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SURE SHOT QUESTIONS

A\

ARVIND ACADENY

Chapter - 01
Electric Charges and Fields

» MCQ (1 mark)

1. Soln. (a): Since positive charge q; and q,
exert a net force in the +x — direction on the
charge q fixed along the x-axis, the charge q is
negative as shown in figure. Obviously, due to
addition of positive charge Q at (x, 0), the force on
-q shall increase along the positive x-axis.
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2. Soln. (a): When a point positive charge is brought
near an isolated conducting sphere, then there
develops some negative charge on left side of the
sphere and an equal positive charge on the right
side of the sphere. Electric lines of force emanating
from the point positive charge end normally on the
left side of the sphere. And due to positive charge
on the right side of the sphere, the electric lines of
force emanate normally from the right side. So the
electric field is best given by figure (i).

3. Soln. (d): As per Gauss’s theorem in electrostatics,
the electric flux through a surface depends only on
the amount of charge enclosed by the surface. It
does not depend on size and shape of the surface.
Therefore, electric flux through the surface Is the
same for all figures.

4. Soin. (b)
5. Soln. (c) : The spacing between electric lines of
force increases from left to right. Therefore, £ on

left is greater than E on right. Force on +q charge
e ]
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of dipole is smaller and to the right. Force on -q
charge of dipole is bigger and to the left. Hence the
dipole will experience a force towards the left,

Soln. (a): When a point charge +q Is placed at a
distance d from an isolated conducting plane,
some negative charge develops on the surface of
the plane towards the charge and an equal positive
charge develops on opposite side of the plane.
Hence, the field at a point P on the other side of
the plane is directed perpendicular to the plane
and away from the plane as shown in figure.
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Soln. (a): When the point is on the diameter and
away from the centre of hemisphere which is
charged uniformly and positively, the component
of electric field intensity parallel to the diameter
cancel out. So the electric field is perpendicular to
the diameter.

8. Ans. (c):AxXisrepelled by Y, so Y is negatively

charged. Now Z is attracted to Y, so either it is positively

charged or neutral.

Ans. (b): T =36 42 =+5€, 4, =3¢

The total charge,
q=q,+q,+q,=3e+5e—3e=5e
As the charge is conserved so,

In option (a), Se—4e+5¢=6e

In option (b), 6+ 6e—Te =S¢
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In option (c), —4e+3.5¢+5.5¢=5¢

But, from quantisation of charge, charge 3.5e and
5.5e is not possible.

Inoption (d), g =5e—8e+T7e=4e

10. Ans. (d): Initial charge, q=1C

Number of electrons gained, n =5 x 10"
Charge transferred, Q = ne

| Q=-5x10"¥x1.6x10¥=-08C
So, net charge on object=q+Q=1-0.8=0.2C

11. Ans. (b) : According to Coulomb’s law, F?.: = -!':;.

There is a force of attraction which shows that the
charges must be unlike charges.

q.49,

Also, F =
dre,r’

For attractive force, 4,4, <0,
g, =+ve and g, =-ve

S 419, <0

12. Ans. (c): Force on go due to -q

F,= kﬁ?" ; along y — direction

Force on qo due to +q

y
-q--A
a
HF*
1
N
Fg 9 B

F,= kqf" along negative x-direction
a

Net force on qo
F=\F+F; = —""‘7";]5
a

13. Ans. (b):

‘ Forceon X by WisF.
K‘q: . 4Kq2

ol

|}
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ForceonZby W,

qal,

-
[¢——oa —|g

If':sz-l-:d—2 =J5d:
4 4

2 2
F= Kg =Ka x4=ép

5d° 5d*?
4

14, Ans. (c): Let P is the observation point at a

(using (i))

distance (L + r) from 8q and at r from -2q.

+8g -2q p
- S esonsmanes —
x=0 x=L r

Net electricfieldatP =0

. E, = EFI(electric field intensity) at P due to
+8q

.
-

E, = EFl (electric field intensity) at P due to -2q

I - -
|EHE ..

28 4. _4 1 elsr

W+ P (L) P

= 2r=L+r= r=1L
Pisatx=L+L=2L from origin.

15. Ans. (b): From figure,

e —_—
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Tcos@=mg
Tsinf=qE
s gE=mgtan@

mg
=__.|'_an3
« (E]

tanéf = F
mg

16. Ans. (a) : Side of square sheet = a is XY plane

E=c? ;r; Electric flux,¢ = Eds
¢=(cz’k)(a’)k
¢=ca’ (put =z =a)
¢=a'c
17. Ans. (a):
i

> >—E
= & c
- 1A ) Avis
—— A

> -

Flux through surface A, ¢, = ExnR?

Flux through surface B, ¢, = ExnR

.. Flux through curved surface, C = IEds
= IEds cos90° =0

. Total flux through cylinder = §, + @, +¢. =0

18. Ans. (d) : For stable equilibrium, 8 =0’
Potential energy,
U=-p.E=-pEcos0® =—pE =-2qLE

19. Ans. (a): Given:
2 =2em, 0=30°, E=2x10°N/C

r=8x10" Nm
r=PEsiné
8x10” = px2x10* xsin 30"
p=8x10"cm
Let the chargeis q
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p=qx2
8x10* =gx2x10° = g=4uC

20. Ans. (c) : An electric dipole in a non-uniform
electric field always experience a force and a

torque.

21. Ans. (d) : The electric field over the Gaussian

surface remains continuous and uniform at every

point.

p=2L 4=0=4=0
22. Ans. (a): As &

23. Ans. (a) : Net charge enclosed and permittivity of

the medium.
24. Ans. (d):
S ~
Fd I+
s ) (5)

Here: Surface charge density,

0c=264x10"C/nm’

a o 20 o
E=—+——=—=—
26, 28, 26, &,
26.4x107"
=— ("' & =8.85x 10" C¥/N-m?
g85x10 2 L 0 : MN-m)
- E=3N/C

25. Ans. (a) Electric field due to a uniformly charged

o
sheet £ =—
28,

-1 i
_1x10™" x4xx9x10 -'-i=41rx91|0°]
18rx2 &
E = 10 N/C outwards.
e ——

E
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Pointis Q

| As, for the finite plane sheet, electric field is
uniform in the middle and the edges it will be
curved.

(b) ¢, =104C, ¢, =-20uC
r_kag, _ kx10x20x10™"
=44 -

2

r r
| Whey they bought in contact,
10-20 r
t= ',.= =-‘5 C,r'=-
9,:=9: 2 H 2
F=kx5x5xlﬂ'ux4
2
F' 5x5x4x10™" o
SEe P =
F 10x20x10 2

» Assertion-Reasoning (1 mark)

Is Assertion (A) and Reason (R) type questions.
Given below are the two statements labelled as
Assertion (A) and Reason (R). Sel .t tl.. ...s"
appropriate answer from the 0 ,uv.s gi en L 2lov .

26. Ans. (d) : Force on a negative charge in electric

field ;’ ==q E‘, s0 it moves along the opposite
direction of the electric field. So, (A) and (R) both

false.

For question below two statements are given one
|| labelled Assertion (A) and the other labelled Reason
(R). Select the correct answer to these questions

from the codes (a), (b), (c) and (d) as given below:

27. Ans. (c): An electric dipole in a non-uniform

electric field always experience a force and a
torque.

28. Sol. (c): A body becomes negatively charged only
when some electrons are transferred to the body
i.e. the body gains some electrons. Hence its mass

increases slightly. Mass of a body decreases only

e —
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29.

30.

32.

when body gives some electrons to some other
body.

Sol. (c): If the charged particle is initially at rest in
an electric field, it will move along the electric line
of

force. But when the initial velocity of charged
particle makes some angle with the line of force
then the

resultant path is not along the line of force. Because
electric line of force may not coincide with the line
of

velocity of the charge.

Sol. (a): Resultant of electric intensity at O due to B
and C is equal and opposite to that due to A.

.Sl
'b): As 0y =0, (Given)
. 4 _ % a_h
“ e me a2
1 ;) 2 N

[Let r, and r, be two different radii]
Then the ratio of electric field intensities near the
surface of spherical conductors,

2 2
5.=_ql_2x%=gl.xﬁl_=il.xﬁ=l
E; anegy @ ©or 4@ 49
ie. E\=E,

Sol. (d): Surface of a charged conductor is always an
equipotential surface, whatever may be its shape.
Hence gR = constant, at every point on the surface
of charged conductor i.e. at the sharpest point (R =
0) of the surface, charge density will be maximum.
A uniformly charged conductor exerts no
electrostatic force on a point charge located
anywhere inside the conductor or electric field is
zero.

33. Sol.

n http://bit.ly/2IYv)GF
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(b): The electric field intensity is equal to force
experienced by unit positive test charge g, placed at
that point i.e.

- F
E=— thus E isalso a vector quality.

% F —t
n on
. B q coulomb’
Case Study (4 marks)

34. Ans. (i) (c) : Copper

(ii) (a) : Car
(iii) (c) : zero
(iv) (c) : Its surface must have charge equal to -q.

(i) (b):1.9x10° Nm?/C, leaving the surface.

35. Ans. (c) At the centre of an electric dipole, electric
field is twice the electric field due to each charge.

5 . 1
(b) At far away points of a dipole, E x =

2n
Forz>>a, =
() IBl=2L 3
Fory>>a, |E,|= p3
y 4mzoy
Forz=y>>a,|—§‘—|=2.
|E,|

(@) Ty, =PEsin90°= pE.
(k) Restoring torque for small 9,

-t==-pEsin@=-pEB [sinB=§]
or la=-pE@
u=-P—E ie, oaocB
a1 [PE
2r 2=V I

—
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» Questions

26. Ans. Givenq=24 ¢, m=1.6=1.6x10-3kg,
u =4;' ms".z'=80;'+60}andt =Ss.
F =m; (From Newton’s law)
Or qE'=m;
=  2x10°(80i+60)=(1.6x10")a

= a=100x10"i+75x107 j
Now from equation of motion,

v=u+at=4i+(100x107i+75x10" j)5

=4.5i+0375;

36. AAns.

‘IIIIIII

37. Ans. Electric field on the equatorial line of an
electric dipole : Electric field at any point on the
perpendicular bisector of an electric dipole at
distance r from its centre is

.E-m!il'ﬂ

E_=E =E, cosf+E,cosd
(Vertical component cancel each other)

or E =2Em cos@ (Ep, =Em)

e —
n http://bit.ly/21YvIGF
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| q a
“ Tagg, (r +a’) (PP +a’)"”
1 q.2a 1 P

" Amg, (r' +a’)"”? “ 4w, (r +a’)"?

Directed antiparallel to dipole moment ; . For
short dipole, when r >>>> a, then electric field at
point P is

=z

3

E =
1 drg, r

In vectorial form, the electric field intensity at
point P on the perpendicular bisector of short

) 2. 1 =-p>~
electric dipole is then given by E = -7
4re, r

38. Ans. (i) Electric flux: Total number of electric
field lines crossing a surface normally is called
electric flux. Sl unit of electric flux is N m? C.

(i) The area of a surface can be represented as a
vector along normal to the surfare.

Here, E=3x10'iNC"
I Area of the square AS =10x10cm’
AS =100 cm?=102m?
Since normal to the square is along x-axis, we
have

AS =107 ;mz
Electric flux through the square,
| e A
| ¢=EAS=(3x10"0).(107 ))
$=30 Nm’C"

39. Ans. Let at point P, the net electric field is zero,

| then l i= : 9
4re, x*  4ng, (30-x)
a -'luC P' P -qu =4uC
E1- £
1
—_= - = x=10cm
i © (30-x)
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40. Ans. (a) Electric field at an axial point of an electric
dipole. Let us consider an electric dipole consisting
of charges +q and -q, separated by distance 2a and
placed in vacuum. Let P be a point on the axial line
at distance r from the centre O of the dipole on

right side of the charge +q.

Electric field at an axial point of dipole

.. SO
" dmey(rray

-

(towards left)

Where p is a unit vector along the dipole axis

from-q to +q.
Electric field due to charge +q at point P is
et L) towards right)
! Amg,(r-a) ( ¢

Hence the resultant electric field at point P is

- . . q l l A
E =F + E = =
: i QWAL |:(r-a)‘ (r+a)z]p
g 4ar
ans, (r* -a*)? P
E— 1 2 .
or axial i P

ans, (P -a*)
Here p = q x 2a = dipole moment
For r >> a, a? can be neglected as compared to r.
== 1 2p°
OrE__= —.—é’—p (towards right)
r
1]
(b)
E

41. Ans. (a) Surface charge density on the inner

surface = g 3
drr

On the outer surface = ——?
4rr,

e ——l
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(b) For a spherical Gaussian surface x > r;
fEds=£=2
£0
-9q
50
__1 0-¢
dre x°
42. Ans. (i) Given I=20cm,r=5cm=0.05m

Ex4rx’ =

Net flux,
b= j E.dA+ [ E.dA =2007(0.05)" cos0x2

=aNm'C™
= Iy
Ae— | —E
f\ [

e

X

W
(i) The net charge enclosed, § = #¢,

aNm*C'x8.85x1072C*N'm™
=27.789x10"°C

43, Ans. (i) Charge enclosed by sp! =72 $:= !Q
By Gauss law, electric flux through sphere S; is

@ =20/

Charge enclosed by sphere,
S,=20+40=60Q

¢ =60/¢,

The ratio of the electric flux is

#:4=2:6=1:3

(ii) When a medium of dielectric constant &, is

introduced in sphere Sy, the flux through S; would be

20

£,€,

¢'| =

44. Ans. According to Gauss's law, total flux over a
. |

closed surface S in vacuum is — times the total

&

charge enclosed by closed surface S

YouTube Channel Arvind Academy link
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¢ =(f| E.ds = Jeonet

€
Electric field intensity due to line charge or
infinite long uniformly charged wire at point P at
distance r from it is obtained as:
Assume a cylindrical gaussian surface S with
charged wire on its axis and peint P on its surface,
then net electric flux through surface S is

N :IdS'
£

I+
H
+
H+
+ ds .
! [+ E
+
s
+
+I—‘e'
i iwds

¢=§E-d§- [ EdScos90°+ j EdS cos 0°+ jEdScm‘?O"
5 upper curved ey

plane surface plane
latw tace

Org=0+E4A+0o0or ¢p=E2nrl

Al
But by Gauss’s theorem @ =—=—
EIJ gﬂ

Wi er:q s he harge on length [ of wire
enclosed by cylindrical surface S, and A is
uniform linear charge density of wire.

Al
s Ex2arl=—or E=
A 2rE,r
45. Ans. Consider a thin spherical shell of radius R
carrying charge g. To find the electric field outside
the shell, we consider a spherical Gaussian surface

of radius r (> R), concentric with given shell. The

electric field E is same at every point of Gaussian

surface and directed radially outwards (as is unit

vector nso that 8=0")

According to Gauss's theorem,

mhhﬂﬁ.;;ds:%

u http://bit.ly/2I1YvIGF Page 7
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=+ |
Vectorially, £ = iz

Special cases
At the point on the surface of the shell, r=R

5 Ba——d
4ne, R

If O is the surface charge density on the shell

then ¢ =47R’c

If the paint P lies inside the spherical shell then the
Gaussian surface encloses no cha

46. Soln.

o
(i) Electric field due to plane sheet toward right= —
£-0

Where, o is charge density.

-0
Towards left = —

2

| vouTube Channel Arvind Academy link
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(4] =20

Electric field at point A i.e., to the left of first sheet and
due to large plane sheet.

= o 2o o
E=——+|+— |=—
£y £ &

(i) Electric field at point B i.e., to the right of second

sheet,
+ o 20 -0
.Es =E—————=s—
80 80 80
(iii) Electric field at point Ci.e., between two
plates,
Eal 0.
80 80 EIJ
47. Soln. Given electric field £=3x10i NC™'

Magnitude of area, $ =10 cm? =1 x 10? m?

| (i) Whethz -urf=i~is parallel to y-z plane, the
| norn al o la ei along x-axis.
In this case & = 0; so electric flux,

¢=E.8=(3x10'i)(1x10° i)=3Nm* C"
y

.
-

v

z
(ii) In this case & =60°, so electric flux,
¢=EScos0

= 3x10* x1x107 cos 60° =3x%
= 1.5 Nm'C".

48. Soln.

(a) Consider an electric dipole of charges -q and +q
separated by a distance 2a and placed in a free
space. Let P be a point on equatorial line of dipole
at a distance r from the centre of a dipole.

= http://bit.ly/2IYvIGF Page 8
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Al B
—q e—a——b04—0—> 4]

Let E, and E, be the electric field at point P due to

charges -qand +q
Then resultant electric field at point P is

Now,
= 1 q 1 q
E, = : = along PA
|E4l dns, AP® A4re, (r’+a’}( gPA)
|Eylea— L =1 9 (alongBP)

arne, BP* 4rxg, (r'+a%)

The, resultant intensity is the vector sum of Ex and Es.

Ex and Es can be resolved into two components. The Y-
components cancel out each other. And X-

component will add up to give thr resy!t~=2 Fiz!4
field.

Eg Y

> |ElFE, cos@+E,cos@
Now in right, triangle ORB
OB a

1 SR a
4re, r’*+a’ (r+a’)"?
__ 2ga
. P
_4:&_0 (P+a%)*?

[+ 2qa=p]
This is the required expression.

T ———
YouTube Channel Arvind Academy link
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>

(b) Let the two charges of +q each placed at point A

and B at a distance 2 m apart in air.

q Q
Ae + %8

— ) ————(2 - 3)——p

Suppose, the third charge Q (unknown magnitude and
charge) is placed at a point O, on the line joining the
other two charges, suchthat OA=xand OB=2 - x,

For the system to be in equilibrium, net force on each
3 charges must be zero.

If we assume that charge Q placed at O is positive, the
force on it at O may be zero. But the force on
charge q at point A or B will not be zero. It is
because, the forces on a charge q due to the other
two charges will act in same direction. If charge Q is
negative, then the forces on q due to other two
charges will act in opposite direction.

Hence, Q will be negative in nature.
For charge (-Q) to be in equilibrium

Force on charge (-q) due to charge (+q) at point A
should be equal and opposite to charge (+Q) at B

1 0g_ 1 Qg

4ze, x° =4.1ré:‘,'(2—x)2

0. 2-x) =
= x=(2-x)=>x=Im

Therefore, for the system to be in equilibrium a charge
-Q is placed at a mid point between the two charges
of +q each.

49. Soln. Suppose we have a ring of radius a that
carries a uniformly distributed positive charge g.

d dE 5in 0
r
dE
. . dE cos ©
d&E
+ +, r
dl dE sin 8

As the total charge q is uniformly distributed, the
charge dq on the element dl is

dg=-3_a1
2ra

.. The magnitude of the electric field produced by

the element dl at the axial point P is
- e

http://bit.ly/21¥vIGF Page 9
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The electric field dE has two components.

(i) The axial components dE cosfand
(i) The perpendicular component dE'siné& .
Since the perpendicular component of any two
| diametrically opposite elements are equal and
opposite, they cancel out in pairs. Only the axial

components will add up to produce the resultant
field.

E at point P is given by
|

2ra

E= j dE cos@
(1]

[ Only the axial components
contribute towards E]

rTHAL [cured]

2ra r

2%xa

_ kgx L

" 2ra’ -!- a
kqx l (l)'ln,
" 2ra P

_kgr 1

— 2T
27a (x*+a?) e

in-

[ r? =x*+a’]

_ kgx
(x+a’)”
[Where k = a=s
0
constant]
1 qx

drg, (x*+a*)*?
If x>>a,then x* +a’° = x*

_ 1l
4re, (x*)*?

1 9
dnzg, x°

This expression is similar to electric field due to a
point charge.

T ———
YouTube Channel Arvind Academy link
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50. Soln. (a) Electric flux: Electric flux through an

area is defined as the product of electric field
strength E and area dS perpendicular to the field. It
represents the field lines crossing the area. Itis a
scalar quantity. Imagine a cube of edge d, enclosing
the charge. The square surface is one of the six
faces of this cube. According to Gauss’ theorem in
electrostatics,

Total electric flux through the cube = g
&

This is the total flux through all six surface

.. Electric flux through the square surface = A
OEO

|
i p
L]
L
e
l - - -—-— -
F i ¢ e
[
',' ' d
[
¥’
; /4
T e ——

{b) 1. mavi.ig \ i< charge to distance d from the
centre of square and making side of square 2d, does
not change the flux at all because flux is
independent of side of square or distance of charge
in this case.

51. Soln. The force of attraction or repulsion

between two point charges q, and q. separated by
a distance ris directly proportional to product of
magnitude of charges and inversely proportional to
square of distance between charges, written as:

F o gg,and Fcac-lT
r

Fad9

3 or szq]_?:
r r

Where k is a constant of proportionality, called
electrostatic force constant. The value of k depends
on the nature of the medium between the two
charges and the system of units chosen to measure
F, ¢,,q,andr.

For the two charges located in free space and in SI
units, we have

htt
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k=— —9x10° N’ C™
4re,

Where ¢, is called permittivity of free space. So we
can express Coulomb’s law in Sl units as

F - I' Q‘I‘;I

dng, r’

In vector form, Coulomb's law may be expressed as

| -

F,, =Force on charge g due to q,

1 gq, "
=~ s,
Are, r
S _ha

Where 1, =—=, is a unit vector in the direction
r

from g1 and qa.

—*

Similarly,  F, =Force on charge q, due to q,

_ 99 "';1

4re, r

—
-

n

Where r,, = =, is a unit vector '~ .%e di ecti in
r

from g2 to q..

The coulombian forces between unlike charges
(9,9, <0)are attractive, as shown in fig.

L |
[ r |
H- ----- -ﬁ

+q9 ¢ r —q
. | Fy
L6 T

Attractive coulombian forces for g,q, <0.

52. Soln. Suppose the charges are placed as
| shown in fig.
+ 4e -q +e
e -5 < = @
F F F, 2
P ———a-r—
L Jd
] a 1

| YouTube Channel Arvind Academy link
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As the charge +e exerts repulsion F on charge +de,
so for the equilibrium of charge +4e, the charge -q
must exert attraction F’ on +4e. This requires the
charge q to be negative.

For equilibrium of charge +4e,

F=F"'
|l 4exe 1 dexgqg
drg, a°® Am, X°
2
Or q=£1
p

For equilibrium of charge -q,

Attraction F, between +4e and -q

= Attraction F; between +e and -q
. 1 dexq 1 exgq
' 4, x*  4mg, (a-x)’
Or x’ =4(a-x)’
x=2a/l3
I e e 4a® de
| Hi nc q=ﬂ2 =?_T=?,
The equilibrium of the negative charge q will be
unstable.
53. Soln.
+2uC
A

(a) ®)

As shown in fig. the force exerted on charge +2uC by
charge at B,

_9x10°x2x10° x3x10°
(0.20)*
= 1.35N, along AB

Force exerted on charge +2uC by charge atC,
e
n http://bit.ly/2IYvIGF Page 11
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F = 9x10"x2x10°*x3x10°®
: (0.20)°
=1.35N, along AC

Resultant force of F, and F;

F = |F? + F} +2FF, cos 60°
=1.35° +1.35 +2x1.35x1.35x0.5
=1.35x+/3 =2.34 N, along AM

For the charge at A to be equilibrium, the charge q
to be placed at point M must be a positive charge
so that it exerts a force on +2uC charge along MA.

Now, AM =20 -10°
=300 =103 cm
=0.l><J5m
Net force on charge at A will be zero if
‘Eh-tl{i"xvtq,'><2:-:1('ﬂi e
{O.IX\E)‘
or g=2232001x3_,q fO0scHBokc.
18x10
54. Soln.
+1uC
A 1 B
4 X —p P 4— 2-x —p

’ 2m i
Distance between the two charges, AB=2m
PA=xm, PB=2—xm
Net electric field at point P=E

Electric field at point P caused by +44C charge,

—6
A0 1 C atong PA
4ne,(PA)
Magnitude of electric field at point P caused by
+1uC charge,
6
. =L0,N!Calong P8
° 4xg,(PB)

YouTube Channel Arvind Academy link
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4x10™° +1x107*
Now' 7 — b
drey(x)” 4me,(2-x)°

Cross multiply and solve:

drs,(2-x)’4x10™° = 4xg, (x)*1x107°
(2-x)*4x10"° =(x)’1x10°®
(2-x)’4=(x)1
16-16x+3x* =0

Now on factorizing,

4(4-x)-3x(4-x)=0
(4-3x)(4-x)=0

x= ; x =4, possible point on the line will be
4
x=—.
3
55. Soin. Electric field at an axial point of an

electric dipole. As shown in fig. consider an electric
dipole consisting of charges +q and -q, separated by
distance 2a and placed in vacuum. Let P be a point
cnthe el lire ot distance r from the centre O of

t 1@/ ip le )n the side of the charge +q.

= A
-9 (o) +q E, 4 E"l
®- * —— -t T -
—2g —n
o r o

Electric field due to charge -q at point P is

- —q
E =——— (towards left)
! 4ng (r+a) P
Where p is a unit vector along the dipole axis from
-q to+q.
Electric field due to charge +q at point P is

— q " .
E =————— towards right)
" 4xg(r-a) P ( ¢

Hence the resultant electric field at point P is

-

E

-
=E, +E_

—
g

-_——
- http://bit.ly/2IYvIGF Page 12
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__9 11 e
arng, | (--a)* (r+a)’
q 4ar

" 4ng, (rP-a’) P

— 1 2pr °
O B =i, @
1]

Here p = gx2a=dipole moment.

For r >> a, a% can be neglected compared to r

S ] p ~
E . = —
ol 4mg, P P

]

(towards right)

Clearly, electric field at any axial point of the dipole
acts along the dipole axis from negative to positive

b
charge i.e., in the direction of dipole moment p .

56. Soln.

.. The magnitude of the field d E produced by the
element dl at the field point P is

dq _L 4

2

dE=k% -1 &
r° 2mar

As shown in fig. the field dE has two components:

1. The axial component dE cosé@, and
2. The perpendicular component dE sin .

Since the perpendicular components of any two
diametrically opposite elements are equal and
opposite, they all cancel out in pairs. Only the axial
components will add up to produce the resultant

field E at point P, which is given by

2xa
E= [ dE cos 6
0
axial components contribute towards E]

[*+ Only the

YouTube Channel Arvind Academy link
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|: cosB:i]
r
kqx l 2xa kqx I
= s —-lk™ = g3 -2Ada
2ma r 2ra (x*+a’)
[ r=x +02:|
X 1
Or E= qu1m= ; q:[‘ -
(x'+a‘) 4z, (xz+a‘)
57. Soln. The electric flux through a given area

held inside an electric field is the measure of the
total number of electric lines of force passing
normally through that area.

A¢. = EAcos@=E.AS
Sl unit of electric flux= Vm .

58. Soln. Torque on a dipole in a uniform
clec ric £.2\d. 25 shown in fig. consider an electric
(ipc le on iis ing of charges +q and -q and of length

2a placed in a uniform electric field £ making an
angle & with it. It has a dipole moment of
magnitude,

p=qgx2a
Force exerted on charge +q by field E=gqE
(along E)

Force exerted on charge -q by field E=—g E

(opposite to

E)

-

Eru =+q§—qz'=0-

n http://bit.ly/21YVIGF Page 13
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:-;IE

Hence the net translating force on adipolein a
uniform electric field is zero. But the two equal and
opposite forces act at different points of the dipole.

They form a couple which exerts a torque.

Torque = Either force x Perpendicular distance
between the two forces

r=gEx2asin@=(qx2a)Esin@
Or r=pEsing
(p=gx2a)
As the direction of torque _z: is perpendicular to

both pand £, so we can write

- - -

r=pxE

The direction of vector r is that in which a
right handed screw would advance when rotated
from pto E . As shown in fig. the direction of
vector 7 is perpendicular to and points into the
plane of paper.

—»

When the dipole is released, the torque 7 tends to

align the dipole with the field E i.e., tends to
reduce angle @to 0. When the dipole gets aligned

-+ o
with E, the torque 7 becomes zero.
Clearly, the torque on the dipole will be maximum

when the dipole is held perpendicular to E . Thus

. = pEsin90° = pE.

59.

Dipole moment. We know that the torque,
r=pEsin@
IfFE=1unit, #=90°, then r=p

Hence dipole moment may be defined as the toque
acting on an electric dipole, placed perpendicular to
a uniform electric field of unit strength.

Soln. Gauss theorem states that total flux
through a closed surface is 1/ £, times the net
charge enclosed by the closed surface.

Mathematically, it can be expressed as

¢ =[Eds=1
5 50
Electric field due to a uniformly charged infinite
plane sheet. As shown in fig. consider a thin, infinite
plane sheet of charge with uniform surface charge
density o . We wish to calculate its electric field at
a point P at distance r from it.

™y

amra A

By symmetry, electric field E points outwards
normal to the sheet. Also, it must have same
magnitude and opposite direction at two points P
and P’ equidistant from the sheet and on opposite
sides. We choose cylindrical Gaussian surface of
cross-sectional area A and length 2r with its
perpendicular to the sheet.

As the lines of force are parallel to the curved
surface of the cylinder, the flux through the curved
surface is zero. The flux through the plane —end
faces of the cylinder is

¢, =EA+ EA=2EA
Charge enclosed by the Gaussian surface,
q=0cA4

According to Gauss's theorem,

EE

YouTube Channel Arvind Academy link
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Clearly, E is independent of r, the distance from the
plane sheet.

(i) If the sheet is positively charged (o > 0), the field
is directed away from it.

(ii) If the sheet is negatively charged (o <0), the field
is directed towards it.

60. Sol.
(i)

Given, E=50xiand A=25cm® =25x107 m’ As
the electric field is only along the x-axis. s, flux will
pass only through the cross — s¢ 2\ 'on of ylin ler.

Magnitude of electric field at cross-section A,
E,=50x1=50NC"

Magnitude of electric field at cross — section B,
E,=50x2=100NC"'

The corresponding electric fluxes are

¢, =E,.A=50x25x10" cos180°
= —0.125Nm’C"

¢, = E,. A=100x25x10 cos(°

= 025Nm’C-1

So, the next flux through the cylinder,
¢=9,+8, =—0.125+0.25=0.125Nm’C"’

(ii) Using gauss's law

L ]
YouTube Channel Arvind Academy link

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.

u http://bit.ly/21YvIGF Page 15

ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE. ATDB PDFZ

fEda=L=0125=-—L
P 8.85x10

= ¢=885x0.125x10" =1.1x10™"*C

61. Soln. (i) Given:

E =50xi
And AS =25¢m’ or 25x107'm’

As the electric field is only along the x-axis , hence,
flux will pass only through the cross-section of
cylinder.

Magnitude of electric field at cross-section A,
E,=50x1=50N/C.
I 1ag nit u. Of - tric field at cross-section B,
E,=50x2=100N/C
The corresponding electric fluxes are
6, =E.a5
=50x25x10" xcos180°

=—0.125Nm’ / C?
fi4, =E.AS

=100x25%10" xcos0°
=025 Nm* / C*
So, the net flux through the cylinder,
fie=fe.+fie
=0.125+0.25
=0.375Nm’ /| C*

(i) Using the Gauss's law,
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- — q
=[[|E.ds==
¢=(f|E.ds =
> 0375=—1 _
8.85x10™"
=  g=885x10""x0375
=33x10"C.

62. Saln. In a long straight wire with uniform
charge per unit length A, there should be electric
field generated by charge distribution for cylindrical
symmetry. Also, field to point will radially be away
from the wire.

I

E —

i —

=l =y

In this, cylindrical gaussian surfac : is Co—« xal viu,
the wire of radius R and length ! »# ere s mmn 2try
implies to electric field generated by wire that wil

| be perpendicular to curved surface of cylinder, so as
per Gauss' law,

ER)x27RL=2L
£,

l Where, E(R) is electric field strength which acts as
perpendicular distance R from the wire.

In figure, left part shows electric flux through
Gaussian surface while right part shows total charge

enclosed by cylinder which is divided by &,.

A
2me,R

Further, ER)=

Here, the field points are radially away from the
wire then A >0, and radially towards the wire
when 4<0

63. Soln. (i) If a charge q is removed from point A, a
negative charge is developed at A where electric
field will be

I ————

YouTube Channel Arvind Academy link
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E :-I—i2 which is along OA .

drg, r

(ii) If a charge q is replaced by charge -q at point A,
there generates a net electric field at point O as a
result of -2q charge, so

9 -29+q
q T q q
e —_—
.
4ng, r’

e 2—?afong O0A
drg, r°

64. Soln.
cm

Flux of this field through a square of 10

Flux of the square with normal making 30° angle
b= Elcist
#=5x10" <107 cos0° NC"'m’
@#=50NC"'m’
¢ =5%10"x107 cos60° NC"'m’
=25NC'm’
65. Soln. Here, m=10% kg, q=5x10°C,E=2x 10°
N/C,
U=20m/s,v=0

As the particle enters opposite to the field, so it will

retard.
Acceleration, = ﬁ
m
_ _5><IO4'><2>-CIOs
10”7
=-10"m/s’
Using, v =u’ —2as
0=(20)* -2x1000x s
= s =£=1=0.2m
2000 5
e =S ————1}

Page 16




ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.

(@BOARDDISCUSSION12TH



Created By Chankaya 


ATDB.uno

ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.

SURE SHOT QUESTIONS
Chapter — 02
Electrostatic Potential and Capacitance

McQ
| 1. Soln. (d): Current in the lower arm of the circuit,
=——n~2.5,’ =
20+05Q

Potential difference across the internal resistance
of cell = (0.5Q2)(1 A) =0.5V and potential
difference across the 4 F capacitor
=2.5V-05V=2V.

Charge on the capacitor plates, Q=CV =
(4uF)Y2V)=8ucC.

2. Soln. (c): In a uniform electric field, when a
positively charged particle is rel” ysed i wirr 3,
moves along the electric field, »~ is frc¢ m h ther
potential to lower potential. Therefore, electric
potential energy of charge decreases.

3. Soln. (c): In all the three figures, V', = 20¥ and
V, =40V
Work done in carrying a charge q from Ato B is
W=q(V,=V,)
| Hence, work done is same in all figures.

4, Soln. (c): Potential at any point inside a charged
conducting sphere = potential on the surface,

| ) = kq =100V
R
Now, =- d—l =0 (" V'is constant)
dr

| 5. Soln. (a): For a collection of charges, whose total
sum is not zero, equipotentials at large distances
must be spheres only.

6. Soln. (c): The capacities of two individual
K.g,A and C. = K.e,A4
d, *T g,

condensers are (|, =

The arrangement is equivalent to two capacitors joined
in series.

.. Equivalent capacitance,

| d, d,
—_ + =
G

_ A [d d]_ 1 [Kd+Kd,
sAl K, K, £, A KK,

1] 0

I
C, KegAd KA

L
C‘"‘F

or €, rapd] K]

K.a +Kd,
Kg, A
d +d,

Also C,, = PR )

From (i) and (ii), we get
EDA L =£OA R
d,K, +d K, d +d,

_ KKy (d +d,)
d.K,+d K,

K

7. Ans. (a): Potential, V = 3x?

E=2 32— _6x
dx

E(1,0,2)=-6x1=-6Vm?
E=6Vm'along -x axis

8. Ans. (a) : For spheres, the equipotentials at a large
distance from a collection of charges, the sum is

non zero.

9. Ans.(d):Given,r;=10cm, rz=15cm
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Work done = change in PE

w=kaQ _kqQ
h r
W=9x10"x5x3xm-'*['i'_°_@]
10 15
=9x15x10'7|:ﬁ:|
30

-7

W=9><|5x|0 —45x107J
30

10. Ans. (d) : When an neutral conductor is placed
between plates, a negative charge is induced on
upper part and positive charge is induced on
lower part of sphere so the correctly field lines
are represented in (d).

+  + + o+

11. Ans. (c) : The electric field between the oppositely
charged plates of a capacitor in twice of that due
to one plate. So, when the one plate is removed
the electric force reduces to half of its earlier

value.

12. Ans. (3a) : When they are connected in parallel, V is

same
so, -1
¢ G,
4, S
9. G

13. Ans. (c) : For the two series capacitors

4uF  4pF

|

4uF

YouTube Channel Arvind Academy link
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_4x4
Y 444
C,=2uF
Now, C_and 44F in parallel.
C=2+4=6uF

14. Ans. (a) : Voltage, V=200V,
C =2uFto C,=X uF

Decrease in energy, AU =2x107J

AU=1C,I’Z—~1CJ"
2 2

2x10° =%x200x200(2-,¥)x|0*;x —\uF

dV
15. Ans. (a): As, £ = —E. Hence, the graph of

electric field E as a function of ‘x’ will be shown as:

3
+E + —
:
0 2 4 6-—){
3

16. Ans. (a) : Botn the electric potential and electric

field achieve a maximum magnitude at B.

17. Ans. (d) :
P
I
-q r r +g
Potential at ‘P is, V, = k{—q{ + A‘(q)1 =0
Jr‘+f‘ Jr‘+l'
18. Ans. (c) :
+2q
r
2 IoNE
r r
-q ‘_IEI. -q
http://bit.ly/21YvIGF Page 2
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Net electric field intensity at centre G, £ # 0 C ‘
Net potential at G, M :‘_ _
[+ -
l!_kxz'?_kq_kq + -
| r r o r
= p—
V=0 v
.. When battery is disconnected
19. Ans. (c) : In uniform electric field, equipotential Q = Charge remains constant
| surfaces are never concentric spheres as they can C i
never intersect but perpendicular to electric field EK
lines. v
| C'=KC ‘
‘ For question number 6, two statements are given one Q'=C'V"
labelled Assertion (A) and the other labelled Reason o=C'V'
| (R). Select the correct answer to these questions from Q=KCl" |
‘ the codes (a), (b), (c) and (d) as given below.  [2020 Loy i _ L [ . QJ ‘
-21) KC K C
‘
| |
As, 6,=0"and 6, =90" ; 24. Ans. (b) : Electric field is always at right angle to |
‘ . W = pE(cos0’ —cos90", | eq ip ite iti |l su rface because there is no potential ‘
= pE(1-0)=pE gradient along any direction parallel to the surface

‘ Given below are two statements labelled as Assertion and so an electric field parallel to surface. ‘

(A) and Reason (R). Given below are two statements labelled as Assertion

| 21. Ans. (b) : As the three capacitors are joined in (A) and Reason (R). ‘

‘ series, 25. Ans. (c) : Electrons move from a region of low
l — l + L + _l, potential to high potential.

' c C G C

‘ l - l + 1 + l = 3+2+1 = é 26. Sol. (d):The potential of a conductor depends upon
C 23 6 6 6 the charge given to it and there exist a potential

, s C=1luF different between two adjacent conductors.

‘ 22. Ans. (b): *" F,=F, . F=qE 27. sol. (c): The capacitance of a capacitor filled ‘

' ’ ' partially with a dielectric of thickness t given by

E =q=same C= £0A

T d-tl1-1/K]

For metals, K = o, » C = :”—_’:. ‘
Now if the capacitor is filled completely with a
metallic slab, thent = d, .~ C = o i.e., when a

| 23. Ans. (c): charged capacitor filled fully with a metallic slab,

‘ then capacitor is short circuited i.e., it will no more i

Now, P.E. = qV(r)
(P,E.)P >(P.E)),

work as a capacitor.
e e ———————— e et et
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28. Sol. (a): The capacity of a parallel plate condenser is other gas atoms coming in their path. The positive
givenby, C = % (i) ions move towards the cathode and eject more

electrons from the atoms of the cathode. These
fresh electrons also rush towards the anode, i. e.,
the flow of electrons and positive ions is maintained
in the gas. On reducing the pressure of the gas, the
discharge current increases further.

Electric field intensity becomes-:; times [as K =

. Ey/E], therefore potential V also becomes 1 IK
times. Hence, from equation (i) capacity becomes K
times. Thus electric field decreases and capacitance
increases when condenser is filled with insulated
medium of some dielectric constant.

29. Sol. (a): Capacitance of parallel plate capacitor is Case Study [4 Marks]
C= % . Thus distance decreases and
capacitance of capacitor increases. The following questions are source based/case based

questions. Read the case carefully and answer the
30. Sol. (c): Earth is a good conductor of very large size.

When some small charge is given to earth, its questions that follow.
potential does not change. Hence potential of earth
is assumed to be zero. It is just like sea level which 34. Ans. (a) Here, a uniformly charged conducting shell
does not alter materially when water is added to it
. or removed from it. Thus, the potential of all other
bodies are measured with reference to the earth. We know that,
For this, if the connection of a charged body to the * A
ground by a metallic conductor would cause ™ | ! beceeeaao.
electrons to flow to that body from ground, the E
body is at positive potential. Conversely, is also 1
true. In either case the conductor is neutralized and Ee 2
brought to zero potential. In fact *he g*~=2ph - r
does possess significant electric Jie'd. |

of radius R.

31. Sol. (d):The whole charge of a conductor can be
transferred to another isolated conductor, if it is
placed inside the hollow insulated conductor and
connected with it. E =0, (0<r<R)

(Y%
(]

kQ
. Sol. (c): If two points P and Q in an electric field are E, = R (r>R)
| separated by an infinitesimal distance Ax and have

. v kQ
a potential difference AV between then, E = e v E E—

- R
Here negative sign implies that E' has got a direction k X
opposite to the potential gradient i.e. in the And at 3R, E = _Q = _Q
direction of E the potential decreases i.e. positive (GR)” R
charge always move from a higher potential point {b) Q, has more slope than Q..
to a lower potential paint. vhs o

33. Sol. (b) Both A and R are true but R is NOT the
correct explanation of A
Explanation: Both assertion and reason are true but
the reason is not the correct explanation of
assertion. When the pressure of a gas is lowered,
the number of gas atoms become very small.
Hence, the positive ions and the electrons are able
to move over a long distance under the action of 1/r
the electric field without any collision. Their mean So, Q>Q )
free path becomes longer. The electrons rush
towards the anode and ionise by collision with

YouTube Channel Arvind Academy link © http://bit.ly/21YvIGF Page 4
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V=—" ...l

-9

Because both are straight line passing through
origin.
y=mx S 11}
So, Qxm,
O _tan60’ S 9 3
1

Q. w3’ 1/f37Q
(c) Given, p=6x107 C-m

E

o---l...g

@ 5 4
E=10"N/C

Since, dipole moment and electric field are
parallel to each other.

So, 0=0".

Potential energy, U = —pE cos 0
U=-6x10"x10*

U =-6x10" Joules

OR

An electric dipole of dipole moment p is initially

kept in uniform electric field £,

™ E

-
-

®+q
p
®-q

L

L

U ==PEcos@
or dU =-PEcos@ df

IdU = —Pffcoswa

3

AU = _[dU = —pElsmﬂI

. 4
[Mn{ -)- 5|n2]

AW =AU
—pE10-1]= pE
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35. Soln.
1. (¢) The Q charge on a capacitor indicates that th |
charges on its plates are + Q and -Q. ‘

2.(b) V=Ed

As E remains the same, so V increases as distanc
increases.
1 1 1 1
() ==—+—+—
()C. C+C+C+...
c-C
n

.. n factors =
ors C

1 1 11 6 1
4 () —=—4—p—=—=_ -
C, 273767671 = CaluF
Charge on each capacitor is
q=CV =1uFx10V =10 uC.
5.(c) €, =16-6=10V
2x3 6
C
“"2.3 5"

9=C.t., -guw-upc

F

P.D. across 2 uF capaditor,

12uC
v, .—-—q- = L =6V
¢, 2uF
http://bit.ly/21¥vIGF Page 5
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Question

36. Ans. Let q be the charge on each droplet.

Then V=—_9 (i)

dre, r
Volume of big drop = N x volume of small drop

4 +

—aR =Nx—=nr'

3 3

Where R is the radius of the big drop.
= R=N"r ... (ii)

And Q = Ng, where Q is the charge of bigger drop
.". Potential of larger drop,
1 O 1 Ng _ N

- = - Ir=N2-3"f
dme, R 4mey N''r NY°

l:r

A P B
"-l'A i q-g
L d x
e
—d-x—>

V _kq,
P

x
, __ka,
PR (d-x)

38. Ans. Electric field inside a parallel plate capacitor

=E
+ + + + o+ o+ o+
a > b
A l E )
d < c

Here, electric field is conservative, Work done by
the conservative force in closed loop is zero.

YouTube Channel Arvind Academy link

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.

So, required work done = 0.

39. Ans. Equipotential surfaces in a constant electric

field in Z - direction.

v 4!

- .
g »

L

> = L *

For constant electric feld
Electric field as gradient of potential consider a
point charge +q placed at point O. Suppose that V
and V" + &1 are electrostatic potential at points A
and B, where distance from the charge +q arer
and r—Sr respectively.

V+oV)y=V+ oW
9
5!’=5W .............. (i)
9

If E is electric field at point P due to charge +q
placed at point O, then the test charge qo

experiences a force equal to qo £ and the external
force required to move the test charge against the
ele itr Zn»ld £ 's given by

F= —y E

Therefore, work done to move the test charge
through an infinitesimally small displacement

P_Q. = E’ is given by

AW =F. 81 =(~qE).81 =—q,E5lcos180" = g,E5

As the distance r decreases in the direction of &/, then

oW =—q,Edr

oW
qo

-Edor e (ii)

From equations (i) and (ii), we get

- oV
oV =-Eér, E=-— (1)
or
40. Ans. Equipotential surface is the surface with a
constant value of potential at all points on the

surface.

hTT[)}}Y}II ly/21YvIGF Page 6
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i Equi i i i -
(i) quipotential surface for single point — pe—Ttx -
charge: } } —
W=0
+Q - " — -Q;
.. Potential at P due to Q, = potential at P due to
Q
kQ, kQ,
— =——==(r—-x =x0,
x (r=x) : )0, =30,
rQ, = xQ =x0, = rQ =x(0,+Q,)
(ii) Equup::.atentual surfaces in a constant o y=_T0
electric field in Z - direction. 0 +0,

Y

L
>

v
v

42. Ans. (a) Force on charge Q due to charge g.

[_’ = a

A 4
v
»

v

-
>

> > > >
For constant electric field a oY 2
Equipotential surfaces about a single charge are Q
q >F,
not equidistant because electric potential, } o 4 a
r v Fo
F
(ili)  Electric field cannot exist tangential to an a
equipotential surface. F = Lx q?
; ' 4ig
If the field lines are tangential, v ork \iill b : do = i, Furce on hiarge Q due to another charge Q.
moving a charge on the surface whereas on 1 o’ | Q—
= x = —_—
equipotential surface but we know that . 4re, (aﬁ)z 4re, 2a
‘ Wis=gq,(V;=V,)=0 Net force on charge Qs
F =F +,’F3+F1=F +F 2
41, Ans. (a) The work done to bring the charge Qs from net 0 L ¢ ‘*J_
1 0 1 q0
. . r = X -+ X— JE
infinity to 7 4ne, 2a° 4ne, a
Frome=to % N = 0 = I:Q + \Eq] along diagonal
Qs dregaa | 2
+Q ' -Q, (b) Potential energy of the given system
- - > U=Ugy+Up +U o +U, +Upy =4U 5 +U, +U,,
woy-_ 1 Q0 1 00 | AP S
4mz, r12 4, rl2 Are,a  4zz,(V2a) 4z, (2a)
I 20 1 ¢ . O
- Q-0 =——{4g0+-—+
dre, r [0 -] 4rg,a a 2a
(b) Consider a point P at a distance x from Qu
where work done is zero. Then 1 4
43. Ans. (a) F ;= —L,q)
dre, I
e ] — - e —— -
YouTube Channel Arvind Academy link > http://bit.ly/21YVIGF Page 7
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2
dng, I’

Angle between forces F',; and F . is 120°.
Magnitude of resultant force,

F=\F% +F +2F ,F,.cos120°

-4;5 (ij(c:) +(2) +2x4x2x (2']
TG = o (245)

= 16+
4re, f

(b) Required work done =Change in potential

energy of the system= U —-U

=0-(U ,+U,-+U.)

- = [q(—49) +(-49)(29) +(¢)(29)]
dre,l

10g
=—[-4¢° -8¢° +2¢°]=
4”qu q q]4ﬂw

£,1
44, Ans. (i) Capacitance (“-T
a 8.85x10 " x6x10"
- 3x10™
(i) Charge Q=CV = 17.7 x 10! x 100
=17.7x10°C

=17.7x107"F

(i) € =KC
Q'=KQ=10.62x10"C

45. Ans. (i) In the circuit C, C3 and Cq are in parallel
wm,,,, =C,+C,+C,=2+2+2=6uF

C1 cpr*l C
At —u——a «A———+—F8

YouTube Channel Arvind Academy link (53]
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.. Equivalent capacitance between A and B is
| | | 1
=—+ +—
¢, C

puraliel C,“

euivalent
I 1 1 3+1+43 7
—t === =—
2 6 2 6 6
C

equnalent
(i) 0=

C

~N |

=0.86 uF

=0.86x7 = 6uC

", Energy,E=5Ql'=%x6x7=2]J

nrwm.'ﬂll

46. Ans. Electrostatic energy stored in the capacitor,

I}
1t
12 pF

]
"sov

U =lc*l’2 =lx|2x10 12y
2 2

(50)°
(As C =12 pF, V = 50V)
U=15x10%)
When 6 pF is connected in series with 12 pF,
charge stored across each capacitor,
cc, |,
Q=—"21
J C + C:
| p— =—=—

| 1.pF épr

S0V
_12x6x107™
T (12+6)x107"
Now, potential difference across 12 pF is,
_Q 200x10"
T C 12x10°"°

Potential difference across 6 pF is,

x50 = 200 pC

=16.67V

S0 _200xI0° 4333
C 6x107"
c =54
47. Ans.Here, =~ d
C.—”" £,C, =4C,

F

http://bit.ly/2IYvIGF
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(i) C,and C, are in series, so equivalent

capacitance is given by

T C,+C,
C x4C

= 4= oo auF
cvac, He)
3G . e =s5uF

And C =4 C =20uF

(ii) Charge on each capacitor, Q = CV

0=4x10°x15=60x10"°C

Potential difference between the plates of X,

Vo= g _ 60x10°°
C, 5x10°

Potential difference between the plates of Y,

V=V-V =15-12=3V

(iii) Ratio of electrostatic energy stored,

=12V

1Y
U, _2 64,
U~ @ ¢ C
2C

48. Ans. (i) Given that energy of the 6 i capacitor is E
Let V be the potential difference along the

capacitor of capacitance 6 uf .

Since, 1(‘!’2 =E lxbxlO"xl’z =E
2 2

E

= VI==x10°
3

Since potential is same for parallel connection,
the potential through 12 uF capacitor is also V.
Hence, energy of 12 uF capacitor is

E,=tx12x10° %17 = Lxi2x10 x Exi0° =2
2 2 3

(ii) Since charge remains constant in series, the
charge on 6 uF and 12 uF capacitors combined

will be equal to the charge on 3 uF capacitor.

Using the formula, Q = CV.
We can write

(6+12)x10°xV =310 x V"
V=6V

YouTube Channel Arvind Academy link
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Using (i) and squaring both sides, we get
V2 =12Ex10°

o Ey

%xh’lo *x12Ex10° =18E
(iii) Total energy drawn from battery is

E,,=E+E,+E =E+2E+I8E=21E

49, Ans. GivenE=10r+5

Now the electric potential, V' = —j E.dr

10 b 10
==[(10r+5)r =—[g+5r]
] 1

-

1[5 +5r]"° = (5% 100+ 50)— (5 + 5)] = —540F"

IF
50. Ans. Electric field £ = —d—
X

For x=0to |, ¥V =kx
x=1lto2, V=k
x=2103,V=-kx

Where k is some constant
| Sc¢, usina (i) *-a variation of electric field is shown

-

| in fig ire

+E

-E

v

51. Ans. Since net force on electric dipole in uniform
electric field is zero, so no work is done in moving the
electric dipole in uniform electric field, however some
work is done in rotating the dipole against the torque
acting on it. So, small work done in rotating the dipole
by an angle do in uniform electric field E is

dW =r1d0 = pEsin0d6

Hence, net work done in rotating the dipole from

angle '9, to 9; in uniform electric field is

W= I: ' pEsin0d0 = pE[-cos 0]

http://bit.ly/2IYvIGF Page 9
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or W = pE[-cos#, +cosf | = pE[cos 6] —cos 6, ]

0
If initially, the dipole is placed at an angle 8, =90 to
the direction of electric field, and is then rotated to the

angle 9, =0, then net work done is

W = pE[cos90” —cos 0]
or W =-pEcosl

This gives the work done in rotating the dipole through
an angle #in uniform electric field, which gets stored in
it in the form of potential energy i.e.,

U =—-pEcos@

This gives potential energy stored in electric dipole of
moment p when placed in uniform electric field at an
angle Awith its direction.

()  When @=0",then U, =—pE

So, potential energy of an electric dipole is
minimum, when it is placed with its dipole moment
p parallel to the direction of electric field E and so
it is called its most stable equilit ium £ Zilic .

(i)  When 0=180°, ther U_, =+ pE

So, potential energy of an electric dipole is maximum,
when it is placed with its dipole moment p anti-
parallel to the direction of electric field E and so it is

called its most unstable equilibrium position.

52. Ans. Capacitor is based on the principle of
electrostatic induction. The capacitance of an
insulated conductor increases significantly by
bringing an uncharged earthed conductor near to

it. This combination forms parallel plate capacitor.

