only aveflected ray and no refiacied ray

(B) only a refracted ray and no reflected ray

is less

N

[

N

i
(e

0.

D

— {
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(C) a reflected ray and a refracted ray and the angle
between them would be less than 180%—2¢0

(D) a reflected ray and a refracted ray and the angle
between them would be greater than 180°--2¢

Statement |

The formula connecting w, v and / for g spherical
mirror is valid only for mirrors whose size are very
small compared to their radii of curvature [JEE 2007|
because

Statement 1N

Laws of reflection are strictly valid for plane surfaces,
but not for large spherical surfaces.

(A) Statement | is True, Statement 1 is True; Statement [
Is a correet explanation for Statement |

Statement s True, Statement 1 is True: Statement
(I'is NOT correct explanation for Statement |
Statement 1 is True, Statement 11 is Faise

(1)

()
(D) Statement 1is False, Statement 11 s True

Two beams of red and violet colours are made (o pass
separately through a prism (angle of the prism is 60°).
In-the position of minimum deviation, the angle of
refraction will be VK, 2008
(A) 30" for both the colours

(I3) greater lor the violet colour
(C) greater for the 1‘cd colour
(D) equal but not 30° for both the colours

A light beam is travelling from Re gion I to Region IV
(Refer Figure). The refractive index in Regions |, H, 1]

noon
and IV are n, —= - and *
2 ‘x

( L respectively. The angle
) ¥

ol incidence ¢ for which the beam Just misses entering
Region IV i Figure: (B 2,0@8]

Region || Region Il | Region 111 Region IV
..... i n, fy
no U7l 2 6 8

0 0.2 m

0.6m
3
(A) sin ‘[7J B3 sin “_;I;J

(€) sm_'[f]—] (1)) sin '[J—J
4 3

An optical component and an object § placed along
its optic axis are given in Colrin-l, The distance
between the object and the component can be varied,
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The properties of images are given in Column -IL
Match all the properties of images from Column-I1
with the appropriate components. given in Column
-I. Indicate your answer by darkening the appropriate
bubbles the 4 = 4 matrix given in the ORS.

[JIEE 2008]

Colwmn-1 Column-k1

(A) = (p) Real image

(q) Virtual image

(r) Magnified image

(s) tmage at infinity

()

24, A ball is dropped from a height of 20 m above the
surface of water in a lake. The refractive index of water
is 4/3. A fish inside the lake, in the line of fall of the
ball, is looking at the ball. At an instant, when the ball
i« 12.8 m above the water surface, the fish sees the
speed of ball as [Take g = 10 ni/s?| [JEE 2009]
(A) 9 m/s (B) 12 m/s
() Lom/s ro(D) 2133 m/s

25. A student performed the experiment of determination
of focal length of a concave mirror by u—v method
using an optical bench of length 1.5 meter. The focal
length of the mirror used is 24 em. The maximum
error in the location of the image can be 0.2 cm. The 5
sets of (i, v) values recorded by the student (in cm) are
(42. 56) (48, 48), (60, 40), (66, 33) (78, 39). The data
set(s) that cannot come from experiment and is (are)
incorrectly recorded, is (are) [JEE 2009]

26. A ray OP of monochromatic light is incident on the

27. The focal length of a thin biconvex lens is 20 cm.

28. A biconvex lens of focal length 15 ¢m is in front of a

(B) (48, 48)
(D) (78, 39)

(A) (42, 50)
(C) (606, 38)

face AB of prism ABCD near vertex B at an mcideng
angle of 60° (see figure). 11 the refractive index ol the

material of the prism is \ﬁ , which of the following ig
(arc) correct? '
(A) The ray gets totally internally reflected at face CD
(B) 'The ray comes out through face AD
(C) The angle between the incident ray and the
emergent ray is 907
(D) The angle betweer the incident ray and the
[JEE 2010]

emergent ray is 120°

oA

When an object is moved from a distance of 25 cm in
front of it to 50 cm the magnification of its image

. . oM. . :
changes from m, to m_, The ratio —2L s |JEX 2610]

M,

plane mirror. The distance between the lens and the
mirror is 10 cm. A small object is kept at a distance of
30 em from the lens. The final image is:  [JEE 2010]
(A) virtual and at a distance of 16 em from the mirror
(B) real and at a distance of 16 em from the mirror

(C) virtual and at a distance of 20 em from the mirror
(D) real and at a distance of 20 em from the mirror

29. A large glass slab (yo = 5/3) of thickness 8 cm is placed
over a point source of light on a plane surface. It is
seen that light emerges out of the top surface of the
slab from a circular area of radius R em. What is the
value of R? [JEE 2010]

30. Image of an object approaching a convex mirtor of
radiug of curvature 200 m along its optical axis i$

25 5
observed to move from -—%-rm to 7_/— m in 30 seconds.




shown. Consider oil 1o act as

What is the speed of the object in km per hours?
[JEE 2010]

Two transparent media of refractive indices 71, and

{t, have a solid lens shaped transparent material of

refractive index ju, between them as shown in figure
in Column - {I. A ray traversing these media is also
shown in the figure. In Column [ different relationships
between yu,, j, and g1, are given. Match them to the ray
diagrams shown in Column 11 [JEE 2010]

Column [ Column [

(A) It < i (P)

s / i
(B) g1, > g, Q)

i iy 14
C) =, (R) Sw—

\“‘x .

ol s 14
(D) 1, = 1, (S)

a

4

— ) atank is

Water (with refractive index = Sem

deep. Oil of refractive index | lics on water making a

convex surface of radius of curvature # = 6 ¢cm as
a thin lens. An object 5

is placed 24 ¢cm above water surface. The location of
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its image is at “x” em above the bottom of the tank. then
s [JECKE 2011

R=6cm

A bi-convex lens is formed with two thin plano-convex
lenses as shown in the figure. Refractive index n of
the first lens is 1.5 and that of the second lens is 1.2,
Both the curved surfaces are of the same radius of
curvature R = 4 em. For this bi-convex lens, for an
object distance of 40 em, the image distance will be

[JEE 2012]

R =14 cm

(A) —280.0 ¢cm
(C) 21.5¢cm

(B) 40.0 ¢cm
(D) 133 cm

Paragraph for Question Neos. 34 to 35

Most materials have the refractive index, # = 1. So. when a
light ray from air enters a naturally oceuring material, then

by Snell’s law, . it is understood that the

sinf, n
refracted ray bends towards the normal. But it never
emerges on the same side of the normal as the incident ray.
According to electromagnetism, the refractive index of the
3 . . r (X Y i -
medium is given by the relation, # = |- |= f-'"i\/i}/",- , where
‘)
¢ is the speed of electromagnetic waves in vacuum, v its
spoed in the medium, «_and i, are the relative permittiv-
ity and permeability of the medium respectively. In normal
materials, both ¢ and 41, are positive, implying positive #
for the medium. When both ¢ and /4, are negative, one
must choose the negative root of i, Such negative refractive
index materials can now be artificially prepared and are
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called meta-materials. They exhibit significantly dilferent
optical behaviour, without violating any physical laws.
Since nis negative, it results in a change in the direction of
propagation of the refracted light. However, similar to nor-
mal materials, the frequency ol light remains unchanged
upon refraction even in meta-materials, [JEE 2012)

34, Choose the correct statement.

(A) the speed of light in the meta-material is v = ¢|nl

() The speed of light in the meta-material is v = ﬂ
n

(C) The speed of light in the meta-material is v == ¢.

(D) The wavelength of the Tight in the meta-material

(\,) is given by A, == A lnl, where A, is the

wavelenpth of the light in air,

350 For light mcident from air on a meta=material, the
appropriate ray diagram is

(A) ! (3) \ ;
LN L
Air | Alir i
_____________ N A N
:’ rn,
r s : »
Meta-material Meta-material E
Y : B ‘
(C) \, ! (D) :
LA / 0.
Y A X
\/ ______________ N
Meta-material /1 FSN
) RSN
i R
o) Meta-material ",

36. The image of an object, formed by a plano-convex lens
at a distance of 8 m, behind the lens, is real and is one-
third the size of the object. The wavelength of light

o
inside the lens is = times the wavelength in free space.
The rachus of the curved surface of the lens is
JJICRS 201 3]
(3) 2'm

(12 6m

(A)y Im
(C)y 3m :

bl

- a0 o T RE
37. A ray of light travelling in the dircetion ;(l —i—x/.’»_/’) s

incident on a plane mirror. After reflection, it travels

along the direction ,l’(l — w/3_;') CThe angle of incideng
is: = [JEE 2013
(A) 307 (13) 45°
(C) 60° (D) 75°

38. A right angled prism of refractive index g, is placed]
in a rectangular block of refractive index g, whici§
is surrounded by a medium of refractive index s g
shown in the figure, A ray ol light ‘¢’ enters thd
rectangular bloek at normal incidence. Depending
upon the relationships between g, g, and g, it takeg
one of the four possible paths “ef’. “eg’. ‘e’ or “ei’.

Match the paths in List | with conditions of refractive
indices in List 11 and select the correct answer using
the codes given below the lists: [JEK 2013]
fList d List 11

(Py e >/
(Q) ¢e— 2
Ry e = h

Vop, > 3 u,

Zoge, = and g,
Jopu=0

(5) ¢ —i o< < \/°/17 and g, > 1,
Codes:

(Ay 2 3 I 4

(B) | 2 4 3
<)y 4 1 2 g
D)y 2 3 4 |

39. A point source S'is placed at the bottom of a transparent]
block of height 10 mm and refractive index 2.72. 1t is
immersed in a lower refractive index liquid as shown
in the figure. 1t is found that the light emerging (rom
the block to the liquid forms a circular bright spot
of diameter ['1.54 mm on the top of the block. The
refractive index of the ligquid is [JIEE 2014]

= Liquid

-Block
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‘ :

P e——————

(A) 1.21 (13) 1.30 Code:
(C) 1.36 (D) 42 (A) P-1, Q-2 R-3, 8-4
(B) P-2, Q-4, R-3, $-1
40. Four combinations of two thin Jenses are given in List (C) P-4, 01, R-2, 8.3
I.The radius of curvature of a|| curved surface is 7 and (D) P-2,Q-1, R-3, 84

the refractive index of all the lenses is 1.5, Match lens
combinations in List | with their focal length in List 4y, A transparent thin film of uniform thickness and

[I'and select the correct answer using the code given refractive index m==ld s coated on the convex
below the lists, [HEE 2014 spherical surface of radius 2 at one end ofa long solid
glass cylinder of refiactive index n, = 1.5, as shown
List ! List I in the figure, Rays of light parallel (0 the axis of the
P . cylinder traversing through the fim from air to glass
! L2 get focused at distance £, from the film, while rays of
light traversing from glass to air get focused at distance
\ A, trom the film. Then R 2014
0. m 2.ow/2
Al
R. 3o |
(A) |/i]=3R (B) |/]|=238r
] (C) |f]=2r (D) |/ l=1.48
%GK . Al 1]

ANSWER KEYS

Exercises
JEE Main

iI. B 2. C 3. A 4. D 5 A 6. C 7. A 8. B 9, A 10. B
1. B 12. B 13. C i4, A 15, C 16. D 17. B 18. A 19. B 20, A
;2!. B 22. B 23. D 24, A 25. A 26. C 27. D 28. D 29, B 30. D
l3]. 13 32. C 33 C 34, B 35. A 36. A 37. C 38. A 39. A 40. C
i. ¢ 42. D 43. C 4. 3 45, D 46. B 47, ¢ 48. C 49, A 50. D
. A 52. A 53. A 54. D 55. D 56. C 57. A 58. A 59. 13 60. B
. B 62. C 063. D 64. D 65, ¢ 66. B 67. A 68. B 69. 13 70, C
M. D 72, D 73. D T4, A

EE Advanced

I. B 2. C 3. C 4. C 5 B 6. 13 7. 13 3. B 9, A 19, C
i.D 12, A 13. C 14. B 15 13, C 16. B, D i7. C 18. B 19, 13 20, D
I. A 22, A 23. B3 24. B 25, C 26, ¢ 27. 13 28. C 29, B 30. B
I. C 32. A 33. A 34 A B 35, B,C 36, B.D 37. A 38. A 30, R 40, D
l. C 42. 3 43, A 44 D 45. A 46, A 47, A 48, A 49, A 50, B
. A C 52 C 53. B, C, D54, B.C, D55 13 56. C 57, C A8, A 590, A a0,




1.108 Physics Module-3

6. A 62. B 63. C 64. C 65. B 66, 67. A, D 68, A 69. A, C

70. B, C D 7t C 72, C 73. A 74. D 75. A 76. C 7. B 78. B
79. A.B 806. A,C  8i. D 82. A,B 83 AB 8B4 A 85. C 86. I3 87. B 88. A
89. B 90. A 91. D 92. D 93. D 924. A 95. C 96. A 97. B 98. B
99. C  100. A 101. B 102. A 103. B 104. A 105. B, 1D 106. A,C 167. A, C

108. B.C, D 109, ¢ ° 110, B, D 111 A, B C 112. A.D 113. A 1i4. D 1i5. A
i16. A 117. 3 8. B,C 119, A, B,C 120. (i) B,D; (ihA,B,C,D; (i) A,B, D (iv) D

JEE Advanced

Lewvel 1

0 > F D g e .-
17, (0 txr=- v nn g € Real, 2/, infinity: rcal 2/ /
Movement  Movement
of Object of image =
18. (a) 40 cm/s opposite to the velocity object., (b) 20 ecm/s opposite along the velocity of object.

b —m’ cos* Y2 EN/T D L .
34, w 35, h=1 36. \/— 37, 90° 38, 37°, This deviation is not mimimum.

smf/ 4
, (3 . 30 . 43 8
39. 0 =060° 46. 38° =0 = 2sin ‘[7-]—60“ 41, (i) 1.5°% (if) — 42, 457 43, i - 44,

4 8 5 542

45, (i) sin ‘\/ ul’;-fnI )l (i) r, =sin'(n sind5°%) = 72.94°
46. (i) N\, =000 nm, n= 1.5, (1) i=sin"{0.75) =48.59°

47.
48,
49,
50,

2

&7

60.
62.

64,

. 1207 anticlockwise and 240 clockwise. 2. 30° clockwise 3. 607 4, 407

. Mircor should be placed on the path of the rays at an 2 of 787 or 127 to the horizontal.

. Position of image = (1 cos 60°%, —1 sin 607), Velocily of image = | cos 60°7 4 1 sin (w()ol;'m/s

L(400,0) 8 123 m 0 90 160 em:; 320 em 10, 75 em 1L 1000 m/s 12, infinttely large. 13, 1.95m
. (1) Real object, Virtual image, (ii) smaller, larger 15, Virtual object, Real image  16. larger, smaller

.00 em 20, 2em 20 80 m/s 22, J/20 23, 42 cm 24, ; “<107%s 25, 30em 26, 25 ¢cm

21, 35 em, Shilt() = 5 em. 28, 457 29, o> S]"_J' 30. sin '[v] 31, 42 cm 32, sin I J ] 33. 3

2. A4/3 0 83, 5cem 54, 75 em, 150 em 5. 24 em, 126 cm 56, Converging

=

)

h

240 e¢m away from the separating surlace
(a) 2, (b) not possible. it will focus close 1o the centre il the refractive index is large
40 cm Trom pole i the medium of refractive index [, virtual, erect and 4 ¢m in size.

50 cm 51, 27/2 = 13.5 cm below the surface of water

1R 1R :
) — by T 85 20em, 1w, 4, 240m 59, 15 em
2ty = = 2y =it — 1ty
1.67 ecm from the lens6 1. At the object itself, of the same size
100, Optical power ol each lens = 5D 63. 10 ¢m for convex lens and 60 cm from concave lens.

20 , , y
— D= 67D 65 15em 66, 11 cm 7. —PL (5/. 2d)
3 (¢—=p)
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69, (7r/4) em® 70, 3em 7L 75/4cm, 752 em 72 (1) 0.2 m, (i) 0.4m 73, 15
74 () US =02°(b) 0.72° 75, 7.2°

Level Il

. 2 . o . 7 — .
2. (a) 21 m/s, (b) | = 107 /sec 4. tan ' === with the principal axis, -Z cm/s 8. 6\[2() cm 6. 10 feet

J3

§. pr=23,sin'(1/3) - 9. 15 cm towards the combination 10, --00, -+4/5

I
1. (a) tan () = Lh~ =cot/ (b) y=£~ . (¢) 4.0, 1 (d) Tt will become parallel to x-uxis
I lx ’ 4

13 U
3. 1= E—,A = 2% 14, (1) 27, (i1) —()TE mm 15, 1.5 or(\/g——l) 16. 8/5 cm/s

GBf —2d)fd

| 18 10cm, 10,2 19. 59cm, 10.9cm 20, /= 0.4 m, scparation == 0.6 m
dfd—2d" — 1

17. =

21, =90 cm 21, 90 cm from the lens towards right
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ELECTROMAGNETIC SPECTRUM

Electromagnetic Spectrum

T T T T

Radio Micro Infrared ROYGBIV Ultra violet X-Rays
waves  waves rays  visibile light rays r-rays

ALF
Figure 2.7

Visible light is the part of electromagnetic spectrum that is
visible to us.
Light is studied under two sections.
I. Geometrical optics (I the dimensions of body are
larger as compared to the wavelength of light)
2. Wave optics (I the dimensions o body are comparable
to the wavelength of light)

WAVEFRONT

* Wavelront is a locus of particles having the same phase.
* Divection of propagation of wave is perpendicular to
wavelront,
o Livery particle of a wavelront acts as a new source and s
known as secondary wavelet,
The shape of wavelronts varies from source o source.
Point source -— Spherical wavelronts
Distant parallel rays — Planar wavefronts

Line source - Cylindrical wavelronts

Coherent Source

Il the phase difference due to two sources at a particular

point remaing constant with time, then the two sources are
considered as coherent source.

CHAPTER

—+ Planar
1 —wave fronts

" spherical j/
wave fronts L~

(b) For parallel rays

(a) IFor point source

(
1

Line source

‘\, Cylindrical

wave front

\.
I

( _
\

(c) For line source

Figure 2.2

Note

Sources lying on the same wavefront are coherent in
nature because their phase difference = 0.

¥ = A sin(wt k) 1((,‘0]131‘0111 sources) Phase

vy = A, sin(wt - kr)l difference = 0 (constant)

vy = A sin(wr 4-kx - 30%) | (Coherent sources) Phase

Vo = Ay sin(wr + k- 60| difference = 30 (constant)

PRINCIPLE OF SUPERPQSITION

When two or more waves simultancously pass through a

point, the disturbance at the point is given by the sum of

the disturbances each wave would produce inabsence of the
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other wave(s). In case of wave on string disturbance means
displacement; in case of sound wave it means pressure
change; in case of clectromagnetic wave (EMW) it is electric
field or magnetic field. Superposition of two light rays
travelling in almost same direction results in modification
in the distribution of intensity of light in the region of
superposition. This phenomenon is called initerference,

superposition of Twe Sinusoidal Wav

Consider superposition of two sinusoidal waves (having
same frequency), at a pacticular point.

Let N () =a, sinwi

and, N0 = a, sin(wr -+ &)

= A sin(wl e (.J’,(').

SUTHN A L 2 ) AS 7y 10
where A= a4 a) + 2aacos @ 2.1
(Refer topic: combination of SHM)

, , Sineh o
and tan g, = = (2.2)

d, - a, cos e

LWED EXAMPLES

EXAMPLE

[T, == 3 sin wiand i, = 4 cos wi, then find 7, which is given
by i, =i +i,

SOLUTION
/ i,
)
=4+,
.y . T
= 3sinwl 4 sin [u)/ | 7))
wor i 4
= f)sm[w/ +tan™' ,;J ]
EHAMPLE

S and S, are two sources of light which produce individually
disturbance at a point P given by L= 3sinwtand 7, = 4

cos wi. Assuming £ and ) to be along the same line,
find the result of their superposition.

SOLUTION
The two waves coming from (wo sources S, and S, are:

5= 3sinwft

! [Amplitude, A4, = 3]

£, = 4Sill[wH- :] [Amplitude, A, = 4]

I'he phase difference ‘¢ between the above two equations is —
<)

The resultant of super position of two sinusoidal waves:

A, =4+
By =3 4 47 +2-3-4-(0)

5 _ &
/44“ =4

AV 244, cosp

We can also caleulate the angle made by the resultan
wave from one of the waves (Let us say L)

) E
tan o == —
3
a=tan |-
3
Resultant equation f£ = F, sin(wi -+ )

. '4‘
= Ssin|wr - tan ! [?J IS

INTERFERENCE

Inteckerence implies superposition of waves, Whenever two
or more waves superimpose each other, they give sum of
their individual displacement.

Let the two waves coming from sources S, and S, be

poe= A

Y= A, sin{wr + kx)
v, = A, sin(wl -+ kx,), respectively
Due to superposition

Vi =0, + 0,

=1

P = Ay sinfor -+ ke - A, sinwr o k)

Phase difference between v, and v, = k(x, — X))

1e.. A= [ ('_,\‘2 - _,\fi‘)
2
As ap =2 Ax
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(where Ax = path difference and Ag = phase difterence) [,=0
/'nul = \{Alz 7" /'; '\’ rlfil "11 COS (.,f7 AIIL“! = /Ii - A"
Generally,
/"1"]":' = /’1{' W+ r’l‘{ =+ ?‘AI /’11 CoS /ml - ll 41, o+ ?"Jll[l COs
f =1 =1, + Zflllz cost) (as 1 p A% r A
When the two displacements are in phase, then the [, =20+2cosp
pesultant amplitude will be the sum of the two amplitudes
i q as conslructive VAN
and /., will be maximum. This is known as constructive [ =200 cos ) = dlcos’ ;’
nterference. )
For /o be maximum, . / -
, I, +4L)
cos ¢ == | Ratioof /| and [ = —7\\/ T . 7 =

")

& = 2nm,
where n =10, 1,2,3,4,5, ...}

2

SOLVED EXAMPLES
Ax 4

AX == A

- T s EXAMPLE 3
For constructive interference,
IF two light waves, having same frequency and travelling

----- 2 -~ g . : )
I, = ( /+ /,)) in the same direction, have the intensity ratio 4:1 and they
nel = . B —a x = b B . .
interfere. Find the ratio of maximum to minimum intensity.
When l=1=1 I
" SOLUTIORN
4
net (r/
[ s
An;l - AI e A? —! SHIX, — _,—_.i + _I;’-
When superposing waves are in opposite phase, then - \/lw )
the resultant amplitude is the difference of two amplitudes 3
and /| will be minimum. This is known as destructive _/1 1
interference. i
For/  to be minimum, - / o
L
cos A= —1 N/,
= 9zl ]

Ap = (2n -+ 1),

where n = ,’_(L 1,2,3.4,5....} ENAMPLE 4
2 A . | Find the maximum intensity in case of interference of
s A e e : g .. . L . N .
Y e identical waves each of intensity £ if the interfercnee 1s
,\ E i

(a) coherent and (b) incoherent.

Ax = (i’.n = 1) %

SCLLFTICN

For destructive terference, The resultant intensity is given by

- -y 3 I A S - y

i ::<\//|"J11> [=1+1 “Jlllz('os‘r’
' (2) The sources are said {0 be coherent 1l they have constant
phase difference between them. Then intensity will be
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maximum when ¢ == 2n7r; the sources are in same phase.

I:I:-z\' =2 [I -7‘7 l7 s ?\/ITI;

= (I L)

Similarly, for o identical waves,

Ly =To s |)

)
=Nl

Thus,

(b) The incoherent sources have phase difference that
varies randomly with time.

|cos ) =10

Aoy

Thus,
Hence,
Hence For o identical waves,

[ = 1,41, = nl, m

YOUNG'S Df

=5

L SH'I]" EXPERIMENT (YDSE)
n 1802, Thomas Young devised a method to produce a
stationary interference pattern. This was based on division
of a single wavelront into (wo; these two wavefronts acted
as it they emitted from two sources having a fixed phase
relationship. Henee, when they were allowed to interfere,
stationary interference pattern was observed.

Max

Max

Central max
Max

Max

C

Figure 2.3

Young's arrangement to produce stationary interference
pattern by division of wavefront S, into S and S,

In Young's interference experiment, light diffracted
from pinhole S, encounters pinholes S, and §, in screen B.
Light diffracted from these two pinholes overlaps in the
region between sereen B and viewing screen C, producing
an interference pattern on sereen C.

The geometry of experiment is gimple. Parallel
wavelronts of @ monochromatic wave are incident on two
identical narrow slits, each of width is separated by a
distance . The slit widths and their separation are of the
order of the wavelength ol the incident monochromatic
light. Monochromatic light alter passing through two

slits S, and S, acts as coherent sources of light waves the
infetfere constructively and destructively at different POt
on the sercen (o produce an interference pattern

Incident
wave

|

Bright fringe
(constructive
interference)
central maxima

Dark fringe
(Destructive
Interference)

Bright fringe
(constructive
Interference)

Figure 2.5
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Anaﬂysis of Interference Patiern Further, if ¢ is small, i.e., y << D,

o have ascertained from the above arrangement that the

Jight wave passing through S, is in phase with that passing §in @ ~ tan @ = -
(hrough §,. However, the wave reaching P [rom S, may not D
pe in phase with the wave reaching P from S|, because the

atter must travel a longer path to reach P than the former.  and hence path difference = ﬁ (3)
e have already discussed the phase difference arising due D

o path difference. If'the path difference is equal to zero or is A B

an integral multiple of wavelengths, the arriving waves are or maxima (constructive interfercnce)

oxactly in phase and undergo constructive interference. If dev

(he path difference is an odd multiple of half a wavelength, Dpz=——r= = 1A

(he arriving waves are out of phase and undergo fully

destructive interference. Thus, it is the path difference Ax, I\D

which determines the intensity at a point /. e e DR
| n=0, 1,3, 3 (4

Here, i1 = 0 corresponds to the central maxima,

= +1 corresponds to the first maxima,

n = 2 corresponds to the second maxima and so on.

e
| ROIeen For minima (destructive interference)
Figure 2.6
h A 3N 5 S
Path difference A= :l-_; 2 o o o

Dp=S,P—58,P

(mfu%Juﬂ@&m

7 P 3 2
= bwfq4/f—vﬁ—d]+03 p B em A
2 2 (3/7—|—'|>j)-, n=—l,=2:=3 0

| =
Approximation |

: . . : ‘onsequently,
For 1 >= d, we can approximate rays and, as being Congequently

approximately parallel, at an angle ¢/ to the principle axis.

Now, S\P—=SP= S, "
= \D (o)
=58, sin ¢ (3” o 1)_;,,,,’ = —1,—2=3,...
. . 2d
= Path difference = d sin f/ ()
Here, n = -1 corresponds to the first minima,
Approximation I 7 = 42 corresponds to second minima and so on.

Fringe Width

S It is the distance between (wo maxima of successive order
- on one side of the central maxima, This is also equal to

/'r/l distance between two successive minima.
A
L . AD
Fringe width /3 = ——
(
Figure 2.7
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Djm—tg—
i g
1l minima D, —— 3
B, First maxima
S, 4+- | minima _—
| B, Central maxima
S, -+ D, —t+—
B, AT
D= A
BZ
D, —1
B

Figure 2.8 Fringe pattern in YDSE

Note that it is directly proportional to wavelength and
inversely proportional to the distance between the two slits.
As vertical distance y is related to 0 by

6=2
D
) AO = éy— ,
D
which is referred as angular fringe width.
BOW = —16_ = A
D d
SOLVED EXAMPLES

EXAMPLES

In a YDSE performed with wavelength A = 5890A, the
angular fringe width is 0.40°. What is the angular fringe
width if the entire set-up is immersed in water?

SOLUTION

Angular fringe width is given by

A
ﬂg = _d
So, =,

.-‘j’“"""' — MNmer
'} =

I ]':.ll 4 Ay
| -J: MET \

Thu S } gvalcr _

waler

= 0.40°x 3
4

=0.30° ]

EXAMPLE 6

A beam of light consisting of two wavelengths, 6500A anl
52004, is used to obtain interference fringes in a Young
double slit experiment. What is the least distance from s
central maximum where the bright fringes due to both (I
wavelengths coincide? The distance between the slits
2 mm and the distance between the plane of slits and tl
screen is 120 cm.

SOLUTION
The position of n* bright fringe on the screen is

AD
yrr = d

Let the n' bright fringe of 6500A and the n* brig
fringe of 5200A coincide; then

mx6500x D nx5200x D
- d d
m 5200
n o 6500
4
5

Thus, the minimum values of m and #» are 4 and
respectively.

_ 4x6500x120
B 0.2

=0.156 cm

Hence, y

= 1.56 mm




ExAMPLE 7

[.1 ZYDSE, D= 1 myd =1 mmand A =1/2 mm.

o Find the distance between the first and the central

maxima on the screen,

) Find the number of maxima and minima obtained on
the screen.

® D = d
AP = dsint

Clearly, n

d oL e .
3 =2 1s not possible for any value of .
Hence,

Iy
Am= i/; cannot be used.

For the first maxima,

Ap=dsintd =X\

. A
=3 sinf) = —=—
i
= 0 =30°

i : I
FHence, y=Dtan}=—=m

| i

| 7
. ”

: 4%, D

|

I

h) Maximum path difference
¥

| APH]::'\_ . (Il = ] mm

= Highest order maxima,

Wave Optics 2.7

Total no. of maxima =2n._ 1% =175

I

F(eentral maxima)

Total no. of minima = 2n =4 L |

niin

EXAMPLE 8

Monochromatic light of wavelength 5000A is used in
YDSE. with the slit width ¢ = 1 mm, distance between
screen and slits D = 1 m. If intensities at the two slits are
[, =4l and /, = [ find:

(a) Fringe width /5,
(b) Distance of the 5™ minima from the central maxima on
the screen,

‘ . I
(¢) Intensity at p = :S mm,

(d) Distance of the 1000™ maxima,
(e) Distance of the 5000™ maxima.

SOLUTION
() . AD
{ f) = ——
I d
5000 107" = |
B 107
=0.5 mm
AD
p=(2n—1)—
(b) y=_(2n ”2!’
n=>
e r=225mm
|
{c) Al y=—mm,
3
y<<b
Hencee. Ap = &
D
o
A=
A
[y
Ap =27 .
AD
A
3

Now resultant intensity

=11, + “ﬁil cos Ao
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=41, 4 I, + 2,41 cos A¢

=351, cos4—7r
=3I,
d 107
d — =
@ A 0.5%x10°°
= 2000

JN= 1000 is not << 2000
Hence, Ap = d sin 0 must be used.

| Hence, dsin 0 = n)\
' = 1000\.
I;I
! = sinf = 10002—
' 1
| 2

0 =30°

y:DtanH:Lm

NE)

(e) Highest order maxima

i
P = | —
max )\

= 2000
] Hence, n = 5000 is not possible. (]

| EXAMPLE 9

A beam of light consisting of wavelengths, 6000A and
4500A, is used in YDSE with D = Im and d = 1 mm. Find
the least distance from the central maxima, where bright
fringes due to the two wavelengths coincide.

SOLUTION

AD
1 = _d
_6000x107" x 1
10°°

= 0.6 mm

s e—

=0.45 mm

Let n, " maxima of A, and »," maxima of A, coj
at a position y.
Then, y =n P =nP,=LCM of 3, and g3,

=y =LCM of 0.6 cm and 0.45 mm
y=18mm

At this point, the 3% maxima for 6000A and {}
maxima for 4500A coincide.

GEOMETRICAL PATH AND OPTICAL PAT]

Actual distance travelled by light in a medium is ¢
geometrical path (Ax). Consider a light wave given by
equation

E=E sin (wf — kx + ¢)

If the light travels by Ax, its phase changd

kAx = ﬂAx » where w, the frequency of light doe
v

depend on the medium, but v, the speed of light depeng

) c
the medium as v = —

I
Consequently, change in phase,
A¢p=kAx
w
=—(pAx)
(&

It is clear that a wave travelling a distance Ay
medium of refractive index . suffers the same phase ch
when it travels a distance xAx in vacuum, i.e., a path le
of Ax in medium of refractive index p is equivalent
path length of pAx in vacuum.

The quantity ;/Ax is called the optical path le
of light, Axop[. And in terms of optical path length, pi
difference would be given by

Ap =Y Ax

opt
C

% Axom .

where A\ = wavelength of light in vacuum.




wE
Howevet, in terms of the geometrical path length Ax,

A== (ux)

2

A @

here A = wavelength of light in the medium [)\ = ﬁ] )
' Iz
pisplacement of Fringe

On introduction of a glass slab in the path of the light
goming out of the slits

i On introduction of the thin glass slab of thickness
¢ and refractive index m, the optical path of the ray S P
increases by (i — 1). Now the path difference between
gwaves coming form S, and S, at any point P is

I Ap =8P —(SP+t(u—1))

= (5P = S,P) —t(n — 1)

= Ap=dsing—t(u—1)ifd << D
yd .
nd Ap:E—t(u—l) ify << Das well
7|P
/"_-//'I
,/;‘/ //
A P 4o
S, /// (Cent.ral bright

/ fringe)

1 . e

S
Figure 2.9
For central bright fringe,
Ap=0
vd
—=t{u—1
5 = ile-1)
y =00’
D
= -t —
(1) 7

Wave Optics 2.9

= (u~ 1):?

The whole fringe pattern gets shifted by the same
distance

D
A—(,U,—l)t;
(-1
= (4 l)rA

Note that this shift is in the direction of the slit before
which the glass slab is placed. It happens so because 8§,
compensates the path difference (arised due to optical path
length covered by 8)) by covering more geometrical path
length. If the glass slab is placed before the upper slit, the
fringe pattern gets shifted upwards and if the glass slab is

placed before the lower slit the fringe pattern gets shifted
downwards.

SOLVED EXAMPLES

EXAMPLE 10

InaYDSE withd =1 mmand D = 1 m, slabs of (r =1 um,
po=3)and (r = 0.5 ym, p = 2) are introduced in front

of upper and lower slits, respectively. Find the shift in the
fringe pattern.

SOLUTION
Optical path for light coming from upper slit S, is
SP+1pum(2-1) =8,P+05m
Similarly, optical path for light coming from S, is
SP+05um2-1)= S,P+0.5 um
Path difference:

Ap = (S,P 4 0.5 um) — (8P + 2pm)
=(S,P - SP)~ 1.5 um

= y—d—l.Smm
D

For central bright fringe Ap = 0
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1.5 pm
= eCl Ll <Im=1.5mm,
' mm

Il
<

The whole pattern ig shifted by 1.5 mm upwards.

EXAMPLE 11

Interference fringes were produced by the Young's double
slit method; the wavelength of light used being 6000A.
The separation between the two slits is 2 mm. The distance
between the slits and screen is 10 em. When a transparent
plate of thickness 0.5 mm is placed over one of the slits,
the fringe pattern is displaced by 5 mm. Find the refractive
index of the material of the plate.

SOLUTION

Here, o =2 em =2 = [0 m,

D= 10cm=0.10m,
(=05 mm=0.35 = 10"m,
Ax=5mm =25 = [0*m,
A=06x10"m
As Figuss 4—(//,7 I)I,
d

i‘”.d
Dxt

Sx 107w w107
T 0.010%05%107

=2

or po=1+02

= 1.2 |

EXAMPLE 12

Ina YDSE light of wavelength \ = 5000A is used. which
emerges in phase from two slits a distance o/ = 3« [0 Tapart.
A transparent sheet of thickness 1 = 1.5 3 10-7 m, refractive
index i == [.17, is placed over one of the slits. Where do the
central maxima of the interference now appear?

SOLUTION

The path difference introduced due to introduction of
transparent sheet is given by

Ax= (p = 1)1,

e—a—

/J?d sin ¢

[F'the central maxima occupy position ofthe " [ringe,

then (o= D)t =n\
= sin ¢
sinf) = (-‘“ IJ!
d
(117=1)x1.5%1077
DT T
= (1L.085
Hlence, the angular position of the central maxima is
) =sin ' (0.085) = 4.88°
For small angles,
sint > 2 tan ()
As tant! = i,
D

l - (//7 |>/
D o

Shift of central maxima is

This formula can be used if 2 is given. ||

YDSE WITH OBLIQUE INCIDENCE

InYDSE, ray is incident on the slit at an inclination of 0,10
the axis of symmelry of the experimental set-up for points
above the central point on the screen (say for P).

Ap=dsin 0 - (S,P, SP)



Ap=dsin, +dsint (Ifd << D)

For point O, Ap = d sin 0 (because $,0=8,0)
and Tor points below € on the sereen {say for P,)
07| B
Figure 2,10
Ap = |(dsinf + S,P) - S,
= |(dsin 6, — (8,2, - S,P,)|
= Ap=|dsin 0, — dsin | (it d << D)
We obtain central maxima at a point where Ap = ()
(dsint —dsind,) =0
or 0, =10,

This corresponds to the point O in Fig. 2. 10).
Hence. we have finally for path difference,
d (sind), ++sinf)) — for points above O
Ap = 1d (sint), —sin®) — for points between O and O’

d (sint, — sinf)) — for points below '

SOLVED EXAMPLE

EXAMPLE 13

I YDSE with D = 1 m, ¢ = | mm, light of wavelength

300 nm is incident at an angle of 0.57° w.rt the axis of

symmetry of the experimental set-up. If centre of symmetry

ol screen is O as shown, find:

(a) the position of central maxima,

(1) the intensity at point O in terms of intensity of central
maxima / ,

— - I

Wave Optics 2.1
(¢) the number of maxima lying between O and the central
maxima.
9. o P
-
l o)
SOLUTION
(a) =0 =057
= y=-—Dtan ()
=Dt = — mx [QW ru(‘lJ
57
=» y=—lcm

(b) Forpoint O, ) =0

Hence, Ap =dsin ),
dd, =T mm x (1072 rad)
= 10,000 nm
= 20 = (500 nm)

Ap =20\
Hence, point O corresponds to the 20™ maxima.
= Intensity at O =/,

(¢) 19 maxima lic between central maxima and O,
excluding maxima at O and central maxima. |

SHAPE OF INTERFERENCE PATTERN

1. Shape of the pattern when the interference takes place
due to waves produced by two slits.

e dark fringe |
= e /“_' Piigkinroe
\ ‘ e cnirad i
Sl v of olils B fripages.

Figure 2,11
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2. Shape of the pattern when the interfercnee takes place
due to waves produced by two point sources (where the
line of sources s perpendicular to the screen).

_/7 === dark fringe
g / ' = pright fringe
B g =
S d=n\g central maxima
) 4\\\ I.\/ 8
Point sources 4
Screen —
Concentric Circular
fringes

Figure 2.12
3. Shape of the pattern when the interference takes place
due to waves produced by two point sources (where the
line of sources is parallel to the screen).

]
bright fringe I

dark fringe *+——

@ L central
10} - L
O -8, maxima
2
o —é
D W 3
k= ~8, \
&) 2 LA
.
Screen L —I

Hyperbolic fringes

Figure 2,13

YISE WHTH WHITE LIGHT

Central maxima position (where phase difference = 0) is
independent of the wavelength of tight.

White light is used to find out the central maxima
position of YDSE set-up because at this position only, all
the wavelengths show constructive interference, 1.c. why we
get white spot at that position.

However, slightly below or above the position ol

central maxima fringes will be coloured.

VIBGYOR

iy
A

AD
And we know, p="- /.
[t

As we move away from the central maxima, the first
maxima and minima are of violet colour but in the nearby

vegion of the ceniral maxima reddish colour will dominate

beeause in this region intensity of violet colour decreases g
4 laster rate as compared to red colour.

In usual interference pattern with a monochromatie
source, a large number of identical interference fringeg
are obtained and it is usually not possible to determine the
position of central maxima. Interference with white light ig
used to determine the position of central maxima in such
case.

SOLVED EXAMPLES

EXAMPLE 14

White light, with a uniform intensity across the visible
wavelength ranged from 430 to 690 nm, is perpendicularly
incident on a water film, of index of refraction yr = 1.33 and
thickness ¢ = 320 nm, which is suspended in air. At what
wavelength 7 is the light reflected by the film brightest to an
observer?

SOLUTION

This situation is like that of the figure shown, for which
equation written below gives the interference maxima.

leny, o = [ .
Qe = {m + -;)/\ for constructive interference.
Incident & Retflected light
A L &
Air
y L 4 s
n
(‘l L3 - 3 l/
v 4 -
v —
L Iy !
Air
Y v 9

Transmitted light

Solving for A and inserting the given data, we obtain

2pucd

m--1/2

(2)(1.33)(3200m)

12

851nm

m=172
For m = 0. this gives us A = 1700 nm, which is in the
infrarcd region. For m = 1, we find / = 567 nm, which is
yeHow-green light, near the middle of the visible spectrum.



or 11 = s A = 340 nm, which is the ultraviolet region. So
e wavelength, at which the light seen by the observer is
¢ brightest, is

A =567 um. 5

when a light gets reflected from a denser medium,
there is an abrupt phase change of m and no phase
change occurs when reflection takes place from a rarer
medium,

EXAMPLE 15
find the minimum value of x for which maxima is obtained

it .

.

[ 754

¥ =

[ WWWWW

DLUTION

or maxima, Ax = A (because x should be minimum)
iath difference between direct and reflected ray

oy ok
| 2
: N A
lue to reflection, a phase change of 7 or path change of o
kes place) -
| A= N e
2
A
2y =—
2
A
g |
4

CAMPLE 16

id the value of ¢ for which maxima is obtained at P,

N L
A .
&
@Q){)\ T
N

Wave Optics  2.13
SOLUTION
For maxima at 2, Ay = \
Path difference between divect and reflected ray
: A
= d'sectlcos 20 - -+ d sect)
=\
) A
dsect) -+ cos ()= Y
dsecl(2 cos’t) = i
2
A
COS = ——
Al
: A
= H=cos™"' [ ] S
Ad

THEN FILM INTERFERENCE

When light passes the boundary between two transparent
media, some light is reflected at the boundary.

*Some is refracted through the boundary. As shown
in Fig. 2.14, some light is reflected from the first surface
and some from the second surface. IT we consider a
monochromatic incident light, the two reflected waves
are also monochromatic incident light wave via amplitude
division. These waves interfere since they are superposed
along the same normal line.

The phase difference between two waves arises due (0

i. Optical path difference (due to distance travelled)
2. Reflection from a denser medium (the second lactor is
irrelevant {or reflection at rarer medium)

light reflected
frame = surface

Medium 1 1

v

4 Light reflected
from Il surface

Medium 2 4

Figure 2,714

Thiee situations may arise:

I. Neither wave experience a phase change upon
reflection.

(//| > /”3 > /I;>
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r (no phase !
: Change) ‘

1\

w (reflection
from rarer medium) P

(no phase change)

e

Figuie 2,15

24,1

H

Ay =

2. Bolh the waves suffer a phase change upon reflection,

e
A 4
i, phase change ¢
b of 7 o ‘
HZ! \'i

phase change
of &

Figure 2.16
Hy > oy > gy

2,

Ay =—"=1
Hy

In cither of the above cases, the phase change due
to reflection is irrelevant, no difference in phase
result due to reflection. In either of these cases, phase
change is determined solely from path difference.
Condition for construction interference

2,1

A
"

Condition for destructive interference

N |
13 { ;ff],\
: n 2

3. One of the rellected waves experience a phase change
of o radian upon reflection and the other wave does
not.

A
Ax = pt——
B

Due to phase change of 7 (path change of
conditions are reversed.

b | =

), ﬂ]Q

air L

p phase change ]‘,
of = b |

air

= no phase change
(Reflection from rarer mediumy)

Figure 2.77

2ul = n\

(for destructive interference)

il == [/1 -+ L]\

(Tor constructive interference)

SOLVED EXAMPLES

EXAMPLE 17

A glass lens is coated on one side with a thin film of
magnesium fluoride (MgF,) to reduce reflection [rom the
lens surface (figure). The index of refraction of MgF, is
1.38 and that of the glass is 1.50. What is the least coating
(thickness that eliminates (via interference) the reflections at
the middle of the visible spectrum (A == 550 nm)? Assume
that the light is approximately perpendicular to the lens
surface.

SOLUTION

The situation here differs from the figure; in that
n, = n. The reflection at point ¢ still introduces a phase
difference of 7 but now the reflection at point b also does
the same (see the figure) Unwanted reflections from glass
can be suppressed (at a chosen wavelength) by coating the
glass with a thin transparent film o Fmagnesium Huoride ol a
properly chosen thickness which introduces a phase change
of hall a wavelength. For this, the path length difference
2/, within the film must be equal to an odd number of half
wavelengths:
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Air Mg, substituting the values of jrand 7, we get
n,=1.00 n,=133

2x 1.4 l()":

A=
a h
¢ 28107
=y = m
‘ n
lr'l
- & For values of n < 4 or =7, the values of A do not lic
0 2 L in the visible range 4000-7500A. But for values of n = 4,
D ——

5.6, 7, the following wavelengths lic in the visible region:

‘ 281077
/ (a) A=—-

4

¥
L= [/11 —1—;)J,\/n,

=7.0=x107m

\ = 7T000A
An, =
2 1, i
) (b) o 28 % I()i
) I ' " 5
2yl = 5 A
- =506 % 107m
We want the least thickness for the coating, i.c., the ;
smallest L. Thus, we choose m = 0. the smallest value of /. = 5600A
Solving for L and wserting the given data, we obtain a8 24 10
\ (©) A=—r—_
L= O
4n, '
=4.667 < 10 "m
~550nm
(4)(1.38) = 4667A
=: 96.6 nm &) & o 281077
: 7
EXAMPLE 18
=40 % 107 m

hite light may be considered to have \ from 4000A to
!75()()A. I an oil film has thickness 10~ m, deduce the
wavelengths in the visible region for which the reflection
?Iong the normal direction will be (a) weak and (b) strong. The condition for bright fringe or strong reflection is
Take i1 of the oil as 1.40).

= 4000A

) N

(20-1))

| 2//[ e e

WOLUTION 2

"he condition for dark fringe or weak reflection when seen e

hreflected Tight is 27u cos = n\, where n is an integer, or Mea M

| . o - V57 -

| For normal incidence, » = 0 and cos 1 — | (2n+1)

|

o that 2t =n\ substituting the values of o and ¢, we get

; A | 45 ) i

\ 2 N = x_li_L

I = 2n+1
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561077
= s=——s—e )

For values of n < 4 or >06, the values of A do not
lie in the visible range. But for n = 4, 5, 6 the following
wavelengths lic in the visible range:

56107
\ = ——
2547

=6222 % 10 7 m

= 06222A ml

LLOYD'S MIRROR EXPERIMENT

/ Interference

S ]
Area

[

_‘H“ Screen
Figure 2.18

[n this experiment, the light reflected from a long
mirror and the light coming directly from the source without
reflection produce interference on a screen. i.e. source and
image behave as coherent sources.

An important feature of this experiment lies in the
Fact that when the screen is placed in contact with the end
of the mirror, the edge of the reflecting surface comes at
the centre of dark fringe instead of a bright fringe. The
direct beam does not suffer any phase change; this means
that the reflected beam undergoes a phase change of =
radian.

Hence, at any point £ on the screen the condition for
minima and maxima is

S,P =8 P = nA[For minima]

S,P =8P = [n 4 /3\']’\ [For maxima]

SOLVED EXAMPLE

FEAAMPLE 19

n Lloyds interference experiment, 10 fringes oceupy i
space ol 1.5 mm. The distance between the source and the

sereen is 1.25 m. 1€ light of wavelength 6000A is used, fing
the distance of the source from the plane minor.

SOLUTION
[.5
Here, 4 =-—"mm
[0
=0.15% [0 m
D=1.25m,
A = 6000A
=6 107"m
e g DA
d
D,
4D
8]

[.25%61077

0.15%10"
=50 = 10 ~'m

= 5.0 mm

Hence, distance of source from the plane mirror

d 8
== 2.5 min, |

FRESENEL'S BIPRISIVI

Figure 2.19

Figure 2.19 shows the Fresnels biprism experiment
schematically. The thin prism P refracts light from the slit
source S into two beams AC and Bl When a screen MN

th
gl

firf

4

JL




is pluccd as shown in the figure, the interference fringes
are observed only in the region BC. If the screen MN is
removed, the two beams will overlap over the whole region
AL,

[[ 4 is the angle of refraction of thin prism and y¢ is the
refractive index of its medium, then the angle of deviation
pl-oduccd by the prism is

be=Alp — 1)

[/, is the distance between the source and the prism,
then the separation between virtual sources 1$

d=20

D o
[ = 24— 1){,

(£, is the distance between the prism and the screen,
then the distance between virtual sources and the screen is
given by

D=1+

Thus, by using the result of young’s experiment, the
fringe width is given by

. AD
//-) = -
d
R - AL 1)
h / 201,
= l + ,/Z
' 20 /,

Fringes observed in the Fresnel's biprism experiment
are vertical straight lines.

SOLVED EXAMPLES

EXAMPLE 20

Ina biprism experiment, the slit is illuminated with light
of wavelength 4800A. The distance between the slit and
biprism is 20 cm and that between biprism and eyepiece is
80 c¢m. I two virtual sources are 0.3 em apart, determine

the distance between the 5" bright band on one side of

the central bright band and the 4% dark bank on the other
Side,

Wave Optics  2.17

SOLUTION

Here, A=4.8 = 10 ' m,
d=03»10 2m,
=20 - 80

= 100 cm

= 1m

Distance of 5" bright from the central bright band is

e =85 Ad

L all
' o

EXAMPLE 21

In a biprism experiment, fringe width is measured as
0.4 mm. When the eyepicee is moved away from the biprism
through 30 cm, the fringe width increases by 50%. If the
two virtual sources are 0.6 mm apart, find the wavelength
ol light used.

SOLUTION
Here, /-J‘I = (0.4 mm
=04 %10 *m
3 50
i, =i
100
/;l = |,5’/)}|
D, =D +30cm
= Dl + 0.3 m,
= 0.6 mm
=0.6 2 107m
DA
As 7=
d
. DA
and J3 == e
o
5D,
B, D,
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5 D, HUYGENS’ PRINCIPLE
or — =1
156 D+0 The following are the various postulates of Huyy
principle:
gLt D, =06m 1. Each source of light is a centre of disturbance f;
.. Wavelength of light used, which waves spread in all directions. All partic
equidistant from the source and vibrating in g
A= M phase lie on the surface known as wavefront.
D, 2. Wave propagates perpendicular to wavefront.
3. Each ray takes same time to reach from one wave |y,
_ 04x107 x0.6x 107 to another wavefront.
) 0.6 4. Every point on a wavefront is a source of p
4% 1077 disturbance which produces secondary wavelg
- m These wavelets are spherical and travel with the spg
— 4000A - of light in all directions in that medium,
o ' 5. Only forward envelope enclosing the tangents

EXAMPLE 22

Interference fringes are produced by a Fresnel’s biprism
in the focal plane of reading microscope which is 100 cm
from the slit. A lens interposed between the biprism and the
microscope gives two images of the slit in two positions.
If the images of the slits are 4.05 mm apart in one case,
2.90 mm in the other and the wavelength of light used is
5893A, find the distance between two consecutive bands.

SOLUTION

Here, dl =4.05 mm = 0.405 cm,

d, =2.09 mm = 0.209 cm

Distance between the two coherent sources will be

d =./dd, (Displacement method)

— \ftl_4(g><_02_09 cm
=0.2909 ¢cm

Also D =100 cm,

A=15893 x 10~% cm
", Fringe width,
DA
=7

1005893 x10°*
0.2909

= 0.0203 cm.

travels in the forward direction.

Ray
\_ B .
Figure 2.20
SOLVED EXAMPLE
EXAMPLE 23

For the given ray diagram, draw the wavefront.

the secondary wavelets at any instant gives the :1:1
position of wavefront,

There is no backward flow of energy when a waq
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(OLUTION

-~ will behave
' g = as point

. source
< />,
o

“ Spherical

planar wavefront Wavefront g

REFLECTION AND REFRACTION
we can use a modified form of Huygens™ construction (o
ynderstand reflection and refraction of light. Figure 2.21(a)
shows an incident wavefront which makes an angle 7 with
the surface separating two media, for example, airand water.
The phase speeds in the two media are v, and v,. We can
see that when point .+ on the incident wavelront strikes the
surface, point B still has to travel a distance BC = AC sin i,
and this takes a time 7 = BC /v = AC (sin i) /v,. After a time
t,asecondary wavetront ol radius v £ with A4 as centre would
have travelled into medium 2. The secondary wavelront
with € as centre would have just started, i.e. would have
zero radius, We also show a secondary wavelet originating
from point D inbetween A and C. Its radius is less than Vol
The wavelrontm medium 2 is thus a line passing through ¢
and tangent to the circle centred on A. We can see that the
angle r” made by this refracted wavefiont with the surface
is given by AL = vt = AC sin r’. Hence, { = AC (sin r)/
v, Equating the two expressions for 4’ gives us the law of
refraction in the form sin i/sinr’ = v /v, A similar picture
isshown in Fig. 2.2 1(b) for the reflected wave, which trave
back into medium [. In this case, we denote the angle made

o
]

by the reflected wavelront with the surface by », and we find
that 7 = . Note that for both reflection and refraction, we
see sccondary wavelets starting at different times. Compare
this with the carlier application (shown in the figure) where
we start them at the same time.

The preceding argument gives a good physical
picture of how the refracted and reflected waves are built
up from secondary wavelets. We can also understand
the Taws of reflection and refraction using the concept
that the time taken by light to travel along different
rays from one wavelront to another must be the same.
Figure 2.21 shows the incident and reflected wavelronts
when a parallel beam of light falls on a plane surlace.
One ray POO is shown normal to both the reflected
and incident wavelronts. The angle of incidence / and
the angle of reflection r are defined as the angles made
by the incident and reflected rays with the normal. As
shown in the figure, these are also the angles belween the
Wavelront and (he surface.

2,19
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water

(@)

Medium-2

(c)

Fig e Huygens' construction for the (a) refracted
wave, (b) reflecied wave, and (¢) calculation of
propagation time between wavefronts in (i) reflection
and (ii) refraction.

2.21

We now caleulate the tolal time o go from one
wavelront to another along the rays. FFrom Fig. 2.21(¢), we
have total time for light to reach from P to Q

_ro, o0

v, v,
_ AOsini . 7{)/;‘ s 7
Y v,

1

_ Odsini+-(AB—OA)sinr

v

_ ABsinr 404 {sini —sins)

Vi

Dilferent rays normal to the incident wavefront
strike the surface at different points O and hence have
different values of O4. Since the time should be the same
for all the rays, the right side of equation must actually be
independent of OA. The condition, for this to happen, is that
the coellicient of OA in the cquation should be zero, i.c., sin
i= sin r. We, thus, have the law of reflection, i = 7. Figure
221 also shows refraction at a plane surface separating
medium 1 (speed of light v)) from medium 2 (speed of
light v,). The incident and refracted wavefronts are shown,
making angles 7 and 7+ with the boundary. Angle " is called
the angle of refiraction. Rays perpendicular to these are also
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drawn. As before, let us calculate the time taken (o travel
between the wavefronts along any ray.

PO . OR

Time laken from 1o R =

OAsini :

v

(AC - OA)sins’

I Vy

. i g -,
ACsin sini  sinr

- OA

v, Y Vs

This time should again be independent of which

ray we consider. The coefficient of O in the equation is,
therefore, zero.

. sini oy

Le., —— ==,

sinr’ v,

where a1, is the refractive index of medium 2 with respect
to medium 1. This is Snell’s law of, refraction that we have
already dealt with from the equation. i, is the ratio of'speed
of light in the first medium (v ) to that in the second medium
(v,). Equation is known as the Snell’s law of refraction. [f
the first medium is vacuum, we have

st/ g

e = e =,

. /
st v,

where a1, is the refractive index of medium 2 with respect
0 v:l(:utinx also called the absolute refractive index of the
medium, A similar equation defines absolute refractive
index a2, of the first medium. From the equation, we then get

The absolute refractive index of air is about 1.0003,
quite close to L. Hence, for all practical purposes, absolute
refractive index of a medium may be taken with respeci to

&

air. For water, n, = 133, which means v, = L i.e. about

0.75 times the speed of Tight in vacuum. The measurement
of the speed of light in water by Foucault (1850) confirmed
this prediction of the wave theory.

Once we have the laws of reflection and refraction, the
behaviour ol prisms, lenses and mirrors can be undersmodl
TI]@S(.: topics are discussed in detail in the previous chapie,
Here, the bebaviour of the wavefronts in three cageg
(Fig. 2.21) is described.

I. Consider a plane wave passing through a thin prisy,
Clearly. the portion of the incoming wavelront Whicﬁ
travels through the greatest thickness of glass has beey
delayed the mosl. Since light travels more slowly iy
glags. This explains the tilt in the emerging wavefron,

7. A concave mirror produces a similar effect. The centre
ol the wavefront has to travel a greater distance belore
and after getting reflected, when compared to the edge,
This again produces a converging spherical waveliont,

3. Concave lenses and convex mirrors can be understood
from time defay arguments in a similar manner. One
imteresting property which is obvious trom the pictures
of wavetronts is that the total time taken from a point on
the object to the corresponding point on the image is the
same measured along any ray (Fig. 2.22). For example,
when a convex lens focuses light to form a real image, it
may seem that rays going through the centre are shorter,
But because o the slower speed in glass, the time taken is
the same as for rays travelling near the edge ol the lens,

A -, 5
~ LA . .
(@) (b) ©
Figure 2.22
EXTRA PORTION FOR JEE MAIN

DIFFRACTION

. Meaning of Diffraction
It is the spreading of waves around the corners ol an
obstacle, of the order of wavelength,
. Definition of Diffraction
The phenomenon of bending of light waves around the
sharp edges of opaque obstacles or aperture and their
encroachment in the geometrical shadow of obstacle
or aperture is defined as diffraction of light.
3. Mecessary Conditions of Diffraction of Waves
The size of the obstacle («) must be of the order of the
wavelenoth of the waves (A).

o

= 2|




(Note

|.' Greater the wavelength of the wave, the higher will
| pe its degree of diffraction, This is the rcason that
diﬂ‘mction of sound and radio waves is easily observed
! put for diftraction of light, additional arrangement
[ave 1o be made.

eping light
wavelength of sound is nearly equal to size of
obstacle. I the size of obstacle is ¢ and the wavelength

is A, then

S.No. aV/S A Diffraction
a ) Not possible
i > A Not possible
a~ N Possible

4. Interpretation of Diffraction

As a result of diffraction, maxima and minima of light
intensities are found, which have uncqual intensities.
Diffraction s the result of superposing of waves
from infinite number of coherent sources on the same
wavefront after the waveftont has been distorted by the
obstacle.

Esample of Diffraction

{a) When an intense source of light is viewed with the
partially opened eye, colours arc observed in the
light.

() Sound produced in one room can be heard in the
nearby room.

(¢) Appearance of a shining circle around the section
ol sun just before sun rise,

(d) Coloured spectrum is observed if a light source at
far distant is seen through a thin cloth,

. Fraunhofer Ditfraction

Fraunhofer diffraction deals with waveflronts that are

nfinity. If follows that Fraunhofer diffraction is an
important special case of Fresnel diffraction. In young’s
double slit experiment, we assume the scieen to be
relatively distant that we have Fraunhoter conditions.

Difference Between Interference and Diffraction of
Light

Wave Optics  2.21

Interference

Diffraction

. Two coherent sources

are necessary

. All fringes has same

width

. Width of bright fringes is

equal to other fringes

One coherent source is
necessary

Fringes have unequal width

Width of bright fringes is

just doubled to other fringes

plane on arrival and an effective viewing distance of

4. Intensity of dark fringe Intensity of dark fringe is
is zero not zero
5. All bright fringes have As order of bright fringes
equal intensity increases, intensity goes
down
6. For bright fringes: For bright fringes:
(a) Path difference D=@n-1)\2
A =nA & = (2n—"1Yr
(b) Phase difference » =
2nw
7. For dark fringes: [For darlk fringes:
(a) Path difference D =2nA\?2
D={2n-=1)\2 d=2nr
(b) Phase difference
d=02n— 1)
3. Fraunhofer Diffraction for Single Slit

In this diffraction pattern, central maxima are bright

on both sides of it

symmetrically

incident plane
wavefront

Slit

Figure 2

maxima and minima

Diffraction rays

O

Lens Screen

(A) For Diftraction Maxima:

asinfl=(2n — 1) \V/2

oceur
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(B) For Diffraction Minima:
asin § =nA

(C) The maxima or minima are observed due to the
superposition of waves emerging from infinite
secondary sources between 4 and B points of slit.

(D) Fringe width:

The distance between two secondary minima formed
on two sides of central maximum is known as the
width of central maximum.

2/

a

W:

f = focal distance of convex lens

<=7 %0,

|
;
)
4
v

Figure 2.24
a = width of slit

Angular width =W, = e
a

9. POINTS TO REMEMBER

1. Greymaldy discovered the diffraction.

2. Intensity of diffraction pattern decreases, if size of
obstacle is increased.

3. Superposition of waves causes both diffraction and
interference. Superposition of secondary waves
originated from two coherent sources generates
interference. Superposition of secondary wavelets
generated from the same wavefront is called
diffraction.

4. Interference fringes have equal width but diffraction
fringes have unequal width.

5. In diffraction pattern, intensity of bright fringes is
different but for interference it is equal.

6. Intensities of dark fringes of interference are zero
but for diffraction it is not equal to zero.

7. Effect of diffraction can be observed in only
geometrical shadow of end region.

8. In diffraction, bright central fringe has doy
width, in comparison to others.

POLARIZATION
Unpolarized Light

1. An ordinary beam of light consists of a large num
of waves emitted by the atoms or molecules of
light source. Each atom produces a wave with
own orientation of electric vector. However, beca
of all directions are equally probable the resulg
electromagnetic wave is a superposition of wa
produced by individual atomic sources. This wavg
called unpolarized light.

2. All the vibrations of an unpolarized light at a giy
instant can be resolved in two mutually perpendicy
directions and hence an unpolarized light is equival
to superposition of two mutually perpendicy
identical plane polarized light.

Plane Polarized Light

1. If somehow we confine the vibrations of electric ved
in one direction perpendicular to the direction of w
motion, the light is said to be plane polarized and
plane containing the direction of vibration and w
motion is called plane of polarization.

2. Ifanunpolarized light is converted into plane polari
light, its intensity reduces to half.

3. Polarization is a convincing proof of wave naturg
light.

Partially Polarized Light

If in case of unpolarized light, electric vector in some pl
is either more or less; then in its perpendicular plane,
light is said to be partially polarized.

Methods of Polarization

UPL
~ ,{? /fPL
" | o~
fn}”T 9»: ro
W
xR
e
%)
y\—'
N
“PL |
Partially
Figure 2.25




Reflection: Brewster discovered that when light is
. ident at a particular angle on a transparent substance, the
n; .oted light is completely plane polarized with vibrations
: ;plane perpendicular to the plane of incidence. This
meciﬁc angle of incidence is called polarizing angle ), and
is related (o the refractive index p of the material through
the relation:

tan /)Iy =/ (1)

This 1s known as Brewster’s law.
In case of polarization by reflection:
(a) For 1=, refracted light is plane polarized.
(b) Forl= 0, reflected and refracted rays are perpendicular
to cach other,
(c) For [ < or > Hn" both reflected and refracted light
hecome partially polarized.
| i

Intensiiy of Light Emerging from a Polaroid

If plane polarized light of intensity /, (= KA%) iy
incident on a polaroid and its vibrations of amplitude
A make an angle 7 with transmission axis, as polaroid
will pass only those vibrations which are parallel to
its transmission axis, i.e., A cos f, so the intensity of
emergent light will be

[ = K(A4 cos )
= KA? cos™

=1 cos’l) |as [ = KA*| ()

This law is called Matws lavw. From this, it is clear
that

Figuie 2,26

L 16 the incident light is unpolarized, then as vibrations
are equally probable in all directions (in a plane
perpendicular to the direction of wave motion), # can

Wave Optics  2.23
. , 5 1
have any value [rom 0 to 27 and (cos’ M., = =

il

|
[ee=— i

2
Le., I an unpolarized light is converted into plane

polarized light, its intensity becomes half,

Z. 1 light of intensity /, emerging from one polaroid
called polarizer is incident on the second polaroid
(usually called amalyzer), the intensity of the light

emerging from the second polaroid in accordance with
Malus law will be given by

[, =1 cos’t’,

where 07 is the angle between the transmission axis of
the two polaroids.

Figure 2.27

50 1 the two polaroids have their transmission axes
parallel 1o each other, .., 0/ = (°,

[, =1, cos* ¥= '
and if the two polaroids are crossed, i.c., have their
transmission axes perpendicular to cach other, 77 = 90°
,= 1, cos” 90" =0
S0, 1 an analyzer is rotated from 0° to 90" with
respeet to polarizer, the intensity of emergent light changes
from maximum value /, to minimum value zero.
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EXERCISES

JEE Main

“

6.

. The

The path difference between two wave fronts emitted
by coherent sources of wavelength 5460 A is 2.1
micron. The phase difference between the wave fronts
at that point is

(A) 7.692 (B)y 7.6927
. 1.692 7,692
(C) == (D) -
T Ks
Monochromatic light is that light in which
(A) Single wavelength is present
(B) Various wavelengths are present
(C) Red and violet light is present
(D) Yellow and red light 1s present
- The path difference between two waves y = A sin wi
and v, =4, cos(wi + ) will be
(A) (N2xy o (B) (N20) (0 A 9/
(C) 2a/A) (¢—7/2) (D) 2a/\) b
. The resultant amplitude in interference with two

cohereni source depends upon -
(A) Intensity

(B} Only phase difference

(C) On both the above

(D) None of the above

necessary — condition  for

interference to oceur is

(A) There should be two coherent sources.

(B} The frequency and amplitude of both the waves
should be same

(C) Thepropagation of waves should be simultancously

and in same direction

(D) All of the above

Interference event is observed in

(A) Only transverse waves

(B) Only fongitudinal waves

(C) Both types of waves

(D) Not observed in both type of waves

The nature of tight which is verified by the interference
event s

(A) Particle nature
(C) Dual nature

(B3) Wave naiure
(1) Quantum nature

phenomenon  of

8.

9.

1.

The phenomenon ol interference is based on th,
principle of

(A) Dilfraction
(C) Reflraction

(B) Superposition
(D) Polarisation

The equation for two waves obtained by two ligh
sources are as piven below: y = A, sin 3w, y =
A, cos(3wt + 7/6). What will be the value of phase
difference at the time ¢ -
(A) 3a/2

(C) o

(B)y 27/3
(D) w/2

Two coherent sources have intensity ratio of 100:1, anq
are used for obtaining the phenomenon ol interference,
Then the ratio of maximum and minimum intensity
will be

(A) 100:1 (B) 121:81
(C) 1:1 (D) 5:1
It. In coherent sources it is necessary that their
(A) Amplitudes are same
(3} Wavelengths are same
(C) Frequencies are same
(D) Initial phase remains constant
12. Two independent monochromatic  sodium  lamps

13.

cannot produce interference because

(A) The frequencies of two sources are ditferent

(B) The phase difference between two sources changes
with respect to time

(C) The two sources become coherent

(D) The amplitudes of two sources are different

A. Young's Double Slit Experiment

Figure, shows wave fronts in still water, moving in
the direction of the arrow towards the interface PO
between a shallow region and a deep (denser) region.
Which of the lines shown may represent one of the
wave fronts in the deep region?

P
\. dee P [\
A

shallow i I




17.

18.

19.

20,

(By N
(D) IV

‘Two coherent monochromatic light beams ofintensities

[ and 41 are superposed. The maximum and minimum
possible intensities in the resulting beam are:
(A) Sland/ (B) 5/and 3/
(C) Yland/ (D) 97 and 37

. When light is refracted into a denser medium,

(A) Its wavelength and [requency both increases

(B) lts wavelength increase but frequency remains
unchanged

(C) Its wavelength decrease but frequency remains
unchanged

(D) Its wavelength and frequency both decrease

[n Young’s double slit experiment 62 fringes are visible

in the field of view with sodium light (A = 5893 A). If
green light (A = 5461 A) is used then the number of

visible fringes will be
(A) 62
(C) 85

(B) 67
(D) 58

[n Young’s double slit experiment. the distance of the
n-th dark fringe from the centre is

2d

AD

A
(D) 2n —1)—
2d AD

(B) n

IF the yellow light is replaced by the violet light then
the interference (ringes-

(A} Will become fainter

(B) Will become brighter

(C) The fringe width will increase

(D) The fringe width will decrecase

[ the path difference between the interfering waves is
i\, then the fringes obtained on the screen will be
(A) Dark (B) Bright

(C) coloured (D) White

The fringe width in a Young’s double slit experiment
can be increased. 11 we decrease

(A) Width of the slits

{B) Separation of the slits

(C) Wavelength of the light used

(D) Distance between slits and screen

21.

23.

24,

25,

26.

27.

Wave Optics  2.25

[n youngs double slit experiment, interference pattern
Is observed on the screen £ distance apart from slits,
average distance between adjacent fringes is x and slits
separation is o, then the wavelength of light will be
(A) xd/L (B) xL/d

(C) Lddlx (D) Ldx

. Plane microwaves from a transmitter are directed

normally towards a plane rveflector. A detector moves
along the normal to the reflector. Between positions of
14 successive maxima, the detector travels a distance
0.13 m. [Fthe velocity of Tight is 3 = 10 m/s, find the
(requency of the transmitter.
(A)y 1.5 % 10" Hz

(Cy 3 = 10" Hz

(B) 10" Hz
(D) 6 = 10" Hz

In YDSE how many maxima can be obtained on the
screen if wavelength of light used is 200 nm and =
700 nm.
(A) 12
(C) 18

(B) 7
(D) none of these

Ina YDSE, the central bright fringe can be identified.
(A) as it has greater intensity than the other bright
fringes

as it is wider than the other bright fringes

as it is narrower than the other bright fringes

by using white light instead of single wavelength
light.

(B)
(C)
(D)

In Young’s double slit experiment, the wavelength of
red light is 7800 A and that of blue light is 5200 A.
The value of n for which #" bright band due to red light
coincides with (# -+ 1)™ bright band due to blue light,
is

(A)

1 (B) 2
(C) 3

(D) 4

[I"the Young’s double slit experiment is performed with
white light, then which of the following is not true
(A) the central maximum will be white

(B) there will not be a completely dark fringe

(C) the fringe next to the centrat will be red

(D) the fringe next to the central will be violet

Two identical narrow slits S, and S, are illuminated
by light of wavelength A from a point source 2. If, as
shown in the diagram above the light is then allowed
to fall on a screen, and if 7 is a positive integer, the
condition for destructive interference at O is that




28.

29.

30.

31.

32.

(A) (I, = L)=(n+ 1) M2

B) (,—1)=Qn+1) M2

(©) (I, + 1) — (I, +1)=n)

®) ( +1) =+ 1)=@n+ 1) M2

In a Young’s double slit experiment, a small detector
measures an intensity of illumination of I units at the
centre of the fringe pattern. If one of the two (identical)
slits is now covered, the measured intensity will be
(A) 21 B) I

(C) 1/4 (D) 172

In a young double slit experiment D equals the distance
of screen and d is the separation between the slit. The
distance of the nearest point to the central maximum
where the intensity is same as that due to a single slit,
is equal to

DA DA
@ ®

DX 2DA
© EY) D) e

A beam of light consisting of two wavelength 6300 A
and \ A is used to obtain interference fringes in a
Young’s double slit experiment. If 4" bright fringe of
6300 A coincides with 5% dark fringe of A A, the value
of A(in A)is
(A) 5200

(C) 6200

(B) 4800
(D) 5600

The ratio of the intensity at the centre of a bright fringe
to the intensity at a point one-quarter of the fringe
width from the centre is
(A) 2
© 4

(B) 12
(D) 16

In a Young’s Double slit experiment, first maxima is
observed at a fixed point P on the screen. Now the
screen is continuously moved away from the plane of
slits. The ratio of intensity at point P to the intensity at
point O (centre of the screen)

33.

34,

35.

36.

(A) remains constant

(B) keeps on decreasing

(C) first decreases and then increases

(D) First decreases and then becomes constant

In a double slit experiment, the separation between thg
slits is ¢ = 0.25 cm and the distance of the screen D =
100 cm from the slits. If the wavelength of light usedg

A= 6000 A and /, is the intensity of the central brigl;
fringe, the intensity at a distance x = 4 X 10-* m fio
the central maximum is

A) 1
(C) 31 /4

(B) 1,2
(D) 1,/3

In young’s double slit experiment, the value of A 3
500 nm. The value of d = 1 mm, D = | m. Then (li
minimum distance from central maximum for whid}
the intensity is half the maximum intensity will be

(A) 2.5 x 10*m (B) 2 x 10*m
(C) 1.25 x 104 (D) 10*m

Two slits are separated by 0.3 mm. A beam of 500 n
light strikes the slits producing an interference patiers
The number of maxima observed in the angular rang
—30° < 6 < 30°.

=y
\

(A) 300
(C) 599

(B) 150
(D) 149

In the figure shown if a parallel beam of white light
incident on the plane of the slits then the distance
the white spot on the screen from O is [Assume d -
D, M << d]




37

38

afzann}

(0]
—p—
4—D —p
(A) 0 (B) 72
(C) d/3 (D) di6

In the above question if the light incident is
monochromatic and point O is a maxima, then the
wavelength of the light incident cannot be
(A) d /3D (BYy /6D
(Cy L1120 (D) /18D

M Young’s double slit arrangement, water is filled in = 47,

the space between screen and slits. Then:

(A) fringe pattern shifts upwards but fringe width
remains unchanged.

(B) fringe width decreases and central bright fringe
shifts upwards.

(C) fringe width increases and central bright fringe
does not shift,

(D) fringe width decreases and central bright fringe
does not shift.

. Light of wavelength A in air enters a1 medium of

refractive index /. Two points in this medium, lying
along the path of this light, are at a distance x apart.

43,

The phase difference between these points is:
9 - o .
(A) 2T (B) 27X
A (A

) 2l —1)x Qarx
(©) M (D) ——
A (,u, — I)A

- MYDSE, the source placed symmetrically with respect

to the slit is now moved parallel to the plane ofthe slits
so that it is closer to the upper slit, as shown. Then,

44,
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(A) the fringe width will increase and fringe pattern
will shift down,

(B) the fringe width will remain same but fringe
pattern will shift up.

(C€) the fringe width will decrease and fringe pattern
will shift down.

(D) the fringe width will remain same but fringe
pattern will shift down.

Minimum thickness of a mica sheet having 1, = 3/2
which should be placed in front of one of the slits in
YDSE is required to reduce the intensity at the centre
of screen o half of maximum intensity is

(A) M (B) V8

(C) N2 (D) V3

In the YDSE shown the two slits are covered with thin
sheets having thickness 7 and 2/ and refractive index
2prand g1, Find the position () of central maxima

L2 L
.- ; Y
gl
ks

2t

- —

(A) zero
(C)y —Dfd

(BY tDld
(D) None

Two monochromatic and coherent point sources of
light are placed at a certain distance from each other
in the horizontal plane. The locus of all those points in
the horizontal plane which have construct interference
will be

(A) a hyperbola

(B) family of hyperbolas

(C) family of straight lines

(D) family of parabolas

A thin slice is cut out of a glass cylinder along a planc
paralleltoits axis. The slice is placed on a flat glass plate
with the curved surface downwards., Monochromatic
light is incident normally from the top. The observed
interference fringes from this combination do not
(ollow one of the following statements.
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45,

46.

47.

(A) the fringes are straight and parallel to the length
of the piece.

(B) the line of contact of the cylindrical glass piece
and the glass plate appears dark.

(C) the fringe spacing increases as we go outwards.

(D) the fringes are formed due to the interference of
light rays reflected from the curved surface of the
cylindrical piece and the top surface of the glass
plate.

A circular planar wire loop is dipped in a soap solution

and after taking it out, held with its plane vertical in

air. Assuming thickness of film at the top very small,

as sunlight falls on the soap film, and observer receive

reflected light.

(A) the top portion appears dark while the first colour
to be observed as one moves down is red.

(B) the top portion appears violet while the first colour
to be observed as one moves down is indigo.

(C) the top portion appears dark while the first colour
to be observed as one move down is violet.

(D) the top portion appears dark while the first colour
to be observed as one move down depends on the
refractive index of the soap solution.

A thin film of thickness ¢ and index of refraction 1.33
coats a glass with index of refraction 1.50. What is the
least thickness ¢ that will strongly reflect light with
wavelength 600 nm incident normally?

(A) 225 nm (B) 300 nm

(C) 400 nm (D) 450 nm

In a biprism experiment the distance of source from
biprism is 1 m and the distance of screen from biprism
is 4 meters. The angle of refraction of biprism is 2 X
1073 radians. £ of biprism is 1.5 and the wavelength of
light used is 6000 A. How many fringes will be seen
on the screen?

(A) 4 (B) 5
©) 3 D) 6
Reasoning Type

48.

Statement1: In YDSE, as shown in figure, central
bright fringe is formed at O. If a liquid is filled between
plane of slits and screen, the central bright fringe is
shifted in upward direction.

49, Statement 1: In glass, red light travels faster than blug]

50. Statement 1: In standard YDSE set up with visibl¢

Statement1: If path difference at O increaseg
y-coordinate of central bright fringe will change

s _—

. .-

s,

(A) Statement 1 is true, statement 2 is true and}
statement 2 is correct explanation for statement |}

(B) Statement 1 is true, statement 2 is true umﬂ
statement 2 is NOT the correct explanation foy
statement 1

(C) Statement 1 is true, statement -2 is false.
(D) Statement 1 is false, statement -2 is true.

light.

Statement 2: Red light has a wavelength longer (han)

blue

(A) Statement 1 is true, statement 2 is true and
statement 2 is correct explanation for statement [

(B) Statement 1 is true, statement 2 1is true :lncT
statement 2 is NOT correct explanation fo
statement 1

(C) Statement 1 is true, statement 2 is false.

(D) Statement 1 is false, statement 2 is true.

light, the position on screen where phase difference if
zero appears bright.
Statement 2: In YDSE set up magnitude of
electromagnetic field at central bright fringe is naj
varying with time.
(A) Statement 1 is true, statement 2 is true unl!
statement 2 is correct explanation for statement
(B) Statement 1 is true, statement 2 is true an
statement 2 is NOT correct explanation [a
statement 1
(C) Statement 1 is true, statement 2 is false.
(D) Statement 1 is false, statement 2 is true.
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Double Siit Experfinemnt

To observe a stationary interference pattern formed by

two light waves, it 18 not necessary that they must have:
(A) the same frequency

(3) same amplitude

(C) a constant phase difference

(D) the same intensity

In a YDSE apparatus, we use white light then:
(A) the fringe next to the central will be red

(B) the central fringe will be white.

(C) the fringe next to the central will be violet
(12) there will not be a completely dark fringe.

[ the source of light used in a Youngs Double 5lit

FExperiment is changed from red to blue, then

(A) the fringes will become brighter

(B) consceutive fringes will come closer

(C) the number
increases

of maxima formed on the screen

(D) the central bright fringe will become a dark fringe.

In a Youngs double slit experiment, green light is incident
on the two slits. The interference pattern is observed on a
screen., Which ol the following changes would cause the
observed Tringes to be more closely spaced?

fringes

incoming

light waves
(A) Reducing the separation between the slits
(13) Using blue light instead of green light
(C) Used red light instead of green light
(D) Moving the light source further away from the

slits.

Ina Young’s double=slit experiment, let A and 5 be the
two slits. A thin Glm of thickness /
s placed in front of A. Let = fringe width. The
it

and refractive index

central maximum will s

~a
o2

Do

2.29
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(A towards A
(C) by (=13 A

(B) towards 53
(D) by e ¥\

In the plwlous question, films ol thicknesses 7, and
{,and ref

of A and B respectively. I[ i, =
muximum will:

(A) not shifl

(13) shift towards A

(C) shift towards B

(D) option (B, i/, =1

fractive indices jo and i, are placed in Ilonl
jtd,, the central

option (Cyil7, < 1,

In a YDSE, if the slits are of unequal width.

(A) fringes will not be formed

(B) the positions of minimum intensity will not be
completely dark

(CY bright fringe will not be formed at the centre of
the screen

(D) distance between two consecutive bright fringes
will not be equal to the distance between two
consecutive dark fringes.

["a standard YDSI apparatus is
parallel sided glass slab so that it

If one of the slits o
covered by a thin
transmit only one half of the light intensity of the
other, then

(A) the fringe pattern will get shitted towards the
covered slit

the fringe paticrn will get shifted away (rom the
covered slit

the bright fringes will be less bright and the dark
ones will be more bright,

(D) the fringe width will remain unchanged
To make the central fringe at the centre O, a mica
sheet of refractive index 1.5 is introduced. Choose the
correct statements ().
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(A) the thickness of sheet is 2(\/5 - 1) d infront of S,
(B) the thickness of sheet is (v2 —1)d infront of s,

(C) the thickness of sheet is 2+/2d infront of S,
(D) the thickness of sheet is (2\6 - l)d infront of §

Question No. 10 to 12

The figure shows a schematic diagram showing the arrange-
ment of Young’s Double Slit Experiment

10. Choose the correct statement(s) related to the

11.

12.

13.

wavelength of light used

(A) Larger the wavelength of light larger the fringe
width

(B) The position of central maxima depends on the
wavelength of light used

(C) If white light is used in YDSE, then the violet
colour forms its first maxima closest to the central
maxima

(D) The central maxima of all the wavelengths
coincide

If the distance D is varied, then choose the correct

statement(s)

(A) the angular fringe width does not change

(B) the fringe width changes in direct proportion

(C) the change in fringe width is same for all
wavelengths

(D) The position
unchanged

of central maxima remains

If the distance d is varied, then identify the correct
statement

(A) the angular width does not change

(B) the fringe width changes in inverse proportion
(C) the positions ol all maxima change

(D) the positions ol all minima change

In an interference arrangement similar to Young’s
double-slit experiment, the slits S and 8, are
illuminated with coherent microwave sources, cich

14.

15.

16.

of frequency 10° Hz. The sources are synchronized ¢
have zero phase difference. The slits are separated
a distance d = 150.0 m. The intensity I(0) is measur,
as a function of , where 6 is defined as shown. If il ‘
the maximum intensity then /(d) for 0< 6 < 90° §

given by

S, _
e
d| =8
S, ¥
[0 y o
(A) I(8) = A for 6 =30
; I N
(B) 1(6)= " for 8 =90

(C) L(0) = I, for § = 0°
(D) 1(9) is constant for all values of §

In a standard YDSE appratus a thin film (w=15,¢t=
2.1 pm) is placed in front of upper slit. How far above
or below the centre point of the screen are two nearestl
maxima located? Take D = 1m, d = 1 mm, A = 450()
A. (Symbols have usual meaning)

(A) 1.5mm (B) 0.6 mm
(C) 0.15mm (D) 0.3 mm

Consider a case of thin film interference as shown |
Thickness of film is equal to wavelength of light is fhye

Hy

(A) Reflected light will be maxima if < p, < g,
(B) Reflected light will be maxima i, <y, > p,
(C) Transmitted light will be maxima if po, > g1, > i,
(D) Transmitted light will be miaxima W, > <,

Figure shown plane waves refracted for air to water
using Huygen’s principle a, b, ¢, d, e are lengths on the
diagram. The refractive index of water wrt air is the
ratio,




L
(A) ale (B) hle
(() hid (DY /b

7, Two point source separated by = 5pm emit light
of wavelength A = 2yim in phase. A cireular wire of
padius 20pm s placed around the source as shown in

figure.

(A) Point A and B are dark and pomnts ¢ and D are
bright

(3) Points A and 3 are bright and point C and £ are
dark

(C) Points A4 and € are dark and points B and D are
bright

(D) Points A and C are bright and points 8 and D are

dark

. Two monochromatic (wavelength == «/5) and coherent
sources of electromagnetic waves are placed on the
x-axis at the points (2¢, 0) and (—a, 0). A detector
moves in a cirele of radius R(=>2a) whose centre is
at the origin. The number of maximas detected during
one cireular revolution by the detector are
(A) 60 (By 15
(¢ 64 (D) None

. Two coherent narrow slits emitting light of wavelenpth
A the same phase are placed parallel to cach other at a
small separation of 3. The light is collected on a screen
S which is placed at a distance D (3= \) from the slits.
The smallest distance x such that the P is a maxima,

ID
L 4
a A
X
e — (\’)
Sl S,
E ) »

(A) V3D

(C) V5D

(B) V8D

(D) 52

20.

21.

2

S

22.
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In Young’s double slit experiment, the two slits act as
coherent sources of equal amplitude A and wavelength
A I another experiment with the same setup the two
slits are sources ol equal amplitude A4 and wavelength
A but arc incoherent. The ratio ol the average intensity
of light at the midpomt of the screen in the first case to
that in the second case is
(A) 1:1

(C)4:1

(B3 2:1
(D) none ol these

A beam of light consisting of two wavelengths 6500 A
and 5200 A is used to obtain interference fringes in
Youngs double slit experiment. The distance between
slits 18 2 mm and the distance of screen from slits 1s
120 cm. What is the least distance from central maximum
where the bright due to both wavelength coincide em
(A) 0.150 ¢cm (B3)0.3172 ¢m

(Cy 0.078 cm (D) 0.408 em

A monochromatic light source of wavelength A is
placed at S. Three slits S, S, and S, are cquidistant
from the source S and the point 2 on the screen. S P -
S, P = Noand S P — S.P = 2N3. 111 be the intensity
at 2 when only one slit is open, the intensity at ” when
all the three slits are open is

S/
T N D Screen
(D==2)
(A) 31 (B) 51
(C) 8 (D) zero

In the figure shown in YDSE, a parallel beam of light
is incident on the slit from a medium of refractive
index s, The wavelength of light in this medium is
A, A transparent slab to thickness 7" and relractive
index 1, is put infront of one slit. The medium between
the screen and the plane of the slits is .. The phase
difference between the light waves reaching point “O”
(symmetrical, relative to the slits) s

1y n
* 'an n,
S
~—
-
— === —= ()
_,_o-'—"'_'_H_F—'—
s
- —
A
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I o 25, InaYDSE with two identical stits, when the upper sligg
(A) al (ny = nt (B) N (g = )t is covered with a thin, perfectly transparent sheet
i ki mica, the intensity at the centre of screen reduces g
(©) 2mmy [y | D) 2my (. — n )t 75% of the initial value. Second minima is observed g
A | 1y A ‘ d be above this point and third maxima below it. Whigy,
of the following can not be a possible value of phagg
24. Ina YDSE experiment if a slab whose refractive index difference caused by the mica sheet.
can be varied is placed in front of one of the slits then (A) /3 (B) 137/3
the variation of resultant intensity at mid-point of (C) 17m/3 (D) 13
screen with g7 will be best represented by (e = 1) ‘ . ‘
[Assume slits of equal width and there is no absorption 40+ [t is necessary to coat a g’lf‘“ W‘.lh 4 .non—rcl'hcl?ng
by slab] !uycr. Il the wave I\:n.gth of the !lghl in the coating
(A) 14 (B) 1,4 is A, the best CI.K)ICO is a layer of n?alcrml huvmg an
index of refraction between those of glass and air ang
N\ // a thickness of
L (A) M4 (B) A2
L ' (C) 3M8 (D) A
— . -
f I
=1 =1 27. A parallel coherent beam ol light Talls on fresnel
(C) 14 (D) 1A blprlsm of refractive |n.dcx /it umi‘ungle.n'.'l he [l"lngc
width on a screen at a distance D from biprism will be
‘ (wavelength = )
{A) 137'\ (13) ¥1D_,
" i . 2(p 1) 20— e
It iz :
p=4 =1 () __ (D) none
2(p— e
JEE Advanced
Level |
1. Ina Young’s double slit experiment for interference of by the 5™ bright fringe. Assuming that both the glass
light, the shits are 0.2 em apart and are illuminated by plates have same thickness and wavelength of light
yellow light (A = 600 nm). What would be the fringe used is 4800 A, find their thickness.
width on a screen placed 1 m from the plane of slits if
the whole system is immersed in water of index 4/37 4. A ray of light of intensity / is incident on a parallel

In Young’s double slit experiment, 2 [ringes are
obscrved to be formed m a certain segment of the
screen when light ol wavelength 600 nm is used. [ the
wavelength ol the light is changed to 400 nm, find the
number ol [tinges observed in the same segiment.

On slit of double slit experiment is covered by a thin
elass plate of refractive index 1.4 and the other by a
thin glass plate of refractive index 1.7, The pornt on the
screen, where central bright fringe was formed before
the introduction of the plass sheets, is now vecupied

olass-slab at a point A as shown in figure. It undergoes
partial refleetion and refraction. At each reflection
20% of incident energy is reflected. The rays A8 and
A'B undergo interlerence. Find the ratio £ /1

mes i’

£’
~




5.

6.

(A
Oo

0.

Light of wavelength 520 nm passing through a double
slit, produces interference patlern of relative intensity
versus deflection angle 0 as shown in the Find
the separation  between the slits.

AVAVAN

3 d(‘qr ees)

figure.

Re}ative intensity

[n Young’s double slit experiment the slits are 0.5 mm
apart and the interference is observed on a screen at
a distance of 100 em from the slit. [t is found that the
9th bright fringe is at a distance of 7.5
second dark fringe from the centre of the fringe pattern
on same side. Find the wavelength of the light used.

mm from the

[n a YDSE apparatus, = 1 mm, A= 600 nm and D =
1 m. The slits produce same intensity on the screen
Find the minimum distance between two points on the

screen having 75'4 intensity of the maximum intensity.

The distance between two slits in a YDSE apparatus is
3 mm. The distance of the screen from the slits is [ m.
Microwaves of wavelength 1 mm are incident on the
plane of the slits normally. Find the distance ol the f
maxima on the screen from the central maxima.

irsf

Alens (o= 1.5y 1s coated with a thin film of refractive
index 1.2 in order to reduce the reflection from its
surface at A = 4800 A . Find the
of the film which will minimize the intensity of the
reflected light.

CHi

A long narrow horizontal slit lies I mm above
mircor.
and its image is viewed on a sereen distant | m from
the slit. The wavelength of light is 600 nm. Find the
distance of ficst maxunum above the mirror,

a plane
The interference pattern produced by the slit

A broad
illuminates
meet at one end and are separated by a wire (0,048 mm
in diameter at the other end. Find the number of bright
fringes formed over the 120 mm distance.

source light of nm

snormally two glass plates 120 mm long that

wavelength 680

In a two=slit experiment with monochromatic light,

fringes are obtained on a secreen placed at some

14,

-

15,

I 6.