(a) Magnitude of electric field intensities

E=E=-—-

2g,

YouTube Channel Arvind Academy link
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+a -
f: E: + E1 - E‘z E'i
->> «—
v B -
| n 1]
Plate-1 Plate - 2
(i) In region | (outside)
ag a
E=E,-E=—-—=0
2e, 2g,
(ii) In region Il (inside)
o g g
E,=E+E=—+—="
2 2 ¢,
(iii) In region lil (outside)
g o
Ey=E-E=c—--—=
£, 2§,

In the region Il i.e., in the space between the plates,
resultant electric field E;, is directed normal to plates,
from positive to negative charge plate.

(b) The potential difference between the plates is

v-E,4=2d or ="y
£, Ag,

tc) Capacitance of the capacitor so formed is

53. Ans. (a) A pair of equal and opposite charges separated
by a small vector distance is called an electric dipole. An
ideal dipole consist of two very very large charges +q
and -q separated by a very very small distance. An ideal
dipole has almost no size.

Water molecule is an example of electric dipole.

(b) Torque on a dipole in uniform electric field:

When electric dipole is placed in a uniform electric field,
its two charges experience equal and opposite forces,
which cancel each other and hence net force on an
clectric dipole in a uniform ¢lectric field is zero.

+q A 3

.s—e—» +gE

> (i} 5 .
=-qQ (1] : 2051!19’ E
B 2acos0

However these forces are not collincar, so they give rise
to some torque on the dipole given by

http://bit.ly/21YvIJGF Page 10
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Torque = Magnitude of either force x Perpendicular
distance between them

r=Fr,=qE2asin@=q2a.Esinf

Or r=pEsin®

Where fis the angle between the directions of ;
and E.

In vectorial form, r= ;;x E

(i) When @ =0"0or 180° then T, =0

(i)  when 8=%0" thent_ =pE

Thus, torque on a dipole tends to align it in the

direction of uniform electric field.

If the field is not uniform in that condition the net
force on electric dipole is not zero.

- —
When #=0; r=0and p and E are parallel and
the dipole is in 3 position of stable equilibrium.

(c) Torque r = PEsin@=Q/sin@ i)

Here /is the length of the dipole, Q is the charge
and E is the electric field.

Therefore Q = Torque/Esin (¢/)

=Sﬁf(Zx10'1)(105)§=3x10'3C

Potential energy, U = —PE cos 8 = —Ql cos 0
...(ii)

Divide equation (i) by (i),

LI M(uhwe}’ o)

U -Q/cos@
I tnf=>U=—7" _SJ- -8J
U -tan60" 3

54. Soln. (a) Force on charge Q due to charge q.

;-;:' 90
4re, a

YouTube Channel Arvind Academy link
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Q q
a a2
Q
q a »F,
v Fo
F,

Force on charge Q due to another charge Q,

1 o’
F = x m
¢ 4re, (a \E )*

e

-_

4re, 2a°

Net force on charge Q is

F, = Fo+ F2+F =Fy+ F\2

_ o 1 qQJ‘

X = +—
4re, 2a° 4neg,

——Q—[ 5 +2 q]m’ong diagonal

LY N
(uy Fotential energy of the given system.
U=Upp+Uy +U+Ug +U, +Uy
=4U,, +U,, +Ugy,

_ 40, ¢ O
4re,a 4;rz:,,(\/5a) 4fran(ﬁa)

I ¢ ¢
=— |40+ —+—
4:&.},3[ Y J?_.a ﬁa]

55. Soln. The potential at any point on the surface of
the conductor having radius r and charge q is given
by

1
y=—o-9
dre, r
Where &, =8.854x 102 C°N'm™
The capacitance f the spherical conductor situated
in vacuum is given by

c=9_-_9
V I q

dne, r
C = 4ne,r

————
http://bit.ly/2IYvIGF Page 11
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Hence, the capacitance of an isolated spherical
conductor situated in vacuum is 47, times its

radius.

1
2C

|ia

56. Soln. Energy stored = %Cl” =
Net capacitance with switch S closed =C+C=2C
Energy stored = %x 2CxV*=C1?

After the switch S is opened, capacitance of each
capacitor = KC

Energy stored in capacitor 4 = %KCI"

For capacitor B,

Energy stored

-
i

_l Q! _l(-:r: _lC['F
T2KC 2 KC 2 K
Total energy stored
ke LV
2 2

On dividing (i) and (ii)

20’k 2K
C(K*+1) (K+D

Required ratio =

57. Soln. Given,
c=100ul
d=4x10"m
V=200V
k=5
o=CV

=200 x 100 x 10°®
=2 x 107 Coulomb

-lm—l-’
{Hl
c c
4 mm Fg-B
Fig-A

Here, C' will be capacitance with dielectric of 4 mm
& 8 mm separation between the plates.

C'=KC=5x100x10°=0.5x10"F

(i} Thus, equivalent capacitance
| 1 1 | |

—_— e — + T
C, C C'" 100x10° 0.5x10"
=10x10'+2x10*
=12x10’
L =12x10°
Cn.'
|
(“ -
“ 12x10°
=L><ll[]'1
12

¢, =8333uF

(i) Electric field inside dielectric will be
El=EE 12
K 5xIo

3
=50><llJ ~10x10’

= 10000v/m

And Electric field inside capacitor but out of
dielectric Area will be

E=50x10°V /m

(iii) Energy density f capacitor is given by:

As dielectric of 4 mm is inserted between the plates
of capacitor and the spacing between the plates is
doubled then it will acts as following fig-A and fig-B.

‘YouTube Channel Arvind Academy link <
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Q'[1 1] 2x107x2x107 ;
= _[E+__ 5 [12x10']

ed)

=2x10"x12
=24)

58. Soln. (a) Consider a capacitor of capacitance
. C. Initial charge on capacitor is zero. Initial potential
difference between capacitor plates is zero.

Let a charge Q be given to it in small steps. When
charge is given to capacitor, the potential difference
between its plates increases. Let at any instant
when charge on capacitor be g, the potential

difference between its plates | = E‘:— .
A B
++Q Q-
+* -

+ -

+ -_—
Vol Ve
+* e
L -

+ -

L/
4\pp =V

Now work done in giving an additional infinitesimal
charge dq to capacitor.

aw =V dq=%dq

The total work done in giving charge from0to Q
will be equal to the sum of all such infinitesimal
works, which may be obtained by integration.

Therefore, total work done.

) pq
lI"=]l’d = | =
g {C q

L[Q_JL{QO]Q_
cl2| cl2 2) 2c

If V is the final potential difference between
capacitor plates, then Q= CV

, (CV)Y 1 ., 1
W=——==CV"'==0V
2C 2 2 Q
YouTube Channel Arvind Academy link =

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.

ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.

This work is stored as electrostatic potential energy
of capacitor i.e.,

Electrostatic potential energy,

Q1
U:—:—
2C 2

Energy density: Consider a parallel plate capacitor
consisting of plates, each of area A, separated by a
distance d. If space between the plates is filled with
a medium of dielectric constant K, then

bl I
CVi=—QV
59

Keg, A
Capacitance of capacitor, C = ——

If o is the surface charge density of plates, then
electric field strength between the plates

E=

o .
—=>0=K §E

Keg,

Charge on each plate of capacitor,
Q=04=K¢g,EA

.. Energy stored by capacitor,

2 2

_Q _ (KgEA)
2C 2AKg,A/d)
= i Ke,E ‘Ad
2
But Ad = Volume of space between capacitor plates
. Energystored, U = % Ke,E'Ad

Electrostatic energy stored per unit volume,

U o1 ,
= _lKeE?
Me=Ta 2" %

This is expression for electrostatic energy density in
medium of dielectric constant K.

(b) Initially, if we consider a charged capacitor, then
its charge would be

Q=cCv
A—Y) B
C
And energy stored is
U, =scr? (i)
=3
- http://bit.ly/21YvIGF Page 13
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Then, this charged capacitor is connected to
uncharged capacitor.

Let the common potential be V. The charge flows
from first capacitor to the other capacitor unless
both the capacitors attain common potential.

cY,

C.V,
= 0, =CV, and Q, =CV,
Applying conservation of charge,

Q=0+, =>CV=CV +CV,
= V=V+h ) ='E[-.-v, =V,]

Total energy stored,

SO | 1)

= u,=1c
1Ty

From Equations (i) and (ii), we get
U, <U,

—> Energy stored in the combination is less than
that stored initially in single capacitor.

59. Soln. When S is closed:
P.d. across C; =P.d. acrossC; =6V
V=V,=6V [ q=CV]
S gy =gy = <6V =6uC
When $ is open:
When dielectric slab (K = 3) are inserted,
C, =3x\uF =3uF
C, =3xluF =3uF

P.d. across C,

‘YouTube Channel Arvind Academy link
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g, =3uF x6V =18 uC
P.d. across C,,

T LS T
*TC, 3uF
V,=2V

60. Soln. Electric potential due to a point charge.
Consider a positive point charge q placed at the
origin O. We wish to calculate its electric potential
at a point P at distance r from it, as shown in fig. By
definition, the electric potential at point P will be
equal to the amount of work done in bringing a unit
positive charge from infinity to the point P.

®- -— ™ :n ..... ®
0o P B A

—r —

po—— x —

‘up)o: e ate tcharge qois placed at point A at
ciet ince x frem ). BY coulomb’s law, the
electrostatic force acting on charge qo is
|
Fe qq

dng, x°

r

The force F acts away from the charge q. The small
work done in moving the test charge qo from Ato B

through small displacement dx against the
electrostatic force is

W= [dw = —der=—j#.%dx
* x 0 -

=_£n_jx-=¢r=_&[_1]
x x

dne, 2 4re,
_ 99 l_L]: 1 49
dre,\r =) 4drs, r

Hence the work done in moving a unit test charge
from infinity to the point P, or the electric potential
at point P is

. W , ]
V=—or V= 4
4 dre, r
http://bit.ly/21Yv)GF Page 14
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61. Soln. Electric potential at an axial point of a
dipole. As shown in fig. consider an electric dipole
consisting of two point charges -q and +q and
separated by distance 2a. Let P be a point on the
axis of the dipole at a distance r from its centre O.

| -4 +q

‘ e— & IO 4
A (0 B P
— 0 —W—— g —

be r 4
Electric potential at point P due to the dipole is

1 9, 1 9
dns,” AP 4rme, BP

‘ V=V +V,=

l ¢ . 1 4
dze, r+a A4me, r-a

|
dre,r—-a r+a

q [(Ha)—(r—a)]_ I  gx2a
‘ dne,| r’-a drg, r’ -a’
=l P [p=gx2a]
drzg, r°—a’
. 2 2 1 p
For ashort dipole, a” <<r-,s0! =- — —:.

Az

| Electric potential at an equatarial point of a dipole.

‘ As shown in fig, consider an electric dipole
consisting of charges -q and +q and separated by

| distance 2a. Let P be a point on the perpendicular
‘ bisector of the dipole at distance r from its centre

‘ Electric potential at point P due to the dipole is

g 1
T N . R
’ 4;:50 AP 4,frg,, 'BP

\ S

YouTube Channel Arvind Academy link
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62. Soln. The potential due to similar charges is
additive while electric field at a point due to
individual charges are added vectorially.

A E;e—O0—+E, 8
& 4
— X Ke—x;—»
q,=1.5C ;2.5 uC
r=30cm=0.30m -

(a) The electric potential at mid point O.
1 )
! (9,9
dre,\ x,  x,

0.30

Here x, =x,=——=0.15m

2.5x10°
0.15

1510
V=9x10"
) { 015

]=9x10 [mxlo += 3 V10
=9x]0”x%xl0"=2.4xlﬂ‘ volt.
Electric field at O due to q. is towards 4B and that

c'ue "0 .7 torwe~ds BQOis net electric field at mid
foir:C

1.5x10™
(0.15)

.E=E:_E|= ]=9!|0u|r25xlo -

1 (4 _a
dre,\ x} X (0.15y°

=40x10° N/C Charge fromq, tog,.

(b) Let P be a point at distance 10 cm = 0.10 m from O,
in a plane normal to line AB.

AP = BP = J(0.15)* +(0.10)* =0.18m

4N
VLN

+—015om—e=—0.15cm—>

Electric potential at P

- | 4, q :|
" 4zg,| (AP) (BP)

http://bit.ly/2IYvIGF page 15
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& -6 E §
—gxqg| 12X107  25x10 ana=-2=32%10 > 69
0.18 0.18 E 23x10
9 H
_9x107x40x107 _, o 10f vour. =  g=tan"(2.69)=69.6"
0.18
‘ Electric field at P due to qu,
63. Soln. Equipotential surface is a surface

which has equal potential at every point on it.
‘ (i) Equipotential surfaces due to single point charge

= " S5x10° ' ic spheres havi :
E q—la!ong PO =9x 10° x 1.5x IS(; along O are concentric spheres having charge at the centre
TE, 1 -

‘ Electric field at P due to q;

6
Z—'SX—IO,— along AR
Az, 1y (0.18)°

‘ E, = ! q—gm’ongI;Rz‘?xm"x

Resolving E, and E; along and normal to AB. - . o

(i) In constant electric field along z-direction, the

Net electric field along perpendicular distance between equipotential
surfaces remains same.

BA E =E,cos0-E cosé AZ
]
‘ X d, < d' :
=(E,-E,))cos@=(E, T ;- av
r ) 4| ,o——
| l e 2v
d, Equipotential surfaces
' v
S5x10°-1.5x10" ASY . emccmcsmamme==== >
~9x10° 2.5x10 ﬂSx X(OIS) /,__ d
(0.18)° 0.18 L
o,
9 -6
. 0.1 4
=9x|0 xlelO x( 5)=2.3K105NKC P
‘ (0.18)° 0.18 ,’
‘l
Net electric field normal to AB, b’x
E, =(E,+E,)sin@ For single charge, equipotential surface will be series
of concentric spherical shells with charge at centre,
dr o 1
— 9x10° 2.5x10° +1.5x10™° | 0.10 E
=i K (0.1 8): X 0.18 The separation dr between equipotential surface will
‘ y go on increasing with decrease in electric field.
| —9x10° x 40x10™" 10 _ 6.2x10° N/ C (i)  No, because if the surface is not equipotential
0.18)° 18 then it would mean that there is tangential
component of electric field along surface.
‘ Net electric field This component will result in motion of electrons, but
, E= JE: +E} = J{Z Ix10° ): +(6.2x lO’}’ —6.6xID°N JFs(i_nce we have static fields, this is not possible. ‘
X j, - - p— .
, . . 64. Soln. Computing electric field from electric
‘ lfha 's the angle made by resultant field with AB, potential. As shown in fig. consider the electric field |
then due to charge +q located at the origin O. Let A and
B be two adjacent points separated by distance dr. |

YuuTube_Channel Arvind Ac_ademy link - [ » ] http://bit.ly/21YvIGF Page 16
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The two points are so close that electric field £
between them remains almost constant. Let V and
V + dV be the potentials at the two points.

Vy=V4dV  V,=V
i | £,

A

*+q
@
0

]

The external force required to move the test charge
go (without acceleration) against the electric field

;;5 is given by
F‘ =—q, é

The work done to move the test charge from A to B
is

W = Fdr=—q,Edr

Also, the work in moving the test charge from A to
Bis

W = Charge x potential difference
= ‘i’u{va— V.f) =4q, dv

Equating the two works done, .2, et

—q,,Edr =4y av
dV
or E=—-—
dr
The quantity is he rate of change of potential

r
with distance and is called potential gradient. Thus
the electric field at any point is equal to the
negative of the potential gradient at that point. The
negative sign shows that the direction of the
electric field is in the direction of decreasing
potential. Moreover, the field is in the direction
where this decrease is steepest.

65. Soln. Potential energy of a dipole placed in a
uniform electric field. As shown in fig. consider an

electric dipole placed in a uniform electric field £

with its dipole moment p making an angle @ with
the field.

ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE. ATDB PDFZ

Two equal and opposite forces +¢ E and —q E act

on its two ends. The two forces form a couple. The
torque exerted by the couple will be

r=qEx2asin0 = pEsin@

Where g x2a = p, is the dipole moment.

If the dipole is rotated through a small angle d@
against the torque acting on it, then the small work
done is

dW =71 d0= pEsin0d0
The total work done in rotating the dipole from its

orientation making an angle 0, , with the direction
of the field to &, will be

a,
v [an = [, Esinodo
"

= pE[-cos 0] = pE(cosf, —cos0,)

This work done is stored as the potential energy U
of the dipole.

U = pE(cos 6 —cosb,)
If initially the dipole is oriented perpendicular to the
direction of the field (6, =90") and then brought
to some orientation making an angle & with the

field (6, = 6), then potential energy of the dipole
will be

U = pE(cos 90" —cos 8) = pE(0 - cos 0)

or U =—pEc050:—;.E

66. Soln. Here 23a=4cm=0.04m,

0=60";
r=4J§Nm. q=8nC=8x10"C

Dipole moment,

YouTube Channel Arvind Academy link () http://bit.ly/2IYvIGF Page 17
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p=gx2a=8x10"x0.04=0.32x10" Cm.

(i) As r= pEsin@
E= ro_ 4J§

psin@ 0.32x10”" xsin60°

_43x10°x2

C0.32x43
(ii) u=—-pEcosO

=—0.32x10°x2.5%10"" xcos 60" =—4J .

=2.5x10" NC".

67. Soln. Herem=5.0g=5x10%kg,

| ¢=14x107°C, ,=1.0m, r, =50cm=0.50m

Let v = speed of each particle at the separation of
50 cm.

From energy conservation principle,

K.E. of the two particles at 50 cm separation + P.E.
of the two particles at 50 cm separation

= P.E. of the two particles at 1.0 m separation

g9 '
dre, r,  Am,

m"z :iq.—:— l_l or v: - qlql r: _ri
dre, | n n dme,m| nr,
2 4x107 x(=4x107*)x9x10°[0.50-1.0
5x107° 1.0x0.50
= 2880 or v=53.67 ms”'

| 1, ! s
—mv: +—mv’ + 99.
2 2 v

68. Soln.
(i) Capacitance equals the magnitude of the charge on

each plate needed to raise the potential difference
between the plates by unity.

Surtace
charge density o l Area A

1

* * + o+ o or o+

L]

charge densities -o

| YouTube Channel Arvind Academy link
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[The capacitance is defined as C = ?;]

Consider parallel plates of area A
Plate separation d, the potential difference applied
across it is V. The electric field

=2-4
g, &

Electric field = potential gradient

d
Hence, LA &
d ¢4
c=9_54
1 d
(ii) Capacitance without dielectric,
C= Ag,
d

Capacitance when filled with dielectric having

thickness E
4

Ag,

1
d—t+—
( +kJ

Ag,

(d_34+3d)
4 4k

C'_ Ag, 4k xi
C dk+3) Ag,

C=

As r=—d
4

Ratio

_ 4k
(k+3)

69. Soln. Suppose two charged capacitors C, and C;
charged to potentials V, and V; are connected in
parallel, with their positive terminals connected
together and negative terminals connected
together as shown in the figure. After connection,
the charge redistributes in such a way that the
potential differences across C; and C; become
equal.

http /ftm ly/21YvIGF
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Q, CuV,

—HE—

Charges on capacitors before connection,
O =GN, 0, =G},

Common potential after connection, }' = M
C +C,
- CV,+GV,
C +C,
............. {i)

If Q,and Q, are charges after sharing, then

o =CV, 0, =GV
-gl. 3£L
e G

This means that after connecti’.n, 1. e ch rge : on
capacitors are shared in ratio of their capacitances.

Electrostatic energy stored in the system: When
charges are shared between two capacitors, then
some energy is dissipated as heat and hence,
definitely there is a loss of energy.

The energy loss = Initial energy (U, ) — Final energy

u,)

Initial energy: U = %(‘,Jf + %Czl’f

After connecting the two capacitors, their
combined capacitance is (C,+C,)and common

potential is V; therefore, final electrostatic energy

| 7
Uf ZE(CI-%C:)V'

YV, +G,

I
=—(C,+C,
7 -)[ C,+C,

J {using (i)}

YouTube Channel Arvind Academy link
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_1(CV+CV,)
2 C+G,

Loss in energy during sharing of charges,

AU=U,-U,

I pd
| ! ~(C,V,+C,V,)*
=—CV +=CYi -2
2 2 °° C +C,
_(CHCNC Vi +CVI) - (CVi+C V)
2(C,+C,)
- {CIV!+C,C,V;+C,C,V, '+ CIVI—(
2(C,+C,) ° : °
:—l—{C,C2V§+C,C1Vf—2ClVIV2}
2(C,+C,)
-GG (V' +V;-21 V,}
2(C,+C,)
- CICE (vl_v:)l
2(C,+C,)
ie,tnerg liss, AU =£3—(VI—V,}2.
2(C,+C,) .

As, C,,C,and (V,-V, )? are all positive, therefore,

AU is always positive. Thus, in the process of
redistribution of charges, there is always a loss of
energy. This energy is lost in the form of heat in
connecting wire.

70. Soln.
(a) Charge on proton ¢, =+1.6x10"°C

Charge on electrong, =—1.6x107"°C

0
Separation r =0.534=0.53x10"m
.. Potential energy of system U =U at r—U at o

__ 99:

dre, r

=9x10,x(l_ﬁxl{)"“)(—l_ﬁxlﬂ"")
053x10"°

= —4347x10")

AsleV=16x10"), we have

http://bit.ly/21YvIGF Page 19
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19 £,6,A4
U=—Mel"z-2?.2€l’ C==
1.6x10°
(b) Kinetic energyzli; allz'ays positive; <o kinetic energy Now knowing the capacitance of X and Y plates:
of electron = —— =+13.6¢el
2 C = £,6,4
Total energy of electron =-27.2 + 13.6 =-13.6 eV x d
Minimum work required to free the electron = -Total ) .
energy of bound electron =13.6 eV Now knowing the capacitance of X and Y plates:
0
(c) Potential energy is at separation, r, =1.06 Ais C = M
x d
£,4A4
_ 1 g4 And C,==-
" dng, r |
Hence, C,=4C,
_9xlﬂqx(l'ﬁxlo_w]{ml'ﬁxw_w) Now, Cu= <
- 1.6x10™" C. +C,
— — _Iq — 3
= =21.73x10"J = -13.6¢eV C, =4uF
.. Potential energy of system when zero of potential
0
energy is taken at 7, =1.06 A Further, 4uF = GAC)
U=U(r)-U, =-27.2+13.6 =—13.6¢V 5C,
Now total energy of hydrogen atom is zero We see that values of C and C, are 5uF and
.. Minimum work = '

2
E-U=0-(-13.6)cV =13.€c\’ l 2044F;

() bncing the putintial difference between the

71. Soln. C = CC, _Ag,( KK, parallel plates X and Y

o “TC+C  d \K +K, Q=ct

Now, capacitor C; can be considered as made up of Further, CcV.=CV,

two capacitors Ci: and C,, each of plate area A and e

separation d, connected in series. Now, LT
I"l Cl’

. Ag, K
We h C =—21
e have \ d v, =4y, |
And C; = '4£;h’3 Alsoitis noted that V| +V =15

V,=3Vand V, =12V

- C. = CC, _4Ag [ KK,
3 CI' +C, d | K +K, (iii) Find the ratio of electrostatic energy stored in
- - parallel plates X and Y:
Q -1 Since energy stored is given as:
C"" E= Q_
N 2C
Hence, the net capacitance of the combination is Now the ratio will be calculated by writing:
equal to that of Cs. C ’
E_C_,
72. Soln. E, C,
(i) Capacitance of parallel plate capacitor is: '
YouTube Channel Arvind Academy link @9 http://bit.ly/2IYVJGF  Page 20 |
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£=ﬂor 4:1

73. Soln. Capacitors C; and C; form a parallel
combination. Their equivalent capacitance is

C'=C,+C,=(4+2)uF=6uF

Now C|and C'form a series combination,

therefore, the equivalent capacitance of the entire
network is

ce!

C+C'

3+6

2ufF

The charge on the equivalent capacitor is
g=CV =2x10"x1200C=2.4x10"C

This must be equal to the charge on C: and also the
sum of the charges on C; and Cs. Thus

-3
vy, =L 2810 _go0p
' ¢, 3x10
v, =1200/

V, =1200-800=40."
Hence V.=V, =400-0=400V
g, =Cy(Vo.=V,)=4x10*x400C =1.6x10"C
g, =C,(V.—V,)=2x10"°x400C=0.8x10"C
g,=q=24x10"C.

74. Soin.

(i) E=%Cl':= x6x10°1* =3x10°)?

Mmoo —

r2

T 3x10°
Energy stored in 12uF capacitor

=2E.

- Lx12x10¢ X ——
2 3Ix10

(i) Capacitance of the parallel combination
=6+12=18uF

Charge on parallel combination,
Q=CV =18x10 oy

Charge on 3uF capacitor = O =3x10"°V,

YouTube Channel Arvind Academy link o
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Ix10°V, =18x10°V = V¥, =6V.

Energy stored in 3 uF capacitance

-

C:-',-’=%x3xlo*xwvf
36E

-6

!

2

=l>(3><lﬂ'°x =18E.
2

x1

(iii) Total energy drawn= E+2E +18E = 21E.

75. Soln. Electrostatic shielding. Consider a
conductor with a cavity, with no charges placed
inside the cavity. Whatever be the size and shape of
the cavity and whatever be the charge on the
conductor and the external fields in which it might
be placed, the electric field inside the cavity is zero,
i.e., the cavity inside the conductor remains
shielded from outside electric influence. This is
known as electrostatic shielding. Such a field free
region is called a Faraday cage.

The phenomenon of making a region free from any
electric field is called electrostatic shielding. It is
based on the fact that electric field vanishes inside
the cavity of a hollow conductor.

76. Soln. Lapacitance of a parallel plate capacitor with
a dielectric slab. The capacitance of a parallel plate
capacitor of plate area A and plate separation d
with vacuum between its plates is given by

£,A
Co==27
Suppose initially the charges on the capacitor plates
are +(. Then the uniform electric field set up
between the capacitor plates is

g =2-9

g, Ag,

When a dielectric slab of thickness t < d is placed
between the plates, the field Eo polarises the
dielectric.

This induces charge —(J, on the upper surface and
+(, on the lower surface of the dielectric. These
induced charges set up a field E; inside he dielectric

in the opposite direction of £, . The induced field is

#
http://bit.ly/2IYvIGF Page 21




ATDB.uno

- D P _2_
givenby E = g:' . o, = 4 P,
polarisation density]

O N T !
dr E,T 15.5, E, Dielumic
A °

,11111’

The net field inside the dielectric is

Eot-g, -

K
B

E,-E,

Where K is the dielectric constant of the slab. So
between the capacitor plates, the field E exists over
a distance t and field E;, exists over the remaining
distance (d - t). Hence the potential difference

between the capacitor plates is

V=E/(d-t)+Et=E (d-t)+ 5r [ ﬁ = A‘]
v« o F

o

=E[d t+— ) ( —Hi}
K] g4 K

The capacitance of the capacitor on introduction of
dielectric slab becomes

C= Q - 6'“.4
4 d—1+ d
X
77. Soln. A dielectric is a substance which does

not aliow the flow of charges through it but permits
them to exert electrostatic forces on one another
through it. A dielectric is essentially an insulator
which can be polarised through small localised
displacements of its charges.

Polar and non-polar dielectrics. A dielectric may
consist of either polar or non-polar molecules. A
molecule in which the centre of mass of positive
charges (protons) does not coincide with the centre
of mass of negative charges (electrons) is called a
polar molecule.

The dielectrics made of polar molecules are called
polar dielectrics. The polar molecules have
unsymmetrical shapes. They have permanent dipole
moments of the order of 10* cm. For example, a

YouTube Channel Arvind Academy link
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water molecule has a bent shape with its two O - H
bonds inclined at a angle of 105° as shown in fig. It
has a very large dipole moment of 6.1 x 10 % cm.
Some other polar molecules ae HCI, NH3, CO,
CH;0H, etc.

Non-polar / H
S o]

\ |
S

o

c

¢ L ]

N
co,

rd .0
~—

N,
o\
oz
\ \
20
[ —

A molecule in which the centre of mass of positive
charges coincides with the centre of mass of
negative charges is called a non-polar molecule. The
dielectrics made of non-polar molecules are called
non-polar dielectrics. Non-polar molecules have
symmetrical shapes. They have normally zero dipole
moment. Examples of non-polar molecules are H;,

.‘v:.OyCO:.Cz'f,., EtC.

78. Soln.

in susence of

Polar (H;0)

_D on - polar (0;)

electric
field

Individual No dipole Dipole moment
moment exists.
exists.

Specimen No dipole Dipoles are
moment randomly
exists. oriented.

NetP=0

In presence of

electric
field

Individual Dipole moment | Torque acts on
exists the
(molecules molecules to
become align them
polarised.) parallel to E.

Specimen Dipole moment | Net dipole
exists. moment

exists
parallel to
dipole
moment
exists E.
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MCQ (1 mark)

1. Soln.(a)

!
2. Soln.(a):As R = pg, resistance is maximum

when /is large and A is least. For the given
dimensions of wire, resistance will be maximum

for /=10cmand A= |r.'mX%cm .
3. Soln. {(a): Current in conductor

I =nedv, = [ x v,

Hence current in a conductor is determined by drift
velocity and does not depend upor terma vel( city.

4. Ans.(a):Here, V=200V;R=,00C:;t=1s

Let the current is | and the number of electrons

aren.
vt =L 22005,
R 100
g=1It, g=2x1=2C
S92 _)25x10"
e 1610

- - .)'
5. Ans. (b): J=0FE = — =0, conductivity of the
E

material. Current density is microscopic form of
Ohm'slaw. J =oF .

OR
(a) : Resistivity is the ratio of electric field to
current density.

m
6. Ans. (b): The resistivity pis givenby p= —;
ne

Resistance is given by

/ ml
T R=p—=—
pA netA

7. Ans. (¢) : It remains unchanged

8. Ans. (b) : As resistivity, p=——
:e r

P« l::» R 1
T 4

9. Ans.(a)

10. Ans. (c) : The negative temperature coefficient of
resistivity shows that when temperature increases,
~es'sti #, derrcases. This is the property of
Jezcicond acter

11. Ans. (a) : Rating of bulb =220V =100 W

Operating voltage, V=110V

y:oo220°
Resistance of bulb, R=—=
P 100

=484Q

Power consumed by bulb,

LA LY
484

R =4Q, R, =6Q

12, Ans. b} :

P R 4 2
13, Ans. (c) : In a d.c. circuit, the current outside the

battery travels from positive to negative terminal
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and inside the battery, it is from negative to

positive terminal.

R I
= A
A
N -
17 -
Battery

14. Ans. (d) : The current flowing through the circuit
will be maximum when the enternal resistance is

zerol.e,,R=0.

15. Ans.(b)
16. Ans.(d)
17. Ans. (i) (b) : Here,
R =10, R, =R, =5Q,r=0,E=5V

As there is no resistance between f, h, j so they
are at same potential.

(i) (c) : R, and R,inseries, R =5+5=10Q

Now, R and R,in parallel, R, = ~0=10 4 5Q
10l
So, I = £ =3 =14
R, 5
Currentinbg, [ = £ = 3 = l A
R 10 2
(i) (b) : Power dissipated in R,
P=IR =&x|0=2.SW
(ii) (c): Currentin R,,/, =%A

Potential difference across
1

R, Vy=LR, = 5 x5=25V
18. Ans. (b) : Kirchhoff’s first rule or Kirchhoff's
junction rule deals with the conservation of

charge.

19. Ans. (d) : Same charge flows through each cross-

section in the given time.

— S
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ekt -elr
20. Ans. (c) : We know, V, = =

m ml

If temperature is kept constant, relaxation time
r will remain constant, and e, m are also
constants.

V,cVandV, <2V

21. Ans. (b) : As copper and germanium are metal and

superconductor respectively.

22. Ans. (c):Here, I, 11, =3:2;n:0, =2:3;0, 11, =?

l
RI =p '2 i)
n
R, = p!— O (1)'
ry

Dividing eqn. (i) by (ii), we get
R _Lar I, r7 3 (3}3 (3) 27

=—|x+=—— —_ =—= —
Ry Lxy &, ¥ 2\2) (2) 8
L _V/R R _8
I, VIR R 27

23. \me (&) 1 olle 2 nave low temperature coefficient
of resistivity (a) and high specific resistance. If

@ =low, the value of R with temperature will not
change much and specific resistance is high then

required length of the wire will be less,

Hxl Hmi:

24, Ans, (a) : r
25. Ans.(c)
26. Ans.(c)

Assertion-Reasoning (1 mark)

27. Sol.
{€): 1 kWhr=1kW x| hour
= 1000 (joule/sec) x 3600 sec = 36 x 10° joule
i.e., KWhr is the unit of electric energy and used for
expressing consumed electric energy.

28. Sol. (a): These alloys (constantan or manganin) are
used for making standard resistance because they

— —
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possess high resistivity and low temperature
coefficient of resistance.

29. Sol. (b):The value of temperature coefficient of
resistance is positive only for metals and alloys
and is negative for semiconductors and insulators.

30. Sol.

(a): Drift velocity of free electrons is given by

cE
vy=—1
m

where, E = =
length

Potential difference v
1

eV eVt
Vg =—T1 ie, v = 1/l where, — is constant.
n

tl m

It mean if I is doubled, the drift velocity will become

half of the original value.

31. Sol. (b): On increasing temperature of wire the
kinetic energy of free electrons increase and so
they collide more rapidly with each other and
hence their drift velocity decreases. Also when
temperature increases, resistance increase and

resistance is inversely proportional to conductivity
of material.

32. Sol.

(¢) : Consider a conductor of lengt', | . nd ar 1 of
cross section A. Time taken by the f ze el. -tror ; to
cross the conductor, t = If Vg

Al % ne
Hence, current, [ = ? = f_/‘d_

or, I= Anev,
or, Je Vi
Thus current is directly proportional to drift velocity.

33. Sol. (c). Primary cells cannot be recharged because
they involve irreversible reactions. Secondary cells
can be recharged because they involve reversible
reactions.

34, Sol. (a): In normal conductor, the direction of
electrons are randomly oriented such that the total
sum of their velocities is equal to zero.

35. Sol.

————
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(d) A is false and R is also false
Explanation:

Bath assertion and reason are false.
R X

AAA AMA

36. Sol.
(a) As we know that,
Glow = Power (P) = I2R

1,—[: = 2 (%)-2:0‘5- 1%.
Case Study

PARAGRAPH 1: Electric Resistance
37. Answers

l I 1
1(c) R=p—=p—_ =
(c) o] 1 pn 2 = Rx I
2. (b) The resistance between opposite rectangular
faces is

h 37x107x1072 -
=pa—=—— " 0 =37x1070.
',f ] 1x102 x107'0Q)

3. (d) The specific resistance does not depend on |
and A, it depends on nature of the material only.
R I' A 20 A
f()—=—xZ =2, 2 _ 4
OR=T AT an
5. (c) In the portion CD, the current | decreases with

the increase in voltage V. This portion corresponds to
negative resistance.

PARAGRAPH 2: Internal Resistance of a Cell
38. Answers

6. (c) Internal resistance of a cell acts only in a
closed circuit and it reduces the current.

7.(d) V=E~Ir=10-05x3 =10-15=85 V.

8. (mMV=IR =[_E_)R = _s_
R+r 1+ _?'
R
As R increases, V also increases.
When R -0, V=0

When R 5 w0, V=£

— e ——
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9. (b) Maximum power is drawn when r = R

€ E €

I =— i

r+R r+r 2r

Pmaw =I"R=

10. (/) For maximum power, r = R
_ E € 16 -4 A

R+r 2r 2x2 7

» Question

39. Ans. When an electric field is applied across a
conductor then the charge carriers inside the
conductor move with an average velocity which is
independent of time. This velocity is known as drift
velocity (va).

Current flowing in a conductor is given by [ = nedv,

/
Current density J = 4

oo J =nev,

40. Ans. Mobility of a charge carri 7 is ¢ >fin¢ d as the
drift velocity of the charge carrier per unit electric
field.

It is generally denote by .

v
H=-=
E
The Sl unit of mobility is m? V! s*, Mobility in
) + —eE
term of relaxation time: v, =——7
m

, e y _er er
In magnitude, v, =—7 Oor —— =— {=—
m m m

41. Ans. As we know that
[ =nedv,

[
Also current density J is given by J = 3

YouTube Channel Arvind Academy link
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o T2 Ey ( ‘,dsz_E,J
m

-
is parallel to £,

-+ net 2
S J=—1F
m

1
p m

42, Ans. As cells are connected in parallel so potential

difference across terminals of each cell is same.

= F.lltp'/fbnly/ZI-YvJGI‘

10V
| & '

"‘_;{oov s B
200-38/=10
38/=200-10=190
I= ]_qo' =54

38

|
'ﬂ. An . T minélvoltaze V' of the cellis V' = E—[r

E is the emf of the cell, r is the internal resistance

of the cell and | is the current through the circuit.
R

So, V==Ir+E
Comparing with the equation of a straight line
y = mx + ¢, we get,

I 3

v

(Terminal
voltage)

| current)

y=V;x=1,
m=-r, c=E
Graph showing variation of terminal voltage 'V’ of

the cell versus the current “I'.
Emf of the cell = Intercept on V axis

Internal resistance = slope of line.
—
Page 4
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44, Ans, First we need to calculate R for no current

through R;.
F sk D
1wEWM R,
T R
2Q 3v |
' b—<L—| c
A sv B av

By Kirchhoff's law,
J+RI+2I=14+4+6
SI+RI=11 ... (1)

Also, in loop (1),
3+21=3+6+1

5[=10 or I=2amp ............ (i)
Using in eqn.(i),
10+Rx2=11
2R=10or R=0.5Q ... (ii1)

Now the determine the potential difference
between A and D, we can assume a cell of
required potential Vap between two points.
On applying Kirchhoff's law,

V,-6-4=-2x05
V-10=-1
V,, =9volt

P R
45, Ans. Since the condition 5 = E is satisfied, itis a

balanced bridge.

The equivalent Wheatstone bridge for the given
combination is shown in figure.

e —— ——
YouTube Channel Arvind Academy link

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.

e e ——

B
1Q 2Q
C
20 4Q
D
[ -
+]I-

The resistance of arm ABC, Ry =2+1=3Q
Also, the resistance of arm ADC,
Ry, =4+2=6Q
Equivalent resistance
B ngl KR,;: 3 Ix6 _ 18 _
“ R +R, 3+6 9

Current drawn from the battery

2Q

J’=L=i soI=24.
2
46. Ans. Current is constant is non — uniform cross-
section.
47. Ans. (i) Resistance of Hg below 4 K is zero so it
2el av 5 ke 4 > 1per conductor. Between T=4 K to
> wrelistunce rises linearly and beyond T = 5K

resistance becomes constant.

(ii) In region BC, the material shows negative resistance
property because current decreases with increase in
voltage or slope of BC is negative.

48. Ans. Given situation is shown in figure

I Er
—€——— P{WWW———

—

E

r+R
(i) V versus R, Terminal voltage,
V=E-Ir

veEbE_tr=F--LE_,- ER
r+R r+R

———————

n .http:;‘ﬂ)ll ly/21YvIGF Page 5
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T ',:E,—l +E:—l
= h n
9
> or !: 5-I-é -V l'|‘I—
R (ohm) —> non non
(ii) V versus |,
V=E-Ir or lf:[M]_!(LJ .......... (ii)
h+hn h+n

When R =4Q},
Comparing the above equation with the

equivalent circuit of emf 'Eﬂ_, 'and internal

resistance 'r;“‘r "then,

V(ivolt) —>

[{ampere)}—> V=E,-I, cernnnrenenna(111)
- -+ E, rr,
Then /, =14 Then £ <DitEA -
E Y h+n Y oh+n
|=—
r+4 (b) Given E, =E,=E=5V
r+4=E i and r=r, =r=2Q, and R=10Q
1
When R=9Q, then [ =054=—A E 5 5
2 Then current, [ = —4— = =—A
I E r+d R+r, 10+4/4 11
2 r+9 r+9 [Using eqn. (] .. Voltage across the external resistance,
r+9=2r+8, r=1Q 50
V=IR =i]x10= SL=assy
Fromeqn. (i), emf,E=1+4 =5V | !
| S50. An' (i)
R
49. Ans. (a) Here, I =/, +1, s (i) A
El.rl
I
B
Eury
A A
R
Let V = Potential difference between A and B
For cell E,,
V=E-lrn=>I= .E-;" (c) Maximum current drawn willbe at R=0
| 171
5
E, -V
Similarly, for cell E,, [, =—
& 51. Soln. In first circuit
Putting these values in equation (i)
Reading of ideal voltmeter=6V
Net potential difference=9+6=15V
Total resistance = 1+1=2Q
C ti eter r.B 7.54
urrent in amm =—=—=7.
R 2
YouTube Channel Arvind Academy link o= http://bit.ly/21YvIJGF Page 6

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.




ATDB.uno

In second Circuit
Reading of ideal volt meter = 6V
Net potential difference=9-6=3V

Total resistance = 1 +1=2Q
3
Current in ammeter = — = 5 =1.54

52. Soln. Current is constant in non-uniform cross-
section.

=

ek
53. Soln. Drift velocity v, =—r, where E is

m
electric field strength. And the relation between

current and drift velocity is [ = nedv, .

I né’r . )
—=——FE > j=0cAE
A m
;
ne‘r |
=E——=—0r, p=—
m p ne‘r

With rise of temperature, the rate of collision
of electrons with ions of lattice increases. so
relaxation time decreases. As @ ru sult ri sist/ rity « f
the material increases with th = ris.» of
temperature, hence the resistance.

54. Soln.
| (a) Drift velocity is defined as the average velocity
with which the free electrons are drifted towards
the positive terminal under the effect of applied
electric field. Thermal velocities are randomly
distributed and average thermal velocity is zero.

-+ - -+

ittty

l'.E.,, Vy=— _j
n

We know that the current flowing through the
conductor is:

I =nAev,

(b)

| =nex!(—ﬂJ
m

| 'YouTube Channel Arvind Academy link
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Using E=——

I=ne.4(ijr

ml

_ ne Ar 1,:11,
ml R

[V — byOhm's law

mi
Where, R = — is a constant for a

nde’r
particular conductor at a particular temperature
and is called the resistance of the conductor.

(58

ne'r)A A

m
(3]
ner

Nt ere g is t.e specific resistance or resistivity

of the material of the wire. It depends on number
of free electron per unit volume and temperature.

They are used to make standard resistors
because:

They have high value of resistivity.
Temperature coefficient of resistance is less.
They are least affected by temperature.

Soln. From the figure below:

—‘c.-

100 cm

A A A,
I[ vy

50

Total resistance of the circuit,

R=(R ,+5)=(10+5Q=15Q

Page 7
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F

J
Current in the circuit, [ = E = 2 A

15
6
V,=6——x5
AR le
=6-2=4V

Voltage across AB,
[,
Emf of the cell, e = E J A

Here: ! = 40m(balance point)

AB =L = 1m = 100 cm (total length of the wire)
e =(—49J4 =1.6V
100

56. Soln.

e A
300 cm

& .
- L

“TZem ¢ E
A Ge ¢ I
i o H
(i) Apply Kirchhoff's law in loop ACFGA:
k(120) = ¢, — ¢,

k =potential drop per unit length

or £ =&, +k(120) wll)
For loop AEHIA:
k(300) =&, +¢
By substituting value of £, from equation (i),
£, +[&, +k(120)] = k(300)
2g, =k(300-120)

Or, £, = 90k SR (1)
Thus, & =90k +120k

g =210k  ....(ii)
Hence, -ﬂ = 2—10- = I

e 90 3

(i) Asweknow, &€ =kl
Thus, from equations (ii) and (iii),
Null point for cell &,is 90 cm
And for cell ,, itis 210 cm.

#
YouTube Channel Arvind Academy link

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.

Sensitivity of the potentiometer can be increased
by:

(a) Increasing the length of the potentiometer wire.
(b) Decreasing the resistance in the primary circuit.
57. Soln.
10 E -4
F — D
10 40 RO
d Oy T
A gy B . [+
Apply Kirchhoff's law in loop AFEBA.:
I+1+4f,=9-6
27/ +41, =3 eli)

As there is no current flowing through the 42
resistance,

1,=0
Or 2/=3
Oor =154

Thus, the current through resistance Ris 1.5 A.
As there is no current through branch EB, thus

equivalent circuit will be,

10
o

I
' " zan

- Il |
A av v
By applying Kirchhoff’s loop law, we get

1.5+1.5+R(1.5)=9-3
R=2Q
Potential difference between Aand D =
2x1.5=3V

soln. Drift velocity may be defined as the average
velocity gained by the free electrons of a
conductor in the opposite direction of the
externally applied electric field.

58.

The average time that elapses between two
successive collisions of an electron is called
relaxation time.

Soln. Deduction of Ohm’s law. When a potential
difference V is applied across a conductor of
length [, the drift velocity in terms of V is given by

59.

eEr _elr

VY, =—=
o
m ml

[i3) http://bit.ly/21YvIGF
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If the area of cross-section of the conductor is
A and the number of electrons per unit volume or
the electron density of the conductor is n, then
the current through the conductor will be

I =endv, = enA.ﬂ
ml
Or l— = ’?f .
I ne’rAd

At a fixed temperature, the quantities
m,l,n,e,r and A, all have constant values for a

given conductor.

Therefore,
v
}- =a constant, R

This proves Ohm’s law for a conductor and

ml
here R =—
ne‘'tA

Is the resistance of the conductor.

60. Soln. Consider a uniform met7 lic wire (Y o lengh
l and cross-sectional area A. A po.2nti | dif =r~.ice
Vis applied across the ends X and Y of the wire.
This causes an electric field at each point of the
wire of strength

X f . Q
eiro—ofre—e
1 =
) " —
= —
PR

Due to this electric field, the electrons gain a
drift velocity v, opposite to direction of electric

field. If g be the charge passing through the cross-
section of wire in t seconds, then

Current in wire [ = g
!

SRR (1}

O —
YouTube Channel Arvind Academy link
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The distance traversed by each electron in
time t = average velocity x time = v ¢t

If we consider two planes P and Q at a distance
v, tin a conductor, then the total charge flowing

in time t will be equal to the total charge on the
electrons present within the cylinder PQ.

The volume of this cylinder = cross sectional
area x height

= Av,t

If nis the number of free electrons in the wire
per unit volume, then the number of free

electrons in the cylinder = n(A v t)

If charge on each electron is
—e(e =1.6x107"” C), then the total charge
flowing through a cross-section of the wire

g=(nAv,t}(—c)=-necAv,¢
SR (11)}

Current flowing In the wire,

q _ —nedv,t
! t

le., currentl= —nedv,

wreeeeenes (I¥)

This is the relation between electric current
and drift velocity. Negative sign shows that the

direction of current is opposite to the drift
velocity.

Numerically
(V)

I =neAv,

!
Current density, J= ; = nev,

= Jocy,.

That is, current density of a metallic conductor
is directly proportional to the drift velocity.

61. Soln. In a conductor, current density at
particular point is the current flowing per unit
area in conductor provided the area is in direction
normal to current.

Page 9
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y=1
A

Current density is a vector gquantity. Its
direction is the direction of motion of positive
charge. The unit of current density is
ampere/metre?, or [Am?).

Relation between ) and E:

I =ndev, = nAe(E r)

m
/< nde’tk
m
Or i _ ne'rk
A m
|
Or J=—E
p
l: J =Landp= nz }
A ne'r
[ 1
J=oF o= —.l
Ry
62. Soln. The conductivity of any material is due

to its mobile charge carriers. These may be
electrons in metals, positive and negative ions in
electralytes; and electrons and holes in
semiconductors.

The mobility of a charge carrier is the drift
velocity acquired by it in a unit electric field. It is

given by
_Ya
H=F
63. Soln. E =1.5V, n=02Q
E,=20V, £r=03Q

Emf of equivalent cell

g
YouTube Channel Arvind Academy link
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y _ En+En
h+n

hon

=[I.5x0.3+2x0.2]= 0'4S+0'40l’ 17V

02+0.3 0.5

Internal resistance of equivalent cell

1 1
=—4—= =
noho htn

hn

_(0.2><0.3)Q= 0.06  _ 01202
02+03 0.5

64. Soln. Kirchhoff's first law is known as
junction rule which states that for a given junction
or node in a circuit, sum of the currents entering
will be equal to sum of current leaving.

Kirchhoff's second law is also known as loop
rule which shows that around any closed loop in a
circuit, sum of the potential differences across all
elements will be zero

Ju tifi:a’ion The junction rule is in accordance
1.h Lhe :on:z.vation of charge that serves as
basis of current rule while loop rule is based on
law of conservation of energy.

65. Soln.
loop ADBA

~I,R,+0+I,R, =0(1, = 0)

Applying Kirchhoff's loop rule to closed

For loop CBDC,
=-LR+0+1R, =0
From equation (i)

I _R

Lk

Page 10
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From equation (ii)

R
R
R

— |_--..

"

4
3
R,

b

66. Soln. Applying Kirchhoff’s laws,
For closed loop ADCBA
12=4(1,+1,)+21, =6/, +4/,
(i)
For closed loop ADEFA,
6=4(1,+1,)+I, =41 +51,
i)

€, =12V r,=20

-6V rp=10Q |

r—<—|+—'W—

Solving (i) and (ii), we get

I, =gA and I, =-—

P.D. acrossR=V
=(I,+1,)R
=(M]x4mh‘ = ﬁl’
7 7

48
P.D. across each cell = P.D. across R = 7\!
Energy dissipated in R =4Qresistor

=(I,+1,)’R= (1?2] x4J

—EJ-II 5]
49

67. Soin. (i)

YouTube Channel Arvind Academy link
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F4 c
’. L’v_!‘ 'fl
& | memeeerece D 1
Frosommeaan '
L o 2
Al HWA——a—2 1]
20v-E, | B

(i) (a) Let |, and I; be the currents as
shown in fig. Using Kirchhoff's second law for the
loop AFCBA, we get

2l,-U, =¢,— =2-1.5
or 2/,-1,=05 Jo ()]
For loop CFEDC, we have

1, +5(0,+1,) =5 =15

or 5L,+61 =15 ... (ii)
Solving equations (i) and (ii), we get
I, =— ! A, I,= -g-A
34 34

| .. (urr :nt through branch BA,

I, =—A4
34
Current through branch CF,
I, = i A
© 34

(b) P.D. across the 52 resistance
10 ,
=(I,+1,)x5=—x5V=147V.
- 34

68. Soln. (i) Resistance of Hg below 4 K is zero so
it behaves like a superconductor. Between T=4 K
to 5 K resistance rises linearly and beyond T=5 K
resistance becomes constant.
(ii) In region BC, the material shows negative
resistance property because current decreases
with increase in voltage or slope of BC is negative.

—
n http://bit.ly/2IYvIGF Page 11
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69. Soln. As cells are connected in parallel so Let V = Potential difference between A and B
potential difference across terminals of each cell For cell E,,
is same. E—V
10V V=E-ln=>l=—"—

n

it
4+ | E,-V
Similarly, forcell £,, I, =—
— 1 h 7

A 200v 38Q B

Putting these values in equation (i)

200-32/=10 E-V E -V
38/=200-10=190 l= +—
gl !
190
_-_3?_5-4 Or f:{£+£J_l’(l+l)
hooh hon
s rd
70. Soln. (a) H:l—q:ﬂ:l_ or V:{Elrz""E:’TJ_;[ ik J
R ! R rl +rz rr +r2
Eoc p? SO (1}
I Comparing the above equation with the

equivalent circuit of emf ' £ 'and internal

H
Given heat produce per second —, increases
! resistance 'r,_ 'then,

by a factor of 9. _
Hence, applied potential difference V V=E,~Ir, o (i)

increased by factor of 3. Then
Er+E.r rr
(bl!: E =—I—2_=E:2A Efq:#and’:ﬂ: 171
R+r 4+2 6 h+n h+h
V=E-Ir=12-2x2="V ! (torer £ =E=E=5
| 2
A v r :,“1 = = 2 d R =
71. Soln. (a) Here, [ =1, +1, | i =vr=r Qéan 100
£y Then current, / = —4— = > e A
R+rq 10+4/4 11
Voltage across the external resistance,
V=IR=x10=2_455p
11 11
5 e
YouTube Channel Arvind Academy link ) http://bit.ly/2IYvIGF Page 12
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SURE SHOT QUESTIONS /'
Chapter — 04
Moving Charges and Magnetism

MCQ (1 mark) 5. Ans. (c): Length of conductor = |, mass = m
Magnetic field = B.

1. Soln. (a): Magnetic field produced by charges Let the current Is |. Tension force = mg
moving with velocity v, at a distance r is Bl =mg =1="%
) iB
;é = (:_“)4 fo . Therefore 3 1 \: ) 6. Ans. (a): Force on a current carrying conductor
T 3

laced in magnetic field is,
2. Soln. (a): For a circular loop of radius R carrying P 8

current | placed in x-y plane, the magnetic ;: = ;(ix j}); F=IBLsin®
moment M =[x R*. It acts perpendicular to
the loopi.e., along z-direction. When half of the
current loop is bent in y-z plane, then magnetic
moment due to half current loop in x-y plane,

M, = I(xR*/2)acting along 7 dires*inn

The force is maximum when @ =90".

So, the current carrying conductor placed
perpendicular to the magnetic field will
experience a maximum force.