7.
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distance from the slits. It the screen is moved by 5 x
1() m lowards the slits, the change in fringe width is

#1077 11 the distance between the slits is 107 m,
culcululc the wavelength of the light used.

A monochromatic light of A = 5000 A is incident on
two slits separated by a distance of 5 = 10+ m. The
mterference pattern in seen on a screen placed at a
distance of 1 m from the slits. A thin glass plate of
thickness 1.5 > 10°m and refractive index j1 = 1.5
is placed between one of the slits and the screen. Find
the intensity at the centre ol the screen, il the intensity
there is /, in the absence of the plate. Also find the
lateral shift of the central maximuom.,

double-slit apparatus is immersed in a liquid of
refractive index 1.33. It has slit separation of 1 mm
and distance between the plane of the slits and screen
i5 1.33 m. The slits are illuminated by a parallel beam
ol light whose wavelength in air is 6300 A.
(1) Calculate the fringe widih.
(b) One of the slits of the apparatus is covered by a
thin glass sheet of .53, Find
sheet to bring the

relractive mdex
the smallest thickness of the

adjacent minima on the axis.

A young’s double slit experiment is performed using
light of wavelength A = 5000 A, which emerges in
phase from two slits a distance = 3 = 107 m apart.
A transpatent sheet of thickness 7 = [.5 % 107 m is
placed over one of the slits. The refractive index of the
material of this sheet is == 1.17. Where does (he central
maximum of the interference pattern now appear ?
Radio waves coming at <« to vertical are recieved
by a radar after reflection from a nearby water surface
and directly. What should be height of antenna from
water surface so that it records a maximum intensity.
(wavelength = \).

[n o biprism experiment using sodium light A
6000 A an interference pattern is obtained in which
20 fringes occupy 2 em. On replacing sodium tight by
another source ol wavelength A, without making any
other change 30 [ringes occupy 2 2.7 ¢m on the screen.
What is the value of A2
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1.

If the slits of the double slit were moved symmetrically
apart with relative velocity v, calculate the rate at which
fringes pass a point at a distance x from the centre
of the fringe system formed on a screen y distance
away from the double slits if wavelength of light is .
Assume y >>dand d >> A

(a) A thin glass plate of thickness ¢ and refractive
index u is inserted between screen and one of the
slits in a Young’s experiment. If the intensity at the
centre of the screen is 7, what was the intensity
at the same point prior to the introduction of the
sheet.

(b) One slit of a Young’s experiment is covered by a
glass plate (11, = 1.4) and the other by another
glass plate (41, = 1.7) of the same thickness. The
point of central maxima on the screen, before the
plates were introduced is now occupied by the
third bright fringe. Find the thickness of the plates,
the wavelength of light used is 4000 A.

. InaYDSE a parallel beam of light of wavelength 6000 A

is incident on slits at angle of incidence 30°. 4 and B are
two thin transparent films each of refractive index 1.5.
Thickness of 4 is 20.4 pm. Light coming through 4 and
B have intensities / and 47 respectively on the screen.
Intensity at point O which is symmetric relative to the
slits is 3 1. The central maxima is above O.

/|'A
4

36”5’/[8 $0-Tmm Q

ol

- im

(a) What is the maximum thickness of B to do so.
Assuming thickness of B to be that found in part
(a) answer the following parts.

(b) Find fringe width, maximum intensity and
minimum intensity on screen.

(c) Distance of nearest minima from O.

(d) Intensity at 5 cm on either side of O.

. In a YDSE experiment, the distance between the

slits and the screen is 100 cm. For a certain distance
between the slits, an interference pattern is observed
on the screen with the fringe width 0.25 mm. When
the distance between the slits is increased by Ad =
1.2 mm, the fringe width decreased to n = 2/3 of the

. A screen is at a distance D = 80 cm from a diaphragp,

original value. In the final position, a thin glass plag
of refractive index 1.5 is kept in front of one of the
slits and the shift of central maximum is observed ¢,
be 20 fringe width. Find the thickness of the plate ang
wavelength of the incident light.

having two narrow slits S, and S, which are d =
2 mm apart. Slit S, is covered by a transparent sheet
of thickness 7, = 2.5 ym and S, by another sheet of
thickness ¢, = 1.25 um as shown in figure. Both sheetg
are made of same material having refractive index 1 =
1.40. Water is filled in space between diaphragm and
screen. A monochromatic light beam of wavelenpth
A = 5000 A is incident normally on the diaphragm,
Assuming intensity of beam to be uniform and slitg
of equal width, calculate ratio of intensity at C to
maximum intensity of interference pattern obtained on
the screen, where C is foot of perpendicular bisector of
S\S,. (Refractive index of water, 1 = 4/3)

. In Young’s experiment, the source is red light of

wavelength 7 x 1077 m. When a thin glass plate of
refractive index 1.5 at this wavelength is put in the
path of one of the interfering beams, the central bright
fringe shifts by 10”m to the position previously
occupied by the Sth bright fringe. Find the thickness
of the plate. When the source is now changed to green
light of wavelength 5 x 10~"m, the central fringe shifts
to a position initially occupied by the 6th bright fringe
due to red light. Find the refractive index of glass for
the green light. Also estimate the change in fringe
width due to the change in wavelength.

. In a Young’s experiment, the upper slit is covered by a

thin glass plate of refractive index 1.4 while the lower
slit is covered by another glass plate having the same
thickness as the first one but having refractive index 1.7.
Interference pattern is observed using light of wavelength
5400 A . It is found that the point P on the screen where
the central maximum (# = 0) fell before the glass plates
were inserted now has 3/4 the original intensity. It is




1er observed that what used to be the 5th maximum

furt
carlier, lies below the point 2 while the 6th minimum lics
above 2. Caleulate the thickness of the glass plate.

(Absorption of light by glass plate may be neglected).

A coherent parallel beam of microwaves of wavelength
A = (.5 mm falls on a Young’s double slit apparatus.
The separation between the slits is 1.0 mm. The
intensity of microwaves is measured on screen placed
parallel to the plane of the slits at a distance of 1.0 m
from it, as shown in the figure.

W

“1Screen

() Il the incident beam falls normally on the double
slit apparatus, find the y—coordinates of all the
interference minima on the screen.

(by If the incident beam makes an angle of 30° with
the x-axis (as in the dotted arrow shown in the
figure), find the y-coordinates of the first minima
on cither side of (he central maximum.

In a Young’s double slit arrangement, a source of
wavelength 6000 A is used. The screen is placed
tm from the slits. Fringes formed ou the sereen,
arc observed by a student sitting close to the slits.
The students eye can distinguish two neighbouring
rnges if they subtend an angle more than | minute
ol are. Caleulate the maximum distance between the
shits so that the fringes are clearly visible. Using this
information calculate the position of 3rd bright and 5th
dark fringe from the centre of the screen.

intensity / is incident on a glass plate as shown
in figure. Another identical glass plate is kept
close to the first one and parallel to it. Fach
elass plate reflects 25% of the light incident on it and
transmits the remaining. Find the ratio of the minimum
and the maximum intensities in the interference pattern
formed by the two beams obtained after one reflection
at cach plate.

———

A narrow monochromatic beam of light of
ltllfi
12
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T In the figure shown S is a monochromatic point source

emitting light of wavelength = 500 nm. A thin lens of
circular shape and focal length 0.10 m is cut into two
identical halves L, and L, by a plane passing through
a diameter. The two halves are placed symmetrically
about the central axis SO with a gap of 0.5 mm. The
distance along the axis from S to Lyand L, 18 0.15 m,
while that from L and 1, to O is 1.30 m. The screen at
O is normal to SO.

.' S s A
S L ' ‘I’ 0.5mm
) i 70
L\ 3
: Sereen
Wl
" 0.15m 1.30m

(i) IFthe third intensity maximum occurs at the point
A on the screen, find the distance OA.
(i) I the gap between L and L, is reduced from its

original value of 0.5 mm, will the distance OA
increase, decrease or remain the same?

Two coherent sources S, and S, separated by distance
2N emit light of wavelength \ in phase as shown in
figure. A circular wire of radius 100\ is placed in such
a way that S5, lies in its plane and the midpoint of
5,8, is at the centre of wire, Find the angular positions
on the wire for which intensity reduces to half of its
maximum value,

[n a biprism experiment with sodium light, bands of
width of 0.0195 ¢cm are observed at 100 em from slit.
On introducing a convex lens 30 cm away from the slit
between and screen, two images of the slit are seen
0.7 em apart at 100 ¢cm distance from the slit. Calculate
the wavelength of sodium light.

/,‘" __‘“\\_\‘
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6.

To demonstrate the phenomenon ol interference
we tequire two o sources which emit radiations of
(ALEEE 2003)

(a) nearly the same [requency

(by the same [requency

(¢) different wavelength

(d) the same frequency and having a definite phase

relationship

The maximum number of possible interference maxima
for slit-separation equal to twice the wavelength in
Young’s double-slit experiment, is (AN, 2004)
(a) infinite (b) hve
(¢) three (dy zero

When an unpolarized light of intensity /, is incident on
a polarizing sheet, the intensity of the light which does

not gel transmitted is (ATEILE 2005)

[ |
(a) — 1 (by i,

2 4
(¢c) zero (dy 1,

If 1, is the intersity of the principal maximum o
the single slit diffraction pattern. then what will
be its intensity when the slit width is doubled 7

(AIEEE 2005)

() 21, {by 4/,
/
(c) 1, (dy =%
P

AYoung’s double slitexperimentusesa monochromatic

source. The shape of the interference fringes formed

(AIEEE 2005)
(by cirele
() parabola

on a screen is
() hyperbola
(¢) straight line

in a Youngs double slit experiment the intengity at a

point where the path difference s - (\ being the
O '
wavelength of the light used) is /. it /, denotes the

maximum intensity, is equal to (AL 2007)

| 3
(a) —= (b) \{)—

)
(dy —
4

o
L)

9.

0.

A mixture of light, consisting ol wavelength 590 npy
and an unknown wavelength, illuminates Youngs
double slit and gives rise to two overlapping
interfercnce patterns on the screen. The centryl
maximum of both lights coincide. Further, it is
observed that the third bright fringe of known light
coincides with the 4" bright fringe of the unknown
light. From this data, the wavelength of the unknown
light is (AIEEE 2009)
(2) 3934 nm (b) 885.0 nm

(¢) 442.5 nm (dy 776.8 nm

The initial shape of the wave front of the beam is
(ATERE 2010)
(a) convex
(b) concave
(¢) convex near
periphery
(d) planer

the axis and concave near the

This question has a paragraph followed by two
slatements. Statement 1 and Statement 1L Of the
given four alternatives after the statements, choose
the one that describes the statements.A thin air
flm is formed by putting the convex surface of a
plane-convex lens over a plane glass plate, With
monochromatic light, this film gives an interference
pattern due to light reflected from the top (convex)
surface and the bottom (glass plate) surface of the
film. (AIEEE 2011)
Seatement § : When light reflects from the air-glass plate
interface. the reflected wave suffers a phase change or .
Seatement 11 : The centre of the inerference pattern is
dark.
(1) Statement | is true, Statement 1 1s true Statement
1 is the correct explanationof Statement |
(h) Statement | is true, Statement 11 1s true, Statement
11 is not the correct explana tion of Statement |
(¢) Statement | is false, Statement 11 is true

(d) Statement 1 is true, Statement 10is lalse

In a Young's double slit experiment, the two slits act as
coherent source of waves of equal amplitude 4 and
wavelength \. In another experiment with the same
arrangement the two slits are made Lo act as incoherent

sources of waves of same amplitude and wavelength. 1

the intensity at the middle point of the sereen m [irst
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. . .
case is 1, and in the second case 7, then the ratio kg
el

(ALEELE 2011)

— X
=7
i

. Attwo points £ and O on screen in Young’s double slit

expereiment, waves from slits .S, and .S, have a path

difference of € and 7 respectively. The ratio ol

intensities at P and O will be
(a) 3:2

(c) \/5I

(ANIEIEIE 201 1)
(by 2:1
(dy 4:1

In Young’s double slit experiment, one of the slit is
wider than other, so that amplitude of the light from
one slit 1s double of that from other slit. 1/ be the
maximum intensity, the resultant intensity /7 when very
interfere at phase difference ¢, is given by

(ANEILI 261 2)

D

/ ]
(A) ,(I)L(4__|, Scos )

I
(B) *L’L[l 4 2cos” !
o |

. ]
P

. /,, - 4 ) / ' 5 (f)‘
(C) -2l dcos™ — (D) 2| 1+8cos” =
9 2

-

3

[N

3. A beam of unpolarised light of intensity /7, is passed

through a polaroid 4 and then through another polaroid
5 which is otiented so that its principal plane makes an

15,
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angle of 457 relative o that of 4. The intensity of the
cemergent light is : (ATRLEL 2013)
(A) 1 /4 (B) 7/8
¢y 1, Dy 12

L. "Two coherent point sources S, and S, are separated by

a small distance “d” as shown. The fringes obtained on
the screen will be : (ATERRE 2013)

4
S SI}

1

Screen
g
(A) semi-circles
(C) points

(B) concentric cireles
(D) straight lines

Two beams, A and B, of plane polarized light with
mutually perpendicular planes of polarization arc
seen through a polaroid. From the position when the
beam A has maximum intensity (and beam B has zero
intensity ), a rotation of polaroid through 30° makes two

beams appear equally bright. I the initial intensities of

the two beams are /, and /_ respectively, then equals:
[JEE Main 2004]

o | —

tojw

hes
I

Adveanced

[n the ideal souble-shit experiment, when a glass - plate
(refractive index 1.5) of thickness 7 is introduced in
the path of one of the interfering beams (wavelength
A), the intensity at the position where the central
maximum occurred previously remains unchanged.
The minimum  thickness of the  glass-plote is:

fICIE 2002]
(A) 2A
(C)y V3

(B) 2\3
(D) A

In the adjacent diagram, C# represents a wavelront
and AO and BP, the corresponding two rays. I'ind
the condition on @ for constructive interference at P
between the ray 8P and rellected ray OF

[VIEE (Ser) 2003

R A
(A) cos )= —— (B) cos ) = —
2dd Al
A ) AN
(C) sec e cos ) = — (1)) sec ) — cos ) = -
d d
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2.38 Physics Module-3

3. A prism (y, = V3 ) has an angle of prism 4 = 30°. A
thin film (46, = 2.2} is coated on face AC as shown in
the figure. Light of wavelength 550 nm is incident on
the face AB a1 60° angle of'incidence, Find
(i) the angle of its emergence from the face AC and
(i) the minimum thickness (in nm) of the film for

which the emerging light is of maximum possible
intensity.

4. InaYDSE bi-chromatic light of wavelengths 400 nm
and 560 nm are used. The distance between the slits
is 0.1 nm and the distance between the plane of the
slits and the screen is 1 m. The minimum distance

between two successive regions of complete
darkness is [JEE (Scr) 2004]
(A) 4 mm (B) 5.6 mm
(C) 14 mm (D) 28 mm

5. InaYoung’s double slit experiment, two wavelengths of
500 nm and 700 nm were used. What is the minimum
distance from the central maximum where their
maxima coincide again? Take D/d — 10°. Symbols
have their usual meanings. [JEE 2004]

6. In Young’s double slit experiment maximum intensity
is 7 than the angular position where the intensity
becomes 1/4 is [JEE (Scr) 2005]

in-! i in”! _)\_
(A)sin (d] (B)sin [3d}

G o
(C)sin [2(1 (D)sin ¥

Question No. 7 to 9

The figure shows a surface X¥ separating two transparent
media, medium-1 and medium-2. The lines ab and cd rep-
resent wavefronts of a light wave traveling in medium-1 and
incident on XY, The liney ¢f and gh represent wavefronts of
the light wave in medium-2 afier refraction.

10.

. Light travels as a

- The phases of the light wave at ¢, d, e and f are b ¢,

- Speed of light is

¥

/ medium-1

(A) parallel beam in each medium
(B) convergent beam in each medium
(C) divergent beam in each medium
(D) divergent beam in one medium and convergent
beam in the other medium [JEE 2007)

¢, and ¢ respectively. It is given that ¢, = ¢.
(A) ¢_cannot be equal to ¢,

(B) ¢, can be equal o

(C) (&,— ) is equal to (@~ ¢)

(D) (¢,-¢,)isnotequal to (6, ¢)  [JEE 2007

[JEE 2007]
(A) the same in medium-1 and medium-2
(B) larger in medium-1than in medium-2
(C) larger in medium-2 than in medium-1
(D) different at » and o

In a Young’s double slit experiment, the separation
between the two slits is ¢ and the wavelength of the
light is A. The intensity of light falling on slit 1 is four
times the intensity of light falling on slit 2. Choose the
correct choice(s).

(A) If d = ), the screen will contain only one
maximum

B)If X< d< 2, at least one more maximum
(besides the central maximum) will be observed
on the screen

(C) If the intensity of light falling on slit 1 is reduced
so that it becomes equal to that of slit 2, the
intensities of the observed dark and bright fringes
will increase.

(D) Ifthe intensity of light falling on slit 2 is increased
so that it becomes equal to that of slit 1, the
intensities of the observed dark the bright fringes
will increase. [JEE 2008]
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Column § shows four situations of standard Young’s Column 1 Column I
double slit arrangement with the screen placed lar
away from the slits S, and S, . [n each of these cases ®) (i)t = 32 S) (P> IP)
S d1e=i8, T2 ‘SPﬂSP—\//LmdSP S, P, = : e |
\/% where A is lhc de]englh ot'the llbhl used. In lhc
cases B,C and D, a transparent sheet of refractive index
p-and thickness ¢ is pasted on slit S, . The thicknesses
of the sheets are different in different cases. The phase 1
dilference between the light waves reaching a point

£ on the screen from the two slits is denoted by (/)

and the intensity by /(). Match each situation given

in Columa 1 with the statement(s) in Column I1 valid |
for that situation. [JEE 2009] (T) L) > [(P)

12. A light ray traveling in glass medium is incideont on

Colwun { Column Il glass-air interface at an angle of incidence ¢ The
(A Py 6 (P) =0 reflected (R) and transmitted (7) intensitics, both as
0 ~ . ~ e -
function of # are plotted. The correct sketch is
s, [JEE 2011}
i P (A) 1000/0'“.............., (B) 100%T .
[ P1 . = "/_/‘:\\.
= 2 £
[ 2
1= £
St I R __.
0 0 7 90°
) 100%t (DY q00% T
S | B
A | 2 T 2 T
(B (1) @ b6(P)Y=0 o 5
,}1‘ -l [ I
. (0 2
= =
s, R . R .
1P, U S o 0 w0
L] P1
P s . . . . .
? 12, Young’s double sht experiment is carried out by using
. green, red and bluelight, one color at a time. The fringe
- ‘| widths recorded ave /4. 4 and /3, , respectively. Then.
[JEE 20012]
\ (A) Bam /),’ § F {; P (B) 'H/f B> 0,
©) (p=N1= 7) ) 1Py =0 (C) B >6,> (D) 5, 23,>
S 14, In the youngs double slit experiment using a
2 P monochromatic  light of wavelength A, the path
] /.-)2 difference (in terms of an integer ) corresponding to
P any point having half the peak intensity is:
i JJEE 2013]
S A A
‘ (A) Cn+ 1= (B) @n+1) —
|
| _ A : A
(C) (2n 1) — (DY Cn -1y —
' 8 16
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i5. A lJight source, which emits two wavelengths N = (N) B0,
400 nm and A, = 600 nm, is used in a Young’ double (B) m =m,
slit experime nt. If recorded fringe widths for A, and (C) Fxom the central maximum, 3" maximum of \
A, are 4, and /3, and the number of fringes from them overlaps with 3" minimunm ol A,
Jthqulslmcc v on one side of the central maximum (D) The angular separation of hmﬁes from A i
are m, and m, respectively, then greater than A, |JEE 20]41

—_—
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Electrostatics-

INTRODUCTION

ntroduction

1.

electrical and magnetic phenomenon.
can be divided into two parts:

Electromagnetism

Electrostaties: [ deals with the study of charges at rest.

Electrodynamies: It deals with the study of charges in
motion (discusses magnetic phenomenon).
I this chapter, we will be dealing with charges at

rest, i.e. electrostatics.

2, Structure of Atom

An atom consists of two parts: (i) nucleus and (i) extra
nuclear part. Nucleus consists of neutrons and protons, and
extra nuclear part has electrons revolving around nucleus.

| In a neutral atom,

number of electrons = number of protons and

charge of electrons = charge of protons = 1.602 « 10"

Icoulomb.

Normally, positive charges are positron, proton and
positive ions. In nature, practically free-existing positive

charges are positive ions and negative charges are electrons.

)
Do

¢ Char

(‘h:n‘go ofamaterial body or particle is the property (acquired
or natural) due to which it produces and experiences
electeical and magnetic effocts. Some of the naturally
Charged particles are clectron, proton, « particle, ele.

Hio

4.7

Positive eharge: 1t is the deficiency of electrons compared
o protons.

Electromagnetism is a science of the combination of

CHAPTER

Negative charge: It is the excess of electrons compared to
protons.

. Units of

harge

Charge is a derived physical quantity. It is measured in
coulomb in SI unit. In practice, we use mC (L0 C), nC
(1O C), nC (10°C), ete.
CGS unit of charge = clectrostatic unit = esu,
Feoulomb = 3 < 10" esi of charge

Dimensional formula of charge = [M°L7/']

tes of Charge

=3

(1) Charge is a sealar quantity: [ adds algebraically and
represents excess or deftciency of electrons.

(b) f(‘haun'y' is transferable: Charging a body implies
transfer of charge (clectrons) from one body to another
positively charged body which means loss of electrons,
i.e. deficiency of electrons. Negatively charged body
means excess of electrons. This also shows that mass
of a negatively charged body is greater than that of a
positively charged identical body.

¢) Charge is conserved: In an isolated s stem, total
D
charge (sum of positive and negative) remains constant
whatever change takes place in that system.

(d) Charge is quantized: Charge on any body always
exists inintegral multiples of a fundamental unit of
clectric charge. This unit is equal to the magnitude of
charge on electron (le = 1.6 107" coulomb). So
charge on any body O == “=ne, where i is an integer
and ¢ is the charge of the electron. Millikans oil
drop experiment proved the quantization of charge or
atomicity of charge,




3.2 Physics Module-3
Note

. . . . |
Recently, the existence ot particles of charge 4 —¢

5
and J_;c has been postulated. These particles are

called quarks, but still this is not considered as the
quanturm of charpe because these are unstable (They
have very short span of life.)

(¢) Like-point charges repel cach other. while unlike point
charges attract each other.

(B Charge is always associated with mass, i.c. charge
cannot exist without mass, th()ugh mass can exist
without charge. The particle such as photon or neutrino,
which has no (rest) mass, can never have a charge.

(2) Charge is velativistieally invayiant: This means that
charge is independent of frame of reference, i.c. charge
on a body does not change whatever be its speed. This
property is worth mentioning as in contrast (o charpge
of the mass of a body that depends on its speed and
increases with increase i speed.

(M) A charge at rest produces only electric ficid around
itsell; a charge having unitform motion produces clectric
as well as magnetic field around itsell, while a charge
having accelerated  motion  emits  electromagnetic
radiation.

7. Conductors and Insulators

Any object can be broadly classified in either of the

following two categories:

{x) Conduciors

(hy I[nsulators

Conductors: These are the materials that allow flow of

charge through them. This category generally comprises
metals bul may sometimes contain non-metals too (e.g.,
carbon in the form of graphite).

Imsulators: These are the materials which do not allow
movement ol charge through ther,

2 Charging of Bodies
(=3 il

Anobject can be charged by addition or removal ol electrons
from it. In general, an object can either be a conductor or
an insulator. Thus, we are going to discuss the chargin

= &

eola

&

conductor and charging of an insulator in briel.

()

Conductors can be charged by

Charging of Condise

(i) rubbing or (rictional electricity,

ity conduction and induction (will be studied in late
sections),

(iil) thermionic emission (will be studied under the topic
“heat”y and

(iv) photo electric emission (will be studied under the topig
“modern physics”).

(b} Charging of Insulaiors
Since charge cannot flow  through insulators, neither
conduction nor induction can be used to charge insulators,
so inorder 1o charge an insulator friction is used. Whenever
an insulator is rubbed against a body, exchange of electrons
takes place between the two. This results in the appearance
of equal and opposite charges on the insulator and the other
body, Thus, the insulator is charged. For example, rubbing
of plastic with fur and silk with glass cause charging of
these things.

To charge the bodies through friction, one of them
has (0 be an insulator.

COLOUMIES LAW

Coulomb, through his experiments, found out that the (two
in a medium as
shown in Fig. 3.1 exert a force /77 on each other, The value
ol force /7is given by

«

charges ‘¢,” and “¢,” kept at distance */”

s = Ky e
i
l_'.' r l::
e
kg, Fah,

Fig, 5.1

This law gives the net force experienced by ¢ and ¢, taking
in to account the medium suvrounding them,
where

/" gives the magnitude of electrostatic foree:

g, and ¢, are the magnitudes of the two interacting
charges; _

K is the electrostatic constant that depends upon the

medium surrounding the two ¢

o IRIVIGEN
This force /7 acts along the line joming the two
charges and 1s repulsive it g and ¢, are of the same sign

and is atiractive if they are of opposite sign.




Let us consider some examples on application of

Coulomb’s law.

SOLVED EXAMPLES

EAANMPLE Y

Charges 5.0 % 107C, =25 % 107 Cand 1.0 = 10 7Care
fixed at the corners A, B and C of an equilateral triangle of
side 5.0 em. Find the clectric force on the charge at € due
{o the rest two,

q,= 5w 107C g,=—-2.5=10 164

SOLUTION
010" %x5x107 %107
B=" Ll —=0.18 Nt
(0.05)
0510”3 —2.8%107 s1=10"7
Fop= x0T xixW_ o _o.oone

(0.05)°

| Net force on Cis

1 /’:u.-l = /_:'j-ll _I_ I-;:!H'
|
! [P = A+ () 20F, X F ) cos 0
[0 = 120°]
= 0.15588 Nt 0]

EXAMPLE 2

(F charge ¢, is fixed and ¢, is free to move, then find out the
velocity of ¢, when it reaches distance r, alter it is released
from a distance of r, from ¢, as shown in the figure (assume
friction is absent).

0 : a,
C{Jcl’.- ° e
| e ) i
Fixed! r A
( “ ; b

Elecirosiatics-T 3.3

Find v of ¢, when it reaches distance 7, after it is released
from rest.

SOLUTION

— Kaig,

= 5
Hx

[ vy Mt

T

L
I
- _2'!“‘-';"1‘!3_

m

0
v kg,
2 m

=) .

EXAMPLE 2

Ten charged particles are kept fixed on the x axis at point
¥ = 10 mm, 20 mm, 30 mm, .... 100 mrm. The first particle
has a charge 107" C, the second 8 = [0 C, the third
27 % 107°C and so on. The tenth particle has a charge
1000 = 10-*C. Find the magnitude of ¢lectric foree acting
ona | C charge placed at the origin.

1C

SOLUTION

Force of 1 C charge

Kgx1 | Kexd | Kgxl
(lox10™)  (0=10)  (ox107?)
_Kx107 1 10"
o™ [1r 2 107
— 910 % 107" % 55 = 4.95x 107 Nt

[This example explains that the concept of superposition

holds in the case of electric forces. Net electric force at the
origin is equal to the sum of the individual electric forces
on the 1 C charge.] =

EXAMPLE 4

A block “4° of charge g, is fixed, and the second block of
mass 1 and charge ¢, is allowed to be free on the Hloor. Find
out the range of ¢, for which the particle 1s at rest,




3.4 Physics Module-3

SOLUTION SOLUTION

The net force on particle 4 can be given by vector sum
of force experienced by this particle due to all the other
charges on the vertices of the cube.

Maximum friction = umg

A q, L I m, 4, For this, we use vector form of Coulomb’s law
‘??77,;{_7_7/?)’3’ /)7????777(')’;‘?’)7 FIFTITITEET
e 1 P Kq4, (7F—7%)
= o
k From the figure, the different forces acting on 4 are given as
mg = x99,
)
d ~ Kq'\- (—a )
. o = pmgr’ “ a
’ kg, 7 qu ( a] ak)
A2 T
 pmgr’? <q< pimgr’ (\/Ea)
kg, kg, B K¢ < —ai — aj . ak
A3 T
( 3a)
Vector Forms of Coloumb’s Law ( )
o Iu,r —ai - ui\
: (f
m-ix q, Po- { i)
F‘ﬂ-h_‘__h - A5 — 1.{
21
P Kq’(—ai —qj)
A 1
(V2a)
_________ 1—_, - Lt"f’ (—{-'n

Fig. 3.2
(F,,: force on g, due to ¢,)
. L
r r

By = -7)

2 [r—r] i

« Head of r points at that position where force has to be
calculated.

* r, and ;_{ depend on origin but does not.

* ¢, and g, should be put along with sign. - The net force experienced by A4 can be given as
EXAMPLE 5 FM—F "‘F +FA3+F:14+F11S+ﬁA6+ﬁA7
Given a cube with point charges g on each of its vertices. K& —Kq

Calculate the force exerted on any of the charges due to rest
of the seven charges.

gl

a




EXATAPLE &

Two particles, cach having a mass of 5 g and charge 1.0 =
107 C, stay in limiting equilibrium on a horizontal table
with a separation of 10 cm between them. The coetficient
of friction between each particle and the table is the same.
find the value of this coefficient.

qg==10~"c g="10"
; o fa .
Al 10 om ——HB

SOLUTION

Consider particle 4. Forces acting on A are coulombic
foree, and frictional force under limiting condition friction
will be limiting and will be equal to coulombie force.

Ji =

¢

Ky’
i
9510”1071 E

(1ox107)

J=pN == jung

= (5 #1077 % 10) = 5 % 1077 N)
For equilibrium, we have /.- i
9w 1073 =5 = 107)
910"
N = 0.18 =]

EXMAMPLEY

Two identical charges, Q each, are kept ata distance 1 from
cach other. A third charge ¢ is placed on the lineg joning
the above two charges such that all of these charges are in

equilibrium. What is the magnitude, sign and position ol

the charge ¢

— _X _F'_ —|
]
A r__ - G
Q q Q

SOLUTION
Suppose the three charges he placed in the manner, as
shown in the figure.

Elecirostatics-1 3.5

The charge ¢ will be in equilibrium if the forces

exerted on it by the charges at /1 and € are cqual and
opposite.
o5 O«
k --‘—1.,/— = — !
X (r=x)
or = (r-—x)
or X ==t
%
or X= =
2

Since the charge at A4 is repelled by the similar charge al
C. it will be in equilibrium il itis attracted by the charge ¢
at 3, i.e. the sign of charge ¢ should be opposite to that of
charge 0.

Force of repulsion between charges at Aand C =
Force of attraction between charges at A and 2

or g=r= =

EHAMIPLE &

Two point charges +4e and e are fixed at a distance ‘@
apart. Where should a third-point charge ¢ be placed on the
line joining the two charges so that it may be in equilibrium?
in which case the equilibrium will be stable and in which it
will be unstable?

SOLUTION

Suppose the three charges are placed as shown in the ligure.

|-de Fq e
— @l = b
F,
i e — il
X a-—x

Let the charge ¢ be positive.

For the equilibrium of chavge ¢, we must have
Force of repulsion /¢, between +de and +q¢ = Force of
repulsion £, between +-¢ and ¢

or
or Mo — x) =27
or Wy —x)==x
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2
x:—a or 2a.
3

As the charge ¢ is placed between -+4e and +e, x = 2a/3
is possible. Hence for equilibrium, the charge ¢ must be
placed at a distance 2a/3 from the charge +4e.

We have considered the charge g to be positive.

[f we displace it slightly towards charge e, from the
equilibrium position, then ", will decrease and F, will
increase and a net foree (7, — F)) will act on ¢ towards
left, Le. towards the equilibrium position. Hence. the
equilibrium of position ¢ is stable.

Now if we take charge ¢ to be negative, the forces F |
and F, will be attractive, as shown in the figure.

+4e —q +e
L +——p—o
F, F,
T x "a "

The charge —¢ will still be in equilibrium at x = 24/3.
However. if we displace charge —y slightly towards right.
then £ will decrease and F will increase. A net force
(F, — F ) will act on —¢ towards right, i.e. away from the
equilibrium position, So the equilibrium of the negative g
will be unstable, i)

EXAMPLE 9

Two ‘free’ point charges +4¢ and +¢ are placed a distance
‘a’ apart. Where should a third-point charge —q be placed
between them such that the entire system may be in
equilibrium? What should be the magnitude and sign of ¢?
What type of equilibrium will it be?

SOLUTION

Suppose the charges are placed as shown in the figure.

+4 -q

+e

. 4 ° 8
F F F F,

l X " a—x — ™

— - +

As the charge +e exerts repulsive force F on charge +4e,

so for the equilibrium of charge +4e, the charge —g must

exert attraction /” on +4e. This requires the charge g to be
negative.

For equilibrium of charge +4e,

F=F

or

For equilibrium of charge --¢,
F, between +4e and —g

F, between +e and —g¢

1 dexe 1 exq
4me, x° dre, (qa—x)
or X’ =4(a — x)?
x =2a/3
2 2
ex e 4a 4e
H nce, = —_— = .
enee 1= T 9T
EXAMPLE 10

A charge Q is to be divided into two small objects. What
should be the value of the charge on the objects so that the
force between the objects will be maximum?

SOLUTION

Let one body have charge g and other O — ¢
Here force between the charges

7 Ka( ) —4)
r
For F to be maximum
ar_,
dq

i[@_K_qZJZO

dg P r?
KQ 2Kq
2T T =0
r r



= 4=
!Thusa we have to divide charges equally on the objects. W

EXAMPLE 11

Two identical positive point charges Q each are fixed apart
at a distance 2a. A point charge ¢ lies midway between the
fixed charges. Show that:

(a) For small displacement (relative to «) along line
Jjoining the fixed charges, the charge ¢ exceutes SHM
ifit is positive and

(b For small lateral displacement, it exccutes SHM if it is

| positive. Compare the [requencies of oscillation in the

two cases.

w1 +Q
O O—0 O
emsi=s a=——
[ —q
O
X
+Q X FQ
o O o
4==nmv g -

YOLUTION

Ihe (two situations are shown in the Ggure.

(@) Letx be the displacement of the charge ¢ from the
mean position. Now net force acting on the charge ¢
towards its equilibrium position is

i KQq /(Q(/_
(u—.t'-)} (u—\n\‘)z

AKQqax 4KQqax

- T Jasx << d

(@ = x*) a

& AKQqgx

3 —V¢
i

Restoring acceleration ¢ =
sign shows restoring tendené]

(= —wx

[where 2 1s the mass of the charge

As acceleration is divectly proportional to dig-
placement, the motion is SHM. Its time period T s
given by

Electrostatics-1 3.7

T = am | [T )
404K 40

(b Restoring force on —¢ towards O is given by

2KQq X

F=— - =
(“_ +}I.'_) \/{(Iz - .\‘,l)
= —2&08 s 25 *(")‘/ Y fasx << u |

(u" +x o

. . F 2K0
Restoring aceeleration ¢ = -~ = ——g;i X
m i
o ==urx

Hence, the motion is SHM. Its time period 77 is given by

o}
2
I =—
= [e)
8 Ve gyt
- i 2ars e B
B2 — = 2, [— (93]
20gK q0
7 1 -
Now, L === J2 o
n, Vl

EXAMPLE 12

Two particles 4 and B having charges ¢ and 2¢, respectively,
are placed on a smooth table with a separation . A (hird
particle C'is to be clamped on the table in such a way that
the particles 4 and B remain at rest on the table under
clectrical forces. What should be the charge on C and where
should it be clamped?

-q -Q 24
@ D G .
A C B
o x =
e d e —

SOLUTION

For the charges to be in equilibrium, forees should be
balanced on A as well as on 5.

Balancing forces on A

. Kq(2q)
An “F?'
F = I\’(/j()
. =




e e/l

AT

S
-
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e
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29 _Q
or ? = 'x—2
2gx°
or 0= 7 ey
FAB FAC
A
Balancing force on B
FBC FAB
B
r_ 2Kq(Q)
BC 2
(d—x)
= 2Kq(Q) _ Kq(2q)
(d B x)2 d2
Q q
or = 2)
(d N x)Z d2

Solving equation (1) and (2), we get

or 25> =(d—x)
or 2x* =d* +x* —2xd
or X 42xd—d* =0

or x:(\/z—l)d
or —d(l—i—\/E)

The negative value implies that the particle C will lie
towards lefl of 4 at a distance (\/E — 1)d from A4 (as x was
measured from 4).

Forthepositionx:xJ:(\/E —I)dQ:QI:—q(6—x/§>
andforx:x2:—d<\/§+l) Q:szfq(6+4\/§)

Thus, the two possibilities are shown in the figure.

Tsin§ = If(g (M |
Tcos =mg @)}
or tan 6 = ]2“12
¥ mg
1 klx10?)

or

Q
OO0 -
A @ B

fe— x —»l
¢ d > or

EXAMPLE 13

Two identical pitch balls are charged by rubbing against each
other. They are suspended from a horizontal rod through
two strings of length 20 cm each. The separation between
the suspension points is being 5 cm. In equilibrium, the
separation between the balls is 3 cm. Find the mass of each
ball and the tension in the string. The charge on each ball
has magnitude 2 x 10-8 C.

SOLUTION

As the balls are rubbed against each other, they will acquire
equal and opposite charges. The FBD of left ball is shown
in the figure which shows all the forces acting on ball in
equilibrium position.

g=-2x10°c T3My_2 10
T 4
9!
.‘.’_'l
P Lk
|/ r?
mg

Here for equilibrium of each bob, we have

2

Jaor -1 (3x1072) mx10
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g ="7.99 gm

rom Ed (2) ;8
cos f!
_ m10%20
Ji20r 1
=8=«107" N |

| Javing a charge ¢ = 5 x 1077 C is fixed on a
i { wall. A gecond particle B of mass 100 g and having
yortica ¢ is suspended by a silk thread of length 30 cm
3 : (:m:ﬁl“_.'r]m point of suspension is 30 ¢m above the
ﬁtlec,d ([-'ind the angle of thread with vertical when it

s in cquilibrivm-

article A 1

SEOLUTION

The situation is ghown in the figure.
Here, the forces acting on bob B can be shown as
Al

follows:
EBD of B is

o
.-\

Vo SV TP Lrbsps

Q77

3C cm
w2-8'2

sing Lami’s theorem, we get
O O

mg _ 4
RN SRS S—
(x V) sinlm—0)
S| - =

-
ng Ky

o B
cos, 2x0.30xsin_xsinf)

o e /-[)\q 00
cos 2:<0.60sin—x 2sin — cos
2 2 22
.o f Ky’
or sin — = ————
2 2mg(0.60)
On solving, we get () = 17° |

Coloumb’s Law in a MEDIUM

Relative Permittivity

When two charges are placed in vacuum or when the
same set of charges is placed in a medium, the net force
experienced by the charges will be different. The effect of
the presence of medium is accounted in the proportionality
constant A. This electrostatic constant K is defined as

K= — where ¢ = ¢,e,
where ¢ = absolute permittivity of medium

g, = permittivity of f{ree space, having a constant value =
8.85 » 10" C¥/N-m?

g, =-— = relative permittivity of medium with respect to
E:(I

free space, also termed as dielectric constant.
For free space ¢, =1
2
1 o N-m*

and K=——=9x10
dme,

3
Force Dependency on Medium

We can say that when two charges are placed in vacuum (or
air), the force expericnced by the charges can be given as

I gy,

ro=—=

ar 2
Y dgwe, r

When these charges are submerged in a medium, having
dielectric constant ¢ , the force becomes

= | 4,4,
e 17
=
g .
or I L R |
nied /

' e 4
ned air
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SOLVED EXAMPLES

EXAMPILE

Two identically charged spheres are suspended by strings
of equal length, The strings make an angle of 307 with
each other. When suspended in a liquid of density 0.8 g/ec,

the angle remaing same. What is the diclectric constant of

liquid? Density ol sphere == 1.6 g/ce.

LS b
)

SOLUTIGN

When set-up shown in the figure is in air, we have

20

tan 157 = ——

1
mg,. =mg|l-= J
' S

When set-up is immersed in the medium as shown in the
figure, the electric force experienced by the ball will reduce

~ and ihe effective gravitational force

’

and will be equal to

o )
will become ma|l — e

Py

Thus, we have

e
tan 15% = ——
2]
mge [1—
5
I 7
g =——=2 E
Ir‘l
I_ i
7

EXAMP

16

Find the total force on charge ¢ due to a charge rod ha\fing
linear charge density \ C/m placed as shown in the figure,

1A Clm

SOLUTION

ANC/mo Adx = dg

o Lo 2 i
; | X

ax |
P I P :
7 Y a )
- —p!
X

4 B\
ad
= kgA l]‘
X,
o ;
a  d+1

Figure 3.3 shows a charge ¢ that is lying in free space.

b @ @—

Figure 3.2

Now a charge ¢ is brought near it.

By Coulomb’s law, we know that the charge ¢
experiences a force and it exerts an equal force on ¢,

How does ¢ become aware of the presence of ¢'?

(We do not expect ¢ to have sensory organs just as
we have.)

The answer is electric field.

Blectric field is the space surrounding an electric
charge ¢ in which another charge ¢ experiences a
(electrostatic) force of attraction or repuision.

Figure 3.4




The direction of eicetric field is radially outwards for a
positive charge and is radially inwards for a negative charge
as shown in Fig. 3.4, There are some points always to be
kept in mind. These are as lollows:

§. Electric field can be defined as a space surrounding
a charge in which another static charge experiences a
force on it.

2. Inaregion, electric field is said to be exist if an electric
force is exeried on a static charge placed at that point.

3. It i important to note that with every charge particle,
there is an electric field associated which extends up to
nfinity.

4, No charged particle experiences force due to its own
clectrie field.

| Note

‘ A very small positive chacge which does not produce
its significant electric field is called a test charge.

| Thus, electric field strength at a point can be
defined generally as “Electric field strength at only

‘ point in space to be the electrostatic force per unit

charge on a test charge”.
If a charge ¢, placed at a point in clectric field
experiences a net force  on it, then electric feld

strength at that point can be

| 5
or A I0=— |g, — test charge] (1
('/U

| o o ol 4 3 = ° -

| Electric Field Strength due to Point Charge

As discussed earlier, if we find clectric field due to a
point charge at a distance x {rom it, its magnitude can

| be given as
|

‘ E = (2

Ly
i

@

ctor Form of Electr
Charge

As shown in Fig. 3.5, the dircetion of electric field strength

at point £ is along the direction of X . Thus the value of

can be written as

Electrostatics-1  3.11

Figure 3.5
ot = —\i/ X (3)
X

Note

It should be noted that the expression in FEgs. (2) and
(3) 1s only valid for point charges. We cannot find
clectric field strength duc to charged extended bodies
by concentrating their whole charge at geometric
centre and using the result of a point charge.

SOLVED EXANMPLES

EXAMPLE 17

Four particles cach having a charge ¢ are placed on the four
vertices of a regular pentagon. The distance of each corner
from the centre is ‘¢’ Find the electric field at the centre of
pentagon,

SOLUTION

We can calculate the efectric field at centre by the superposition
method, i.e. by adding vectorially the electric field due to all
these charges at centre which will come out to be:
=0 p=ts = = =4 K¢
Froe=F +B rE+F =24

centie 3

o

i the direction of the vector with no charge as shown in
the figure.
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Alternate:
Consider pentagon with charges on all vectors.

Now, electric field at centre must be zero due to symmetry.

ETF T —

Thus, electric field due to 4 charges + electric field due to
\ 1 charge = 0

or electric field due to 4 charges = —electric field
due to I charge
where — ve sign denotes that both the forces are in opposite

T 0 Crtee

, direction.
Thus, electric field due to 4 charges = —electric field
due to 1 charge = K—,q
e
[Another good example of superposition theorem] ||
EXAMPLE 18

Four equal positive charges each of value Q are arranged at
the four corners of a square of side a. A unit positive charge
of mass m is placed at P, at a height 4 above the centre of
the square. What should be the value of Q in order that this
unit charge is in equilibrium?

‘£ SOLUTION

The situation is shown in Fig. (a).

Force experienced by unit positive charge placed at P
due to a charge Q at 4 is given by

F:TK(QX_)

2 azJ
h* —
[ * 2

T —

= 4KQ2~-0059:mg
[hz +2
2
From Fig. (b),
Fcosd g
A”
% ":,: Fsing
@7 &
¢ :
VAN
A g/Jz O
(b)
cosf = — i —
(4 a*/2)
4KQh
or — W mg
h2+‘iJ
s

)

Similarly, equal forces act on unit positive charge:
at P due to charge at B, C and D. When these forces are
resolved in horizontal and vertical directions, the horizonta

component (£ sin d) cancels each other and the net vertica]
force is 4F cos 6.

net upward force = ﬂ—] cos f

Thus, >
(hz +4
2,

For the equilibrium of unit positive charge at P,

upward force = weight of unit charge




EXAMPLE 19

1.6 % 107" C projected horizontally with a veloeity of 10°
m/s into a region between two infinite horizontal parallel
plates of metal. The distance between the plates is 0.3 cm,
and the particle enters 0.1 em below the top plate, The
top and bottom plates are connected respectively to the
positive and negative terminals of a 30 volt battery. Find
the component of the velocity of the particle Just before it
hits one on the plates,

SOLUTION

|Wc know that between two parallel plates electric field can
be given as

Here, =30V and d = 0.3 em =3 [0 m

| Thus, we have £ = 10" N/C

' Force on the particle of negative charge moving,
between the plates

= .6 % 10" % [0
= 1.6 x 10" N

The direction of force will be towards the positive
late, 1.e. upwards.

Now the acceleration of the particle is
ell

(&=
it

r a = {16 1079 « 10

r a = 178 = [0 m/s?

s the electric intensity % is acting in the vertical direction,
¢ horizontal velocity v of the particle remains same. If y
the displacement of the particle, in upward divection, we
ve

[ &
)= =i
: )

e

e, y=0.lecmr=10"m, g = .78 % 10" ny/s2

|
us, 1073 = o X (178 = 10" (%)

e ——

A particle of mass 9 x 10" kg and a negative charge of

Electrostatics-1 3.13

By solving, we get
L= 1059 = 10"
Component of velocity in the direction of field is given by
v, == al
= (L78 = 10" (1.059 = 10 )
= 1.885 « 10" m/s |

EXAMPLE 20

A particle having a charge of 1.6 X 10" C enters midway
between the plates of a parallel plate condenser. The initial
velocity of particle is parallel to the plates. A potential
difference of 300 volts is applied to the capacitor plates.
The length of the capacitor plates is 10 em, and they are
separated by 2 em. Caleulate the greatest initial velocity for
which the particle will not be able to come out ofthe plates,
The mass of the particle is 12 x 10~ kg.

SOLUTION

The situation is shown in the figure.
Here, we know that the electric field can be given as

sV 300
Cd 27100
= 15,000 V/m
[ 10 em-sm e b

As the particle does not come out, its maximum deflection
in the vertical direction can be

== lem = ]2 m.

We know that

y= —at’

’ ¥

! c//ff[/]"‘
) i\

A0 [
[AS a = £ and 7= — ]
i u

. I gl
or A
2 my

—— T ——— EEEE—— |
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1(1.6x1019)(15,000)[i]2
2 (12x10)(107%) 10

EXAMPLE 21

A uniform electric field E is created between two parallel
charged plates as shown in the figure. An electron enters the

4 field symmetrically between the plates with a speed u. The
length of each plate is /. Find the angle of deviation of the
© path of the electron as it comes out of the field.
SOLUTION
¥ The situation is shown in the figure.
Here, we know that in the x-direction speed of
electron remains uniform.
In the x-direction,
by U =u
) In the y-direction,
| vVini | = O
|
‘% Acceleration in the y-direction of electron is
> — Ed
2 m
-
[ =
N e
l E p i
u
o~ -----
-
"D y
* .'_
el —
| : X
C Voo =W f-etf
|
)
v, =—||—
m )\u
& — —— —

tanG:i:e—El u
v, mu
El !
0=tan'| < ]
an {mu2 ‘

EXAMPLE 22

-

A block of mass m containing a net positive charge ¢ i
placed on a smooth horizontal table which terminates :]
a vertical wall as shown in the figure. The distance of th
block from the wall is d. A horizontal electric field ‘/
towards right is switched on. Assuming elastic collision (j
any) find the time period of resulting oscillatory motion. {J
it a simple harmonic motion?

SOLUTION
Here, acceleration of block is g = gz
m
o —
E
—
m

Tz IR, L L L

Time taken by the block to reach wall

d= l[ﬂ]ﬁ
2\m

,_ [rn
qE

Velocity at the time of impact is

v = ~2ad
= y— [2aEd
m

When the block rebounds time taken by the block before it

comes to rest
0= /@ _ [ﬂ] ,
m m

2qld

g =t R 2l
gL gl
m
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Thus, time period of oscillation of block is SOLUTION

Py Dl Applying lorce balance
o
v
gince the restoring force is independent of x, the

displacement from mean position, this is not a simple . :
[armonic motion. i -

EXAMPLE 23

Find out the time period of oscillation when the bob is

slightly shifted through an angle ¢ from its mean position. Pt e G = /}I[\e’ _
but for (i T=0
: my’
s mg + gll = ——
o ; R
m, 3 .
o%9 Using cnergy conservation
i wo ot owbw = Ak
SOLUTION i '

—itg - 2R 4+ 0 — ¢lf - 2R = mv* — pusd

—4AR(mg + ¢l) = Rung 4 ¢E) — mu?

I I
= S[g + i}/e m
I

Graph of Eleciric Field duea to Binary Charge
Configuration

- 7 =27 |- ]

| b4 aff
i

EXAMPLE 24

find u, . so that particle will complete vertical circle.




Electric Field Strength at a General Point due to
a Uniformly Charged Rod

As shown in Fig. 3.6, if P is any general point in the
surrounding of rod, to find electric field strength at P, again
we consider an element on rod of Tength ¢x at a distance x
from point O as shown in Fig. 3.6.

F)
.
A
NS
P rooN
== R R
|« L @ ¥
Figure 3.6
Now il df be the electric ficld at /2 due to the element, then
it can be given as
. Ky,
i K
i { <
(%)

Here

ﬂ'ﬂf = %(/X

Now we resolve electrie field in components.

dE cos @)
A dE

i

N )
1 ¥ dl= sin ()

I+ 4+ L+ F+F++]

e |
X

——| dx |
Figure 3.7
Electric field strength in the x-direction due to dg at P is

JdE = dlsin )

Ky

(&2 =r?)

or ‘//5.- = —sinf

KQsin 0

- —lx
L (xz -+ 1‘2)
Here we have
x=rtan ()
and dx = rrsec’ 0 d0

Thus, we have

 KQ rsec’ b q

— n
L risec #

dls =

KQ .
Strength = X0 sintl dt)
Lr
Net electrie field strength due to dg at point P in the
x-direction is

? KQ
et f S — S (/ )
I j drz, T [ . sinf/ dt
or £ *g[ cos 0"
Ly =4
or = {?L—Q[COS 0, —cos 0]
’

Similarly, clectric field strength at point P due to dy in the
y-direction i3

dE = dlcosd

. KQdx

or c/l;\‘ = % cosf
' L(/" + \)

Agam we have x = rtan ¢/

and dx = rsect 6 df

Thus, we have

e -2 1) ’
i = B2 o5 =0 1y KO o pap
d rsecf) Ly

Net electric field strength at P due (o dg in the p-direction is

o KQ
[} = ’ i f = o, [ cos (dn
¥ & ¥ ”‘

L -

or %

.H.,

% ['\*sin ()]m



IN . .
E = %Q[sm 0, -k sin 0, |
¥ L ’

Jus, electric field at a general point in the surrounding of
yniformly charged rod which subtend angles ¢/, and 0, at
e two corners of rod can be given as
|-direction

KO

I == Ir ('cos()2 —cosf), ) = &A (cos0, —cos ), )
v - -

‘J, -direction

E

KQ, . : KX, . .
—ZQ(sm 0, +sinf), )= ——(sin0, +sind, )
r r

:\lote
!
» is the perpendicular distance of the point from the
wire.
¢, and 0, should be taken in opposite sense.

SOLVED EXAMPLES

KAMPLE 25

|the given arrangement of a charged square frame, find
1d at centre. The linear charged density is as shown in
e figure.

MUTION

K
EF dueto = L;’\(sin 45° 4 sin45°)i

WK

- !
/
! 3\
T ®
;A
e
3
EF dueto2 = — ;7/@7’7
N
EF dueto 3 = 632K\ ]

1
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2K\ -
EF ducto 4 = HJ:JA A J
Enul w Etlucln\ + /:;lhlx)h'? _l“ Enluolu] 47 Ev.’hvc(n-’l
22K\ 4JEKA]¢ o2K\ SJEKA]a
= : i+ + J
/ / / /
—232KA - 2K\ -
s o} .

EXAMPLE 26

Given an equilateral triangle with side /. Find £ at the
centroid. The linear charge density is as shown in the figure.

SOLUTION

The electric field strength due to the three rods AR, BC and
CA are as shown in the following figure.

o § - 2 I\' \

= -(2sin3()°)(cos()i +sinH_j>

T -
It //\/5

—

2KAN ;.
=== : (2511130‘))(005(#/' —sin ()_/)

E,. =
A5 //\/*

= 2KN . . :
Y =——=(25In30°) /
i [};ﬁ :

Lpg = O ]'-'*',m il Eﬂ{
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Fo= =3
" 2me,l

Electric Field due to Infinite Wire (I >> r)

Here, we have to find the electric field at point p due to the
given infinite wire. Using the formula learnt in the above
section which are

SOLVED EXAMPLE

‘ EXAMPLE 27

g = Consider the system shown below.
If the charge is slightly displaced perpendicular to
wire from its equilibrium position, then find out the ti
period of SHM.

°
Q

WiFE!/ E
5 P
Figure 3.8 di

E = K—)\(cosﬁ2 —cos6,) &

)=

SOLUTION
R Y
LT T(Sm  +sinf)) At equilibrium position, weight of the particle is balance
by the electric force

i
For above case, 6, =6, = B 2\ _
mg=gq i (l
KA 2K\
P=— 1)= ; ; e . .
E gt r (1+1) ¥ Now if the particle is slightly displaced by a distance i
(where x << d) net force on the body,
Electric Field due to Semi-infinite Wire
 2k)\g
net d 4x
i From (1),
Fo 2kAg  2kAq
net d + X d
P .  —2k)\g
Wil‘e‘/ .':___. 5 ET d(d+x)
™ E, Asx <<d,
E11
—2kAgx
Figure 3.9 By 7 T “
[
For this case, _ N = —2U \gx
0]:5’ 6, =0° - md’




T
|
For SHM,
= —wx
| A
| 2
f i’
2hN
e ) = . f’
mied”

o 2 P md” -
w 2k

Electric Field due to Uniformiy Charged Ring

| Case I: At ifs Centre

chrc by symmietry we can say that electric field strength
at centre due to every small segment on ring is cancelled
by the electric field at centre due to the segment exactly
opposite to it. As shown in Fig. 3.10, the electric field
strength at the centre due to segment AB 15 cancelled by
that due to segment CD. This net electric field strength at

| the centre of a uniformly charged ring is zero.
|

BR =

Figure 3.10

Case 1I: At a Poini on the Axis of Ring

For this, see Fig. 3.1 1. There we will find the efectric field
strength at point P due to the ring which is situated at a
distance x [rom the ring centre. For this, we consider a
small section of length ¢// on a ring as shown. The charge on

|
| . e
this elemental section 18

dg = £ d/
2R

O = total charge ol ring]|

Due to the element dqg, electric field strength d/f at point P
can be given as

Electrostatics-1  3.19

—» dE COS

dE sina

Figure 3.11

The component of this feld strength F sin o which is
nortal to the axis of ring will be cancelled out due to
the ring section opposite to df. The component of electric
ficld strength along the axiy of ring d& cos « due to all
the sections will be added up. FHence, total electric lield
strength at point P due to the ring is

2kq
ENEIES 7
R / . \
B J2 5 N
— ! R
\ | {2
A 2kQ
3/3R?
Figure 3.12
e / "JE cos o
B [3'“* Kdg " b
o (R0} RS

2R é .
or E,= ] —Ilg—l o dl
SO an (R )
_ KOx . ['?—f“( "
2w R(R 320
i, ’K‘Q"' (21 R)
2R(R +x%)
E, = _ e =
(R* M)
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Substituting the value of 7in Eq. (1), we ge

!.':;(rf V2 )  2ky

SOLVED EXAMPLES

I = — = -
RV N

EXAMPLE 28

A thin wire ring of radius - carries a charge ¢. Find the — EXAMPLE 29
magnitude of the electric field strength on the axis of the A (hin fixed ring of radius I m has a positive charge Iﬂ;\'
ring as a function of distance / from centre. Investigate the s C uniformly distributed over it. A particle of mass (
obtained function at / >> r. Find the maximum strength g and having a negative charge of 1 3 10-° C is placed !
magnitude and the corresponding distance /. the axis at distance of 1 em from the centre of the ring,
Shown that the motion of the negatively charged particle o
approximately simple harmonic. Calculate the time periog
ol oscillations.

SOLUTION
see the figure (Modily Tor maximum /7)

We know due to ving clectric field strength at a
distance / from its centre on its axis can be given ag

oo Kl (1) SOLUTION

(7 +)3/2

Let us first find the force on a — ¢ charge placed af a
distance x from the centre of ring along its axis.
Figure shows the respective situation.

For [ ==, we have

gy , i ) ;
SIS i I [n this case, force on particle P is
L 0
= ) ) ) ) . KQOx
us, the ring behaves like a point charge. 1, =—qll = —q ——=——
- 2 pal Ll
(«? +R?)
For g By
Tt Forsmall v, x << R, we can neglect.x, compared (o R, we
have
Irom the equation, we get P KqOx
31 i
- LY N 5 v
= ./ R PRl A o] . . . N
dls q (et 2 I ()" 21 Acceleration of particle is
—_— = = ()
- . W3 -
di 4, @ + 1) KqQ
: = =\
mi
) 3¢, T Tere we hive v — 1 o . ) HEfBL s T R i
- (R = ()% 77(/,.. ] /v_z) T [Here, we have x = | emand £ = [ m: hence, a R ca
2 be used]
. that particle P oveerfoe SO
Solving we get, This shows lI.ml |)dllll(,|(, / exeeutes 'ul IM. i
Now comparing this acceleration with ¢ = —wi iy, we
= () vt o
J2 \/ K40
W= ==
Rk’



ﬁ\
(r\
{
\
I..!—|- S ET
v,
W/

Thus, time period of SHM is

y § 3
o
w KqO
3 3
1.9 10 = (1)
- ,’Z'/r\] ( 5 2 % a) SNl 8 )
Q10" %10 "= 107" 5
EXAMPLE 30

A system consists of a thin charged wire ring of radius R
and a very long uniformly charged thread oriented along
the axis of the ting with one of its ends coinciding with the
centre of the ring. The total charge of the ring 1s equal to ¢.
The charge of the thread (per unit length) is equal to A. Find
the interaction force between the ring and the thread.

SOLUTION

Force df on the wire = dy Iv

= nem A

ANCim

5=

ax

dg = \dx

—._____._-—'/
- 7,"\‘!-“1 G Ay
(x* +R?)
xdlx

Alternate:
Due to wire, clectric ficld on the points of the ring in the
yedirection ts

Thus, force on the ring due to wire is

KN Kg\ Mg

(/ —= ==
R~ R Ame,R
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and E = [As cancelled out]
(Here x components of forces on small elements of
rings are cancelled by the x component of diametrically
opposite elements.) |

EMAMPLE 31

A thin half-ring of radius # = 20 cm is uniformly charged
with a total charge ¢ = 0.70 nC. Find the magnitude of
the electric field strength at the curvature centre ol this
half-ring.

SOLUTION

The situation is shown in the figure.

Here, the semi-circular wire subtends an angle 7 at the centre,
We know that the electric field strength due to a circular are
subtending un angle ¢ at its centre can be given as

2Kgsing/2  2KRg

E= = =— [Here ¢ = 7]
i R e

__ 4

Vol 7
2re, R

Substituting the value, we get

B 710"

23 (3147 x(8.85% 107")x (0.2)

= 100 V/m [}

Electric Field Strength due to a Uniforimiy
Surface Charged Disc

If there is a disc of radius R, charged on its surtace with
surface charge density o C/m?, we wish to find clectric field
strength due to this disc at a distance x from the centre of
disc on its axis at point 2 shown in Fig. 3.13.

To find eleetric field at point £ due to this disc, we
consider an elemental ring of radius v and width dy in
the dise as shown in the figure. Now the charge on this
elemental ring dy can be given as

'
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o C/im?

A

F\x

Ty
o
m

Figure 3.13
dg = a2n ydy

[Arca of elemental ring ds = 2wy dy ]

Now we know that electric field strength due to a ring of
radius R. Charge Q at a distance x from its centre on its axis
can be given as

KQOx

E=— 2
(x*+ R

[As done earlier]

Here due to the elemental ring electric field strength dE at
point P can be given as

Kdgx
(¢ +5*)"
_ Ko2mydgx
- (x2 + )3/2

Net electric field at point P due to this disc is given by
integrating the above expression from 0 to R as

E_ de fOR An"*nm.{r

(5 y*)"

dE =

R 2 d R
Kmrxf%:ﬂ(mrx —
g (x2+y2) x2+y2 ,
E= T X
2¢, \[\ | R?
Case (1): If x >> R
R [
E:Ll__., 3 . _Ll [].| R_q] J
2¢, R 2e, X
X +1

r
3
“E0

IR )
-1+ LT - higher order terms
X

_ o R*  onR? 0

460 2 471':50x2 B 4me x’
i.c., Behaviour of the disc is like a point charge.

Case (ii): If x << R
g

2¢g, 2¢e,

i.e., Behaviour of the disc is like infinite sheet.
Electric Field Strength due to a Uniformly
Charged Hollow Hemispherical Cup

Figure 3.14 shows a hollow hemisphere, uniformly charged
with surface charge density ¢ C/m?2. To find electric field
strength at its centre C, we consider an elemental ring on
its surface of angular width d6 at an angle @ from its axis as
shown. The surface area of this ring will be

ds = 27R sin 6 X Rdf
Charge on this elemental ring is

dg=o0ds=ce2nR?sin 6 db

}:
P Rsini
——h

Figure 3.14

Now due to this ring electric field strength at centre C can
be given as

K{f{}(R cos)
(R?sin® 6+ R*cos’ )

dE =

Ko -2nR*sin8d6 - Rcos
R}
= Ko sin 20 df

Net electric field at the centre can be obtained by integrating
this expression between limits 0 to g as




d
d

By = /)L//.;j =0 Ko [ sin 20t
b S0

e
o | cos 3(/]
de, 2l

o |1 4 | e

N de. |2 " 2 4de

SOLVED EXAMPLE

LE 32

EXAMF
In the given arrangement, find the electric ficld at ' in Fig.
(a). Here the U-shaped wire iy uniformly charged with
Jinear charge density A,

W @
cBop g _KX
a a
H \ » & KA
; K\ RA_
I a o I a0
. 2K\
e If—'y =
a’ \ ¢ "/
"” o S 7 =
\\.::::3//" (,D
(a) (b)

SOLUTION

The electric feld due to the three parts of U=shaped wire are
shown i Fig. (b). Thus we have

Em1::(1q‘4-1q>)f4-(/q‘ £, +E, )]

> [K\ AAJ¢‘[2KA KN KA+ 0
Lm T A — e e 4=
' a a a a «
Thus, BI' due to aiven arrangement al C = (). |

CONSERVATIVE FOR Cle

A force is said (o0 be conservative if work done by or
against the force in moving a body depends only on the
initial and final positions of the body and not on the
nature of path followed between the initial and final
positions,

o 7 0] ta T
i poes i

(| : (i 0 _zi

o N 1Y U V'
(a) (b) ()

Figure 3.15

Consider a body of mass m being raised to a height / vertically
upwards as shown in Fig. 3.15. The work done is mah. & uppose
we take the body along the path as in Fig. 3.15(b). The work
done during horizontal motion is zero. Adding up the work
done in the two vertical paths, we get the result mgh once
again. Any arbiteary path like the one shown in Fig. 3.15(¢) can
be broken into elementary horizontal and vertical portions,
Work done along the horizontal path 1s zero. The work done
along the vertical paths add up to mgh. Thus, we conclude that
the work done in raising a body against gravity is independent
of the path taken. 1t only depends upon the initial and final
positions of the body. We conclude from (his discussion that
the force of pravity is a conservative force.

Examples of Cong

L. Gravitational force, not only due to Earth wn ity general
form as given by the universal law of gravitation, is g
conservative foree,

2. EBlastic force in a stretched or compressed spring is a
conservative foree,

3. Electrostatic force between two electric charges is a
conservative force,

4. Magnetic force between two magnetic poles is g

conservative force,
Forces acting along the line Joining the centres of two
bodies are called central forces, Gravitational and
electrostatic forces are two mportant examples of
central forees. Central forces are conservative forces,

e =

Properties of Conservative Eorces

» Work done by or against a conservative foree depends
only on the inttial and final positions of the body.

© Work done by or against a conservative force does not
depend on the nature of the path between initial and final
positions of the body.
[Fthe work done by a force in moving a body from an initial
location to a final location is independent of the path taken
between the two points, then the foree is conservative.

© Work done by or against a conservative force in a round
trip is zero.
I a body moves under the action ol a foree that does
no fofal work during any round trip, then the force is
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conservative: otherwise it is non-conservative.
The concept of potential energy exists only in the case of

conservative forces.

o The work done by a conservative force is completely
recoverable.
Complete vecoverability is an important aspect of the
work of a conservative force.

Work done by conservative forces

HMVED EXAMPLES

I format: (Wien comstant force is given
S

EXAMPLE 23

Calculate the ‘work done to displace the particle from (1, 2)
to (4, 5),if F = 4i -3/,
SOLUTION

dw = F - df = (dF = di | dyj =)

dw = (4/?—1—- ?’/)<L/‘I —-1—(/‘1_7}?"- L/;:/:)

= dw o= dex -3y
IRl osl 5
hi = dey | 2dy
')(“ i J/I x| /, )y
== w o= [dx]) '-le
we=(l6 =4y (15 —0)

= =12 49 =21 Joule e ]

I iormat: (Wihen Fis given as a funciion of x, v, z)
I F=FiFrj+Fik

then
dw = (F -, f+ /{/f\) (elxi +dyj -+ d=A )

=3 (/ll':/ oy - / = /"1/

EMAMEPLE 24

Anobjectis displaced from position vector 7 ==(2i 3_/');11

to 7 =(4i

Find the work done by this force.

SOLUTION

- ()7)//1 under a force /¢ = (3.\'?1‘?'! fl,!;’?)N.

W= [ P dr
= [ 3x70 —!—21’/) <¢/,\‘f -+ (/);’} +¢/:/€>
= / N dx Z,M/_,\’)
(hr)

=[x+ 7], =831 i

il format (Perfect differential format)

EXAMPIE 35

[T 77 = yi 4 x/, then find out the work done in moving the

particle from position (2, 3) to (5, 0).

SCLUTION
dw= F-d
\;> . ((/xf -+ t/,l.’; )

o == vy - xdv

dw = ()’f -

Now x4 xdy = d(xv)
(perfect differential equation)
= dw = d(xy)

ior total work done we integrate both sides

’/.L/l\’ = Qlid(.\w)

Put xXp =k

then at (2, 3)
/\’ 72 ‘3?6

at (5, 0)
ko= 5% 06=230

/
W 30
Then T / dle = l/\]
== == (30— 0) = 24 Joule

MOMN-CONSERVATIVE FORCES

A force is said to be non-conservative iff work done by or
against the force in moving a body depends on the path
between the initial and final positions.




The f(rictional forces are non-conservative forees.
This is because the work done against (riction depends on
{he tength of the path along which a body is moved. It does
pot depend only on the initial and final positions. Note that
the work done by frictional foree in a round trip is not zero,

The velocity-dependent forces such as air resistance,
viscous force, magnetic force ele., are non-conservative forces.

SOLVED EXAMPLE

EXAMPLE 36

Caleulate the work done by the force F = pi to move the

particle from (0. 0) to (1, 1) in the following condition:
(2) vy =xand (b) y = »?

SOLUTION

We know that
dw = F . d5
= dw = (w) (avi)

= ydx

[n Eq. (1), we can caleulate work done only when we know

the path taken by the pacticle.

either p = x or y = 4750 now

. N
fdw == / _\”t/v,\’

1
=5 W Joule

(a) when v = x

(b) WhC[’] 17 == V\,'J
j‘dw = [ ey

|
= w = —Joule

3
Difference Between Conservative and Nomn-
conservative Forces
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S.No Conservative forces

Non-Gonservative
forces

2 Work done in round trip
Is zero

3 Central in nature

4 When only a

conservative force
acts within a system,

Work cdone in a round
trip is not zero

Forces are velocity
dependent and
retarding in nature

Worlc done against a
non-conservative force
may be dissipated as

the kinetic energy and
potential energy can
change. However, their
sum, the mechanical
energy of the syste
does not change

heat energy,

5.No Conservaiive forces Non-Conservative
' forces
1 Worlk done does not Work done depends on
depends on path path

5 Work done is Worlk done is not
completely recoverable  completely recoverable
ELECTROSTATIC POTENTIAL ENERGY

Electrost

niial Energy

- Pot

Potential energy of a system of particles is detined only in
conservative ficlds. As electric field is also conservative, we

define potential energy in it. Before proceeding further, we
should keep in mind the following points, which are uselul
in understanding potential energy in electric ficlds.

[

2

Doing work tmplies supply of encrpy.

Iinergy can neither be transferred nor be transformed
into any other form without doing work.

Kinetic energy implies utilization of energy whereas
potential energy implies storage of energy

Whenever work s done on a system ol bodies, the
supplied energy to the system is either used in the
form of KE of its particles or it will be stored in the
system in some lorm, increases the potential energy of
system.

When all particles of a system are separated far
apart by infinite distance, there will be no interaction
between them. This state we take as relerence of zero
potential encrgy.

Now potential encrey of a system of particles we define

as the work done in assembling the system in a given

configuration against the interaction forces of particles.
Electrostatic potential cnergy is defined in two

ways,

|
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(a) I[nteraction energy of charged particles of a system,
(b) Sclf-energy of a charged object (will be discussed
later).

Electrostatic Interaction Energy

Electrostatic interaction energy of a system of charged
particles is defined as the external work required to assemble
the particles from infinity to a given confliguration.

When some charged particles are at infinite separation,
their potential energy is taken zero as no interaction is there
between them. When these charges are brought close to a
given configuration, external work is required if the force
between these particles is repulsive and energy is supplied
to the system. Hence, final potential energy of system will
be positive. I the force between the particles is attractive
work will be done by the system and final potential energy
of system will be negative.

Let us take some illustrations to understand this concept in
detail.

Interaction Energy of a Systeim of Tweo Charged
Particles

=
2
&

Figure 3.16
Figure 3.16 shows two +ve charges ¢, and ¢, separated
by a distance r. The electrostatic interaction energy of
this system can be given as work done in bringing ¢, from
infinity to the given separation from ¢ . It can be calculated
as

W= ] Fdx

dx

:/M_f

X

[—ve sign shows that x 1s decreasing

Kayye

w =24 _

B
[Interaction encrey|
If the two charges here are of opposite sign, the potential
energy will be negative as
y=_5aa,

/

SOLVED EXAMPLES

EXAMPLE 37
Find out speed of particles when separation between lhe;
s 7,
+q Released —q
&—o
m 2m
+ [ Ta—
SOLUTION
Energy conservation:
Kq,q, ! 5 | , KN
- —my = 2my, 20,
2r 2 2 - 2

Momentum conservation  (as EF is action—reaction pair)

my, = 2my,

EXANMIPLE 38

A proton moves from a large distance with a speed # m/s
directly towards a frec proton originally at rest. Find the
distance of closest approach for the two protons in terms of
mass of proton s and its char,

oC ¢
oe e.

SOLUTION
As here the particle at restis free to move, when one particle
approaches the other, due to electrostatic repulsion other
will also start moving and so the velocity of first particle
will decrease while of other will increase and at closest
approach both will move with the same velocity. So if v is
the common velocity of each particle at closest approach,
then by ‘conservation of momentum’ of the two protons
system.
. [
= MY Ay, e v = i

And by conservation of energy

¢

! 2 2 2

=T =T ey

7 0 0) dre ¥
=0

)

| d u 1 e ' u -
= =R =M | = | = asv= —|
2 ’2 . o2



2 ¢
—mu == -
dae,r
-5
= = - .
TME U

EXAMPLE 39

Two fxed equal positive charges, each of magnitude 5
105 C, ave located at points /4 and B, separated by a distance
of 6 m. An equal and opposite charge moves towards them
along the line COD, the perpendicular bisector of the
line /8. The moving charge, when it reaches the point €'
at a distance of 4 m from O, has a kinctic energy of 4 .
Caleulate the distance of the farthest point 2 which the
negative charge will reach before returning towards C.

Fgo A
':3 m
L 4
D X O 4m C
r3m
+qep

SOLUTION

The kinetic energy is Jost and converted to electrostatic
potential energy of the system as the negative charge goes
from C to 12 and comes to rest at D instantaneously.

Loss of KE = Gain in potential encrgy

4= Uf— Ui
or 4= ,_iij - 7M
dpe, (6) dme N9+ X7
B A, 2¢(—q) B
d7e, (6)  dws O+ 16°
2q°
or 4 = =4 l = !
dae, |5 Jk) b’
, Y ) YR e O I I
or, 4 =2 % (5% 107 % (9 x 10Y)|—-——F—x
5 \/-k) Lyt
or, 4 =9 _i_ !
JO x°
= x=+72=848m ]

Motion of a Charge Particle and Angular
Momenturn Conservation

We know that a system of particles when no external
torque acts, the total angular momentum of system remains
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conserved. Consider following examples which explains
the concept for moving charged particles. =

EXAMPLE 40

Figure shows a charge +Q fixed at a position in space. From
a large distance, another charge particle of charge +¢ and
mass m is thrown towards +Q with an impact parameter
as shown with speed v, find the distance of closest approach
of the two particles.

v
B -eneee f
q, m
d
,,,,,,,,,, @
Q
Fixed
SOLUTIOM
Fae
q.m
d}

Here, we can see that as 4¢ moves towards ++Q, a repulsive
lorce acts on —¢ radially outwards +Q. As the linc ol action
ol force passes through the fix charge, no torque acts on +¢
relative to the fix point charge --Q. Thus, we can say that with
respect to -0, the angular momentum of 44 must remain
constant. Fere, +4-¢ will be closest to +0 when it is moving
perpendicularly to the line joining the two charges as shown.
If the closest separation in the two charges is P

from conservation of angular momentum, we can write as

mvd = mv, 1 (1)
Now [rom energy conservation, we have
1 Ky©
+! 2
—;mv‘ N mv,” A x|
o . Fsin
From Fq. (1),
owd
Vli
.
mimn
1 ) 2 d A‘q{_) &)
or — " = Y e (£)
F) ) s I
- il i
Solving q. (2), we will get the value of r =




/\5

e
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Potential Energy for a System of Charged
Particles

Figure 3.17

When more than two charged particles are there in a system,
the interaction energy can be given by sum of interaction
encrgy of all the pairs of particles. For example, if a system
of three particles having charges 4,y ¢, and g, is given as
shown in Fig. 3.17. The total interaction energy of this
system can be given as

U= Kq,q, n Kq,q, + Kq,4,
n n q

Derivation for a System of Point Charges

‘1. Keep all the charges at infinity. Now bring the charges
one by one to its corresponding position and find work
required. The PE of the system is algebraic sum of all
the works.

Let W, = work done in bringing first charge
W, = work done in bringing second charge
against force due to first charge
W, = work done in bringing third charge against
force due to first ang second charges.
PE=W + W, + W, + -

(This will contain

n(n—1)
2

="C, terms)

2. Method of calculation (to be used in problems)
U=sum of the interaction energics of the
charges
(U, 4 U+ + Uym) + (Uy + Uy 4 +
Uny A (Uy, + Uy + - Uy
3. Method of caleulation useful for symmetrical point
charge systenis.
Find PE of each charge due to rest of the charges,
If U, = PE of first charge due to all other charges
=U,+U,+ - +Upn)
U, = PE of second charges due to all other charges
= (U, + Uy~ - +Upn)

U = PE of the system = gl + (2/2 o

ELECTRIC POTENTIAL

Electric potential is a scalar property of every point in (k
region of electric field. At a point in electric field, electrj
potential is defined as the interaction energy of a upj
positive charge. '

If at a point in electric field a charge q, has potentig)
energy U, then electric potential at that point can be given as

V= £ J/IC
9y

The potential energy of a charge in electric field is defineg
as work done in bringing the charge from infinity to tly
given point in electric field. Similarly, we can define electric
potential as “work done in bringing a unit positive chargg
from infinity to the given point against the electric forces ™

Properties

1. Potential is a scalar quantity, its value may be positive,
negative or zero.

2. The SI unit of potential is volt = ———~ _
dimensional formula is [M'LZT”I*'].COUlomb

3. Electric potential at a point is also equal to the negative
of the work done by the electric field in taking the poinf
charge from reference point (i.e., infinity) to that point,

4. Electric potential due to a positive charge is always)
positive and due to negative charge it is always negative
except at infinity (taking V' = 0).

S. Potential decreases in the direction of electric field.

Joule and itg

Electric Potential due to a Point Charge in its
Surrounding

We know that the region swrrounding a charge is electric
field. Thus, we can also define electric potential in the
surrounding of a point charge.

The potential at a point P at a distance x from the
charge ¢ can be given as

e

Qe

Figure 3.18

=Y
Gy

where U is the potential energy of charge ¢, if placed at
point P, which can be given as




= Badq

"
Thus. potential at point £ is
s
" X
The above result is valid only for electric potential in the

surrounding of a point charge. If we wish to find electric
Potenlinl in the surrounding of a charged extended body,
we first find the potential due to an elemental charge dy
on & body by using the above result and then integrate the
expression for the whole body.

Electric Potential due to a Charged Rod

Figure 3.18 shows a charged rod of length L. uniformly
charged with a charge Q. Due to this, we will find electric
potential ata point /7 at a distance r from one end of the rod
shown in the figure.

Figure 3.18

For this, we consider an element of width ¢/x at a distance x
from the point . Charge on this element is

)
(/L/ = ;((/\
/

'™

The potential ¢V due to this element at point 2 can be given
by using the result of a point charge as
Kdy

dV =
X

KQ
= —=fx
Ly

. Net electric potential at point 22 can be given ag

v=[ar=[""Ey

& Lx
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Electric Potential due to a Charged Ring:

Case I: At its Cenire
To find potential at the centre C' ol the ring, we first find
potential ) at the centre due to an clemental charge g on
the ring which is given as

Q

e ey

-+

+ |
dq| b
a !
4 \ b
+ +

o b i : - f T

Figure 3.19
iV = Ky
R

Total potential at Cis

p— f(/l/

B j Kdg _KQ
J R R

As all dy's of the ring are situated at same distance R from
the ring centre C, simply the potential due to all is added as
being a scalar quantity, we can directly say that the electric

. . . KO
potential at ring centre is T‘ Here we can also state that

even if charge O is non-uniformly distributed on ring, the
electric potential at C will remain same.

Case Il: At a Point on Axis of Ring

[Fwe wish to find the electric potential at a point P on the axis
of ring as shown in Fig. 3.20, we can directly state the result as

: - ' T, 02
here also all points of ring are ot same distance x° -+ R~

Figuie 3.20
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From the point P, the potential at £ can be given as

SOLVED EXAMPLES

, KO
v, = -
VR 4 x°
Graph EXAMPLE 41 .
Consider the following rod and find the potential d:;gt\o\"
4 at R 1
SOLUTION
X
| dx|®
Electric Potential due to a Uniformliy Charged T . ﬂ‘-3‘5‘\1"'~‘==
Disc 3 "5'"}{51{'.‘-7"P
Figure 3.21 shows a uniformly charged disc of radius R with S P “r

surface charge density o C/m*. To find electric potential at
point £, we consider an elemental ring of radius v and width
dy, charge ou this elemental ring is

OP = d, x = dtan 0, dx = d sec?) 0

W JeAddx
[ oo
dy=oca2mydy dsect
Duc to this ring, the electric potential at point 2 can be . / I /"-‘-ﬂ/4 kd sec* diX
. ha” = _—
given as . Joaiv dsect)

Ky

dV == . il
. /xz _}_yz V= /c,\j_ﬁ/4 sect db)

Kao2m ydy

= V= kA [In(sect + tan (})r/:“
NERE, Dig
o Gl V= kan(v2 + D) — kalin (V2 < 1))

V2 41
V21

Voo /c,\]n[ — (V2 41)

X P
o EXAMPLE 42
Find the minimum velocity v, such that particles cross the
ring.
El
Figure 3.21 o
Net electric potential at point £ due to whole disc can be R — .
given as LIS )
. = su
V / v /'R . yely : R -y
= | JV = T S F
. Ju 25“ y fa‘rl - y! 15
r i
o = = R |
s Ll | o
2e, SOLUTION i
Potential at Y Py
2 o 2 2 e = -
VP = ;r—[\/,,\f TR A V2R !
G Applying energy conservation




EI:B ofradius R 15 having two charges ¢ and 2¢ distributed
ijts' two hall parts. Find the electrie potential at a point on
1xis at a distance from its centre.

[UTION

lanceof Plromperipheryofringis A/ 7 - (”ﬁl() =3R

Electric potential = Potential due to upper half -
Potential due to lower half

_Kq | 2Kq

3R 3R
3Ky _ ﬁ/ l
3R R

itric Potential Due to a Closed Disc at a Point
he Edge

J1s caleulate the potential at the edge of a thin disc of
1S “RT carrying a uniformly distributed charge with
ice density o,

Let A5 be adiameter and 4 be a point where the potential
e caleulated. From A as centre, we draw two arcs ol radii
L7+ dir as shown in Fig. 3.22. The infinitesimal region
cen these two ares is an clement whose area is dA = (20)
here 20/ is the angle subtended by this element PO at the
A Potential at A due to the element P20 is
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. ad A

dV =

e,

2artldr

dre,r

_ 2ofldy

dire,

1%
?.~L
2
A
g
£
&

A

P
o

Figure 3.22

From A APB. we have

r=2Rcos

or, dr=—2Rsin ) df
FHencee,
_ —4allRsin 0 dv

d7re,

dr

N1 Jar )
(-T_R”}S'Fl(,L/(;

V=_

oo/ <
/ =

ol 3
=22 |-9cos O+ sin ()]:/2
?Tsr'l

ak

TTEy

RELATION BETWEEN ELECTRIC FIELD
INTENSITY AND ELECTRIC POTENTIAL

(a) For uniferm electric field:

——_B—r
¢ ;———b
Ae

Figure 3.23
Potential difference between two points A4 and B

VB — VA = —F - AB
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(b) Non-uniform electric field:
av avo . ar
ox ay’ oz

-

FeEf+E,]+Ek

~ o,
= *JI ‘—V + J __—l/ + k {—V
[ i iy oz
~d a0,
= — o j— k¥
iy iy Oz
= VV=—grad ¥
av L . )
where — = denvative of ¥V with respect lo ¥
tIx
(keeping y and = constant)
av e T [ .
—— = derivative of V with respect to y (Keepmg z and
Iy ¢ constant)
aVv . . .
: . — derivative of V/ with respect to z (keeping X and
Oz

y constant)

(¢) M electric potential and cleetric field depend only
on one coordinate, say i

Lo,
W B==2"s
r

where 7 is a unit vector along increasing .
iy [av =—[E-dr

jw+~m:—J%EJ;

dr is along the increasing dirvection ofr.

(iii) The potential of a point

po [

Note

Area under I — x curve gives negative ol change in
poteotial.

Negative of slope of }/ — x curve gives the
electric field at that point.

EXAMPLE 44
V= x* -+ y, Find E.

SOLUTION
) Al IV
i =Xy, t—l =1 and av. = ()
(lx iy &z
- V] SN | A Y]
= — | —— _]_——-wL/\f ;
[7A% iy i)z
(25 +])
Flectric ficld is non-uniform. £}
EXAMPLE 45

For given i = 2xi -+ 3yj . find the potential at (x, y) itV at
origin is 5 volts,

SOLUTION
Iy o o
] dV:ijwh
J 5 .
= - [.l E dx — ] L dy
Ju v Ju yo
ol 2
= ;/,5:,,i,,.ﬂ,
2 2
Pyt 2
— Vo= - :"_4 3-‘) -+ 5 [I1]
2 2
EXAMPLE 46

The electric potential in a region is represented as V= 2x
+ 3y — z. Obtain expression for the electric field strength.

SOLUTION

"

We know

= av . oV V.
[ = —|—i -+ I
Oy dy " 0=
v _

Here, — = ;,[gx F3y— ,_,] -
dx  Ox : :

AV ) v
o == (——[”\ 3y - :} =
dy Oy ’

vy,

O — Y oy 3y —z]=—I

0= g )

F=o(2f 43)—4) =




ELECTRHC LINES OF FORCE

The idea of electric lines of force or the electric ficld

jines introduced by Michael Faraday is a way to visualize

clectrostatic field geometrically.

The properties ol electric lines of lorce are the following:

1. The clectric lines of force are continuous curves in an

electric field starting from a positively charged body
and ending on a negatively charged body.

Figure 3.23

2. The tangent to the curve at any point gives the direction
of the electric field intensity at that point.

3. Electric lines of force never mtersect since if they
cross at a point, clectric field intensity at the point will
have two directions, which is not possible.

4. Electric lines of force do not pass but leave or end on a
charged conductor normally. Suppose the lines of force
are not perpendicular to the conductor surface. In this
situation, the component of clectric field paralle! to the
surface would cause the electrons to move and hence
conductor will not remain equipotential which ds an
absurd as in electrostatics conductor is an equipotential
surface.

Fixed point charge near infinite metal plate

Figure 2.24

5. The number of clectric lines of foree that originate
from or terminate on a charge is proportional to the

magnitude of the charge,

3.33

Electrostatics-1

6. As number of lines of force per unit arca normal to
the area at a point represents magnitude of intensity,
crowded lines represent strong ficld while distant lines
weak field. Further, il the lines of force are equidistant
straight lines, the field is uniform.,

— -
— 4\\\

Direction is
not constant

Magnitude is
not constant

,-‘—'_‘—‘-\\\
- \\‘ S
- /d__h\\ - o
T —— e
e \ ———————
\\ ] —

Both magnitude and
direction not constant

Both magnitude and
direction constant

Figure 3,25

Electric lines of force due to two equal positive charges
(field is zero at Q). O is a null point.

Notes

A charged particle nced not follow an ELOF,
Clectric lines of torce produced by static charges
do not form closed loop.

SOLVED EXAMPLES

EXAMPLE 47

1T the number of clectric lines of force from charge ¢ is
[0, then find out number of electric lines of force from 2¢g
charge.




4 Physics Module-3

SOLUTIOM
No. of ELOF , charge

i’ N
o 10
()
= N = wi0=20
7
So the number of ELOF will e 20, [ |

EXAMPLE 48

A solid metallic sphere is placed in a uniform electric
ficld. Which of the lines A, B, C and D show the correct
representation of lines of force and why?

— - —A
—— — o — B
®
L e e C
i X,\J D
“"‘H-._,,__FFF —

SOLUTION (1)

Line (A) is wrong as lines of force start :)l‘ cnd normally
on the surface of a conductor and here it is not so. Lines
(8) and (C) are wrong as lines of force do not exist mnside
a conductor and here it is not so. Also fines of force are not
normal to the surface of the conductor, Line (D) represents
the correct situation, as here line of force does not exist
inside the conductor and start and end normally on its
surface. =]

EXAMPLE 49

A metallic slab is introduced between the two charged
parallel plates as shown in the ligure. Sketch the eleetric
lines of force between the plates.

SOLUTION

Keeping in mind that
(a) Electric lmes of force start from positive charge ang
end on negative charge.

(b) Electric lines of force start and end normally on the
surface of'a conductor,

(¢} Blectric lines of foree do not exist inside a conductor,
the lines of force are shown in the adjacent figure. &

EQUIPOTENTIAL SURFACES

As shown in Fig. 3.26, if a charge is shifted from a point 4
to B on a surface M which is perpendicular to the direction
of electrie ficld, the work done in shifting will obviously
be zero as clectric force is normai to the direction of
displacement.

As no work is done 1 moving from 4 to B. we can
say that 4 and B are at same potentials or we can say that all
the points of surface M are at same potential or here we call
surface 4 as equipotential surface.

M
=il e
¢ B
— 4—__._' —
S ST
Ao
N 57,7_$ —

26

Figure

Figure 3.27 shows equipotential sutfuces in the surrounding
of point charge and a long charged wire.

Every surface in eleetric field in which at every point
direction of electric field is normal to the surface can be
regarded as equipotential surface.

Figure 3.28 shows two equipotential surfaces in a
uniforia electric field £. IF we wish to find the potential
difference between iwo points 4 and B shown in the




.I.
e g Yoo g2 ray
L oba o b
: :-_ A ) :
L
b e
! ! + : |
' H + : i
- S (e U :
R S [
RO 3 (I
A
e e e WY
DI L R
A |4

R
4.

Point charge Spherical
equipotential surfaces

lLine charge Cylindrical
equipotential surfaces

Figure 3.27
figure, we simply find the potential difference between

the two equipotential surfaces on which the points lie,
given as

V4 — VB = Ld

f ¢ I\‘ﬂ‘l M!
| |
; ; | |
1 | ! |
e — - r ]
: - ¢ [— v
! ' + !
; i Tl X rer
: '. =+ i B
' B I- .
—t B e
‘ d "! {
Ao i + :
5 > E | !
M, M, A C/m '
Figure 3.28

Figure 3.28 shows a line charge with linear charge density
A C/m. Here we wish to find potential difference between
two points X and ¥ which lic on equipotential surfaces
M, and M,. To find the potential difference between these
surfaces, we consider a point 2 at a distance x [rom wire as
shown. The electric field at point P is

2K\

X

[

Now the potential difference between surfaces M| and M,
can be given as

Electrostatics-1  3.35

VX — VY = 2K\ [’—]

.F;

EXAMPLE 50

Write down the clectric field in vector form.

SOLUTION
vA —vB = £ % 0.1 % cos 30°
400
= c0s30" =20
J3
200 400
A AN sinzoe
J3 V3
_ 3
20 = £« 0.1 % —{—
. £ 400
J3
s 200 A
EF = 200 —=— L

=

EXAMPLE 51

Find out equipotential surface where potential is zero.