7. An . ()):Paticl»mass=m
Magnetic moment due to half curr:nt leopii y-z I ' &

plane, M, = I(x R?/2)along x-direction. Particle charge = q
Force between the positive and negative charged
Effective magnetic moment due to entire bent current particles,
loop, Fo= | q(_q)
M'= M} +M; = JUxR/2 +(17R?/2) = m—f-\/i: M “ dng, 1
I.e., magnetic moment diminishes. q:
Oor F=- =5 (" means force Is attractive)
3. Soln. (d): Let the electron (e) is projected with a Ame, r
uniform velocity (v) in a uniform magnetic field B. mv’
The magnitude of force on it is Centripetal force, F; = —r‘
| F|=—¢| vx B|=—evBsin @ Now, centripetal force = Magnitude of electric
force
0| g < o0 .,
As 8=0", | Fl=—evBsin0" =0
Hence the electron will continue to move with a
uniform velocity along the axis of the solenoid.
4. Soln. (d): Rotation of loop by 30° about an axis
perpendicular to its plane does not change the
angle between magnetic moment and magnetic
field. Hence, no work is done.
YouTube Channel Arvind Academy link http [)tm y/ 21YvJG FPage 1
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m? 1 g B, = ;L?_" SO (1)
S A P2 - T r
r 4mg, r
4] 2ul
qz 1 Bm=B1+BJ=&><—=-‘£¢
r= — 2T r r
Aze, mv- Here no option is correct.
__1! (9}
or = 4re,m\ v 12. Ans.(a) : Magnetic field due to loop at its centre,
Hence, option (b) is correct. _ Hy 2nl N
b 4,’?‘ R
mv’ my _ Magnetic field due to current carrying loop on its
8. Ans.(b):As, gvB=—"= r=-§ ...... (i} e
d 4 axis at a distance x is, B =

ot | R
2 (RP+xH)”

Now, gV —lmv =>v= 29V . (ii) Put x = R, we get
: : " My IR _ My IR L
Substituting {ii) in (i), B, _?'(2R:)3"2 =5 g = 4J—R
_m ’___29" I LA (i) Divide eqn (i) by (i), we get
S a" . Bty 2nix42R _ 3
oW, "B, 4r Rly,
2m(2 2mV
V=2, .. r‘=J ’q(Blw J_J J_ 13. Ans.(d) : Magnetic field due to straight wire
My, 21
B =t —ll
' 4r R

- “anctiz field due to circular wire
(_. | ¥
my _m 2,& 2ml |

r= =" T L o 12X
9. Ans.(c): Bq Bq Bq * 4r R N
: _H _
moc r? Buﬂ:BZ_Bl—ﬁ'_E[;r ]

As B, g and K is constant

2 B _ ! 1_l]
ﬁ _ (i] net 2R T
14. Ans.{c*) : Two long parallel wires kept 2 m apart

carry a current of 3 A each.
10. Ans.(a)

11. Ans.(*): The direction of both the magnetic fields

is into the plane of paper. 3A 34
A B
A2 m-+B
A Force
NE : yﬂ H L
-------------- 1 2?! d
B,+B
2+ 6 l=1,=34, d=2m
r
 — A 4rx107 3x3
=77 x L
g =t 2 (i) F w2
27 r

Force per unit length,
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7
F_4xx107 9 o 10" N/m
L 2r 2

Force will be attractive.
* The most appropriate answer is (c).

15. Ans.(b)

i h=44 1 =104,

16. A
TRCY S
Iy
1T IV
r=25cm

The force per unit length between them is
Ly 20, 107 x2x4x10

4z’ r  25x107
=3.2x10"Nm"

F=

17. Ans.(d) : Magnetic dipole moment dos not

depend upon the material of tha turne ~f th~ ~nijl,

18. Ans.{d) : As the ammeter is connected in place of
voltmeter, so, its resistance should be high. So,

we have to connect a high resistance in series.

19. Ans.(c) : Area of square = a%, Also, here

f’=4-ar:::'-¢;r=i
4

-

Area=—
16

'\t'.'
= A== . i
' 16 @

. Areaof acircle = s

Also here, 2zr=/ = r =L
27

7

Now, area = E(LJ-
2z

!1
S S R— (ii)

Now magnetic moment = IA

S M =14 and M, =14,
Since | (current) is same in both,
Using eqn. (i) and (ii)

M, _ A P 4r =

= e=— = —X

M, 4 16 ' 4

20. Ans.(a) : Let F, is force per unit length between A
andC

FZ F'.l.
.ﬁ H
r
Fa
! |
c

r
F2
2!
A B

. My 20x]
F="——
2x 2r
And F; is force per unit, length between B and C
Fo= o Ix1
S 2ror
Now, net force on C is per unit length
A B C

ra
-
—

r r

Now, from figure

F'| = repulsive force between A and C

_H 2
27 2r

F', = F, = Areactive force between B and C
.. Net forceonC, F'l—Flz =0

2
o P =pr =22
© 2r2r

.~. Net force on C is zero.

e —————————— e ——
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Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.




ATDB.uno

21. Ans.(d) : The coil of a moving coil galvanometer is
wound over metallic frame to provide
electromagnetic damping so it becomes dead

beat galvanometer.

22. Ans.(d) : Given, /', =/ 20 l = 120

+ I =12/
100 ¢

ﬁl{ e

R'=R+£R=ER=I.25R
100 100
V=2

' g

*" R 125R 125 % 25°¢
[241,

Ve -y -

V V

13 14

I,
_12 120, 24

%change =

_(24-25) 00="Lx100=—4%
25 25

.-. Voltage sensitivity decreases by 4%.
Assertion-Reasoning (1 marl.

23. Ans.(d) : A circular loop has more area than a
square loop with same perimeter.

The torque is directly proportional to the area.
Perimeter of wire = L

One side of square loop, / = %
LE

Area of square, [ = —

16

Perimeter of circular loop =L

Radius of circular loop, r = L

I'HJ
x 100
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24. Ans.(c) : Assertion : True, £ = Mx B, here the

angle between M and B is zero.

Reason : false, it is given by cross product.
Assertion : True, Reason false.

25, Ans.(3) : The magnetic moment of current

carrying loop, :1:1 = Hi

Where, | is current and A is area.
A = zr*, when radius is doubled the magnetic
moment is 4 times.

26, Ans.(c) : When the resistance is lower, the range
of ammeter is higher. So, (A) is true.
To increase the range of ammeter, additional
shunt is added in parallel. So, (R) is false.
Given below are two statements labelled as Assertion

(A) and Reason (R).

n .
27. An.(1) . We hnaw, —— = Bgvsin@
r

Centripetal force = magnetic Lorentz force
sin @ = sin 90"
(. angle between vand B = 90" )

™ —Bqv or UL Bg
r r
pomv_po_ linear momentum
Bq Bq Bq
Since, r=-E-
Bp

Given, p, B are same.

2 Also, q for proton and electron is same except its

Area of circular loop, sign.

. , xl’ . - .-. Radius is same. So assertion is correct but
A'=ar'=—or A'=—

4r 4r reason is not the correct explanation of

n rea of circular | A’) > Area of square .
Hence, area of circular loop (A") ea of sq assertion.
loop (A)

9 b
L $ r Given below are two statements labelled as Assertion
4r 16 (A) and Reason (R).
So, option (d) is correct.
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28. Ans.(d) : To increase the range of an ammeter,
suitable low resistance (or shunt) should be
Case study Question
connected In parallel to it. The ammeter with
increased range has low resistance. 34. . Answers
Given below are two statements labelled as Assertion 1. (b) fga:f =p,l
(A) and Reason (R). 1
2.(¢) Bac =
29. Ans.(a) : When we increase current sensitivity by d
) ) _ B 20 B
increasing number of turns, then resistance of 3 = 5 = B = )
coil also increases. So increasing current .
-7.21 107" x2x1 -
sensitivity does not necessarily imply that voltage 3.(0) B=107"x=" =2 _XX% _2,107T
r
l 1
sensitivity will increase because /', = F';— 4.0 Bogge =7 and B, i, o -
Holr .
o N fg and R increases, by different amounts, 5. () Bmside - 2 ra? L€ Bmside «xr
then V', may increase or decrease. 35. ANSWers
30. sol. (c): An ammeter is a low resistance
galvanometer. It is used to measure the current
In amperes. To measure the current of a circuit, 6. (a) F = IIB, F acts to the right
the ammeter is connected in s :vies i e (rew't | ) r o '
so that the current to be me7 sun2d m st piss | 7.1d) v'=a/
through it. Since, the resistz.ice 0’ am.netc. is v: m v’m
low, so its inclusion in series in the circuit does = d= 2a 2F 21B
not change the resistance and hence the main
current in the c”-cun_ 8. (b) F = HBSH‘IQO" =8R 5" 1;5* 1 = 60 N
31. sol. (c): In a conductor, the average velocity of 9. (d) For equilibrium of wire in mid-air,
electrons is zero. Hence no current flows through Weight of wire = Force exerted by magnetic field
the conductor. Hence, no force acts on this mg = lIBsin90°
conductor. -3
B="8 _200x10""x98 ., or
32. Sol. I 2x15
(a): The magnetic field at the centre of circular U N LA A
coil is given by . 10.(d)  F=i(IxB)=i[lix B(i+]+k)]
B=i'_;1ti”;_"f =ilB)(ix i +ix[ +1xk|=il Bk -]
So if current through coil is doubled then magnetic IFl= ,';Bm!(])? +(-1) = V2il R,
field is B = 2B.
The magnetic field also get doubled. The magnetic field Questions
is directly proportional to the current in conductor
36. Ans.Mass of wire, m = 200 g = 0.2 kg, length of wire,
33. Sol. (d): When a charged particle moves ) oy
perpendicular to magnetic field, it experiences a f=1.5m, current in the wire, / = 2A
force which changes the direction of motion of the In the equilibrium position, the net force on the
particle without changing the magnitude of velocity wire will be zero
of the particle. Hence kinetic energy remains Th — B¢
constant but momentum of electron changes. us, mg = 31¢
IS e = S ———— — .
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 0.2x9.8
2x1.5

B ﬂl’g: B

=— = B=0.65T
¢

=

37. Ans.A charged particle moving in a uniform

magnetic field has two motions.

(a) (b)

A linear motion in the direction of B (along z-
axis) as shown in figure (a) and a circular motion

=

in a plane perpendicular to B (in xy-plane).
Hence, the resultant path of the charged particle
will be a helix, with its axis along the direction of

N
B , as shown in figure (b).

38. Ans.The magnetic field at an axial point due to

circular loop is given by

_ My 2rld’
ar (@’+r*)"?

Where, | = current through the loop
{ = radius of the loop
r = distance of O from the centre of the loop.
Since |, a and r = x are the same for both the
loops, the magnitude of B will be the same and is
given by

_H

2
BI = B: = ﬂ%
4r (a°+x7)"~
The direction of magnetic field due to loop (1) will
be away from O and that due to loop (2) will be
towards O as shown. The direction of the net
magnetic field will be as shown in the figure.

Bnet ?52
B, K\QO
| e Y
- —>
?0°
x
2) s

I
The magnitude of the net magnetic field is given

by B, =JB,3 +B;
4y, 2N\27ia’
47 4x(a’+x?)"?

hel

wires,
2_A
10cm I 1A -
A > B
4 1
l n «+ C
| gooithad

2ar
Force on arm AB,

Y _u°x2xlx20x10']
B rx10x107

_2M \ (Attractive, towards the wire)
r

Force on arm CD,

g x2x1x20x10°?

@7 2rx30x107

= % N (Repulsive, away from the wire)
b 4

Force on arms BC and DA are equal and opposite.
So, they cancel out each other.

Net force on the loop is F= F.w - F;'u
_&[2_3} _4u, 4x4rxI10”
T 3] 3z KV 4

=5.33x1077 N (Attractive, towards the wire)

39. Ans. Force between two parallel current carrying

40. Ans.Let the resistance is R. 50, V= IR

e ———
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_ by _ A
41. Ans.For a straight current carrying wire magnetic * 2R 10"
-.- By and B; are perpendicular to each other,
field is B = 4ol
= therefore the resultant magnetic field induction
at the centre O is,
| : I | m - -
' ' Bm= %), (3] - A G634
! ! B.=\B +8B, = _|] "'[_{] === N9+16=——
@1 2@ 10 10 10 10"
= b 1 - . ! - o] —
6l T, T Ts TG = 50x4rx107 =62.8x10°T = 62.84T
From the figure, we see magnetic field can be Direction of resultant magnetic field,
zero in region | or Il But for region {, 73 > I;and tan @ = B, _3u,x10 '
B, 4u,x10"

for regionl, 1; > 1. As [, >, so we can

3 | 290
conclude that magnetic field will vanish in region | tan @ = i o 37

with B,.
42. Ans.When a proton, a deuteron and an alpha

particle are accelerated through potential 44. Ans. Force on Ay due to A,

only. Resultant magnetic field B making an angle 37° |
difference V, then their energies are Ay Ay A,

EF=eV.Ed=eV. E, =2V 15/
(i) KE :KE,:KE, =1:1:2 | A21
mv  2mKE l '

(i) r=—= 20 |

98 4B X d-x)

-
rP:r‘,:r;,J’:—":J:T_P:Jf=I;ﬁ:I ’

4xx107 xIx1.5
fi=

2zx
Asr,=5cm . r; = 5\2 cm,r, =5cm Force on A; due to A;
/= 47x107 x2Ix1.5/
43. Ans. Magnetic field induction due to vertical loop : 2r(d-x)
at the centre O is, When there is no net force on A; f, = f,
4rx107 xIx1.5 B 4rx107 x2x1.5
2nx 2x(d—x)

d—x=2x= x=£
3

Hence, from A at % there is no net force on As,

Also from the above result we can say that net

_ My _ 444, force is independent of current flowing on As.
" 2R 10"
¢ R=5cm) 45. Ans.(a) The magnetic moment associated with a

Magnetic field induction due to horizontal loop at
the centre O is,

current (1) carrying circular coil of radius r having

N turns, is given by, A = Nid = Nixr®.
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(b) Magnetic field at a distance x from the centre
of the ring due to element

ar d dBcos®  dB

9%0° -8
P dBsin®

Hy idl sin 90"

Ar re

dl, dB =

Since, angle between o l' and r is 90°. The

component B cos & will get cancelled due to
symmetry

B=[dBsin6= j(“’" "”J( no)

Here, r and fare constants and sin @ = £

i
4rri\r

_ M JRJ-d{_ My lR(z R) = iR W,iR?
TAxr 2r

by idl
4r r’

Putting !‘=(R"|‘x ) —.we get

B iR
2R +x%)*?
For N turns, B = L“R-l
2(R°+x°)""

46. Ans.(a) Current sensitivity is defined as the
deflection of coil per unit current flowing in it,
i.e.,

0 NAB
Iy=2=——

/ k
(b) A galvanometer can be converted into an
ammeter of given range by connecting a suitable
low resistance S called shunt in parallel to the

given galvanometer, whose value is given by

[
§S=|——|G
lo=1

4

Where '(x is the current for full scale deflection of

galvanometer, Jois the current to be measured by

the galvanometer and G is the resistance of
galvanometer.

47.

48,

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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Ammeter

5 : ) >
> > ©) >
lo I i

In order to increase the range of an ammeter n
times, the value of shunt resistance to be
connected in parallel is S = G/(n - 1).

Ans.(a) A galvanometer can be converted into an

ammeter of given range by connecting a suitable

given galvanometer, whose value is given by

!
§=| ——1|G
1,1,

Where [3 is the current for full scale deflection of

galvanometer, i,is the current to be measured by

the galvanometer and G is the resistance of
galvanometer.

T

S

—_— AWA———— | Ammeter

lo=1,

5 5 ()
R ©

'0 ll

I

In order to increase the range of an ammetern
times, the value of shunt resistance to be
connected in parallel is S = G/(n = 1).

(b)For I =6A

f -3
S= R G=ﬂx150
-1 6-0.004

low resistance S called shunt in parallel to the

=§x|5xl0 Q0010

Ans. A current carrying wire produces a magnetic
field around it. Biot — Savart law states that

magnitude of intensity of small magnetic field

d B due to current | carrying element o / at any

point P at distance r from it is given by

Page8
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|d31_i"—'t"“"“‘,'"0

4 r-
Where @is the angle between » and d / and

Hy =47 % 107 TmAis called permittivity of

free space.
In vector form,

Myl d fx;'

4r r"

dB=

So, the direction of d B is perpendicular to the

—» —
plane containing » and d [ .
S.1. unit of magnetic field streng:his 227i2 dr.icted
by ‘T' and cgs unit is gauss der ate 4 by G’, v 'here
1T=10'G
Magnetic field on the axis of a circular coil

v "
dB cose¢ dB

Small magnetic field due to a current element of
circular coil of radius r at point P at distance
x from its centre is

apto Id I sin90° My 1 [

A 8 Ar(a+x)
Component dB cos ¢ due to current element at
point P is cancelled by equal and opposite
component B cos ¢ of another diametrically
opposite current element, whereas the since
components B sin ¢ add up to give net

'Subscribe Arvind Academy NEET You tube channel. Click ||nh:ﬂu"www_ youtube.com/@ArvindAcademyNEET Page9
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magnetic field along the axis. So, net magnetic
field at point P due to entire loop is

Z”uu Idi r

B=1}dBsing=
i Jl.qn{a +X2] [-ﬂ +x2]112
Holr Holr
= d or B=———2mr
4nfa® +x?)¥2 I 4nla? +x?y2
wlr?
Or B = —5———7 directed along the axis,
2(a’+x%)
(a) Towards the coil if current in it is in clockwise
direction

(b) Away from the coil if current init is in
anticlockwise direction,

9. Ans, A galvanometer is used to detect current in a
circuit. Principle and working : When current (1} is
passed in the coil, torque T acts on the coil, given by

\

H
Suspension wire
M Coil NiBI
n Bl H sk
l L " Con dstrip NiBI
l —_— = | (c)
(@

Where fis the angle between the normal to plane
of coil and the magnetic field of strength B, N is
the number of turns in a coil.

When the magnetic field is radial, as in the case of
cylindrical pole pieces and soft iron core, then in
every position of cail, the plane of the coil, is
parallel to the magnetic field lines, so that
0=90"and sin90° =1

Deflecting torque, T = NI4AB

If Cis the torsional rigidity of the wire and @is the
twist of suspension strip, then restoring torque

=C0

For equilibrium, deflecting torque = restoring
torque

i.e., NIAB=CO

0= wi ie,Oxl
C
Deflection of coil is directly proportional to
current flowing in the coil and hence we can
construct a linear scale.
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The uniform radial magnetic field keeps the plane
of the coil always parallel to the direction of the
magnetic field i.e., the angle between the plane of
the coil and the magnetic field is zero for all the
orientations of the coil.

50. Soln.

— g x X X

- x X X

> X X X

Trajectory of electron

Let the time taken by the electron to
come out of the region of magnetic field be t.

Velocity of the electron, v=4x10"'m/ s
Magnetic field, B=10"°T
Mass of the electron, m=9x10"" kg

We know

ar myv
t =—where r = —
v gB

m 3.14x9x107

Now, [=—=—0«—
" Bg 107 x1.6x10"

= t=17.66x10"5=1.77 us

Thus, the time taken by the electron to come
out of the region of magnetic field is 1.77 us .

51. Soln. (a) A solenoid bent into the form of
closed loop is called toroid. The magnetic field B
has a constant magnitude everywhere inside the
toroid.

Applying Ampere’s circuital law,

j’wg.d; = 44,(NI)

Since, toroid of N turns, threads the loop 1, N
times, each carrying current | inside the loop.

Therefore, total current threading the loop 1 is
NI.

= g‘;wa.drzpuml)

B]th dl = y1,(NI)

Y
nr

Bx2ar=pu,NlorB=

(c) (i) Magnetic field inside the open space
interior the toroid. Let the loop (2) as shown in
figure experience magnetic field B.

{0 -ur ‘el tth reads the loop 2 which lies in the
Upen Space insue the toroid.

Ampere’s circuital law
fi P1§.£’=%(NI—NI)=O:B=O

(ii) Magnetic field in the space exterior of
toroid. Let us consider a coplanar loop (3) in the
open space of exterior of toroid. Here, each turn
of toroid threads the loop two times in opposite
directions.

Therefore, net current threading the loop
= NI-NI=0

By Ampere’s circuital law
D‘LWE.&} = 4,(NI-NI)=0 = B=0

Thus, there is no magnetic field in the open
space interior and exterior the toroid.

(b) Let magnetic field inside the toroid is B 52.Soln.  (a) F=g(vxB)=qvBsind
along the considered loop (1) as shown in figure.
Subscribe Arvind Academy NEET You tube channel. Click link:h! g’ www youtube com/@ArvindAcademyNEET Pagel0
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(i) If the angle between v and B is 90° then it will
move in circular path.

(i) If the angle is other than, 0%, 90° and 180° the
path will be helical.

(b) Since the work done on the charged particle
moving in the magnetic field is zero because force
experienced is perpendicular cannot bring any
charge in speed of charged particular. Hence the
change in K.E. is zero.

. Soln. Magnetic field produced on the wire
(carrying current |;) due to I, will be

- .

N

y

Force acting at | length is

F=1,/B

F= A towards I,
2rd

fl=Ilmd=Im/ =1,=1and
F=2x10"N
= =14

So one ampere is defined as the current, which
when maintained in two parallel infinite length
conductors, held at a separation of one metre will
produce a force of 2 x 107 N per metre on each
conductor.

. Soln. (a) Force acting on a charge ‘q’ moving
with velocity 1 in the presence of both electric

field E and magnetic field B is given by,
F=qE+q(vxB)

Consider a region in which magnetic field,
electric field and velocity of charge particle are
perpendicular to each other.

To move charge particle undeflected, the net
force acting on the particle must be zero i.e., the
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Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.

ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE. ATDB PDFZ

electric force must be equal and opposite to the
magnetic force.

qE:—q(;xE')

E= —(;x E)

E=Bxv

E=Bvsin@=Bv (+0=90")
E

V=—

B

The direction of electric and magnetic forces
are in opposite direction. Their magnitudes are in
such a way that they cancel out each other to give
net farce zero and so the charge particle does not
deflect.

(b) When an electric current flows in closed
loop of wire, placed in a uniform magnetic field,
the magnetic forces produce a torque which tends
to rotate the loop so that area of the loop is
perpendicular to the direction of the magnetic
field.

Consider a rectangular coil PQRS placed in an
external magnetic field as shown in fig.

T being FJ'B";,
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Let T be the current flowing through the coil. Each
part of the coil experiences a Lorentz force. Forces

of each partis F|, F,, F; and F, as shown. The F,

and F, are equal in magnitude but act in opposite
directions along the same straight line. Hence,
they cancel out each ather.

The force

F, = I(POx B)

F=I/B (- 0=90)

( F, acts in direction perpendicular to the plane
of paper)

Similarly, ;’3 = I{R_:‘}x F?)
F=I1/B

These two forces constitute a couple and so
rotates the coil in the anticlockwise direction.

The torque

r =force x arm of couple
r=Fbcos /}

r=1/Bucosd
r=I[4Bcosf ('Ixb=A)

If the coil has N turns then

r=NIABcos8

The area vector A makes an angle @ with B so

0+a=90"
cos & =cos(90—a) =sina
r=NI4ABsina
r=mBsina
or ;= &;xB

Where m = NIA is called the magnetic dipole
moment of the loop.

55. Soln. The standard formula for field at an
axial point is given as

!‘”]a:
2(a*+x?)"?
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Field at O due to loop P

w#I(r?) MJ

2[[2_”

And, field at O due to loop Q

B =

"

B - ‘uuf(rz ) ;‘I()!
o~ s P32
, [2rY 2z
2{r 4| —
2

Now, as the current flowing in loop P is
clockwise, by using right hand thumb’s rule, the
direction of the magnetic field will be towards left
and as the current in loop Q is clockwise then the
direction of magnetic field is towards left. So the

net magnetic field at paint O will be the sum of
the magnetic fields due to loops P and Q7

So, net field
2u.1 ,u(,
B:B +B — 0 _— —
P 2r r
56. Sa'n. Entivalent magnetic moment of the
coi ,
m=I4n
. =1/bn

-

(n = unit vector L to the plane of the coil)

- -

Torque = mx B
~1bnxB
=0
(as n and Eare parallel or antiparallel to each

other)

We have:

N,27R = N,.2n(R/ 2)

57. Soln.

N, =2N,

Magnetic moment of a coil, M = NAI
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For the coil of radius ‘R’,
M, =N,IA = N,IxR’

For the coil of radius R/2,

M, =N,id4, =2N,IxR*/4=N, IzR* /2
= M,:M =1:2
58. Soln. According to Biot-Savart law, the magnitude

of the field dBis

1. Directly proportional to the current | through the
conductor,
dB <

2. Directly proportional to the length dl of the
current element,
dB « di

3. Directly propartional to sin @,
dB x sin@

4. Inversely proportional to the square of the
distance r of the point P from the current
element,

dBocL:

r

Combining all these four far ron 5, we get

Idlsin@
I—.—v

2
r

or dB:K,Id’SZmB
r

dB

The proportionality constant K depends on the
medium between the observation point P and the
current element and the system of units chosen.
For free space and in Sl units,

i R 3 - =
K=2% 10" Tmd " (or Wom™ ' A™")
4
Here /1, is a constant called permeability of

free space. So the Biot — Savart law in Sl units may
be expressed as

d3=&.“ﬂ5in0
Az r

We can write the above equation as

—_—

As the direction of dB is perpendicular to the

—

—

plane of df and r ,so fromthe above
equation, we get the vector form of the Biot -
Savart law as

:1’3 _ ﬂ dl x r
Ar
59. Soln. Magnetic field along the axis of a circular
current loop. Consider a circular loop of wire of
radius a and carrying current |, as shown in fig. Let
he plane of the loop be perpendicular to the plane

of paper. We wish to find field B at an axial point
P at a distance r from the centre C.

ilm.‘ ------ Iq

-0l isic 2r 1 ¢ rrent element d/ at the top of
the loop.

It has an outward coming current.

If 5 be the position vector of point P relative

to the element d!, then from Biot — Savart law,
the field at point P due to the current element is

Hy ldising

4 5

dB =

Since dl L ._s‘ ,i.e., @=90", therefore

dp=to 1d!
4r s

The field d B lies in the plane of paper and is

perpendicularto 5, asshownby PQ. Let ¢ be
the angle between OP and CP. Then dB can be
resolved into two rectangular components.

d‘g:ﬂm 1. dBsingalong the axis,
4 r . .
% 2. dBcos¢ perpendicular to the axis.
—_—
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For any two diametrically opposite elements of
the loop, the components perpendicular to the
axis of the loop will be equal and opposite and will
cancel out. Their axial components will be in the
same direction, i.e., along CP and get added up.

‘. Total magnetic field at the point P in the
direction CP is

B=[dBsin¢
But sm¢——a nd dB =2 hﬂ
4r s’
B ;‘I] ﬁ{ a
dr s* s

Since 44,and | are constant, and s and a are
same for all points on the circular loop, we have

B= y,,!a _[ dl = ,u,,!a g ;;"1?-

4rs’ 2s
A
circumference = 27 a)
Or
B=—f~“'L,., [s=(r'+a’)"?]
2(r'+a’)’”

As the direction of the field s . long ve! - |
direction, so we can write

_5;:%!
2Ar+a’)

If the coil consists of N turns, then

_ uNla
2(r2+al).’l:2

60. Soln. Since the point O lies on lines SP and
QR, so the magnetic field at O due to these
straight portions is zero.

The magnetic field at O due to the circular
segment PQ is
M1,

B =
dr a°

Here, /=lengthofarcPQ= a a

B = ﬂf—a, directed normally
4r a

upward

Similarly, the magnetic field at O due to the
circular segment SR is

, = A .I_a , directed normally
Y ¥4
downward.

The resultant field at O is ‘

B=B-B, - ;q,:'a[l l] ‘

4r |a b
or _ .l a(b—a)
drab
> _ Ml
61. Soln. B, =—-
o "R

A , along horizontal

B‘ - I”‘{lﬁ!
2R

, vertically upwards, r
Resultant field at the centre is (
|

T3 1,1 3 M,\Ef
B=,B.+B,=|| — | +

e [mJ ( 2R }

.“{:I(]+3]|:=(LJJ
R
ao L g3
v B
62. Soln. Ampere’s circuital law states that the

line integral of the magnetic field B around way
closed circuit is equal to x4, (permeability

|
constant) times the total current | threading or
passing through this closed circuit.
Mathematically,

J'} B.dl = u,l
in a simplified form, Ampere’s circuital law

states that if field B is directed along the tangent
to every point on the perimeter L of a closed
curve and its magnitude is constant along the
curve, then

BL = 1

Where | is the net current enclosed by the
closed circuit. The closed curve is called Amperean

wire loop.
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loop which is a geometrical entity and not a real }
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It fig. shows the sectional view of a long
solenoid. At various turns of the solenoid, current
comes out of the plane of paper at points marked
© and enters the plane of paper at points marked

® . To determine the magnetic field B at any
inside point, consider a rectangular closed path
abcd as the Amperean loop.

.Q
- - A
PaLcELEENEUREEEEEEGNEEEREEEN

Then number of turns in length [ of the
solenoid

=nl

Thus the current | of the solenoid threads the
loop bed, nl times.

S Total current threading the loop abcd [
= nll |
Hence Bl =punll or B=ynl

63. Soln. Lorentz force. The total force experienced by |
a charged particle moving in a region where both |
ey goeaeeseaoaansan electric and magnetic fields are present, is called  |§
h Lorentz force.
According to Ampere’s circuital law, .
L A charge g in an electric field £ experiences
I B.dl the electric force,
» + |
= 4, % Total current through " =q E
the loop abcd
Now This force acts in the direction of field £ and is
e T e S e independent of the velocity of the charge. |
|B.di=[B.di+[B.di+[F A+)3.d |
’ 5 . g ‘he m g etii force experienced by the charge ‘
€ o £ . q moving with velocity v in the magnetic field B ‘
But [ B.dl = [ Bdlcos90° =0 e |
b ]
4 . F,, =q(vxB)
[B.di=[Bdlcos90’ =0
o o s
d, This force acts perpendicular to the plane of v
j B.dl=0 , o ‘
’ and B and depends on the velocity v of the
charge.
As B = 0 for points outside the solenoid.
, The total force, or the Lorentz force,
) mb’ (}} _ J’E’; (}} experienced by the charge q due to both electric
o ) - and magnetic field is given by |
: : FoFef
= [ Bdicos0" = B[ di = BI =Fetly
Where, Or F=q(E+vxB
I =length of the side ab of the rectangular
loop abcd. 64. Soin. (i) Magnitude of magnetic field at A
Let _number of turns per unit length of the Direction of magnetic field at A
solenoid = n
(i) Magnitude of magnetic force on conductor ‘
2
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Direction of magnitude force on conductor 2

(i) B,= f—"w = ":i(ﬁ) into the plane of the
T r aT\r

paper/(®)

B, = &(&} = ﬁ(—g—{)out of the plane of
T 4r\ 3r 4z \ 3r

the paper/ (*)

B, = B, — B,into the paper

= ﬂ{ﬂ] into the paper/(®)
4\ 3r

Hy 20(31)

4z r

_ﬁ2f{3[)
T4ar r

K, = away from wire 1 (/towards 3)

F, away from 3 (towards 1)

F,,, = F5, — F, towards wire 1

_ M 6)°
ar r

towards wire 1

. Soln. (i) Behaviour of revolving electron as a tiny
magnetic dipole.

e »

(i) Proof of the relation g =- — .
Im

L

(iii) Significance of negative sign

Electron, in circular motion around the nucleus
constitutes a current loop which behaves like a
magnetic dipole.

Current associated with the revolving electron.

Magnetic moment of the loop, u = /4
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Orbital angular momentum of the electron,
L=myr

- —e
u=——-IL
2m,
-ve sign signifies that the angular momentum
of the revolving electron is opposite in direction to
the magnetic moment associated with it.

66. Soln.

Fig. 4.94 (a) Top view (b) Front view of a
pivoted-type galvanometer.

I = current flowing through the coil PQRS
a,b = sides of the rectangular coil PQRS
A = ab = area of the coil

N = number of turns in the coil.
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flowing through it. Consequently, the instrument
<O,N can be provided with a scale with equal divisions
along a circular scale to indicate equal steps in

VALY
I ] Q current. Such a scale is called linear scale.
-7 )
0 -} — Also, [=——a=Ca
' L i . NBA
- .
A The factor G =k / NBA is constant for a
: - galvanometer and is called galvanometer constant
- S‘H\‘\i_\" ! or current reduction factor of the galvanometer.
a
;}\\\ R Fig. of merit of a galvanometer. It is defend as
(a) ® the current which produces a deflection of one scale
Fig. 4.95 (a) Rectangular loop PORS in a uniform division in the galvanometer and is given by
magnetic field. (b) Top view of the loop.

Since the field is radial, the plane of the coil

always remains parallel to the field B . The
magnetic forces on sides PQ and SR are equal,
opposite and collinear, so their resultant is zero.
According to Fleming's left rule, the side PS
experiences a normal inward force equal to NIbB
while the side QR experiences an equal normal
outward force. The two forces on sides PS and QR
are equal and opposite. They form a couple and
exert a torque given by

~ — iak
£ =Force x Perpend ct lar di tan e | et © - resiztance of the galvanometer

I, —the current with which
= NIbBxasin90” = NIB(ab) = NIBA galvanometer gives full scale deflection

0 — I =the required current range of the
ammeter

Here @ =90", because the normal to the

plane of coil remains perpendicular to the field B

in all positions. S = shunt resistance

The torque 7 deflects the coil through an I =1, =current through the shunt.
angle « . A restoring torque is set up in the coil due

to elasticity of the springs such that As galvanometer and shunt are connected in

parallel, so

T

VORI xa or rrvm = ka

ring P.D. across the galvanometer = P.D. across the

Where k is the torsion constant of the springs shunt

i.e., torque required to produce unit angular twist, 1 G=(I-1)S
In equilibrium position. * ’

Restoring torque = Deflecting torque or S = !u xG
-1
ka = NIBA *
NBA So by connecting a shunt of resistance S across
Or a= _k—” the given galvanometer, we get an ammeter of
desired range. Moreover,
Or awx] S
= x [
Thus the deflection produced in the * G+S
galvanometer coil is proportional to the current
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The deflection in the galvanometer is
proportional to /, and hence to /.So the scale can
be graduated to read the value of current |

! directly.

Hence an ammeter is a shunted or low
resistance galvanometer. Its effective resistance is

A galvanometer can be converted into a
voltmeter by connecting a high resistance in series
with it. The value of this resistance is so adjusted
that only current !s which produces full scale
deflection in the galvanometer, passes through
the galvanometer.

Let

G = resistance of the galvanometer

I, =the current w th whicl |
galvanometer gives full scale deflection

0-V =required range of the voltmeter, and

R = the high series resistance which restricts
the current to safe limit /, .

Total resistance in the circuit=R + G
By Ohm’s law,

Pa.remra! dgﬁ‘ereuce V
Total resistance  R+G

¥

So by connecting a high resistance R in series
with the galvanometer, we get a voltmeter of
desired range. Mareover, the deflection in the
galvanometer is proportional to current !R and
hence to V. The scale can be graduated to read
the value of potential difference directly.

Hence a voltmeter is a high resistance
galvanometer. Its effective resistance Is

R.=R+G>>G.
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deflection produced in the galvanometer when a
unit current flows through it.

Current sensitivity, /, _9; = liﬁ

Voltage sensitivity. It is defined as the
deflection produced in the galvanometer when a

67. Soln. Current sensitivity. It is defined as the —U
|
unit potential difference is applied across its ends.

A=5cmx2em=10x10"m* =10 m?

B=25x10"Wbm>, k=15x10"Nm rad™

Voltage sensitivity, Vs = L Ne4 o
SV IR &k ‘
Clearly, Voltage sensitivity =
Current sensitivity
R
68. Soln. J
I

@=02rad, | =2uA=2x10°A4

k
NBA'
ko
N=
184¢
1.5%10°*x0.2

=60.

As I =——.a ’
|
|

" 2x10°x2.5x10 2 x10°" |

69. Soln. The given ammeter can be regarded as the ‘
galvanometer. ‘

I, =1.04, R, =0.80€2

(i Total current in the circuit, / =5.04
The required shunt resistance,
I
R =—f—xR = 1.0 x0.80=0.20Q2.

(ii) The combined resistance R, of the

ammeter and the shunt is given by
1 1 1 1+4 _25

—_— —_——— —_— =

R, R, R 08 02 08 4
Or R, =4/25=0.16Q.

l
-1, 50-10
|
|
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70. Saln. The current for full scale deflection of . v _ V
voltmeter is given by o R,+980 2(R, +470)
!g=; Or 2Rg+940=Rs +980
R, + R
Or R =40Q).
B 2
In first A I =—
n first case R R+ 980
] = V2

In second case, - m
\———————————————————————————————————————————————— R
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SURE SHOT QUESTIONS

™

Chapter — 05

Magnetism and Matter

MCQ (1 mark) 5. Ans. (c) : The direction of magnetic field at any .
point is given by the direction of tangent at that ‘
1. Soln. (¢
9 . point on the magnetic field line.
2. soln. (b): According to Gauss's law In magnetism
ﬁ.d._S" =0, which implies that number of
L[] P 6. Ans. (a): Copper has less than one relative ‘ ‘
magnetic field lines entering the Gaussian surface ermeability. Copper relative permeabilit
is equal to the number of magnitude field lines P y- LoBp P v
leaving it. Therefore, case (ii) is not possible. i, = M =0.999994 ‘
Hy
. — '-' —
3. Soln. (b): Here, M, =8 Am™', B, =0.6T, 7. Ans. (d) : As copper is diamagnet, so the magnetic
T =4K. B.=02T. T = 16K field lines do not pass through it. ‘
( et
Then, for paramagnetic materials,
8. Anc. (0).'Wa*s has relative magnetic permeability
Magnetization (M) = CE(Curi;’s lav.) JouwvelnJand «asitis a diamagnetic material,
T
Now, in the first case, M, = gﬁ ....... (i) R H
1
10. Ans. (a) : The magnetic permeability of a substance
CB,
Andin the second case, M, =—=2 B (11 B
2 isgivenby = I Here, B is magnetic field inside
Dividing equation (i) by (ii), we get |
the material, H is applied external magnetic field. ‘
ﬁ_f.!. = ﬂf&- = ﬂ - g‘éx E; 8 =3x4 When external applied magnetic field H is
M, B T M, 02 4 M,
‘ 8- ’ ° N increased, the internal magnetic field for a
|
M, = E = 3 Am ferromagnetic material remains the same. Thus, ‘ ‘
the magnetic permeability decreases
4. Ans. (c) : Given that Magnetic moment M is
e 11. Ans. (i) Specimen A - diamagnetic,
parallel to Magnetic field Bi.e, M || B.
Specimen B - paramagnetic '
Torque r - ﬁx B |= MBsin @ = MBsin 0° =0 (i) The magnetic susceptibility of A is small ‘
Net force = 0, as two forces are equal and negative and that of B is small positive.
opposite.
Assertion-Reasoning (1 mark)
e —————— e S — ~ -
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12. Ans. (a) : Magnetic poles cannot be separated as
monopoles of a magnetic does not exists.

Gauss’s law in magnetism:

¢= Z BAS = 0, this indicates monopole

all area
element

does not exist.

13. Sol. (a): The field magnet used in a moving coll
galvanometer is very strong. The earth’s magnetic
field is quite weak as compared to the magnetic
field produced by the field magnet. Practically the
coil rotates under the effect of the strong magnetic
field due to the field magnet and the weak
magnetic field due to the earth does not affect the
working of the moving coil galvanometer.

14. Sol.

(d): The angle of dip is the angle between the axis
of the dip needle in the magnetic meridian and the
horizontal direction.

Vertical component of the earth's magnetic field

tan@=
"= Horizontal component of the earth's magnetic field

= i-‘whl.:n B, = B, tanB=1=>08=45°
H
Lines joining points of zero dip .. - \lled iclin cline .
Lines joining points of equal dip are calied isocunic
lines.

15. Sol. (d): From the compass we are able to know
the direction of the magnetic poles. The north of
compass points towards the magnetic south pole.

iy L A

-~ axis

If we know the magnetic declination at that
particular place (which is angle between
geographic meridian and magnetic meridian) we
can easily find out the true geographic north-
south direction. Imaginary lines drawn along the
earths surface in the direction of the horizontal
component of the magnetic field of the earth at

ﬁascribe Arvind Academy NEET You tube channel. Click link: n https://www. youtube.com/@ArvindAcademyNEET
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all points passing through the north and south
magnetic poles. This is similar to the longitudes of
the earth, which pass through the geographic
north and south poles.

16. Sol. (b): There will be only one neutral point on

17.

18.

19.

20. Sol. (a): A neutral point in the magnetic field of a

the horizontal board. This is because field of earth
magnetic field is from south to north; and the field
of pole on the board is radially outwards. At any
point towards south of magnetic pole, field of
earth and field of pole will cancel out to give a
neutral point.

Sol. (d): The temperature inside the earth is so
high that it is impossible for iron core to behave as
a magnet and act as a source of magnetic field.
The magnetic field of earth is considered to be
due to circulating electric current in the iron (in
molten state) and other conducting materials
inside the earth,

Sol. (a): Earths magnetic field can be represented
as the field of a huge bar magnet. If the magnet Is
freely suspended its north-pole points towards
geographic north pole (really a south magnet pole
of earthl

sol. (d): The earth has only vertical component of
its magnetic field at the magnetic poles. Since
compass needle is only free to rotate in horizontal
plane. At north pole the vertical component of
earths field will exert torque on the magnetic
needle so as to align It along its direction. As the
compass needle can not rotate in vertical plane, it
will rest horizontally, when placed on the
magnetic north pole of the earth.

bar magnet is that point, where the field due to
magnet is completely neutralised by the
horizontal component of earths magnetic field.
The net horizontal field is zero at such a point. If a
compass needle is placed at such a point, it can
stay in any position.

21. Sal.

Page 2
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(a): Magnetic moment = tesla = E = Flqv
_ wav _ [mr2 AT L1 ]
F [mLT2]

=[AL?] =amp m?

» Case Study Question

22. Answers

1. (b) At the magnetic equator,
8=0° and By = Bcos0°= i

2. (d) The angle of dip gives the direction of the earth’s
magnetic field.

3. (@) Angle of dip is 90° at poles.

B, = B - B, =057 -(03)°
=+0.8x0.2 =04G

tarni:'umEL:{—]ﬁ=E
B, 03 3

5= tan'ltﬂ-].
3
5. () At any geomagnetic pole, 3, =0 \ cc npa.s

needle, which Is free to rotate in a b onzc ntal slan onl /,
will stay in any position.

4. (a)

— ]

23. Answers

6. (7) Diamagnetism is a universal property among all
substances.

7. (@) A diamagnetic material is repelled by a strong
magnetic field.

8. (h) Magnetic susceptibility of a diamagnetic
substance is independent of temperature,

9. (¢) For a paramagnetic material, x u:% .

10. () In a superconductor, the magnetic lines of force
get completely expelled.

For this material, y = -1

- =
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» Question
24, Ans. .
S5.No. Paramagnetic Diamagnetic
substances substances
1. A paramagnetic A diamagnetic

substance is feebly

substance is

paramagnetic

attracted by a feebly repelled by
magnet, a magnet.
2. Fora

For a diamagnetic
substance, the

https://www.youtube com/@ ArvindAcadem I
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‘ substance, the intensity of N - S direction. The pole at the end
intensity of magnetization pointing north is known as north pole
magnetisation has | p3553 small while the other pointing south is known
a small positive negative value. as south pole.

‘ value (iii) Magnetic pole always exist in pairs i.e., an

isolated magnetic pole does not exist.

(iv) Like poles repel each other and unlike
poles attract each other.

(i) Attractive property: When a magnet is 26. A bar magnet of magnetic moment 6J T is

dipped into iron filings, it is found that the

‘ concentration of iron fillings is maximum

‘ 25. Ans. Properties of magnets:

aligned at 60° with a uniform external magnetic field of

at the ends. It means attracting power of 0.44T. Calculate (a) the work done in turning the
the magnet is maximum at two points magnet to align its magnetic moment (i) normal to the

near the ends and minimum at the L . ) i
) magnetic field, (ii) opposite to the magnetic field,and (§
centre. The places in a magnet where at ,

attracting power is maximum are known (b) the torque on the magnet in the final orientation in

as poles while the place of minimum case {ii). [2018]
attracting power is known as the neutral
region.
| (ii) Directive property: When a magnet is
‘ suspended, its length becomes parallel to 27. .
S.No. Paramagnetic Diamagnetic Ferromagnetic
1. Substances are feebly attract~d . petances ara feebly repelled Substances are strongly attracteq:.l
by the magnet. Na, K, Mg, M, by nem g ‘ot 3i,Cu, Ag Hf m, o themagnet.Fe, Co, I.QI and their
Al, Cr, Sn and liquid oxyger are wa or F/di seer \He, | le. itc ar:  al oysare ferromagnetic.
paramagnetic. diamagnetic.
2. Xmissmall, positive and varies Susceptibility Xm is small, negative  Xmis very large, positive and .
inversely with temperature, and temperature independent. temperature dependent. _
l.e., Xme< (1/T).
3. u,isslightly greater than unity, Relative permeability u, is slightly  p is much greater than unity. i.e.,
‘ [HTR TN lesser than unity, L.e., 1 < |y H>> o
28. Ans. As ¥ = 0.9853, so material is paramagnetic. ] B
u
The behaviour of magnetic field lines in the —] .
S r— !
. . - - S
‘ presence of a paramagnetic substance is shown, N pe e
T ™
\ = ST
(i) The behaviour of magnetic field lines in the
] presence of a diamagnetic substance is shown:
- N
). Ans. (i) The behaviour of magnetic field lines in the — -
‘ — "] .
presence of a paramagnetic substance is shown: N s
‘ This distinguishing feature is because of the
' difference in their relative permeabilities. The

‘ Subscribe Arvind Academy NEET You tube channel, Click link: gram  https://www.youtube com/@ArvindAcademyNEET Page 4 |
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relative permeability of the diamagnetic
substance is negative; so, the magnetic lines

of force do not prefer passing through the substance.
The relative permeability of a paramagnetic substance
is greater than 1; so, the magnetic lines of force prefer
passing through the substance.

30. Ans. A diamagnetic specimen would tend to move
towards the region of weaker magnetic field while
a paramagnetic specimen would tend to move

towards the region of stranger magnetic field.

31. Ans. Behaviour of magnetic field lines when a
diamagnetic substance is placed in an external
field.
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By equations (i) and (i), H.2xr=n 2xrl or
B = pyyunl .

This gives magnetic field at any point inside the
ring, directed at any point along the tangent to
concentric circular magnetic line of force at that
point inside the toroid.

Cross sectional view

34.
(i)

Soln.

Attractive Property: When a magnetic is dipped
into iron filings, it is found that the concentration
of iron fillings is maximum at the ends. It means
attracting power of the magnet is maximum at
two points near the ends and minimum at the
centre. The places in a magnet where its
attracting power is maximum are known as poles
while the place of minimum attracting power is
known as the neutral region.

; . . . ) {ii)  Di‘ectiw> proprty: When a magnet is suspended
. . I S e 3 ¥
32. Ans. The relative permeabllityfs 20 intgnsk | it' le 1gt | b 2co nes parallel to N-S direction. The
property of a magnetic material. A related quantity pole at the end pointing north is known as north
is th . ibili pole while the other pointing south is known as
is the magnetic susceptibility, denoted by z,, . south pole.
(iii) Magnetic poles always exist in pairs i.e., an
=]+ L = 0_
=1+ 7, oy Jl isolated magnetic pole does not exist.
. (iv) Like poles repel each other and unlike poles
Here, u, <1 (, negative), so the material is termed attract each other.
as diamagnetic.
35. Soln. Given, at300K=1.2x10°
33. Soln. When current | is passed through the wire X
having n turns PEIj unit_length and of‘mean ra.dnu?' 7' atttemp. = 1.44x10°
r, then magnetic field lines set up inside the ring in "
the form of concentric circles. Let one such loop be t=9
of radius r, then line integral of magnetic field over
that closed loop is From Curies law,
-+ l
(fj 14l =[f)H dl cos0° = H[f)dI = H 2rr Z* =
(i) .
X we 300
But by Ampere’s circuital law, =—
me {
m H .dl =total current threading the toroid 1 44x10° 300
T e
= total number of turns in toroid x/ 1.2x10 !
=2zl (ii)
— e —— e e ———— E— O —
Subscribe Arvind Academy NEET You tube channel. Click link: o Hue //www youtube.com/@ArvindAcademyNEET Page 5
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o 300x1.2 (b) Torque on magnet when moment is aligned
1.44 opposite to the field,
=250K -
Torque = |mx B
OR
_ _ r=mBsin6
Diamagneticas 1 < ¥ <0.
= 6x0.44 xsin 180"

— L 3 0 —_—

36. Soln. Given, susceptibility, y =0.9853. O C#inl8e =0)

38. Soln. Gauss law for magnetism: It a closed surface
is imagined in a magnetic field, the number of
lines of force emerging from the surface must be
equal to the number entering it. That is, the net
magnetic flux out of any closed surface is zero.

| The material is paramagnetic in nature. If a
piece of this material is kept in uniform magnetic
field, then field pattern gets modified as follows:

Gauss law signifies that magnetic monopoles does
not exist.
1. Ina bar magnet, each lines of force, starts from a
] north poles and reaches the south pale externally
) N and then goes from south pole to a north pole
N /,r\\_ S internally. Thus, magnetic line of force forms a
/\ closed loop.
A 2. No two lines of force will never intersect each
- other.
The lines of force tend to pa-s th==::== ti= 3. In auniform field, the lines are parallel and
material rather tan the surrour dii g air. | eqid"sict ium each other.
| 4 Th liecfiwc are crowded near the poles.
39. Soln. (i) P - Paramagnetic material
37. Soln. Given, magnetic momentum, W €
¥ (li) @ - Ferromagnetic material
m=6JT
External magnetic field, B=0.44T T
|
1
0, = 60" = cos G, = cos 60° =3
I —
(a) Work done in turning the magnet normal to the Y
field,

In paramagnetic materials, | decreases with
W =—-mB(cos 0, —cos )

(i) Here, 6, =90"
W =+mBcosf,

H
temperature as, [ « F , where, H is the
magnetising field.

40. Soln. The magnetic moment developed per unit

=6x0.44 % l =132J volume of a material when placed in o
2 magnetising field is called intensity of
(i) Here 6, =180" magnetisation or simply magnetisation. Thus
W =-=mbB(cost, —cos6,) -
= m
! M=—
W=—6x0.44(—l——) I
2
=396
hscribe Arvind Academy NEET Yo be channe . K link: = -}1[1J€I;-:\'.rv.“.'.f"IHJ.r ibe.com fu'-l"d'u'nlld-'\t.lt‘h'l!r'\.'['_kT_ ?E_ﬁ-
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If I, is the surface magnetisation current set

up in a solenoid of cross-sectional area A and
having n turns per unit length, then magnetic
moment developed per unit length of the solenoid

is nl,, A. Therefore, magnetic moment developed

per unit volume or the magnetisation M is given
by

nl, A

M =l—”f= =nl,

Hence BM = Hyn I.u = u,M

Again, consider a bar of magnetic material
having cross-sectional area a and length 2/ . Its
volume is

V=ax2!

M= %2 4.

V  ax2l a

Hence intensity of magnetisotion may also be
defined as the pole strength developed per unit
cross-sectional area of a material.

Magnetising field intensity. (.'e abil ty o~
magnetising field to magnetis - a1 1atel ial n ediv m

—k

is expressed by a vector ff, called magnetising
field intensity or magnetic intensity. its magnitude
may be defined as the number of ampere — turns
{ni) flowing round the unit length of the solenoid
required to produce the given magnetising field.
Thus

H=nl

B, = pyynl = y,H or H :ﬂ
Hy

Magnetic Permeability. Permeability is the
measure of the extent to which a material can be
penetrated or permeated by a magnetic field. The
magnetic permeability of a material may be
defined as the ratio of its magnetic induction B to
the magnetic intensity H.

B

H=E

Clearly, St unit of u
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tesla

amperemeltre '

=tesla metre ampere” or TmA™
.. Dimensions of #=[MLT?A™].

Magnetic susceptibility. Magnetic susceptibility
measures the ability of a substance to take up
magnetisation when placed in a magnetic field. it
is defined as the ratio of the intensity of
magnetisation M to the magnetising field intensity

H. Itis denoted by ¥, . Thus,

M
Hu="r

H
As magnetic susceptibility is the ratio of two
quantities having the same units (Am), so it has
no units.

41. Soln. Curie’s law. From experiments, it is found
that the intensity of magnetisation (M) of a
paramagnetic material is

(i) Directly proportional to the magnetising field
intensity H, because the latter tends to align the
atomic dipole moments.

(ii. Im er ely pi 7pc tional to the absolute temperature
T, because the latter tends to oppose the alignment
of the atomic dipole moments.

Therefore at low H/T values, we have

.M'cc£
r
Or M:i‘.’:‘.£
T
C
Or —=—o0 = —
T A T

Here Cis curie constant and 7, is the

susceptibility of the material. The above relation is
called Curie’s law. This law states that far away
saturation, the susceptibility of a paramagnetic
material is inversely proportional to the absolute
temperature.