Xy, 2)

N>

Q
N
N
P
N
\

o]




H

3.36 Physics Module-3

SOLUTION
Y -
j_./LL[ n f(/ : —0
\/(.\f da) 4y 'J(_x —a) =y
kg 2ky

\/(.\f —a) 2 B J(y.\: ta)l 4y 2

Squaring both sides,

1 4
= I

(x—a) +y 4 (x '1%/,)1 +y ez

ELECTRIC DIPOLE

A system of two equal and opposite charges separated by a
small distance is called electric dipole, shown in Fig. 3.29.
Bvery dipole has a characteristic property called dipole
moment. It is defined as the product of magnitude of either
charges and the separation between the charges is given as
p=qd

& —@

—q p +q
Figure 3.29
~
Dipole moment is a vector quantity and conventionally its
direction is given from negative pole to positive pole.
Electric Field due ©o a Dipole

1. Atan axial point
Figure 3.30 shows an clectric dipole placed on the
X-axis at origin,

L.
Trap o

—oo——p

(-a,0 O (2.0)
— " —
(PR, ). Sms )
Figure 3.30

Here we wish to find the clectric field at point P having
coordinates (r, 0) (where r == 24). Due to positive
charge of dipole, clectric field at £ is in outward
direction and due 1o negative charge it is in inward
direction.

. At an equatorial point

e ne

Lo ath = ﬂ—~ e -r-—k—q?‘
i (r—a)  (r4a)
4hqar
)
As P = 2ay
E_atp= 2

As > 2a
.. We can neglect a w.rit. r

Em| at P —=

~ |2
=

As we can observe that for axial point direction ol field
1s in the direction of dipole moment.
.. Vectorially,

= 20p

F o s

=73
5

Again we consider the dipole placed along the yv-axis
and we wish to find electric field at point £ which is
situated equatorially at a distance r (where » > 24)
from the origin.

Vertical component of the electric field vectors
cancel out each other.

Figure 3.31

E ot P =2Lcos(
ky

[where £ = ———
rtar
. N 2hy o
hncl ’th [ == 2 b ’ I q
ma Pl
da
cos i = e




2kqa kp

0 — =

et (;-2 +”“ ),‘l/_;

(As P = 2aq)
As We have alrecady stated that » > 24

I
E_atP= L
’_.

Wwe can observe that the direction of dipole moment and
clectric field due to dipole at P are in opposite direction.
- Vectorially,

Electric Field at a General Point due to a Dipole

Figure 3.3 1 shows an electric dipole placed on the x-axis at
origin and we wish 1o find out the electric field at point
with coordinate (r, ¢).

KPsino
VANgees
) r.f)
R . e
i *
' P
Figure 3.32
[ Ew
Ll 2KP cos
r —
Figure 3.33
. [(2KPcost)  (KPsinoY
£y~ sl e
KP =
= \—‘ 14-3cos
p
Kpsint
3
tan o = —-1
l 2Kpcost
3
.
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tanf/
tan v == =
o)
[ tant
v =lan | ——
2

Electric Potential due to a Dipole

I. Atan axial point

(-a,0) (a, 0) P
i * 1 = 5.9,
g o, q (r >2a)
[
Figure 3.34
We wish to find out potential at / duc to dipole (with
P =2uaq)
yo_ ky kg
o) (r4a)
i 2aky
L, hp

el .2
I

2. Atapoint on perpendicular bisector
At an equatorial point, electric potential due to dipole
is always zero because potential due to +ve charge is
cancelled by —ve charge.

-, v=20

-
'

S ~
¥ .
[l
[l

#

Figure 3.35

3. Potential due to dipole at a general point

/f;. P

/:IP cos 1)
-q \ q

S
P

r

Psin

Figure 2.26

—
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) i . kpcost!
Potential at £ due to dipole = L s

)

7
BASIC TORQUE CONCEPT

TRl

o Il the net translational force on the body is zero, then
the torque of the forces may or may not be zero, but
net torque ol the forces about each point of universe is
same.

o Ifwe have to brovc that a body is in cquilibrium then first
we will prove TM is equal to zero and after that we will
show 7, about any point is equal to zero.

o [If the body is free to rotate, then it will rotate about the
axis passing through the centre of mass and parallel to
torque vector direction and of the body is hinged; then it
will rotate about hinged axis.

DIPOLE IN UNIFORM ELECTRIC FIELD

Figure 3.37 shows a dipole of dipole moment p placed at an
angle 0 (o the direction ol electric field. Here the charges of
dipole experience lorces ¢e in opposite direction as shown
in Fig. 3.37.

Figure 3.37

Thus, we can state that when a dipole is placed in a unitorm
electric ficld, net force on the dipole is zero. But as equal
and opposite Torces act with a separation in their line of
action, they produce a couple which tends to align the
dipole along the direction of cleetric field. The torque due
to this couple can be given as

7 = lorce » separation between lines

ol action of forces
=y % dsinf)

= pesin ()
Or vectorially we can write the torque on the dipole is

Te=pre

SOLVED EXAMPLE

EXAMPLE 52

Write down torque about 4, B8 and C.

Cc

& a

A.O.R

A
SOLUTION
T, =2F@&
Te=2F&
7y, =Fl+ Fl=2F® W

i

Potential Energy of a Dipole in Uniform Eleciric
Field
When a dipole is in an electric field at an angle ¢, the torque
on it due to electric field is

T = pesin
In Fig. 3.38, the torque is in the clockwise direction. If we
rotate the dipole in anticlockwise direction from an angle

#and ), slowly, we have to apply an anticlockwise equal
torque, then the work done in process will be given as

+q "
ﬁ—b qe
f, .
§ ! =
qs 4—@”7 ()1 .
—q ,
w—%

Figure 3.38
W:ﬁwi[mu

0
/ pesinddo
- H‘

[n1
in

It $
zel
in

wh

the
dir?
eX]
rof
f) =
pot

He
fie}
eq

ze




= pel—cos ('/L’:f
= pe(cost), —cosf, )

"

evternal foce clectic fores

= — pli(cos 0, — cos 0,)

clecuric fiekd

As we know that for conscrvative forees
WD = -AU
AU == pli(cos ), — cos 0),)
We cau generalize that
Ul = —pli cos ¢

[n vector notation, we can write potential energy of a dipole
in an electric field is

U= —p-F

[where potential energy at ) = 90° = (]

Stable and Unstable Equilibrium of a Dipole in
an Electric Field

We have discussed that when a dipole in an electric field £,
the potential energy of a dipole can be given as

U = —pecost!

We also know that the net torque on a dipole in an electric
ficld can be given as

T = pesind

It shows that the net torque on a dipole in an electric field is
zero in two situations when # = 0° and ¢ = 180° as shown
in Iig. 3.39.

We can see that when @ = 0 as shown in Fig. 3.39(a)
when torque on a dipole is zero, the dipole is in equilibrium.
We cun verify that here equilibrium is stable, We slightly tilt
the dipole from its equilibrium position in anticlockwise
direction as shown by the dotted position. The dipole
experiences a clockwise torque, which tends the dipole to
rotate back to its equilibrium position. This shows that at
{1 =0, dipole is in stable equilibrium. We can also find the
| potential energy of dipole at 0 = 0, it can be given as

= —pe (minimum)

Here at ) = 0 potential encrgy of a dipole in an clectric
field is minimum, which favours the position of stable
cquilibrium.

similarly when ¢ == 180°, net torque on a dipole is
zero and potential energy ofa dipole in this state is given as

U = pe (maximum)

Electrostatics-1 3.39

v

E—@
—
(a)
I8 X
&~ ©
>

@ o

(b)
Figure 3.39

Thus at = 180°, dipole is in unstable equilibrium. This can
also be shown by Fig. 3.39(b). From equilibrium position if
a dipole is slightly displaced in anti-clockwise direction, we
can see that torque on the dipole also acts in anti-clockwise
direction away from equilibrium position. Thus, dipole is in
unstable equilibrium.

Angular SHM or Dipole

When a dipole is suspended in a uaiform electric field, it
will align itsel( parallel o the ficld.
Now il it is given a small angular displacement # about its
equilibrium, the (restoring) couple will be

C = —plsint
or, = —plid)

[as sin ¢ = 0, for small /]

or, / ‘;‘:I:} = —pkl
¢

or, ﬂ Pt 0
dr’ /

oL, % =—w’f
(4

where W= Z’IL,

This is the standard equation of angular simple harmonic

. So the dipole will

. S . | 2w
motion with time period 7)==~

w

execute angular SHM with time period
I=2r |—

plt
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SOLVED EXAMPLES

EXAMPLE 53

Find out the angular frequency of the dipole when it crosses

the mean position.

v

E
SOLUTION
I ki
0 — PEcos 37 = — Jw”
2
[ . PE
Ly
2 5

2ml®  , 24l E
L ()% o= O

2 5
= W= 245 |
Sml

Force on an Eleciric Dipole in a Non-uniform
Electric Field

If in a non-uniform clectric field, dipole is placed at a point
where electric field is ¢, the interaction energy of dipole at
this point can be given as

™

U= —p-2
Now the force on the dipole due to electric field can be
given as

F= AU
For unidirectional variation in electric field, we have

. d .

F= ———(/)-G)

oy

[f dipole is placed in the direction of ¢leciric field, we have

de

Fegs
! A

EXAMPLE 54

A water molecule is placed at a distance \ from the line
carrymg Jinear charge density A. Find the maximum (orce
exerted on the water molecule. The shape of water molecule

and the partial charges on H and O atoms are shown in the
ligure.

SOLUTION

The  figure can be resolved as the
combination of two dipoles.

Dipole moments of each p = ¢

Here that dipole moment of system is

P =72 qdcos 02

el
S
Now, I = Rm ==
dx

P =2qdcos 2

S

l'.'!C .
and — 150
v

For maximum force, the angle between P, ¥

Or Fo=2gd cos— =
o = 2qd cos

2y

0 d (vﬁ]
X

) '
F —=2qdcos o 2k [f— i]

X

()
_4./\‘(/¢/,)\ COS§
)

X

{
kgl A cos
F|= 2

¥

{
dkgd )\ cos B




JEE Main

1. One quantum of charge should be at least be equal to

the charge in coloumb:
(A) 1.6 x 10°7C
((‘) 1() 1() o k‘

(B) Lo =x107"C
(D) 4.8 «10°"C

. An clectron at rest has a charge of 1.6 107" C. It

starts moving with a velocity v = ¢/2, where ¢ is the
gpeed of light, then the new charge on it is
(A) 1.6 x107"C

(B) 1.6 % 10 [1- [‘] C
2

.’)‘3
(C) 1.6 = 10 "J{T] —-1¢

Which one of the following statement regarding

clectrostatics is wrong?

(A) Charge is quantized

(B) Charge is conserved

(C) There is an clectric ficld near an isolated charge at
rest

(D) A stationary charge produces both electric and
magnetic fields

Two similar charge of -, as shown in figure are
placed at 4 and B. —¢ charge is placed at point
midway between A4 and B. —¢ charge will oscillate il

o
FQ i +Q
L —a
A =q B
i
o

(A) Itis moved towards A.

(3) 1t 1s moved towards B.

(C) Ttis moved upwards AB.

(D) Distance between A4 and B is reduced.

When the distance between (wo charged particle is
halved, the foree between them becomes

6.

9.

10.

Electrostatics-1  3.41

EXERCISES

(A) One fourth
(C) Double

(B) Onc half
(D) Four times

Two point charges in air at a distance ol 20 cm. from
each other interact with a certain force. At what
distance from each other should these charges be
placed in oil of relative permittivity 5 to obtain the
same force of interaction
(A) 8.94 =10 2 m

(C) 89.4 = 107 m

(B) 0.894 =102 m
(D) 8.94 = 10> m

. A certain charge Q is divided at first into two parts,

(¢) and (Q — ¢). Later on the charges are placed at a
certain distance. 1Fthe force of interaction between the
two charges is maximum then
(A) (Q/q)=(4/1)
(C) (Q/g)=(3/1)

(B) (Q/q)=12/1)
(D) (O/q)=(5/1)

. Two small balls having equal positive charge ¢

(Coulomb) on each are suspended by two insulating
strings of equal length ‘L’ metre, from a hook fixed
{0 a stand. The whole set up is taken in a satellite in
to space where there is no gravity (state of weight
lessness) Then the angle (0) between the two strings 18
(A) O° (B) 90°

(Cy L8O (D) 0= @<= 180"

Three equal charges (¢) are placed at corners of a
cquilateral triangle. The force on any charge is

) 3L
2

[4

(A) Zero

() 24 D) 3324
;

Nk ¢

Two charges 4¢ and ¢ are placed 30 ¢cm apart. At what
point the value of electric field will be zero

(A) 10 cm away from ¢ and between the charge.

(B) 20 cm away [rom ¢ and between the charge.

(C) 10 emaway from ¢ and outside the line joining the

charge.
1) cm away from 4¢ and outside the line joining
them.

(D

. If O = 2 coloumb and force on it is /7= 100 newtons.

Then the value of field intensity will be
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12.

13.

14,

15.

16.

(A) 100N/C
(C) 200 N/C

(B) 50 N/C
(D) 10N/C

Four equal but like charge are placed at four corners of
a square. The electric field intensity at the center of the
square due to any one charge is E, then the resultant
electric field intensity at centre of square will be:

(A) Zero (B) 4E

© FE (D) 12E

If mass of the electron = 9.1 x 10-' Kg. Charge on the
electron = 1.6 x 10~" coulomb and g = 9.8 m/s2. Then
the intensity of the electric field required to balance the
weight of an electron is
(A) 5.6 x 10°N/C
(C) 5.6 x 10*N/C

(B) 5.6x 10-"'N/C
(D) 5.6 x 10"N/C
A point charge 50.C is located in the XY plane at the

point of position vector 7 = 2i +3j. What is the
electric field at the point of position vector 7 = 87 — 5}'

(A) 1200V/m (B) 0.04V/m
(©) 900 V/m (D) 4500 V/m
A point charge ¢ is placed at origin. Let 11_".‘4, E s and

E‘C be the electric field at three points A(l, 2, 3),
B(1, 1, —1) and C(2, 2, 2) due to charge g. Then

[l £, LE, ii |E,

-4

select the correct alternative
(A) only [i] is correct

(B) only [ii] is correct

(C) both [i] and [ii] are correct
(D) both [i] and [ii] are wrong

Two identical point charges are placed at a separation
of I. P is a point on the line joining the charges, at a
distance x from any one charge. The field at P is E.
E is plotted against x for values of x from close to zero
to slightly less than /. Which of the following best
represents the resulting curve ?

(A) E

\

®) £

oo '_ PX

L 0 L X

17. A particle of mass m and charge Q is placed in g

18.

19.

© E D) E
) L, |~ L
O X @] == T_“J
. \=

clectric field E which varies with time 7 ass £ = )i
sin wt. It will undergo simple harmonic motion d
amplitude

@ L ®
mw nmw
© % o) %o
mw muw

Four charges are arranged at the corners of a squart
ABCD, as shown. The force on +ve charge kept at (h{
centre of the square is

(A) zero

(B) along diagonal AC

(C) along diagonal BD

(D) perpendicular to the side 4B

Two free positive charges 4g and ¢ are a distance |
apart. What charge Q is needed to achieve equilibrivm

for the entire system and where should it be placed
form charge ¢?

A) 0= gq(negative) até
4 .. /

(B) Q0 = —g(positive)at -
9 3

(C) Q= g (positive) at é

(D) QO = g (negative) at é




20. Six charges are placed at the corner of a regular
20.
hexagon as shown. If an electron is placed at its centre
O, force on it will be

(A) Zero
(C) Along OC

(B) Along OF
(D) None of these

21. A charged particle of charge ¢ and mass m is released
from rest in an uniform clectric field £. Neglecting
the elfect of gravity. the kinetic energy of the charged
particle after time 7" seconds is

(A) fogm (B) Eqt
/ 2m

2R Fa*m

Q) & (D) q’,
ey 2

22. "Two identical positive charges are fixed on the y-axis,
at equal distances from the origin O. A particle with a
negative charge starts on the x-axis at a large distance
from O, moves along the -Fa-axis, passes through O
and moves [ar away [rom O. Its acceleration « is taken
as positive along its direction of motion. The particle’s

against its y-coordinate,

Which of the following best represents the plot?

(A) /?a B) ta

i X—p / X-—b

of O\\/’
/

acceleration a is plotted

(C) ‘e (D)

SN\

23. Four equal positive charges are fixed at the vertices of

a square of side /.. Z-uxis is perpendicular to the plane
of the square. The point z = 0 is the point where the
diagonals of the square intersect each other. The plot
of electric field due to the four charges, as one moves

on the z-axis.
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(A) E By E

VA
O ’ -
2 J2
E
(D)
\ o ¢
> >

24. A small circular ring has a uniform charge distribution,
On a far-ofl axial point distance x from the centre of
the ring, the clectric field is proportional to
(A) x! (By x=¥2
() x° (Dy ¥

25. A nonconducting ring of vadius R has uniformly
distributed positive charge Q. A small part of the ring,
ol length d. is removed (d << R). The electric field at
the centee of the ring will now be
(A) directed towards the gap, inversely proportional to

R,
(B) directed towards the gap, inversely proportional to
R,
(C) directed away from the gap, inversely proportional
to 12,
) directed away from the gap. inversely proportional
to R

26. The charge per unit length of the four quadrant of the
ring is 2\, =2\, N and -\ respectively. The clectric
ficld at the centre is

A s 3 .
(A) - (B) .
2me, R e, R
) 2N .
() —f — (12) Nonc
2me, R
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27. The direction () of E at point P due to uniformly

28.

29.

30.

31.

charged finite rod will be

e
: N =

(A) at angle 30° from x-axis
(B) 45° from x-axis

(C) 60° from x-axis

(D) none of these

When charge of 3 coulomb is placed in a Uniform
electric field, it experiences a force of 3000 newton,
within this field, potential difference between two
points separated by a distance of 1 cm is

A) 10V B) 0V

(C) 1000V (D) 3000V

Three equal charges are placed at the three corners
of an isosceles triangle as shown in the figure. The
statement which is true for electric potential ¥ and the
field intensity £ at the centre of the triangle is

q

]
|
il
ES
‘o
]
]
|

q q

(A) V=0,E=0 (B) V=0,E=0
(C) V=0,E=0 D) Ve=0,E=0

Electric potential is a

(A) Vector quantity

(B) Scalar quantity

(C) Neither vector Nor scalar
(D) Fictious quantity

ABC is equilateral triangle of side 1m. Charges are
placed at its corners as shown in fig. O is the mid-
point of side BC the potential at point (O) is

r,!—-———--—

32.

33.

34.

35.

36.

|

|

[

|

-2 uc | -3 ue
B o c
(A) 2.7 x 100V (B) 1.52 x10°V
©) 13 x 10°V (D) —1.52 x 10°V

In a region where E = 0, the potential (¥) varies with
distance r as

Ay V al B) Var
r

©) Va —12— (D) V = const. independent
r

of (r)

The potential difference between points 4 and B in the
given uniform electric field is:

44— |@ —P
T_C_.L

b

Jr v v v

(A) Ea (B) E\(d +b)
(C) Eb (D) (Eb/2)
An equipotential surface and a line of force:

(A) never intersect each other (B) intersect at 45°
(C) intersect at 60° (D) intersect at 90°

Which of the following is a volt
(A) Ergper cm

(B) Joule per coulomb

(C) Erg per ampere

(D) Newton/(coulomb x m?)

An infinite nonconducting sheet of charge has a
surface charge density of 1077 C/m?. The separation
between two equipotential surfaces near the sheet
whose potential differ by 5V is

(A) 0.88 cm (B) 0.88 mm
(C) 0.88m (D) 5 x10”"m




37. In auniform electric field, the potential is 10V at the
origin of coordinates, and 8 V at each of the points
(1, 0,0), (0, 1, 0) and (0, 0. 1). The potential at the
point (1, 1, 1) will be
{A) O
(C) 8V

(B) 4V
(D) 1oV

38, In a regular polygon of » sides, each corner is af a
distance 7 from the centre. ldentical charges are placed
at (n— 1) corners. At the centre, the intensity is £ and
the potential is 7. The ratio /£ has magnitude.

(A) rn (B) r(n—1)
(€)Y (n—=N/r (D) rn—10)/n

39. Ina certain region of space, the potential is given by:
V= k2x* — p* + 2°]. The electric field at the point
(1, 1. 1) has magnitude —

(A) ko
Q) 2k3

(B) 2o
(D) 453

40. When the seperation between two charges is increased,
the electric potential energy of the charges
(A) Increases
(B) decreases
(C) remains the same
(D) may increase or decrease

41, A point positive charge of (7 units is moved round
another point positive charge of O units in circular
path. 1f the radius of the circle r is the work done on
the charge Q7 in making one complete revolution i

. 0’
(A) —Q— (B) LQ—
4” S He dar Sy "
!
() IQ - (D) 0
dme, r

=f

42. When a negative charge is released and moves in
electric field, it moves toward a position of
{A) lower electric potential and lower potential energy
(B) lower clectric potential and  higher potential

energy

aigher electric potential and  lower potential

energ

(D) higher clectric potential and higher potential
energy

(€

43. Two identical thin rings, cach of radius R meter are
coaxially placed at distance R meter apart. IrQ and Q,

T ———

44.

46.

47,

Electrostatics-1  3.45

coulomb are respectively the charges uniformly spread
on the two rings, the work done in moving a charge ¢
from the centre of one ring to that of the other is

(A) zero

(B) ¢(Q, 02 =)/ (2472 R)
(©) gV2A0 +0,)/ dne, R

(D) (O, — QN2+ 1)/ (V2. 47e, R)
Two identical particles of mass m carry a charge o
each. hnitially one is at rest on a smooth horizontal
plane and the other is projected along the plane directly
towards first particle from a large distance with speed
v, The closed distance of approach be

(o) .1 40

(A) ——= By —
diyre, mv dare, mv”
1207 1 30°

G = (D) —

Ame, mv*

5. An equipotential surface is that surface

(A) On which each and every point has the same
potential

{B) Which has negative potential

(C) Which has positive potential

(1) Which has zero potential

Figure shows equi-potential surfaces for a two charges

system. At which of the labeled points point will an
clectron have the highest potential energy?

g

The equation of an equipotential line in an electric
field is v = 2x, then the electric field strength vector at
(1, 2y may be

(A) 4 3]

(A) Point A
(C) Pont C

(B) Point £
(D) Point D

(B) 47 +8;

(D) —8 +4;
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(A) 10V *along PO
B) 152 Vi Falong PA

48. Theelectric field in region is given by: £ = (daxy Jz)i

—|—(2u_\*’7\/;)./ -\—(u,\'“’_v/\/: Ve, where « is a positive

constant. The equation of an equipotential surface will (C) 5Vm "along PC

be of the form (D) 5Vm "along P4 1
(A) z = constant/[x")"]

(B) z = constant/[x)"] 53. Auand Bare two points on the axis and the perpendiculy,
(C) = = constant/[x"y"] bisector respectively of an electric dipole. A4 and B a5,
(D) None far away from the dipole and at equal distance from it

49, A charge 3 C experiences a force 3000 N when placed Phe feld at 4.5 aye £, and, £;.

in a uniform electric ficld. The potential difference (A) f} = /f/;
between two points separated by a distance of 1 cm B
along the field lines is (B) E1 =2F,
(A)y 10V (B) 90V R B
(C) 1000V (D) 9000V (C) £, =-2L,
50. A uniform electric field having strength E s existing (D) |E“ = 1)‘L1 Jand E’U is perpendicular to I?,:_‘

in x-p plane as shown in figure. Find the p.d. between

origin O and A (d, d, 0) 1 . . NP
& i ' 54. Some equipotential lines are as shown is fig. /2. 12 and

y = 6«® 12 are the electric fields at points 1, 2 and 3 then
i WO
; :_0_1“, . l'. .‘. ".
' X ! b Q?_'. 4 03
R SEIEEY
(A) Ed (cos ¢ sin #) 70\; DA Pl
(B) —Ld (sinf — cos 1)) @ 50V 40V 30'\/ 20
(©) N26d
(D) Noue of these (A) E =E =E B) £ > L =L
% 3 R S,
51. Uniform electric field of magnitude 100 V/m in space Q) B »lpd,<E, D) £ < B =5,
is directed along the line y = 3 4+ x. Find the potential Do : ,
T = P ‘ P 55. Figure shows the electric ficld lines around an electric
difference between point A(3, Iy and B(I, 3) . } ) .
il dipole. Which of the arrows best represents the electric
{A) 100V (B) 20042 V field at point £?
(C) 200V (D) 0
5 R : . . 7 . op
2. A4, B, C, D, Pand O are points in a uniform electric
field. The potentials at these points are J(A4) = 2 V.
V(P = KB = MDYy =5V ()= 8 V. The electric
field at P is
e B C
& = = (A) ] (3) ™
@ <y (L),
A D
" - 56. Three charges are placed as shown in figure il the
Y0.2m electric potential energy of system is zero, then Q: ¢




61.

62.

58.

59.

60.

—-q Q q

= o ——
0 -2 2 2
(A) —=— (B) LZ—
g | q 1
o -1 )]
(C) ==— iy £=1
q 2 g 4

. In an electric field the work done in moving a unit

positive charge between two poiunts is the measures of
(A) Resistance

(B) Potential difference

(C) Intensity of electric field

(D) Capacitance

The K.E. m clectron Volt gained by an c-particle when
it moves [rom rest at point where its potential is 70 to
a point where potential is 50V, is

(A) 20 eV (B) 20 MeV

(C) 40 eV (D) 40 MeV

Il"an electric dipole is kept in a unifrom electric field,
Then it will experience

(A) aforce

(B) a couple and mover

(C) a couple and rotates

(D) a force and moves

An clectric dipole consists of two opposite charges
cach of magnitude | <10~ C separated by a distance
2 cm. The dipole is placed in an external field of 10 «
10°N/C. The maximum torque on the dipole is

(A) 0.2 % 10 N-m

(B) 1.0 10" N-m

(C) 2 %1072 N-m

(D) 4 x 107* N-m

The ratio of the electric field due to an electric dipole
on its axis and on the perpendicular bisector of the
dipole is
(A) 12
() 14

The region surrounding a stationary clectric dipole has
(A) clectric field only

(B) magnetic ficld only

(C') both electric and magnetic ficlds

(D) neither electric nor magnetic field

63.

64.

65.

66.

3.47
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The electric potential at a point due to an electric
dipole will be.

i

(A) k (B) i1

—
).

2
I

1
s

(© X2XD

I

4 charges are placed each at a distance ‘@’ from origin.
The dipole moment of conliguration is

y

(A)
(C)

Zc/cq; (B) 3c/q;‘

2aqli + | (D) none

Reasoning Type

Statement 1: A positive point charge initially at rest

in a uniform electric field starts moving along electric

lines of forces. (Neglect all other forces except clectric

forces)

Statement 2: Electric lines of force represents path of

charged particle which is released from rest in it.

(A) Statement | is true, Statement 2 is true and
statement 2 is correct explanation for statement 1.

(B) Statement 1 is true, Statement 2 is true and
statement 2 1s NOT correct explanation for
statement 1.

(C) Statement [ is true, statement 2 is false.

(D) Statement | is false, statement 2 is true.

Statement | If electric potential while moving in a
certain path is constant, then the electric field must be
7Er0.

Statement 2 Component of electric field fo=— %l—
ar

(A) Statement I is true, Statement 2 is true and
statement 2 is correct explanation for statement |

(B) Statement | is true, Statement 2 is true and
statement 2 is NOT correct explanation for
statement 1,

(C) Statement 1 is true, statement 2 is falsc.

(D) Statement 1 is false, statement 2 is true.
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67,

68.

Statement 1: For a non-uniformly charged thin
civeular ring with net charge zero, the electric potential
at cach point on axis of the ring is zero.

Statement 2: For a non-uniformly charged thin
circular ring with net charge zero, the electric field at
any point on axis of the ring is zero.

(A) Statement 1 1s true and
statement 2 is correct explanation for statement 1.
Stalement | is true, Statement 2 is {rue and
statement 2 i NOT correct explanation for
statement 1.

(C) Statement ! is true, statement 2 is false.

(D) Statement 1 is [alse, statement 2 is true.

18 true, Statement 2

(B)

Statement 1: The clectric potential and the electric
field mtensity at the centre of a square having four
fixed point charges at their vertices as shown in figure
are zero.

@ ]
: i
! i
R o
=i +q

Statement 2: [felectric potential at a point is zero they,
the magnitude of electric field at that point must |y
zero.

(A)

Statement | 1s true, Statement 2 is true ang
statement 2 is correct explanation for statement |
Statement | is true, Statement 2 is true ang
statement 2 is NOT correct explanation oy
statement [,

Statement | is (rue, statement 2 is false.
Statement | is false, statement 2 is true.

(B)

(C)
(D)

JEE Advanced

Single Correct

Two equal negative charges are fixed at the points

[0, a] and [0, =af on the y-axis. A positive charge O is

released from rest at the points [2a, 0] on the x-axis,

The charge O will

(A) execute stmple harmonic motion about the origin

(13) move to the origin and remain at rest

(C) move to infinity

(D) execute oscillatory but not simple harmonic
motion.

A small particle of mass m and charge ¢ is placed
at point £ on the axis of uniformly charged ring
and released. 1F R == x, the particle will undergo
oscillations along the axis of symmetry with an angular
frequency that is equal to

Q

Rf &l

4— 1 d

=

Q 29
(A) 47~’ (B) - (/v—4
Az mR e, ,mR

. 10 )X
(€) —E (0) X

e, mi dme,mR

A charged particle having some mass is resting
in equilibrium at a height /4 above the centre of a
uniformly charged non-conducting horizontal ring, of
radius K. The force of gravity acts downwards. The
equilibrium of the particle will be stable

(A) for all values of 1 (B) only if /1 = R/ J2

(C) only it H < R/2 (D) onlyif [/ = R/N2

in space of horizontal EF(IL = (mg)/q) exist as shown
in figure and a mass m attached at the end of a light
rod. [T mass m is released from the position shown
in figure find the angular velocity of the rod when it
passes through the bottom most position.



+ E_—m,g,,

q
1% Do
A = (B) e
(A) / /

3g 5g
(C) = (D) =~
/ l

Find the force experienced by the semicircular rod
charged with a charge ¢, placed as shown in figure.
Radius of the wire is R and the infinitely long line
of charge with linear density A is passing through its
centre and perpendicular to the plane of wire.

Ag Ay

R} =5— (B) —
) 27, R e, R

. ; . A
(€ 4 _ (D) —L
dme R dme R

. A wheel having mass m has charges +¢ and —¢ on

diametrically opposite points. It remains in equilibrium
on a rough inclined plane in the presence of uniform
vertical electric field £ =

Iq
'\QTE
q
>

(A) ﬂg (B ) lg
q 2q
(©) m‘g' tant/ (D) none

2y

9.
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An equilateral triangle wire frame of side L having
3 point charges at its vertices is kept in x-y plane
as shown. Component of electric field due to the
configuration in z direction at (0, 0, L) is [origin is
centroid of triangle]

qly
e D4
q 2q
93k
(A) —)J_,Aq (B) zero
8L
I
(C') h‘f (D) None
8L

. A simple pendulum has a length £, mass of bob m.

The bob s given a charge ¢ coulomb. The pendulum
is suspended in a uniform horizontal electric feld of
strength £ as shown in figure, then calculate the tinie
period of oscillation when the bob is slightly displace
fron its mean position is

> £
®
— 1 4
".’
q.m® 5
—
(A) 27TJ£ (B) 27 %
8 a4+ ‘!.‘
"
!n’
(C) 2 (|- o (D)
g
m

Four equal charges +¢ are placed at four corners of a
square with its centre of origin and lying in y= plane.
The electrostatic potential energy of a fifth charge ¢
varies or x-axis as

[




10.

i35,
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(A) u (B) u
\ J 1\
4 e 4 —
—X X ==X X
() U

—X

Two positively charged particles X and Y are initially
far away [rom each other and at rest. X begins to
move towards ¥ with some initial velocity. The total
momentum and encrgy of the system are p and £,

(A) I Yis fixed, both p and /2 are conserved

(B) If Y is fixed, /2 is conserved, but not p

(C) 1T both are free to move, p is conserved but not 1
(D) Ifboth are free, £ is conserved, but not p

. Two particles X and Y, of equal mass and with unequal

positive charges, ave free to move and are initially far
away from cach other. With Y at rest, X begins to move
towards it with initial velocity . After a long time,
finally.

(A) X will stop, ¥ will move with velocity u

(B) X and ¥ will both move with velocities /2 each
(C) X will stop, Y will move with velocity < u

(D) both will move with veloctties < 1/2

. A circular ring of radius R with uniform positive

charge density A per unit length is located in the y-z
plane with its centre at the origin O. A particle of mass
m and positive charge ¢ is projected from the point

PR3, O, O) on the positive x-axis direcily towards

O, with an initial kinetic energy B

EI’.I
{A) The particle crosses O and goes to infinity
(B) The particle returns to P
(C) The particle will just reach O B
(D) The particle crosses O and goes to —R J3.

The diagram shows a small bead of mass m carrying
charge ¢. The bead can freely move on the smooth fixed
ring placed on a smooth horizontal plane. In the same
plane a charge +0 has also been fixed as shown. The
potential at the point P due to -0 is V. "The velocity with
which the bead should projected from the point 2 so that
it can complete a cirele should be greater than

4.,

%, The diagram shows three infinitely long uniform line

gr

(B)
m m

gV
(C) e’ L
m

(D) none

A particle of mass | kg and charge 173 ;C is projected
towards a non conducting fixed spherical shell having
the same charge uniformly distributed on its surface,
find the minitmum initial velocity of  projection
required if the particle just grazes the shell.

|

v
__________ Voeooeee e from oo

m/s

(A) \/“’.’.

n
(Cy = m/s
. /

L D]
=
[§e]

Yy

(D) none

charges placed on the X, Yand Z axis. The work done
in moving a unit positive charge from (L, 1. 1) to

(0, 1, Iyis equal to

X
27
A
4(
4

(A) (A In2)/2me,
(C) (3Nn2)/ 20,

(B) (An2)/ws,
(D) None



18.

19.

20.

A charged particle of charge Q is held fixed and another
charged particle of mass m and charge ¢ (of the same
sign) is released from a distance . The impulse of the
force exerted by the external agent on the fixed charge
by the time distance between Q and ¢ becomes 27 is

S i
) 2L (B) J-—Q"' !
4o <, mr e, r

_ Qg

© |20 (D) :
e, AmEr

Two point charges of +Q each have been placed at the

positions (=a/2, 0, 0) and («/2, 0, 0). The locus of the

points in ¥Z plane where — Q charge can be placed

such the that total electrostatic potential energy of the

system can become equal to zero, is represented by

which of the lollowing equations?

(AY Z2 (Y —a) =2a

(By 72+ (Y~ ay =2Ta"/4

(C) 22+ ¥V = 1507/

(D) None

A dipole consists of two particles one with charge -1 pC

and mass 1 kg and the other with charge =1 pC and mass

2 kg separated by a distance of 3 m. For small oscillations

about its equilibrivm position, the angular frequency,

when placed in a uniform electric field of 20 KV/m is

(A) 0.1 rad/s (B) 1.1 rad/s

(C) 10 rad/s (D) 2.5 rad/s

The dipole moment of a system of charge +y¢
distributed uniformly on an arc of radius R subtending
an angle w/2 at its centre where another charge — ¢ is
placed is.

242¢4R J2gR

(A) (B)
0 T
R 2R
((‘) L (D) 7(/*
T w
An electric dipole is kept on the axis of a uniformly

charged ring at distance R/\E from the centre of the
ring. The direction of the dipole moment is along the
axis. The dipole moment is P charge of the ring is O
and radius of the ring is R. The force on the dipole is
nearly

4kPO 4PO
(A) PO @) A0
IR 3JIR
’){']
(C) 25PQ (D) zero

33P

(O]
o

PR
23,
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. Alarge sheet carries uniform surface charge density o.

A rod of length 2/ has a lincar charge density A on one
half and —\ on the second half. The rod is binged at
mid point O and makes an angle f/ with the normal to
the sheet. The torque experienced by the vod is

4_

|

|

+

|_

i

(A) 0 (B) —\ sinf)

=i
() ﬂ—sin() (D) Lo
T ._i"n

Two short clectric dipoles are placed as shown. The
energy of electric interaction between these dipoles
will be

2ER P, cost —~2 kPP, costl

(A) = (B) ~——rp—-
, -
—2kR P, sin0) =4 kPP, cost
(g St (D) |f3 cos
P 7
Point P lies on the axis of a dipole. If the dipole is

rotated by 90° anticlock wise, the electric ficld vector

E at P will rotate by
(A) 90° clock wise

(B) 180" ¢lock wise
(C) 90° anti clock wise
(D) none

Muliiple Correc

24,

select the correct alternative:

(A) The charge gained by the uncharged body from a
charped body due 1o conduction is equal to ball of
the total charge initially present.
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(B) The magnitude of charge increases with the
increase in velocity of charge
(C) Charge can not exist without matier although
matter can exist without charge
(D) Between two non-magnetic substances repulsion
is the true test of electrification (electrification
' means body has net charge)

- Two equal negative charges —¢ are fixed
(0. @) and (0, — ¢) on the y-axis. A
released from rest at the point (
The charge O will:

at the point
charge 40 is
2a, 0) on the v-axis.

(A) Execute simple harmonic motion about the origin.
(B) Atorigin velocity of particle is maximum

(€) Move to infinity

(D) Exccute oscillatory but not simple h
) motion.

armonic

Mid way between the two cqual and similar charges,
we placed the third equal and similar charge. Which of
the following statements is correct, concerned (o the
equilibrium along the line joining the charges?
(A) The third charge experienced a net force inclined
i to the line joining the charges
(BY The third charge is in stable cquilibrium
(C) The third charge is in unstable equilibrium
(D) The third charge experiences a  net
perpendicular to the line joining the charges

force

27, A negative point charge placed at the point A is
— a_ — a —¥
amf——ff—r——f(l}ff—ff —————— 2

+2q A +2q

(A) in stable equilibrium along x-axis
(B) in unstable equilibrium along y-axis
(C€) in stable equilibrium along y-axis
(D} unstable equilibrium along v-axis

- Two fixed chacges 40 (positive) and O (negative) are
located at A and B, the digtance 43 being 3 m.

-Q

-4Q
o - o»
B

A

(A) The point 2 where the resultant field due to both is
zero is on AB outside AB.

(B) "The point # where the resultant field due 1o both is
7ero 18 on AR inside A5,

29.

. Two infinite sheets of uniform charge density 4-¢r and

- The figure shows a nonconducting ring which has

(C) If a positive charge is placed at £ and displ
slightly along 45 it will execute oscillations,
(D) Ifa negative charge is placed at P and displ
slightly along 425 it will execute oscillation.

aee

ace

Select the correct statement: (Only force on a particlg

is due to electric field)

(A) A charged particle always moves along the clectrig
line of force.

(B) A charged particle may move along the line (f
force

(C) A charge particle never moves along the line of
force

(D) A charged particle moves along the line of foree
only if released from rest.

—o are parailel to each other as shown in the figure.

Electric field at the
(A) points to the left or to the right of the sheets is

Zero
(1)
(&

midpoint between the sheets is zero
midpoint of the sheets is a/e, and is directed
towards right

midpoint of the sheets is 20/c, and is directed
towards right

(D

positive and negative charge non uniformly distributed
on it such that the tofal charge is zero. Which of the
following statements is true?

Axis




(oo
(%]

34.

o
Gh

36.

(A) The potential at all the points on the axis will be
Zero.

(B) The electric field at all the points on the axis will
be zero.

(C) The direction of electric field at all points on the
axis will be along the axis

(D) If the ring is placed inside a uniform external
clectrie field then net torque and force acting on
the ring would be zero.

[l we use permittivity ¢, resistance R, gravitational
constant & and voltage }* as fundamental physical
quantities, then

(A) [angular displacement] == 2"RVGO)

(B) [Velocity] = ¢ 'R TGO

(C) [dipole moment] = ='RG" I

(D) [force] = &'R"G"1*

A patticle of mass m and charge ¢ is thrown in a region
where uniform gravitational field and electric ficld are
present. The path of particle

{A) may be a straight line

(B) may be a circle

(C) may be a parabola

(D) may be a hyperbola

Two point charges O and ~Q/4 are separated by a
distance x. Then

Q b

o~

—Q/4

(A) potential is zero at a point on the axis which is v/3
on the right side of the charge —Q /4

potential is zero at a point on the axis which is v/5
on the left side of the charge — /4

electric ficld is zero at a point on the axis which
is at a distance x on the right side of the charge
—0/4

there exist two points on the axis where electric

field is zero.

Aun electric charge 10 C is placed at the point (4 m,
7m, 2 m). Atthe poini (I m, 3 m, 2 m), the ¢lectric

(A) potential will be 18V
(B) ficld has no Y-=component
(C) field will be along z-axis
(D) potential will be 1.8V

Fouridentical charges are placed at the poimts (1,0, 0)
(O, 1,0, (=1, 0,0) and (0, 1, 0).

"

Sil

38.

40.

-—
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(A) The potential at the origin is zero.

(B) The field at the origin is zero.

{C) The potential at all points on the z-axis, other than
the origin, is zcro.

(D) The field at all points on the z-axis, other than the
origin acts along the z-axis.

A proton and a deuteron are initially at rest and are
accelerated through the same potential diflerence.
Which of the following is false concerning the final
properties ol the two particles?

(A) They have diflerent speeds

(B) They have same momentum

(C) They have same kinetic energy

(D) None of these

Which of the following is true for the figure showing
clectric lines of force? (f£
potential)

is clectrical field, 7 is

S
H.f::x,_x
NI
(A) £, > E, (B) E,> £,

(C) V, > ¥, (D) ¥, >V

. Three point charges O, 40 and 160 are placed on a

straight iine 9cm long. Charges are placed in such a

way that the system has minimum potential energy.

Then

(A) 40 and 16Q must be at the ends and Q at a
distance of' 3 em from the 160

(B) 40 and 16Q must be at the ends and O at a distance
of 6 cm from the 160

(C) Electric field at the position of O is zero

(Dy Electric field at the position of Q is ;i
Awe,,

Potential at a point A is 3 V and at a point B is 7V, an

electron is moving towards A from 4.

(A

(3

(C) to reach A it must have more than or equal to 4eV
KLE. at 5.

(D) when it will reach A, it will have K.F. more then
orat least equal to 4eV il it was released from rest
at 3.

) 1t must have some KLU, at B to reach A
)

I need net have any KLUE. at 5 1o reach A
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- A particle of charge | 1C and mass | om moving with
a velocity of 4 m/s is subjected to a uniform electric
field of magnitude 300 V/m for 10 s. Then it’s final
speed cannot be:
(A) 1.5 m/s

(C) 3 m/s

(B) 4m/s
(D) 6 m/s

Two partticles of same mass and charge are thrown

in the same direction along the horizontal with

same vclomy v from two different heights i, and 1,

(1, < h,). Initially they were located on llm same

ver mdl line. Choose the correct alter native.

(A) Both the particles will lie on a vertical line until
either of the ball hits the ground

(B) Acceleration of the centre of mass of two particles
will be g downwards

(C) Horizontal displacement of the particle lying at h,
is less and the particle lying at h, is more lhan

the value, which would had been in the absence of

charges on them.
(D) All of these

Let V7 be electric potential and £ the magnitude of

the clectric field. At a given position, which of the
statement is true?

(A) Eis always zero where 1 is zero

(B) 1is always zero where £ is zero

(C) £ can be zero where V is non zero

(D) 77 is always nonzero where ¥ is nonzero

The electric potential decreases uniformly from ¥ to
— " along x-axis in a coordinate system as we moves
from a point (—x,, 0)to (x,, 0), then the electric ficld at
the origin,

(A) must be equal to Vx,

(B) may be equal to Vix,

(C) must be greater than Vix,

(D) may be less than Vix,

Variation of electrostatic potential along x-direction
is shown in the graph. The correct statement about
clectric field is

9

{A) x component at point 5 is maxinum
(B) x component at point A is towards positive x-axiq
(C) x component at point ("is along negative x-axis
(D) x component at point ' is along positive x-axis

An electric dipole moment = (2.()f +- 3.()_;’) mC. m ig
placed in a uniform electric field

E=(3.00+ 2.0k 10°NC,

(A) The forque that £ exerts  on DT

(067 ~0.47—0.9%)Nm

(B) The potential energy of the dipole is —0.6 J.

(C) The potential energy of the dipole is 0.6 ]

(D) If the dipole is rotated in the electric field, the
maximum potential energy of the dipole is 1.3 J.

Three points charges are placed at the corners of an
equilateral triangle of side £ as shown in the fgure.

,2(7

Fq L -q

(A) The potential at the centroid of the triangle is zero

(B) The electric field at the centroid of the triangle is
7ero. B

(C€) The dipole moment of the system is J2 gl

(ID) The dipole moment of the system is \ﬁ yl.

- Particle 4 having positive charge is moving directly

head-on towards initially stationary positively charged

particle B. At the instant when 4 and B are closest

together.

(A) the momenta of A4 and B must be equal

(B3) the velocities of 4 and 5 must be cqual

(C) 5 would have gained less kinctic energy than A4
would have lost.

(D) B would have gained the same momentum as A
would have lost.

49, Tor the situation shown in the figure below (assume

r =2 lenth of dipole) mark out the correct statement(s).




p (Small diploe)

Qo -rmmvmmm e e -a

|
! r

(A) Force acting on the dipole is zero
(B) Force acting on the dipole is approximately
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(C) Torque acting on the dipole is in

clockwise direction

0 .
‘(—("7 mn anti-

(D) Torque acting on the dipole is
Yare

nQ i . clockwise direction
———and is acting upward.
Qe 1
JEE Advanced
Level I
I. The distance between two fixed positive charges 4¢ and 6. The figure shows three infinite non-conducting plates

N

4

5.

¢ is £. How should a third charge ‘¢’ be arranged for it to
be in equilibrium’? Under what condition will equilibrium
ol the charge ‘¢ be stable (for displacement on the line
joining 4¢ and ey or will it be unstable?

Two particles A and B, each having a charge Q arc
placed a distance o apart. Where should a particle of
charge ¢ be placed on the perpendicular bisector of
AB so that it experiences maximum force? What is the
magnitude of the maximum force?

A negative point charge 2¢g and a positive charge ¢ are
fixed at a distance / apart. Where should a positive
test charge O be placed on the line connecting the
charge for it to be in equilibrium? What is the nature
of the cquilibrium with respect to longitudinal
motions”?

A charge -- 107" Cis located at the origin in free space
and another charge O at (2, 0, 0). If the X~component
of the clectric field at (3, 1, 1) is zero, calculate the
value of Q. Is the Y-component zero at (3, 1, [)?

Six charges are placed at the vertices of a regular hexagon
as shown in the figure. Find the electric field on the tine
passing through O and perpendicular (o plane of the
figure as a function of distance x from point O.

ol charge perpendicular to the plane of the paper with
charge per unit area +a, +20 and —o. Find the ratio of
the net electric field at that point 4 to that at point 5.

4 4
{ ..} =
| & -
i A i B
® ®
| + =
-+ i
- =
-4 H
——H——»|
5m 25m
-+ 20 125
et bl - »|
5m 5m

~3

. A thin circular wice of radius r has a charge O. If a
point charge ¢ is placed at the centre of the ring, then
find the increase in tension in the wire.

~n

3. In the figure shown Sis a large nonconducting sheet of
uniform charge density . A rod R ol length [ and mass
‘m’ is parallel to the sheet and hinged at its mid point.
The lincar charge densities on the upper and lower half
of the rod are shown in the figure. Find the angular
acceleration of the rod just after it is refeased.

9. A charge of 8 mC 15 located at the origin. Calculate the
work done by external agent in taking a small charge

o
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of =2 5 107" C from a point A (0, 0, 0.03 m) to a point
B0, 0.04 m, 0) via a point C(0, 0.06 m, 0.09 m).

10. A pacticle of mass m, charge ¢ = 0 and initial kinetic
energy K is projected from infinity toward a heavy
nucleus of charge O assumed to have a fixed position.
(a) I the aim is perfect, how close to the centre

of the nucleus is the particle when it comes
instantancously to rest ?

(b) With a puarticular imperfect aim the particle’s
closest approach 1o nucleus is twice the distance
determined in (a) Determine speed of particle at
the ciosest distance of approach.

[T, Three point charges are arranged at the three vertices

ol a triangle as shown in figure. Given: ¢ = 107C.
Caleulate the electrostatic potential energy of the
system.

12, Eight equal point charges cach of charge “¢” and mass
‘m”are placed at eight corners ol a cube of side .

(1) Find out potential energy ol charge system
(i) Find out work done by external agent against
electrostatic forces and by electrostatic forees (o
increase all sides of cube from ¢ (0 2
(iii

ITall the charges are released at rest then find out
their speed when they are at the corners of cube
ol side 2a.

(iv) I keeping all other charges fix, charge of corner
A is released then find out its speed when i is al
infinite distance 7

(v) ITall charges are released at rest then find out thej,
speed when they are at a very large distance fron,
cach other,

13. A simple pendulum of length 7 and bob mass i is
hanging in front of a large nonconducting sheet |I(-1ving
surface charge density o If suddenly a charge +-q i
given o the bob and it is released from the positioy,
shown in figure. Find the maximum angle through
which the string is deflected from vertical,

o| sy

{4, A charge 40 is uniformly disteibuted over a thin ri ng
with radius R. A negative point charge —Q and mass
starts from rest ata point far away from the centre ofihe
ring and moves towards the centre. Find the velocity of
this particle at the moment it passes through the centre
of the ring,

15, A point charge ¢ and mass 100 gm experiences a
force of 100 N ata point a distance 20 cm from a lony
infinite uniformly charged wire. If it is released find its
speed when it is at a distance 40 em from wire

16. Consider the configuration of a system of four charges
each of value +¢. Find the work done by external
agent in changing the configuration of the system from
Hgure (i) to figure (ii).

,‘,q
|

+q i 7 e

> ‘ :
(1) (1)

7. Two identical particles of mass i carry charge O cach.
Initally one is at rest on a smooth horizontal plane and
the other is projected along the plane directly towards
the first from a large distance with an initial speed V.
Find the closest distance of approach.




| 18. A particle of mass m and negative charge ¢ is thrown in
a gravity free space with speed i from the point 4 on the
large non conducting charged sheet with surface charge
density @, as shown in figure. Find the maximum distance
from A4 on sheet where the particle can strike.

f
+
1 t
+__ ]
,l,
| oA
I @

' 49, Three charges 0.1 coulomb each are placed on the

' corners of an equilateral triangle of side 1 m. 1f the energ
is supplied to this system at the rate of I kW, how much
time would be required to move one of the chaiges onto
the midpoint of the line joining the other two?

Two identical nonconducting spherical shells having
equal charge Q are placed at a distance o apart. When
they are released find out kinetic energy o { cach sphere
when they are at a large distance.

21. A charge ‘¢ is cacried from a point A (r, 1357) to point
B(r, 45°) following a path which is a quadrant ol circle
of radius <. [f the dipole moment is P. then find out
the work done by external agent 7

272, Find out force experienced by shortdipole F is following
different arrangements as shown in figutes, [Assume

point charge is O, Iff, = ¢, (2a) and P= g(2ay]

~

L
v

5
'

24.

25,
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(1) = Q
17 77-7'**"‘[} T

Axis

(i) L’.. Q
ol e ;_;_7;__7‘\ _

=
Fquitorial
(iii) P, P
—-

Axial for P

(iv) TPO B
I IS
e

Equitorial for P,

Find out the magnitude of electric field intensity at
point (2, 0, 0) due to a dipole of dipole moment,
Pk J%/ kept at origin? Also find out the potential
at that point.

A dipole is placed at origin of coordinate system
as shown in Tigure, find the electric field at point
20, v).

Clectric field given by the vector E == xi + y}' is present
in the XY plane. A small ring carrying charge -0,
which can freely slide on a smooth non conducting
rod, is projected along the rod from the point (0, 1)
such that it can reach the other end of the rod. What
minimum  velocity should be given to the ring?
(Assume zero gravity)
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Level ]

1. A rigid insulated wire frame in the form of a right

angled triangle ABC, is set in a vertical plane as shown,

Two bead of equal masses m each and carrying charges

¢, and ¢, are connected by a cord of length / and slide

without friction on the wires. Considering the case

whea the beads are stationary, determine.

(a) The angle .

(b) The tension in the cord and

(¢) The normal veaction on the beads. If the cord is
now cul, what are the values of the charges for
which the beads continue to remain stationary.

B Horizon c

A clock face has negative charges —qg, —=2q, =3¢,
-y —12g fixed at the position of the corresponding
numerals on the dial. The clock hands do not disturb
the net field due to point charges. At what time does
the hour hand point in the same direction is electric
field at the centre of the dial.

A circular ring of radius R with uniform positive
charge density A per unit length is fixed in the Y7
plane with its centre at the origin O. A particle of mass
nrand positive charge ¢ is projected from the point

P(J3 R, 0, 0) on the positive X-axis directly towards
O, with initial velocity v. Find the smallest value of the
speed v such that the particle does not return of 2.

2 small balls having the same mass and charge and
located on the same vertical at heights hand h, are
thrown in the same direction along the horizontal at
the same velocity v. The 1 ball touches the ground
ata distance / from the initial vertical. At what height
will the 2% ball be at this instant? The air drag and the
charges induced should be neglected.

Two concentric rings of radii » and 2 are placed with
centre at origin. Two charges ¢ cach are fixed at the
diametcically opposite points of the rings as shown in
figure, Smaller ring is now rotated by an angle 907 about
Z=axis then it is again rotated by 909 about Yeaxis. Find

the work done by electrostatic forces in cach step. [

finally larg

er ring 15 rotated by 90° about X-axis, find the
fotal work required to perform all three steps.

!——.———-—

@
O

9.

10.

\ / —»X

‘\\‘“—ﬂ—P
Z +q

Two identical balls of charges ¢, and ¢, initially have
equal velocity of the same magnitude and direction,
After auniform electric ficld is applied for some time, the
dhirection of the veloeity of the first ball changes by 609
and the magnitude is reduced by half. The direction of (he
velocity of the second ball changes there by 90°. In what
proportion will the velocity of the second ball changes?

small identical balls with equal charges are fixed at
vertices of regular 2004 - gon with side a. At a certain
instant, one of the balls is released and a sufficiently long
time interval Tater, the ball adjacent to the first released
ball is freed. The kinetic energies of the released balls are
found to differ by K at a sufficiently long distance from
the polygon. Determine the charge ¢ of cach part.

e S R O
I'he electric field in a vegion is given by £ = —}’

i. Find

the charge contained inside a cubical volume bounded by
the surfaces x = O, x =@,y =0, y =,z = O and z = a1,
Take /5, = S 10PN/C f =2 ecmand « — | cm,

2 small metallic balls of radii R and R, are kept in
vacuum at a large distance compared to the radii. Find
the ratio between the charges on the 2 balls at which
electrostatic energy of the system is minimum. What
is the potential difference between the 2 balls? Total
charge of balls is constant.

A nonconducting ring of mass m and radius R is
charged as shown. The charged density i.e. charge
per unit lenath is A Tt is then placed on a rough
nonconducting horizontal surface plane.

AT
4

-

™
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strings of same length. The bobs are immersed in a
liquid of relative permittivity ¢ and density p,. Find the
density o of the bob for which the angle of divergence
of the steings to be the same in the air and in the liquid?

i2. Find the electric field at centre of semicircular ring
X shown in figure.
Al time 7 = 0. a uniform electric field F = E, is
switched on and the ring start rolling without sliding.
Determine the friction force (magnitude and direction)
acting on the ring, when it starts moving.
1. Two spherical bobs of same mass and radius having
equal charges are suspended from the same point by
Previous Year Questions
JEE Main
I. Il a charge ¢ is placed at the centre of the line ¢ 6 G .
joining (two equal charge O such that the system is in (© /T '\"”_'1 cos( (D) /7 pE sinf)
equilibrium then the value of ¢ is: (ATEEE 2002) '
0 0O 4. A charged particle ¢ is shot towards another charged
(A) = (B) —= particle O which is fixed, with a speed v. It approaches
- - O upto a closest distance r and then retuens. 1f ¢ was
() Q (D) Y given a speed 2v, the closest distance of approach
4 4 would be: (AIELEE 2004)
2. On moving a charge of 20 C by 2 cm, 2 ) of work is
done, then the potential differance between the points q i
g SRS e——+0 0 © 0 @ 04— Q
is: (AIKEL 2002) e r—d
(A) 0.1V (B) 8V q
(C) 2V (D) 0.5V (A) 1 (B) 2
o L D) -
3. Three charges ¢ . 4 ¢, and —g, are placed as shown &l B (D) 4
in the figure. The x-component of the force on —y, is . = o
proportional to: (AIEEE 2003) 5.1 our charges cqualto —Q are p].d(,(/d at the 1\0u1 corners
ol a square and a charge ¢ is at its centre. [f the system
is in equilibrium, the value of ¢ is: (AIEEL 2004
Q 0
(A) ﬁ—(lﬁﬁ) (B) z—(l»mﬁ)
. 0 ’ @) o I3
(©) ~Z(+232) (D) (14 242)
6. Two point charges +8¢ and --2¢ are located at x = 0

(A) i/,%,,_f/%_ms(.) (B) ;/%*l*q—;sin()

b’ o ) o

and x == L respectively. The location of a point on the
x-axis at which the net electric field due to these two
point charges is zero, is: (ATEEE 2005%)
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L
ﬁ (A) 2L ® 7

(©) 8L (D) 4L

7. Two thin wire rings each having a radius R are placed
at a distance d apart with their axes coinciding. The
charges on the two rings are --¢ and —q. The potential
difference between the centres of the two rings is:

(AIEEE 2005)

R 1 |
| ) I R A
£ de,d 276 |R R 4 &
t i
| 4rme, | R \[R: )

l 8. A charged ball B hangs from a silk thread . which
makes an angle ¢ with a large charged conducting
sheet P, as shown in the figure. The surface
charge density o of the sheet is proportional to:

(AIEEE 2005)

B
‘ (A) cos (B) cot §
(C) sin6 (D) tan @

9. Two insulating plates are both uniformly charged in
such a way that the potential difference between them
V,=V,=20V (e, plate 2 is at a higher potential). The
plates are separated by d = 0.1 m and can be treated as
infinitely large. An electron is released from rest on the
inner surface of plate 1. What is its speed when it hits
plate 27 (AIEEE 2006)
(e=1.6x 10", m, = 9.11 x 10~ kg)

0Ot.m——

m
N

(A) 2.65 x 106 ms™!
(C) 1.87 x 105 ms™!

D ¢

(B) 7.02 x 10'2 mg-1
(D) 32 x 1019 g~

10. An electric dipole is placed at an angle of 30° to 4
non-uniform electric field. The dipole will experience
(AIEEE 2006)
(A) a translational force only in the direction of the
field.
(B) a translational force only in a direction normal to
the direction of the field.
(©) atorque as well as a translational force
(D) a torque only

11. The potential at a point x (measured in pm) due to
some charges situated on the x-axis is given by volt,
Mx) =20/(x* — 4)V, (AIEEE 2007)

The electric field £ at x = 4 Hm is given by

(A) gV/ pem and in the —ve x direction
5 . I
(B) H V/pm and in the +ve x direction

(© %V/ #m and in the —ve x direction

(D) %OV/ #m  and in the +ve x direction

12. Charges are placed on the vertices of a square as

shown. Let E be the electric field and ¥ the potential
atthe centre. If the charges on 4 and B are interchanged
with those on D and ¢ respectively, then

(AIEEE 2007)

(A) E remains unchanged, ¥ changes
(B) both £ and V change




16.

(C)y [ and ¥ remaim unchanged

(D) £ change, V remains unchanged

. An electric charge 1073 is placed at the origin (0, 0) of
X=Y coordinate system. Two points A and B are situated

at ( \/” ) \/5 ) and (2, 0) the respectively. The potential

difference between the points 4 and 3 will be
(ATEEY 2007)

(B) zero

(D) 45V

. The questions contains Statements | and Statement 11,

of the four choice given after the statements, choose
the one that best describes the two statements.

Statements I For a charged particle moving (tom point
P to point O, the net work done by an clectrostatic field
on the paticle is independent of the path connecting
point ” to point O.

Statements H The net work done by a conservative
force on an object moving along a closed loop is zero
(ATEEE 2009)

(A) Statement [ is true, Statement [ is true.

(By Statement I is true, Statement 11 is true;
Statenient 11 1s not the correct explanation of
Statement [.

(C)y Statement 1 is Statement 1l
Statement 11 is not the correct explanation of
Statement 1.

(D) Statement 1 is false, Statement 1 1s true.

true, s true;

. Two points P and O are maintained at the potentials ol

10V and -4V respectively. The work done in moving
100 electrons from £ to O is (AIEEE 2009)
(A) — 19 = 10"7]) (B) 9.60 = 10°"]
(C) =224 = 10-") (D) 2.24 % 107"

A charge O 1s placed at each of the opposite corners ol
asquare. A charge ¢ is placed at each of the other two
corners. If'the net electrical force on Q is zevo, then the

= equals (ATEEE 2009)
q

(A) =22 (B) 1

() | (D) e Y

17.

18.

9.

20.

X =2mis:
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A thin semi-circular ring of radius » has a positive

charge ¢ distributed uniformly over it. The net field L
at the centre O g (AIEEE 2010)

@]
(/ q .
(A) S (B) ——5—
drrer ! Az’
- f A, if A
Q) === (D) ———
2rer” / 2rtegyr’ d

Two positive charges of magnitude ¢ are placed at the
ends of a side | of a square of side 2a. Two negative
charges of the same magnitude are kept at the other
corners, Starting from rest, if a charge O moves from
the middle of side | to the centre of square, its kinetic
energy at the centre of square is (ANEEE 2011)

1 240 |
(A) e _{.{;( ——=)
dme, Js
(B) zero
i 1 240 1
(C) L‘“(Hfff_
e, u J5
I 290 2
D) —2=0- )

J5

Two identical charged spheres suspended from a
common point by two massless strings of length / are
initially a distance d(d < < /) apart because of their
mutual repulsion. The charge beging to leak from
both the spheres at a constant rate. As a result charges
approach each other with a velocity v. Then as fuctions
of distance x between them, (AIELE 20110)
(A) v oex! (B) v oxx!'”

(C) voxw (D) voex

4ms,

Assume that an electric field /= 30x% exists in

space. Then the poteatial difference F, — V| where

V., is the potential at the origin and J/, the potential at
IR Main 2014]

(B) 80 J/m

(D) — 120 1/m

(A) —80 I/m
(Cy 120 1/m
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JEE Advanced

1.

Two equal point charges are fixed at x = —« and
v = g on the x-axis. Another point charge Q) is placed
at the origin. The change in the electrical potential
energy ol O, when it is displaced by a small distance x
along the x-axis, is approximately proportional to
[JEE (Ser) 2002

(A) x
¢y &

(B) x*
(D) 1/x

. Charges ¢ and —¢ are located at the corners ol a cube

of side a as shown in the figure. Find the work done to
separate the charges to infinite distance.  [JEE 2003]

. A charge +0 is fixed at the origin of the co-ordinate

system while a small electric dipole of dipole-moment

j pointing away from the charge along the x-axis is set

free from a point far away from the origin.

(a) caleulate the K.E. of the dipole when it reaches o
a point (/. 0) [JER 2003]

(b) calculate the force on the charge - O at this
moment.

Six charges, three positive and three negative of equal
magnitude are to be placed at the vertices of a regular
hexagon such that the ¢lectric field at 0 is double the
clectric field when only one positive charge of same
magnitude is placed at R. Which o [ the following

arrangements ol charges is possible for P, O, R, S, T

and U respectively 7 [JEE (Ser) 2004]
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Two uniformly charged infinitely large planar sheet g
and S, are held in air parallel to each other with sepumtig,{
d between them. The sheets have charge distribution pey
anit area o, and o, (C m?), respectively, with o = g
Find the work done by the electric field on a point charge
O that moves from S, towards .S, along a line of length
a (a < ) making an angle /4 with the normal o the
sheets. Assume that the charge O does not affect the
charge distributions of the sheets. [JEL 2004)

Which of the following groups do not have same
dimensions

(A) Young’s modulus, pressure stress

(B) work, heat, energy

(C) electromotive force, potential dilference, voltage
(D) electric dipole, electric fux, electric field

Positive and negative point charges o {equal magnitude

L—:] and [()h(). -ti] , tespectively. The

o)

are kept at {(),(

work done by the electric field when another positive

point charge is moved from (—a, 0, 0) to (0.a,0)1s

(A) positive

(B) negative

(C) zero

(D) depends on the path connecting the iitial and
final positions [JEL 2007]

Consider a system of three charges and placed at points
o)

g ¢ 2 \ . .

; ;/ and — »——31 4, B and C, respectively, as shown n

the figure. Take O to be the centre of the cirele of
radius R and angle CAB = 60° [JEE 2008]

— directed

along the negative x-axis
(B) The potential energy of the system is zero




1.

(C) The magnitude of the force between the charges at

5

Cand B is - q S
Sdae R
(D) the potential at point O s . (I
12902, R

A few clectric ficld lines for a system of two charges
Q, and O, fixed at two different points on the x-axis are
shown in the figure. These lines supgest that [JEE 2010}

N R.//”/*F ,fg

Q= + _ "
R “-\_‘_"‘—
Te—
(A) 10, > 10}
(B) Q] <10
(C) at a finite distance to the lelt of Q) the eleciric

ficld is zero.
(D) ata finite distance to the right of Q, the electric

field is zero.

Under the influence of the Coulomb field of charge
+¢), a charge —¢ is moving around it in an ¢lliptical
orbit. Find out the correct statement(s)  [JIEI 2010]
{A) The angular momentum of the charge —¢ is
constant

(B) The lincar momentum of the charge —¢ is constant
(C) The angular velocity of the charge ¢ 1s constant

(D) The linear speed of the charge —¢ is constant

A tiny spherical oil drop carrying a net charge ¢ is
balanced in still air with a vertical uniform electric
>

81 : ,
field of strength 5;_/7[—[}: 10°Vin™' . When the field is

switched ofT, the drop is observed to fall with terminal
velocity 2 = 1077 ms ' Given g = 9.8 ms 2, viscosity
of the air = 1.8 = 107> Ns m~? and the density of oil =
900 kg m=*, the magnitude of ¢ is: |JER 2010]
(A) 1.ox 10 "C (By 3.2 = 10-"C
(C) 48 =« 10" C (D) 8.0 = 1O C

- Four point charges, cach of --g are rigidly fixed at the

four corners of a square planar soap film ol side “«”.
The surface tension of the soap film is *y. the system

13.

14,
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ol charges and planar Alm are in equilibrium, and

I
( L .
a = Ik !'f— K718 a constant. Then NV is

~

i

[ 2011]

A wooden block performs SHM on a frictionless
surface with frequency, v, The block carries a charge

IO on its surface. I now a uniform electric Geld £ is
switched-on as shown, then the SHM of the block will
be [JHAE 20101
S
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(A) of the same frequency and with shifled mean
position
(B) of the same frequency and with the same mean
position
(C) of changed frequency and with shifted mean
position
(D) of changed frequency and with the same mean
position

- Two large vertical and parallel metal plates having

a separation of 1 em are connected to a DC voltage
source of potential difference X. A proton is released
at rest midway between the two plates. It is found to
move at 45° to the vertical JUST after release. Then X
is nearly [JEE 2012]
(A) I =107V (B)y 1 = 107V

() 1= 10V (D) I x 10V

Consider a thin spherical shell of radius R with its
centre at the origin, carrying uniform positive surface
charge density. The variation of the magnitude of the
clectric field | ()] and the electric potential J(r) with
the distance » from the centre, is best represented by
which praph? [JICK 200 2]
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16. Six point charges are kept at the vertices of a regular
hexagon of side L. and centtre O. as shown in the

. .. . !
figure. Giventhat K = —— i/, ,

e,

statement(s) is(are) correct?

which ofthe following

[JEE 2012}

(A) The electric field at O is 6K along OD.

(B) The potential at O is zevo.

(C') The potential at all points on the line PR 18 same,
(D) The potential at all points on the line ST 1s same,

17. For charges Q,, Q,, O, and O, of same magnitude
are fixed along the x axis at x =
+2a, respectively. A positive charge ¢ is placed on the
positive y axis at a distance b > 0. Four options of the
signs of these charges are given in List 1. The direction
of the forces on the charge ¢ is given in List 1. Match
List T with List 11 and select the correct answer using

[JEE 2014]

the code given below the lists

(0, b)

List f

Q Q Q, Q

(—2a,0) (-a,0) (+a,0) (+2a

List I1
P.Q.0,0,0,al positive 1. +x
0. 0Q,. Q,positive; Q.. O, negative 2.=x
R. Q.. Q,positive; O,, O, negative 3.4y
4. —y

S. 0,, O,positive; O,, O, negative

Code:
(A) P-3,0-1, R-4, 52
(B)y P-4, 0-2, R-3, 51
(C) P-3,0-1, R-2,5-4
(D) P-4, 0-2. R-1,5-3

—2a, —d, +a and

Ll

51
ol.

JEE|
1.
21.
31.
41,

JEE|

Levy

9.

18.
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ELECTRIC FLUX

Any group of electric lines of forces passing through a
given surface is called electric flux and itis denoted by .
Ares

as a Veckor

Till now, we have considered area of a surface as a scalar
quantity but for further analysis we treat arca of a surface as
a vector quantity whose direction is along the normal to the
surface. The arca vector S of a surface which has surface
area S can be written as
S = Sn,

where 777 the unit vector in the direction along the normal
to the surface.

Figure 4.1

If o surface is three dimensional, we consider a small
elemental arca ¢S on this surface and direction of this
elemental arca vector is along the local normal of'the surface
at the point where elemental area is chosen as shown. Thus,

dS = dSa

Here, ¢ is the unit vector in the direction along the normal
at elemental area dS.

a

dS"‘-___ _
TN
Figure 4.2

CHAPTER

sirie Bl

Electric Field Stremgth in Terms of Ele

Earlier we have defined that the density ol electric lines gives
the magnitude of electric field strength. Mathematically,
the numerical value of clectric field strength at a point in
the region of electric field can be given as the electric flux
passing through a unit normal area at that point.

Flux = (;e'l; — /‘ /'j . :/j

IF £ is constant, G = £

In a uniform electric field shown in Fig. 4.3, iF ¢ be
the flux passing through an area S which is normal to the
clectric field tines, the value of electric leld strength at this
surface can be given as

or flux through the surface can be given as

G = ES

Area = S
Figure 4,2

If in an electric field, surface is not normal as shown in
Fig. 4.4 Heve, ABCD is inclined at an angle ¢ from the
normal to electric feld. We resolve the arca ABCD m two
perpendicular components as shown in the figure. One is
S cos 0, which is area ABCD" normal to the direction of
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electric field and the other is S sin 0, which is arca CDC/D/
along the direction of electric field.

Figure 4.4

Here, the total flux passing through the given arca ABCD is
same which is passing through its normal component S cos
; thus, the flux ¢ through the area can be given as

== [28 cos
[S cos = arca of ABC/D'

I we consider the direction of arca vector normal to the

arca surface, as shown in Fig. 4.5, & would be the angle
o o

between S and 5. Thus, Hux through the surface ABCD
an be given as

$p=E-.S

(a) Electric Flux in Non-uniform Flectric Field

In non-uniform e¢lectric ficld, we can calculate electric Mux
through a given surface by integrating the above expression
for elemental surface arca of the given surface.

For this, consider the situation shown in Fig. 4.6, if
we wish to calculate electric tlux through the surface M.

Consider an elemental arca oS on the surlace M as
shown in the figure. At this position, if the electric ficld is
2, then the electric Hux through this elemental area /S can
be given as

dih =

ldScos )

Figure 4.6

Total flux through the surface M can be given as

b= / dgy= ‘ ] fu FdS cos 0

(b) Electric Flux Through a Circular Disc

Figure 4.7

Figure 4.8 shows a point charge ¢ placed at a distance \
from a disc ol radius . Here, we wish to find the electric
fux through the disc surface due to the point chaige ¢. We
know that a point charge ¢ originates clectric flux in radially
outward direction. The flux of ¢, which is originated in the
cone showii in the figure, passes through the disc surface.

Figure 4.8

To calculate this flux, we consider an clemental ring on the
dise surlace of radius x and width dx as shown, T'he area of

this ring (strip) 1s given as

dS = 2w dx
The eleetric field due to ¢ at this elemental ving is given as
Ky

\

I




[ g is the flux passing through this elemental ring

o
we have
didr=FEdS cos 1)
K (
= %{—1— 20y
(% 4 12)

27 Kglxdy

(¢ )"

Total flux through the disc surface can be given by
integrating this expression over the whole area of dise: thus.
tota) flux can be given as

gl xdy
#= / dp= .[.. 3_”(?

The above result can be obtained in a much stmpler way
by using the concept of solid angle and Gauss®s law, which
will be discussed later,

(e) Electrie Flus Through the Lateral Surface of

Cylinder due to a Point Charge

&

a3

Figure 4.9 shows a cylindrical suriace of fenoth £ and
radius R. On its axis at its centre, a point charge ¢ is placed.
Here, we wish to find the flux coming out from the lateral
surface of this eylinder due to the point charue 4.

das

e ——

Figure 4.9

For this, we consider an elemental strip of width v on the
surface of eylinder as shown. The area of this strip 15 given
1

oy = 2nRk A

Elacirosiatics-2 4.3

The electric field due to the point charge on the strip
can be given as

/\"{,!

(R

IWddhis the clectric Hux through the strip, we can write as

dip = [ dS cosi

- ‘—/\‘/ 3 D5t Kl —‘R__
(.1” 1 f.\l_ ) X ‘|" R;_!
. , /e
== 1 n K (/R’ b % 5
(<7 + R?)

Total flux through the Tateral surface of the cylinder can
be given by integrating ihe above result for the complete
lateral surface, which can be given as

The solution of the above integration is feft for students as
exercise. This situation can also be easily handled by using
the concepts of Gauss’s law, which will be discussed in the

next section,

() &1

ctrie Fluy Produced by a Paint Charge

Fizure 4,10

Figure 4,10 shows a point charge placed ai the centre of
a spherical surface of vadius R from which clectric lines
are originated and coming out of the suriace of the sphere,
For clarity and convenience, only lower half of sphere is
drawn. As the charge ¢ is inside the sphore, whatever fux
it originates will come out from the spherical surface. To
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find the total flux, we consider an elemental area dS on the
surface. The electric field on the points on surface of the
sphere can be given as

The electric flux coming out from the surface dS is
dp=E . dS= EdS

[As 6 = 0 shown in the figure]

Thus, dg = %‘1 ds

Total flux coming out from the spherical surface is

¢:fd¢=f%ds

At every point of the spherical surface, the magnitude of
electric field remains same. Hence, we have

Kq
¢=—[dS
-1
o 6=29 4rp? [as [ dS = 4rR’]
R2
p="1
]

Thus, total flux, the charge g originates is 9. Similarly, a
60
charge —g absorbs L clectric lines (flux) into it.
EO

Figure 4.11 shows a charge ¢ enclosed in a closed
surface S of random shape. Here, we can say that the total
electric flux emerging out from the surface S is the complete
flux which charge g is originating. Hence, flux emerging
from the surface is

The above result is independent of the shape of surface and
it only depends on the amount of charge enclosed by the
surface.

Figure 4.11

(e) Flux Calculation in the Region of Varying
Electric Field

-F X

Figure 4.12
In a region, electric field depends on the x direction as
E=Ex

In the cube of edge as shown in Fig. 4.12 from the front
face, electric flux goes in, which can be given as

¢, = E, (2a)* - &
=4E a*
From the other surface, flux coming out can be given as
b= E,(3a) - a?
=9E a*
Here, ¢ > ¢, for the cubical surface.
Hence, net flux =¢p — ¢

out in

=5SEa’.

CONCEPT OF SOLID ANGLE

Solid angle is the three-dimensional angle enclosed by the
lateral surface of a cone at its vertex as shown in Fig. 4.13.
It can also be defined as the three-dimensional angle
subtended by a spherical section at its centre of curvature.
As shown in the figure, point 4 is the centre of curvature



of a spherical section S of radius R, which subtends a solid
angle w (omega) at point A.

Solid angle {2

Figure 4.13

(a) Relation in Half Angle of Cone and Solid
Angle at Vertex

Rsin g v

i

Figure 4.14

Consider a spherical section M of radius R, which subtends
a half angle ¢ (radian) at the centre of curvature. To find the
area of this section, we consider an elemental strip on this
section of radius R sin # and angular width ¢/ as shown in
Fig. 4.14. The surface area of this strip can be given as

dS = 27k sin # » R0

The tolal area of the spherical section can be given by
integrating the area of this elemental strip within limits
from O to ¢.

Total area of the spherical scction s given as

S= /.(/S = ]m?.,ﬂﬂzsin()c/()
. S

=2 R’ {? cos Hﬁ;

— 23R (| — ¢os ) (h

I solid angle subtended by this section at its centre O s £2,
then its arca can be given as

Electrostatics-2 4.5

S = QR
FFrom Eq. (1), we have

QR =27R" (1 - cos )

Q=27 (1 —cos ) 2)

Equation (2) gives the relation in halfangle of a cone ¢ and
the solid angle enclosed by the lateral surface of the cone
at its vertex.

(b) Electric Flux Calculation due to a Point
Charge Using Solid Angle

Figure 4.15 shows a point charge ¢ placed at a distance X
from the centre of a circular disc of radius R. Now we wish
1o find the electric (lux passing through the disce surface duc
to the charge ¢.

~ . o Wo 3 4
We know [rom a point charge ¢, total flux originated is i
2

in all directions or we can say that from a point charge ¢,
(lux originated is 47 solid angle.

[ere, the solid angle enclosed by the cone subtended
by the disc at the point charge can be given as

Q=2m(l-cos )

(,,

Now we can easily calculate the flux of ¢ which s passing
through the disc surface as

=27l —

P (i RVT|

'H\h-. —
‘ 4y
q/z, ¢
LR [ SO
47‘- Ill(;l ' RE
4] / | 4
or Py =— | 1 = —
I 8y \/(”’ + R”
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SOLVED EXAMPLES

EXAMPLE 1

Find the electric flux coming out from one face of a cube of
edge a, centre of which a point charge ¢ is placed.

SOLUTION

Here, the total solid angle subtended by the cube surface at
the point charge ¢ is 4m. As ¢ is at the centre of cube, we
can say that cach face of cube subtends equal solid angle
at the centre. Thus, solid angle subtended by each force at

point charge is
o

T .
Q — steradian

face

Thus, electric flux through each face is

(z)fncc = q/go_ X SZ

7

face

_4/e AT _ 4
47 6

N
G
B

EXAMPLE 2

A point light source of 100 W is placed at a distance x from
the centre of a hole of radius R in a sheet as shown in the
figure. Find the power passing through the hole in the sheet.

P
f [
: r; o j [R
TV | U T J
100° W bulb l. X,
|

SOLUTION

From the figure, the solid angle of the cone can be given as

Q=271 —cos )

:27[1_\/“.'—:?]

Power in hole = power given in solid angle 2

= @xQ
47

= Ll x27|1—-
4w R?

:50l1—

X

+ x*

watt

x
\/Rz +x?

GAUSS'S LAW

This law is the mathematical analysis of the relation
between the electric flux from a closed surface and its
enclosed charge.

It states that the total flux emerging out from a closed
surface is equal to the product of sum of enclosed charge by

. 1
the surface and the constant — .
&

Mathematically, Gauss’s law is written as

Ep

Here, the sign Sg represents the integration over a closed

surface M which encloses a total charge >_gq,,, .
Let us consider a surface M shown in Fig. 4.16 which
encloses three charges ¢, — ¢, and g,. For the surface M if

we find surface integral of electric field fﬁ E- IS", it gives
M

the total electric flux coming out from the surface, which

can be given as

§EI9

S {Gauss’s law]

"’U

Here, clectric field E is the net electric field at the
points on the surface of M. Remember that the electric field
we use to find the flux must be the net electric field of the
system due to all the charges but the total flux coming out
from the surface is the flux originated by the charges
enclosed in the closed surface.




Figure 4.16

Using Gauss law, we can find electric field strength
due to some symmetrical distribution of charges. Tor
application of Gauss’s law, we choose a closed surface over
which we apply Gauss law, called Gaussian surface.

Gauss law can be used to caleulate electric field
strength, for this we first choose a proper Gaussian surface
on which the electric field strength is to be caleulated.
Sometimes a random Gaussion surface is chosen, then the

integral <,) - dS involves complex caleulations. To make
these calculations casier, we choose a Gaussian surface
keeping following points in mind.

{. The Gaussion surface should be chosen in such a way
that at every point of surface the magnitude of ¢lectric
field is cither uniform or zero.

2. The surface should be chosen in such a way that ai
every point of surface electric ficld strength is cither
patallel or perpendicular to the surface.

The following example will illustrate the applications
of Gauss’s law in calculation of electric field in the
surrounding of some charge configurations,

Gauss law is a very helpful tool in finding the electric
field strength due to various distributions of charges. We
start with a very simple example. Now we try (o (ind the
electric field strength due to a point charge ¢ at a distance
X, using Gauss’s law.

e

To find electric field strength at 2, we first consider
4 Gaussian surtace so that point P will be on its surface.
But the question is what should be the shape of Gaussion
surface. Look at the following figure (Fig. 4.17).

I we apply Gauss’s law to the above two cases, it will
require laborious calealations to find E-ds.
Gaussion surface should be chosen in such a way 1o
minimize the calculations. Now consider a spherical surliace
shown in Fig. 4.17. At every point of this surface, electric

The

field due to the charge ¢ is

Electrostatics-2 4.7

<
\ S
q xop
) B ’
= L
Figure 4,17
£ =54
:h

Here, if we use Gauss™s law for the spherical sucface, we

have
(]‘)‘ ﬁ D U’Sy’ -1 ,(,/.,
E ] s =4
Eoame=4
5
B
3 dare, X
ol
=

X

Here, we can see that at every point of sphere clectric field
vector is parallel to dS and also the magnitude of £ s
uniform at every point. Thus, the integral <ij - dS can be
casily evaluated. ‘

Notes

1. Basically flux is the count of number of lines of
clectric field erossing an area,

2. For open surface, we choose one direction as an
arca vector and stick (o it for the whole problem.
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SOLVED EXAMPLES

EXAMPLE 2

[n figure (), a charge ¢ is placed just outside the centre
of a closed hemisphere. In figure (b), the same charge ¢ is
placed just inside the centre of the closed hemisphere and
in figure (¢) the charge is placed at the centre of hemisphere
open from the base. Find the electric flux passing through
the hemisphere in all the three cases.

SN N
= AN / 2
[ N/ [ )
[ 8N L .
g q

(a) (b) {c)
SOLUTION
In figure (a), & = 0
In figure (b), o - (// .
[n figure (¢) ua;//_w =]

EXAMPLE 4

A charge ¢ is placed at point £ of the cube. Find (he electrie

(tux passing through the faces £FGH and ALHD.
B F
A2 E~
G =G
D H
SOLUTION
(1 == (//(\T-_,” .

(a) Electric Field Due to a Point Charge

The electric ficld due to a point charge is everywhere radial,
We wish to find the electric field at a distance » from (he
charge ¢. We sclect
from the charpe. At every point of this sphere, the electric
field has the same magnitude £ and it is perpendicular to
the surface itself. Hence, we can apply the simplified form
of Gauss luaw,

s =

Here, S = area ol sphere = da” and ¢ = nel charge

enclosing the Gaussian surface = ¢

Gaussain surface, a sphere at distance r

|
N /
q
4— . —ae [
&=
v | e
v
Figure 4,718
F( Aoy = =
0
4
7t

() Electric Field Strength Due (o a
Charged Wire

Log

A C/im

Figuire 4.71%

I we wish (o find clectric ficld strength due to a long

o O
having a linear charge density A C/m at a
point /2 situated at a distance ¥ from the wire.

charged wire

For this application of Gausss law, we consider a
cylindrical Gaussian surface of length X and
shown Fig. 4.19. 10 we apply Gauss’s law on this surface,

radius x as
we have

f A8 = Lot (h

- l)
The closed Gaussian surlace is made of three parts, 1, [l
and I, two flat civcular faces and one cylindrical lateral
surlace. We split the closed surface integration in three
parts as

FEdS— [Ed+ [ Bd [

Here we know for parts | and 1L, electric field strength
vector is perpendicular to the area vector as shown in



'['/'5:-[/3::'/' EdS =0

Now from I2q. (1), we have

+ {."
£ ds = M
S g’l_‘”

| As enclosed charged is ¢ | = AX]

For lateral surface as £ is parallel to oy is parallel

) Al
[y § o
'/” A :
=
A
£ ot =2
Ell
e 2 _g 2N
,2’/T[f“\ X

(c) Eleciric Field Strength Due to a Leng
Uniformly Charged Cylinder

 C/m?

44 4

a0 ,.i._".?‘i
+~E+R+'_ )

Figure 4.20

Case I: Conducting Cylinder

Figure 4.20 shows a Jong eylinder of radius & which is
uniformly charged on its surface with surface charge
density o (‘/m~7'.

We know that at interior points ol'a metal body electric
field strength is zero. For finding electric field strength at
Outer points at a distance x from the axis of the cylinder,
We consider a cylindrical Gaussian surface of radius x and

Electrostatics-2 4.9

length A as shown in the figure. Now we apply Gauss’s law
on this surface. We have

&,
Here enclosed charge in the cylindrical Gaussian surface
can be given as
¢ =0 2R\
el

Here also similar to the previous case, the clectric flux
through the cireular faces is zero. lence, according to
Gauss’s law, we have

Yo — 2T RE
R AL
N =
)
e o R2mRC
ol /_3_/‘I dS = — =
h=il
R
or [t
X

Case Il: Uniforimly Charged Non-conducting
Cylinder

Figure 4.21 shows a long cylinder of radius R, charged
uniformly with volume charge density o C/m*. To find
clectric field strength at a distance x from the cylinder axis,
we again consider a cylindrical Gaussian surface shown in
the figure.

[T we apply Gauss law on this surlace, we have

'f’. E = B; = ‘M_

Eﬂ
o = R
or Lods =1
Sl &
]
[As g = prRN]
e R
or 1) / ds =" "
! Fll
TR
or 2wl = ENE

To find clectric field inside the eylinder at a distance x from
the axis, we consider a small cylindrical Gaussian surface
ol radius v and length A [ we apply Gauss law for this
surface, we have

"-}['- [ J_.g — Yena

o
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+ i
+ o+
o+

Figure 4.21

2
or E dS:M
11

-~

or E 2mxf =

or EF=—

or EF=—

(d) Electric Field Strength due to a Non-
conducting Uniformly Charged Sheet

To find the electric field strength at a point P in front of the
charged sheet, we consider a cylindrical Gaussian surface
as shown in Fig. 4.22 of face area S. If we apply Gauss law
for this surface, we have

o Clm?
- Area S
_____________ ’/'/ .
R | ¥
o — e P
b x ol
Figure 4.22
E'ZS" qeml
60
7 — oS
fEds fEdS+ E-as=22
1n 50
[AS qencl S]

In this case, f E ZE =0 as the lateral surface of
i

cylinder is parallel to the direction of electric field strength;
no flux is coming out from the lateral surface. Hence, we
have

f EdS+ | EdS= o)

T 50

or 2ES = US
€o

[As electric field is uniform on both sides]

or E=2

2¢,

(e) Electric Field Stength Due to a Charged
Conducting Sheet

Figure 4.23 shows a large charged conducting sheet, charged
on both the surfaces with surface charge density o C/m’
As we know that in the metal sheet there is no charge within
the volume of the sheet and also the electric field inside the
metal sheet is zero. To find electric field strength at a point
P in front of the sheet, we consider a cylindrical Gaussian
surface having one face at point P where electric field is
required and the other face is within the volume of sheet. If
we apply Gauss’s law on this surface, we have

fﬁ.ﬁ;@
o
or fE-cTSJrfE-%‘Jr Foas=25
L u |l €
[AS qcncl = GS]

Here on surface I of the Gaussian surface £ = 0.

Hence, f E- dS 0 and f E- dS 0 as no electric flux

is coming out from the lateral surface of cylinder (E is
perpendicular to area vector of curved surface). Hence, we
have total flux coming out is

f = ﬁ _ (J'S
It 50
or ES = Gl

<
<

0




CONDUCTOR
TYPE= OF MATERIALS

Insulators
(All electrons
are bounded)

Semi-conductors
(Some electrons
are free)

Conductors
(All electrons
are free)

CONDUCTORS

A conductor contains free electrons, which can move freely
in the material, but cannot feave it.

By applying an external electric ficld on a conductor,
harges of a conductor adjust themselves in such a Fashion

¢
that the net clectric field inside the conductor is zero under
clectrostatics conditions.

Ty /’—"—‘?-.,("——"———_____

Figure 4.24
Net £ =0 = Potential is constant

e Conductor behaves as an equipotential surface

Being an cquipotential surlnce, electric Getd lines will
terminate or originate perpendiculacly.

Let us now consider the interior of a charged
conducting object. Since it is a conductor, the electric ficld
in the interior is everywhere zero. et us analyze a Gaussian
surface inside the conductor as ¢lose as possible to the

Electrostatics-2  4.11

surface ol the conductor. Since the electric intensity is zero
everywhere inside the conductor, it must be zero for every
point of the Gaussian surface. Hence, the flux through the

surface ('/» [-dS will be zero. Therefore, according to

Vo —

= * ¢ L
$Eods =L . the net charge inside the

Gauss’s law

Gaussian surface and hence inside the conductor must be
zero. Since there can be no charge in the interior of the
conductor charge given to the conductor will reside on the
surface of the conductor,

o All the charges given to the conductor reside on the
surface of the conductor

.'“,‘_‘*x___‘_/‘ i
¥t 4

Figure 4,25

Till now we have only discussed the case of uniform-shaped
bodies on which the charge distributes itself uniformly,

But what about the charge distribution on ircegular-
shaped bodies?

Does in this case also uniform charge distribution
take place? NG

In this case

1
e —
2 =y
Charge per  Radius of
unitarea  cyrvature

o Let us consider a random shaped body and find Electric
field due to a small portion of this body. However the o
is not uniform everywhere but for a small area A, we
can assume that o is constant. Considering a cylindrical
gaussian surface, we will caleulate flux passing through
the cross-section dA.