Temperature at which a ferromagnetic substance
becomes paramagnetic is called curie
temperature of Curie point Tc.

Above the curle point i.e., the paramagnetic
phase, susceptibility varies with temperature as

C
= (T>T,)
r-T.
Where C is a constant. This is modified Curie’s law

for a ferromagnetic material above the Curie
e —————
Page 7
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temperature. It is also known as Curie — Weiss move towards the region of stronger magnetic
law. This law states that the susceptibility of a field.
ferromagnetic substance above its Curie
temperature Is inversely proportional to the 45. Soln. Behaviour of magnetic field lines when
excess of temperature above the Curie a diamagnetic substance is placed in an external
temperature. field.

42, Soln. (i) Low coercivity and high A
permeability s ' N

(ii) Gauss’s law in magnetism: The net v

magnetic flux through any closed surface is zero,

[ﬁB.ds =0 46. Soln. The relative permeability is an intrinsic
property of a magnetic material. A related
Gauss’s Law in electrostatics: The net electric quantity is the magnetic susceptibility, denoted by
flux through any closed surface is L times the A
) Mo=l+y, [ p=05]
| net charge. Here, u <1 ( z, negative), so the material is
termed as diamagnetic.
fEds=4
o 47. Soln.
The difference between the Gauss's law of >No Paramagnetic Diamagnetic |
. . o ; . substance substance
magnetism and that for electrostatic is a reflection 1 A A
of the fact that magnetic monopole do not exist i i
) ) i paramagnetic diamagnetic
i.e., magnetic poles always exis* 'n pci. l cubstance is substance is
of Soin | | fe bl feebly
| attracted by a repelled by a
B magnet. magnet.

2. Fora Fora
paramagnetic diamagnetic
substance, substance,
the intensity the intensity

Mo 3 of of
vo€ magnetisatio magnetisatio
: n has a small n has a small
' positive negative
. D' . value. value.
Saturation
48, Soln.
Hysteresls loop for a ferromagnetic sample. (i) Behaviour of magnetic field lines when a
Magnetic induction (=BA) left behind in the same d'iamagnetic substance is placed in an external
after the magnetising field has been removed is . field. ) ) )
called residual magnetism or retentivity or (ii) Behaviour of magnetic field lines when a
remanence. paramagnetic substance is placed in an external
field.
The value of reverse magnetising field intensity H
required for the residual magnetism of a sample
' to become zero is called coercivity of the sample.
44. Soln. A diamagnetic specimen would tend to
move towards the region of weaker magnetic field
while a paramagnetic specimen would tend to
—— — — = —
| Subscribe Arvind Academy NEET You tube channel. Click link: Ml https://www . youtube.com/@ArvindAcademyNEET Page 3.

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.




ATDB.uno ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE. ATDB PDFZ

/\ greater ability greater
/\, than 1, is than
U—’ ;“2'“" slightly iu;lty,
\/ e lesser i
H > Hy than M >> 1y
unity, '
— .
—F —— — 1€,
_— B
Atoms/molecules of a diamagnetic substance H<Ho
contain even number of electrons and these
electrons form the pair of opposite spin; while the 50. Soln. As y =0.9853, so materialis
atoms/molecules of a paramagnetic substance paramagnetic.
have excess of electrons spinning in the same ] [
direction. d
29. soln. N5
L —
S. Parama Diamag Ferroma
N gnetic netic gnetic ol i
0. — s N —
1, Substan Substa Substan The behaviour of magnetic field lines in the
ces are nces ces are presence of a paramagnetic substance is shown:
feebly are strongly
attracte feebly attracte 51. Soln. {i) The behaviour of magnetic field .
d by the repelle d by the lines in the presence of a paramagnetic substance |
magnet. d by magnet. is shown:
Na, K, the re v, | 1 o ,___,..—-_
Mg, ma’ ne Ni and | o
Mn, Al, t. ol, theu
Cr, Sn Cu, Ag, alloys N °
and Hg, Pb, are ™
liquid water, ferroma .
oXygen hydrog gnetic. - N .
are en He, (i) The behaviour of magnetic field lines in the |f
parama Ne, presence of a diamagnetic substance is shown:
gnetic. etc., This distinguishing feature is because of the
are difference in their relative permeabilities. The
diamag relative permeability of the diamagnetic
netic. substance is negative; so, the magnetic lines of
2, 2. is Suscep 7, is force do not prefer passing through the |
" tibility " substance. The relative permeability of a
sma.ll., is very paramagnetic substance is greater than 1; so, the 1
positive Am Iarg.e., magnetic lines of force prefer passing through the '
and small, positive
. . substance.
varies negativ and
inversel e and tempera
y with temper ture
temper ature depend
ature, indepe ent.
i.e., ndent.
Xy < (1/T)
. 52. Soln. Given magnetic moment of samples is
3. . is Relativ 4, is M, = 20%(?{(2.0,: 10* x1.5x IO'”)
slightly o much
perme
== e ————————
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Or . &
54. Soln, 6, = 180" between A and B of bar
20 , . magnet P
M, =——=x2.0x10"x1. - = :
| IO0>-c2(?r>cl x1.5x10" orM, =6.0 Am > 5"
r -—
As rm=£ari=£gr M7} :E N M S
r "0 T Bl/u T >
As volume V, Curie’s constant C and 4, are - -
| constants, so Whereas &, = 0" between M and B of bar
magnet Q
M1 , BT, 8
M _Voom=B M _BI/T,_ B T » B
B, T T M, BI/T, B T, s F N
or M,= l'Ooxﬂx(}
0.84 2.1 > |
M,=1434m’ So, force and toque on both the magnets due
to magnetic field is zero, and the hence both are
S N in equilibrium,
53, S;.oln. N (i) For 0:_{?" t:?etween Mand B, But U=-MBcosf
dipole is in stable equilibrium. i.e., Potential energy possessed by P is +MB,
(ii) For @ =180"between M and B, dipole is whereas by Q is -MB. So magnet Q with less
in unstable equilibrium. potential energy is in stable equilibrium.
Potential energy, U =—-M . B 55. Soin. Magnetic field lines. No, if they
At @=0", U, =-MBcos0’ =-MB intersect at a point, it will show two magnetic
= —0.30%0.50 =—0.15J fields with difference directions at a point, which
At | is revar ngssikla,
_ e I
6 - l 80“. U_f = _11'{3 cos l SJn = ."fB = +(r| P J 56_ 201N,
Torque on magnet is 7 = MBsin@ | 75x10™
AtO=0", r = MBsin0" =0 3T Vg 087 =28 fo e
, . . | MB 6.7x107(B)
At 8=180", r=MBsinl180" =0 B=001T
Subscrib;rvind ﬁl:ide—nw NEET You tube cha_nnel. Click Iinlz = '1;__\.':'..-.'.'. youtube.com/@Ar vmﬂi. .mmanI_:l T Page 1_0 |
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SURE SHOT QUESTIONS
Chapter — 06
Electromagnetic Induction

MCQ (1 mark) that, when A moves towards B, current induced in
B is counterclockwise direction as per Lenz’s law.
s Ao . The current in B would stop when A stops moving.
1. Soln.(c): Here, B= B (2i+3j+4k)T
. 5. Soln. (a)
Area of the square = L’ km’
6. Soln. (b): The self inductance L of a solenoid of
length [ and area of cross section A with fixed
number of turns N is

.. Flux passing through the square.

$=B.A=B,(2i+3 j+4k).L k =4B,L'Wb
MI‘N'ZA

L=—"——

2. Soln. (b): Here, §= B,(i+k)T !

Iy So, L increases when [ decreases and A increases.
Area vectorof ABCD = L k

Area vector of DEFA= L* i | - )

7. =i (o) dovz abeif |increases. When current | in
.‘-
A the straight conductor XY is increased, then

DlO.L.O 10 induced current in loop will be in clockwise

direction.
(0.L.L)
E
P> X
4(0,0,0) B(L,0,0) 8. Ans.(d):
dB :
F(0,0,L) E =1T /s, side, | =10cmor0.1m, N =100
- , e=Na£=lOOx0_lx0_lxl=ll'
Total area vector, A =L (i+k) dit
Total magnetic flux, ¢ = B.A 9. Ans. (a): Here, area, A = 100 cm? = 100 x 10* m?

Magnetic field, B= 10T
Angle, 6’:30“, time t=10"s
3. Soln. (b): As there is no change in magnetic flux The induced emf is

associated with the circuit, no current is induced in
the circuit. The ammeter A shows no deflection.

=B, (i+k).LU'(i+k)=B, L’(1+1)=2B, L'Wb

4. Soln. (d): Coil A must be carrying a constant
current in counter clockwise direction. Because of

http://bit.ly/21YvIGF Page 1
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e=—.4ﬁcosf?= —Acos(?xﬁ
di dt

(0-10")

e=-100x10"* xcos 30° x =

N
=100x—x—=5J3 V
e KZXIO J-

10. Ans. (a) : Change incurrent, dl =7A-34=4A4

Time, dt=0.04s
Mutual inductance, M=05H
The induced emf is given by
e=i‘ﬂ=0.5xi=50lf
dt 0.04
11. Ans. (d) : Self inductance, L = 108 mH

Number of turns N = 600

Now, N’ = 500

Let the new self inductance is L.

u,N*A
[

The self inductance of a solenoid is, L =

()

12. Ans. (c) : Current in solenoid = |

;L'-—lOLxE,:‘.f:.,f!
6.

When iron rod is inserted in the solenoid, the
magnetic field increases, flux linked increases and
self inductance also increases. So, only the rate of
heating does not change.

13. Ans. (b) Given: $=51"+31+16

d¢ d N
= =——[5U+3t+16]=—10t+3
e o d![51+3+ 1=—(101+3)
Att=4,e=-43V

14. Ans. (b):Out of the four given loops, when circular
and elliptical loops come out of the field, equal
areas will not trace out in equal interval of time.
So, for circular and elliptical loops, induced emf

will not remain constant.

15. Ans. (d) : Current induced is / = ITEI_I

Subscribe Arvind Academy NEET You tube channel. Click link:
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d¢

Now, |e|= I

But there is no change of flux with time, as B,

-
A and #all remain constant with time.
No current is induced.

16. Ans. b) : Mutual inductance of a pair of two coils
depends on the relative position and orientation of

two coils.

17. Ans. (d) : Magnetic field inside a solenoid,

N .
B=ﬂ“Tf

Flux linked with N turns
Initial flux, ¢ = NBA = N;:‘J%:'A

N 4rx107 x800x800x2.5x25x10™"
= pi, —id=

/ 0.30
=16.74x10° Wb .. Final flux, =0

Average back emf,

. 3
020 (1O74x107 -0 ¢ 54
di 10

18. Ans. (d) : Let flux linked with smaller loop is @, and

with bigger loop is ¢1 .

ALEII.S- ’
X
l? ] 1

Given, R, =0.2m, R =0.3cm =0.003m

x=15¢m=0.15m

cau 2KR"2L 2
Now, 4 = B, A4, = —| ————= |7R
% =54 45[(R5+ x-)’-] '

yo Bt 2ARART

I, 4r(Ri+x*)"

Now, @, = MI, =&M};J,
: 4r (R3+x7)"°

On putting the values, we get

rvindAcademyNEET
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S ¢ =9.1x10" weber

-

N..
19. Ans. (b): L =,uuTA
L'=p, % A R (1)
On solving (i) and (ii), we get

L'=2%-€;A=2L

Assertion-Reasoning (1 mark)

20. Sol.
(a): The coefficient of self inductance of the coil
HoN’A

isgivenby L =

where N is number of turns, [ is length of the coil and
A is area of coil, so L = N°.

21. Sol. (c): The coil in the resistan .e Yoxes are nadt
from double wire. Due to thi” curronti | twi . es
flows in opposite directions i.e., magnetic flux
linked with the each coil cancel each other. Thus,
no e.m.f. is induced in the resistance.

22. Sol.

(d): Both assertion and reason are false.
When an alternating current is sent through the coil

then effective resistance of the coil will be \/R? 4 (aL)?
while it was only R for direct current ie., effective

resistance of coil will increases for A.C.

23. Sol.
(b): According to Faraday's law, the induced e.m.f.
-d(N¢) _d{.\'BA) s dB

dt dt dr’
Thus the induced e.m.f. depends on the rate of change

of magnetic flux, number of turns of coil and area of
the coil. If any of these factor increases (or decreases)
then induced e.m.f. also increases (or decreases).

() isgivenbye =

24. Sol. (a): The inductance coils made of copper will
have very small ohmic resistance. Due to change
in magnetic flux a large induced current will be
produced in such an inductance, which will offer
appreciable opposition to the flow of current.

Subscribe Arvind Academy NEET You tube channel. Click link:
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25. Sol. (a): Self-inductance of a coil is its property by
virtue of which the coil opposes any change in the
current flowing through it. It is because, the
induced emf produced opposes the change in
current. For this reason, self induction is called
inertia of electricity.

26. Sol. (a): An induced current develop in a
conductor cannot moved in a direction parallel to
magnetic field. This is because when the
conductor moved in a direction parallel to
magnetic field, amount of flux linked with the
conductor does not change. Thus the induced
current develops only when conductor cuts the
lines of magnetic force. The direction of flow of
induced current can also be found by applying
Flemings right hand rule, when the direction of
motion of conductor inside the magnetic field and
the direction of magnetic field action on it are
known,

27. Sol. (a): When we pull a copper plate out of the
magnetic field or push it into the magnetic field,
magnetic flux linked with the plate changes. As a
result of this eddy currents are produced in the
plc te wh :h opj} ose its motion (according to Lenz’s

1z,

28. Sol. (b): E.m.f. induces, when there is change in
magnetic flux. The magnitude of induced e.m.f.
depends upon the rate at which the magnetic flux
changes. When magnetic flux is steady or constant
no e.m.f. is induced. Faraday did experiment in
which, there is relative motion between the coil
and magnet, the flux linked with the coil changes
and e.m.f. induces.

29. Sol.
(c) A is true but R is false
Explanation: A is true but R is false

» Case Study Question

30. Answers
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L () As the outward flux is increasing, the induced
current must flow clockwise so as to produce downward
flux. Hence the induced current in the wire flows due
south. By Fleming’s left hand rule, magnetic force on the
wire acts towards west.

2.(b) E = Biv=0.01x0.50x4V =002V,

€ = Biv
= 4x107% x35x90
=126x102 V=0126V,

€=Biv

3.(@)

4. (0

36x1000

36:‘10_5:(1)( V:()!lo_-‘ V.,

5. (d) Here L=050m, B= 0.40G =040x1074 T

rev 120 rev
=120 —=2——=2
f min 60 sec P
Induced emf,

I
€=Br? f=040x10" x3.14 x(0.50)* x2

=628x107V,
31. Answers

6. (a) The magnitude of flux linked with the oscillating
pendulum changes. Eddy currents are set up in it which
damp its oscillations in the magnetic /. eld.

7. (1) As the magnet falls, magr .- flux inkcd wih
the cylinder changes. Eddy currents set up in the cyunder
oppose the motion of the magnet.

8. (d) The oscillating coil produces changing magnetic
field. This changes the flux through the aluminium plate.
Strong eddy currents set up in the plate cause
electromagnetic damping of the coil.

9. (b) Eddy currents are induced by varying magnetic
field in a metal.

10. (4) Laminated core reduces losses due to eddy
currents.
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» Questions

32. Soln. Let ON be x at some instant.
The emf induced in the loop =e.

. _ﬁ _ —d(Blx)
dt dt
ezsf[i“i}
dr

=Blv=0.5x0.2x10

=1V
Current in the arm,
e 1
I=—=—-=0.24
R 5
33. Soln. Given:

1. .,
Energy W=—=LI"
=3

A solenoid having magnetic field B, area A, &
length [ and having n numbers of turns per unit
l=ngth.

sel = ndu~tance of the solenoid is given by:

L=pun’ld

B = unl

l hd hd
W= Ejf“ﬂ'f.‘”'

B = i2n’l?
V = AL(volume)

= W=

wonlAl?
Hy
= W =L831'
244,

’ 2

Energy density = — = CY™
Hy

34. Ans. (i) We know that, [ = ? = dg =Idt
t

Log= jfdr = Area under the |-t curve

=%xO.4xl=0.2C

P:age 4
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ﬂ:ﬁxﬁ’:ﬂ
t di dr
= ¢g=qR=02x10=2IWb

(iii) Now, §=B.A=B(10x10™)

(ii) As we know | £ |=

2

B=—_;=2000T
10x10

35. Ans. Mutual Inductance: The phenomenon

according to which an opposing emf is produced as
a result of change in current or magnetic flux
linked with another coil. Consider two long coaxial
solenoids each of length I. Let n, be the number of
turns per unit length of inner solenoid S, of radius
ry, Nz be the number of turns per unit length of
outer solenoid S; of radius r;. Let Ny and N; be the
total number of turns of solenoids S; and 5;

respectively.

When a current i is passed through 5,, the
magnetic flux linked with solenoid S is

Ng=Myy . (i)

Where M;; is called the mutual inductance of
solenoid S, with respect to solenoid S..
It is also referred as the coefficient of mutual

induction.
The magnetic field due to current i in 5; is

B, = pyn,i JUUSONON (1)

.-. The magnetic flux linked with 5 is

N =By (x1})n, I = pommyar i .......(ii)
Where ﬂ,’ is the total number of turns in solenoid

S1.
From (i) and (iii), we get

M,, = pnmarl (1|

Which is required expression.

—_—
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Similarly, M:: =;4,n,n::rr,’1 SRR (T} |
From (iv) and (v), we get

M,=M,=M

Hence, coefficient of mutual induction between
two coaxial solenoid is

-M.IN!N!‘T’.Iz
!

36. Ans. (i) The phenomenon of inducing current in a

M = pnnar’l or, M =

circuit by changing the current or flux in a
neighbouring circuit is called mutual induction. S.1.
unit of mutual inductance is henry denoted by H.
(ii)) Here, M= 1.5H,
Al =204, At =0.55,A¢ ="
We know, emf induced in the second coil,
_(A¢), _ MAL

E= =
Ar At

(Ag), = MAL =1.5x20=30Wb

37. Ans. The phenomena of induced emf in a solenoid
due to change in current or magnetic flux linked
vit' | tl e )le noi | is called self inductance of the
solenoid.

The self inductance of a long solenoid, the core of
which consists of a magnetic material of

permeability 4 is given by L= " Al
Where, A is the area of cross-section of the
solenoid, | is the length and n is the number of

turns per unit length.
L

i+

£

Consider the circuit shown here, consisting of a
inductor L and a resistor R, connected to a source
of emf e. As the connections are made, the
current grows in the circuit and the magnetic field
increases in the inductor. Part of the work done
by the battery during the process is stored in the

——————————
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inductor as magnetic field energy and the rest
appears as thermal energy in the resistor. After
sufficient time, the current, and hence the
magnetic field, becomes constant and further

| work done by the battery appears completely as
thermal energy. If, | be the current in the circuit at

time t, we have
. dl
Self inducedemf g = —
| dr
| dW = gldt

‘ dw =L al Idt
dt

dW = Lldl

| Work done by source of emf to supply current |
for a small time dt.
Now total work done by cell to establish current lo
in inductor

| w=[aw= Lifdf = % LI

Total work done is stored as magnetic energy in the
solenoid.

38. Ans. (i) Induced voltage J” = L.if

1
V di
) = 4L [as Dis same]

v, L, dt
h_le_4
v, 12 3
(ii) Power P =iV
lr—'=if:2{asPissame)
L, 1, 4
i 3
D ===
i, 4

39. Ans. (a)
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(a) o

— "1 — Time
Induced current and power, sketch is same as
shown above.
(b) In case of circular coil, rate of change of
area of the loop during its passage out of field
is not constant, hence induced current varies
accordingly.

b
/ >t

Variation of flux with time (in case of circular
loop):

?L

40. Ans. Lenz’'s law states that the direction of the

'.i

induced emf and the direction of induced current
are such that they oppose the cause which
produces them. Here, the North pole is
approaching the loop, so the induced current in
the face of loop viewed from the left side will flow
in such a way that it will behave like North pole, so
South pole developed on loop when viewed from
right hand side of the loop, The flow of induced
current is clockwise, hence A acquires positively
polarity and B negative.

Whenever magnetic flux linked with a circuit
changes, it induces an EMF in it. The induced
current set up in the circuit flows in such a
direction that it opposes the change in magnetic
flux linked with the circuit.

In order to continue the change in magnetic flux
linked with the circuit, some work is to be done or
some energy is to be spent against the opposition
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offered by induced EMF. This energy spent by the
external source ultimately appears in the circuit in

the form of electrical energy.

I
5w L~

This is why a magnet is moved near the closed

loop with its N — pole towards the loop, then
current is produced in loop on the side of a
magnet in anticlockwise direction so as to

develop the north pole which applies repulsive

force on magnet opposing motion of magnet
towards the loop. Similarly when a magnet is

moved away from the closed loop with its N —
pole towards the loop, the current is produced
in the loop on the side of magnet in clockwise

direction, so as to develop the south pole
which attracts the bar magnet opposing its
motion away from the loop.

41. . Ans. Lenz's law states that the direction of the

induced emf and the direction of induced current

are such that they oppose the ' .au e wh ch

produces them.

When the N pole of a magnet is moved towards a

coil, the induced current in the coil flows in

anticlockwise direction on the side of magnet, so

| as to acquire north polarity and oppose the
motion of the magnet towards the coil, by
applying repulsive force onit.
In order to continue the change in magnetic flux

linked with the circuit, some work is to be done or

some energy has to be spent against the
| opposition offered by induced EMF. This energy

spent by the external source ultimately appears in

the circuit in the form of electrical energy.

Suppose that the Lenz's law is not valid. Then the

induced current flows through the coil in a

direction opposite to one dictated by Lenz’s law.
The resulting force on the magnet makes it move

ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE. ATDB P!

faster and faster, i.e., the magnet gains speed and
hence kinetic energy without expanding an
equivalent amount of energy. This sets up a
perpetual motion machine, violating the law of
conservation of energy. Thus Lenz’s law is valid
and is a consequence of the law of conservation
of energy.

42. Soln. Lenz’'s law states that the direction of
the induced emf and the direction of induced
current are such that they oppose the cause which
produces them.

The rod held along east west direction will fall in a
perpendicular magnetic field B,, present in N-S
direction. Hence an emf will be induced in the rod
following the relation for the motional emf
£=B,yl.

Predict the polarity of the capacitor in the situation
described below:

(a) As the armature coil is rotated in the magnetic field,
angle & between the field and normal t the coil
changes continuously. Therefore, magnetic flux
linked with the coil changes. An e.m.f. is induced in
the coil. According to Fleming’s right hand rule,
current induced in AB is from Ato B and it is from C
to D in CD in the external circuit current flows from
B; to B;.

To calculate the magnitude of e.m.f. induced:

Suppose,

A—— Area of each turn of the coil

N —— Number of turns in the coil

B—— Strength of magnetic field

) ——> Angle which normal to the coil makes with B

at any instant t.
Normal Cod

s :”"f «— N

.. Magnetic flux linked with the coil in this position.

¢=N(B.A)=NBAcost = NBAcosax ceeee{i)
Where, @ is angular velocity of the coil
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As the coil rotates, angle @ changes. Therefore,
magnetic flux ¢ linked with the coil changes and
hence, an e.m.f. is induced in the coil. At this instant
t, if e is the e.m.f. induced in the coil, then

e= —Q = —i(NABCOSWn
dt dt
d
‘ =— NAB—(cosw!)
dt

= —NAB(—sinaX)w

s e= NAB wsin ax

e=¢g,sinax (Hereg, = NBA w)

(b) We have number spokes (N) = 100

Length of each spoke (L) =0.5m
Magnetic field (8) = 0.4x10°*T =4x10"°T
Frequency (f) = 120 rpm = 2 rps

Induced e.m.f. between axle and rim is given by
e=NxBxI’xxx f
| =100x4x107" x(0.5)° x3.14x2

=6.28x10°V

44. Soln.

(a) Principle of ac generator: The ar ea verat r is jase:
on the principle of electromag;.etic i.xduction.
When closed coil is rotated in a uniform field with
its axis perpendicular to field, then magnetic flux
changes and emf is induced.

‘ Waorking: When the armature coil rotates, the
magnetic flux linked with it changes and produces
induced current. If initially, coil PQRS is in vertical
position and rotated clockwise, then PQ moves
down and SR moves up. By Fleming’s right hand
rule, induced current flows from Qto PandStoR
which is the first half rotation of coil. Brush B, is
positive terminal and B; is negative. In second half
rotation, PQ moves up and SR moves down. So
induced current reverses and the alternating
current is produced in this manner by the
generator,

R ——————— ]

Ao
o T T p—
Ne D
D AARY |
/ |
P ! {
Ll i s
v 1
5 wC
- 3 B Broarers
Farg
L) v
4}' 'Y Lesa R

Expression for emf : If number of turns in coil = N,
cross-section = A, angular speed of rotation = @,

magnetic field B, then to find emf induced,

Flux through the coil when its normal makes angle &
with the field,
¢ =BAcosO

When coil rotates with angular velocity  and turns
through @in time ‘t’ then @ = ax

= ¢ = BAcosax

When coil rotates, ¢ changes to set in induced emf.

&= ﬂ = —i(BAcoswl)
dt dt
= BAwsinwx

For N turns, total induced emf,
&= Vhdasiam
(by Given: velocity (v)

=900km/ h =9OOX%mfs
=250 ms "
Wing span (1)=20m

Horizontal component of earth’s field (B, )=
5x10°T

Angle of dip (8) = 30"
Potential difference
B =B, tand
=5x10" x tan 30"

1
1.732

Emf induced = B Iv

=5x10"x

5x10
1.732

=144V
———

x20x 250
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45. Soln. Let ON be x at some instant.
The emf induced in the loop = e.

o= ﬂ _ —d(BIx)
dr dr
e=31(i')
dt

=Blv=05%x0.2x10

[=4]
ey
dr

=1V
Current in the arm,
e |
=—===0.24
R
46. Soln. In this situation, a will become positive

with respect to b, as current induced is in clockwise

direction.
+. c
—_— -—

47. Soln. From an observer, the direction of
current in the solenoid is anti-cl ) ‘kwise un
displacing it towards the loop, '~ entii i the loof
will get induced in a direction in oruer tu oppuse
the approach of solenoid, hence direction of
induced current as seen by the observer will be
clockwise.

48. Soln. Magnetic flux. The magnetic flux
through any surface placed in @ magnetic field is
the total number of magnetic lines of force crossing
this surface normally. It is measured as the product
of the component of the magnetic field normal to
the surface and the surface area.

Magnetic flux is a scalar quantity, denoted by

dorg,.

Sl unit of magnetic flux. The Sl unit of magnetic flux
is weber (Wb). One weber is the flux produced when
a uniform magnetic field of one teslo acts normally
over an area of 1 m°.

1 weber = 1 tesla x 1 metre?

Or 1Wb=1Tm?

49. Soln. When current is increasing magnetic
flux linked with the coils also increases. The

Subscribe Arvind Academy NEET You tube channel. Click link:
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magnetic field due to the current element in 2 is
into the plane and 1 is out of the plane. Since flux
increases, the current induced is such that it
opposes the cause due to which it is produced thus
the induced emf in the loop 1 is clockwise and in
coil 2 is anticlockwise.

50. Soln.
(i) Current in the loop PQRS.
=%
r
Since s.':@:Bh' So, f=&
dt r

(ii) The force required to keep the arm PQ in constant
motion

F=Bll= B[EJ! 8w
r r

(iii) Power required to move the arm PQ

B:: 252 2
P=1FJVI=( :"}|v}=[31"}

51. Soln. Suppose the rod completes one revolution in
time T. Then change in flux

= Bx Area swept = Bx L’

C hangein flux
hiduzed enafs - g—ﬂ
Time

®
As f =—, therefore
2z

e=Brl2 2 = lBL’(u.

2T
Induced current,
_¢_1Blw
R 2 R

Heat dissipation in time t,

https.//www.youtube.com/@ArvindAcademyNEET Page 9
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f_r_lB:L‘m:t
R 4 R

52. Soln. Lenz's law: The direction of an induced
emf always opposes the change in magnetic flux
which produces it.

0=

Explanation:

e

rd

When the north pole of a bar magnet is pushed
towards the close coil, the magnetic flux through
coil increases and the current is induced in the coil
in such a direction that it opposes the increase in
flux. This is possible when the induced current in

‘ the coil is in the anticlockwise direction. Just the
opposite happens when the nort» pol= i —g=4
away from the coil.

In either case, it is the work done against the torce
of magnetic repulsion/attraction that gets
‘converted’ into the induced emf.

53. Soln. The emf induced across the ends of a
conductor due to its motion in a magnetic field is
called motional emf. As suppose a length x of the
loop lies inside the magnetic field at any instant of
time t. Then the magnetic flux linked with the
rectangular loop PQRS is

¢=BA=BIx

According to Faraday’s law of electromagnetic
induction, the induced emf is

d$ d dx
=99 __4 py=-p=
£==2 =" a®®™ dt

Or £=Blv

decreasing direction of x. The induced emf Blv is
called motional emf because this emf is induced
due to the motion of a conductor in a magnetic
field.

‘ Where dx/dt =—v, because the velocity v is in the
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54. Saln.

(i) Brightness will decrease when an iron rod is
inserted in the solenoid.

(ii) When an iron rod is inserted in the solenoid with a
velocity, the iron ad rod will cut the magnetic field
lines of an inductor, so as per Kirchoof’s and
Faraday’s Laws, cutting of magnetic field will tend
to induce a current inside the Inductor which
opposes the direction of it's cause. So when the
current is being induced by the moving rod, it
opposes the current flow of existing current in the
circuit, causing the bulb’s brightness to go down as
there is less current passing through it.

55. Soln. Self-Inductance is the property by
which an opposing induced emf is produced in a coil
due to a change in current, or magnetic flux, linked
with the coil.

OR

Self = inductance of a coil is numerically equal to the
flux linked with the coil when the current through
the coil is 1 A.

OR

Self —i1 du ita o of 1 coil is equal to the induced emf
u2%loped in (2 coil when the rate of change of
current in the coil is one ampere per second.

Energy stored in an inductor:

Consider a source of emf connected to an inductor L.
As the current starts growing, the opposing induced
emf is given by

If the source of emf flows a current i through the
inductor for a small time dt, then the amount of
work done by the source, is given by

dW < ¢|1dt

=Li é dt
dt
=Lidi

Hence the total amount of work done (by the source of
emf) when the current increases from its initial
value (i = 0)to its final value (1) is given by

ndAcademyNEET Page 10
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| ! 27!
" o
w=(Lidi=L[idi=L ’—] =L

I

This work done gets stored in the inductor in the
form of energy.

U =1u=
2

56. Soln. Given:

Energy W= %u :

A solenoid having magnetic field B, area A, & length
I/ and having n numbers of turns per unit length.

Self = inductance of the solenoid is given by:
L=punld

B = unl

I 3 3
W =—puniAl”
2 Hy

BI = p‘;n!f:
V' = AL(volume)

= W=—nlAl’

2u,

-  w=_Lpr
244,

Energy density = E =—
I 2u,

57. Soln.

(i) Mutual inductance, is numerically equal to the
induced emf in the secondary coil when the current
in the primary coil changes by unity.

Alternatively,

Mutually inductance in numerically equal to the
magnetic flux linked with one coil/secondary coil
when unit current flows through the other
coil/primary coil.

(ii)

|
—
| —————— e —
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Let a current I, flow in the secondary coil
B. = HoN iy
- !
.". Flux linked with the primary coil
N, N A,
/
=M,,i,
1N, N, A,
!

Hence, M,, =

= Jul.l"!"lA‘l!

58. Soln.
(i) * he ph :nc m no ) of production of induced emf in
toii due te charge in current in neighbouring coil.

{ii) Given:
Mutual inductance of a pair of coils, #=1.5H
Initial current, /[, =04
1,=204
Change in current will be:

Al =1, -

20-0=204
And we know,

Ap=15x20

=30Wb

Hence, change in the flux linkage will be 30 Wb.

Final current

59. Soln.

1. Number of turns. Larger the number of turns in the
two solenoids, larger will be their mutual
inductance.

M « N\N,

2. Common cross-sectional area. Larger the common
cross-sectional area of two solenoid, larger will be
their mutual inductance.

—————
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3. Relative separation. Larger the distance between
two solenoids, smaller will be the magnetic flux
‘ linked with the secondary coil due to current in the
‘ primary coil. Hence smaller will be the value of M.
4. Relative orientation of the two coils. M is maximum
when the entire flux of the primary is linked with
the secondary, i.e., when the primary coil
completely envelopes the secondary coil. M is
minimum when the two coils are perpendicular to
each other, as shown in fig.

I

-

(a) (®)

(a) M is maximum when primary envelopes
secondary, (b) N is minimum when
primary is perpendicular to secondary.

S. Permeability of the core material. It the two coils
are wound over an iron core of relative

I permeability 4 _, their mutual inductance increases

M_times.

Coefficient of coupling. The coefficient of coupling of
two coils gives a measure of the manner in whirch
the two coils are couple togethe . \'Lyar 1L; weti e
self — inductances of two coils ¢ nd N is ti eir 1wt al
inductance, then their coefficient of coupling is
given by

M

N

The value of K lies between 0 and 1.

When the coupling is perfect i.e., the entire flux of
primary is linked with the secondary, M is maximum
andK=1.

When there is no coupling, M =0and K = 0.

60. Soln. Eddy currents. Currents can be induced, not
only in conducting coils, but also in conducting
sheets or blocks. Whenever the magnetic flux linked

| with a metal sheet or block changes, an emfis

| induced in it. The induced currents flow in closed
paths in planes perpendicular to the lines of force

' throughout the body of the metal. These currents
look like eddies or whirl = pools in water and so
they are known as eddy currents. As these currents
were first discovered by Focault in 1895, so eddy
currents are also known as Focault currents.

frequency a.c.), very large eddy currents are set up.
The heat produced is sufficient to even melt the
metal. This process is used in the extraction of some
metals from their ores.

2. Electromagnetic damping. When a current is passed
through a galvanometer, its coil suffers few
oscillations before coming to rest in the final
position. As the coil moves in the magnetic field,
induced current is set in the coil which opposes its
motion. The oscillations of the coil are damped. The
electromagnetic damping can be further increased
by winding the coil on a light copper or aluminium
frame. As the frame moves in the magnetic field,
eddy currents are set up in the frame which resist
the motion of the col. This is how a galvanometer is
rendered dead beat, i.e., the coil does not oscillate
- It deflects and stays in the final position
immediately.

61. Soln. I=30cm=0.30m,

A =25cm’? =25 x10“m? N =500, dt = 107,
dl =0-25=-2.54
dl _ N4 dl

ATDB PDFZ

production of
induced emf in a coil
when a changing
current passes
through it.

Back emf= —L — .

di / dt
47 107 x(500)° x2.5x107* x(=2.5)

0.30x10°*

=6.542 V.
62. Soln.
Self — Inductance Mutual
1. Self - Inductance is Mutual induction is the
the phenomenon of phenomenon of

production of
induced emf in one
coil due to a change
of current in the
neighbaring coil.

. Self —inductance

depends upon the
size, shape and the
number of turns of
the col. Larger the
number of turns and
area of cross-section,
larger is the self —

The mutual inductance

of two coils depends
on the number of
turns in the two coils,
their geometrical
shape and their
relative separation.

inductance.
Applications
1. Induction furnace. If a metal specimen is placed in a
rapidly changing magnetic field (produced by high
_——————————— e e ————————
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63. Ans. Induced EMF, & = (vx B)] = vBI

0 = X » |

L ] |
dx

For the element dx, induced EMF,
| de = Bvdx = Bwxdx

Bowl®

£= Ia't.‘ =j3w.rdt=

= cxwand €x I’
| (i)

EM

E"

(ii)

64. Ans. Givenl=20cm=0.2m,

| B=0.1T,v=10cms'=0.1ms"
(i) Magnetic flux through loop

¢=B.A=Bix
i . =0.1x0.2x0.2=0.004Wb=4x10"Wb
| .[Wb] &
4x1073T
° ts)

(i) Induced emf,
Mo M o o e W — X
X—X—X—X—Xr
-

| O el

Ko Koo W W == X

bl ol el

49 __p

£E=
dt
l&],..=0.1x0.2x0.1

=0.002) =2x107V

(V) * ts)

-2x10°

v
(iii) Induced current,

-3
el 20 o104
R
r
2x1072¢
1A) > ts)

-2x 10-1—-J

65. Ans, (i) Givenry=1cm=1x10mandr;=20cm =
20 x 102 m Mutual inductance of two concentric

’r:ﬂuNlN:’r’i:

and coplanar coils is given by, A >
r,

*x10""H

2(20x107%)
(i) The induced emf,

66. Ans. a) Principle : AC generator is based on the
principle of electromagnetic induction. It converts

mechanical energy into electrical energy.

Field

It consists of

(i) Armature coil of large number of turns of
copper wire wound over soft iron core.
Soft iron core is used to increase
magnetic flux.

_—_—nnm--
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(ii) Field magnets used to apply magnetic
field, in which armature coil is rotated
with its axis perpendicular to field lines.

(iii) Slip rings used to provide movable

? contact of armature coil with external
circuit containing load.

(iv) Brushes which are the metallic pieces
used to pass on electric current from
armature coil to the external circuit
containing load.

When armature is rotated in the magnetic
field, due to change in orientation of the
coil magnetic flux through it changes. Due
top change in flux an e.m.f. is induced.

£ = NBAwsin ax [-- ¢ = BAcosmt]

R

& NBAw .
= sin ex

Direction of induced current is given by Fleming’s right
hand rule.

(b) Radius of coil, r=10cm =0.1m

Area, A=mr’ =3.14x(0.1) =0.0314m"

Number of turns, N= 20

-1
Angular speed, @ = 50rad s

Magnetic field, B=3.0x 102 T

i (i) Maximum induced emf &, = NABw
=20%0.0314x3.0x107 x50 =0.942V
Average induced emf,

Epue T Emn _ 0-942+0
2

=0471V

£ =

(i) Given, R=10{2
Maximum current in the coil,

g, =50 =922 _ 0942 4
R
Average current,
£ 047404714
R 10

Now average power loss, P =/°R

_—
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=(0.04?l)3x10=0.022u’
|6|=—M’ﬂ‘ =7 x10""x5x10°
dt

=493x10°V =4.93 uV

67. Ans. (a) : Principle : AC generator is based on the
principle of electromagnetic induction. It converts

mechanical energy into electrical energy.

It consists of

(i) Armature coil of large number of turns of
copper wire wound over soft iron core. Soft iron
cc e ‘¢ used i< increase magnetic flux,

(i Fi'ld neene ts used to apply magnetic field, in
which armature coil is rotated with its axi
perpendicular to field lines,

(iii) Slip rings used to provide movable contact of
armature coil with external circuit containing
load,

(iv) Brushes which are the metallic pieces used to
pass on electric current from armature coil to the
external circuit containing load. When armature is
rotated in the magnetic field, due to change in
orientation of the coil magnetic flux through it
changes. Due to change in flux an e.m.f. is
induced.

& = NBAwsin ex [~ ¢ =BAcosax]

"R R
Direction of induced current is given by Fleming’s
right hand rule.
(b) Here, A=200cm?=2x10?m? |

N=20, =50rads”,B=3x10"T,I_ =?

Maximum emf induced in the coil,
—

https://www.youtube.com/@ArvindAcademyNEET Page 14
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| £, =NBAw=20x3x10"x2x107 x50 = 0.6V [ =5 06V
™ R R

If R is the resistance of the coil, the maximum
value of the current is,
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SURE SHOT QUESTIONS
Chapter — 07
Alternating Current

» MCQ (1 mark) Impedance of the circuit
—- 2 2 _ 2 3
1. Soln. (b): Here, /., =54, v=50[!z,t=ﬁs z_\/XL +R ‘\/(l} +(7 =50
V. 6

FRHS

I,=\21_ =524, !”“‘_7_@

A

. . ) 1 Power dissipated
I =1,sinot = 1,sin2zvt = 52 sin [2:rx50>< ﬁ}

R
P=V_ I  cos¢=V_1 —
=5J55in£=5,ﬁ£=5‘/§,4 z
3 2 2
6 2 72
=bx—=x—==—=144W
2. Saln. (c): For maximum power to be delivered from J§ J§ 5
the generator to the load, the total reactance must
vanish.i.e, X, + X =0or X, =-X . 7. Soln.(a):Here, V, =24V, F =12W
| I
) L.) 1
3. Soln. (c): The valtmeter connected (0 aw mais is | i = i;s i 24 =S4 L= ‘EI\ =V2x05 =3A

calibrated to read root mean square value or

virtual value of ac voltage. 8. Ans. (d) There are four devices connected with

4. 5oln. (b): Resonant frequency in a series LCR circuit different sources.

is In alternating current, the current changes its
magnitudes sinusoidally with time and passing
v = 1 through origin.
" anIe Here, it is clear that Q and R are not alternating

- s rrent flow.
If capacitance C increases the resanant frequency will current flo

reduce, which can be achieved by adding another ;T 1 P
capacitor in parallel to the first.

Q
5. Soln. (c): For better tuning of an LCR circult used /
R

for communication the circuit should possess high
quality factor of resonance.

0 >t
1 1L
e, Q =EJ;5hOUId be high. \/ \‘/

Here, S — device shows the variation of current
For it R should be low, L should be high and C should with time and P — device’s current does not

be low, therefore combination in option {c) is correct. passing through origin.

Hence, option (d) is correct.

6. Soln.(c): Here, X, =1Q, R=2Q, V=6V

Fms
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5. Ans.(a):Here, [, =154, f=S0Hz, t =——s
600

The equation of current Is
I =1I,sin(@t) =1, 2sin(27 ft)

. I
So, I =152 sin| 2 50 x —
qm( XX )(600]

1=15J§sin[£)=@:1=liA
6 2 J2

10. Ans. (d) Given, voltage, v =1, sin e is applied to a
series combination of a resistor R and an element
X.

VR

-
-

HlA

Y

Also, instantaneous current in the circuit,
. T
I'=1,sin| o +—
4

Since, current is leading the voltage with phase
T
difference I . S0, capacitor must be present In

the given circuit.
Thus, the circuit must be RC.

TV
“votan—=-%
4

L

Orv.=v, or X.=R
Z=\NR'+FR’

Z=\2R
Hence, X is a capacitor and X, = R. 5o, option

{d) is correct.

11. Ans. (a) : Impedance (Z) versus frequency (f) is

shown below:

7= R3+[2zﬂ,—2 lﬂf‘}
/3
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Zoo=R
f., > f
X, =wl, X, =L
12. Ans. (a): wC
i_ wlxwC

@' LC
X,

T
13. Ans. (c) : Given, the phase difference, is ¢ = E

(between source voltage and alternating current)

Phase difference of &/ 2is possible when Lor Cis
present.
So, L and R cannot be present.

14. Ans.(d)

15, Ans. (0) : Vohage across resistor, V, =20/

Voltage across inductor, ¥, =15V
Voltage acrass capacitar, V. =30V

The resultant voltage is given by

V= \/sz +(V,= Vo) = JEO: +(15=30)* =25

16. Ans. (a) : In an a.c. circuit containing L, R and C, the

impedance is

|
Z=,/R2+(x,_—x‘,)2; X, =2nfL, Xfl:?ﬂ"-

v
We know, [ = —.
VA

When frequency increases, the current first
increases and then decreases.

17. Ans. (b) : Here, resistance, R =135€2, inductance, L
= 80 mH, capacitance = C, frequency, f = 50 Hz

When, the current and voltage are in same phase,
So, X, =X
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1 |
2rfl =——
& 2z fC
a | 3 |
47’ L 4x(3.14)*x50° x80x 10~ ,
C=127x10"F =127 uF V
1=T=}’X21ﬁ
2r j{‘
18. Ans. (b) : Here, resistance, R =300Q),
Sl f
2
Capacitance, C = —S;JF
T 24, Ans. (b) : When the current passes through the
X.= > I(‘ — I 53 x10° = 400F inductor, magnetic field is produced and it opposes
vl
27 %50 . the current flow. When the iron coil is removed,
7= ’R: + Xj self - inductance of the coil decreases l.e., the
- 1 current flow will be increase and hence bright
7 =300° +400° = 500Q SR
, of the bulb will increase.
Current, I = !—~ = @ =044
Z 500
L5042
19. Ans. (c) : Selectivity depends on the quality factor, Vs = T =50
25, Ans. (a) : 2
0- w, L
R | v, = V2, =¥} = J(50)* - (40)* =30V
20. Ans. (b) : Three electric bulbs of power 200 ., 100 |
W and 50 W connected in series. 25, Ans..{h) -
A —— T
& | . v
' Weknowthat, Pxc — or R — '
R P I |
3 I
As we know that, P=i"R . In a series circuit, the 20V AC
current remain same for all three electric bulbs, V', = effective voltage across R
but resistance is maximum for 50 W bulbs. V.=l xR
Resistance of bulbs = 50 W > 100 W > 200 W. o
In a series circuit potential difference across each V, = effective voltage across L
bulb will be different. V,=lyxL

It is not correct explanation of the assertion.
Hence, option (b) is correct.

21. Ans. (a) : Power factor, cos¢=g= l. 20:\](12)- +V} or (20) =(12) +¥7
= 400 =144+ 1} =V, = 400144

So, V =V + V) = I, R +12, I’

22. Ans. {d) : The reduce the eddy currents, the core of

a transformer is laminated. =v256 =16V
, 27. Ans. (d) : As, E = E,sinex
23. Ans. (c) : In pure capacitor, | = —
X ) T
I=1,sin| ot +—
3
E — — — =
Subscribe Arvind Academy NEET You tube channel. Click link: M https://www.youtube.com/@ArvindAcademyNEET Page 3
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As [ can lead the voltage in RC and LCR circuit, so
it can be RC or LCR circuit.

28. Ans. (b) :

(=)—
7

When angular frequency @ increased, then
impedance of circuit decreases and current
increases. So, the bulb will glow brighter.

29. Ans. (c) : Here : V, =283V, f=50Hz,R=3Q

L=2548 mH
C=79%uF, P| =7

Power dissipated, P =I°R
o (2
3

NoNG)

P=PFR=(66.7Yx3=13.35 kW

)=66.7A'

30. Ans. (d) : As primary coil mad : of \hick :opj er
wire has very low resistivity. Therefore power loss
is negligible. Rest all options are reasons for power

losses in a transformer.

» Assertion-Reasoning (1 mark)

31. Ans. (d) : As,

E=E,sinwt, |=lusin((zx+%); ¢=%

32.
Sol.
(b): The phase angle for the LCR series circuit is
given by tan0 = X —Xc _al-leC

R R

where X;, X are inductive reactance and capacitive 37. $ol.

reactance respectively. When X; > X then tan0 is

positive i.e. 0 is positive (between 0 and n/2). Hence

emf leads the current.
— — — —
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Sol.

1
(b): At resonance X; = X or wL = oc Because

of this impedance of LCR series circuit become equal

to resistance of circuit [Z = JRZ +(XL - Xc }2 ]

Therefore from f:%:%, at resonance, current

in LCR series circuit is maximum. Correspondingly
phase angle is also equal to zero. Therefore emf and
current are in phase in LCR series circuit.

34. Sol.

(c): The transmission is done at high voltage
due to which current through the wire is reduced.
By reduction in current corresponding dissipation of
energy is also reduced (as H = I*R). If transmission is
done at low voltage then we have to use thick wire in
order to reduce the dissipation of energy. This increase
the cost of transmission lines wires. In order to reduce
both energy dissipation and cost of transmission wire,
transmission is done at hich voltage by using step-up

transformers.
35. Sol.
(a): Capacitive reactance X, = & When
ap cianc: T iacreases, the capacitive reactance

uccieases. Duc o decrease in its values, the current

in the circuit will increase | J = E and hence
;ER' + .t'z.

brightness of source (or electric lamp) will also
increases.

36. Sol. (a): Transformer works on the principle of
mutual induction i.e., if two coils are inductively
coupled and when current or magnetic flux is
changed through one of the two coils, then induced
e.m.f. is produced in the other coil. So whenever
there is change in current or magnetic flux, only
then e.m.f. is induced. But in case of D.C. current or
voltage, e.m.f. is not induced because it remains
constant throughout and never changes its
direction and magnitude. Therefore, transformer
cannot work when D.C. is applied.
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(c): When pure inductor is connected to Required inductance,
source of an alternating emf, then instantancous 1 1
value of alternating emf is given by E = E; sinwt, L= anifiC a o 1 ) P
and corresponding alternating current is given by an ('1—2“10] x1.2x10

I'=I;sin(wf - 1/2). From these two equations, it follows
that alternating current lags behind e.m.f. by a phase
angle of ®/2. The inductive reactance,

X, = wL = 2nflL, so when frequency increases
correspondingly inductive reactance also increases.

=3.07x10"% H.

L
7.[] :m_.
) Q R

38. Sol.

N (a): The capacitive reactance of capacitor is given 9.(c) Clearly, Q can be increased by decreasing R
Y

X = 11 10. (b) Time constant, t = L
c wC z,qc * R

So this is infinite for D.C. (f = 0) and has a finite value R/ Lhas the dimension of frequency.

for A.C. Therefore a capacitor blocks D.C. and offers

an easy path for A.C.

» Case Study Question

39. Ans. (i) (d) : Step — down transformer decreases

the AC voltage.
(i) (@) : =" % = %
r P

i.e., number of turns of secor da.y coil are nore
than number of turns in prirnary coil tiien vuiage
is increased or stepped-up in secondary coll, So,

it is called step-up transformer,

(iii) (a) : Current is reduced of voltage is stepped -
up so corresponding /R losses are cut down.

(iv) (c) : Given,

E =2300V, E, =230V, Nﬂ =4000, Ny =?
E _N,_ 2300 4000

E,~ N, 20 «x

= x =400 = Ns = number of turns in the
secondary coil

40. Answers

6.(b) Frequency,

c 3x10° 1
f=-="———="x10"Hz
A 360
S — —_— — —_— e
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Questions

V=V, sinar, (‘=%

41. Ans.

g=CV,sinax, i= d—‘: =%(C\J’,,sin wt)

=wCV,coswt

4
o

|
wC

b ( J!'J
i=—Lsin| wf +—
X, 2

, g T
or 1=tt,sm[(¢x+5]

cos ax

C
I_
Ve VQ sinwt
In pure capacitive circuit current leads voltage by
m
2
V. 14 v
Vo. - I
o [/ n/2 N 2p

42. Ans. For the RC circuit,

Impedance, Z =[R* +(1/ @C)’

Current, [ = ) veenresenrernl)
Z

(i) When a dielectric slab is introduced
between the plates of the capacitor, then
its capacitance increases. Hence, from
equation (i), impedance of the circuit is
decreased and the current through it is
increased. So, brightness of the bulb will
increase.

(ii) When the resistance R is increased and
capacitance is same, then from equation
(i), impedance of the circuit is increased
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and the current flowing through it is
decreased. So, brightness of the bulb will
decrease.

43. Ans. (i) L=50x10°H,C=80x 10¢F, R = 40()

I
w= =
JLC  J50x107 x80x10°
3
(o=£=500rads" =>\'=~y£=80”:
2 2r

(i)

1 (L 1 [50x10° 1
0 R‘!; 20\80x10° 20"
44, Ans. Given L

V =V¥,sin(1000t+ ¢), R =400Q, L =100mH,
C=2uF

= 2uF
L=100mH R=400Q

C‘l
o

V = V,sin (1000t + )

The standard equation is given as

V=V sin(wt+¢) .. @=1000

X, =L =1000x100x107 =10% =100Q

1
A’{, = —= _—I w3
wC 1000x2x10

Phase difference between the current and the
voltage in the series LCR circuit is given as,

=500Q2

X.-X
=t -1 { L
¢=tan R
. ¢=tan '(%J=tan"’(l)

¢ =45"

Since, X > X, , therefore current leads in phase.

45. Ans. (a) Here device X is a capacitor.

1
wC  2mC

Capacitive reactance, X =

https://www.youtube.com/@ArvindAcademyNEET

Page 6
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(b) In pure capacitive circuit current leads voltage

T
by —.
2
Vv, A v
Vol --- I
'g w2\ > 2n
NomoX 32 wt

(c) The capacitive reactance varies inversely with
the frequency. As Vincreases, X decreases. Graph

shows the variation of X' with v.

T
X
U -
(d)
" Al
losin (wt +7/2) § : Vp sin wt
: wt

46. Ans. (a) Device X is a capacitor.

(b) B — Voltage (Because it is sir. 2 w: ve)

C — Current (Because current leads voltage by
rl2)

A — Power (Average power over one cycle is

zero)
(c) The capacitive reactance varies inversely with
the frequency. As vincreases, X decreases. Graph

shows the variation of X' with v.

r
X

v—
(d) V =V, sinax
c=1
l/
qg=CV,sinax
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i= % = % (CV,sinwt)

=wCV,cosar

-
0

oC

A ( .?r) L ( J:'J
i =—"sin| wt+— |or i =i,sin| &+ —
X 2 2

c

CcOS el

C
—

V=V, sinut

s . n
In pure capacitive circuit current leads voltage by E

47. Ans. (a) AC circuit containing inductor, capacitor
and resistor in series [Series LCR circuit]

If | is the current in the circuit containing inductor
of inductance L, capacitor of capacitance C and
resistar of resistance R in series, then the voltage

drop scr s che inductoris V, =Ix X,
L c R

V, eV e V—>

F

—~

Which leads current | by phase angle of 7/2,
and voltage drop across the capacitor is

;/‘.=JXX‘.

vep 1
Phasor diagram
Which lags behind current | by phase angle of
/2, and voltage drop across the resistor is
V, =IR
Which is in phase with current |, So the net
voltage E, across the circuit is

#
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E= ,ﬂ"’: +{V,_—Vr.)2 Also, I = L or 0.5= £

. 2x3.14x50x L
or E=I\JR +(X,-X.) or E=1Z ‘

Where Z s the effective resistance offered by ac = 200 =127H
circuit containing inductor, capacitor and resistor 0.5x2x3.14x50
in series, known as impedance in series LCR 48. Ans. Step - up transformer (or transformer) is

circuit. Hence in series LCR circuit, phase

n the principle of mutual i ion.
difference ¢ between the current | and the based onthe p P utual inductio

voltage E is (No. of turns, N,) (No. of turns, Ny
wl l R 3
5 - 1 # Output
ang=X1=%c . ac j o
R R Primary Secondary
10 l coll coil
m Soft iron core
T It An alternating potential (V,) when applied to the
2 05 [\ primary coil induced an emf In it.
e j d
N £ == —¢
P P d',
00 = - -
05 10 15 20 If resistance of primary coilislow V', = ¢,.

w (Mrad/s) —»

With increase in @, current first increases ie, b

, d¢
P = _Np E

(upto @, ) and then decreases.
as same flux is linked with the secondary coil with

(b) At resonance, X, =X | the help of soft iron core due to mutual induction,
tan¢=X£—X"=O | erifi inlu ed nit.
R - N do
o p=0° €y == .va“
.". There is no phase difference between voltage If output circuit isopen V, =&,
across inductor and capacitor at resonance in the . d¢
LCR circuit. Vy==N; "
(a) Whenever an inductor is connected to an a.c. P
source then it produces inductive reactance Thus ;T\ =
P r

as impedance, that reduces the amount of

current flowing through it. When inductor is For an ideal transformer, £, = F,
connected flow in a circuit is 1 A and when in = IV, =LV,
same inductor is connected to a.c. source, . lf\. ;P N_‘.
current will be reduced so, we can say that T ==
power consumption is more in case of d.c. P TF
circuit. For step — up transformer, Ny >1
iy :
< In case of dc voltage, flux does not change. Thus
34 ¥ no emf is induced in the circuit.
= ~ (i) The core of the transformer is laminated
200 ;—;0 e to reduce eddy current losses.

Here. 1=0.54. V =200V. v=50H:= Thick copper wire is used in winding of transformers

because of its low resistivity i.e., low resistance.
. Inductive reactance, X, = wL =2xvL

e ! e ——
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49. Ans. (a) Step down transformer (or transformer):

Core
N, ¢
Pnrnarvc —|:> C‘ :SD-ECDMQW
C_ i
C_:> N,
- »

Principle: When the current flowing through the
primary coil changes, an emf is induced in the
secondary coil due to the change in magnetic flux
linked with it i.e., it works on the principle of mutual
induction.

There are number of energy losses in a transformer,

(i) Copper losses due to Joule’s heating
produced across the resistances of primary
and secondary coils. It can be reduced by
using copper wires.

(il) Hysteresis losses due to repeated
magnetization and demagnetization of the
core of transformer. It is minimized by using
soft iron core, as area of b s *eresi: loo ) for
soft iron is small and her e e ergy lost alsr
becomes small,

(iii) Iron losses due to eddy currents produced in
soft iron core. It is minimized by using
laminated iron core.

(iv) Flux losses due to flux leakage or incomplete
flux linkage and can be minimised by proper
coupling of primary and secondary coils.

(b) Power required, P = 1200 kW = 1200 x 10° W

Total resistance of two wire lines,
R=2x20x0.5=20Q2

E, = 4000volt
As, P=E.l, .. 1200x10’ =4000x/,

_1200x10°

= I = =3004
4000

Where /. is the rms value of current.
Line power loss in the form of heat is,

=(1,)* xResistance of wire line
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"

=(300)" x 20 = 1800kW

50. Soln. (i) On increasing capacitance, current will
increases. It also increases the brightness of bulb.

(i) There will no flow of current and hence
bulb will not glow.

51. Soln. Since the reactance of an inductor is zero for
d.c. circuit. Therefore, the current decreases for
the same inductor when it is connected with an
a.c. source.

When inductor is connected in a.c. circuit;

V =2001
S =50H:=
i=054
vy _v
R X, oL
200
5=—20 v w=2
27x50L [ w=217]
[ 200
T 1)0x05x3.14
-2 _127m
314

52. Soln, Length of wire line =20 x 2 = 40 km
Resistance of wire line, r =40 x 0.5 = 20Q)

Power to be supplied = 1200 kW = 1200 x 10?
Q

Voltage at which power supplied = 4000 V

Since, P=VI
= = f
l!
= 1200x10°
4000
=300A

Therefore, line power loss

= I’xR

= (300)* x 200

= 1800000 w
—— — — -
https://www.youtube.com/@ArvindAcademyNEET Page 9
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18000 Kw

. , n
53. Soln. V' =V, sin ex; .’=f{,sm(rw+§].

a capacitor.
1

Capacitive reactance, X . = ——— where, @ =

27 fC

angular velocity, C = capacitance.

(b) .

A
C, A
| [ |
Egrm- \
bo b ..
o ~oni2 ‘l’ 2x
. ’ -
N L A KT ol
. ’

(c) Capacitive reactance varies inversely with

1 |
oC 27 fC

frequency as X. =
1
X x—
S

~ )

Xe

[ —p

(d)

54, Soln.

(a) Given:
L=1000x10"H
C=2x10°F
R =400Q
w=1000

Now, X, =wlL

Line power loss in the form of heart is

o
(a) Since current leads the voltage by E radians, X Is

ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.

X, =(1000x100x10"
X, =100Q
|
And Xe=—
wC
_ |
1000x2x10°°
_ 10°
2x10°
X =M = 50002

c

Here X > X so, the current will lead.

X, -X.
tan ¢ = —L—C
¢ R
_100-500
T 400
400
tang = -—
nd =100
tang = -1
= \ ha: 2 ongle ¢ =—45"
(b) For unity power factor,
X=X,
wl = :
a oy
|
C,=—
q !w.
1
C, = < - =10uF
“ = 1000 x100x10°
Now, C‘W=C‘+C,
10=2+C
C, =8uF

55. Soln. Figure shows the variation of i, with @win a

LCR series circuit for two values of Resistance R,

and R,(R>R,),

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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Ry

L™ iy
—l 0
The condition for resonance in the LCR circuit
is,

1
w, =

0 ’LC

We can observe that the current amplitude is
maximum at the resonant frequency @, . Since

i, =V, | Ratresonance, the current amplitude
for case R; is sharper to that for case R;.

Quality factor or simply the Q-factor of a resonant
LCR circuit is defined as the ratio of voltage drop
across the capacitor (or Inductor) to that of
applied voltage.

It is given by Q=% %

The Q factor determines the sharpness of the
resonance curve and if the resonance is less sharp,
the maximum current decreases and also the
circuit is close to the resonance for a larger range
Aw of frequencies and the regulation of the
circuit will not be good. So, less sharp the
resonance, less is the selectivity of the circuit
while higher is the Q, sharper Is the resonance
curve and lesser will be the loss in energy of the
circuit and circuit will be more selective.

1 _,[IJ 0
56. Soln. cosp=—=>¢p=c08 | — [=cos60" =—
¢ 2 ¢ 2 3

Phase difference between current and

voltage =

Wy

57. Soln. Root mean square or virtual or effective
value of a.c. It is defined as that value of a direct
current which produces the same heating effect in
a given resistor as is produced by the given

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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alternating current when passed for the same
time. Itis denoted by /., /,orby /_,.

rms *

Relation between the effective and peak value
of a.c. Suppose an alternating current
I =1, sin e be passed through a circuit of

resistance R. Then the amount of heat produced
in small time dt will be

dH = I’ Rdt

If T is the time period of a.c., then heat
produced in one complete cycle will be

.
H = j;’Rdr
0

Let /_, be the effective value of a.c. Then heat
produced in time T must be

H =13RT
~ T I r
I5RT=[PRdt or I}, =ij’d.r
0 0

1T,
Butv - I I°dt is the mean of the squares of

th ! ir sta 1t ner us values of a.c. over one
complete cycle, hence the effective or virtual
value of a.c. equals its root mean square value,
lLe.,

T T
Now  [Fdr= 1 sin® e di
0 (1]

t1-cos 2w

H Lot

2

0

B[ sin2at]
=—\|f—-

20 2w |,

:— T
b l"i"—())—L sind—{rr

2 2w 0

| I .
=—=|T—-—((sin4x-sin0)

21 2w
= f_f:['r_o]= T

2 2
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Or lyorl, = Ly 1,=0.7071,

2
Thus the effective or rms value of an a.c. is

1
ﬁ times its peak value.

58. Soln. Any two of the following (or any other
correct) reactions:

(i) ac can be transmitted with much lower energy
losses as compared to dc.

(ii) ac voltage can be adjusted (stepped-up or
stepped down) as per requirement.

(iii) ac current in a circuit can be controlled using
(almost) wattless devices like choke coil.

(iv) acis easier to generate.

59. Soln. A.C. circuit containing only a capacitor. As
shown in fig. consider a pure capacitor C
connected across a source of alternating emf €
given by

C

___i

€, sin ot

£=¢g,sinwt
(1)

Due to the continuous charging and
discharging of the capacitor plates, a continuous
but alternating current exists in the circuit.

At any instant,
P.D. across the capacitor plates= Applied emf
ie., V=g=¢g,sinwt

Current at any instant is

I= a9 _ E'—(Cs[I sinwt) =wCg, cos wx
dr dt

or I=1,cosex =Isin(wt+x/2)
-A2)

e —
Subscribe Arvind Academy NEET You tube channel. Click link: u https://www.youtube.com/@ArvindAcademyNEET Page 12
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£
Where [/, = 0Cg, = T . ol the current
1

amplitude.

Phase relationship between £ and I. On
comparing equations (1) and (2), we find that in a
capacitive a.c. circuit, the current leads the
voltage or the voltage lags behind the currentin
phase by s/ 2 radian. The phase relationship
between & and | is shown graphically in fig. We
see that the current reaches its maximum value
earlier than the voltage by one-fourth of a period.

—
=

£

o.r-{"

(2) »

Fig. shows the phasor diagram for a capacitive a.c.

o
circuit. The phasor £ makes an angle et with X-
axis in anticlockwise direction. As the current
leads the emf in phase by 7/ 2rad, so the current

phasor [ makes an angle &/ 2rad with phasor &
in inf ‘cic ck visy direction.

60. Solin. (1)
‘® .
df
Induced emf e=-L —
dt
. o as ol
Hence, Net voltage in the circuit = V' — LE
According to Kirchoff’s Rule
N— e e————
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V, sinot =L at
dt

; Flux = NBA = LI
dl =-2sinax dt
L And g=toM _ B
vV / N
I=- "i cos ¢
)
Vo T 1(NBA). Bl "
=_msln((u —3] = 2 N _ B
ol Al 244,
. 3
r=i, sm(rut - EJ 62. Soln. (i) The device X is a capacitor

(ii) Curve B——voltage

r
Hence current lags by —
2 Curve C——current

(ii) Inductance of the inductor = 100 mH Curve A > power

Average power dissipation, Reason: The current leads the voltage in phase,

P=V sl s cOSP by %, for a capacitor.
=10x1xcos z I I
4 (i) X, = —(X‘_ x —)
10 wC (0]
=—W |
V2 I
=52 Wars(7.05 W) N
61. Soln. The instantaneous induced emf in an [
inductor when current changes through it
LY —
dr !
Hence, instantaneous applied voltage (iv) V' =¥, sinex
e—V—Lﬂ Q=VC=CV,sinax
T d
I= dq _ wCV, cos ax
Work done dW =V.dg = VI dt T 0
dWw = LI dl { }
|
= [aw=|Lldl
1, .,
W == L!. fat
2 —
total energy stored V=V,sinawt
Energy density, (u) = olac encrey ‘ 0
volume . T
=1, sm(ax + —)
2
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Current leads the voltage, in phase, by

63. Soln. (i) A, Power’s frequency is double of current
or Voltage frequency.

(i) From the graph, the phase difference
T
between Vandlis E so device ‘X’ may be an

inductor (L) or capacitor (C) or series combination
of L and C, but since the average power is zero so
the device has to capacitor.

64. Soln. (i) When a dielectric slab is introduced in
between the plates of capacitor, its capacitance
will increase which tends to decrease the potential

Q

drop across the capacitor, l.e., } ==, As aresult

of this potential drop across bulb will increase as
they are connected in series, so the brightness of
the bulb will increase.

(ii) As the resistance R increases, potential
drop across the resistor will also increase which
lead to decrease in potential drop across the bulb,
since it is connected in series. ' it nce, t 1e
brightness of the bulb will de'.iea. €.

65. Soln. For the applied voltage
¥V =70.7 sin(1000¢), we have

V =70.7 volts
w=10005"

For the inductor

VL 70.7
"L 1000x200x107°
=35.35x1074
=0.3535A

Expression for current is
. ; T
i= (0.353S)sm(l(}00r —5)

For the capacitor

()

Subscribe Arvind Academy NEET You tube channel. Click link:
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=70.7x1000x5x10° 4
=353.5x10°4=0.35354

Expression for current is
1 =0.3535 sin [1000: + %]

66. Soln. (i) In a series LCR circuit shown,
R

5

From the phasor relation, voltages
V., +Vy+V.=V,as J.and V', are along the
sa ne ' > ar.u [ opposite directions, so they will
cc nt ine in sint,le phasor (V. +V, ) having
magnitude | V,,,—V,, |- Since voltage V is shown
as hypotenuse of right triangle with sides asV/,

and (V.+V,), so the Pythagorean Theorem

results as:
l:-l +(V('nu_ V.".u }2
V2 =(,R)\+(I,X.~1,X,)
V:=rR+X.-~X,)%)

Now current in the circuit:

v
I, = n
JR+(X~X, )’

I, =L-asZ R+ X=X ]

bl

u https://www.youtube.com/@ArvindAcademyNEET Page 14
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As phasor [ is always parallel to phasor V, tan ¢ = Vew=Vim i (Xe—X,)
the phase angle ¢ is the angle between };and V Vem i R
and can be determine from figure. é = tan™ (Xr -X, )
=1a -
ang = LoV
Vi Condition for current and voltage are in phase:
X.-X

tan¢=‘T" V,=V.or X, =X,

(ii) Resonance Frequency Circuit is called Resonant circuit.

Frequencies at which the response amplitude (ii) Power factor

is relative maximum are known as system’s R R
resonant frequencies. It is shown as: R=—= T
Z JR+R

I I
fo=—p= - -
° = 9aJLC NG (as X, =R)
67. Soln. (i) Power factor when capacitor C of Reactance
[ X =X, is putin series in the circuit
—AAAA— )
A R
¢ p— *Z R
As Z =R at resonance

P
] 3 T =

»
-

i
SI-

-

68. Soln.
Soh iron-cors
=ur=u A
From figure, ] T E i 5 iéf :
V=V+V+V,. ) (i)
%4 Working principle

Where |V, =1, R
Whenever current in one coil changes an emf
| ;:r,‘* l{ = Vm‘ J_,m gets induced in the neighbauring coil

(Principle of mutual induction)
=0, (Xc=X,)
Voltage across secondary

= V:=vy +(V.,—V,,)

d
P2} =R + (X=X, )’ V,=e,=-N, %
L] “'m + 'm( c— .’,) df
= Z= JR‘ +(X=X,) Voltage across primary
From figure ’ d¢
Vo=€=-N,—-
Subscribe Arvind Academy NEET You tube channel. Click link: - < |‘.'.[_l.-'.-'"-fff_""'";‘?'-Y‘_“_‘_'\_li_!-"-' com/@ArvindAcademyNEET Page_ls.
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’—’=E—‘- (here N, >N )
l.l'J NP

In an Ideal transformer

Power Input = Power output

1V, =1V,
L - N.I. — f}"
.'p Np f.\

(ii) Input power,
P=1xV,=15x100=1500W

Power output

P =Px—X _1350 W
100

= 1V, =1350 W

Output voltage, V, = @V =450 V

69. Soln.

Bolt iron-pore

—:___'{J-'_—_ﬂ"

]

(18l [

(@) (b)
(Any one of the above diagram)

(i) Conversion of ac of low voltage into ac of high
voltage & vice versa,

Working Principle:

Mutual induction: When alternating voltage is
applied to primary windings, emf is induced in the
secondary windings.

Energy losses:

Leakage of magnetic flux

Eddy currents

Hysteresis loss

Copper loss (Any
two)

(i) N, =100

Transformation ratios = 100

(a) Number of turns in secondary coil
N, =100x100 = 10000
(b) Input Power = Input voltage x current in primary

SubscfiB_e Arvind Aude_rny NEET You tube channel. Click link:
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1100 =220x /,

= !F =54
(c) h=&

V, N,

Vs =100

220

= Vi =22x 10* volts

@ =B
I, "N,
= =100
I
= [ =—-0054
100

(e) Power in secondary = Power in Primary = 1100 W

70. Soln.

Va
I E Ve
Ir —_—
nQ |

Since the phase angle between the current / ,
and voltage drop V, Is zero. Hence, the element

X Is a resistor.

[ x — ¥ |

o
NS

The voltage drop across the combination X and
Y is ahead of the current flow. Hence, the element
Y is ac inductor.

L] fon
| ‘ Vi
\N
o

The voltage drop across the combination X and
Z lags behind the current flow. Hence, the
element Z is a capacitor.

e

https://www.youtube.com/@ArvindAcademyNEET ~ Page 16
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X Y z
Vx Vr V;
(=
b E=Eysin ol

Let / , be the current flows through each
element X, Y and Z. The voltage V'V, and V/,
drop across the elements. However,

V‘.+P’,.+VZ>EJ.

It is not possible. So, on plotting phasor
diagram, we have

'y
> V- Ve
‘ -
Vr lea
v
|E gy F=vi+(V,= V)’
Eefzitﬂ R2+(“A’- ¢ i I
..................... (1)

The impedance of the circuit can be given

Z=R*+(X,-X.)’

—
—

@0 @ (m rad/s)

The flow of the current in series LCR circuit
varies as a function of frequency of a.c. source is
shown in figure.
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Current amplitude is maximum at resonant

l'!
frequency @, :and canbe givenas /,, = ?’” 3
So, we can not have resonance ina R.L. or R.C,

circuits.

71. Soin. GivenV =230V, v=50Hz, L=80 mH =80x
10%H,C=60 uF =60x10"°F
(a) Inductive reactance X, = wlL =2nvL
=2x3.14x50x80x10™" =25.1Q

Capacitive reactance

¥ I 1
C wC 2mvC  2x3.14x50x60x107°

Impedance, Z = Net reactance =

! —53.1-25.1=28.0Q

‘——mL
wC

Current amplitude

L 4
f(lzh,_zlﬁ=230xl.4l=”.6f‘
Z Z 28.0
| & -]”=: lLf—;=8.23A
W2 141

(b) RMS value of potential drops across L and C are

V,=X, I, =25.1x823=207V
V.=X_.1I, =53.1x823=437V

s

Net voltage = V. =V, =230V

T
(c) The voltage across L leads the current by angle E
, therefore, average power

F:.w = Vm; !

i3
yms COS > =0(zero).
(d) The voltage across C lags behind the current by

angle z
2 ’

P =V 1

av rms T orms

T
cos — =
2

(e) As circuit contains pure L and pure C, average
power consumed by LC circuit is zero.

ARVIND ACADEMY
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SURE SHOT QUESTIONS ~ Zs_
Chapter — 08
Electromagnetic Waves

McQ (1 mark) LE P S0 1 el E
E P 100 2 2
1. Soln.(c): Here, E=11eV=11x16x10"J=hv 5. Soln. (d): The direction of propagation of

electromagnetic wave is perpendicular to both

19 19
v=lle.6x10 :lelAﬁxl(_)H —26x10" }= . ‘ .
h 6.62x10 electric field vector E and magnetic field vector B
This frequency belongs to ultraviolet region. i.e., in the direction of Ex B.

2. Soln. (b): As the wall is perfectly reflecting, there is

: i netic wave,
no change in amplitude Eo. 6. Soln. (c): Intensity of electromagnetic w

1=U_c
Also the wall is optically inactive, so, there is no phase

change. 1 )
¥ In terms of electric field, U, = Es,,Eg

After reflection, the wave travels along -ve z direction,

- : ' | B
. E =E,icos(—kz—wt) = E icoskz+ 1) : In ter ms >f aa ne dc Sield, U, = _E“
(*+ cos(—#) = cos ) .
Now U, (due to electric field) = 58,,5[;
U

3. Soln. (b): For complete absorption, p = —
c

1 , | 1 . (.. E
=5£°(CBD)'=58“X By [ F:=CJ

Where U = Energy carried by light = [4¢ Hy&y

1At :
p=— = 15 =U_ (due to magnetic field)
c 2 p,
Here, Therefore, the ratio of contributions by the electric
I=20W/cm”,A=30cm",t =30min =1800s field and magnetic field components to the intensity of
electromagnetic waveis1:1.
_ZOX3OX|800_36 10~k 4
P PET300 o gms 7. Soln. (c): From a dipole antenna, the

electromagnetic waves are radiated outwards. The

4. Soln. (a): Electric field intensity on a surface due to amplitude of electric field vector Eo which

the incident radiation is transports significant energy from the source falls
U P U off inversely as the distance r from the antenna
E =—=— = P l
At A t ie, E,x—.
r
As, ExpP (for the given area of the
surface)
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8. Ans. (a) : Displacement current exist only when

electric field is changing.

9. Ans. (c) : The oscillating electric and magnetic field
vectors in electromagnetic wave are perpendicular

to each other and in the same phase.

10. Ans. (d) : Infrared waves are also known as heat
waves because they raise the temperature of the

object on which they fall.

11. Ans. (a) : The wavelength of gamma rays is least

among all.

12. Ans. (c) : Welder wears special glasses to protect

his eyes from harmful effect of ultraviolet rays.

13. Ans. (a) : X-rays are used as diagnostic tool in

medicine.

14, Ans. (d) : Electromagnetic wa.es ar 2 th.
combination of mutually perpendicular electric and
magnetic fields.

So, option (d) is not correct.

» Assertion-Reasoning (1 mark)

15. Sol. (a): Accelerated charges radiate
electromagnetic waves.

16. Sol. 16. (b): Electromagnetic waves transport linear
momentum as well as energy. When
electromagnetic waves strike a surface, a pressure
is exerted on the surface. If the intensity of wave is
7, the radiation pressure P (force per unit area)
exerted on the perfectly absorbing surfaceis P =

l/c.

17. Sol.

18.

19.

20.

21.

22.

(d): The speed of em waves in free space is given
by
1

HoEo
where = 41 x 10”7 N s?/C? is permeability constant
of vacuum and €, = 8.85419 x 1072 C*/N m” is the
permittivity of free space. After substituting these
value, the value of ¢ (= 2.99792 x 10° m/s) which is
same as the speed of light in vacuum. From this it is
concluded that light is an electromagnetic wave.

c=

Sol. (b): In case of a linearly polarized plane
electromagnetic wave, the average values of
electric field and magnetic field are equal and
average values

of electric energy and magnetic energy are also
equal.

Sol. (a): Light being electromagnetic wave do not
require any material medium for its propagation.
Hence light can travel in vacuum. On the other hand
sound is 3 mechanical wave and requires a material
medium for its propagation. Hence sound cannot
travel in vacuum.

Sol. (b): Microwaves are the electromagnetic waves
of wavelength of the order of a few millimetres,
/hi h 5 i ss Yl those of T.V. signals. On account
 f s na ler wivel :ngth, the microwaves can be
transmitted as beam signals in a particular direction
and are much better than radiowaves because
microwaves do not spread or bend around the
corners of any obstacle coming in their way.
Therefare, microwaves are better carriers of signals
than radiowaves.

Sol. (d): Velocity of light has different values in
different media. It depends on the refractive index
of the medium.

Related by formula

velocity in vacuum
refractive index of medium

Vmedium =

Sol. (d): All electromagnetic waves including X-rays
travels with same velocity in vacuum. The energy of
X-rays is greater than energy of the light because
energy is inversely proportional to wavelength

(E = hc/A) and wavelength of X-rays are smaller
than light waves.
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23. Sol.(b): At every instant the ratio of the magnitudes
of the electric field to the magnetic field of an em
wave is given by E/B = c.

From this equation, the magnitude of electric
vector is much greater than the magnitude of
magnetic vector. Also electromagnetic waves carry
energy which is equally shared by electric and
magnetic field.

24. Sol. (b): The electromagnetic waves consist of
sinusoidally time varying electric and magnetic
fields acting at right angles to each other as well as
at right angles to the direction of propagation of
waves |.e., electromagnetic waves are transverse in
nature,

» Case Study

25. Answers

1. (@) Electromagnetic waves are produced by
accelerated charged particles.

2 (b) Light travels in vacuum due to its electro-
magnetic nature.

¢ 3x10°

3.‘“’ l—-—7-35‘6 m.
v 8.2!1
-

4. (@) The direction of propagation is along Exo 1e,
along i x} =k
5. (b) Velocity of light in any medium is o = ——.
- N

6. (d) All e.m. waves travel with the speed of light in
free space.

26. Answers

6. (4) All e.m. waves travel with the speed of light in
free space.

7. (¢) In the order of increasing frequency,

radiowaves < visible light < X-rays < y-rays

8. (b) The frequency of the microwaves matches with
the vibrational frequency of water molecules, so their
energy is transferred efficiently to the kinetic energy of
water molecules. :

9, (a) Energy from the microwaves is transferred
efficiently to the kinetic energy of water molecules at their
resonant frequency.

10. (b) X-rays are used to investigate the structure of
solids. |

I — I ————————
Subscribe Arvind Academy NEET You tube channel. Click link: https W) el

> v.youtube.com/@ArvindAcademyNEET Page

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.




ATDB.uno

» Question

27. Ans. When an ideal capacitor is charged by DC
battery, no current flows as capacitor offers infinite
resistance to DC. Whereas since a capacitor offers

finite resistance to AC, when an AC source is
. dQ
connected then conduction current /. = o flows
4

in the connecting wire. Due to charging current,
charge deposited on the plates of the capacitor
changes with time. Charging charge produces
varying electric field between the plates of
capacitor, giving rise to displacement current
a‘qﬂ, ‘

di

[As displacement current is proportional to the
rate of flux variation).
The electric field between the plates is

£=2.2

g, Adeg,

I, =g, —=

Electric flux, ¢, = EA=
50

ot,=e =g 2]

Displacement current brings continuity in the flow of

current between the plates of the capacitor.

28. Ans. According to Ampere — Maxwell law,

The total current is the sum of displacement
current and the conduction current, i.e.;

¢s

i=i +i,=i +g—=

When a capacitor is charged through a battery then
inside the capacitor plates there is no conduction

current, i.e., i~ = 0and there is only displacement

current, so that i, =i. The displacement current is,
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29. Ans. Maxwell’s generalization of Ampere’s circuital

law,

mﬁﬁ = u,(1+1,) = u, [: +&, ﬁ}

dt
In the process of charging the capacitor there is
change in electric flux between the capacitor
plates.

i
—

dé: _d gp
dr dt

q

b 1}

E —Electric field between the plats =

A —> Area of the plates

SO,%=i ix,‘j =lﬂ=i
dt  di| Ag, g, di &,

fd=.f—sl,%
dt

30. Ans. The speed of electromagnetic wave in a

1neciun 1,

|
where,c = =

. c
) J#rgr ‘ ‘ VHhE,

] J Hol &8,

3Ix10°ms™
Is the speed of light.

—»

31. Ans. In an electromagnetic wave, both E and B fields

vary sinusoidally in space and time. The average

energy density u of an e.m. wave can be obtained by

replacing £ and B by their rms value

u=is El‘+LBfmor u =la‘uE§+
yi 4

Moreover, E, =cB,and ¢’ = , therefore

£y

1 1 2
Ug IESDEE = Zgu(CBu)—;
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B, =L3§=u3
e,  4u,

]
Uy =—&,.
4

32. Ans. An oscillating or accelerated charge is
supposed to be source of an electromagnetic
wave. An oscillating charge produces an oscillating
electric field in space which further produces an
oscillating magnetic field which in turn is a source
of electric field. These oscillating electric and
magnetic field hence, keep on regenerating each

other and an electromagnetic wave is produced.

A plane electromagnetic wave is said to be
linearly polarized. The transverse electric field
wave accompanied by a magnetic field wave is
illustrated.

33. Ans. (b) (i) Microwaves —10* - 10" m
(i) Infrared=7.5x107 =10 m

34. Ans.

Uses Part of Frequency
electromagnetic | range
spectrum

(i) | Inradar | Microwaves 3x10%Hz

system To3x 10"

Hz
(ii) | In eye Ultraviolet 8x 10" Hz
surgery to 8 x 10

Hz

35. Ans. (a) Microwaves are suitable for radar system

used in aircraft navigation.
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(b) X — rays are produced by bombarding a metal
target by high speed electrons.

36. Ans. (a) Microwaves are suitable for the radar
system used kin aircraft navigation. Range of
frequency of microwaves is 10® Hz to 10! Hz.

(b) If the Earth did not have atmosphere, then
there would be absence of green house effect of
the atmosphere. Due to this reason, the
temperature of the earth would be lower than
what it is now.
(c) An e.m. wave carries momentum with itself
and given by

_ Energyof wave(U)
P= Speed of the wave(c)
When it is incident upon a surface it exerts
pressure on it.

37. Ans. (i) Consider a plane perpendicular to the
direction of propagation of the wave. An electric

charge, on the plane will be set in motion by the

electric and magnetic fields of e.m. wave, incident
J on thi; plin . Tl is illustrates that e.m. waves carry
energy and momentum,

(ii) Microwaves are produced by special vacuum
tube like the klystron, magnetron and Gunn
diode. The frequency of microwaves is selected to
match the resonant frequency of water
molecules, so that energy is transformed
efficiently to the kinetic energy of the molecules,
(iii) Uses of infra red waves :

(a) They are used in night vision devices during
warfare. This is because they can pass through
haze, fog and mist,

(b) Infra red waves are used in remote switches of
household electrical appliances.

38. Soln. (a) Microwaves are suitable for the radar
system used in aircraft navigation. Range of
frequency of microwaves is 10° Hz to 10** Hz.

(b) If the Earth did not have atmosphere, then
there would be absence of green house effect of
the atmosphere. Due to this reason, the

jAcademyNEET Page 5
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temperature of the earth would be lower than what
it is now.

(c) An e.m. wave carries momentum with itself
and given by

_ Energy of wave(U)
Speed of the wave(c)

When it is incident upon a surface it exerts
pressure on it.

39. Soln. (i) An e.m. wave propagating along z-axis is,

(ii) Speed of e.m. wave can be given as the
ratio of magnitude of electric field (Eo) to the

E
magnitude of magnetic field (Bo), i.e., ¢ = —Bg

(1]

Electromagnetic waves or ' h tons :ran pon
energy and momentum. Wher an «lecti )ma net.c
wave interacts with a small particle, it can exchange
energy and momentum with the particle. The force
exerted on the particle is equal to the momentum
transferred per unit time. Optical tweezers use this
force to provide a non — invasive technique for
manipulating microscopic - sized particles with
light.

40. Soln. (3a) Descending order of wavelength for given
electromagnetic wave are:

Microwaves (107 - 10")

Infra - red rays (7.5x107 =107)

Ultra—red rays (10° —4x107)

Gamma rays (<107?)

(b) Microwaves:

Frequency range — 3x10" Hz—3x10" H=.

These are suitable for the radar system, used
in aircraft navigation.

Gamma rays:

e e —————————
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Frequency range —> >3x10°' Fiz,

These wave are used for the treatment of
cancer cells.

41. Soln. Infrared waves incident on a substance
increase the internal energy and hence the
temperature of the substance. That is why they are
called heat waves.

42. 50ln. Since electromagnetic waves and transverse in
nature. We have electric and magnetic fields
associated with an electromagnetic wave
perpendicular to each other and perpendicular to
the direction of propagation of electromagnetic
waves.

Z

Lc cti e rare “tion of electric field and magnetic
el is alo g ¥ 2 1d Z-axis then the direction of
propagation of EM waves will be along positive X-
axis.

43, Soln. (a) Given,

Velocity, v = vi and electric field, E along Y-
axis and magnetic field, B along Z-axis.

The propagation of EM wave is shown below:

(b) Speed of EM wave can be given as the ratio
of magnitude of electric field (Eo) to the magnitude
of magnetic field (Bo),

Page 6
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44. Soln. (a) Gamma rays are used for the treatment of
certain forms of cancer. Their frequency range is 3 x
10" H; to 5 x 107 Hz.

(b) The momentum transported by
electromagnetic waves is given by

Where U is the energy transported by
electromagnetic waves in a given time and c is
speed of electromagnetic waves in free space.

Now, h= 6.62x107**J 5, ¢ =3x10"ms™
Therefore, even for y -rays (v = 10™ Hz),

_6.62x107* x10™
3x10*
=22x10 kg ms'

Thus, the amount of the momentum
transferred by the e.m. waves incident on a surface
is very small.

45. Soln. (a) Microwaves are suitable for radar systems
used in aircrafts navigation. The range of frequency
for these waves is 10° Hz to 102 A..

(b) In the absence of atmusphere, tiiere wuuld
be no greenhouse effect on the surface of the
Earth. As a result, the temperature of the Earth
would decrease rapidly, making it difficult for
human survival.

(c) The momentum transported by
electromagnetic waves is given by

pP=—
C

Where U is the energy transported by
electromagnetic waves in a given time and c is
speed of electromagnetic waves in a given time and
c is speed of electromagnetic waves in free space.
As a result, when these waves strike a surface,
pressure and hence force is exerted by them on the
surface.

46. Soln. A charge oscillating with some
frequency, produces an oscillating electric field in
space, which in turn produces an oscillating
magnetic field perpendicular to the electric field.
This process goes on repeating, producing e.m.
waves in space perpendicular to both the fields.

e
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The direction of electric and magnetic fields
are perpendicular to each other and are also
perpendicular to the direction of propagation of the
wave.

47, Soln. Infrared rays are heat radiations,
Microwaves are used for long distance
transmission.

48. Soin.
radiowaves.

(i) 10" m = 10 cm belongs to short
0
(ii) 10" m = 0.01 A belongs to gamma rays.

49, Soln. Infrared waves are produced by hot
bodies and molecules, so are referred to as heat
waves.

(i) Em wave having short wavelength than infrared
waves are visible, UV, X-rays and y -rays.

(ii) tmva et av ng onger wavelength than infrared
waves are microwaves, radio waves.

50. Soln. Transverse Nature of Electromagnetic Waves:

in an electromagnetic wave, the electric and
magnetic field vectors oscillate, perpendicular to
the direction of propagation of wave. This is called
transverse nature of electromagnetic wave.

In an electromagnetic wave, the three vectars

E, B and K form a right-handed system.
Accordingly if a wave is propagating along X-axis,
the electric field vector oscillates along Y-axis and
magnetic field vector oscillates along Z-axis.
Diagram is shown in figure.

51. Soln. (a) Microwave

s/ fwww.youtube.com/@ArvindAcademyNEET Page 7
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(b) When a charge oscillates with some
frequency. It produces an oscillating electric field
and magnetic field in space. So, an electromagnetic
wave is produced.

The frequency of the em wave is equal to the
frequency of oscillation of the charge.

Hence energy associated with the em wave
comes at the expense of the energy of the source.

If the em wave of energy U strikes on a surface
and gets completely absorbed, total momentum

x . U
delivery to the surface is p= E .

Hence em wave also carry momentum.

(c) The em wave consists of oscillating electric
and magnetic fields, So net energy density of em

wave is
U=U+U,
U= %5051 %BE
52. Soln. (a) 10 nm —— gamma radiation.

Application: Radio therapy ." t0 uiii iai€
nuclear reactions.

(b) 10~} m ——> microwaves
Application: In RADAR for aircraft navigation.
() lnm—— X —ray.

Application: In medical science for detection of
fractures, stones in kidney, galibladder etc.

53. Soln. (i) Microwaves are used in RADAR because
they go straight and are not absorbed by the
atmosphere.

(ii) X-rays are used to photograph the internal
parts of human body because they can penetrate
light elements (flesh).

(iii) Infrared radiations are used for taking
photographs of sky during light and foggy
conditions because they penetrate fog and are not
absorbed by the atmosphere.

It absorbs ultraviolet radiations from sun and
prevents them from reaching on the earth’s surface
causing damage to life.

Identification: ultraviolet radiations

e ————— e

(i

—

One correct application: santization, forensics

(ii) water molecules present in mast materials readily
absorbs infra red waves. Hence, their thermal
motion increases, therefore, they heat their
surroundings.
They are produced by hot bodies and molecules.
Incoming visible light is absorbed by earth’s surface
and radiated as infrared radiations. These radiation
are trapped by green house gases.

54. Soln. (i) Microwaves are produced by special
vacuum tubes like the Klystron / Magnetron / Gunn
diode.

The frequency of microwaves is selected to
match the resonant frequency of water molecules,
so that energy is transferred efficiently to the
kinetic energy of the molecules.

(i) (a) Associated with the greenhouse effect.

(b) In remote switches of household electrical
appliances.

55. Soln. Given: £__ =6V m’'

‘—Eﬂ=c or Bm=£—"“—
B c
B. .= =2x10"°T

Since, B =—
V2

Where By is the peak value of magnetic field.

B,=B_ 2 =2x10"x2T; B, ~2.83x10™

56. Soln. Here, E=6.3f Vim

The magnitude of B is
£ ~ (6.3V/m)

= - =2.1x107°T
c (3x10°m/s)

E is along y-direction and the wave

propagates along x-axis. Therefore, B should be in

a direction perpendicular to both x and y-axis. Using

vector algebra Ex B should be along x-direction.
Since (+ j)x(+k) =1, ;B'is along z-direction.

Thus B=2.1x10*kT

_E
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be in a direction perpendicular to both X and Z axes.

._ _u -
57. Soln. Here, B=1.2x107°kT

. Using vector algebra E£x B should be along X-
The magnitude of E'is direction.

i ; +l; =-‘.E'salon the Y-
E=Be=(12x10*T)(3x10° ms™")=3.6Vm" Since (+/)x(+k) =i, E'is along

direction.
B is along Z-direction and the wave Thus, E=3.6) V' m
propagates along X-direction. Therefore E should
# #
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SURE SHOT QUESTIONS

Lo

mncmm
Chapter — 09
Ray Optics and Optical Instruments
» McQ (1 mark) internal reflection. From u = _1 -,C will be

1. Soln. (a): According to the question, ray emerges
from other surface of prism normally,

*. Angle of incidence at second face, r’ = 0°
Now, r+r'=A
= r=A-r'=5-0"=%5

Using snell’s law,

sini

sinr

Or sini = gsinr =1.5xsin5’ =0.131
= O0=i=sin"'(0.131)=7.5"

2. Soln. (d):Since 4, >4, >4, >4,

Then g, <p, < up, <p, (cu=a+b/ i)

LV, >V, >N >, (v v=c/p)

After travelling through the slab, red colour will
emerge first because it has largest velocity in slab.

3. Soln. (c): When an object approaches a convergent
lens from the left of the lens with a uniform speed
of 5 m s, the image moves away from the lens
with a non-uniform acceleration.

4. Soln. (c): Here, for yellow light, r =90° when i =C
. As I is kept same, C must be smaller for total

YouTube Channel Arvind Academy link
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sinC
smallest for blue colour. Therefore, blue light
would undergo total internal reflection.

S. Soln. (c): Here u=1.5

If object lies on plane side as shown in figure (a), then
R =», R, ==20cm

o

(a)

1 |
e "[E‘R_]
1 1
=(1.5-1 —
( )(Gﬂ 20) 40
f =+40cm. The lens behaves as convex lens.

If abject lies on its curved side as shown in figure (b),
then R, =20cm, R, =»

T\

(b)
1 1 1
(-l ==
G ’(R RJ

=(l. 5_|)[__l)=L
= ]

20 40

J"'=40cm . The lens also behaves as convex lens.

Page 1
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6. Soln. (b): In spherical mirrors, the incident ray
passing through the focus of mirror becomes
parallel to principal axis after reflection, which is
shown by ray 2.

» Assertion-Reasoning (1 mark)

7. Soln. (b): In the figure, the path shown for the ray 14. Ans. (c) : A concave mirror is a converging mirror.

2 is correct. The ray suffers two refractions: At A, Convex mirror is a diverging mirror and can never
ray goes from air to turpentine, bending towards
normal. At B, ray goes from turpentine to water
(i.e., from denser to rarer medium), bending away
from normal. 15. Ans.(b)

Air \\‘1\ \ 16. Ans. tAl ‘)Miﬂl:dl < bmtﬂhlc)

Turpentine \\ \ \ <
Water * B\ * * .“mm Jult-:n‘

form a real image.

So, assertion is correct and reason is correct

8. Soln. (d): In the side mirror, the speed of the explanation of assertion.

approaching car would appear to increase as the

distance between the cars decreases. 17. Sol.

(b): The light travelling from air to glass cannot
suffer total internal reflection because for total internal

9. Soln. (a): Using Snell’s '_3“" reflection, the essential condition is that light should

sini : sini travel from a denser medium to a rarer medium with
=— == sinr=— v a3
sin U | incidence angle more than the critical angle.
d 18. Suu.
10. Ans. (3) : —, as image at 2F formed of same size. (b): The light gathering power (or brightness) of
4 a telescope is directly proportional to the area of the
Here, 4F =d = F=d /4 objective lens.

2
ie, light gathering power « nr® = ﬂ%, where D is the
diameter of the objective. Thus telescope will have large
light gathering power if the diameter of the objective lens
12. Ans. b) For bi-concave lens, is large. So by increasing the objective diameter even far

off stars may produce images of optimum brightness.
1 I 1 =2(p-1)
= (-1 ——— ==L
(-1 -]

11. A

F R R 19. Sol.
For olan len (c) : Since the lens is made of two different materials
Or plano — concave fens, of different refractive indices, there will be two different
1 =(u-1) 11 _ —(u-1) focal lengths of the lens. Hence two images will be
F' -R = R formed. The image formed by convex lens is always real
P except in case when object is placed between optical
= F'=2F:P'=E centre and focus.
20. Sol.
13. Ans. (a) :  =(u—=1)A, since red is having (a): Image formed by convex lens
smallest refractive index compared to other ——F
colours, it has the smallest angle of minimum :, infinity Focus
deviation,
Subscribe Arvind Academy NEET You tube channel. Click link: < https://www.youtube.com/@ArvindAcademyNEET Page 2

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.




ATDB.uno

ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.

ATDB PDFZ

21. Sol.

(a): Due to the variation of the refractive index
of the material of the lens, the focal length also varies
accordingly. Now as white light is composed of
different colours of light, each colour will produce its
own image based on the focal length for that colour.
This particular phenomenon for a single lens is known
as chromatic aberration.

22. Sol.

(d): The distance between the object and its
real image is minimum when magnification is 1. We
know that the magnification of convex lens is given by
(m)=-viuform=1,v=-u
Now from lens formula, v = u = 2f
Hence, minimum distance v + u = 4f.

» Case Study (5 marks)

23. Ans. (i) (3) : Since refractive index of medium is
more than that of water, medium is denser than
water. Here, light travels from medium (denser) to
water (rarer), so it will bends away from the
normal. This is correctly showr in . 3). H( re t ital
internal reflection will not take place because
angle of incidence (18°) is les than critical angle
(20°).

(i) (b) : Light rays passes through the surface if,

sinC
. r
Also, 5|n("=—1—1
Nri+d?
S == ri+d’ =’
MNP +d?

-

S>d =@ -’ orrl =

(iii) (c) : Refractive index is minimum for water.
Thus, water with respect to air has maximum
critical angle.

(iv) (b) : sinC=lor sinC=l:>C=30"
u 2

(v) (b) : Critical angle, C = 30°
P _ 1
" sinC  sin30°
¢ 3x10°

Also, Ju=£:> V=—
v M 2

S u=2

=1.5x10" ms™'

Here, question 18 (i) to (v) is a case study base

question of 5 marks.

24. Ans. (i) : (d) For the spherical refracting surface,

n, n, nm-—n,
v u R

(ii) : (d)

LTS
I+ is ‘he imer distance

i_&=uo .&+l=ff§.—l

v. =R R v R R R
pphiuieig M, 1 1
= L= -2 = =—(15-2)=——
L TRy == R05-2) 2R

= v=—2x%R=—3R

Therefore, virtual image will be formed in the air.
(iii) (a) : If an object is kept at 2F from an equi-
convex lens, then image will be real, inverted and
of same size as object.

(iv) (b): f, =10cm, f, =-20cm

If two lens are kept in contact.

1 1 | 1

l=_+_=———-:,f=+2(]cm
f £ £, 10 20

= IOO =@=+SD

S(em) 20

(v) (c) : If the lens is cut along the horizontal line

w—1 as shown in figure, then focal length (f) of each
P part will remains same,
, nd
Area, A=nar° =—
u =1
Subscribe Arvind Academy NEET You tube channel. Click link: n https://www.youtube com/@ArvindAcademyNEET Page 3

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.




ATDB.uno

ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.

ATDB PDFZ

Since, }={p—l}(%)

25. Ans. (a) : As we know that, refractive index
decrease with an increase in wavelength of light.
Therefore, focal length of lens will be increased

with increasing wavelength of light.

Focal length o o wavelength

power
So, power o« ———————
wavelength
As we increase the wavelength of light, the power
of lens will decrease.
(b) The radius of curvature of two surfaces of a
convex lens =R
The refractive index of material #/, the focal
length becomes R.
So, len’s maker formula,

1 1 1
7‘“‘"’[3.'37]
R,

Equation (ii1)=<(iv),

;—Oﬁ){%'ﬁ /i _

8
U1 1) 20 2
r W)
f.=-80 cm
So, focal length of concave lens is -80 cm in
water.
OR

(c) An object is placed in front of lens which
forms its erect image of magnification, m = 3.
The power of lens, P = 5D

v
Magpnification, m=—=3 or v=+3u ....(J)
u

The focal length of lens,

f:l=mcm=+20cm
P 5

1
Lens formula, ———
vV i

- =
3u u 20

!
S/
IIIEI
3u

=+R and R, =-R 20
- —40
So IT( -1 2 ’p—l-l->,u—i ::f =:T)rt:=Tcm.
®OVVTR) 2 2 o N9
(a) Focal Ie'ngtﬁ of a concave lens = -20 cm Y ﬂcm (objec;‘fs ﬂcmawayin frontof !ens.J
Refractive index of concave lens, 3 3
3
. =1.50r= 40
# 2 v=3u=-3x—cm=-40cm
4 3
I d in water, u, =—
mmersec in waler, 4, 3 v=—40cm (image formed at a distance of 40 cm
Focal length in air, on same side as object)
1 1 1
—=(u-1)| =—=-— ()
7= )[R, R:}
Focal length in water,
1 1)
—=[ﬂ—l)(—-— ............. (ii) 26.
I H R R,
Put the respective values ma—:f{m;_ .".;'J?\ILP‘ . R
3\ ¥ TR the nopentume JE-7te Obgfckf gnd the £ue -Pecd
1 (3 'J 1 1 (i) T (0} The mmitsaca Gpte ussd m_mmm
-_—= == — | ecrmein l b wndenchongmid  the it S |
20 \2 N\R R, T (03 20m et T .
v, (0 N 1
1 3/2 1 1 [ 9 J 1 1 [Topper’s Answer, 2022
— == gl === |=lZ=1|| —=-—
1. [4:’3 ] R, R, 8 R R,
"""""" (v) » Questions
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As in case of ray 1, incident angle is less than
critical angle, it would emerge out from AC. In the

27. Ans. Radius of curvature R = 60 cm figure path of the ray 1 is shown.
Focal length f =30 cm In case of ray 2, incident angle is greater than
) 11 1 critical angle, it would get total internal reflection at AC
By Mirror formula " T v F and emerge from BC. In the figure path of the ray 2 is
4 =-20 cm, f = -30 cm (concave mirror) shown.
-1 1 -l 11 1 10 A
—_—t—_m—) —_ = ——_——_— = —
20 v 30 v 20 30 600 >X
v =60cm ' /
. 1 a5y
Thus image formed is virtual, erect and magnified P oy
in nature. z e
28. Ans.f=-15cm,m=3,u=-xcm 8 )
v
m=——=3o0rv=-3u=3x <
. u- 30. Ans. (a) Here, R=-20cm, f=R/2=-10cm
Using mirror formula,
1 1 1 1 1 1 2 1 m = -2 (image is real)
v ou = 7 "3y * - = :Eor‘ T 3x =3 5 u = object distance, v = image distance
= x=10cm m=—-X=v=2u
u
.". Distance of object from the mirror, x = 10 cm. ; . | 1
Using mirror formula, —+—=—
I v ou f
. | ARIV) 3
29, Soln. At plane AC, the incident angle for ray 1 and —t—_m—— S —=—
ray 2 = 45° 2u u =10 2u -10
u=-15cm

Let critical angle for total internal reflection for
& Hence,v=2u=-30cm

rayl=G .
(b) For convex mirror: f >0, u<0
1
= 11 1
135 sinC, Using mirror formula, - + - = ?
. 1 1 1 1 1 1 I 1 1
—3 sinC, =—— —=———=———— = —4-
1.35 v fu f (-uw) v [ u
=0.74 %
u
V= f
Hence, Sf+u
C >45 (sin45” =0.707) v>0
2=C convex mirror is always formed behind the mirror
| which is virtual in nature.
1.45=—
sinC, 31. Ans. For plano -convex lens, R, =®and
. 1
= sinC,=——=0.689 R,=-20cm
© 145
Giventhat, 4 =1.5
Hence C, <45’ (sin45° =0.707) _
B Using lens maker's formula,
Subscribe Arvind Academy NEET You tube channel. Click link: ﬂ https://www.youtube.com/@ArvindAcademyNEET Page 5
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| 1 1 1 | 1
—=(u-1) —+— |=(1.5-1)| —- =—
f w ][fﬂ+ﬂz] ( ][r {—20)] 40

Orf=40cm
Given that, u = 30 cm
Using lens formula,

.. The image is formed at 120 cm on the same
side as the object. So, the image is virtual and

erect.
Magnification, m = Y = Lzo] =4
u 30
Thus, image is enlarge by four times the size of the
object
32. Ans. (3)
A B
o T P Iy I
Vv —
+—— u Vi — —»

An object is placed at point G. The .ens A
produces an image at !, which serves as a virtual

object for lens B which produces final image at /.
Given, the lenses are thin. The optical centres (P)
of the lenses A and B coincide with each other.
For lens A, we have

11

v, u

1 1 1
For lens B, we have ———=— ... (ii)
Adding equations (i) and (ii),
1 1 1 + 1 i)
———m e seeesessnas m
v u f, f,

If two lenses are considered as equivalent to a
single lens of focal length f, then

From equation (iii) and equation (iv), we can write

11 1
—_————
A A A

Subscribe Arvind Academy NEET You tube channel. Click link: B
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1 1
(b) For lens L, 2:——=

1
u f
Where, f=+10cm
1 1 1 1 3-1 2

;—=——=—>2V,=15cm
v, 10 30 v, 30 30
ForlensL;:

v, =15cm, u=10cm, f=-10cm

Position of final image,
1 1 1 1 |

_-. For third lens L; object is at infinity, hence final
image is formed at focus of L; at a distance of 30 cm.

33. Ans. (3) Angular magnification,

m—é 2000cm _
S, 1.0cm

2000

(b) The image of the moon by the objective lens
formed on its focus only the as the moon in nearly

at infinite distance as compared to focal length.
fo=20m

h
Eye lens

Obijective lens

i.e., Radius of moon R_ = ? x10° m

R, =1.75x10°m

Distance of object = Radius of lunar orbit
R=38x10"m

Distance of image for objective lens is the focal

length of objective lens, f; =20m

Radius of image of moon by objective lens can be
calculated, as,

R
R, Jy
6
y_ Rax Sy _1.75x10 :20=9.21x10'2m
38x10

Diameter of the image of the moon,

=2h=1842x10"°m=18.42cm

https://www youtube com/@ArvindAcademyNEET ~ Page 6
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34. Soln. From Snell’s law, we have: S_mm =
sin(r)
AtA, i=60" u=-3
Now, sin(r) = sin1)
N 1]
= infr) sin(60") l

Rt

: _,[l)
=  r=sin’'|=
2

r=30"

35. Soln. Clearly, equivalent focal length of
equiconvex lens and water lens, f =x

Focal length of equiconvex lens f| = y

Focal length f, for water lens is given by

A1y
LS Lo x oy
or fi= n'4

y—x

The water lens formed between the plane
mirror and the equiconvex lens is a planoconcave
lens.

For this lens,

R =—R and R,=x

Using lens marker’s formula,

| 1 1

—=(u-1)| =

n YRR
y—x

1 1
5= 3]

(x—»)R 14 (x-y)R
. X

or

or p—1= or =

36. Soln. f, = f ... =30cm

L = S ooneae =—20cm

11
— +
VA

S5

Subscribe Arvind Academy NEET You tube channel. Click link:
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1 N
=——." f d l
60[ concave (diverging) lens]

2
S

37. Soln. From diagram it is clear that incidence angle
at face KM is 60°.

Hence, critical angle is also 60°.