Go

rn“ul = I}{J' [j ' ;/TSV — L/!ﬂ

M o= h R :
el v ed suilee
: =0

2 .
Feurved swiace

h . - @, .
souter flal s lhve Trinned M siniies
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Figure 4.26

Because no flux is passing through lateral surface
(electric field lines are perpendicular to area vector).

—

E-dS=0

(/)inncl flat surface ~

because E inside conductor = 0

qin —
- ¢0LI(EI flatsurface

EO
odd _ E.dA
60
= E=2
E\0
ELECTRIC PRESSURE

Electric Pressure on a Charged Metal Surface
We know when some charge is given to a metal body it
will spread on the outer surface of the body due to mutual
repulsion in the charge. When on surface every charge
experiences an outward repulsive force due to remaining
charges, every part of body experiences an outward
pressure. This pressure which acts on every part of charged
metal body surface due to remaining charges on the body is
called electric pressure.

To calculate this, we consider a small segment AB on
body surface of area dS as shown in Fig. 4.27. If o be the
surface charge density on AB, charge on it is

dg = odS

Now we consider two points M and N just outside
and inside of section AB as shown in Fig. 4.27. At the two
points if £, be the electric field due to section 4B then the
direction of the electric fields at M and N can be given as

Figure 4.27

shown in the figure. If we remove section AB from the body,
then due to removing body ACB, if E, be the electric field
strength at points M and N, the direction of E, can be given
as shown in Fig. 4.28.

Figure 4.28

Due to complete body we know that net electric fields at
just outside and inside points can be given as

o
E,=E +E,=— M
80
and E,=E —E =0 (2)
Solving Egs. (1) and (2), we get
E =E,
and E=FE = =
2¢g,

Thus, electric field at the location of the section AB due to

the remaining body ACB is 2L , using which we can find
60

the outward force on the section 4B, due to the rest of the
body ACB as

Force on AB is dFF = dq E,
=0 dS x —
2¢g,

Thus, pressure experienced by the section 4B can be
given as



p_d_

e oy
ds 2z,

As net electric field outside the surface is

q T
net T ?
o
Thus, we have
L4
P L [ iIml )
¢ I~
=~
I b
R N
/‘ T

ELECTRIC FIELD DUE TO SPHERICAL BODIES

Conducting Conducting Non-conducting Non-conducting
hollow sphere  solid sphere  hollow sphere solid sphere

lﬂ\“l

Will behave in the same fashion
because £ and potential depend
on charge distribution and all the
above three spheres have same
charge distribution

E Due to Conducting Hollow Sphere,

Conducting Solid Sphere and Non-conducting
Hollow Sphere

For the above-mentioned bodies, any excess charge given to
the body gets distributed uniformly over its outer surface.
ince the charge lines must point radially outwards and also
he ficld strength will have the same value at all points on
ny imaginary spherical surface concentric with the charged
onducting sphere or the shell this i the symmetry which
ads us to choose the Gaussian surface to be a sphere. Any
thitrary clement of area S iy parallel to the local £ so

- dS = [dS at all potnts on the surface,

ectric Field Strength Due to a Conducting
lid and Hollow) Sphere, Non-conducting
Dllow Sphere

sef:x = R

find electric field at an outer point at a distance x from

centre of sphere, we cosider spherical Gaussian

—_—
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surface of radius . I electric field strength at every point
ol this surface is £, using Gauss’s law we have

B d§ = dens

Figure 4.29
Here, we have
Edas—2
ot Ednxt = Q
E(I
fal 0
dme, x

Simlarly for surface points we can consider a spherical
Gaussian surface of radius ® which gives electric field
strength on the sphere surface as

R

d7e

<p -

Y
,\72

To find electric field strength at an interior point of the
sphere, we consider an inner spherical Gaussian surface of
radius x (x < R).

Here if we apply Gauss law for this surface, we have

e
(f L‘.c/S:M
i EU

=

[As all charge is on surface]

Figure 4.30
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Thus. =0 [AsdS = 0]
Nate

For points outside the sphere, the field is same as that
of a point charge at the centre of sphere.

Figure 4.3

Non-conducting Uniforrmly Charged Sphere
For outer and surface points, the electric feld strength can
be caleulated using Gauss’s law simifar to the previous case
ol conducting sphere.

For interior points of sphere, we consider a spherical
Gaussian surface of radius x as shown Fig. 4.32. 11 we
apply Gauss’s law for (his surface, we have

(’)‘ £ ng' .. (N

Figure 4.32

Here, enclosed charge can be given as

LI
Yo == PE T
’ 4 "
P A TN
T AT 5,
Thus, - derx” =
&5
Lo
or [ ==L
3'fn

A an external point (r > Rj
To find the electric field outside the charged sphere, we usey
spherical Gaussian surface of radius # (¢ > R). This surlage
encloses the entire charged sphere. So, Irom Gauss’s lay,

1
we have

[y (4m‘1) = Q
fat £
I

The field at points outside the sphere is the same as that of
a point charge at the centre.

Variation of E with the distance from the
centre (r)

=
1 Lo J RS,
4z, R* b 4 \
// LN
N
o :
(&) r=R r

Figure 4.33

Electric Potential Inside a Metal Body

As we have alrcady discussed whenzver charge is given to
a metal body, it is distributed on its outer surface in such a
way that net electric field at every interior point of body is
sero. Thus i€ inside a metal body, a charge 1s displaced, no
work is done in the process as electric field at every point
is zero. Hence, we can say that the whole metal body is

equipotential.
Naote
On the basis of the above explanation, we can state that

a region, in which at every point eleetric field is zero,
can be regarded as equipotential region.

Eleciric Potential Due to a Charged spheve

Case I: Conducting Sphers
As we know for outer points ol 4 charged sphere we can
assume that whole charge is concentrated at its centre.
Thus, electric potential at a distance & from the centre of
sphere outside can be given as



Figure 4.34
Y
A

At the points on surface of the sphere, the potential can be
given as
Y
=R
R

At the interior points of sphere as at every point electric
field is zero, we can state that this is an equipotential region;
thus at every interior point potential is same as that of its
surface. Hence, we have

Variation of Potential with Distance from
Cenire of Sphere

<

PN
T3
</!
U

Figure 4.35

Note: Abave results are also valid tor g uniformly charged
hollow sphere.
Case I: Non-conducting Uniformly Charged Sphere
For outer and surface points here also we can say that the
potnetial remains same as that of o conducting sphere as

KO
= —= (forx > R)

X

il

K
V.= (Y (forx = R)
. /e
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For an mterior point unlike (o a conducting sphere,
potential will not remain uniform as clectric field exists
inside the region. We know that inside a uniformly charged
sphere electric field is in radially outward direction: thus as
we move away from the centre, in the direction of electric
ficld potential decreases.

Figure 4.36

As shown in Fig. 4.36 if there is a point £ at a distance v
from the centre of sphere, the potential difference between
points 2 and S can be given as

V,— V.= fr j"‘QXJ.\‘,
R

P Y [€§
KO K . )
or Je e —g-— = g (R“ \)
R 2R
KO, . KO
or V,= :’F<R = )—F R

Here, at x = (), we have potential at centre of sphere,

p_3KQ 3,
2R 2

,

)

Thus at centre. potential is maximum and is equal to 3/2
times that on the surlace.

Variation of Potential in a Uniforinly Charged
Sphere with Distance

JLV

Figure 4,27
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FIELD ENERGY OF ELECTROSTATIC FIELD

E

&
Or—>qE

—re T

Figure 4.38

Consider a situation shown in Fig. 4.38. A small body of
mass 1 and charge ¢ placed in an electric field £. When the
body is released, it starts moving in the direction of electric
feld due to the eleetric field ¢£ acting on it. The body will
gain some kinetic energy due Lo its motion. Which is giving
energy to this particle? The answer is simple-clectric field.
This shows that electric field must posses some energy in
the region where field exists due to which it can do work an
any charged body placed in it. This energy is called field
energy of electric field. Wherever electric field exists, field
cnergy also exsits in space. Let us calculate the amount of
energy stored in the space where electric field exists.

(a) Field Energy Density of Electric Field

As discussed in the previous section in every region where
electric field is present, energy must exist. We can caleulate
this field energy by the following example.

Consider a charged conducting body shown in
IFig. 4.39. lts surlace M is having a charge distributed on it.
We know that the electric field just outside the surface M at
a point can be given as

Figure 4.39

We also know that on the surface of metal body experience
an outward clectric pressure which is given as

Now if we consider that the metal surface M is flexible ang
allowed to expand due (o electric pressure upto a small limjy
o M. Here if we check electric field associated with (he
body. we know that inside the body there is no electric field,
Initially, electric ficld only exists from surface M 1o infinity,
Hence, the field energy also exists from the surface M o
infinity. When the surface expand to M then in the fing)
stage the electric field as well as field energy exist from
surfaec M 1o infinity. This implies that during expansion of
surface ficld energy in the shaded volume (say o) vanishes
as before expansion there was clectric field in this region
and after expansion electric field becomes zero in the region
as there is no electric field inside the body.

We also know that the expansion is done by clectric
force in the body (electric pressure). Henee, the work done
by electric ficld during expansion is cqual to the loss in field
energy in the shaded volume 1.

If P is the electric pressure on the body surface, then
in the small expansion in body volume dV, work done can
be given as

AW = PdV

And if dU/ s the field energy stored in this volume  then
we ¢an use

dU = dW = PdV

JdU
or =S
dV
f)')
1 =
=
&,
dU . . , .
Here, v = o is the field enerey stored per unit volume in
JV

the space where clectric field £ exists and is called field
enerey density of electric field.

If in a region electric field is uniform, the total ficld
energy stored i a given volume /ol space can be given as
,l)f-.”/a'2 XV

U=

If electric field in a region is non-uniform, the total ficld
energy stored in a given volume ol space can be caleulated
by integrating the field energy in an clemental volume dV
of space as

dl = i B dV
)



And the total field energy ina given volume can be given as

U= [du- J',';;;l,/_f-‘t/v

(Ib) Self Energy of a Hollow, Conducting

pe DI
Conducting and Hollow Non-conducting
Splhere

N

Figure 4.40

We have discussed whenever o sysiem ol char

assembled, some work is done and this work is stored in
the form of electrical potential energy of the system. Now
we consider an example of charging a conducting sphere
of radius R.

[n the process of charging we bring charge to the
sphere from infinity in steps of clemental charges dy.
The charge on sphere opposes the clemental charge being
brough to it. Let us assume that at an instant sphere has
charge ¢, due to which it has a potential given as

Ry

R

it now a charge g is brought 1o its surface from mfinity
work done in this process can be given as

.
i = dg¥' = =Ldg

Total work done in charging the sphere can be given as

w=[aw= | ! /lRi’ dy

0

W= RQ"
2R

(1

Equation (1) gives the total work done in charging the
sphere of radius R.

We have discussed that in space wherever electric
ficld exists, there must be some field cnerg

o

y stored which
has energy density, given as

cirostaiics-2 - 407
Here, we can see that when the gphere was uncharged,

there was no electric ticld inits surroundings. But when the
sphiere is fully charged, electric field exists in its surrounding
from its surface to mfinity. Let us caleulate the field energy
associated with this charged conducting sphere.

We know that electric ficld due to a sphere at outer
points varies with distance from centre as
KC

)

i«

Figure 4,47

To find the total field encray due o this sphere, we consider

an elemenial spherical shell of radius v and width dy as

shown in Fig. 4.41. The volume enclosed in this shell 1s
dV = dwxddy

Thus, the field energy stored in the volume of this elemental
shell is

KQ’
= — (X
27

Thus, the total ficld encigy associated with the sphere can

be caleulated by integrating this expression from surface of

sphere to infinity as electric ficld inside the sphere is zero.
Total ficld energy in the surrounding of sphere is

ez If KO
= fdu=[ % d
_KO'| |
2 Xy
KO’ ’
F:. (‘))
2R
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Here, we can see that this result is same as Lq. (1). We
can conclude that by this total whatever work is done in
charging a body is stored in its surrounding i the form of
its field energy and can be regarded as sell~enerpy of that
body. Once a body is charged m a given configuration, its
self-cnergy is fixed; if the body is now displaced or moved
in any manner keeping its shape and charge distribution
constant, its self-energy does not charge. As discussed
above, we can say that

“Self-energy of a charped body is the total field
energy, associated with the electric field due to this body
in its surrounding.

(c) Self-energy of a Uniformly Charged Non-
conducting Sphere

We know that in outside vegion of a non-conducting
uniformly charged sphere, every point is same as that of
a conducting sphere of same radius. Thus, ficld energy in
the surrounding of this sphere from surface to infinity can
be given as

Figure 4.42

Unlike to the case of conducting sphere, in non-conducting
sphere at interior pomt £ == (). Thus, ficld energy also exists
in the interior region. This can be calculated by considering
an clemental shell inside the sphere as shown below.

Here, the field energy in the volume of this elemental
shell can be given as

| (Ox 2 )
AU =, {\_f%{ Ay dx
2 R
[As = 2O%,
m Ie‘

l.» -

= 3 xdx
2R"

Total ficld energy mside the sphere can be given as

L./.\'

o= [fav = ’}% | s

Pt ) "

-, s e
AR |5 |
KQ*

U =
TE0R

Thus, the total self-energy of this sphere can be given as

U--L-I!' = U ([N + U/c---
KQ® KO
Uy = e
' 10R 2R
3 - D
= (_/ue". — fﬂﬁ-
5 R

CHARGE INDUCTION IN METAL CAVI

TIES

We have discussed that there can never be any electric field
inside a conductor due to static charges. Hence, no electric
line of force can enter into a conducting body. Consider a
point charge -+¢ inside a spherical cavity at centre within a
metal body shown in IFig. 4.43.

The total electric flux originated by ¢ is 4 bue
2,

to this charge at the inner surface of cavity, a charge —q is
induced on which this complete flux will terminate and no
electric line of Torce exists into the metal body. A point, 4
inside the metal volume we know that net electric field is
zero. Thus, the electric field at 4 due to the point charge --¢
is nullified by the electrie field due to the negative induced
charges on the inner surface of cavity and the positive charge
induced on the outer sucface is automatically distributed
on the surface in such a way that it does not produce any
clectric field within the metal body.

Figure 4,43
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From the above analysis, we can conclude some points
about the charge induction when a charge is placed inside
the cavity of a metal body. These arce as follows.

1. Whenever a charge is placed inside a metal cavity,
an equal and opposite charge is induced on the inner
surface ol cavity.

2. A similar charge is induced on the outer surface
of the body with surface charge density inversely
proportional to the radius of curvature of body.

3. When the charge inside is displaced, the induced charge
distribution on the inner surface of body changes in
such a way that its centre of charge can be assumed to
be at the point charge so as to nullify the electric field
in the outer region.

4, Due to the movement in the point charge inside the

body, the charge distribution on the outer surface of

body does not change as shown in Fig. 4.44.

Figure 4.44

5, 1Fanother charge is brought to the body from outside,

it will only affeet the outer distribution of charges not
on the charge distribution inside the cavity as shown n
Fig. 4.45.
Now consider the situation shown in Fig. 4.46. Inside a
conducting spherical shell of inner radius R and outer
radius K, a point charge ¢ is placed at a distance x
from the centre as shown. The electric potential at the
centre due to this system can be given as

y . _Rq_

g

B
rooRR,

If we find clectric ficld and potential at a distance
from the centre outside the shell, it will be only due to
the charge on the outer surface as induced charge on
the inner surface of cavity always nullifies the effect of
point charee inside it. Thus, it can be given ag

©

Flecivostaiics-2 - 4.19

 ky
J‘illl = 717
I
and V,= 29
r;

Figure 4.47

Consider the system shawn in Fig. 4.47. As we know that
when a charge is given to a conductor it resides on its outer
surface.

Letus find £ ata poimnt distanced at r.
Case |

When r < R,
=0

because net charee within this region =
5 & = i
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Case Il
When R <r < R,

E=0

[4,, =0, 6= T =0=E=0]
&

Case I
When r > R,

L

E

[it is similar to case of hollow charged sphere]

Now we consider a case when charge is placed inside a
conductor, For such case, charge distribution will be as
follows.

h_,S s,

Figure 4.48

For simplicity in the calculation, we could bifurgate the
above system as

A point charge
+ A hollow sphere S, with charge —Q
+ A hollow sphere S, with charge +Q

Electric field at 4

Dueto Q = K—?
r

Dueto S, =0
[© Point lies inside the hollow sphere]
Dueto S, =0

[© Point lies inside the hollow sphere]
Electric field at B

Dueto 0 = K—ZQ —
r

Due to SI e

r

Dueto S, = 0

E,mB:O

net

Electric field at C

Dueto Q0 = k9 —

=
K

Dueto S, = —2Q —
-

Due to §, = K—? —
¥

E atC= KO —

net 2

At point C, net due to S, and Q is zero. £ at Cis only due
to outside charge (S,). If we place an external charge at
point C, then effect UF‘a and O on external charge is zero or
we can say that effect uI external charge on S, and Q is zero.

Or we can say that charge pldu.fi inside the
conductor and the charge induced on the inner surface of
the conductor does not get affected by any external electric
feld. This is known as electrostatic shielding; that is why,
equipment sensitive towards electric field are placed inside
a conductor. External electric field only affects the charge
distributed on the surface of conductor.

We again go back to the case when a charge was
placed in the conductor.

g
Figure 4.49
Potential at 4
Dueto Q = X0
.
Dueto S, = ——Kg
Rl
Dueto S, = K—Q
RZ
1
= I/n(:t..: KQ——_—
r R R2
Potential at B
Dueto O = X0
-

[ ey U




—KO
Due to S| = _{_
’
Dueto §, = ko
. ING;
= v =5
" R,
Potential at
Due to O = [\Q
P
- ~-KO
Ducto §, = 1
"
: KO
Ducto S, = Y
: ;
, NQ
..|||-r = l_

Note
While writing potential at various points is case of
cavity in a conducting material first distribute charge

on various surfaces and then the potential due (o
induced charges is also considered.

CAVITY IN A NON-CONDUCTING SPHERE

(a) Electric Field due to a Non-uniformly

Radially Charged Solid Non-conduciing
Sphere

["a sphere of radius R is charged with a non-uniform charge
density which varies with the distance v from centre as

e
= Ly /m’
X

Here i we wish to tind eleetric field strength at a point
situated at a distance  from centre of sphere outside it, at
point /” shown in Fig. 4.50, This can be given as
o KO : ‘
L= —,£ (where Qs the total charge of the sphere)
2
Forouter points, we can assume that whole charge of sphere
to be at its centre. Now O can be caleulated by integrating
the charge of an elemental shell of radius x and width v
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Figuie 4,50

as shown i Fig. 4.50. The charge g in this shell can be
given as

dy = phandy

/‘u 2
= STy
2

= dmp yx

Total charge ot sphere can be ¢iven as
0= [dy

w it
= / A, xddx
JN

R

X
e Ml ||
T p

1]
= 2 R

Thus, electric field strength at outer points can be given as

/IHR2

Az
g,/

To find eleetric field strength at an interior point at a
distance » from the centre of sphere, we first find the
charge enclosed within the inner sphere of radius » of
which point 2 is on the surface. Thus enclosed charge
can be given as

Here, electric field strength at point 2 can be given as

E = -—/.\7‘/ .i;ltL
:




Note

Here we can see that the above expression s

independent of distance from centre,

SOLVED EXAMPLES

EXAMPLE 5

Figure shows a uniformly charged sphere of radius R and
total charge Q. A point charge ¢ is situated outside the
gphere at a distance r from the centre of sphere. Find out

the following:
(a) Force acting on the point charge ¢ due to the sphere.
(b) Force acting on the sphere due to the point charge.

Q
T 1
G/ :
o’
SOLUTION

(a) Electric ficld at the position of point charge

FokQ;
2
S0, F= K40 ;
=
7| - RaQ
T

(b) Since we know that every action
reaction S0

= Kt,‘_(_)_ -
‘\|I||l'|-' T _.! —r

r

\_.iph(,._’ — %‘_@

EWAMPLE &

Figure shows « unitormly charged thin sphere of total
R. A point charge ¢ is also situated at

charge @ and radius

the centre of the sphere., Find out ihe following:

has equal and opposite

(a) Force on charge ¢.
(b) Eleetric field intensity at A.
(¢) Electric field intensity at B.

4 o3
qC

SOLUTION

(1) Blectric field at the centre of the uniformly charged
hollow sphete == 0
5o force on charge g =0

(1) FHlectric ficld at A

l‘f‘.f = E,\‘I\hn:lr i E’!
=04 'I:_:i; =04

]
2 due to sphere = 0, because point lies inside the
charged hollow sphere.

—

() Blectric field E,‘. at point B = E"Wh_w + £,
KO . Kq.
— T

i I

2= = (B

l'x(Q;\-' q) P

!

Moie

fHere we can also assume that the total charge of
sphere is concentrated at the centre, for the calculation

of electric field at B.

EXAMPLE 7
Two concentric uniformly charged spherical shells of
radius R and R, (R, > R)) have total charges Q, and O,
respectively. Derive an expression of clectric field as a
function of » for the following positions.
(») r< R,

by R =r< R,

() r =R,




SOLUTION
(a) Torr<R
Therefore, point lies inside both the spheres
Eo=F 4 =0

nel mner ater
(b) Tor R, < R,

lhcufou point lies outside inner sphere but inside
outer sphere:

L =1L +FE

nel mier [N

KO, .
"

_ KO,

7

(¢) Forr = R,

Therefore, point lies outside inner as well as outer

sphere.

— « E 1'
=45 A
net e (Rt

- Q,ﬁ " Ko, .
! /42
_Kl@+0), .
=

EXAMPLE 8

A solid non-conducting sphere of radius R and uniform
/olume charge density p has its centre at origin, Find
it electric field intensity in vector form at the following
»ositions:

Ii
a) ( ; 0,00, () [

R
0] (e (
1\/5,(],%)(/&/{ h

Si=

OLUTION

I
0 AL 0.0)

istance of point from the centre = \/[g] + 07407 =

to | =

R, so the point lies inside the sphere

P pE

) m[ "’qu]

&
V2

a1
(o)
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. S RY (RY ..
Distance of point from the centre = J[] |[‘] +0°

V) 2

= R = R, so the point lies at the surface of sphere.

R

s R
By

-4
*:iﬂﬁ» - L':BTR;}

R s 7

R -

JM ’

(¢) The point is outside the sphere

- K A w /(’ 1
E=—Fi=—3[Ri+&j|

i (v 37&)

(1) Eleciric Field Inside a Cavity of Non-
conducting Charged Body

Figure 4.51

Consider the sphere shown in Fig. 4.51 charged uniformly
with charge density p C/m’ Inside the sphere a spherical
cavity is created with centre at ¢,

Now we find clectric field strength inside the cavity.
For this, we consider a point P in the cavity at a position
vector ¥ from the centre of sphere and at a position vector
¥ from the centre of cavity as shown.

Ir f::i be the electric field strength at P due to the
complete charge of the sphere (inside cavity also), then we
know that electric field strength inside a uniformly charged
sphere is given as
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Similarly i we assume that charee is only there in the

repion ol caviiy, this will also be a uniformly charged small

sphere. 10 £, be the electeie field only due to the cavity
charge, it can be otven as

5= &

]

T 3

1l

Now the electric Ticld due to the charged spherve in ihe

cavity ai poini 2 can be ¢given as

1
1

[as charge of cavity is removed |

i

£ [as ¥ — Y =d]

i I ft

This shows that ihe net electric field inside the cavity is

uniform and i the direction ol « , i.e., along the line joining
the centre of spheres and cavity,

P

i Gy

Figure 4

S0 i) i

Similarly we can find the electric field strenaih inside a
cyclindrical cavity of o long uniformly charged cylinder,
Il cavity axis is displaced from the axis of cylindei by a
displacement vector, by the analysis we have done for a
sphere, we can say that the cleetric field strength inside the
cavity is also uniform and can be given as

= i

P
9.
==

(¢) Some Other Tmporiant B

Conducior

for a Closed

Lo 10 charge ¢ 1s kept in the cavity, then —¢ will be
induced an the inger surface and ¢ will be induced
on ithe outer surface of the conductor (it ean be proved
usime Gauss theorem)

)

Figure 4,53

2. I a charge ¢ is kept inside the cavity of a conductor
and conducior is given a charge O, then —¢g charge will
be induced on the inner surface and the total charge on
the outer surface will be ¢ - O. (It can be proved using
Gauss theorem)

Figure 4.54
3. Resultant field, due to ¢ (which s inside the cavity y and
induced charge on S|, at any point outside S (like 5,
)38 zero. Resultant field due to ¢ 4+ O on S, and any
other charge outside 5., at any point inside of surface
Soike A, By is zero.
FQ
Figure 4.55
4

b Resultant field in a charge-free cavity in a cloged
conductor is zero, There can be charees outside the
conductor and on the surlace also. Then also this resuli
is true. No charge will be induced on the innermost
surlace of the conductor.



Figure 4.56

& Charge distribution for different types of cavities in
conductors ()
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Notes

In all cases, charge on inner surface 8, = —q and on
outer surface S, = 7. The distribution of charge on
"S," will not change even if some charges are kept
outside the conductor (i.e., outside (he surface ).
But the charge distribution on 'S, may change if some
charges(s) is/are kept outside the conductor.

Electric field at “A” due 1o —¢ of S, and .4 of
8, is zero individually because they are uniformly
distributed.
At point B:

v =Ko, Kl=0) ke _Kq .
Yo o T R
At point (;
] E. = _.__’\‘-7‘ ocC
¢

o

Force on point charge O:
Here force on
see result (3).

‘O will he only due to ‘¢ of Sy

= KqO .
Fo==5"1

/
(r=distance of ‘O lrom centre ‘0"
Force on point charge ¢

F o=
Y

(using result (3) and charge on S, uniform)

Using the result that /._'z"ﬂ i the conducting material
should be zero and using result (3) we can show that

SOLVED EXAMPLES

EXAMPLE ©
Anuncharged conductor ol tmer radiys R and outer radius
R, containg a point charge ¢ placed at point P (not at the

centre) as shown in the figure,

A A [ ¥ [}

- b e

Uniform Non-uniforrm Non=uniform Non-uniforin

Uniform Uniform Uniform Uniform

iz F G It
Uniform Non-uniform  No =uniform  Non-uniform
Non-uniform  No n-uniform  Non-y niform  Non-uniform
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: Kg  Kg,
Potential at A4 = Dy s D
R R
IN
Potential at B = >4 gt Ky,
" R,
Find out the following: . ke | K,
; i . Potential at € = — - —=
(@) V., (b) V,, (c) ¥V, (d) E, () £, (D) force on charge O il otential a = | ;
it is plau d 1t B. . .
\ Potential of S = 2y |- Dy
SOLUTION RI Rl
4 . Kq  K(-q4) Kq o Ko Kq
@ =t T TR Potential of S, = —1 4 —%
cP R R TR
\) EXAMPLE 10
Note

Consider the following system and find V. — V.

—q on S, is non-uniformly distributed still it produces

il B Bt gcamse i atdlistance R’
potential T at *C” because “C" s at distance ‘R,
’\I 1
2 from cach point of *5’.
Ky
by V,=—
; ) R,
( 2
!
i K, PP
9 © V,= i SOLUTION
! B
| (dy &, ) (point is inside metallic conductor) /3(4q> /\'(gq) /((’/) 1Ky
Gy T 4R AR 4R 4R
| (e) I, = C‘;’: CB
v - Ka K(2q) | K(4q) 3Ky
= X e
R ' £
\ o F, __ KOy Ch = 2R 1R R
| o vy TKa 3Ky
Combination of Conducting Spherical Shells 4 R
Let us consider a system of concentric conducting shell _ TRq — 12Ky
with charge ¢, on inner shell and ¢, on outer shell. 4R
g - 1.0} -
4R
. CONNECTION QF TWO CONDUCTING
’ MATERIALS
°C Two conducting hollow spherical shells of radii ®, and
R, having charges O and Q,, respectively, and placed
L ——




separately by large distance, arc joined by a conducting
wire.

4, %
R.
..'El AN TN ._g

Figure 4.57

Let final charges on spheres are ¢, and ¢, respectively.
Potential on both spherical shells become equal after
joining, and therefore

Ky, Ky,
R, R,
¢, R,
and by charge conservation,
Ll| + L/3:Q| + (_27 (?)

From (1) and (2)

(Q+O)R,

"R AR,
(QJ Ui Q: ) RJ
g, =
PTTRIR,
Ratio of charges
LY
¢ R
B o 4R R
h o ATR R,

Ratio of surface charge densities

o, R,

a, R
Ratio of final charges

% = 8

g, R,

Ratio of final surface charge densities

R,
o, R

o, -
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Note

If two concentric hollow spheres are connected by a
wire, then all the charges from the inner sphere will
reside to the outer sphere.

SOLVED EXAMPLES

EXAMPLE T

The two conducting spherical shells are joined by a
conducting wire and cut after sometime when charge stops
flowing. Find out the charge on each sphere after that.

SOLUTION

After cutting the wire, the potential of both the shells is
equal.
Thus, potential of inner shell

_ Kx  K(-20-x) K(x-20)

e B Y
" R 2R 2R
and potential of outer shell
v Kx K(-20-x) _—KQ
MR 2R R
AS Vum = ’./in
k0 _K(x~20)
B R 2R
N 20 =x 20
= X =0
So charge on inier spherical shell =0
and outer spherical shell = =20. =]

[ —
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EXAMPLE T2

Find charge on cach spherical shell after joining the
innermost and outermost shell by a conducting wire. Also
find charges on cach surface.

SOLUTION

Let the charge on the.innermost sphere be .
Finally, potential of shell | = Potential of shell 3

T 20 N
/ﬁ—~_

|
| 28
\\"‘-..‘_\_\_\__\_—
Kx K(-20) K (60~ x) K (60—x)
? 2R R 3R
0
Iy =30+ 060 -x=40;2x=0; v= =
| )
Charge on innermost shell = (—)
| —
] 50
| Charge on outermost shell = )*

| 2
| Middle shelt = —20
Final charge disteibution 1s as shown in the following figure,

EXAMPLE 13

Two conducting hollow spherical shells of radii R and 2p
carry charges —Q and 30, respectively. How much ¢l
will flow 1nto the earth if inner shell is grounded?

Ell'ge

3Q

SOLUTION

When inner shell is grounded to the carth, then the potentia|
ol 1nner shell will become zero because potential of the
earth is taken to be zero.

Ky
R
30
Nommemet
2
The charge that has increased
=30
= — — (7(_))
2
0
2
: 0
Hence, charge flows into (he earth = . ]

ENAMPLE 14

An isolated conducting sphere ol charge O and radius R
is connecled to a similar uncharged sphere (kept at a large
distance) by using a high resistance wire. After a long time
what is the amount of heat logs?

SOLUTICN

When two conducting spheres of equal radius are connected
charge is equally distributed on them (Result 6). So we can
say that heat loss of system




AH = ez (_//
N I - B A .
87, R e R Bae R l6ms, R

EARTHING OF CHARGED OR UNCHARGED
“TAL BODIES

in clectrical analysis, earth is assumed to be a very large
conducting sphere of radius 6400 km. T some charge O is
given to the earth, its potential becomes

As R is very large, J7 comes out o be a negligible valuc.
Thus for very small bodies whose dimensions are negligible
compared to earth we can assume that earth is always at zero
potential.

Keeping the above fact in mind if we connect a small
body to carth, charge flow takes place between the carth and
the body till both will be at same potential, zero potential

as potential of carth will always remain zero, no matter if

charge flows into earth or from earth. This implies that if a
body at some positive potential is connected to carth, carth
will supply some negative charge to this body so that the
final potential of body will become zero.

Consider a solid uncharged conducting sphere shown
in Fig. 4.58. A point charge ¢ is placed in front of the sphere
centre at a distance ¥ as shown. Here due (o ¢, the potential at
sphere is

Ky

Elecirostatics-2  4.29

Here we ignore induced charges due to ¢ because
potential due to induced charges on sphere is zero. It we
close the switch S, carth supplies a charge ¢ on the the
sphere to make its final potential zero. Thus the final
potential on sphere can be taken as

o K¢ Ky
oy R

—(R
or g, = —ar

e

Now it is obvious that carth has supplied a negative charge
to develop a negative potential on sphere o nullify the
initial positive potential on it due to q.

[Uis noted that whenever a metal body is connected
to carth, we consider that carth supplies a charge to it (say
¢ ) to make its final potential zero due to all the charges
including the charge on the body and the charges in its
surrounding.,

CONDUCTOR AND ITS PROPERTIES [EOR
ELECTROSTATIC CONDITION]

L. Conductors are materials which contain g large

number of free electrons that can move lreely inside

the conductor,

In electrostatics, conductors are always equipotential

surfaces.

3. Charge always resides on outer surface of conductor.

4. I there is a cavity inside the conductor having no

charge, then charge will always reside only on outer

surface of conductor,

Electric field is always perpendicular to conducting

surface.,

6. Electric lines of force never enter into conductors,

7. Electric ficld intensity near the conducting surface is
given by the formula

2o

&
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and o=

8. When a conductor is grounded, its potential becomes

O

Figure 4.61

7L10.

9. When an isolated conductor is grounded, then its
charge becomes 7ero.
10, When two conductors are connected, there will be
charge tlow till their potential becomes equal.
11. Cleetric pressure: Electric pressure at the surface ol a
2

5 5 - [
conductor is given by the formula P = PR where @

e
i

is the local surface charge density.

SOLVED EXAMPLE

EXAMPLE 14

There are Tour concentric shells A, B, C and D of radii of
. 2a, 3a and 4a, respectively. Shells 53 and D are given
charges +¢ and —g, respectively. Shell ' is now earthed.
Find the potential difference V, - V.

SOLUTION
Let shell C acquires charge ‘g” which will be such that final
potential of €18 zevo.

- F 5
= Kq - Il‘/, | L__h{_‘,] =)
Ja 3u da

Ky Kq' kg

ek OO~ N
3 3u 4a
, |
= =3¢|=—3
g =>4 [4 3
4
q 7

AsV. =0
Vl - ‘//(': ’/,,-i
Now calculating V, we get

Ky K (q/4) Ky

’/
! 2d 3 da
= [/ - /\rl/
Oa
&
or V,— V= *;—q- ||
i had

COMBINATION OF CONDUCTING PLATES

Let us consider two conducting plates placed pacallel to
cach other.

I plate is given a charge O, and 1 plate is given a
charge Q,, which distributes itself as shown in Fig. 4.02.

A B
o] naa 1Q
] 1]
tid il
E 4——J :v———h E
CARACA a.| 14,
i i
Lo emaiinid
Figure 4.62
where g, ¢, =Q,
4,+q4,= 9,

Now we take a rectangular Gaussian sucface ABCD.
Among the four faces, two faces AD and BC of this
closed surface lie completely inside the conductor where
the electric field is zero. The flux through these Taces is,
thercfore, zero. The other parts of the closed sur face A8 and
D which are outside the conductor are parallel to the

olectric field, i.c. their area vector is perpendicular to f5




and hence the flux through these parts is also zero. The total
flux of the clectric field through the closed surface is
therefore zero. From Gauss’s law, the total charge inside the
closed surface should be zero, The charge on the inner
surface of 1 should be equal and opposite to that on the
inner surface of I1.
So

Now to find further relations between the charges distributed

we find electric field at point P
Electric field at point £

dy = Ty

{ .
duc to ¢, charge layer = 4 (towards right)
= Eil
= . - T o
As I due to a single layer of charge is — = 11

de.  Ide.
.'.‘(-.’” 2 ."1; i

due to ¢, charge layer = e [lowm’ds left}
- 24e,
due to ¢, charge layer = cg; ’fowards Ieﬂ}
7 2Ag,
duc to ¢, charge layer = ;j;‘* [towards ]eﬂ}
= AZ
o, s oy 4,

/:jm atp=—___22 0 = [towards 1'ight]

de 2 4= VA f-
EZIL_H .'..-"L“ .-.A\_“ LAE,

As the point P lies inside the conductor, the ficld should

be zero.
Hence,

4, [ s + 4, -+ 44
24z, 2A4e,

(/| . C/Q “’ ‘/1 + L/kl(bllt LIE = JLI-‘)
{/| - LIJ
ubstituting in the above equation, we get

040

pE40]

Pl

L/I = L/II

SOLVED EXAMPLES

{AMPLE 15
0 large parallel conducting sheets (placed at finite
tance) are given charges Q and 20, respectively. Find
tcharges appearing on all the surfaces.

Electrostatics-2 4.31

2Q

]

o

Te
Oe

SOLUTION

Let there be x amount of charge on the left side of the first
plate, so on its right side charge will be O — x. Similarly for
the second plate there is y charge on the left side and 20 —
v charge is on the right side of the second plate

E, = 0 (by property of conductor)

—
2Q -y

|

: D= / 20—y
= i L_",’,;)_,‘, Q- =0
24g, 24g, 24g, 2 4g,

We can also say that charge on left side of P — charge on
right side of P

. _ 30
p— \7 —2\,
o e

- 2

Similarly for point O:
X0 —x4y=20-—1y
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. pa= Q2,20 —y=30/2

So final charge distribution of plates 1s: i

EHAMIPLE TG
Figure shows three large metallic plates with charges —Q,
30 and O, respectively. Determine the final charges on all
the surlaces.

SOLUTION

We assume that the charge on surface 2 is v, Following
conservation of charge, we sce that surface | has charge
(O — x). The electric Geld inside the metal plate 15 7ero
and so tield at P is zero.

~Q-x

Resultant field at 2

£,=0
=%
= ol
Note

We see that charges on the facing surfaces ol the plates
are of equal magnitude and opposite sign. This can be
in general proved by Gauss theorem also. Remember
that this it is an important result. Thus, the final charge
distribution on all the surfaces is as shown in the
following figure:

50 [+Q -] [3Q
2 2 2 2

EXNAMPLE Y

: . e | A\and carrying o
charge O is placed in a uniform electric field /2, such thy,

An isolated conducting sheet of area

clectric field is perpendicular to sheet and covers all ihe
sheet. Find out charges appearing o its two surfaces.

Q

v

SOLUTION

et there be v charge on the lefi side of the plate and O —
charge on the right side of the plate

X Q=x
Q-x . A o
275, : J T 24z, B
E,=
X i s 2 —x
2{15“ 2/1!',“
x_ 0 ;
As,  24e,
o
x===[g,
2
; 0
and O—x =2+ Ldg,
2

o i e e s
So charge on one side 15 == — ££4e, and the other side 18
2 g

Q+mm, £
2

Note

Solve this question for O = 0 without using the above
answer and mateh that answers with the answers that
you will get by putting Q = 0 in the above answer.




Earthing of a Systerm of Parallel Plates

Consider a large plate shown in Fig. 4.63 charged with
a charge Q. This is connected to earth with a switch S
as shown. I switch S is closed. whole charge will flow
to earth and the plate will become neutral as in the
surrounding of a single earthed body no clectric field
exists.

Now consider the system of two plates 4 and 8 shown
here. Plate A is given a charge O and plate 8 is neutral. The
charge distribution on plates is as shown in the figure. [f the
switch S'is now closed, the total charge on the outer surface
of the system of plates after earthing should become zero.
Hence whole charge on plate 4 will transfer to its inner
surface, and therefore on the inner surface of plate B an
cqual and opposite charge —0O is developed which is given
by carth as shown in the figure.

Q

Q| e aq
F2 o

'mlb
1
Te

Te

1 1§

Alt——d—|B

A
1

Figure 4.62

Il the area of plates is A, the electric field between the
system ol plates can be given as

5.2

L "":_Ii

Belore carthing this electric ficld was

L
F = 9 —
bo24e, 2

Thus just after carthing the electric ficld between the
plates is doubled and the potential difference between the
two plates will also be doubled. As plate 8 is carthed, its
potential is zero. The potential of plate A4 can be given as

, Q

V = 2=

o =
Ag,
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Now consider another example shown in Fig. 4.04. In a
system of three parallel plates A, B and C, the middle plate
B is given a charge Q due to which charges are induced on
plates A and C as shown. On the basis of discussion done in
the previous section, we can say that Jf switch Sl is closed
whole charge of plate B will shift on its left surface and a
charge —Q is tlown through S, towards plate A and final
situation will be as shwon in Fig. 4.64(b).

~ Q Q
i d‘—b 4_7(‘/2. —
Q Q Qi lr @ Q Q
+ — F— i el S |
2 2 2 2 - 2
! E
/l' A B C K
S, i 5 3,
(a)
—C Q B
1—-&"1 M
A B C
3{ .
(b)
-~ Q =Q
e jr ——0. =

w
< -
3
S
| O—I
=5}

()
Figure 4,64
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I instead of switch S5, is closed in the beginning the
distribution of charges on the system will be obviously
as shown according to Fig. 4.64(c) and a charge —O now
Hows through switch S from carth to plate C.

It we close both the switches simultancously, the
situation will be according to the figure shown. Now the
charge on plate B is distributed on the two surfaces as
shown and equal and oppsoite charges —y, and —¢, are
developed on the inner surfaces of plates 4 and €.

Here charges ¢ and ¢, can be calculated by equating
the potential difference of plates A and 8 and Cand B as

",/; - [{1 - ,'//; V('

Here the electric ficld between plates can be given as

-9, o . =

Q

=
=

%)

o
k. £
s

Figure 4.65

Between plates 4 and B

Between plates 8 and ¢

Now we have

i o,
.»'f.-?” -
or g, = q.d,
And we have
q,+q,=Q

Thus on solving we et

Od,
[ = =
b d, +d,
Od,
and {f, =————t—
Cod, +d,

Thus if both the switches are closed simultaneously, charges
—¢, and —¢, will flow through the

switches S| and S, from
cach ol plates A4 and C.

SOLVED EXAMPLES

EXAMPLE T2

When a charpge is given to a conducting plate, the charpe
distributes itsell on two surfaces.

T
——
2-‘0 T
- = —
Y [ Eo
— —— .
2

SOLUTION

o =
= is the /¢
)2

due to a single Tayer of charge but as in the

case ol conducting sheet there is generation of two surfaces
or two layers ol charges.

= . ‘ . 0 . o
o Electric field outside the condueting plate is — . [

<o
EXAMPLE 9

When a charge Qs given to non-conducting and conducting
plates, (ind the ratio of electric field produced by them?

SOLUTION

For non-conducting plate  For conducting plate

/Q
.Q s
b, _Q NI —
- A Ol 24
| goa _ Q e @
2z, 244 il (] - 5, 245
0
2dz
Ratio= —L =1:1 |
0
24g,
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RGY OF A

TOTAL Ei . TICE
SYSTEM OF CHARGES

Total electrostatic potential energy ol system of charges can
be given as
(/== 3 self-encrgy of all charged bodies -+ X interaction
energy of all pairs of charged bO(llC

Letus consider some cases to understand this concept.
Figure 4.66 shows two uniformly charged non-conducting
spheres of radii R and K, and charged with charges | and
0., respectively, x,upamtcd by a distance r. [ we fmd the
total electrostatic encrgy of this system, we can write as

p
Figure 4.66
Us= L/>-:II' + L/illlclz‘\lllr‘\l
[ - 3K L3 KQ," KOO,
' SR, 5R, r
ELECTROSTATIC ENERGY OF A SYSTEMOF

I‘\‘I(( F‘P\‘I"N’F‘\H(" SHE Il 1 )

Figure 4.67 shows two concentric shells of radii « and b
charged uniformly with charges ¢, and ¢,. Here the total
energy ol this system can be given as

=

3; |
\\_
_../

Figure 4,67

U = self-energy of mner shefl -+ selfeenergy ol outer

(0]

shell 4 interaction energy of the two shells

/\'(/I'7
gt L U

Ka," | Kgq,
2u Wb
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Alternative Meihod:

We know that the total electrostatic enerzy ol a system is
stored m the form of ficld energy of the system. Hence we
can caleulate the total electrostatic energy of the system by
integrating the field enerpy density in the space surrounding,
the shells where electric field exists,

Figurs 4.6%

Total field enerpy in the clectric field associated with the
system shown in Fig. 4.08 can be given as

u=fite S

At

02 x
. Kl 4+ o \T

== / [‘1'[\(""—:} L/V)J Lira™dy
0 2 r

| N I R T 21
g ‘ /] Felave) \'/,‘
- 7]7 7/‘\'1/|'{ - !{q‘lj B f\’qu | /\71/3‘7' - !{q_,'l

2 a2 b 2b b
_Ka | Ka; | Kgq,

2h 20 b

ERAMPLE 26

Figure shows a shell of radius £ having charge ¢, unitormly
distributed over it. A point charge ¢ is placed at the centre
ol the shell. Find work required to imerease vadius of shell
from R to R as shown in Fig. (b).
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SOLUTION
Work = U, — U ;
U, =SE -+ SE‘” + 1Lk

= SE/ -+ Eq_lz‘ 4 B'i
©2R R

U= sp 4 Ko Kaa
/ ‘2R R

Work done = U, -- U /

B éqilz, Ky,q _7]7\'(/67 Kyyq

2R R 2R R

(Try this problem by yourself using the energy density
formula) [ |

EXAMPLE 21

A point charge ¢ = 3C is located at the centre of the
spherical layer of uniform isotropic dielectric with relative
permittivity k= 3. The inside radius of the layer is equal to
« — 250 mm and the outside radius is & = 500 mm. Find the
clectrostatic energy inside the dielectric layer.

SOLUTION

Consider a small elemental shell of thickness dx.