Therefore, incident light ray will not emerge
fron| M ac 2 d e to total internal reflection at

I i face. Henze, it will move along face KM Angle

of emergence = 90°.

Hence angle of deviation = 30° (from fig.)

38. Soln. The rainbow is an example of the dispersion
of sunlight by the water drops in the atmosphere,
This is a phenomenon due to combined effect of
dispersion, refraction and reflection of Sunlight by
spherical water droplets of rain. The conditions
for observing a rainbow are that the Sun should
be shining in one part of the sky (say near western
horizontal while it is raining in the opposite part of
the sky (say eastern horizon).

Difference between Primary and Secondary

Rainbow:

S.No. Primary Secondary
Rainbow Rainbow

1. Three Step Four step
process (Re- process
fraction- (Refraction-
Reflection Reflection and

Refraction)
= ‘ [’I""._c .-.;.'-.'f yC _.r_|Tn'_;_-'ux-nl‘-‘-u_r_i:LlM‘: - Page 7—
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and
Refraction)
Appearance Appearance
intensity intersity
better than lesser than
Second ary. Primary.
Single Double
reflection reflection
occurs. oCCurs.
2 Degree 3 Degree
range occurs. range.
Fig. 1 Fig. 2

Suniign Randrop

42-\ . d
Fig. (1)

- b E.._ Eﬂm
ght ///@
b fs
observer
39. Soln. The phenomenon of total internal reflection
occurs when,
1. Angle of incidence is equal or greater than critical
angle.
izC
2. When light travels from more denser medium to
less denser medium.
In case of right angle isosceles triangle if light rays

fall normally on AB then light incident of face AC

with angle of incidence > critical angle.
A

Sunii

45°

h

45/
a7

/45
v
m| 45
B C
Hence, total internal reflection will occur with
normal to the surface of BC.

40. Soln.

sini

sinr

(i) Condition for minimum deviation:

1. A=180-2«
sini
sin(90- )

When, 1, =r, =r >critical angle

n+r,=180-2a
2r=180-2a [.r1 =n]
n=r=9-a

3=90-n
=90-90+a
B=a

Condition when QR have total internal reflection:

ZQRC = critical angle for the prism
Z180" — B > critical angle
Or Z180° —a >critical angle

Z180" —a = ZBAC

ZBAC >critical angle

Optical fibre works on principle of total internal
reflection. When angle of incidence is greater than
Critical angle then incident rays are totally
reflected back in same media.

Subscribe Wﬁd _Ar.ar.lerny NEET You tube chasiael.. Click el u https://www.youtube.com/@ArvindAcademyNEET Page 8
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When, & > 0, Total internal reflection occurs

and if @ < @, refraction occurs.

Application: Optical fibre are used for
communication due to very high bandwidth of
media.

42. Soln. Here for convex lens

u=-060cm

S =+20cm
(convex lens)

Using lens formula

LR
v u f
o1
—_—— = —
v 60 20
el 1.2
v 20 60 60
So, v=30cm

Positive sign shows that image will be at the right
hand side of the lens.

Now this image would act .5 v tual soui e fr;
convex mirror. Its distance from convex mirror is

u=30-15=15¢cm

(+ve sign means virtual
source)

S =+10cm

(convex mirror)

Applying mirror formula

1
!

710 15 30
Hencev=30cm

So image would be at 30 cm from the mirror.
As v is positive, image would be virtual, magnified
and erect.

43, Soln. From the lens maker formula, it is clear that
n,, decreases then focal length increase.

Subscribe Arvind Academy NEET You tube channel. Click link:
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L _pll_1
7 ”(R, R:J

Here refractive index of the glass with respect
to surrounding material decreases. Hence, focal
length increases which will also increase the
image distance.

44, Soln. (i) Refractive index of a medium is the ratio
of speed of light (c) in free space to the speed of
light (v) in that medium.

c
H==
Vv
!
(i) === —
v osini, |
X100 1
2

50

l'=£x3x|0“
50

=1.8x10" m/s

45. Soln. (i) Refractive index of glass for different
wz /el zny th7 () lours) of light ray is different.
He 1c( di fe. en’ colours bend with different
angles. This give dispersion of white light when it
passes through a glass prims.

(i) As the refractive index of the medium with
respect to air (medium 1) depends on the
wavelength or colour of light, focal length of the
lens would change with colour.

| 1 1
7—‘"“‘”[3.‘?:)

46. Soln. At plane AC, the incident angle for ray 1 and
ray 2 = 45°

Let critical angle for total internal reflection for
rayl=0¢

1.35=—
sing,
=1 sinC, e
' 135
=0.74
Hence,
C, > 45" (sin45° = 0.707)
https://www_ youtube.com/@ArvindAcademyNEET Page 9
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Let critical angle for total internal reflection for
ray2=_C;
1

1.45=—
sinC,

= sinC,=-|—-——0,689
© 145

Hence C, <45’ (sin45° =0.707)

As in case of ray 1, incident angle is less than
critical angle, it would emerge out from AC. In the
figure path of the ray 1 is shown.

In case of ray 2, incident angle is greater than
critical angle, it would get total internal reflection
at AC and emerge from BC. In the figure path of
the ray 2 is shown.

A
>\
.1. > 45?y'
e
- /
z i a5y
N AN
B C
)
2
47. Soln.
a\
(o) I h
1] V. S

-+

(i) Two thin lenses, of focal length fand f; are

kept in contact. Let O be the position of object
and let u be the object distance. The distance of
the image (which is at 1,), for the first lens is v;.

This image serves as object for the second
lens.

Let the final image be at I. We then have

11
fi ovowu
111
vy

Adding, we get

ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.
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L1 10
—_—tte— e ———= -
Li iy f
11
—_— =4 —
LA A
P=PR+P,

(i) At minimum deviation

r=i=30"
2

We are given that, i = % A=45°

sin45° J_
= = 2
A= sin30°

c
Speed of light in the prism = 75—

(= 2.1x108ms™)

[Award ¥ mark if the student writes the

formula:
sin[ A+5, ]
_\ 2 )

o 2]
2

not do any calculations.]

but does

48. Soln. (i)

For small angles

—_— —_—
https://www.youtube.com/@ArvindAcademyNEET Page 10
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tan zNOM = MN
OM
tan ZNCM = ﬂ
NC

MN

And tan ZNIM = —

i

For ANOC, iis exterior angle, therefore

i=ZNOM + ZNCM

MV MY

oM MC
e MN MN
Similarly, re— - —
MC Ml

For small angles, Snells law can be written as
ni=nr
—_—— ==

OM M MC

OM =—u, MI=+v
MC=+R

nooon, _n,—n

(using sign ¢ . nvenu

(i) Lens Maker’s formula is
T (m_ L2
S \n R R,

Focal lengthin anis
| 1 1
—=(1.6-1) ———
20 { )( R, R:J

1 1t __1
R, R,) 20x06 12

Let f' be the focal length of the lens in water
L_(I.ﬁ—lﬁ) _]__L
f' 1.3 R, R,
03
12x1.3

or f'=|20XI'3=

52cm

m———— e
e e

49. Soln. (i)

From fig ZA+ ZQNR =180
i)

From triangle AQNR, r, +r, + QNR =180"

Hence from eqn. (i) & (ii)
LA=n+n
The angle of deviation

o=(-n)+(e-r,)
=i+e-A

At minimum deviation i =eand 1, =n,

and

Hence, refractive index,

sin[%* )

sin

sini

J

sinr

2 | a |t |+

(ii) From snell’s law, g4, sini = s, sinr

Given Hy =J3-, =1

And r =90"(just grazing)
J2sini =1xsin90°

= sini = %

or i=45"

50. Soln. Magnifying power is defined as the angle

subtended at the image to the angle subtended
(at the unaided eye) by the object.

Alternatively: Also accept this definition in the
form of formula

—_— e e
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The increase the magnifying power both the
objective and eyepiece must have short focal

[#n-57)
lengths | as m=—x—
S L

51. Soln. Given, f, =1.25¢m, f, =5cm(In

microscope, focal length of objective lens should
be very small)

Magnification, m= 30,

It we set these lens for minimum distance for
distinct vision, then for

30=_£«_(|+§)
125\ s

5
L=125x30x—
x x30

L=5x125
L=625cm

Hence, distance between two lenses is

= f,+625+ [
1.2546.25+5
12.5¢cm

This is a required separation between the
objective and the eyepiece.

52. Soln.

For a large magnifying power, f;should be
large and /, should be small.

For a higher resolution, the diameter of the
objective should be large.

53. Soln. (i)

e ———

11h ihe Arvind Academvy NEET You tube channel. Click link:
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[Note: deduct % mark if not labelled]

Magnifying power,
tan
a a
** The angles are
small

Final image is formed at infinity when the
image A’'B’ is formed by the objective lens at the
focus of the eyepiece,

m=t Lo
1 h
m=2
S

(i, Gir er
fo+ S, =105, f,=20f
20}; + /. =105
105

=—=>5cm

T
£, =20x5=100cm

m=do 1% _29
7

.. Magnification,

o te

54, Soln. (i) fr
By increasing [, or decreasing f,

(i) (a) No chromatic aberration.
(b) No spherical aberration.

(¢) Mechanical advantage — low weight, easier
to support.

{(d) Mirrors are easy to prepare.

(e) More economical.

e —————— e
https://www.youtube.com/@Arvind Al ademyMNEET Page 12
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55. Soln. Large focal length : to increase magnifying

power
=
2

Large aperture: to increase resolving power

- RP= 2a
1.224

56. Soln. Construction for astronomical telescope.

e fo > 3
-}I‘\ . 4
: F o
1. -
L .
P“ ....... 6 .............. [ 3

P Yoy, D
Angular magnification, m=—| 1+ —
u,

4

= 30=i[l+§J
5

uﬁ

= v, = Su, ceeeee(1)
From lens formula,

I 1 -1 - 1 uy+v,

71,, E_(-uo} 125w,

Substituting (i) in (ii), uo = 1.5 cm

57. Soln. Refraction at convex spherical surface, see
figure.
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L3

When object is in rarer medium and image
formed is real.

ny<n,

In AOAC, i=a+y
Andin AIC, y=r+fBorr=y-p

sini i _a+
-, BysSnellslaw 'n, =~ =L 2%

sinr r y-p
y +
or L g ‘Var ny—nf=na+ny
n y-p
or(n,—-n)y=na+mf ... (i)

As a, [} and y are small and P and N lie close
to each other,

N AN
So, al tana=——=—
NO PO
AN AN
7 = t.n ? —_— -
g PONL T PI
AN AN
= lan y -
NC PC
On using them in equation (i), we get
AN AN AN
(nw_n|)_ = "] _+n2 Y
- PO Pl
oo EA_MW M (ii)
PC PO Pi
Where, PC = +R, radius of curvature
PQ = -u, object distance
Pl = +v, image distance
So n,—n, =l+"_2m- neno_moom
—u v R v ou

This gives formula for refraction at spherical
surface when object is in rarer medium.

58. Soln. As the image of the object is formed by the
lens on the screen, therefore the image is real.
Let the object is placed at a distance x from the
lens.

https://www youtube com/@ArvindAcademyNEET Page 13




ATDB.uno ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.

As the distance between the object and the
screen is 90 cm. Therefore, the distance of the
image from the lens is (90 — x)

According to new Cartesian sign conventions,
u=-x,v=+90-x)

‘.'
Magnification m = —

u
-2= M = x=30cm
-X
u=-30cm, m= Y 60cm
u

T ————
Subscribe Arvind Academy NEET You tube channel. Click link: n https://www.youtube.com/@ArvindAcademyNEET
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Let f be focal length of the lens.
According to thin lens formula,
I 1 1 1 1 |

v u £60 —30) f

11 1
—_—— = —
60 30 f
f=+20cm

A convex lens of focal length 20 cm is required.

e e ————e e
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SURE SHOT QUESTIONS

Chapter — 10
Wave Optics

MCQ (1 mark)
1. Soln. (a)
2. Soln. (c): The light from two slits of Young’s double
slit experiment is of different
colours/wavelengths/frequencies. Hence, there

shall be no interference fringes.

3. Soln. (d):

ls,

In given figure there is a hole at minima point P2, the
hole will act as a source of fresh light for the slits S;
and Ss. Hence, there will be a regular two slit pattern
on the second screen.

4. Ans. (a) : According to Huygen's principle each
point on the wavefront acts as a source of
secondary wavelets and the amplitude of these
secondary wavelets is equal in both the forward
and backward directions.

The new wavefront is the tangential surface of all
these secondary wavelets.

5. Ans. (c) : If a plane wavefront is incident on a
concave mirror, then the emergent wavefront will
be spherical with centre of the wavefront at its

focus.

6. Ans. (c): (i) Angular separation = %

Remain same

(ii) Fringe width, g = %

So, as D increases fringe width increases.
(i) Remains same, but
(ii) Increases.

7. Ans.(a): A=T700 nm, A'="?

Y=Y
3X700D_ SxA'D
d d

2%

Al= —59=4!0nm

8. Ans. (c): Fringe width is given as

AD
=
Now, entire apparatus is placed in liquid of
refractive index ff.

Thus, wavelength of incident wave changes to

P
M
.-. Now fringe width, ﬁ':’z_D
_AD_B
ﬂ = e————
pd p

So, answer is option (c).

YouTube Channel Arvind Academy link
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9. Ans. (d) : Given, path difference, Ax = -‘;"-
Phase difference, A¢ = 27”,;1\— =A¢g= %
http://bit.ly/21YvIGF Page 1
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2utcosr = while the maxima for transmitted

o 2 Ag
At any point, intensity / =/, cos [TJ system of film is given by equation

2ut cosr = nd
I=1 cos ( il 4J where t is thickness of the film and r is angle of
max
2 refraction. From these two equations we can see

/ . 2 . that condition
E = [cos(g]] =(0.9239)° =0.853 for maxima in reflected system and transmitted
system are just opposite.
> Assertion-Reasoning (1 mark) 16. Sol. (c): When one of slits is covered with
cellophane paper, the intensity of light emerging
from the slit is decreased (because this medium is

10. Ans. (c) : Fringe width, translucent). Now the two interfering beam have
different intensities or amplitudes. Hence,
AD . d . D intensity at minima will not be zero and fringes
=— As,d'=—and D'=— . S
d 3 3 will become indistinct.
D

17. Sol. (a): As a broad source is equivalent to a large
i A>3 b 9 &

= number of narrow sources lying side by side. Each

: g d set of these sources will produce an interference
3 pattern of its own which will overlap on another

to such an extent that all traces of a fringe system

.-. New fringe width, #'=

11. Sol. (b):When slit is wide (i.e.a » 1), bending of is lost and results in general illumination. Because
light becomes so small that it cannot be detected of this reason, for interference a narrow slit
up to a certain distance of scre 4 from tne nt. | shnuld he ysed,
Hence, practically, no diffracti *~ ccur . |
12. Sol. (d): When a light wave travel from a rarer to a » Case StUdV
denser medium it loses speed, but energy carried
by the wave does not depend on its speed. 18, AI'ISWEI‘S

Instead, it depends on the amplitude of wave. The
frequency also remain constant.

13. Sol. (c): If both the slits are illuminated by two
bulbs of same power, no interference pattern will
be observed on the screen. This is because waves
reaching at any point on the screen do not have a
constant phase difference, as phase difference
from two incoherent sources changes randomly.
Therefore, maxima and minima would also change
their positions randomly and in quick succession.
This will result in general illumination of the
screen.

14. Sol. (c): When source in Young’s double slit
experiment is of white light, the central fringe is
white as all colours meet there in phase.

15. Sol. (a): For reflected system of the film, the
maxima or constructive interference is

Subscribe Arvind Academy NEET You tube channel. Click link: M https://www.youtube.com/@ArvindAcademyNEET Page 2
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1. (b) Maxwell proved theoretically that light has a
transverse wave nature.

2. (b) Medium-2 is denser because the refracted ray
bends towards the normal.

3. (4) Points ¢ and d lie on the same wavefront, so
¢ =9

Similarly, ¢, =4¢; R I

4. (7) Light travels as a parallel beam in each medium.

5. (4) During refraction, the speed and wavelength
change but frequency remains unchanged.

19. Answers

8.(d) Ag<hg<Ap
Fringe width m=% = wxi

.'.wc-cmocwg =>m2(l.ﬂl<(.l)3 ﬂ(ﬂab'(r.ll}tl

9. (¢) For first bright fringe,
D 500 x A

XI = T = 04= 08
_04x08___ 32x10°

A= 50 M™ = 500x100

nm = 640 nm.

10. (¢) Angular separation, 8 =ED =%
8 is independent of D because as D changes, B also
changes in the same ratio.

1
0« —
d

As separation d between the two slits is increased,
angular separation 8 decreases.
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Questions Itenelty

20. Ans. A source of light sends the disturbance in all
the directions and continuous locus of all the

particles vibrating in same phase at any instant is

N\

called as wavefront. % 2. 0 a2 3
Path difference
Given figure sh he refraction of a plan
'gure shows the refraction of a plane Double slit interference:
wavefront at a rarer mediumi.e., V, >V, hﬁ\m
. L 0 A z
Path difference
(i) Difference between interference and
diffraction
Interference Diffraction
— Refracte_d wavefront Interference is Diffraction is
¢ Medium2(v,) caused by caused by
The incident and refracted wavefronts are shown Superposition two superposition of
in figure waves starting a number of
Let the angles of incidence and refraction be from twe waves starting
i and r respectively coherent sources from the slit.
From right AABC, we have, 2 | Wliri htnddark Width of central
sin ZBAC =sini = BC iringes are of bright fringe is
AC equal width. double of all

From right AAEC, we have,

other maxima.

. . AE
sin ZECA =sinr = = ATl bright fringes T
sini BC wt or sini_ v, ~'y. (aconstant) are of same fringes decreases
sinr AE vt sinr v, ' intensity. sharply as we
B - move away from

This verifies Snell’s law of refraction. The constant

1
M, is called the refractive index of the second
medium with respect to first medium.

central bright
fringe.

Dark Fringes are

Dark fringes are

perfectly dark. not perfectly
dark.
21. Ans. Width of central maximum is given by
2DA
B, =
a

If width of slit is reduced then (i) size of central
maxima will increase and (ii) intensity of central
maximum will decrease.

22. Ans. (i) Single slit diffraction:

shown in figure.

23. Ans. Snell’s law of refraction : Let P;P; represents

the surface separating medium 1 and medium 2 as

. . ————
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Let v; and v; represents the speed of light in
medium 1 and medium 2 respectively. We
assume a plane wavefront AB propagating in the
direction A’A incident on the interface at an angle
i .Let t be the time taken by the wavefront to
travel the distance BC.

o BC=vt [-.- distance = speed x time]

In order to determine the shape of the refracted
wavefront, we draw a sphere of radius v,t from
the point A in the second medium (the speed of
the wave in second medium is vz).

Let CE represents a tangent plane drawn from the
point C. Then

AE =it

_-. CE would represent the refr a “‘ted w avel ‘onu.
In AABCand AAEC, we hi ve

. . BC vt . AE vi
sinf=—=——and sinr = —=——
AC AC 4C AC

Where i and r are the angles of incident and
refraction respectively.

snf_ W AC_ S0l %
sinr AC vt sinr v,

If ¢ represents the speed of light in vacuum, then

c c Cc c
p=—and j,=—=v,=—andv,=—

Y V) Hy H
Where [ and [, are the refractive indices of
medium 1 and medium 2.

sini _ ¢/ y =>sim‘ _M

sinr c/pu, sinr oy

= J,Sini=g,sinr

This is the Snell’s law of refraction.
24. Ans. A source of light sends the disturbance in all
the directions and continuous locus of all the

particles vibrating in same phase at any instant is

Subscribe Arvind Academy NEET You tube channel. Cick link:
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called as wavefront. Laws of reflection by Huygens’
principle : Let us consider a plane wavefront AB
incident on the plane reflecting surface xy. Incident

rays are normal to the wavefront AB.

Let in time t the secondary wavelets reaches B’
covering a distance ct. Similarly from each point
on primary wavefront AB. Secondary wavelets
start growing with the speed c. To find reflected
wavefront after time t, let us draw a sphere of
radius ct taking B as center and now a tangent is
drawn from B' on the sphere the tangent B'A’
represents reflected wavefront after time t.

Fol e\ ery pt int )n wavefront AB a corresponding
point iie on tne reflected wavefront A'B’.

So, comparing two triangle ABAB'and AB'A'B
We find that

AB'=A'B=ct

BB'=common

LA=LA'=90"

Thus two triangles are congruent, hence
Li=4Lr

This proves first law of reflection.

Also incident rays, reflected rays and normal to them
all lie in the same plane. This gives second law of
reflection.

25. Ans. (i) Reflection and refraction arise through
interaction of incident light with atomic
constituents of matter which vibrate with the same
frequency as that of the incident light. Hence

frequency remains unchanged.

(ii) Energy carried by a wave depends on the frequency
of the wave, not on the speed of wave propagation.

https://www.youtube.com/@ArvindAcademyNEET Page 5
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26. Ans. (a) We know, !"“—‘ = M
l’l'r-n (aa_ a;]‘

According to question, 13 =50% Gf 1,
,=051; a@=05a (- leca’)

a
a,=—
J2
Hence,
!Eztaﬁa‘fﬁ):_tlﬂfﬁ)’_ J2 41 2234
L. (a-a/d2y a-1/42y (¥2-1

(b) The central fringes are white. On the either
side of the central white fringe the coloured
bands (few coloured maxima and minima) will
appear. This is because fringes of different colours
overlap.

27. Ans. (a) Angular width, @ = g ord= %

Here, 4= 600 nm =6x 107 m

0=01=217 i= " rad,d="
180 1800
6x1077 x1800
oo d=———=3 4x,.0"0
T

{b) Frequency of a light depends on its source
only. So, the frequencies of reflected and
refracted light will be same as that of incident
light.

Reflected light is in the same medium (air) so its

L]
wavelength remains same as 500 A .
_ A
Wavelength of refracted light, 4, = —
-
M. = refractive index of water.

So, wavelength of refracted wave will be
decreased.

28. Ans. Two independent monochromatic sources
cannot produce sustained interference pattern
because the phase difference between the light
waves from two independent sources keeps on
changing continuously.

29. Ans. A source of light sends the disturbance in all

the directions and continuous locus of all the

Subscribe Arvind Academy NEET You tube channel. Click link:
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particles vibrating in same phase at any instant is
called as wavefront. Phase speed is the speed with
which a wavefront moved outwards from the
source.

Laws of reflection by Huygens’ principle:

Let us consider a plane wavefront AB incident on
the plane reflecting surface xy. Incident rays are
normal to the wavefront AB.

B8 B
Let in time t the secondary wavelets reaches B’
covering a distance ct. Similarly from each point
on primary wavefront AB. Secondary wavelets
start growing with the speed c. To find reflected
wavefront after time t, let us draw a sphere of
radius ct taking B as center and now a tangent is
drawn from B’ on the sphere the tangent B'A’
represents reflected wavefront after time t.

For every point on wavefront AB a corresponding
point lie on the reflected wavefront A'8".

So, comparing two triangle ABAB'and AB'A'B
We find that

AB'=A'B=ct

BB'=common

LA=Z4"=90"

Thus two triangles are congruent, hence
Zi=4Lr

This proves first law of reflection.

Also incident rays, reflected rays and normal to them
all lie in the same plane. This gives second law of
reflection.

30. Ans. (a) A wavefront is defined as the locus of all
the particles vibrating in same phase at any

instant.

——— e e
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A line perpendicular to the wavefront in the
direction of propagation of light wave is called a
ray.

(b) (i) The wavefront will be spherical of
increasing radius as shown in figure.

t/1

Spherical wavefront
(ii) When source is at the focus, the rays coming
out of the convex lens are parallel, so wavefront is
plane as shown in figure.

\

v

1‘
L ]
yve

1!

v

(iii)

31. Ans. (a) Condition for constructive interference,
cosAg = +1
A
2;:7‘ =0,27,47......

or Ax=nA; n=0,1,273, ...
(b) Condition for destructive interference,
cosAg=—1

ZKE =m3r.5n7....
A

or Ax=(2n-1)4/2
Wheren=1,2,3.....

32212 0 1 2x 3
——# Path difference

max

32. Soln. (a) We know, 7

mm

_ (a,+a:):
(a,-al):

According to question, /, =50%of /,

1,=051; a=05a" (- lxa’)
a, =

=
Hence,

. ={a,+a,!\E): =(I+]!J5)=
Jrrﬂm (a]_a]!ﬁ): “_l!ﬁ)l

=(E+IT <34

J2-1

(b) The central fringes are white. On the either
side o th ¢ :nti 3l white fringe the coloured bands
viows coloared miaxima and minima) will appear.
This is because fringes of different colours
overlap.

33. Soin. (a) Coherent sources are necessary to
produce a sustained interference pattern
otherwise the phase difference changes very
rapidly with time and hence no interference will
be observed.

(b) Intensity at a point, / =4/, cos’ [%J

2T
Phase difference = 7 x Path difference
At path difference 4,

Phase difference, ¢ = 2Tﬂ'x/l =2r

Intensity, K =41, cos’ (ZTZ)

[ Given I = K, at path
difference 4]
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K=4l, (i)
: A .
If path difference is 3 , then phase difference
will be
P
g2 A2
A 3 3
Intensity,
(2 K .
I'=41],cos” (—J =7 (Using (1))
6 From A4BC,
34. Soln. Position of first minimum in diffraction BC i
attern sinf=——=—1
P AC  AC
y= i From A4EC,
a
So, slit width sinr AE ¥
, SIitwi —_—— = =
9 AC AC
DA 1x500x107™ _ 2x10™
B T TR " .osni_wt AC v _
N sinr  AC vyt v,
35. Soln. Here, 4 =620nm =620x10"m
) sini p
-3 - N =
a=3x10"m, D=1.5m sinr
Distance of first order minir .. from theenti>, | Whizh is €=all’s law of refraction of light (first
4 | lav ).
DA 1.5%020x10
W= o 3x10° Second law: Incident wavefront, refracted
» wavefront, normal all lie in the same plane.
=3.1x10"m
37. Soln. (i) A wavefront is defined as a surface of
Distance of third order maxima on the same constant phase.
side,
[Alternatively, A wavefront is the locus of all
TDA  7x1.5x620x107 points in the medium that have the same phase.]
"': = = =
2a 2x3x10 Difference from a ray:
=1085x10"m . .
(a) The ray, at each point of a wavefront, is normal to
Separation between them. the wavefront at that point.
(b) The ray indicates the direction of propagation of
Y=¥:=5 wave while the wavefront is the surface of
=10.85x10" -3.1x107* constant phase.
» (c) The shape of the wavefront, in the three cases,
=7.75x10" m are as shown.
36. Soln. Wavefront: The continuous locus of all the (ii) (a)
particles of a medium, which are vibrating in the
same phase is called wavefront.
Laws of refraction: Let PP’ represent the
surface separating medium 1 and medium 2 as
shown in fig.
(b)
Subscribe Arvind Academy NEET You tube channel. Click link: > https://www.youtube.com/@ArvindAcademyNEET Page 8
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"
v

(c)

]
]
1
]
]
1
L]
]
I
4
i
]
]
]
L)
]
]
]
)
"

38. Soln. Explanation: As per Huygens Principle, net
effect at any point = Sum total ¢ “ cori-™ Ctic o of
all wavelets with proper phase di. feren :e.

—— g |

At the central point (O) the contribution from
each half in S5, is in phase with that from the

corresponding part bin $S;. Hence, O is a maxima.

From the figure,

Subscribe Arvind Academy NEET You tube channel. Click link:
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39.

https://www youtube.com/@Arvin

At the point M where S,M —SM =4/2

Phase difference between each wavelet from
S5

And corresponding wavelet from §5;= 4/2
Hence, M would be a minima.

All such points (path difference = nd/2)are
also minima.

Similarly, all points, for which path difference =
(2n+1)A /2, are maxima but with decreasing
intensity.

4a T a gu.ar vidth of central maxima= A/a

". The size of central maxima will be reduced
to half and intensity of central maxima will be four
times if slit is made double the original width.

Soln. We assume a plane wavefront AB
propagating in denser medium incident on the

interface PP’ at angle j as shown in fig. Let 7 be
the time taken by the wave front to travel a
distance BC. If v, is the speed of the light in
medium .

Medium |
(Denser)
P

Medium I1 r
(Rarer)

So, BC=v, r

dAcademyNEET Page 9
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In order to find the shape of the refracted
wavefront, we draw a sphere of radius AE=va 7,
where v, is the speed of light in medium Il (rarer
medium). The tangent plane CE represents the
refracted wave front

In A4BC, sini =2C = 2.
AC AC
Andin AACE, sinr = AS =
AC AC

sini BC _ vt _ v,
sinr AE vy v,
wenne(1)

Let ¢ be the speed of light in vacuum

C C
So, u=— and By =—
Y Vs
BN
BV
l2)
From equations (1) and (2), we have
sini H
sinr 4,

M, sini = g, sinr
It is known as Snell’s law.
40. Soln. Two monochromatic sources, which produce

light waves, having a constant phase difference,
are known as coherent sources.

— Path Difference

—_—

e

—_—

—_—

e — Sin
_—s Viewing

acreen

Interference Diffraction

Fringe width is Fringe width is

constant. varied.

Fringes are Fringes are

obtained with obtained with the

the coherent monochromatic

light coming light coming from

from two slits. single slit.

Itis It is superposition

superposition of of many waves.

fewer waves.

It depends upon It depends upon

the distance the aperture of

between two single slit opening.

openings.

M2y frinaes are Fewer fringes are

visit e visible.

" All fringes are of Central fringe has

same brightness. maximum

brightness, then it

reduces gradually.

2r
42. Soln. Phase difference = Tx Path difference

A b 4
Path difference = E => Phase difference = ?

41. Soln. Fi
: Path difference E =5 Phase difference = 7
_ :( @
Imax I1=4] cos™ | -
2
. 3
332014 OA1A2132 (i) f|=4JDxE=3fo
(i) [,=41,x0=0
43, Soln. Diffraction due to a Single Slit:
(i) Itis produced due to different parts of same
wavefronts.
Subscribe Arvind mdem;NEEr You tube channel. Click link: u https://www youtube com/@ArvindAcademyNEET Page 10
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(ii) Central fringe is twice as wide as other fringes.

(iii) Intensity of fringes decreases as we go to
successive maxima away from the centre.

(iv) Atan angle 1/3, first minima is obtained.

Interference Fringe Young’s Double Slit:

(i) Itis produced due to two different wavefronts.
(ii) Fringe width is of same size.

(iii) Fringes have same intensity.

(iv) Atanangle A/a, maxima is obtained.

44. Soln. Separation between two dark bands
on each side of central bright fringe = width of
bright fringe,

We know width of the central fringe

_2D2A
a

Where, D = distance of slit from
screen,

A = wavelength of the light,.
a =width of the slit.
According to question

Width of central fringe =
1.5%2x6000x107"
1x107*

So the distance between the two dark lines on
either side of the central maximum

=18 mm

Angular spread of the first diffraction minimum

- i
a
~ 6000x10"°
T o1x10™
=6x107 rad

45. Soln. (i) Reflection and refraction arise through
interaction of incident light with atomic
constituents of matter which vibrate with the
same frequency as that of the incident light.
Hence frequency remains unchanged.

(ii) No. [Energy carried by a wave depends on
the amplitude of the wave, not on the speed of
wave propagation].

f
e ———
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(iii) For a given frequency, intensity of light in
the photon picture is determined by the number
of photon incident normally on a crossing an unit
area per unit time.

46. Soln. Coherent sources are those which have
exactly the same frequency and are in this same
phase or have a zero or constant difference.

Conditions:

(i) The sources should be monochromatic and
originating from common single source.
(ii) The amplitudes of the waves should be equal.
(a) Condition for formation of bright and dark fringes.
P

S;
Suppose a narrow slit S is illuminated by
monochromatic light of wavelength A
The light rays from two coherent sources S; and S
ari re acl in | a) oint P, have a path different

&,P-S.P):
(i) 1f maxima (bright fringe) occurs at point P, then
S,P-SP=ni (n=0,1,2,3......)
(i) If minima (dark fringe) occurs at point P, then

S:P-SlP={2n+l)% (n=0,1,23.)

Light waves starting from S and fall on both
slits S; and S;. Then S; and S; behave like two
coherent sources. Spherical waves emanating
from S, and S; superpose on each other, and
produces interference pattern on the screen.
Consider a point P at a distance x from 0, the
centre of screen. The position of maxima (or

= ——— —_—
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minima) depends on the path difference. ( . dx A
ff —_— -n=
S,.T=S,P-S,P). Path difference (2n-1) )

From right angled AS,BP and AS AP,
x=(2 n—l)E where n=1273,....
2d

dY . dY
- = |- — | I= DA
(5, P) S, Py |: (X+ 2] } |:D‘+(I 2) ] 2nd Forn=1, x', = —for 1" dark fringe
2d
S,P+S,P)S,P-S5P)=2xd 3DA
(S;P+SPAS,P-5.F) Forn=2, x'y= =3 for 2™ dark fringe
2xd
= SN EESE DA
( ) Forn=n, x', =(2n—l]zfor nth dark
In practice, the point P lies very close to O, fringe.
therefore
The distance between two consecutive dark
S,P=§5P=D fringe is
2xd xd .
S,P=-S§,P= 2D 3 ....... (1)
DA DA
p'=(2n— 1)———[2(n - l]—
For constructive interference (Bright fringes) d
) dx The distance between two consecutive bright
Path difference, D ni where or dark fringes is called fringe width (w).
n=0,123......
| Fringe width =
_nDA |
d The expression for fringe width is free from n.
-0 Hence the width of all fringes of red light are
Forn=0, Yo = broader than the fringes of blue light.
Central bright fringe
(b) Intensity of light (using classical theory) is given as
Forn=1 % = ﬁ 1 I = (Width of the slit) o (Amplitude)?
=1, | = .
. . d !mn _{al+a3}-_2_5_
bright fringe I (a-a, Y9
Forn=2, :4',:3‘|i££ 2" a+a, _5 a _4
o d a,-a, 3 a, 1
bright fringe Iintensity ratio
I, w <
Forn=n, x,=ﬂ nth L=—=—
d , oW, a
bright fringe L ) i 2 . I_6_
The distance between two consecutive bright . 1) 1
fringes is (c) The condition for the interference fringes to be
seen is
=X,—X,_
B | 54
_er)._{n—l)D)._& b d
d d d When s is the size of the source and b is the
For destructive interference (dark fringes) distance of this source from plane of the slit.
——— e ——— =
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47. Soln. (a) Conditions of Constructive and
Destructive Interference:

When two waves of same frequency and
constant initial phase difference travel in the
same direction along a straight line
simultaneously, then superpose in such a way that
the intensity of the resultant wave is maximum at
certain points and minimum at certain other
points. The phenomenon of redistribution of
intensity due to superposition of two waves of
same frequency and constant initial phase
difference is called the interference. The waves of
same frequency and constant initial phase
difference are called coherent waves. At points of
medium where the waves arrive in the same
phase, the resultant intensity is maximum and the
interference at these points is said to be
constructive. On the other hand, at points of
medium where the waves arrive in opposite
phase, the resultant intensity is minimum and the
interference at these points is said to be
destructive. The positions of maximum intensity
are called maxima while those of minimum
intensity are called minima. The interference
takes place in sound and light both.

Mathematical Analysis: Suppos/: tWo v nef( i
waves travel in the same direc inv alon ;a5 raigl t

w
line the frequency of each wave is 2— and
T

amplitudes of electric field are a,and a,
respectively. If at any time t, the electric fields of
waves at a point are ¥, and ), respectively and
phase difference is ¢, then equation of waves
may be expressed as

Y, =a;sinex
i)
¥, =a,sin(wt+ @)
R (1)

According to Young's principle of superposition,
the resultant displacement at that point will be

Y=y, +¥,
OO (11}

Substituting values of y, and y; from (i) and (ii) in
(iii), we get

y=a,sinex +a, sin(wt+g)

Using trigonometric relation

sin(@t+ @) =sin wtcos @+ cos wtsin g

We get
y=a,sin X +a,(sin @1cos ¢ +cos wtsin @)

=(a,+a,cos@)sin wt+(a,sin g)cos ax

........... (iv)
Let a,+a,cos¢ = Acos@
........... (v)
And a,sing = Asind

Where A and @ are new constants.

Then equation (iv) gives

y = Acos@sin wt+ Asin & cos wt = Asin(wt+ 6) _
...{vii)

This is the equation f the resultant disturbance.
Clearly the amplitude of resultant disturbance is A
and phase difference from first wave is &. The
values of Aand @ are determined by (v) and (vi).
Squaring (v) and (vi) and then adding, we get

(3 + ,¢o8 %) +(a,sing)’ = A cos’ @+ A" sin’ |
Or

a; +d; cos’ $+2a,a, cosp+a; sin” g= A’ (cos’ O +sin’ ) |

As cos’ @+sin’ @=1, we get

A’ =a; +a;(cos’ p+sin’ g)+2a, a, cos
Or A’ =a] +a; +2aa,cos¢

Amplitude,

A= Jaf +a; +2a,a,cos ¢

As the intensity of a wave is proportional to its
amplitude in arbitrary units / = A’

.. Intensity of resultant wave

I = A =a} +a; +2aa,cos¢

Clearly the intensity of resultant wave at any point
depends on the amplitudes of individual waves

Subscribe Arvind Academy NEET You tube channel. Click link: M hitps://www.youtube.com/@ArvindAcademyNEET Page 13

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.




ATDB.uno

and the phase difference between the waves at
the point.

Constructive Interference: For maximum intensity
at any point cos¢=+1

Or phase difference ¢ =0, 27,47,67.....

=2n7r(n=0,1,2,.....)
wene(X)

The maximum intensity,

I =af +u§ +2a,a, =(a,+=13)1

eeeeeene{Xi)
. A .
Path difference A= 2—x Phase difference =
g
ixJZM.!r =nA e (xii)
2

Clearly the maximum intensity is obtained in the
region of superposition at those points where
waves meet in he same phase or the phase
difference between the waves is even multiple of
7 or path difference between them is the integral
multiple of 4 and maximum intensity is (a,+a,)’
which is greater than the sum i’. ensiue s of
individual waves by an amour . 2.va, .

Destructive Interference: For minimum intensity
at any point cos¢=—1

Or phase difference, ¢ =x,37,57x,77.....

= (2n-m, n=1,23...

In this case the minimum intensity,

I =a +a; -2aa, =(a,-a,)

man

A
Path difference, A= 2— x Phase difference
T

=%X(2n—l)3=(2n-l}%

Clearly, the minimum intensity is obtained in the
region of superposition at those points where
waves meet in opposite phase or the phase
difference between the waves is odd multiple of
7 or path difference between the waves is odd

A kel
multiple of E and minimum intensity = (a,—a, )"
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which is less than the sum of intensities of the
individual waves by an amount 2a,a,.

=2i - o A 2

Fro equations (xii) and (xvi) it is clear that the
intensity 2a,a, is transferred from positions of

minima to maxima. This implies that that the
interference is based on conservation of energy
i.e., there is no wastage of energy.

Variation of intensity of light with position x is
shown in fig.

(a) Comparison of two Slit Young’s Interference
pattern and Single slit diffraction pattern
Both patterns are the result of wave nature of
light; both patterns contain maxima and minima.
Interference pattern is the result of superposing
two coherent wave while the diffraction pattern is
the superposition of large number of waves

| oricinating fr~m each point on a single slit.

| Dif er 'nc :s: (i) 11 Young's two slit experiment; all

maxima are or same intensity while in diffraction

at a single slit, the intensity of central maximum is

maximum and it falls rapidly for first, second order

secondary maxima on either side of it.

(ii) In Young's interference the fringes are of equal

width while in diffraction at a single slit, the

central maximum is twice as wide as other

maxima. The intensity falls as we go to successive

maxima away from t7he centre on either side.

(iiii) In a single slit diffraction pattern of width a,

the first minimum occurs at A/ a; while in two

slit interference pattern of slit separation a, we

A
get maximum at the same angle —.
a

48. Soln. Interference of light: When two waves of
same frequency and constant initial phase
difference travel in the same direction along a
straight line simultaneously, They superpose in
such a way that the intensity of the resultant
wave is maximum at certain points and minimum
at certain other points. This phenomenon of
redistribution of energy due to superposition of
two waves of same frequency and constant initial
phase difference is called interference.

M https://www.youtube.com/@ArvindAcademyNEET Page 14
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Conditions for Sustained Interference of Light
Waves

To obtain sustained (well-defined and observable)
interference pattern, the intensity must be
maximum and zero at points corresponding to
constructive and destructive interference. For the
purpose following conditions must be fulfilled:

(i) The two interfering sources must be coherent and
of same frequency, i.e., the sources should emit
light of the same wavelength or frequency and
their initial phase should remain constant. If this
condition is not satisfied the phase difference
between the interfering wave will vary
continuously. As a result the resultant intensity at
any point will vary with time being alternately
maximum and minimum, just like the
phenomenon of beats in sound.

(ii) The interfering waves must have equal
amplitudes. Otherwise the minimum intensity will
not be zero and there will be general illumination.

1 | [ —
' 1
Y L
A L AWl Hn In = B
. — . —
P ) - el d—
i e—— - .
— o

The variation of intensity | versus the position x on
the screen in Young's experiment.

DA
Fringe width, £ = -

(i) P D,therefore with the decrease of
separation between the plane of slits and screen,
the fringe width decreases.

(ii) Onincreasing the separation between two slits
(d), the fringe separation decreases as [ is

1
inversely proportional to d (:‘.e.‘ Jig:s E)

49. Soln.

Subscribe Arvind Academy NEET You tube channel. Click link:
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According to Huygen'’s principle. “The net effect at
any point due to a number of wavelets is equal to
sum total of contribution of all wavelets with
proper phase difference. The point O is maxima
because contribution from each half of the slit

S,S,is in phase, i.e., the path difference is zero.
At point p

(i) If S,P—S,P=nA=> the point P would be
minima.

(i) If S,P-S,P=(2n+ l)% =>the point would be

maxima but with decreasing intensity.

2AD
The width of central maxima= ——

a

When the width of the slit is made double the
original width, then the size of central maxima will
be reduced to half and intensity will be four times.

50. Soln. Resultant intensity at any point having a

¢

phase difference ¢ is given by / = 4/, cos’ 2

When path difference is A, phase difference is
2
[=4],cos’ 7=4],=K
(given) creereemene(i)

A
When path difference, A = 5 , the phase

difference
¢': 2—”& = z—zxi = -2—;r
A A 3 3
1'=41,cos’ -23£ (sinceK =41,)

:[{cos:z—”= x(—l} :EK
3 2 4

51. Soln. Here, n=1, A =6x10"cm
Distance of screen from slit = 100 cm
Distance of first minimum from central maxima
=0.1cm

Distanceof 1 minima fromthecentral maxi

sind = -
Dis tan ce of the screen fromthe slit
o1 1
" 100 1000
https://www.youtube.com/@ArvindAcademyNEET Page 15
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We know that

) A
asinf=ni = a=—=0.06cm
1
52. Soln. For minima in diffraction pattern,
dsin@=nA
For first minima,

dsinf, =(1)4 = sinf, =%

For first maxima,
. 3 . 3A,
dsin@, =—A1,=sinf,=—
27 © 2

The two will coincide if, &, = &, 0r
sin@ =siné,

i=£’=~: .l.=g/i1=31<660nm:440nm
d 2d =3 3

53. Soln. (iyHere a=1x10"m, D=1.5m

]
A=60004=6000x10""m
The distance between the two dark bands on
each side of central band is equal to width of the
central bright band,

2DA _ 2x1.5x6000x10™° _

L8 e
a 1x10™

e

54. Soln. Given that distance between the two slits, d
=0.15 mm
Wavelength of monochromatic light,

A=450nm
Distance between the screen and slits, D=1m

(a) (i) Distance of nth bright fringe from central

maximum nAD
X1 = —
d

e

Subscribe Arvind Academy NEET You tube channel. Click link:
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450x107 x1
2x TN
0.15x10~
= 6x10°m=6mm
(ii) Distance of n'" dark fringe from central
maximum

- n=2)

AD
= (2n-NZ=
i }Zd

450x107° x1
X X [rn=2]

= (2X2_I)X4__
2x0.15x10

=%:u<3><l{]‘3 =45nm

(b) Since, width of bright or dark fringes is given

AD
b =—,
y B 4
Thus when screen is moved away, D increases and
hence fringe width increases.

55. Soln.

(a) Yes, Huygen’s principle is valid for longitudinal as
well as transverse waves and for all wave
phenomena.

The diffraction effect is more pronounce if the size
of the aperture or the obstacle is of the order of
wave's~ath ~f wave. As wavelength of light

(" 10 " r1) s m aich more smaller than size of
object around us so diffraction of light is not easily
seen but sound wave has large wavelength (15
mm < A <15 m), they get easily diffracted by
objects around us.

(c) Inyoung’s double slit experiment, if one slit is

(b

fully closed, the new pattern has larger central

maximum in angular size.

e —
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SURE SHOT QUESTIONS
Chapter — 11
Dual Nature of Radiation and Matter

MCQ (1 mark)

1. Soln. (d): Velocity acquired by a particle while
falling from a height H is

2gH ()]
as A=t A (Using (i)
mv  mf2gH
]
Or Ao —

JH

2. Soln. (b): Here, E=1MeV=10°eV,h=6.63x 10*
1s,c=3x108ms?

63x107* ?
", bc=663x 0 xixl(} = 1240V nia
1.6x10
as E=NC o g e 1240eV mm _ ) 54107 nm
2 10° eV

3. Soln. (d): When a beam of electrons of energy Ep is
incident on a metal surface kept in an evacuated
chamber, electrons can be emitted with maximum
energy Eq (due to elastic collision) and with any
energy less than Eq, when part of incident energy
of electron is used in liberating the electrons from
the surface of metal.

| B
4. Soln. (b): Kinetic energy of particle, K = 2 mv- or

mv=+2mK

h
de Broglie wavelength, A = —=
my 2mK

1
for the given value of K, A oc T
m

YouTube Channel Arvind Academy link
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A, A A A, =

J_
z

Since m, =m,, hence
As m, >m,, therefore 4, < .lp

As m_<m,_,therefore A, > A4,

Hence 4, </1P =A, <A,

5. Soln.(a):Here v=v,i, B=B, j

Force on moving electron due to magnetic field is

F——c{va)— e(v, :xBu_;)— ev, B, k
As this force is perpendicularto v and B, so the

=y
magnitude of v will not change. i.e., momentum (=
mv) will remain constant in magnitude.

d
Therefore, de Broglie wavelength, A [z —] remains

my
constant.

6. Soln. (c): Initial de Broglie wavelength of electran,

/IU:

mv,

Force on electron in electron field,

-4

F=—e;‘;‘=—e£nj

m

Acceleration of electron, a =

EN R

It is acting along negative y — axis.

>
The initial velocity of electron along x-axis Vo, =Vl

) nhttp://bit.ly/2IYvIGF Page 1
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-+ .. Kinetic energy will be more than 2K, hence
Initial velocity of electron along y-axis v, =0.

option (b) is correct.
y ‘ E=hv= Ao
Velocity of electron after time t along x-axis, v, =V, i 10. Ans. (¢) : 1
(- there is no acceleration of electron along x- he
axis) =0
Velocity of electron after time t along y-axis, — v —
11. Ans. (c): (KE)  =hv—¢
1::=0+[—e—E“j}=-£rj (KE), _hv,-¢ 1-05 05 1
" " (KE), hv,-¢ 2-05 15 3

Magnitude of velocity of electron after time t is

s —— 12. Ans. (b): E=hv="hv,, +(KE),, =
|;|—\’\‘:+\"‘- v + _EE"!] =V, l+e‘—E"T-
= ly 0 o 0 m-'f\-[*: h‘_". + (KE )m.
H H H H » J »
de Broglie wavelength associated with electron at time - By = h_\+ K, = £+Kﬂ
tis 2 T3
h h A - Ky v 3 3
A=—= e T p— K, 2 2mwv 4
mv e Egt e kgt
my, |1+ —"5 l+—5
(mvy (m7vg) : S
13. Ans. (b) : De Broglie wavelength is given as
7. Ans. (b): Energy of photon of waveleneth 4 . | . h
A=
E=hv l |
+ c=vi or v=5 or =% But, p=N2mE
A A LA -
8. Ans. (b): According to Einstein’s photoelectric 4ol = L Aoc — = proton | __alpha
v2mE m A, -
equation, Ipha pron
el =hv-¢ M yoha =4m, ...
p=hv-el ) zlm= Miphs _ i=2
Here, energy of photon = 3.2 eV Aipha L J— 1
Stopping potential = 1.5 eV So, correct option is (b).
S ¢=32eV-15eV=L7¢eV h |
A=—> Aox—
14. Ans. (d) : p P

9. Ans. (b) : Kinetic energy of emitted electron
The graph is rectangular hyperbola.

K=hv-W, ... (1)
hv=K+W, or hv-W, ... () 15. Ans. (d) de Broglie wavelength is given by:
Work function is constant for every metal surface h
and if we double the frequency of incident light, A=—
mv
will b
the'n new KE W ¢ hv— W (i) When velocity decreases, wavelength
K'=p(2V)—Wo = 2Rv—Ny increases
Using equation (ii), we get h h h 1
" _ _ (i) =—= = ———F‘A ot =
K'=2(K+W,)-W, =2K+ I, mv  \2mK  [2meV, Jﬁ
Subscribe Arvind Academy NEET You tube r.hannél. Click link: n _r ys://www.youtube.com/@ArvindAc .1-1.1&_&.&’ Page 2
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When accelerating potential increases, the de-
broglie wavelength decreases.

16. Ans. (c) : By momentum of conservation

MV =my, +myv, +..........
Particle is at rest initially .". mv, =—m,v,

[P HP,|
h
According to de-Broglie wavelength A = ;:

A_h_,
4 R
17. Ans. (b) : Photoelectric emission from a given

surface of metal can take place when its work

function is less than the energy of incident photon.

18. Ans. (c) : Work function for a metal surface,
he
¢=—
z
Giventhat, ¢ =4.14¢el =4.14x1.6x10"° J

»y _6.6><10"l'I x3x 10"
. 4.14x1.6x107"

[
=5002

» Assertion-Reasoning (1 mark)

19. Ans. (a) : Electrons being emitted as
photoelectrons have different velocities. As all the
electrons do not occupy the same level of energy
but they occupy continuous band and levels. So,
electrons ejected out from different levels come
out with different energies.

20. Sol. (a)

21. Sol. (3): The photoemissive cell contain two
electrodes are enclosed in a glass bulb which may
be evacuated or contain an inert gas at low
pressure. An inert gas in the cell gives greater
current but causes a time lag in the response of the
cell to very rapid changes of radiation which may
make it unsuitable for some purpose.

'Subscribe Arvind Academy NEET You tube channel. Click link:
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22. Sol. (b):Less work function means less energy is
required for ejecting out the electrons.

23. Sol.
(a) : Equivalent mass of photon (m) is given from
equation

E=mc=hv .. m=

-
ule

C
where E is energy, m is mass, ¢ is speed of light, h is
Planck’s constant, v is frequency.

Momentum of photon = h—u Xc¢= h_u
¢ c

24. Sol.

(b): Mass of moving photon

” hv h dE 2

=—0=—"an =mc.
cz Cl

25. Sol. (b)
» Case Study

26. nnswers

1. (d) The saturation value of the photoelectric current
depends on the intensity of incident light.

2. () The kinetic energy of the fastest photoelectrons is
Ko = ¥ = o)
other electrons have kinetic energy < K__ .
3. (c) Saturation increases with the increase in intensity
of incident radiation for fixed v.

4. (b) Stopping potential increases with the increase in
frequency of incident radiation.

5. (b) E=hv-W, ;, y=mx+c

The graph of E, versus v is a straight line with slope,
m = Planck’s constant (k).

27. Answers

6. (b)) Momentum, p=h/ i

As both electron and proton have same i, so they]
have the same momentum.

1dAcademyNEET Page 3
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Photoelectric current
4 Higher intensity

l2
=  p=vy2mK 1=%=7ﬁ / Iy

>
-Vo Anode potential

7. (a) Kzlmvzzi
2 2m

123 12.3
8. (a) A=—F=A= =012 A
v 1010
30. Ans. (a) (i) Threshold Frequency: The minimum
h
9. (b A= inci i i j ble of
(®) 2mqV frequency of incident light which is just capable o

- ejecting electrons from a metal is called the
A 2mq. V 2x4rnpx2£'xV

1_: = ﬁ = 2, xexV =2V2:1. threshold frequency. It is denoted by vo. .
(ii) Stopping Potential: The minimum retarding
10. (d) A = _h potential applied to anode of a photoelectric tube
2mK which is just capable of stopping photoelectric

F 3 K = constant current is called the stopping potential. It is
mei, mK=

oF same denoted by Vo (or Vs).