Volume = dV = dmx?dx

o= K
Flectric field at x = —:i
XK
- . L, 1KY
Electric energy density = — &, = ¢, ——"I
2 2 lk?
Thus, energy content in the element shell is
Y )
— df =5, - darxdlx

b

2
X dx

w4 K'mg
I = ] ';G” K" 0
L X

2 b |
— Q* —I—\T I = LL\'
7 R Ja §

T 2 ] l
_Kg (1 1 o
b u

¥XAMPLE 22

Find the electrostatic energy stored ina cylindircal shell of
length X, ner radius ¢ and outer radius b, coaxial with a
uniformly charged wire with linear charge density A C/m.

SOLUTION

For this, we consider an olemental shell of radius x and
width dx. The volume of this shell d can be given as

AV = 2mxn-dx
The electric field duc to the wire at the shell 18

2KA

X

The electrostatic field energy stored in the volume of this
shell is

2

2ax\dx

3K
or dU - o [H—;\;\

X

The total electrostatic energy stored in the above mentioned
volume can be obtained by integrating the above expression
within limits from ¢ to b as

v=[au
a | 2 ®
- [ 46.,[i\)27rxhl,\f
Jn D X
?Ip’ b |
o PSP 5.4 j ~dx
4ug, o X
3 2y b
or (/= l, —dx
dare X
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|
|
|
|

Electrostatics-2 4.37

EXERCISES

JEE Main
I. In a region of space, the clectric field is in the x
direction and is given as. = £,xi Consider an
imaginary cubical volume of edge @, with its edges
parallel to the axes of coordinates. The charge inside
this volume is

(A) zero (B) g, £’

| 3 o 2

(C) — 1l (D) ?Snbuu
£(| )

(%)

. Electric flux through a surface of area 100 m? lying in
the xy plane is (in Voo m) if £ =7 + \/E; +3k

(A) 100 (B) 141.4
(C) 173.2 (D) 200

3. A cylinder of radius (R) and length (L) is placed in a
uniform electrical ficld (£) parallel to the axis of the
cyclinder. the total flux for the surface of the cylinder
is given by

(A) 27RE (B) nR*E
(C) AL +ﬂR; (D) zero

4. A hemisphere (radius R) is placed in electric field as
shown in figure. Total outgoing flux is

TS .

(/ \] N
]/
\//

(A) TRE (B) 27nRE
(CY 4w Rl (DY (7RPEN2

5. An infinite, uniformly charged sheet
with surface charge density o cuts
through a spherical Gaussian surface of
radius R at a distance x from its center,
as shown in the figure. The electric flux
¢ through the Gaussian surface is

o) S
A TR o (B) JT(R v')
~0 E(l
©) T(R—x)a D) 7R —x)e

6. The volume charge density as a function of distance .Y
from one face inside a unit cube is varying as shown in
the figure. Then the total flux (in S.I. units) through the
cube if (1, = 8.85 < 1072 C/m%) is

density

. ! p
14 3/41 (inm)

(A) 1/4 (B) 4
(C) 3/4 (D) 1
7. Three charges ¢, = 1. ¢, =2 and ¢, = —3 and four

surfaces S|, S, S, and S, are shown. The flux emerging
through surface S, in N-m?/ C is

(A) 367 > 1P (B)y =367 < 1P
(C) 367 = 10 (D) --367 = 1"

8. A surface enclosed an electric dipole. the flux through
the surface is
(A) Infinite (B) Positive

(C') Negative (D) Zero

9. Figure shows two large cylindrical shells having
uniform linear charge densities -\ and — \. Radius
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10. An uncharged sphere of metal is placed o a uniform
electric field produced by two large conducting parallel
plates having equal and opposite charges, then lines of
force look lite:

(A) N e i 5
(©)

11. A hollow metal sphere of radius § cm 18 charged such
that the potential on its surface is 10 V. The potential at
the centre of the sphere is
(A)y OV
By 1oV
(C) same ag al point 5 em away from the surface out

side sphere
(D) same as a point 25 cm away irom the surface
12. Two spherical, noncondueting. and very thin shells of

8 Physics Module-3

of inner cylinder is ‘@’ and that ol outer eylinder is “h’.
A chareed particle of mass s, charge ¢ revolves ina
cirele of radius r, Then its speed “vis: (Negleet gravity
and assume the tadii of both the cylinders to be very
small in comparison to their length.)

(A) \g 2Ny
2we, m meE, M

() ﬁ _ ’\(/ —
e, m dar =, m

uniformly distributed positive charge O and radius d
are loeated 1 distance 10d [rom cach other. A positive
point charge ¢ is placed inside one of the shells at a
distance (/2 from the center, on the Tine connecting the

centers of the two shells, as shown in the figure. What
is the net foree on the charge ¢?

Q Q
o
= =0 .
a2
10 d "
(A) _ 40 {o the left
36 lme, d”
e .
(B) —=——to the right
361me -
362 ‘
(& Y th_T {o the left
36 I'JTE":.’”
360 )
—iq& to the right
361med”

i3. Potential difference between centre and the surface of
gphere of radius R and uniform volume charge density
p within it will be

R’ R
2o — (13) ! R_

0, 4 e,
() 0 (D) .

14, A solid sphere of radius R is charged uniformly. At
what distance from its surface is the clectrostatic
potential half of the potential at the centre ?

(A) R (By R2
(C) RI3 (D) 2R

15, Two similar conducting spherical shells having charges
A0 pC and =20pC are some distance apart. Now they
are touched and kept at same distance. The ratio of the
initial to the final force between them is:

(A) 8:1 (By 4:1
(C)y 18 (Dy 1:1

16. 1 small drops of same size are charged to 1 volts each.
[t they coalesce to form a signal large drop, then its
potential will be -
(AY Vin
(Cy ¥n'?

B3y Vn
(Dy Vn?




17.

18.

1000 1dentical drops of mercury are charged 1o a
potential of 1 'V ¢ach. They join to form a single drop.
The potential of this drop will be

(A) 0.01V (B) 0.1V

(Cy 1ov (D) 100V

A positively charged body A" has been brought near
a neutral brass sphere 8 mounted on a glass stand as
shown in the figure. The potetial of B will be:

X “',—' L B
g i
it

(A) Zero (3) Negative

() Positive (D) Inlinite

A charge “¢’ 1s placed at the centre of a conducting
An external charge Q7 is also present at distance 1/
(R" = Ry Irom “¢". Then (he resultant fiekd will be best
represented for region > R by:

=

[where - 1s the distance of the point from ¢|
@
( quD_,
‘..R ~

(A) 1 (B) 7
= /:’ r '-r o R 7:'_‘:
(© 1 M
E— E \
: )
TR TR T

In the above questins, if O is removed then which
option is correct:

VI (B 1
NG |

R r—

N
—
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im
m
‘[ -

. The net charge given to an isolated conducting solid

sphere:

(A) must be distributed uniformly on the surface
(B3) may be distributed uniformly on the surface
(C) must be distributed uniformly in the volume
(D) may be distributed uniformly in the volume.

. The net charge given to a solid insulating sphere:

(A) must be distributed uniformly in its volume

(B) may by distributed uniformly in its volume.

(C) must be distributed uniformly on its surface.

(12) the distribution will depend upon whether other
charges are present or not.

A solid conducting sphere having a charge O s
surrounded by an uncharged concentric conducting
hollow spherical shell Let the potential difference
between the surface of the solid sphere and that of the
outer surface of the hollow shell be V7. If the shell is
now given a charge of 30 the new potential difference
between the same two surfaces is

(A) V (B) 2V

. Three concentric conducting spherical shells carry

charges as follows 440 on the inner shell, 20 on the
middle shell and =50 on the outer shell. The charge
on the funer surface of the outer shell is;

(A) O (B) 40

(C) -0 (D) =20

7

Three concentric metallic spherical shell A4, B and ¢
or radii a, b and ¢ (¢ < b < ¢) have surface charge
densitics —a, -Fo. and —o respectively. The potential
of shell A is

(A) (ole)la +b — ¢]
(C) (ole )b —u—¢]

(B) (afe)a — b+ ¢
(1) none

Both question (a) and (b) refer to the system of charges
as shown in the figure. A spherical shell with an inner
racius ‘¢’ and an outer radius A" is made of conducting

material. A point charge 40 is placed at the centre of

the spherical shell and a total charge —¢ is placed on
the shell.

i |




27.

28.

29,

Physics Module-3

(i) charge —¢ is distributed on the surfaces as
(A) —O on the inner surface, —g on outer surface
(B) -0 on the inner surface, —¢ +¢Q on the outer
surface
(C)y +O on the inner surface, —g —Q on the outer
surface
(D) The charge —q is spread uniformly between the
inner and outer surface
(i) Assumie that the electrostatic potential is zero at an
infinite distance from the spherical shell. The elec-
trostatic potential at a distance R« <2 R < b) from
the centre of the shell is
(A) O

(%)

4

(B)

& -t () 8 (/
(C) K&t
) R

(Dy K —O/J—/ (where N = 1 -)

) T &,

A positive charge ¢ is placed in a spherical cavity

made in a positively charged sphere. The centres of

sphere and cavity are displaced by a small distance /.
Force on chatrge ¢ is:

(A) 1n the direction parallel to vector /

(B) in radial direction

(C) in a direction which depends on the magnitude of

charge density in sphere
(D) direction cannot be determined

If the electric potential of the mner metal sphere is
10V and that of the outer shell is 5 V. then the potential
at the cente will be

TN

(A) 10V
¢y 15y

(B) 5V
(D) O

An infinite number of concentric rings carry a charge
O cach alternately positive and negative. Their radii

e
| -

30.

31

. Two identical conducting spheres, having charges

are 1, 2.4, 8., meters in geometric progression ay
shown in the figure. The potential at the centre of the

rings will be

(A) zero B) - 0
127g,

. 9 0
(C) —— (D) ——
8me o7e,

A charge O is kept at the centre ol a conducting sphere
of inner radius R and outer radius R, A point charge
¢ 1s kept at a distance /(= R,) from the centre. 1f ¢
experiences an electrostatic force 10 N then assuming
that no other charges are present, electrostatic force
experienced by O will be:
(A) —1ON

(C) 20N

(B) 0
(D) none of these

A solid metallic sphere has a charge +30. Concentric
with this sphere is a conducting spherical shell having
charge — . The radius of the sphere s « and that of the
spherical shell is b (=a). What is the eleciric field at a
distance 1 {a < 1< b) from the centre ?

1 0 30
(A) === (B) Q0
dme, v me, -
I 30 I 0
(@) ——= (D) ==—==
4me, 1 e, 1

of opposite sign, attract cach other with a force
of 0.108 N when separated by 0.5 m. The spheres
are connected by a conducting wire, which is then
removed, and thereafler, they repel each other with a
force o 0.036 N. The initial charges on the spheres are

(Ay L5 <10 Cand FI15 = 10°C

(I3) = 1.0 = 10 Cand 73.0 % 10 °C
(C) 2.0 % 107" Cand 76.0 = 10°C
(D) =05 10°“Cand F1.5 = 10 C



33.

34.

Two small conductors 4 and B are given charges g, and
¢, respectively. Now they are placed inside a hollow
metallic conductor (') carrying a charge Q. Ifall the three

conductors A, Band Care connected by a conducting wire
as shown, the charges on A, 8 and C will be respectively.

~

(A) ‘/wi";flz_,fhﬁ'q;‘lzﬂg

@ €Xata @+atq, O+g +q
3 3 3

(© LrLrl o qu‘”_l'() !

(D) 0,0,0+ ¢, +q,

There are four concentric shells A, B, ¢
vadii «, 2a, 3a and 4a respectively. Shells 8 and D are
given charges +¢ and —¢ respectively. Shell C'is now

carthed. The potential difference Vo=V s

N IS
Qa 3u
.. Ky . Ky
C) -+ D) —
: A ( 6u

You are travelling in a car during a thunder storm. In
order to protect yoursefl from lightening, would you
prefer to:

(A) Remain in the car

(B) Take shelter under a tree

(C) Get out and be flat on the ground

{D) Touch the nearest electrical pole

Comprehension

A solid conducting sphere of tadius “«’ is surronded by a thin
uncharged concentric conducting shell of radius 2a¢. A point
charge ¢ is placed at a distance 4er from common centre of con-

ducting sphere and shell. The inner sphere is then grounded,

f‘_‘“m
25\
o
£
3 v PP
\\._‘__ -

and D of
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36. The charge on solid sphere is:
4 =4
(A) 2 (B) A
\ 4 q
(C) —= (D) ——
8 16
37. Pick up the correct statement:
(A) Charge on surface on inner sphere is non-
uniformly distributed
{B) Charge on inner surface of outer shell in non-
uniformly distributed.
(C) Charge on outer surface of outer shell is non-
uniformly distributed.
(D) All the above statement are false.
38. The potential of outer shell is:
[# [/
a) —L B) =2
32wed l67e,u
i ¢ (
Q) === Dy -4
8e, d dea

Reasoning Type Question

39,

40,

Statewent 1: I a concentric spherical Gaussian
surface is drawn inside thin spheical shell of charge,
electric field (£) at each point of surface must be zero.
Statement 2: In accordance with Gauss’'s law
—- ot ¢ \IA \.\'
m.ﬁ({) Eodd = "T"

il

o

Enetenclas
(A) Statement 1 is true, Statement 2 is true and
statement 2 is correct explanation for statement [,
(13) Statement 1 is frue, Statement 2 is (rue and
statement 2 is NOT correct explanation  for
statement 1.
(C) Statement 1 is true, statement 2 is false.
Statement | is false, statement 2 is true.

2 =0 implies o, =0

E

Statement 1: Electric field of a dipole can’t be found

using only Gauss law. (i.e. without using superposition

principle)

Statement 2: Gauss law is valid only for symmetrical

charge distribution

(A) Statement 1 15 Grue, Statement 2
staterent 2 15 correct explanation for statement 1.

is true and
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(B) Statement 1 is true, Statement 2 is true and
statement 2 is NOT correct explanation  for
statement 1,
(C) Statement | is true, statement 2 1s false.

(D) Statement 1 s false, statement 2 1s true.

Statemment 1 In a given situation of arrangement of

charges, an extra charpe is placed outside the Gaussian
surface. In the Gauss Theorem
A= (),-
) Fudd ==2

(

J i:'“

0, remains unchanged whereas electric field 77 at the

site of the element is changed.

Statement 2: Electric ficld £ at any point on the
Gaussian surface 1s due to inside charee only.

(A) Statement | s true, Statement 2 s frue and
stalement 2 1s correct explanation for statement 1.

(3) Statement | s true, Statement 2 is true and
statement 2 ds NOT correct explanation for
statement 1.

(C) Statement | s true, statement 2 1s Talse.

(D) Statement 1 is false, statement 2 is true.

Statement {: The flux crossing through a closed
surtace 1s independent of the location of encloses
charge,

Statewent 2: Upon the displacement ol charges within

a closed surface, the 4 a any point on surface does
not change,
(A) Statement | s true, Statement 2 s frue and
statement 2 is correet explanation for statement 1.
Statement 1 1s wrue, Statement 2 d¢ true and
statement 2 is NOT correct explanation  for
statement |,

(C) Statement | 1s true, statement 2 1s false.

(D) Statement | is False, statement 2 is true.

(B)

The electrostatic potential on the surface of a charged
solid conducting sphere is 100 V. Two statements are
made in thig regard

Statement 1: At any point inside the sphere, electro-
static potetial is 100V,

Statement 2: At any point inside the sphere, eleciric
field is zero.

Statement | 1s true, Statement 2 is true and
statement 2 is correct explanation for statement |

Statement 1 s true, Statement 2 s true and

statement 2 is NOT correet explanation  for

statement 1.
Statement 1 is true, statement 2 is false.
Statement | s false, statement 2 is true.

(&
()

When two charged coacentric spherical conductors
have electric potential V, and ¥, respectively
Statement 1: The potential at centre is /- F,
Statement 2: Potential is scalar quantity.

(A) Statement 1 istrue, Statement 2 1s true and statement 2 is
correct explanation for statement 1.

Statement | s true, Statement 2 1s true and
statement 2 s NOT correct explanation  for
statement 1.

Statement | s true, statement 2 is false.
Statement | 1s false, statement 2 1s true.

fes]

(C
(D)

Statement d: A point charge ¢ is placed mnside a
cavity of conductor as shown. Another point charge
O is placed outside the conductor as shown. Now as
the point charge O pushed away from conductor, the
potential difference (1, — J7 ) between two point A and
B wiihin the cavily of sphere remains constant,
Statement 2: The electric field due to charges on outer
surface of conductor and outside the conductor is zero
at all points inside the conductor

(A) Statement | is true, Statement 2 is true and
statement 2 is correct explanation for statement 1.
(B) Statement | 1s true, Statement 2 is true and

staterment 2 is NOT correct explanation for
statement |,
(C) Statement | 1s true, statement 2 is false,
statement | s false, statement 2 1s true.

~




- Advanced

Single Correct

. Abullet of mass m and charge ¢ is fired towards a solid
| uniformly charged sphere of radius R and total charge
. I it strikes the surface of sphere with speed i, find
the minimum speed « so that it can penetrate through
the sphere. (Neglect all resistance forces or {riction
acting on bullet except electrostatic forces)

R
LY
m )
T

() e (1)

8, mi

A unit positive point charge of mass m is projected with
a velocity Vinside the tunnel as shown. The tunnel has
been made inside a uniformly charged nonconducting
sphere. The minimum velocity with which the point
charge should be projected such it can it reach the
opposite end of the tunnel, is equal to

™

(A) rR e, '

(B) [k 24me )"

(C) [ 6ime )"

(D) zero because the mitial and the final points are at
same potential.

3. A positive point charge O is kept (as shown in the
figure) mside a neatral conducting shell whose centre
is at C.An external uniform electric field £ is applied.

Then:
*C
@
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(A) Force on Q duc to [ i3 zero

(B) Netforce on O is zero

(C) Net force acting on O and conducting shell
considered ag a system is zero

(D) Net force acting on the shell due to £ 1s zero,

4. A dipole having dipole moment p is placed in front
ol a solid uncharcged conducting sphere as shown in
the dingram. The net potential at point. A lying on the
surface of the sphere is;

kpcos o

o s

i
kpeos” ¢

- 2hkpcos
(C) zero (D) = P08

B

e

Two uniformly charged non-conducting hemispherical
sheels cach having uniform charge density o and radius R
form a complete sphere (not stuck together) and surround
a concentric spherical conducting shell of radius R/2. 1
hemispherical parts are in equilibrivm then nunimum
suclace charge density of inner conducting shell is:

(A) =2 (B) —o/2

(Cy o (D) 2o

6. A point charge ¢ is borught from infinity (slowly so
that heat developed in the shell is negligible) and is
placed at the cenire of a conducting neutral spherical

shell of mner radivs ¢ and outer radius b, then work
done by external agent is:

/'f,j_?:}
B
qgNa
AN E
\._ b .
!‘\'(]'
Ay 0 By —
(A (i3) o
o kGt kS o kgt
) Ak D) W _kq
2h 2a 2u 2h
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Muliiple Correci

7

9.

10.

Units ol electric flux are
N - i
.8 (@ o=
Coul”

(C) volt—m

Cou I‘j - m{
(D) Volt—m?*

An electric dipole is placed at the centre of a sphere.

Mark the correct angwer

(A) the flux of the electric field through the sphere is
7210

(B) the electric field is zero at every point of the
sphere.Ex

(C) the clectric potential is zero cverywhere on the
sphere.

(D) the electric potential is zero on a circle on the
surface.

Which of the following statements are correet?

(A) Electric field caleulated by Gauss law is the field
due to only those charges which are enclosed
mside the Gaussian surface.

(B) Gauss law is applicable only when there is a
symmetrical distribution of charge.

(C) Electric flux through a closed surface will depends
only on charges enclosed within that surface only.

(D) None of these

Mark the correct options

(A) Gauss’s law is valid only for uniform charge
distributions.

(B) Gauss’s law is valid only for charges placed in
vacuum.

(C) The clectric ficld calculated by Gauss’s law is the
field due to alt the charges.

(D) The Hux of the electric feld through a closed
surface duc to all the charges is equal to the flux
due to the charges enclosed by the surface.

Charges Q and O, lies inside and outside respectively
ofa closed surface S. Let /7 be the field at any point on
Sand ¢ be the lux of £ over S.

(A) 10O, changes, both /7 and ¢ will change.

(13) 1£Q, changes, 7 will change but ¢ will not change.
(C) H'QL =0and ¢, == 0 then /£ = 0 but ¢ = 0,

(D) 11O, = 0and O, =0then [ = 0 but ¢ = 0.

An electrie field converges at the origin whose
magnitude is given by the expression /2 = 100sNi/

16.

Coul, where r is the distance measured from the
origin,

(A) total charge contained in any spherical volume
with its centre at origin in negative.

total charge contained at any spherical volume,
irrespective of the location of its centre, g
negative.

total charge contained in a spherical volume of
radius 3 cm with its centre at origin has magnitude
3 % 101C.

total charge contained in a spherical volume of
radius 3 em with its centre at origin has magnitude
3= 107" Coul.

(B

A conducting sphere of radius » has a charge. Then

(A) The charge is uniformly distributed over ity
surlace, il there is an external electric field.

(B) Distribution of charge over its surface will be non
unifrom il no external electric field exist in space,

(C) Elcctric field strength inside the sphere will be
equal to zero only when no external electrie field
exists,

(D) Poteatial at every point of the sphere must be
same

For a spherical shell

(A) Il potential inside it is zero then it necessarily
clectrically neutral

(B) electric feld in a charged conducting spherical
shell can be zero only when the charge is uniformly
distributed

(C) electric potential due to induced charges at a point
inside it will always be zero

(DY none of these

At distance of 5 ¢cm and 10 cm outwards from the
surface o' a uniformly charped solid sphere, the
potentials are 100V and 75 V respectively. Then

A) potential at its surface is 150V

B) the charge on the sphere is (5/3) = 101" C

the electric field on the surface is 1500 V/m
the electric potential at its centre is 225 V

(A)
(B)
()
(D)
A thin-walled, spherical conducting shell S of radius
R is given charge O. The same amount of charge is
also placed at its centre C. Which of the following
statements are correct ?

(A) On the outer surface of S, the charge density




| = -
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(B) The electric field is zero at all points inside . 18, 4 and B are two conducting concentric spherical shells.
(C) Ata point just outside S, the electric field is double A is given a charge O while B is uncharged. I now 8 is
the field at a point just inside S. carthed as shown in figure. Then:
(D} Atany pointinside S, the clectric ficld is inversely
proportional to the square of its distance from G- _—0B
- ~
}.
I N . . + +.
17. A hollow closed conductor of irregular shape is given n o \
some charge. Which of the following statements are 1 (/D +
‘ -
correct ? = l
. . . " t
(A) The entire charge will appear on its outer surface. N
(B) All points on the conductor will have the same v
potent?zll ' ) A (A) The charge appearing on inner surface of B1s =0
(Cy Al p‘omts on its surface will have the same charge (B) The field inside the outside A is zero.
~ density. . ) o (C) The field between 4 and B is not zero.
(D) /?H points ;lCdl 'Itsibtll[d.uv, and outside it will have (D) The charge appearing on outer suiface of B is
the same electric mtenstty. 7670,
JEE Advanced
Level |
1. What do you predict by the given statement about the 4. A charge O is uniformly distributed over a rod of
nature of charge (positive or negative) enclosed by length /. Consider a hypothetical cube of edge / with
the close surface. “In a close surface lines which are the centre of the cube at one end of the rod. Find the
leaving the surtace are double then the lines which are minimum possible flux of the electric ficld through the
entering in it.” entire surface ol the cube.
5. A very long uniformly charged thread oriented along
,‘ . , . . . 5, A very long uniformly charged thread oriented alon
2. The length of each side of a cubical closed surface 1s y ong 1 J ehatg . o
A . . . . the axis of a circle of radius R rests on its centre with
1. 1f charge ¢ is situated on one of the vertices of the . ) :
. ) g . - one of the ends. The charge on the thread per unit
cube, then find the Aux passing through shaded face of . A ) . )
length is equal to A. Find the flux of the vector £
the cube. j
through the circle area.
6. A particle of mass m and charge ¢ moves along a
A diameter of a uniformly charged sphere of radius R and
carrying a total charge -+Q. Find the frequency of S.H.M.
= of the particle if the amplitude does not exceed R.
q - = , . :
7. There are 27 drops of a conducting fluid. Each has
. . I . radius # and they are charged to a potential V. The
3. A point charge Q is located on the axis of a disc of radius A o - . ,I gy =187
. . . : . . are then combined to form a bigger drop. Find its
R at a distance a from the plane of the disc. 1f one fourth pofential
~ ~ . " 2 i,
(1/4™) of the flux from the charge passes through the disc,
then find the relation between « and K. 5. i o ) L
8. There are two concentric metal shells of vadii r, and r,

(> r,). If initially the outer shell has a charge ¢ and the
inner shell is having zero charge. Now inner shell is
grounded. Find:

(i) Charge on the inner surface ol outer shell.

(i) Final charges on each sphere.
(i) Charge flown through wire in the ground.
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9, A point charge sy is within an electrically neutral charge —3¢. Sphere (' carries no charge. Spheres Aand
conducting shell whose other surface has spherical B are touched together and then separated. Sphere C'is
shape. Find potential Jat point P lying outiside shell then touched to sphere A and separated from it Finally

at a distance 7 from centre O of outer sphere. the sphere C'is touched to sphere B and separated from

i, Find the final charge on the sphere C.

13. A metal sphere of radius r, charged to & potential ¥,
is than placed in a thin-walled uncharged conducting
spherical shell of radius r,. Determine the potential
acquired by the spherical shell after it has been
connected for a short {ime to the sphere by a conductor.

10, Consider two concentric conducting spheres of radii
4 and b (b > «). Inside gphere has a positive charge ¢,
What charge should he given to the outer sphere s0 {hat
potential of the inner sphere becomes zero? How does the
potential varies betwoen the two spheres and outside ?

{1. Two thin conducting shells of radii R and 3R are shown
in figure. The outer shell carries a charge 40 and the
inner shell is neutral. The inner shell is earthed with
the help of switch S. Find the charge attained by the
inner shell.

id., Twothin conducting plates (very farge) parallel to cach
other carrying (otal charges o and 954 respectively
(where A 18 the area of cach plate), are |')ln(:;cd mn a
aniform external electric field £ as shown. Find the

surface charge on cach suiface.

172, Consider three identical metal spheres A, B and C.

oA _2aA

Spheres A carnes charge -+0¢ and sphere B carries

Lavel 1

i, A positive charge O i uniformly distributed throughout / FTar
the volume of a dictectric sphere of radius R. A point :
mass having charge -+ and mass m is fired towards
the centre of the spherc with velogity v from a point at
distance # (1 > R) from the centre of the sphere. Find
the minimum velocity v 80 that it can penetrate RI2
distance of the sphere. Negleet any resistance other
than electric interaction, Charge on the gmall mass
remaing constont throughout the motion.

3. Figure showsa section through two Jong thin coneentric
cylinders of radii @ and b with @ < h. The eylinders
have equal and opposite charges per unit length A
Find the electric field ata distance - from the axis for -

7. A cavity of radius 7 15 present inside 2 solid dielectric

aphere of radiug R, having a volume charge density of //
p. The distance between the centres of the gphere and S
the cavity is «. An clectron e is kept inside the cavity L
alan angle (= 45° a5 shown. How long will it take 10 _7%«‘\\ /
touch ihe sphere again 7 I—J@]/\)\ ;/j
/
)

Bl

Jn
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and (A) r<u (B) a<r<h the eneryy required to take 4 test charge ¢ from infinity
& 8 (C) r>0b toapex A of cone. The slant length is L.
ally . . ‘ _ A~
o 4. A solid non conducting sphere of radius £ has a non- T
uniform charge distribution of volume charpe density, A
) y

5 AR =1

| p=p, ", where pis a constant and r is the distance
| o y . Al i e & , ” T . . ~ . ¢
i from th& centre of the sphere. Show that 7. Two concentric rings, one of radius *&” and the other
‘“’;,{ (a) the total charge on the sphere is O = 7p R and of radius “»” have the charges 44 and —(2/5) 32 q
sen (b) the electric field inside the sphere has a magnitude tespectively as shown in the figure. Find the ratio b/
AT . . KO il a charge particle placed on the axis ai » — o s m
or. given by, £ = —=— -
R cquilibrium.
=

5. An electron beam alter being accelerated from rest
through a potential difference of 500 V in vacuum is
allowed to impinge normally on a fixed surface, [f the
meident current is 100 /1A, determine the force exerted
on the surface assuming that it brings the electrons to

NGy = (205) g

.
. L=a
rest. (¢ = 1.6 % 10" C:m =90 % [(GY ker)
weh 6. A cone made of insulating material has a total charge
ely O spread uniformly over jts sloping surface. Caleulate
na
the
Previous Year Quastions
JEE Main
1. A charged particle ¢ is placed at the centre O of cube (¢ — )
of length L(ABCDEFGH). Another same charge g is (C) ——U (D) (dy + )z, |
placed at a distance L from O. Then the electric Hux 0
through ABCD is (ATIRIE 2002) 3. A thin spherical conducting shell of radius R has a

charge ¢. Another charge O is placed at the centre
of the shell. The electrostatic potential at a point
P at a distaince R2 from the centre for the shell ig

(ANEEN, 2003)

9 o) )
(n) =2 B =228
4z R dme, R 4we R
2 : 2
o 2 8 (D) lg+0) 2
(B) zero AII}TEI!R 4"‘."]'-;0]{ 4"'_“50 R

4. Two sperical conductors 8 and ¢ having equal radii
and carrying cqual charges in them repel each other
with a force /7 when kept apart at some distance. A
third spherical conductor having same radius as that
of B but uncharged, is brought in contact with . then

(I2) None

2. Il the electric flux entering and feaving an enclosed

surfuce respeciively is doand o the electric charge | i ith ¢ {finall :
. . . % IR brought in contact with C and fing emoved awe
inside the surface will be (ATERK 2003) s - . v hally removed away
) from both. The new force of repulsion between 5 and
I R Cis AT 20004
1 j adl i - LG RGRG 2D
(/\) ((’,;] m_))\:{” (B) (_7 2/ 5 ( e i 5, 204} )

o
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0.

7.

I 3l

(A) — (B) -
) 4 4

I R
(©) (D) =
3 b

Two spherical conductors 4 and B of radii | mm and
2 mm are separated by a distance of 5 cm and are
uniformly charged. If the spheres are connected by
a conducting wire then in equilibrium condition, the
ratio of the magnitude of the electric fields at the
surfaces of spheres /4 and B is (ATEREE 2006)
(A) 4:1 (B) [:2
(C) 2:1 (D) 14
A thin spherical shell of radius R has charge Q spread
uniformly over its surface. Which of the following
graphs most closely represents the electric field £(r)
produced by the shell in the range 0 < < x . where r
is the distance from the centre of the shell ?

(ATELL 2008)

(A)  El) (B) E®
o R T o r
(C)  En) (D) EO
1 1
\\ /'/\
/ = MH_H' 1B A——
O R @] R

0 e
—=_ be the charge density distribution
alk
fov a solid sphere of radius R and total charge Q. Fora

yoint £ inside the sphere at distance », [rom the centre
|

Let /)(l') ==t

of the sphere, the magnitude of electric field is
(ATEIEIE 2009)

(A) zero (3 ,_Q,,,T
Ame,

on or’

(C) ——— )
Az R 3me, R

an
=z}

9.

.

Let three be a spherically symmetric charge distribution

. , . ~ 5
with charge density varying as plr)=p,|=——
4 R
upto = R, and for r > R, where /- is the distance from
the origin. The electric field at a distance r(r < R) from
the origin is given by (AIEEE 2010)

4 S " (5
(/\) i“n',’L __/] “5] ! [_ ,_]
3&; R de, 13 R
e, 4 R 3,14 R

The clectrostatic potential inside a charged spherical
ball is given by & = ar’ b where r is the distance
ffomn the centre «, b dre constants. Then the charge
density inside the ball is (ATERE 2011)

(A) —O6us,r (B) —24irue,

(C) —bag, (D) —24mwae,r

. This question has statement | and statement 2 of the

four choices given afier the statements, choose the one
that best describes the two statements

An insulating solid sphere of radius R has a uniform
positive charge density p. As a result of this uniform
charge distribution, there is a finite value of electric
potential at the centre of the sphere, at the surface of
the sphere and also at a point outside the sphere. The
clectric potential at infinite is zero (ALEEE 2012)
Statement 1 When a charge ¢ is taken [rom the centre
ofthe surface of the sphere its potential energy changes

by, 42
\".'”

Statement 2 The electric field at a distance » (7 << R)

from the centre of the sphere is. il
k)
(A) Statement | is false, Statement 2 is true.
(B) Statement | is true, Statement 2 is false.
(C) Statement | is true, Statement 2 is true, Statement
2 is the correct explanation for Statement |
(D) Statement | is true, Statement 2 is true, Statement

2 is not the correct explanation of Statement |

(n a uniformly charged sphere ol total charge O and
cadius R, the electric field £ is plotied as function
of distance from the centre. The graph which would
correspond to the above will be (ATRIER 2002)
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) gt (D) 1

R r— B —

JEE Advanced

I. A point charge ‘¢ is placed at a point inside a hollow

conducting sphere. Which of the following electric

force pattern is correct ?

(B)

(€)

(D)

2.

Three large parallel plates have uniforn surface charge
densities as shown in the figure. What is the electric
field at . [JIEE (Ser) 2005]

K
() Z2=4a
-2 L ==—a
=" z=—2a
4o -
(A) ——Z R B) &
= S
2% 2 -
©) -2k ) 2K
S €

A conducting liquid bubble of radius a and thickness
t (t<<<a) is charged to potential /. If the bubble
collapses to a droplet, find the potential on the droplet.

[JEE 2005]

. The electrostatic potential (/) of a spherical symmetric

system, kept at origin, is shown in the adjacent figure,

and given as [JEE 2006}

4 < 4
h = r=R ah = —
k 4 & 1‘< ”) b dr e, R,

]

(I‘ < R“>

Which of the following option(s) 1s / are correct ?

(A) For spherical region r << R, total clectrostatic
cnergy stored is zero.

(B) Within r = 2R , total charge is ¢.

(C) There will be no charge anywhere except at
r==R.

(D) Blectric field is discontinuous at 1 = R
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5.

0.

A long, hollow conducting cylinder is kept coaxially

inside another long, hollow conducting cylinder of

larger radius. Both the cylinders are initially electrically
neutral. [JEE 2007]
(A) A potential difference appears between the two
cylinders when a charge density is given to the
inner cylinder

A potential difference appears between the two
cylinders when a charge density is given to the
outer cylinder

No potential differcnce appears between the two
cylinders when a uniform line charge is kept
along the axis of the cylinder

No potential difference appears between the two
cylinders when same charge density is given to
both the cylinders.

(B

~—

(@

(D

Consider a neutral conducting sphere. A positive point
charge is placed outside the sphere. The net charge on
the sphere is then, [JEE 20607]
(A) negative and distributed uniformly over the
surface of the sphere

negative and appears only at the point on the
sphere closest to the point charge

negative and distributed non-uniformly over the
entire surface of the sphere

Zero

(B)
()
(D)
A spherical portion has been removed from a solid
sphere having a charge distributed uniformly in its

volume as shown in the figure. The electric field inside
the emptied space is [JEE 2007]

A
B
C
1D

(A) zero everywhere

(B) non-zero and uniform
(C) non-uniform

(ID) zero only at its center

Statement |

For practical purposes, the carth is used as a refrence at

zero potential i electrical circuits. [JER 2008]

and Statement 2

The electrical potential of a sphere of radius R with

charge O uniformly distributed on the surface is given
O

dorz,

by.

(A

(B

(C)
(D)

Statement | 15 True, Statement 2 is True; Statement 2
is a correct explanation for Statement |

Statement | is True, Statement 2 is True’ Statement 2 ig
NOT a correct explanation for Statement |

Statement | is True, Statement 2 1s False

Statement 1 is False, Statement 2 is True

Question No. 9 to 11

The nuclear charge (Ze) is non-uniformly distributed within
a nucleus of radius R. The charge density p (r) [charge per
unit volume] is dependent only on the radial distance r from
the centre of the nucleus as shown in figure The electric

field is only along the radial direction.

9.

10.

1.

12

[JEE 2008

S
(1)
d L
0O AR
Figure

The electric field at » = R is
(A) independent of ¢

(B) directly proportional to «
(C) directly proportional to «’
(D) mversely proportional to

For ¢ = 0, the value of ¢ (maximum value of p as
shown in the figure) is

3Ze . e
(A) == (B) ==
4R TR
4Z¢ Ze
(C) D) ——
3ITR’ 3R’
The electric field within the nucleus is generally

observed to be linearly dependent on r. This implies.

R

(A) o = (B) i AY »5
3 2R
(C) a=R (D) (,:,3,_4

. Three concentric metallic spherical shells of radii R,

2R, 3R, are given charge Q, . O, , O, . vespectively. It
is found that the surface charge densities on the outer
surfaces of the shells are equal. Then, the ratio of the
charges given to the shells 0:0,:0, . is  |[JEL 2009]
(A) [:2:3 (By 1:3:5

(Cy 1:4:9 (1) 1:8:18




13

Do

15,

A solid sphere of radius R has a charge O distributed in
its volume with a charge dinsity p = K/*, where K and
a are constants and # is the distance from its centre. 1

16

the electric field at r =

R
Sl times that at » = R,
find the value of «.

[JIEKS 2009

. A disk of radius « / 4 having a uniformly distributed

charge 6 C'is placed in the x—y plane with its centre at
(—al2.0,0) Arod of length ¢ carrying a uniformly
distributed charge 8 C s place on the x-uxis from x =
a4 tox = 5a/4 Two point charges —7 C and 3 C
are placed at (« /4, — « /4, 0y and (—3a 1 4, 3a 1 4.
0), respectively. Consider a cubical surface formed by
six surfaces v =+ a /2, y= A1« /2, 2= 4 a2 The
electric flux through this cubical surface is JJIEIE 2009]

. 4
T A ol 17
2C 2C
(A) —- By —
= J0C 12C
(C) — D) ——

A uniformly charged thin spherical shell of radius £
carries uniform surface charge density of o per unit
arca. 1t is made of two hemispherical shells, held g
together by pressing them with force /7 (see figure). /7
[JET 2010}

Oo

is proportional to

» ¢ —
F - (=
2 ® | 2
(A) —cR° (B) —0o°R
2y So
2 ] ,2
cy =2 B ——

Llectrostatics-2 4.5

. Consider an electric field £ = L,3 , where £, is a
constant, The flux through the shaded area (as shown
in the fipure) due to this field is [JIEE 2011}

(a,0,a) 1 (a,a,a)

(0,0,0) (0,a,0)

(A) 2L o

[

(B) V2Ea

li‘"_:f
J2

. A spherical metal shell A4 of radius R, and a solid metal
sphere B of radius R, (<R ) are kept far apart and each
is given charge Q. Now they are connected by a
thin metal wire. Then JICK 201 1)

(/\) ETM(IU 0

(C) L’ (D)

By Q,>0,

Oy

I’ l;n-n\m fjee
= =0

( D) j}/"‘;”\“l NS

statement(s) is/are correct?
BTG 2012)

(A) [ the electric field due to a point charge varies as

2% instead of 2, then the Gauss law will still be

valid

The Gauss law can be used to calculate the field

distribution around an electric dipole

[[ the electric field between two point charges is

zero somewhere, then the sign of the two charges

Which of the following

(B3

~

is the same
(D

The work done by the external force in moving a
unit positive charge from point A at potential ¥, to
point 5 at potential ¥ is (V, — V).
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19. A cubical region of side a has its centre at the origin.
It encloses three lixed point charges, —¢ at (0, —a/4,0),
43¢ at (0,0,0) and ¢ at (0.-+a/4.0). Choose the

correct option(s). |JEE 2012}

(A) The net electric flux crossing the plane x = +a/2
is equal to the net electric flux crossing the plane
x =-—al2.

(B) The net electric flux crossing the plane y = -a/2

is more then to the net electric flux crossing the

plane y = —a/2.

The net clectric flux crossing the entire region is

q/e,

(D) The net clectric flux crossing the plane z = | al?
is equal to the net electric fJlux crossing the planc
x=+al2.

(©

20. An infinitely long solid cylinder of radius R bhas a
uniform volume charge density. It has a spherical
cavity of radius R/2 with its centre on the axis of the
cylinder, as shown in the figare. The magnitude of the
clectric field at the point P, which is at a distance 2R
from the axis of the cylinder, is given by the expression

23pR

[JEE 2012]
L6re,

CThe value of is

21. Charges O, 20 and 40 are uniformly distributed in
three diclectric solid spheres 1.2 and 3 of radii R/2, R
and 2R respectively, as shown in figure. 1f magnitudes
of the electric ficlds at point £ at a distance R from
the centre of spheres 1,2 and 3 are L. [ and [,

respectively, the [JEE 2014

P
R P
¢ R
RI2

Sphere 1 Sphere 2
/_p
R
4Q
’
2R
Sphere 3

(A) JI'.'l'::».’EE:»EJ
(C) E,>E>E,

(B) E3>~EI>E2
(D) 133>1172>E|

22. Let £.(r). LE(r) and Eﬁ(/‘) be the respective eleetric
felds at a distance r from a point charge Q. an infinitely
Jong wire with constant linear charge density A, and an
infinite plane with uniform surface charge density . It
E(r)=E,r)=E(r)ata given distance 7, Then

[JEE 2014]
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Exercises |
JEE Main
1. B 2. G 3.D 4, A 5 D 6. C 7. B 8. D 9. A 10. C :
11. B 12. A 13. A 14. C 15. A 16. D 17. D 18. C 19. A 20. A
21, A 22. B 23. A 24, D 25. C 26. (i) B, (i) D 27. A 28. A 29. D
30. B 31. C 32. B 33. D 34. D 35 A 36, B 37. C 38. A 39. D
40. C 41. C 42. C 43. A 44. D 45. A
JEE Advanced
1. B 2. A 3. D 4.8 5. A 6. C T G 8. A, C 9. C 16. ¢, D L
il A B CI2. ALB,C 13. D i4. D 5. A, C.D16. A, C.D17. AB  18. A,C.D '
JEE Advanced
Level |
1. There is a positive charge in the close surface.
2 - 3 a=L 4 L s LLSPINE SN
24 ¢, NE) 2g, 2g, 2m \ dwe mk '
8. (1) [—F']q (ii) Charge on inner shell == -[ﬁ)q and charge on the outer shell = ¢
& £y
(iil) Charge flown in to the earth = [—ﬂ—]q
Ty
J /q'*[l 1—] ww<r<h '
dme, \r u '
ke : / ‘. A
9. v X g6, (g, = — 2 i) |V, = 2| —] g=b
¥ ) « Ame D a
V;— = ) 3 i+ (/.3,] r >h
| dgz \ 1 a
1. QB3 12 1125¢ 13, v,=-10 |
2=
14, (r—x) A, x4, —x A Ax—20) A, where x = (Z¢, £+ 3 0) /2 |
|
Level Il
2kq(r—r 3" N 2K\ Oy
-—[»— |] 9. =T S 3, 0,222 00 4. Proof 8. 7.5 % 107N 6, —— 7.2
mR r 8 e r Rae, L
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Previous Year Questions

JEE Main
1. D 2. A By 1@ 4. D 5. C é.
10. A 1. C
JEE Advanced
1 1/3
1. A 2. C 3. V’[i] v 4. A.B.C.D
3
8. B 9. A 10. B 1L C 12. B 3.

17. A,B,C, D 18. C,D 19, A.C.D 20.

o

5. A

4. A
21. C

6. D

15. A
22. C

16. C







Facility for Every
Classroom student

Learn: Start

yourlearning

with video

lectures of total 300 + hours of Physics,
Chemistry & Maths providing you in depth
knowledge about every topic focusing
towards concepts for very strong base.

Revise: After learning revise each topic
with exercises and see how they are
solved by experts in videos. This will
improve your focus & chances of selection
in competitive exams.

Examine: Examine yourself on
competitive exam pattern based testing
platform with more than 300 tests with
AIR. After every test a detailed report is
provided with analysis based on time
taken, comparison with toppers &
toughness level of questions.

One click solution for
students who wish to know
information about various
competitive exams, Boards
and colleges

1. Notifies imminent exams

2. List of Engineering and
Medical entrance exams

MOTION ANDROID APPS
_——
P ]
L ——
and Top Colleges across
India with required info.

. List of national and international Olympiads with
previous year papers.

4. Boards previous year papers available at one click.
. Quick Info of other graduation courses and colleges of
India
. Rank Predictor, Branch predictor for engineering
students.

For download search All About Exam Motion on Google Play Store

Student Performance Report Structure

SPR [ STUDENT PERFORMANCE REPORT )

SPR gives an exhaustive analysis of student's performance in various tests given by him/her,
ltincludes:

¢ Cumulative performance
* Detailed test analysis

Vaishali

140051109

Velocity
Study Center KOTA

| m iu—xn-u T

* Question wise analysis
¢ Time spent on every question

Individual subject performance
of student in different Tests

Students Questions attempting

R N F——
I Qo Questonsin Leve)

CA(Carect Atermpted)

] I 12 bronect Armmpted)

| AN Arempedh

[ Remaining Time (39:00)

[ Total Time takenncomec | | 11"
attempts (24:13) 3 1

[ Total Time takeniin
incomect atiempts (25:02)

I Total Time takenin
NotAttem ted 0209

Question Toughness Analysis of

Time in minutes Attempting questions by student