As m,<m,=m, <my K > KP.-:K') K;. (b)

Photoelectric‘ Higher intensity

current ’—le
/ Iy
S
| -Vo Anplied voltage

31. Ans. Accoruing w Louis de-Broglie, wave is

» Questions ) ) _ .
associated with every moving particle. These ae
called matter waves.
28. Ans. (i) Given, v=6.0x10" Fiz *+ de-Broglie wavelength of a charged particle
accelerated through a potential difference V is
P=20x10°W W
Let n is the number of photons emitted by the givenby, A = ——
PN T
source per second. N2mgq)
"o P _ P _ 2x10°? .. For proFor\' and a particle charges are q and
E hv 663x10"x60x10" AR h
1 P
=0.0502x10'"" = 5x10" photons per second. A, =——.......()
. 2m gl
(ii) P
T _ h (i)
W ] o e
& ,’4m, V
g ‘E (" q
gL From eqn. (i) and (ii)
E 3 i 4 12
o . P _ ”lu —_ -
Intensity of light — . T'{zm ] =22 (Asm, =4m,)
a P
. Ans. length, A =331.5
29. Ans. For a given frequency, Photoelectric current 32. Ans. (a) Wavelengt 331.5nm
varies with anode potential is as shown in graph. Energy, E = he _1240nm—el” _ 374l
A 331.5nm
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Momentum,
-9
=£= 3.?4xl.6>110 =2xl0"’kgms |
c 3Ix10

(b) For hydrogen atom, momentum,
p=2x10""kgms™

.27
Speed, v= A & =124 ms™'

m 1.6x107
33. Ans. De-Broglie wavelength of a charged particle
accelerated through a potential difference V is
given by,
h

A=——=

,{qurl
.. For proton and & particle charges are q and
2q respectively,

h )
= ... (1)
P (i)

Al

From eqn (i) and {(ii)

A, Zmp I 1

. A, \4m, 2

34, Ans. Variation of photoelectric current with
intensity of light for a given frequency of incident

radiation

Given that 4 =3300x10""m,

Photoelectric
current —»

Intensity of light —
¢, =2.75¢V, ¢, =4.175¢V
Then energy of the laser beam is
-4 8
E=h_c _ En.rf)xl‘{)HJ x3x10 =375
A 3300x107"x1.6x10
Since E < ¢@,,, therefore there will be no emission

of photoelectrons for molybdenum (Mo).

Subscribe Arvind Academy NEET You tube channel. Click link:

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.

Bringing the source nearer will cause to emit
more photoelectrons as intensity on the plate will
increase.

35. Ans. (a) Yes, all emitted photoelectrons have same
kinetic energy as the kinetic energy of emitted
photoelectrons depends upon frequency of the
incident radiation for a given photosensitive

surface,

(b) No, the kinetic energy of emitted electrons
does not depend on the intensity of incident
radiation. If the intensity is increased, number of
photons will also increase but energy of each
photon remains same as the frequency is also
same. The maximum kinetic energy depends on
frequency not on intensity,

(c) The number of emitted photoelectrons depends only
on intensity of incident light. For a given frequency of
incident radiation, its intensity depends on the number d

photons.
36. Ans. (a) The variable X on the horizontal axis is
oll :ct sr) 13" 2 p rtential.

\0) The point A on the horizontal axis represents
stopping potential.
(c)

Photoelectric
current

Uy > Uy > g Saturation
"/b/ current
w
. 84 !

Vo1 -Voz -Vos O Collector plate;--
<«— Retarding potential potential

(d)

https://www youtube.com/@ArvindAcademyNEET Page 5
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Photocurrent
I>1,>l,
| —,
— :z
e .

) Saturation ?
Stopping current
potential \

_Vo (0]
Retarding Collector plate
potential potential

37. Ans. (a) (i) Zinc, cadmium
(ii) Lithium, sodium
(b) Work function of metal, ¢ =4.50eV
Kinetic energy = 6.06 x 10? )
3 6.06x107"
T 16x10™"
Now, K.E.=hv—¢
= hw=K.E+¢=378eV +4.50eV =8.28eV

el’=378el

[ _828el  828el
h 4135x10 " els
=2.002x10" H=

38. Ans. (i) Two features of Einste’ v's p.'oto tlect "ir
equation:

(a) Below threshold frequency vo corresponding
to Wo, no emission of photoelectrons takes
place.

(b) As the number of photons in light depend on its
intensity, and one photon liberates one
photoelectron. So number of emitted
photoelectrons depends only on the intensity of
incident light for a given frequency.

(ii) Below threshold frequency no emission takes
place. As there is no photoemission from surface P
i.e., the frequency of incident radiation is less than
the threshold frequency for surface P.

From surface Q photoemission is possible i.e., the
frequency of incident radiation is equal or greater
than threshold frequency. As the kinetic energy of
photo electrons is zero i.e., the energy of incident
radiation is just sufficient to pull out the electron
from the surface Q.

Work function for surface Q, W, = hv.

AsKE>=0; v=v,=10"Hz

Subscribe Arvind Academy NEET You tube channel. Click link:
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W.=66x10¥x10" =6.6x10"J=4.125¢el

39. Ans. (i) For P, threshold frequency
v = 3x10" Hz

For Q, threshold frequency v, = 6x10" Hz

So, metal Q has higher threshold frequency.
(i) Work function for Q<

W, =hv, =6.6x10"x6x10"
=39.6x107"J =247 eV
(i) The maximum kinetic energy, of electron

emitted by light of frequency 8x 10" Hz
is,

" K = H(V=V,)
=6.6x10(8x10" —=6x10")
=13.2x10°J =0.825 eV’

40. Ans. For a given frequency, intensity of light in the

photon picture is determined by

/- Energyof photons _ nx hv

(roax ime Axt

Where n is the number of photons incident
normally on crossing area A in time t.

41. Ans. (a) The main features of photons are as

follows:
(i) In the interaction of photons with free
electrons, the entire energy of photon is
absorbed.

(ii) Energy of photon is directly proportional
to frequency. Intensity of incident
radiation depends on the number of
photons falling per unit area per unit time
for a given frequency.

o
PR v—p
9,| Frequency of incident
radiation

_—

https://www youtube com/@ArvindAcademyNEET Page 6
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(iif)

In photon electron collision, the total
energy and momentum remain constant.

Einstein’s photoelectric equation is
K._ =h—-d¢

(b) Einstein’s photoelectric equation : According
to Einstein, when light is incident on metal
surface, incident photons are absorbed
completely by valence electrons of atoms of
metal on its surface. Energy hv of each photon is
partially utilized by an electron to become free or
to overcome its “work function” Wo and rest of
the absorbed energy provides the maximum
kinetic energy to the photoelectron during the
emission. i.e.,

hv = %mvjm +W,

The minimum value of the frequency of incident
radiation below which the photoelectric emission
stops i.e., kinetic energy of photoelectron is zero
is called threshold frequency (vo).

W

Threshold frequency, v, = 7
t
%nnfm =KE . =h-W

-

or, KE. =eV,

When work done by collecting electrode potential
on a photoelectron is equal to its maximum
kinetic energy then the electrode potential is
known as stopping potential.

,
E..

Stopping potential, V', =

42. Ans. De-Broglie wavelength of a particle of mass m

and charge q accelerating through a potential V is

given by
A= £ = J— wrerrnenese(i)
P 2mgV
Here,

m,=m,q,=e m,=4m, =4m.q, =2q,=2e

From eqn. (i)

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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A [mal. _ [Amx2exV,
A mpqpl'P' mxexl'ﬂ
A

43. Ans. (a) (i) For same accelerating potential, a
proton and an electron have same kinetic energy.
The de-Broglie wavelength associated with same

potential V is given by,

_h o h h
p 2mK  [2m(q)’)
So, A =L

Jm

As electron’s mass is lesser than proton. Thus
A >4,

(i) Momentum, p = J2mK or px JE
As electron’s mass is lesser than proton. Thus
momentum of electron is lesser than proton.
(b) De-Broglie wavelength of a particle

1}
A=--0"
’J

.p :h=constant

It shows a rectangular hyperbola.

44, Ans. Main implications:

(i) Kinetic energy of emitted electrons
depends upon frequency, but not on
intensity of radiation.

(ii) There exist a frequency of radiation
below which no photoemission takes
place, how high intensify of radiation
may be known as threshold frequency.
Explanation of wave nature of radiation
fails to explain photoelectric effect.
According to wave theory, when light
falls on a metal surface, energy is
continuously distributed over the
surface. All electrons may be ejected only
when it acquires energy more than the
work function. So, if we use low intensity
source, it should take hours for
photoelectric emission, but photoelectric
effect is almost a spontaneous process.

https://www youtube.com/@ ArvindAd 1:‘.!-'_'__&&‘_ Page 7
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0
45. Ans. Given, 4 =2000A =2000x10""m
W,=42el

h=6.63x 10%Js Photoelectric
{ current
he h

C
—=W +K.E. KE=—-W
@) A o o A = rE'n;urali('.-n
current

=(6.63:(I()"“)x(f'ax10“)ch 1

eV _
(200010 w) 1.6x107" < >
4.2eV Vo =Yz =Vay 0 Collector plate

(6.2-4.2)eV = 2.0eV <— Retarding potential potential —»
=(0.2—2.2)CV =2,

(b) The energy of the emitted electrons does not (d)
depend upon intensity of incident light,
hence the energy remains unchanged. T

Photocurrent I>0> 14
For this surface, electrons will not be emitted as the I

energy of incident light (6.2 eV) is less than the work — :z
)

i
function (6.5 eV) of the surface. Stopping L Saturation

. i current
46. Ans. (a) De-broglie reasoned out that nature was potential \‘

symmetrical and two basic physical entities = mass -Vu (4]
Retarding Collector plate

and radiation must be symmetrical. If radiation -— potential potential

shows dual aspect than matter should do so.

=i
D.P.

For photon, p=—
P== . -.-E,,,="’—")
h ¢ E A
Therefore, — = — = A, wavelength of
v (de - Broglie wavelength of photon)
electromagnetic radiation. I
h KE =—
(b) As A = ——= proton 9

J2mK

So, alpha particle will be having shortest De-
Broglie wavelength compared to deutrons.

1
m P‘l-

Hence,

’ _JZmdx:qu {m" =2m_,}
’ m.q, 9. =24,
=2:1

47. Soln. (a) The variable X on the horizontal axis is
collector plate potential.

(b) The point A on the horizontal axis represents
stopping potential.

 E— e = —= —

S_ubSl:l'ihE Arvind Academy NEET You t_ube channel. Click link: n https://www youtube.com/@ArvindAcademyNEET Page 8
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Ve h E _E
m, hc mc 51. Soln. In terms of kinetic energy, wavelength is given |
. 1 E E
A.E.=5.—.—mﬂ _ h
moc¢c m.cC - _J='
’ ’ 2mE,
1 EE
== l
2 myee — 1o
1 E ke Jm
“2'm, Ace ‘
P So wavelength is inversely proportional to J!; , e,
KE. = l£ i more the mass, less the wavelength and vice-versa.
T 2m, ¢
£ So, for same kinetic energy, as a proton has a larger
2m cA mass than an electron, thus a proton has smaller de-
K.E. ; =E Broglie wavelength than a electron.
2mcA
K.E. =E
h 52. Soln. When light of suitable frequency is incident
on a metal surface, electrons are ejected from the
49. Soln. metal. This phenomenon is called the photoelectric
Photoslectric effect.
cumment
/s
t v/
Cathode I / I anode
| l — C A
I -
L 1 1 oF A
) v
Vor v“:‘__ Collector o o (i) The cathode is illuminated with light of some fixed
frequency v and fixed intensity /. A small
Stopping potential is more for the curve corresponding photoelectric current is observed due to few
to the frequency ¥, (" v, >V,) electrons that reach anode just because they have
_ sufficiently large velocity of emission. If we make
This is due to the fact that with increase in the the potential of the anode negative with respect to
frequency, the kinetic energy of emitted the frequency. cathode then the electrons emitted by cathode are
the kinetic energy of emitted photoelectrons also repelled. Some electrons even go back to the
increases. Therefore, we need more negative potential cathode so that the current decreases. At a certain
to stop these electrons. value of this negative potential, the current is
50. Soln. de Broglie postulated that the material particles tomplgtely sFopPed. The least value of this ‘anode
may exhibit wave aspect. Accordingly a moving potential which just stops he photocurrent is called
material particle behaves as wave and the wavelength cut off potential or stopping potential.
associated with material particle is (ii) For a given material, there is a certain minimum

frequency that if the incident radiation has a
frequency below this threshold, no photoelectric
mv emission will take place, howsoever intense the
radiation may be falling. This minimum frequency is
called threshold frequency.

m =mass of the object According to Einstein’s photoelectric equation,
maximum K.E. is given as

.

A

Where h = Planck’'s constant

v = velocity of the object

Subscribe Arvind Academy NEET You tube channel. Click link: ma  https://www.youtube.com/@ArvindAcademyNEET Page 9
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KE_ = h—c—oﬁ =hv-¢
A
Where A is wavelength of light and v is corresponding
frequency and ¢ is work function. We expose a
material to lights of various frequencies and thus
photoelectric current is observed and cut off potential
needed to reduce this current to zero is noted. A graph
is plotted and that is straight line.

t

Stopping
Potential

Vo

Yo Frequency of incident —p
Radiation (v)

According to Einstein’s photoelectric equation

KE,. =h70—¢=hv—¢

K.E, =eV, |

ely=hv—¢

l;:[ﬁ]v—f ........ ()
e e

We can read the value of threshold frequency from graph.
From equation (i), we can find the value of stopping
potential (Vo).

53. Soln. (a) Wave nature of radiation cannot explain the

following:

The immediate ejection of photoelectrons.

2. The presence of threshold frequency for a metal
surface.

3. The fact that kinetic energy of the emitted electrons is
independent of the intensity of light and depends upon
its frequency.

Thus, the photoelectric effect cannot be explained on the
basis of wave nature of light.

(b) Photon picture of electromagnetic radiation on which
Einstein’s photoelectric equation is based on particle
nature of light.

Its basic features are:

1. Ininteraction with matter, radiation behaves as if it is
made up of particles called photons.

—

|
2. Each photon has energy (E=hv). Momentum [p =—
c

, where c is the speed of light.
3. All photons of light of a particle frequency v, or

he |
wavelength 4, have the same energy [E =hv= a;TcJ

[ hrJ
and momentum | p = —
c

4, By increasing the intensity of light of given
wavelength, there is only an increase in the number
of photons emitted per second crossing a given area,
with each photon having the same energy. Thus,
photon energy is independent of intensity of
radiation.

5. Photons are electrically neutral and are not deflected|
by electric and magnetic fields.

6. In a photon — particle collision (such as photon
electron collision), the total energy and total
momentum are conserved. However, number of
photons may not be observed.

54. Soln. (1) de-Broglie wavelength of a particle is
dependent on its mass and charge for same
accelerating potential, such that

1
AN

] f(_1 Es](Charge}

Mass and charge of a deuteron are 2m, and e
respectively and mass and charge of an alpha particle
are 4m  and 2e respectively.

Where,

m , = the mass of a proton.

And e =the charge of an electron.
ﬁ_ maqa' —_ (4m!’]{2c} _3
A mpqp V (2m, Xe) | .

Thus, de-Broglie wavelength related with deuteron is
twice of the de-Broglie wavelength of alpha particle.

(2) KE xgq
(for same accelerating potential)

Charge of a deuteron is less as compared to an alpha
particle. So, deuteron will have less kinetic energy.

55. Soln.

4

@ ArvindAcademyNEET Page 10

Subscribe Arvind Academy NEET You tube channel. Click link: >

https://www youtube.com/

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.




ATDB.uno

ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.

A
1w —
h
Since, A=s—
J2meV
|
lLe., A —

Je

Therefore, more the wavelength lesser is the charge.

56. Soln. (i) Einstein’s photoelectric equation, K.E. of
photoelectron = Incident energy of photons - Work

function
or K.E. =h-¢
Or K.E.=hv—hy,
Where, v, is called threshold frequ =< . |

Threshold Frequency: For a given metal, there exists a
certain minimum frequency of the incident radiation
below which no emission of photoelectrons takes
place. This frequency is called threshold frequency. It is{
denoted by vo.

(ii) Stopping Potential: It is that minimum negative
potential given to anode in a photocells for which the
photoelectric current becomes zero. It is denoted by
Vy. It is independent of the intensity of the incident
light.

57. Soln. The work function of a metal is the minimum
energy by it to eject an electron. It is given for metal X
=3x10")

Energy of a photon of wavelength 26.52 nm = hv

he

2

6.6x10* x3x10"
26.52x10™°

= 0.746x10"" J

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.

Subscribe Arvind Academy NEET You tube channel. Click link:

If number of photons = n; for total energy 3x107""J .

Then,
nx0.746x10"7 =3x10"

3x10"
HZ—_—”
0.746x10

= 4.021x107

Hence,

58. Soln. Energy of one photon

e
A

E

6.6x107* x3x10*
E= =
6x10
=33x10"J

.. Number of photons emitted by the source in 15,

P 66
n=—, orn

E =3aao® - 2xI0

.. Total number of photons emitted by source in 2
minutes

(M onrZ2<60
= 2.1, %120

=2.4x10% photons

59, Soln. (i)
Photoelectric
current  —
V3>VadV
i Saturation
current
L L ‘ r
“Vos-Voz-Vor O
e . ——-
Retarding potential Collector plate potential (V)

(ii) According to Einstein’s photoelectric equation
K. .=h-¢
If Vo is stopping potential then
eVy,=hv-¢

Thus, for different values of frequency (v) there will by
different values of cut off potential Vy.

(iii)

Page 1 1.
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Photo current —e

Stopping pota\r;ﬁal

-V, 0
«—— Reatarding potential  Collector plate —e
potential

60. Soln. (i) Q has higher threshold frequency

(ii) Work function, @, = hv,

14
hv, = (6.6x10*)x 210y
1.6x10 "

=25elV
(i) K, =h(v=v,)
=6‘6x10'“x2xI0“
1.6x107"
K. .. =082¢eV

eV

61. Soln. Cut off Frequency: It is tt 2 molimu m
frequency of incident radiation at which
photoelectric emission start to take place from
photoelectric material. At this frequency kinetic
energy of emitted electron is zero.

Einstein’s photoelectric equation
K.E.=hv=hy,
Where, vq is threshold frequency

According to the question
v=2f

And v, = fthenvelocity =v,
%nnf =2hf - hf

| ,
—mv =h
5 M f
s _2hf
V= —
m
In the second case

v =5 f then velocity = v,

Subscribe Arvind Academy NEET You tube channel. Click link: n https://www.youtube.com/@ArvindAcademyNEET Page 12
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|
Hence, Emv; =5hf = hf
(threshold frequency is constant]|
for a metal)
2 _8H
T om

Hence, viivi=2:80rl:4
Hence v, :v, =1:2 (positive values of square root is|

taken as velocity can not be negative)
62. Soln. de-Broglie wavelength is given by

h

J2mK

Mass of a proton=u

A=

Charge of proton = e

Hence, Kinetic energy of a proton when accelerated
through a potential = eV

Putting these values in de-Broglie wavelength formula|
to calculated wave length of proton

h
4 .=

" ueV

Now,

e Mass of an o -particle = 4u
e Chargeofan a—particle=2e

Hence, Kinetic energy of an «a — particle when acceleratg|
through a potential = 2 eV

Putting these values in de-Broglie wavelength formula
to calculated wave length of o —particle

_ h h

A==

A‘.P 1
Hence ratio of — = T

(7]

A

P

A

!
22

63. Soln. (a) All photons of light of a particular
frequency ‘v’ have same energy and momentum
whatever the intensity of radiation may be.

_|
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(b) Photons are electrically neutral and are not

affected by presence of electric and magnetic fields,

(i) From this graph, the Planck constant can be
calculated by the slope of the current

A(KE)
Av

h=

(ii) Work function is the minimum energy required to
eject the photo-electron from the metal surface.

¢=hv,,

where vp = Threshold frequency

K E. of electron (eV)—=

- Vg \'fH.l] —_—

64. Soln. (i) de Broglie wavelength

h
,f’mq

A=

Forsame V, Aa — J_
A _
A,

Clearly, 4, > 4,.

2e

4m
e

Hence, proton has a greater de-Broglie wavelength.
(i) Kinetic energy, K =gV

Forsame V, K a ¢

Clearly, K <K, .

Hence, proton has less kinetic energy.
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65. Soln. Expression for de Broglie Wavelength
associated with Accelerated Electrons:

The de Broglie wavelength associated with electrons
of momentum p is given by

Where m is mass and v is velocity of electron. If E, is thef
kinetic energy of electron, then

1m‘r: = lm[ﬁ) = p_-

(since p=mv=vy= EJ

m
=,I2m E,

- h
Equation(i)gives A = ———
f & 2mE,

If V volt is accelerating potential of electron, then
kinetic energy,

", Equation (ii) gives
(i)

Substituting m =
9.1x10 kg, e=1.6x10""C,h=6.62x10 s

we get
-
ie 6.62x10 1227
P2x9.1x10 " x1.6x10°°Y IV
[1]
1=1227 5 iV

N

This is the required expression for de Broglie
wavelength associated with electron accelerated to
potential of V volt.

The diagram of wave packet describing the motion of a
moving electron is shown.

Il https://www.youtube.com/@ArvindAcademyNEET
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66. Soln. According to Bohr’s quantum condition “Only
those atomic orbits are allowed as stationary orbits
in which angular momentum of an electron is the

integral multiple of i
2r

If m is the mass, v velocity and r radius of orbit, then
angular momentum of electron L = mvr. According to
Bohr's quantum condition

h :
mvr =n— S
e (i)

According to de Broglie quantum condition only those
atomic orbits are allowed as stationary orbits in
which circumference of electron-orbit is the integral
multiple of de Broglie wavelength associated with
electron, i.e.,

2rr=nd (ii)

According to de Broglie hypothesis

Substituting this value in (ii), we get

[ h ) h
ar=n — |=> mr=n—
my 27

This is Bohr’s quantum condition.

67. Soln. Given A =1.00nm =1.00x10"m
(a) Momenta of electron and photon are equal; given by

_h_663x107"

2= T00x10" =6.63x10* kg ms™'
00x

c
b)E of photon, E=hv=h—=—c¢
(b) Energy of p 12

= pc=6.63x10* x3x10°J =19.89x10""J

7
198910 _ ) 2ax10%er =1.24kel

_(6.63x107%)?
2x9.1x107"

-19
—242x10" g = 242¥10

D—l‘J

el"=151eV

1.6x1

68. Soln. According to de Broglie a particle behaves as a
wave; but it is now established that a particle cannot
be equivalent to a single wave; but it is equivalent to {
group of waves or a wave packet. The velocity of a
single wave is called the phase velocity (1 = vA4),
which is not equal to particle velocity. The velocity of
wave packet (called group velocity) is equal to particlg|
velocity.

dw

4
Group velocity v, = E = v (velocity of particle) = P
m

h
As p= I ; hence in the discussion of matter waves, a

wave packet is significant and hence only wavelength|
(A)is significant. As a single wave is insignificant,

phase velocity (velocity of a single wave) is
insignificant and hence frequency v is also
insignificant.

69. Soln. (i) Frequency of violet light (v, ) > frequency of

v,
tlue ligat (v Vi, | = |>1
v,

As both light have same intensity, so

n, v,
ny, =ny,—> —=—<l|
n, v

g
n,>n,

(i) Since n, > n_, hence number of electrons emitted
per second corresponding to blue light will be more
than that for violet light.

(ii) Since v, > v, , hence maximum kinetic energy of the
electrons (K, = hv—g,) for violet light will more
than that for blue light.

70. Soln. Since
Vi=3Wand K, =€V, so K, =3eV

1]
71. Soln. / =1400W / m*; A = 6000 A

I/
(a) Energy of the photon, E = hv= !TC

1.6x107"
1, p c=3x10" nv sec
(c) Kinetic energy of electron E, =—m_ v’ = P ( )
2 2m,
—_—— = = e I —— ==y _
Subscribe Arvind Academy NEET You tube channel. Click link: n https://www.youtube.com/@ArvindAcademyNEET Page 14
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Let n be the number of photons received/sec per unit
area.

14 (1400x1)x(6000x107")
E i 6.63x10* x3x10"
=422x10".
(b) Total energy emitted per second = power (watt)

n=

Subscribe Arvind Academy NEET You tube channel. Click link:
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Power of sun(W)
E /| photon
_Ix(47R?)x(6000x10")

6.63x107* x3x10"
(R is the average radius of earth’s orbit)

= 1.178x10"

n/sec=

"
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SURE SHOT QUESTIONS /s
Chapter —12
Atoms

MCQ (1 mark) 8. Ans. (b) : PE of electron in second excited state in

Hydrogen atom

1. Soln. (c): Here, a; = 53 pm, n = 1 for ground state So, second excited n = 3

Total energy in second excited state,
-13.6 _-13.6

ForLi**ion,Z=3

Radius of n™ orbit TE:T —T=—|.5¢'l’
242 2 We know, TE = PE + KE

poh___ N And PE = -2 x KE

4 2 - 7 2 Z =.

7mKze =  -151=-2KE+KE
53x(1)? I’ = -KE=-1.51eV

r= Way=—5——7=53pm -
3 4r°mKe* " PE=-2KE =-2x1.5I
PE =-3.02eV

= 17.66 =18 pm

So, option (b) is correct.

2. Soln. (c): In the frame of refererie, wniree ecun |
is at rest the given expression ..ot b tru ! for | +3 _
binding energy as the frame in which electron is at 0 NV )
rest would not be inertial. In hydrogen atom, 1 | | | R
. Ve — =R =-=|R[1-= |=82 =0.88R
electron revolving around a fixed proton nucleus A, 1?3 9 9
has some centripetal acceleration.
1 I 1 7R
L g )- 28 -oou
3. Soln. (a): In atoms with many electrons, electrons A ¥ 4 9 16/ 144
are not being subjected to one single central force. I 1 I R
—_= R(—,F—z)= R(I—— =3—=075R
A, | . 4 4
| 4. Soln. (a): In the given oxygen molecule, nuclear ’
force between the nuclei of two atoms is not il = (l - _l_;J = R(l - l) = SR =0.139R
A - ¥ 4 9) 36

important because nuclear forces being short 4
ranged are confined only within one particular
nucleus. The distance between the nuclei of two
atoms is large. So nuclear forces between two

Energy o« % so energy is highest for I.

nuclei is not effective. 10. Ans. (c) : The () transition is of absorption. Thus

maximum energy photon transition will take place

5. Soln. (a) : s
in transition (Il) as

6. Ans.(d) E==-34-(-13.6)=10.2¢V

| 7. Ans.(a): radius, I =N, 11. Ans. (d): Given, r=5.3x10"" m
Let r, be the radius at n = 3,
| ‘ YouTube Channel Arvind Academy link ' o _mtp:,_'z_'tm ly/2IYVIGF Page 1
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r=nr=03)x53x10"m=4.77x10""m

12. Ans. (b) : As per question, 12.1= |3_6_E;_6
n
13.6
= 3, =1.5
n
= n=9
= n=3

» Assertion-Reasoning (1 mark)

13. Sol.
(a) Both assertion and reason are true and the reason
is the correct explanation of the assertion.

For Balmer series,

1 _R[l_l]_ﬁ
R ) BT

36, 3% = 6563 A
max - 5R 5x1.097x10
1 1 1)_R
(o)
Aoin 2 o 4

level below it while absorption transitions start
from the lowest energy level only and may end at
any higher energy level. Hence number of
absorptions transitions between two given energy
levels is always less than the number of emission
transitions between same two levels.

18. Sol. (b): According to classical electromagnetic
theory, an accelerated charge continuously emits
radiation. As electrons revolving in circular paths
are canstantly experiencing centripetal
acceleration, hence they will be losing their energy
continuously and the orbital radius will go on
decreasing and form spiral and finally the electron
will fall into the nucleus.

19. Sol. (b): Every atom has certain definite energy
level. In the normal state, the electron in the
hydrogen atom stays in lowest energy level. When
the atom gets appropriate energy from outside,
then this electron rises to some higher energy level
i.e., atom Is excited. Within nearly 10~® sec, the
electron leaves the higher energy level, Now, it can
return either directly to the lowest energy level (or

he yrcun |s ate or come to the ground state after

M i = % = TOW—4:=1_I}7 =3646 A baasing thioug:: other lower energy levels. Since
: there are a large number of atoms in a light - source
Both of these wavelengths lie in the visible region of (hydrogen lamp), hence all possible transitions take
the spectrum. place in the source and many lines are seen in the
spectrum. The slit gives the shape of the spectrum
and the large number of lines are obtained because
14. Sol. a large number of atoms are getting excited and de-
(a) Electron is bounded to the nucleus by electrostatic excited to different energy levels.
forces of attraction. 5o total energy is negative.
20. Sol.
15. Sol.
(c) Assertion is true but the reason is false.
16. Sol. (a): We know that an electron is very light
particle as compared to an a particle. Hence
electron cannot scatter the a-particle at large
angles, according to law of conservation of
momentum. On the other hand, mass of nucleus is
comparable with the mass of a-particle, hence only
the nucleus of atom is responsible for scattering of
a-particles.
17. Sol. (c): Emission transitions can take place
between any higher energy level and any energy
Subscribe Arvind Academy NEET You tube channel. Click link: n https://www youtube.com/@ArvindAcademyNEET Page 2
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(a): Absorption transition

—g ¢
Absorb B
radiation =% A

Two possibilities in absorption transition.
Emission transition

I
1,
—_ A
Three possibilities in emission transition. Therefore
number of absorption transition < number of emission
transition.
For any two states A and B such that E, < Eg we
have absorption spectrum for A — B transition and

emission B — A. But most of the time atoms are in
ground state, absorption is only from the ground state.

21. Sol. (b): When the flame of Bunsen burner is smoky,
the carbon particles in it are in the incandescent
state. Hence the flame gives a continuous
spectrum. But when the Burner gives a blue flame,
then it has carbon, cynogen etc., in the molecular
state. Hence it gives band spectrum.

22. Sol. {b): According to classical physics, all moving
charged particle radiate electromagneti- »>di=*inn,
So moving electrons will also ra‘iia e ene rgy. If we
see the atomic structure we fir.d thet electro *=
revolve around the nucleus in some particular
orbits. Bohr termed these orbits as the stationary
orbits as the electrons do not radiate energy as long
as they are moving in these orbits. This is one of
Bohr's postulates. This postulate is based on the
fact that if the moving electrons radiate thereby
losing energy, they have got a chance to finally fall
back onto the nucleus and the atom will be
collapsed.

» Case Study

23. Answers

1.(c) Most of the space within the atoms is empty.

2.(d) Trajectory of particle 4 not physically possible.

3.(d) Most of the space within atoms is empty, so most

f the a-particles pass straight through the foil.

4. (a) At the distance of closed approach,
Initial K.E. of the particle
= P.E. of the particle and the massive nucleus
zZe?
%mv2= 1 Zexe £

or r=
dre, 1 0 211501'::1_1!

5. (¢) Radius of atomic nucleus = 10%m

24, Answers

6. (d) Bohr model of atom assumes all the three
conditions (), (b) and (c).

7. (d) % is the angular momentum an electron in the

first orbit of hydrogen atom.
8. (c) 1, 1P
13.6 13.6
S = — = —34eV ; =——=-15eV
9.(d) Ey=- iy =-3MeV  By=-3
E=E-E=-15+34 =19eV.
10. (b) Lyman series lies in the ultraviolet region of the

em spectrum.
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» Questions

25. Ans. In the @ -particle scattering experiment, if a
thin sheet of solid hydrogen is used in place of a
gold foil, then the scattering angle would not be

large enough because the mass of hydrogen

(1.67x10™")is less than the mass of incident & -

-n
particle (6.64x107"). Thus, the mass of scattering
particle is more than the target nucleus. As a result,
(X -particles would not bounce back if solid

hydrogen is used in the O -particle scattering.

26. Ans. The distance from the nucleus, where all
kinetic energy of & -particles is completely
converted into potential energy is known as the

distance of closest approach.

' 1 2Z¢ I

r= —Orre—
4re,

If kinetic energy will be doubled, then the distance of

closest approach will become half.

27. Ans. The two important limitations of Rutherford
nuclear model of the atom are:
. (i) This model cannot explain about the

stability of matter.

It cannot explain the characteristic line spectra of
atoms of different elements.

28. Ans. Radius of nth orbit of hydrogen atom: In H -
atom, an electron having charge -e revolves
around the nucleus of charge +e in a circular orbit
of radius r, such that necessary centripetal force is
provided by the electrostatic force of attraction

between the electron and nucleus.

5
my” 1 ee , | e

3 WP IV =7 T s

r dre, r’ dre, r

From Bohr’s quantization condition

nh nh N
”‘nrr T e— or V= “.....uu.{"}
2r 2xmr

Using equation {ii) in (i), we get
(nh T 1 & ma'h 1 ¢
m.

= r————— or B 3 2 =
2xmr Aze, r  drmre drg, r
n’h'e,
Oorr= T (iii)
me”
Wheren=1, 2, 3, ..... is principal quantum
number.

Equation (iii), gives the radius of nth orbit of H -
atom. So the radii of the orbits increase

R
proportionally with n? l.e., [T % n°]. Radius of
first orbit of H = atom is called Bohr radius ap and

is given by
W, 0
a,=—=x% far p=1ora,=0.529A
Tme

50, radius ot vwien orbit of H - atom then becomes

1]
r=nx0.529A

29. Ans, Limitation of Rutherford’'s model:

Rutherford'’s atomic model is inconsistent with
classical

physics, that is why, Rutherford’s model is not able to
explain the spectrum of even most simplest H-
spectrum. Bohr's postulates to resolve observed
features of atomic spectrum:

Bohr's quantization condition: Of all the possible
circular orbits allowed by the classical theory, the
electrons ae permitted to circulate only in those orbits
in which the angular momentum of an electron is an

integral multiple of _}i,h being Planck’s constant.
2r

Therefore, for any permitted orbit,

I/
L =mw-=?.n= ,2,3...,
¥ig

| Subscribe Arvind Academy NEET You tube channel, Cliékllnk:' n https://www.youtube.com/@ArvindAcademyNEET Page 4
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Where n is called the principal quantum number, and
this equation is called Bohr’s quantisation condition.

30. Ans. Bohr's quantization condition : The electron
can resolve around the nucleus only in those

circular orbits in which angular momentum of an

electron is an integral multiple of i i.e.,

2r
mvr = ﬂ,n =1,23,.....
2r
The shortest wavelength of Brackett series is

given as

.
L -1.097x10° -1:»-—'-,-]=—1'09?"'0
A o 16

= A=14585x10"m

| This wavelength lies in the infrared region of
electromagnetic spectrum.

| 31. Ans. The energy levels of H; atom is given as

£ =—I%.6

, 136

n =—

> n=4 = n=2

Thus an electron makes a transition fromn =3
energy level to n = 2 energy level.

he  me' (11
Ay, 8eih\ni m

32. Ans. Given, short wavelength limit of Lyman

series,

L=R(l3_l}:,;ug;g(%_l}
A I® o) g1344 ' @
1]
4, =1 -9134A
R

For the short wavelength limit of Balmer series,

4x9134 ,I:! = 3653.6::1

33. Ans. (a) Let the minimum distance of approach be
ro. At this distance, the whale of the kinetic energy
of the alpha - particle will be converted into the
electrical potential energy.

The positive charge on the gold nucleus = Ze = 79
and the positive charge on the & -particle = 2e

atr=r, KE=PE

25610 = 1 (79eK2€)
4re, [
U] 19,2
0 (910 ){?9)(2}{].I(:x|(l ) —14.2x10 " mr
2.56x10"

(b) If proton is used instead of alpha particle, ro
will become half.

4 15
=== 1x10""m
s 5 x n

34. Ans. Energy of hydrogen atom in nth state

; | ] E =- 13.6;31
w=2].?6x10""[—2——3) "
2 23 According to question, hv= E4 - El
A= he ( I IJ
12 " 81 7z 1019 4 o
21.76x107"14 2 hv=-13.6[—'-~1]el-'=|3.6x59r
6.625x107™ x3x 10" x 36 16 16
= 19 19
2].?6*[0‘ XS i'=I3‘6X‘!—5-)( I6x|0 _]4=3x10|!!‘(:
715.5x107% , 16 6.63x10
e 6.57x10"'m
| 108.85x10
It belongs to Balmer series.
Subscribe Arvind Academy NEET You tube channel. Click link: n https://www.youtube.com/@ArvindAcademyNEET Page 5
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35. Ans. Here, AE =12.5¢V

Energy of an electron in n™ orbit of hydrogen
atom is,
E =- 13;6 eV
n
In ground state, n=1
Ey=-13.6eV
Energy of an electron in the excited state after

absorbing a photon of 12.5 eV energy will be
E, =-13.6+125=-1.1eV

2 2136 _-138 15365 n=35
E -1

Here, state of electron cannot be fraction.

So, n = 3 (2™ excited state).

The wavelength A of the first member of Lyman
series is given by

A © 2] 4
- ,'f'=i=—4__F
3R 3x1.097x10
= A=1215x10"m
= A=121x10°m = A="2nm
The wavelength A ’ of the first member 01 tie
Balmer series is given by

LI R
Al 2 3| 36
_36 _ 36
TSR 5x(1.097x107)

=6.56x10"m=656x10"m= 656 nm

h
36. Ans. de-Broglie wavelength, A=—= =,
P 2mK

where K is the kinetic energy.

Now, energy of electron,

k=136 136 sy —241x10™y

2 2
n

h 6.63x107
A= =
V2mK  J2x9x107' x2.41x10™"
=1x10"m=1nm

Subscribe Arvind Academy NEE?You tube channel. Click link:
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37. Ans. From Bohr’s theory, the frequency v of the
radiation emitted when an electron de-excites from
level nz to level ny is given as

E,-E

Ve —

me' [ 1 1
VE—73—735"7
8e,h |y my

Given m=n-1,nm=n,

_me'  2n-1
8eoh* (n—1)"

Forlargen,2n-1=2n,n=-1=n
]

me
Thus, v= — 33
deshn
v me*

)= —_—

T2 g’

Which is same as orbital frequency of electron in nth

orbit.

38. Ans, (a) Limitation of Rutherford’s model;
Rutherford's atomic model is inconsistent with
tla sical y hysics According to electromagnetic
theory, an electron is a charged particle moving in
the circular orbit around the nucleus and is
accelerated, so it should emit radiation
continuously and thereby loose energy. Due to
this, radius of the electron would decrease
continuously and also the atom should then
produce continuous spectrum, and ultimately
electron will fall into the nucleus and atom will
collapse in 10% s. But the atom is fairly stable and it

emits line spectrum.

(ii) Rutherford’s model is not able to explain the
spectrum of even most simplest H — spectrum.

https://www.youtube.com/@ArvindAcademyNEET Page 6
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Bohr's postulates to resolve observed features of

atomic spectrum:

(i) Quantum condition: Of all the possible
circular orbits allowed by the classical
theory, the electrons are permitted to
circulate only in those orbits in which the
angular momentum of an electron is an
integral multiple of ’—'

2
h being Planck’s constant. Therefore, for
any permitted orbit,
L=mvr= Lh. n=1273,...,

2T

Where n s called the principal quantum
number, and this equation is called Bohr’s
quantisation condition.

(ii) Stationary orbits: While resolving in the
permissible orbits, an electron does not
radiate energy. These non-radiating orbits
are called stationary orbits.

(iii) Frequency condition: An atom can emit or
absorb radiation in the form of discrete
energy photons only when an electron
jumps from a higher t7, 1 lowe " orl it o,
from a lower to a hig ;27 rbit
respectively.

h=E -E,

Where v is frequency of radiation
emitted, £, and E, are the energies
associated with stationary orbits of

principal quantum number 1, and 1,

respectively (whre 1, > 1, ).

(b) Radius of nth orbit of hydrogen atom: In H-atom, an
electron having charge -e revolves around the nucleus
of charge +e in a circular orbit of radius r, such that
necessary centripetal force is provided by the
electrostatic force of attraction between the electron
and nucleus.

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.

from Bohr’s quantization condition

nh nh .
mvr = 2— OF V=————— rvvrernaes (ii)

T 2amr

Using equation (ii) in (i), we get

7

mn*h’ 1 €

[ nh ) 1 e
m. = —or
2rxmr dre, r

Y, 9
n“he,
r=

b rd — -
ar’m'r*  Ang, r

Or o
ame”

Wheren =1, 2, 3, ..... is principal quantum number.

Equation (iii), gives the radius of nth orbit of H - atom.
So the radii of the orbits increase proportionally with

n’ie., [F o€ n”]. Radius of first orbit of H - atom is
called Bohr radius ap and is given by

Fs 0
-—sJwn=lora,=05294
Tme

So, radius of n™ orbit of H — atom then becomes

(1]
r=n"x0.529 4

39. Ans. (i) According to Bohr's postulates, in a
hydrogen atom, as single electron revolves around
a nucleus of charge +e. For an electron moving
with a uniform sped in a circular orbit of a given
radius, the centripetal force is provided by
coulomb force of attraction between the electron
and the nucleus. The gravitational attraction may

be neglected as the mass of electron and proton is

very small.
So, mv_ _ ki: Where, k = L
r re drg,
, ke’
Oormy: =— JUR— )|
r

subscribe Arvind Acatieuy NEET'S0U Tute iannel. “Cici link: @ https://www youtube.com/@ArvindAcademyNEET Page 7
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Where, m = mass of electron
r = radius of electronic orbit
V= velocity of electron

Again, by Bohr’s second postulates
nh
myy = —
2r
| Where,n=1,2,3.....0r y=
2rmr
. Putting the value of v in eq.(i)
nh Y ket nh? ,
m = Dr=—7—75 . (i)
2rmr r 471 kme

Kinetic energy of electron,
£ - ke’ 4x’kme’  27°k’me’
Y i’
Potential energy of electron,
ke)x(e) ke’

r r
Using eq. (ii), we get

E, =-

4’ kme’ 4r’kme

£, mEaih n’h’ n'h’

Hence, total energy of the electron in the n' orbit
E=E,+E,

_ ar*k*me' N 2k’ me’ _ 28 mt
WK n’h? n’h?
_136,,

n-

When the electron in a hydrogen atom jumps from
higher energy level to the lower energy level, the
difference of energies of the two energy levels is
emitted as a radiation of particular wavelength. It is
called a spectral line.

40. Soln. Assumptions of Rutherford's atomic model:

(i) Every atom consists of a tiny central core called the
atomic nucleus, in which the entire positive charge
and atmost entire mass of the atom are

(iv)The electrons revolve around the nucleus in various
circular orbits.

According to electromagnetic theory, electron
revolving around the nucleus are continuously
accelerated. Since an accelerated charge emits
energy, the radius of the circular path of a revolving
electron should go on decreasing and ultimately it
should fall into the nucleus. So, it could not explain
the structure of the atom. As matter is stable, we
cannot expect the atoms to collapse.

41. Soln. Bohr’s quantization condition: The electron
can revolve round the nucleus only in those circular
orbits in which angular momentum of an electron is

J
an integral multiple of LA i.e.,
2T

nh
mwr=— n=123 ...

2z
The shortest wavelength of Brackett series is given
as

7
R o AL
% 4 oo° 16

= A=1.4585x10"m

" his we vel 'n' th ‘es in the infrared region of
e'2L.ro.nagneli< spectrum.

42. Soln. Given: AE=125¢V

Let the electron jump fromn=1ton=nlevel.

AE=E,-E,
tz.s:-ﬁ-(—'l?ﬁ)
n 1°

I2.5=|3.6(1——1-,-J
o
1

concentrated. 136 n
(ii) The size of nucleus is of the order of 10> m, which iny - I‘
is very small as compared to the size of the atom 13.6 n°
which is of the order of 10° m, 136
(iii) The atomic nucleus is surrounded by certain 11
number of electrons. As atom on the whole is 12.36 = n’
electrically neutral, the total negative charge of ;
| electrons surrounding the nucleus is equal to total n=335
positive charge on the nucleus. n=3"
|
‘ Subscribe Arvind Academy NEET You tube channel. Click link: n https://www.youtube.com/@®ArvindAcademyNEET Page 8
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43. Soln, (a) From Bohr’s model = An atom has a
number of stable orbits in which an electron can
reside without the emission of radiant energy. Each
orbit corresponds to a certain energy level.

Electron revolves Is circular orbit
mv’ e
ro Axg,r’

r

The motion of an electron in circular orbits is
restricted in such a manner that its angular
momentum is an integral multiple of &/ 2x

Thus, ;_=m1.,-=i’_;l
2r
Eu__]%'b-’ y

Z =1 for H,atom

PR
2

From de-Broglie hypothesis

p mv

And from Bohr model

nA=2nr
4227

r
A _Zar
mv n
ﬂ =mvr=1
2r

44, Soln. (a) Energy level diagram showing lyman and
balmer series:

E(n) 1o E(n = 4)
1444

Paschen seres
E(njto E(n=23)

Balmer series.
E(n)io E{n=2)

b Ty

n=1
Lyman saries
E{nj 0 Eln=1)

Subscribe Arvind Academy NEET You tube channel. Click link:
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Spectrum wavelengths of both series for
hydrogen atom

91 nm

122 nm
365 nm
656 nm
1875 nm

EE— 820 nm

e —————~
Lyman Balmar

Paschen series
series series

(b) Rydberg formula,

l=|.1x10’[-'7— l.]
A ngoony
i:l.lxl{]"[l—l}
i 4 9
1 1x107x0.1389
A
j_l:ﬁxl(]?x{ll:iﬂg
100x10°
A= 0.153

A, (4)=653.6nm

_1L1x10
4
4
1.1x10’
400
=—X
1.1

Apn (A4) =363.6nm

RN Sy

10~

45. Soin, We know that, according to de Broglie
relation,
2nr=ni
For first orbit, n=1
2nr=nAd
o 0
A=2rx0.534 [ r=0.53 4]
[}]
A=33314
https://www.youtube com/@ArvindAcademyNEET Page 9
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46. Soln. (a) Quantization condition: Of all possible
circular orbits allowed by the classical theory, the
electrons are permitted to circulate only in those
orbits in which the angular momentum of an

electron is an integral multiple of zi;h being
n
Planck’s constant.

Therefore, for any permitted orbit,

L =mvr=Lh; n=123,....
2r

Where L, m and v are the angular momentum, mass

. and speed of the electron respectively, r is the
radius of the permitted orbit and n is positive
integer called principle quantum number.

The above equation is Bohr's famous quantum
condition. When an electron of mass m is confined
to move in a line of length / with velocity v, the de-
Broglie wavelength A associated with electron is:

h h

mv p

Or p=Linear momentum

_ﬁ_ h _nh
P= %~

When electron revolves in a circular orbit of radius
‘r then 2/ =2xr.

=

2xr P 2=

Or angular momentum | L |= px ris an integral

Multiple of h/ 2, which is Bohr’s
quantisation of angular momentum.

he

(b) Eoy= Z
he

Em = 'Z

-

‘ Subscribe Arvind Academy NEET You tube channel. Click link: n
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C
A As
B
Az
I A
c
Eca E
Now, E('.{ =Eqy +Ey,
Where E,, =Energy gap between level B and
C

Esr = Energy gap between level A and B,

Eca = Energy gap between level Aand C.

he _he e
PR
| 1 1
—_— = —
W R
A
SRy

47. Soln. In a hydrogen atom,

I ad s f ¢ led tro ' orbit,

B n'h’
47k me’
.......... (i)
And angular momentum
nh
myr = —
2r
nh
Or V=
2xmr

On putting value of r we get
2rke’

valueofvas =
nh

So, kinetic energy,

1 I (2::&.93 ]z
=—m
nh
_Az'ke'm  2n'kle'm
' h? nh’

Potential energy

https://www.youtube.com/@ArvindAcademyNEET Page 10
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bl
E =27 I

P r r
Using equation (i), we get
, 4r’kme’
Ep =—ke" x —_—
nh
Ar’k*me’
. TS
nh
Hence, total energy of the electron in the n* orbit

E=E, +E,

ar’k’me' 27k me’
= 347 + T3
n*h* nh’
27k me’

= ]
n-h

We know & =L =9x10° Nm’C?
4re,

h (Planck’s constant) = 6.6x 10 Js
m for H—atom = 1.67x10" kg
e=1.6xIr NC

Substituting these values, we ‘et

E:"':'ﬁe:f
n

When the electron in a hydrogen atom jumps
from higher energy level to the lower energy level,
the difference of energies of the two energy levels
is emitted as a radiation of particular wavelength. It
is called a spectral line.

In H = atom, when an electron jumps from the orbit
n, to orbit n,, the wavelength of the emitted

radiation is given by,

Where,

R —> Rydberg's constant = 1.09678x 10" m™'

For Balmer series, 1, = 2and n, =3,4,5,....

1=R[L,-—ITJ
A 2° n

;Jbscrihe Arvind Academy NEET You tube channel. Click link: n https.//www.youtube.com/@ArvindAcademyNEET
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Where, n =3,4,5,.....
These spectral lines lie in the visible region.

Total energy, E(eV)

a
F .
T3
Balmar
Sarias
Ground slato

=13, n=1

48. Soln. Energy difference = £, — E|

1]

3del —-1.51eV
1.89eV
1.89x1.6x107")

C

= h—
A

6.6x10™ x3x10°
A

_6.6x10™ x3x10"
T 1.89x1.6x107™"
_6.6x107x3

~ 1.89x1.6
=6.54x10"m
=654nm

1.89x1.6x107" =

As this spectrum is in visible range. This
radiation lies in Balmer series.

49. Soln. (i) According to Rutherford model, electron
orbiting around the nucleus, continuously radiated
energy due to the acceleration; hence the atom will
not remain stable.

(i) As electron splirals inwards; its angular
velocity and frequency change continuously;
therefore it will emit a continuous spectrum.

Page 11




ATDB.uno

ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.

ATDB PDFZ

50. Soln. It is the distance of charged particle from the
centreb of the nucleus, at which the whole of the
initial kinetic energy of the (far off) charged particle
gets converted into the electric potential energy of
the system.

‘ Distance of closest approach (r.) is given by

L1 2z
‘ dmg, K

‘ ‘K" is doubled, .". . becomes %

51. Soln. The minimum energy, required to free the
electron from the ground state of the hydrogen
‘ atom, is know as lonization energy.

me‘

| E" =Tl‘.€.. Eu oam
1]

Therefore, lonization Energy will become 200
times.

52. Soln. Energy of a photon corresponding to
wavelength A,

6.6x10 * x5x1¢ |
275x107°
‘ 6.6x10* x3x10"

- v
275x 10" x1.6%10 "

' 6.6x3x10°
275x%1.6
45eV

‘ (ii) the calculated energy of the photon
matches with the transition B.
53. Soln. For second excited state, n=3

Hence two possible transition of the Lyman
series: 32 land 2—>1.

Wavelength for transition
‘ 3oln,=ln=3

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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=1.1x10"

P

8
9
9

A=——
8x1.1x107

=1.023x10"

=102.3nm

For transition 2 — 1, n, =1, n =2

l:leuFb-lj
A 4

= A=212nm

54. Soln. For hydrogen atom

The coulomb force provides the required
centripetal force,

. 2 p
e my
tmrs r
e!
r=s—mo-—s
dre,mv

ra ] k]
Electron has kinetic energy; K = Emv‘.
Putting the value of mv? in the above equation

-
-

e

K=
Bre,r

-
I

€ .
— (negative

P.E. of an electron; u =—

4re, r
sign shows that its due to attraction force)
Total energy, E=K+U
b 2
e 1 e
E= +| - —
8re,r 4re, r
2
_ e
8re,r
— E— e —
https://www.youtube.com/@ArvindAcademyNEET ~ Page 12
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The significance of total negative energy is
electron is bound to nucleus and revolve around it.
This energy is known as binding energy of electron.

55. Soln. (i) Bohr's third postulate: It states that an
electron might make a transition from one of its
specified non-radiating orbits to another of lower
energy. When it does so a photon is emitted having
energy equal to the energy difference between the
initial and final states. The frequency of the emitted
photon is given by

hv=E -E,

Where E and £, are the energies of t8he

initial and final states and £, > £ .

(ii) Electron jumps from fourth to first orbitin

an atom
n=4
Paschen Senes n=3
—— n=2
Balmer Saries
Lyman Series
Maximum number of spectral lines can
4! 4x3
bE' 4(‘1 =—= = 6
2121 2

In diagram, possible way in which electron can
Jump (above).

The line responds to Lyman series (e jumps to
1* orbit), Balmer series (e’ jumps to 2™ orbit),
Paschen series (e jumps to 3 orbit).

_he _6.6x10 x3x10*
A 102.7x10™

56. Soln. AE

_ 6.6x10™ x3x10" ‘
102.7x107 x1.6x10™"

_66x3000 _ 5 o4y
1027x16

Now, AE=-13.6—-(-1.50)|

=12.1eV

Hence, transition shown by arrow D
corresponds to emission of A =102.7 nm.

Subscribe Arvind Academy NEET You tube channel. Click link: n https://www.youtube com/@ArvindAcademyNEET
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57. Soln. Transition C and E belong to Lyman

series.

Reason: In Lyman series, the electron jumps to
lowest energy level from any higher energy levels
Transition B and D belong to Balmer series.

Reason: The electron jumps from any higher
energy level to the level just above the ground
energy level. The wavelength associated with the
transition is given by

he

A=
AE

Ratio of the shortest wavelength

~he

he
A iRy =—:
AE:‘. A‘Eﬂ

= I : I =3
0-(-10) 0-(-3)

58. Soln. (i) Radius of orbit

Where, 7, is Bohr’s radius = 5.3x10™"'m
radius of n = 3 orbit
r =(3)’x53x10"'m
=47.7x10"m
=477x10""m

==34elV

(ii) Given total energy £ =—
8re,r

, e
(a) Kinetic energy, K = = —Total energy
8re,r

Hence Kinetic energy, K =—(—3.4)eV =3.4¢V

5

(b) Potential energy, P=- = 2 x total energy

e r
= -6.8eV

59. Soln. (i) The trajectory, traced by the & -particles In
the Coulomb field of target nucleus, has the form
shown below.

I ——————————
Page 13
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0
..Tarpﬂ nucleus
)

4
b =X —
T !

]

The size of the nucleus was estimated by
observing the distance (d) of closest approach, of
the « -particles. This distance is given by:

‘ 1 2eZe
dre, K

| Where, K = kinetic energy of the & -particles
‘ when they are far away from the target nuclei.

(i) The wave nature of moving electrons was
established through the Davission — Germer
experiment.

In this experiment, it was observed that a
beam of electrons, when scattered by a nickel
target, showed ‘maxima’ in cert’ .1 direy aun , e
the ‘maxima’ observed in inter’ »r« 1ce/c iffra :tion
experiments with light)

(iii) A= h
P
|
=t
my
A=
J2mqV
Hence, & = [Pulla
(1 myd,

FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.
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For most of the & -particles, impact parameter
is large, hence they suffer very small repulsion due
to nucleus and go right through the fail.

i /

‘L s

b g Tarpet nucieus
T Y

H

It gives an estimate of the size of nucleus.

(i) K.E. of the & -particle = potential energy
Possessed by beam at distance of closest approach.

2 1 (2e)Ze)

—my* = — —

2 4re, A
9x10"x2x2.56x10* x80

7.7x1.6x107 =
h
9x10"x2x2.56x107** x80
fo = 13 m
7.7x1.6x10

61. Soln. According to Bohr's second postulate
quantization of angular momentum

y e Ir
mv,r,=n—

(accelerated potential Is same for both 2r
particles)
or =1t (i)
Ao [4x2 _, " 2mmv,
A, 2x1 . ,
Where h is the Planck’s constant
Circumference of the electron in the n'" orbital
60. Soln. (1) state in hydrogen atom.
|
— —_———————————— ———————————
| Subscribe Arvind Academy NEET You tube channel. Click link: n https://www.youtube com/@ArvindAcademyNEET Page 14

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.




ATDB.uno

ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE. ATDB PDFZ

nh
2rr, =217 {Using
2zmv,
i)
h
2xr,=n— cevenrernnea(il])
mv,
But de Broglie wavelength of the electron
h
A=— SRR (1))
mv,
From (ii) and (iii), we get
2ar, =nA
v, |
162. Soln. As per question, — = 5
v

g

Where subscripts h and g denotes higher
energy state and ground state.

Orbital velocity of electron in the nth orbit is

5

v, = orv, «—
" 2g,nh " on

For ground state, n =1,
v, N

Equating eqns. (i) and (ii), we getn=3

] o n:hzt:{,
Radius of n" orbit is 1, = —5—
me'm
Or r,oo n
no_ 3’ -9
no ()
r,=9; =9R (. r, = R(Given))

1 63. Soln. (a) Bohr's quantization condition: The
electron can revolve around the nucleus only in
those circular orbits in which angular momentum of

h
an electron Is an integral multiple of 2— le,
T

f it Arademv
Subscribe Arvind Academy NEET You tube channel. Click link: u https://www.youtube.com/@ArvindAcademyNEET
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nh
mr=— n=123...
2r

(b) (i) The kinetic energy (Ex) of the electron in
an orbit is equal to negative of its total energy (E)

E, =-E=—H1.5)=1.5eV

(li) The potential energy (E,) of the electron in
an orbit is equal to twice of its total energy (E)

E,=2E=-15x2=-3.0eV

(iii) Here, ground state energy of the H-atom =
-13.6 eV

When the electron goes from the excited state
to the ground state, energy emitted is given by

E=-15-(=13.6)=12.1cV=12.1x1.6x10"]

Now, E=h—c
A
l_ﬂg_662x10“x3xlﬂ
E  121x1.6x10"
A=1.025x10"
=035

64. Soln. According to Rydberg formula,

LI I
A ni n’

Here, n, =4and n, =2

| 9 s
=10’ 10 = -—= |=—x10"H:
v=1070x [2’ 4-) 16

= 5.625x10" Hz
—_— e ————— e fggage"s_
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MCQ (1 mark)

1. Soln.
SO =[my XY =my(,, YY) -m, )¢’
=[my(,X")+Zm -m,(, ,Y")-(Z-1)m,—2m ]c’
=[m(,X")-m(,,Y)-2m,]c’ =(M,-M,-2m,)c

2. Soin. (b)

3. Ans. (d): Nuclear density is constant and

independent of mass number so the ratio is 1.

4. Ans. (a): When two lighter nuclei fuse to form a
heavier nucleus, its binding enf rg ' per | ucle on
increases.

5. Ans. (a) : The difference in mas "X nucleus and total
mass of its constituent nucleus is 21.00 u

Total mass of constituent nucleus =21.00 u
No. of nucleons present in X, n= 7

21.00
=30t
? u '

So, Binding energy per nucleon =
So, option (a) is correct.
6. Ans. (c) : Nuclear forces are not always attractive

as range below 1 fermi, it becomes repulsive in

nature.
7. Ans. (b) : The nuclear force is much stronger than

the Coulomb force acting between charges. So,

option (b) is not true.

» Assertion-Reasoning (1 mark)

—————————
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SURE SHOT QUESTIONS
Chapter — 13
Nuclei

8. Sol.

(b) Nuclei having mass number around 60 hafle
maximum binding energy per nuclecn (= 8.7 MeV), fio
they are most stable.

9. Sol.
() Both assertion and reason are true but the reason

is not a correct explanation of the assertion. An a-particle
carries 2 units of positive charge. So the atomic number of
the daughter nucleus decreases by 2 on a-decay.

10. Sol.

(¢) Assertion is true but the reason is false. Electrons
are emitted as B-particles when a neutron decays into a
proton during a radiocactive disintegration.

11. Sol.
(el) Bo i« 887 rmn and reason are false.

12, Sol..
(a) Both the assertion and reason are true and the
reason is the correct explanation of the assertion.

13. Sol.
(c) Assertion is true but the reason is false.

14. Sol.

(b) Both assertion and reason are true but reason is
not the correct explanation of the assertion.

15. Sol.

(c) Assertion is true but the reason is false. Much
more energy is released in a single fission than in a single
fusion.

16. Sol.

.- () Both assertion and reason are true and the reason
is the correct explanation of the assertion.

http://bit.ly/2IYVIGF Page 1
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» Case Study (5 marks)

17. Ans. (i) (b) Radius of nucleus is given by R = R, A"’

(ii) (c) As, nuclear density Is given by p = am .
4nR;

This means p is independent of A. Sor ratio

wouldbe 1:1.

{iii) (b)

(iv) (d) The saturation property of the nuclear
forces is due to the fact that they are short range
forces.

(v) (a) In Geiger -Mardsen scattering experiment
thin gold foil is used to scatter alpha particle
because alpha particle will not suffer more than
one scattering and gold nucleus is 50 times
heavier than alpha particle.

18. Answers

1. (¢) The mass of a nucleus is sometimes equal to its
atomic number,

For example, for }H nucleus, A=2Z=1

charge and mass, and energy AE, will be released in

this process. The energy AE, is called the binding

energy of the nucleus,

If we separate a nucleus into its nucleons we
would have to transfer a total energy equal to
AE, , to the nucleons.

Example: ,,U*" + n' =5 0'Ba+5Kr+3,n+Q
The energy (Q) released was estimated to be 200 MeV
per fission (or about 0.9 MeV per nucleon) and its

equivalent to the difference in masses of the nuclei
before and after the fission.

20. Ans, (a)

Nuclear Fission

Nuclear Fusion

2. (a) In ;‘?Na nucleus, |

Number of protons = Z = 11
Number of neutrons = A-2Z2 =23-11=12.
Number of electrons =0,

3. (a) The nuclei ‘,';‘c and ‘;N are isotones. Both have

7 neutrons each.

4. (@) 24Se and 71Ga are isotones. Each nucleus has
40 neutrons.

5. (¢) Suppose natural boron has x% of 13°B isotope and
(100-x)% of ' Bisotope. Then
10xx + 11(100 - x)

100
or x=19%

10 p . 11 '
YB:{'B=19:81

= 10.81

» Questions

b. Ans. A certain number of neutrons and protons are

brought together to form a nucleus of a certain

The process of
splitting of a
heavy nucleus into
two nuclei of
nearly comparable
masses with
liheratinn of

nerg 'is alled
nuclear fission.
Example:
Bu+bn-1l8a

92
+2Kr+ 30+ Q

When two or
more than two
light nuclei fuse
together to form
heavy nucleus
with the
liberation of
energy, the
process is called
nuclear fusion.
Example:

He IH- e

+in+3.2MeV

A suitable bullet
or projectile like
neutron is needed
to initiate nuclear
fission

The lighter nuclei
have to be
brought very
close to each
other against
electrostatic
repulsion

Fission of single
15
nucleus of Ug;

produces approx.
200 MeV energy.

Four protons
combine to form
helium nucleus
which produces
approx. 24 MeV
energy.
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Here two deuterium nuclei produce 3.27 MeV

energy
=5.232x10")
5.232x10™"
.. Energy per nuclei = T
=2.616x10"J
No, of deuterium atoms in 100 g
n
= 6.023x10° <100 _ 5 4 110% atoms
.. Total energy = 3.011x 10" x 2.616 x 10'"?
=7.88 x 10" )
- 12
Power = Energy == T8sxll 1.58x10"s
Time
10
___L.38x10 =500 years
365% 24 x60x 60

21. Ans. Givenm =2 kg, P = 800 W.

Here, two deuterium nuclei produce
3.27 MeV energy = 5.232 x 10"
.. Energy per nuclei =

o) -13
3:232x10 7 _ 5 616x10™

Number of deuterium atom i’/ £ k"
_6.023x10% x 2000
- 2

. Total energy = 6.023x10% x2.616x10™"
=15.75x10"J

Energy 15.75x10"
Tinf == 800

=6.023x10* atom

Power =

~1.96x10"
365x24x60x60

P. Ans. Nucleus was first discovered in 1911 by Lord

=6.2x10" years

Rutherford and his associates by experiments of
scattering of & -particle by atoms. He found that the
scattering result could be explained.

Atoms consists of a small, central, massive and
positive core surrounded by orbiting electron. The
experiment results indicated that the size of the
nucleus is of the order of 10'* metres and it thus
10,000 times smaller than the size of atom.
Relation between the radius and mass number of
the nucleus R = Ro A3

S_ubscribe Arvind Academy NEET You tube channel. Click link: -
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=1.96x10"s

»

If mis the average mass of a nucleon and R is the
nuclear radius, then mas of nucleus = mA, where
A is the mass number of the element.

4
Volume of the nucleus, V' = 5;:!?"
4 13y} 4 s
V==n(RA"')=>V=-rRA
3 (R,4") 7R

mA
Density of nuclear matter, p = 7

mA Im
=

= p= -

4 o 4nR,

TR, A J
3 R,

This shows that the nuclear density is
independent of A.

23. Ans. Trajectory of a -particles in coulomb field of
target nucleus shows that only a small fraction of
the number of incident & -particles (1 in 8000)

rebound back.

Nucleus

‘net e
a- ar icle

This shows that the number of & -particles
undergoing head - on collision is small. This
implies that the entire positive charge of the atom
is concentrated In a small volume. So, this
experiment is an important way to determine an
upper limit on the size of nucleus.

Density of nucleus = Afass?f nucleus
Volume
p= fxm ; where R=R,A"
~ R’
3
Density p= Axm — m o= Im
- - W [
:::R,‘:A : 7R, 4nR,

p=297x10" kgm™

So, nuclear density is constant irrespective of mass
number of size.

24. Ans. Binding energy curve:

https://www . youtube.com/@ArvindAcademyNEET Page 3
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10
i ;_‘..-"’-'. =
a . =
i,
l d
&
bR
I
. 50 100 150 200 250
Mate number (A)
Two salient features of the curve
(i) The binding energy per nucleon, Ey, is

practically constant i.e., practically
independent of the atomic number for
nuclei of middle mass number (30 <A <
170).
The curve has a maximum value of about
8.75 MeV for A = 56 and has a value of 7.6
MeV for A = 238.

(ii) Eun is lower for both light nuclei (A < 30)
and heavy nuclei (A > 170).

Nuclear fission: Binding energy per nucleon is
smaller for heavier nuclei than the middle ones,
i.e., heavier nuclei are less stable. When a heavier
nucleus splits into the lighter nuclei, the
B.E./nucleon changes from abc. t 7.5 eV ' v 5.1
MeV. Greater binding energy ft e pr duc

nuclei results in the liberaticn of energy. This s
what happens in nuclear fission which is the basis
of the atom bomb.

Nuclear fusion: The binding energy per nucleon is small
for light nuclei, i.e., they are less stable. So when two
light nuclei combine to form a heavier nucleus, the
higher binding energy per nucleon of the latter results
in the release of energy. This is what happens in a
nuclear fusion which is the basis of the hydrogen
bomb.

25. Soln, (a) Drawing the plot

Explaining the process of Nuclear fission and
Nuclear fussion

(b) Finding the required time

(a) The plot of (B.E./nucleon) verses mass
number is as shown.

5-10
%n" fre ol ww I"'!l
g ‘s ‘th i
3 [P
B e
£
b2y
B g
o %0 100 150 200 250

Masa number (A)

[Note: Also accept the diagram that just shows
the general shape of the graph].

From the plot we note that
(i} During nuclear fission

A heavy nucleus in the larger mass region (A > 200)
breaks into two middle level nuclei, resulting in an
increase in B.E./nucleon, This results in a release of
energy.

(ii) During nuclear fusion

Light nuclei in the lower mass region (A < 20) fuse to
form a nucleus having higher B.E./nucleon. Hence
energy gets released,

[Alternatively: As per the plot: During nuclear fission as
well 1s huc'ear iusion, the final value of
B E./wi lec v i more than its initial value. Hence

energy gets released in both these processes.]
(b) We have

3_]259’o=u_2_‘5.=i_ l

100 32 2
Half life = 10 years
Required time = 5x 10 years = 50 Years
26. Soln. We have *" X ="y +'*Zz
Binding energy for X = 7.6 MeV

Binding energy of two fragmentsYand Z=8.5
MeV,

Energy released, Q = 240 (8.5 — 7.6) MeV = 216
MeV

27. Soln. Total Binding energy of Initial System

le.,
oH + H =(2.23+2.23)MeV

= 4.46 MeV

Sl:leCl'LbE Amln-tl-Atiﬂﬁmy NEET You tube channel. Click link: u https://www youtube.com/@ArvindAcademyNEET Page 4
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Binding energy of final system l.e., ] e

= 7.73 MeV
Hence energy released = 7.73 MeV - 4.46 MeV

=327 MeV
28. Soln. (i)
|
w T
ey " g I
ilLC v i o '“Icn__.e.u..
. ——
! . ‘*:
i
4
oy
-
i 2
0g %0 100 50 200 250
lase rumber (A)

From the above graph, it’s clear that binding
energy per nucleon is low for very light and for very
heavy nuclei. If a nucleus of lower binding energy is
converted into higher binding energy then energy is
released. There are two methods of converting
lower binding energy into higher hindina angrax

Fission: A heavy nucleus (I ;- “EN) i  brc ken
into two lower nucleus (higher BEN) and energy is
released. This process is known as Fission.

Fusion: Two light nucleus (low BEN) are joined
and form one nucleus of higher BEN, energy is
released. This process is known as Fusion.

) N 3125

(ii) — =
N, 100
=(1/2)°

Comparing this with the following standard
equation

N (1Y t
We may write — = (—) where, n= T_

| 0 1
>

3

Half life of the radioisotope is given 10 years,

12

t
Putting the value of nand 7}, in [rr = —]

Subscribe Arvind Academy NEET You tube channel. Click link:
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30.

31

32.

—_—
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I
5=—
10
t =50 years
Soln. Nuclear Fission is the breaking down of

heavier nucleus into smaller fragments while
nuclear fusion is combining of lighter nuclei to form
heavier nucleus. We see that bonding energy per
nucleon of daughter nuclei in both fission and
fusion processes is more than that of parent nuclei.
Further, the difference in binding energy is released
in form of energy while in both the process certain
masses gets converted into energy.

In both processes, some mass gets converted
into energy.

Energy Released

Q=[m(fH)+m(',‘H)—m(;ﬂc)—m(n}]
x931.5MeV

= [2.014102 +3.016049-4.002603-1.008665] x[i31.5

0.018883x931.5 MeV’
17.59 Mel

Soln. (a) Nuclear radius R = R,(A)"”
Where A is the mass number of a nucleus.
Given:R=3.6 fm

536 fim=(1.2fmYA") [ R, =1.2 fm]
or  A=(3)'=27

Soln. If fact the number of protons and

number of neutrons are same before and after a
nuclear reaction but the binding energies of nuclei
present before and after nuclear reaction are
different. This difference is called the mass defect.
This mass defect appears as energy of reaction. In
this sense a nuclear reaction is an example of mass-
energy interconversion.

Soln. Plot of potential energy of a pair of
nucleons as a function of their separation is given in
the figure.

Page 5.
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g

8 o

‘07—:[ 1 2 3 jfrn] -
Repulsive  Attractive

Conclusions: (i) The nuclear force is much
stronger than the coulomb force acting between
charges or the gravitational forces between masses.

(ii) The nuclear force between two nucleons
falls rapidly to zero as their distance is more than a
few fermies.

(iii) For a separation greater than ry, the force
is attractive and for separation less than rg, the
force is strongly repulsive.

Potential energy (MeV) >

33. Soln. We have ' X ="y +'¥Z
Binding energy for X = 7.6 MeV
Binding energy of two fragments Y and Z = 8.5
MeV
Energy released, Q = 240 (8.5 - 7.6) MeV = 216
MeV

34. Soln. (a) Binding energy curve:

10 e
§ : wol * e L un
[ ]
3 i 0
& Hy-
l LT
4
E L L7
2
i -
(]
50 100 150 200 250
Wians muamber (A)

Two salient features of the curve
(i) The binding energy per nucleon, Eu,, is practically
constant, i.e., practically independent of the atomic
number for nuclei of middle mass number (30< A<
170).
The curve has a maximum value of about 8.75 MeV
for A =56 and has a value of 7.6 MeV for A = 238.

(i) £,,is lower for both light nuclei (A < 30) and heavy

nuclei (A < 30) and heavy nuclei (A > 170).

{b) The binding energy curve can be used to explain
the phenomena of nuclear fission and nuclear
fusion.

Nuclear fission: Binding energy per nucleon is
smaller for heavier nuclei than the middle ones, i.e.,
heavier nuclei are less stable. When a heavier

—_— .
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nucleus splits into the lighter nuclei, the
B.E./nucleon changes from about 7.6 MeV to 8.4
MeV. Greater binding energy of the product nuclei
results in the liberation of energy. This is what
happens in nuclear fission which is the basis of the
atom bamb.

Nuclear fusion: The binding energy per nucleon is
small for light nuclei, I.e., they are less stable. So
when two light nuclei combine to form a heavier
nucleus, the higher binding energy per nucleon of
the latter results in the release of energy. This Is
what happens in a nuclear fusion which is the basis
of the hydrogen bomb.

35. Soln. Energy released = Amx 931 MeV

Am = 4m(1 H) - m(; He)
Energy released

Q =[4m(;H)-m(;He)] x93 1 MeV
=[4x1.007825-4.002603]x 931 Mel” = 26.72 MeV’

36. Soln. Am=Zm,+(A-Z)m, —m,

= 85x1.007825+124 x1.008665 — 208.980388
= 1.75924
3.t.piriuclon=

b.cs. i Amix%31.5 MeV =7.84 MeV
A 209

37. Soln. The potential energy is minimum at a

distance rp of about 0.8 fm.

For values less than ro, potential energy V becomes

positive, so the force between the nucleons

becomes repulsive.

(i) For values more than ro, potential energy V
becomes negative, so the force between the
nucleons becomes attractive.

—
—
—

38. Soln.

i;e.,
239 gof 22" Pu = 6.023 x 10%

Number of atoms present in 1000 g of

Number of atoms present in 1 mole

219
o Pu

_ 6.023x1 0™ x1000
239
Energy released per fission = 180 MeV

Total energy released =
2.52x1024 <180 MeV

=2.52x10"

= 4.54x1026 MeV .

S

Page 6




ATDB.uno

39. Soln. As 4x107 kg of He consists of
6.023x10* He atoms,
So 5x10" kg of He consists of

6.023x10* x5x10*
4x10™

Now, 3 atoms of He produce energy

=7.27x10°x1.6x10"J.,

So, all He atoms in star produce
Total energy =

727x1.6x10™"

=7.52875x 10" aroms

x7.52875%10%* J

= 292x10%J

As power generated is P =5x10"W
Time taken to convert all the atoms
into carbon

~29.2x10%

= W = 5.84)( 1 015 seC onds
%10’

5.84x10"

= =1.85x10" years
365%24x60x60

40. Soln. Let us first find the bindine enerev of
No. of protonsin Fe =2 = 2f,
Mass of protons =26 x 1.CJ/8.5u:
26.203450 u
No. of neutronsinFen=A-Z=56-26=30
Mass of neutrons = 30 x 1.008665 u =
30.259950 u
Total theoretical mass of nucleus
= 26.206450 u + 30.259950 u = 56.463400 u
Actual mass of Fe nucleus = 55934939 u
Mass defect Am = Total mass — Actual mass =
0.528461 u

B.E. of 3 Fe. Nucleus

E = Amc® =0.528461(931.5)MeV
=492.26 MeV

B.E.
nucleon
(b) Now binding energy of 3 Fe
No. of protons In Bi =Z = 83
No. of neutrons in
Bi=n=A-Z=209-83=126
Mass of protons =
83x1.007825u =83.649475u

492.26

of $Fe= MeV =8.79 MeV

Subscribe Arvind Academy NEET You tube channel. Click link: n https://www.youtube.com/@ArvindAcademyNEET
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41.

(a)

(b)

Mass of neutrons =
126x1.0086651 =127.091790u
Total theoretical mass of nucleus =
210.741265u
Actual mass of Bi nucleus = 208.980388 u
Mass defect Am =1.760877u

B.E. of iﬁ" Binucleus =

Amc* =1.760877x931.5 MeV
= 1640.3 MeV

B.E.
nucleon
So, 3¢ Feis much more stable than Jy Bi due
to more binding energy per nucleon.

of B =193 v i — 7 85 Ml
209

Soln.

Fusion reactions taking place within core of sun, 4
hydrogen nuclei combine to form a helium nucleus
with the release of 26 MeV of energy.

4 \H—— He+2e' +26 MeV

Number of atoms in 1 kg of | /{

e
_'l(&()ngﬁxlﬁ =|000gx6xl{]:"
At mi - mass lg

n

n=6x10" atoms
Energy released in the fusion of 1 kg of |

26
o 6X10%x26

E=39x10 MeV .

Energy released per fission of U-235 is 200 MeV.
Number of atoms in 1 kg U - 235
23
n=10008 X6x10° _»g 53,10
235¢

Total energy released for fission of 1 kg of uranium
E =25.53x1023x200 MeV

=5.1x1026 MeV

So the energy released in fusion of 1 kg of Hydrogen
is nearly 8 times the energy released in fission of 1

kg of uranium - 235.
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SURE SHOT QUESTIONS

A

Chapter — 14
Semiconductor Electronics: Materials, Devices and

Simple Circuits

MCQ (1 mark)
1. Soln. (d)

2. Soln. (b): Height of potential barrier decreases
when p = n junction is forward biased and it
increases when junction is reverse biased.

3. Soln. (b): Dicde D, is reverse biased as p side is
connected to negative potential and n side to
ground.

Diode D; is forward biased as p side i< gre:~=d »=dn
side is at negative potential.

4. Soln. (d): Potential difference across capacitor,

V = peak voltage = V, 2=2202v.

S. Soln. (b): A vacancy is created when an electron
leaves a covalent bond. This vacancy is known as
hole.

6. Soln. (c): During positive half cycle of input ac
voltage, the p-n junction is forward biased. The
resistance of p-n junction is low. The current in the
circuit is maximum. In this situation, maximum
potential difference will appear across resistance
connected in series of the given circuit. Due to it,
there is no output voltage across p-n junction.

During the negative half — cycle of input ac voltage, the
p-n junction is reverse biased. The resistance of p-n
junction becomes high which will be more than
resistance in series. Due to it, there will be voltage
across p-n junction with negative cycle in output.

7. Soln. (b): Let V be the potential difference between
AandB,thenV-0.3=(5+5)x10"x(0.2x103%) =2
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Oorv=2+03=23V

8. Ans. (d): For siliconitis 1.1 eV.

9. Ans. (b):In n-type semiconductor, the donor
energy level lies just below the conduction band.

10. Ans. (b):As the temperature increases the carrier

concentration increases significantly. This is

because extra electrons are excited from the

valence band to the conduction band, due to

which the number of free electron - hole pairs

increases.

|
| 11 \ns (a):

0.7V
-

[D 100 Q

is

|+

05V
Here, the applied voltage (0.5 V) is less than
barrier potential (0.5 V) is less than barrier
potential (0.7 V).
Thus, it is an example of forward biasing and
there is no flow of current.
So, answer is (a) forward biasing, 0 Amp.

12. Ans. (c) : Zero as diffusion and drift current are

equal and opposite.

Assertion-Reasoning (1 mark)

13. Ans. (a) : Assertion : Correct.

Reason : correct, the number of e’ or hole
increase in conduction band. They jump from
valence band to conduction band.

B nhttp://bit.ly/2IYvIGF Page 1
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14. Ans. (a): When a atom is ionised, it creates a free
electron and also it creates a positively ionised
donor atom. The charge on the free electron and
the ionised donor are equal and opposite. So, as
long as the electron doesn’t go anywhere, the net
charge remains zero.

15. Ans. (c):The electrical conductivity of

semiconductor increases on adding an appropriate
amount of suitable impurity or doping. It can be
done with an impurity which is electron rich or
electron deficient.

16. Sol. (c): In a semiconductor, there are no free
electrons at 0 K. The number of free electrons
increases with increase in temperature because
with increase in temperature the electron get
sufficient energy to cross forbidden band and
reach conduction band. But total number of free
electrons in a semiconductor is less than that in a

conductor.

17. Sol. (b) : In semiconductor there may be energy
bands due to donor impurities (E ,, near ne
conduction band or acceptor im wun'ties | Ep) near
the valence band. When electron fai.s frem h.gier
to lower energy level containing holes, the energy is
released in the form of radiation. The energy of
radiation emitted by LED is equal or less than the
band gap of the semiconductor used. The radiation
released lies in range of visible light whose colour
depends on the semiconductor used.

18. Sol. (b): A reverse bias on a p-n junction opposes
the movement of the majority charge carriers thus
stopping the diffusion current. It makes the free
electrons and holes to drift cross the junction.
Therefore a small current in pA flows even when
the p-n junction is reverse biased. The drift current
is due to the thermal excitations of the electrons
and holes.

19. Sol. (c): A small increase in forward voltage across
p-n junction shows large increase in forward
current. Hence the resistance (= voltage / current)
of p-n junction is low when forward biased. Also the
width of depletion layer of p-n junction decreases in
forward bias. A large increase in reverse voltage
across p-n shows small increase in reverse current.
Hence the resistance of p-n junction is high when

YouTube Channel Arvind Academy link
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reverse biased. Also the width of the depletion

layer of p-n junction increases in reverse biased.
20. Sol. (d): In p-n junction, the diffusion of majority
carriers takes place when junction is forward biased
and drifting of minority carriers takes place across
the junction, when reverse biased. The reverse bias
opposes the majority carriers but makes the
minority carriers to cross the p-n junction. Thus the
small current in uA flows during reverse bias.
21. Sol. (a): In insulator, the forbidden energy gap is
quite large. When electric field is applied to such a
solid, the electron find it difficult to acquire such a
large amount of energy. Thus no electron flow
occurs.
22. Sol. (a): For electron to jump from valence band to
conduction band needs energy equal or more than
the farbidden band between these two band. As
the energy of band gap increases, it becomes
difficult for electron to get that equivalent energy.

| » Case Study

I 2°. \p. wirs

1.(a) In semiconductors at a room temperature, the
valence band is partially empty and the conduction band
is partially filled.

2.(d) In insulators, the conduction band is empty and
valence band is completely filled with electrons.

3.(d) For an insulator,
E, =5eV.
4.(d) In a semiconductor, E, =kT, i.., the energy gap

between valence and conduction bands corresponds to
the thermal energy at room temperature.

5. (c) For a germanium crystal,
E =07V =07x1.6x10717]
=1.12x10"].

24. Answers
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6. (1) Section A represents ntype germanium because
it has electrons as the majority charge carriers.
7. (d) pn junction is forward biased because its

n-section is connected to the —ve terminal and p-section is
connected to the +ve terminal of the battery.

8.(d) Only in case (d), the p-side is at higher potential
(+10V) and mnside is at lower potential (+5V).

9. (¢) Holes diffuse towards the junction because hole
concentration is more in p-region than in rrregion.
(3.2-3)V 5
10. () =220 o
) 000 2x107°A

» Questions

25. Ans. The energy gap between valence band and
conduction band is known as energy band gap in a

solid.

Overlapping
J/ conduction band

E, 4
e, VLI 1.7

energy

Conductors

Electron

Valen e
band

Empty
/ conduction band

7///.6'.""/ m'//m E,

Insulators En >3eV

Electron energy

Semiconductors

Electron energy
N
L]
w
2

26. Ans. Metals ; For metals, the valence band is
completely filled and the conduction band can
have two possibilities either it is partially filled with
an extremely small energy gap between the
valence and conduction bands or it is empty, with
the two bands overlapping each other as shown in

the figure.

e e

\'ouTuBe ChanneI_Afvincma;&e}nv link

e ——
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I Conduction Band | Conduction Band

Valence Band

Valence Band

On applying even a small electric field, metals can
conduct electricity.

Insulators : For insulators, the energy gap
between the conduction and valence bands is
very large. Also, the conduction band is
completely empty as shown in the figure.

I Conduction Band i

| Valence Band J

When an electric field is applied across such a solid,
the electrons find it difficult to acquire such a large
amount of energy to reach the conduction band.
Thus, the conduction band continues to be empty.
That is why no current flows through insulators.

27. Ans. Depletion layer: The small region in the vicinity of
the junction which is depleted of free charge carriers

and has only immobile ions is called the depletion

53] http://bit.ly/21YvIGF

| layer. Rarrier potential : Due to accumulation of

| reg atit e (hai ge. i che p-region and positive charges

in the n-reglon sets up a potential difference across
the junction sets up. This acts as a barrier and is called
potential barrier Vg which opposes the further
diffusion of electrons and holes across the junction,

(a) In forward biasing the width of depletion layer
reduced and the external applied field is able to
overcome the Strang electric field of depletion
layer. In reverse biasing the width of depletion
layer increases and the electric field of depletion
layer become more stronger,

(b) As forward voltage opposes the potential
barrier and effective barrier potential decreases.
It makes the width of the depletion layer smaller.

28. Ans.
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La
Forward bias
PR < 3 \ .
V. ONvoltage V,
Reverse ~065VforSi |
current - 30 pA -0.2V for Ge
Reverse bias
vl

The reverse current is due to minority charge
carriers and even a small voltage is sufficient to
sweep the minority carriers from one side of the
junction to the other side of the junction. Here
the current is not limited by the magnitude of the
applied voltage but is limited due to the
concentration of the minority carrier on either
side of the junction.

29. Ans. (i) From the given curve, we have
Voltage, V = 0.8 volt for current, | = 20 mA
Voltage, V = 0.7 volt for current, | = 15 mA
= Al=(20-15)mA=5x10"4
= AV =(08-0.7)=0.1V

Resistance, R =2
- R= 0.14

5x10
= R =20Q2

(ii) For V=-10V, we have
[==1puA=-1x10°4

R=—2 - =1.0x10'Q
I1x10°

30. Ans. Differences between half wave rectifier and

full wave rectifier are:

Half wave Full wave
rectifier rectifier

(i) | A half wave (i) | Full wave
rectifier is an rectifier is an

electronic circuit
which converts

electronic circuit
which converts
only one-half of entire cycle of
the AC cycle into AC into pulsating
pulsating DC. It DC.

utilizes only half
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of AC cycle for
the conversion
process.
(ii) | Output frequency | (ii) | Output
of half wave frequency of full
rectifier is equal wave rectifier is
to the input double the input
frequency. frequency.
31. Soln. Conductors:

(i) In case of conductors, the valence band is
completely filled and the conduction band can have
two cases — either it is partially filled with an
extremely small energy gap between the valence
and conduction bands or it is empty, with the two
bands overlapping each other as shown below:

I Conduction Band I | Conduction Band |

I Valence Band I | Valence Band |

Case 1 Case 2
(ii) Even when a small current is applied, conductors
can conduct electricity.

Insulators:

(i) i caie »fiisulatr rs, the energy gap between the
conduction and valence bands is very large and the
conduction band is practically empty.

Conduction Band

1
Forbidden Energy Gap

l

Valence Band

(ii)) When an electric field is applied to such kind of
material, the electrons find hard to receive such a
large amount of energy to reach the conduction
band. Thus, the conduction band remains empty.
That is why no current flows through insulators.

Semiconductors:

(i) In case of semiconductor, the energy band
structure of semiconductors is similar to insulators,
But in this case, the size of forbidden energy gap Is
quite smaller than that of the insulators,
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Conduction Band

ForbiddenfEnergy Gap
L

Valence Band

When an electric field is applied to a
semiconductor, the electrons in the valence
band fid it relatively easier to jump to the
conduction band. So, the conductivity of
semiconductors lie between the conductivity of
conductors and insulators.

32. Ans. (a) In forward biasing, the forward voltage
opposes the potential barrier. As a result, potential
barrier height is reduced and the width of
depletion region decreases. Small increase in
forward voltage shows large increase In forward
current. Thus resistance in forward bias is reduced.
In reverse bias, barrier potential height increases.
For large increase in reverse voltage shows small
increase in reverse current. Thus, resistance of p-n
junction is high to flow of curre it vhen ‘eve 'se
biased, (b) Intrinsic semiconductors have very
small conductivity

at room temperature. When certain impurities in
small amount (1| 1 part per million) are added to
an intrinsic semiconductor, electrical conductivity
of doped semiconductor increases to a great
extent and made it useful in many practical
applications.

33. Ans. Two processes that take place in the

formation of p-n junction are diffusion and drift.

!
)

P 0 n
e O oi— +[o e O
o o oi— +Eo e o
o 0o Ooi-|+1e o0 e
I I
o e o|-|+]e e e

when p-n junction is formed, then junction is
formed, then at the junction free electrons from
n-type diffuse over to p-type, thereby filling in the
holes in p-type. Due to this a layer of positive

YouTube Cﬁannel Arvind Academy link

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.

charge is built on n-side and a layer of negative
charge is built on p-side of the p-n junction. This
layer sufficiently grows up within a very short
time of the junction being formed, preventing any
further movement of charge carriers (i.e.,
electrons and holes) across the junction.

Thus a potential difference Vo of the order of 0.1 to
0.3 Vis set up across the p - n junction called
potential barrier or junction barrier. The thin
region around the junction containing immobile
positive and negative charges is known as
depletion layer.

34. Ans. | -V characteristics of a p-n junction: The |-V
characteristics of a p-n junction do not obey Ohm’s
law. The | — V characteristics of a p-n junction are
as shown in the figure.

1{mA) 4

100
80
&0 si
40

Reverse voltage @#— 20
- 100 -80-60-40-20 N

| = 02 04 06 08 10

I -1 Forward voltage

-3

¥ iuA)

(a) The current of order in reverse bias is due to
the drifting of minority charge carriers from
one region to another through the junction. A
small amount of applied voltage is sufficient
to sweep the minority charge carriers through
the junction. So, reverse current is almost
independent of critical voltage.

(b) During breakdown voltage, enormous
covalent bond breaks. As a result large
number of charge carriers increases.
Therefore current increases at breakdown
voltage.

35. Ans. Two processes that take place in the

formation of a p-n junction are diffusion and drift.

n http://bit.ly/21YvIGF Page 5
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When p-n junction is formed, then at the junction
free electrons from n-type diffuse over to p-
type, thereby filling in the holes in p-type. Due to
this a layer of positive charge is built on n-side
and a layer of negative charge is built on p-side
of the p-n junction. This layer sufficiently grows
up within a very short time of the junction being
formed, preventing any further movement of
charge carriers (i.e., electrons and holes) across
the junction. Thus a potential difference Vq of
the order of 0.1 to 0.3 V is set up across the p-n
junction called potential barrier or junction
barrier. The thin region around the junction
containing immaobile positive and negative
charges is known as depletion layer.

36. Ans. Forward biased characteristics ; The circuit
diagram for studying forward bi ss.*d chz ract rristi s
is shown in the figure. Starting from a low vaiuc,
forward bias voltage is increased step by step
(measured by voltmeter) and forward current is
noted (by ammeter). A graph is plotted between
voltage and current. The curve so obtained is the

forward characteristic of the diode.

L
8
pn 7
%‘é
@ - | |3
§4
53
v 2
1 4
1)1 00102030405
Battery Voltage (V)
la) (bl

At the start when applied voltage is low, the
current through the diode is almost zero. It is
because of the potential barrier, which opposes
the applied voltage. Till the applied voltage
exceeds the potential barrier, the current
increases very slowly with increase in applied

I —
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voltage (OA portion of the graph). With further
increase in applied voltage, the current increases
very rapidly (AB portion of the graph), in this
situation, the diode behaves like a conductor. The
forward voltage beyond which the current
through the junction starts increasing rapidly with
voltage is called threshold or cut-in voltage. If line
AB is extended back, it cuts the voltage axis at
potential barrier voltage. Reverse biased
characteristics : The circuit diagram for studying
reverse biased characteristics is shown in the
figure.

‘—
Voltage (V)

AMAA

allills
Battery
(a) (b)

In reverse biased, the applied voltage supports
the flow of minority charge carriers across the
junction. So, a very small current flows across the
jur ti 'n.'ue co minority charge carriers. Motion
f nir ori y Lha ge carriers is also supported by
internal potential barrier, so all the minority
carriers cross over the junction.

Therefore, the small reverse current remains almost
constant over a sufficiently long range of reverse
bias, increasing very little with increasing voltage
(OC portion of the graph). This reverse current is
voltage independent upto certain voltage known
as breakdown voltage and this voltage
independent current is called reverse saturation
current.

37. Ans. Half wave rectifier:

D

A

Transformer X

Primary g | g Secondary R, Output
B Y

It consists of a diode D connected in series with
load resistor R, across the secondary windings of a
step-down transformer. Primary of transformer is
connected to a.c. supply. During positive half
cycle of input a.c., end A of the secondary winding
becomes positive and end 6 negative. Thus, diode
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D becomes forward biased and conducts the
current through it. So, current in the circuit flows
from A to B through load resistor R..

i
v.
o N

N N

0
v

0 ~>t->»

).

During negative half cycle of input a.c., end A of the
secondary winding becomes negative and end B
positive. Thus, diode D becomes reverse biased and
does not conduct any current. So, no current flows
in the circuit. Since electric current through load R,
flows only during positive half cycle, in one
direction only i.e., from A to B, so d.c. is obtained
across R..

38. Soln. Forward biased characteristics: The circuit
diagram for studying forward biased
characteristics is shown in the figure. Starting
from a low value, forward bias voltage is
increased step by step (measured by
voltmeter) and forward current is noted (by
ammeter). A graph is plotted br . ween ui@ ge
and current. The curve so obt7 ne{istl e
forward characteristic of the Jiode.

I
‘ L
7 B
‘é‘ 6
- 51
4 Ge
3
2
J A
"To
+{ | ||l- 00102030405
Battery Voltage (V)
(a) (b)

At the start when applied voltage is low, the
current through the diode is almost zero. It is
because of the potential barrier, which
opposes the applied voltage. Till the applied
voltage exceeds the potential barrier, the
current increases very slowly with increase in
applied voltage (OA portion of the graph). With
further increase in applied voltage, the current
increases very rapidly (AB portion of the
graph), in this situation, the diode behaves like
a conductor. The forward voltage beyond
which the current through the junction starts
increasing rapidly with voltage is called

O —
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39.
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threshold or cut-in voltage. If line AB is
extended back, it cuts the voltage axis at
potential barrier voltage.

Reverse biased characteristics: The circuit
diagram for studying reverse biased
characteristics is shown in the figure.

pn —
Voltage (V)
-10-8-6-4-2 ,
° 2
Breakdown { 4 =
voltage é 3
s
- 10
I ¢
Battery D
(a) (b)

In reverse biased, the applied voltage
supports the flow of minority charge carriers
across the junction. So, a very small current
flows across the junction due to minority
charge carriers.

Motion of minority charge carriers is also
supported by internal potential barrier, so all
the minority carriers cross over the junction.

Therefore, the small reverse current
rer 1ai (s ¢ I Jst constant over a sufficiently
lar 31 iNg : 6 ° re verse bias, increasing very little
with increasing voltage (OC portion of the
graph). This reverse current is voltage
independent upto certain voltage known as
breakdown voltage and this voltage
independent current is called reverse
saturation current.

soln. (a) Given, A=600nm=6x10" m

2 6x107 x16x10" ¢
~2.06 eV’

he _ 6.6x107" x3x10" v

As, energy gaps of diodes D, and Ds; are
greater than the given energy of the incident
radiation.

Hence diodes D; and D3 will not be able to
detect light of wavelength 600 nm.

(b) In reverse bias condition of photodiode,
the change in saturation reverse current is
directly proportional to the change in the
incident light flux or light intensity, which can
be measured accurately. It is not so when
photodiode is forward biased.
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40. Soln.

Dl
Il
I
II é R
]
1
Dl

Full wave rectifier

Input
Waveform > @
I:)I 02 DS Dl
Qutput .
Waveform il @

During first half of input sinusoidal ac signal
diode D; conducts as it is forward bias and
during second half of input ac signal diode D,
conducts as it is forward bias now. D; and D,
are inverse bias conditions during first and
second half respectively and do.sn't 22 .2ut.
Due to this output appears as ' va. eforr 1 (b}

41. Soln. (a) The value of R has to be increase
because on heating, the conductivity of a
semiconductor increases. i.e., resistance of S
decreases on heating.

(b)

A1

L P side —— b—un sidde —J uA
R

HAP—wh

Working: In photodiode an electric field
exists across the junction from n-side to p-side.
When visible light with energy hv greater than
energy gap (Eg) illuminates the junction, then
electron-hole pairs are generated in the
depletion layer. Due to electric field electron
moves towards n side and hole towards p-side
give rise to an emf. When an external load is

connected current flows.
e
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42. Soln.

(i)

(ii)

http://bit.ly/2IYvIGF

14 (mA)

V{volt)—»

L>1 v 1(pA)

SIS £ £ §
|-V Characteristics of the diode

V — | characteristics of p-n junction
diode:

I(mA)

100 —
80 —
60 —
40 —

100 80 60 40 %0 |
, vv)
i 0204 0608 1.8
( 20 —
30 i

v

lipA)

Under the reverse bias condition, the holes of
p-side are attracted towards the negative
terminal of the battery and the electrons of the
n-side are attracted towards the positive
terminal of the battery. This increases the
depletion layer and the potential barrier.
However the minority charge carriers are
drifted across the junction producing a small
current. At any temperature the number of
minority carriers is constant and very small so
there is the small current at any applied
potential. This is the reason for the current
under reverse bias to be almost independent
of applied potential. At the critical voltage,
avalanche break down takes place which
results in a sudden flow of large current.

At the critical voltage, the holes in the n-side
and conduction electrons in the p-side are
accelerated due to the reverse-bias voltage.
These minority carriers acquire sufficient
kinetic energy from the electric field an collide
with valence electrons. Thus, the bond is finally
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broken and the valence electrons move into
the conduction band resulting in enormous
flow of electrons and thus result in formation
of hole - electron pairs. Thus, there is a sudden
increase in the current at the critical voltage.
Zener diode is a semiconductor device which
operates under the reverse bias condition in
the breakdown region.

43. Soln. (i) Forward biased: Potential drop
across the junction decreases and diffusion of
holes and electrons across the junction
increases. It makes the width of the depletion
layer smaller.

(ii) Reverse biased: Potential drop across
the junction increases and diffusion of holes
and electrons across the junction decreases. It
makes the width of the depletion layer larger.

44, Soln. Forward Biasing: The positive
terminal of the external battery is connected to
p-side and negative terminal of battery to n-
side of p-n junction. The forward bias voltage
oppose the potential barrier. Due to this, the
potential barrier is reduced and hence the
depletion becomes thin. The re sictance of p n
region junction decreases.

Reverse biasing: The negative terminal of
the external battery is connected to p-side and
positive terminal of battery to n-side of p-n
junction. The reverse bias voltage supports the
potential barrier, Due to this, the potential
barrier is increased. The resistance of p-n
junction becomes high.

45, Soln. This is he characteristic of solar cell.

46. Soln. Conductors:

(iii) In case of conductors, the valence band is
completely filled and the conduction band can
have two cases = either it is partially filled with
an extremely small energy gap between the
valence and conduction bands or it is empty,
with the two bands overlapping each other as

shown below:

I Conduction Band—l | Conduction Band J

[ ValenceBand | | ValenceBand |
Case 1 Case 2

(iv) Even when a small current is applied,
conductors can conduct electricity.
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Insulators:

(iii) In case of insulators, the energy gap between
the conduction and valence bands is very large
and the conduction band is practically empty.

Conduction Band

T
Forbidden Energy Gap

1

Valence Band

(iv) When an electric field is applied to such kind of
material, the electrons find hard to receive
such a large amount of energy to reach the
conduction band. Thus, the conduction band
remains empty. That is why no current flows
through insulators.

Semiconductors:

(ii) In case of semiconductor, the energy band
structure of semiconductors is similar to
insulators, But in this case, the size of
forbidden energy gap is quite smaller than that
of the insulators.

| Conduction Band

I s — — e — — ——]

Fo.%icden Eneng; Gap
)

Valence Band

(iii} When an electric field is applied to a
semiconductor, the electrons in the valence
band fid it relatively easier to jump to the
conduction band. So, the conductivity of
semiconductors lie between the conductivity of
conductors and insulators.

47. Soln.

= Transformer A X

Working: During one half of the input a.c.,
the diode is forward biased and a current flows
through R..
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During the other half of the input a.c., the
diode is reverse biased and no current flows
through the load R..

Hence, the given a.c. input is rectified.

48. Saln. In the cycle, if Dy and D; are short
then equivalent circuit will result as:
30
AN
an
ANV

_.|

10V 250

D; is reverse biased

D, conducts

10 _10
3+25 55

49. Soln. Diffusion: It is the process of
movement of majority charge carriers from
their majority zone (i.e., electrons from
n— pand holes from p — n) due to the

electric field developed at the junction.

=18 A

Drift: Process of movement of minority
charge carriers (i.e., holes from n — p and
electrons from p — n ) due to the electric
field developed at the junction.

Barrier potential: The loss of electrons from
the n-region and gain of electrons by p-region
causes a difference of potential across the
junction, whose polarity is such as to oppose
and then stop the further flow of charge
carriers. This (stopping) potential is called
Barrier potential.

50. Soln. (i) Due to diffusion and drift, the
electrons and holes move across the junction,
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creating a final stage in which a region is crated
across the junction wall, which gets devoid of
the mobile charge carriers. This region is called
depletion region; the potential difference
across the region is called Barrier potential.
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(ii)

N rkiag: ¥ ~n alternating voltage is applied
across a diode in series with a load, a pulsating
voltage will appear across the load only during
that half cycle of the ac input during which the
diode is forward biased.

Therefore, in the positive half - cycle of ac
input there is current through the load resistor
R. and we get an output voltage whereas there
is no output during the negative half cycle.
Thus, the output voltage is restricted to only
one direction and is said to be rectified.

51. Soln.

Intrinsic Extrinsic

semiconductor semiconductor

Itis a semiconductor | Itisa

in pure form. semiconductor
doped with
trivalent or
penetrates impurity
atoms.
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Intrinsic charge The two

carriers are concentrations
electrons and holes | are unequal in it.
with equal There is excess of
concentration. electrons in n-

type and excess
of holes in p-type
semiconductors.

i)

Current due to charge | Current due to
carriers is feeble (of charge carriers is
the order of uA). significant (of the
order of mA).

52.

53.

(a)

(b

—

(b) If p-type and n-type semiconductor are
heavily doped. Then due to diffusion of
electrons from n-region to p-region, and of
holes from p-region to n-region, a depletion
region formed of size of order less than | um.
The electric field directing from n-region to p-
region produces a reverse bias voltage of about
SV and electric field becomes very large.

E= af =i~5x10“l’a’m

Ax  lum

Soln. (i) The doped semiconductor is n-
type

(ii) nenh = ni2

8,2
nh=n£2me=w=4xm* perm’
9x10™”

Soln.

In forward biasing, the forward voltage
opposes the potential barrier. As a result,
potential barrier height is reduced and the
width of depletion region decreases. Small
increase in forward voltage shows large
increase in forward current. Thus resistance in
forward bias is reduced. In reverse bias, barrier
potential height increases. For large increase in
reverse voltage shows small increase in reverse
current. Thus, resistance of p-n junction is high
to flow of current when reverse biased.
Intrinsic semiconductors have very small
conductivity at room temperature. When
certain impurities in small amount (L) 1 part
per million) are added to an intrinsic
semiconductor, electrical conductivity of
doped semiconductor increases to a great
extent and made it useful in many practical
applications.
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54. Soln.
Intrinsic p-type
semiconductor semiconductor

(i) Itisa Itisa
semiconductor semiconductor
in pure form. doped with

trivalent (like
Al, In) impurity

(ii) Intrinsic charge Majority charge
carriers are carriers are holes
electrons and an minority
holes with charge carriers
equal are electrons.
concentration.

(iii) Conductivity Conductivity
depends on depends on
temperature. temperature as

well as dopant

concentration.

In p-type semiconductor, trivalent impurity

is doped with tetravalent pure semiconductor.
Both type of atom (impurity and host
semiconductor) are electrically neutral and
hence, so produced p-type semiconductor is
electrically neutral.

| 55. Son. [ iepl 2tion layer: The small region in
sh¢ viciniy o 2ie junction which is depleted of
free charge carriers and has only immaobile ions
is called the depletion layer.

Barrier potential : Due to accumulation of
negative charges in the p-region and positive
charges in the n-region sets up a potential
difference across the junction sets up. This acts
as a barrier and is called potential barrier Vs
which opposes the further diffusion of
electrons and holes across the junction.

(a) In forward biasing the width of depletion layer
reduced and the external applied field is able
to overcome the strong electric field of
depletion layer. In reverse biasing the width of
depletion layer increases and the electric field
of depletion layer become more stronger.

(b) As forward voltage opposes the potential
barrier and effective barrier potential
decreases. It makes the width of the depletion
layer smaller.

56. Soln.

_E
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Forward bias

v ~ ONvoltage  V,
fm’:: ik - 0.65 V for Si
~ 0.2 Vfor Ge

Reverse bias

wlr

The reverse current is due to minority
charge carriers and even a small voltage is
sufficient to sweep the minority carriers from

| one side of the junction to the other side of the
junction. Here the current is not limited by the
magnitude of the applied voltage but is limited
due to the concentration of the minority
carrier on either side of the junction.

57. Soln. (i) From the given curve, we have
Voltage, V = 0.8 volt for current, / =20mA

Voltage, V = 0.7 volt for current, / =15mA4
= Al =(20-15)mA = 5x11 ™4
= AV =(0.8-0.7 =0.1V

Resistance, R = ﬂ—l-
Al

0l
5x107

(i) For V = -10 V, we have

= = R=20Q

[=—1ud =-1x10° A4

10
= R= - = 1.0x10°Q
1x10
58. Soln. According to the question
D 21)
A pp AWh— B
D, 2
c l= _""I.Ill" D
E  ——nN—F
'Y 10

e
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64. Soln.
i) p-bpe
2 632
iy n, =" =20 g0
n, 4x10
Decrease
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59. Soln. Voltage at p side is less than voltage
at n side of the diode so it is in reverse bias.

)
60. Soin. n-=nn,

I

n =—= = —:n, =5x10
n, 45x107 4.5%10%

p (15%10°) 225x10%

61. Soln. The diode is reverse biased, but the
voltage across it is given as 5 V. Ry is in parallel

r

with the diode, so currentin R, =

1000Q2
Current in Rz = 5 mA.

62. Soln, Forward resistance
o AV, (24-200V
Al. (£0-60)mA
0.4V 400

7201074 20
Reverse resistance

Or =200

AV, 2-0)V
"TAL (025-0)uA
2w
OrR =— = —8x10°Q
R T T = ik
63. Soln.

(i) V,=V,=7-5=+2V Forward Biased
(i) V,—V, =0-2=-2V Reverse Biased
(i) V,—-V, =—10-0=—10V Reverse Biased
(iv) V,=V,==5+12=+7V Forward Biased.

Ell;)'ﬁtm ly/21¥YvIGF

Page 12 |i



Iy I‘.'...-_ :..,I
MATERIAL

(@BOARDDISCUSSION12TH

Created By Chankaya

a
>
m
o
=
<


Created By Chankaya 


