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1 Electrostatics

1.1 Calculate the number of electrons in one coulomb
of negative charge.

Given: Q=1C e=1.6x1071°C
Solution: q =ne
q 1 1
n=-—= =
e 1.6x10°1 16x10-2°
1 100
n=—x100=—x10'8
16 16

n = 6.25x 108 electrons

1.2 A sample of HCI gas is placed in a uniform electric
field of magnitude 3 x 10* N C™. The dipole moment
of each HCI molecule is 3.4 x 103° Cm. Calculate the
maximum torque experienced by each HCI molecule.
Given: E=3x 10*NC™!, p =3.4x1073Cm
Solution:
Torque experienced by dipole in an electric field

T=pESin0
When dipole is perpendicular to electric field, it
experiences maximum torque

When g = 9Q° v Tmax =P E
Tmax = 3.4x103%°x 3 x 10*

Tmay = 10.2xX10 26N m
1.3Consider a point charge +q placed at the origin and
another point charge -2q placed at a distance of 9 m
from the charge +g. Determine the point between the
two charges at which electric potential is zero.
Given:

9m |

©

_2q

©
+q
Solution:

Let P be a point at a distance x from the charge +g. At
P, the sum of the potentials due to each charge is zero.

Vg+V_2q=0

x P 9-x

P12
4mey x  4mgy 9 —x E
1 q_ 1 24 §2x=9—x
dmey x 4me, 9 —x i 3x =9
i
- 1/ o ! x=3m
€0 X 47\180 9—x I
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At a distance of 3 m from the charge +q, electric

potential is zero

1.4 A water molecule has an electric dipole moment of
6.3 x 10 Cm. A sample contains 10%> water
molecules, with all the dipole moments aligned parallel
to the external electric field of magnitude 3 x 10° NC?
How much work is required to rotate all the water
molecules from 6 = 0°to 90°?

Given: E=3x 10°NC™}, p =6.3x1073%Cm
Solution:

Work done to rotate single water molecule
dipole from initial angle ©;to final angle O

w =pE[CosO; — CosO]
w =pE [Cos0° — Cos90°]
w=pE[1-0]=pE

JAYA PHYSICS

Work done to rotate 10%% water molecules
w=10%?pE
w=10??x6.3x1073%x3x10°

w=18.9x1073J

1.5 Calculate the electric flux through the rectangle of
sides 5 cm and 10 cm kept in the region of a uniform
electric field 100 NC 1. The angle € is 60°. If & becomes
zero, what is the electric flux?

Given: E=100 NC™%, {=10cm =10x10"2m
b=5cm=5x10"2%m

Solution:
Electric Flux ¢ = EA Cost
When © =60° ¢ = ELbCosB
¢ =100x 10x1072x5x1072x Cos60°
¢ = 103x 107*x5x0.5
$p = 2.5x 1001 Nm? c!

When © =0°
¢r = ELbCosO

¢ =100x 10x1072x5x 10~2x Cos0°
¢p = 10°x 107*x5x1
¢ = 5x 107 Nm? ¢!
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1.6 A parallel plate capacitor has square plates of side
5 cm and separated by a distance of 1 mm. (a) Calculate
the capacitance of this capacitor. (b) If a 10 V battery is
connected to the capacitor, what is the charge stored in
any one of the plates?
Given:a=5x10"%m A= a?=[5x1072]?
d=1mm=1x10"3m
Solution:

The capacitance of the capacitor is

c_foA_885x 107 %5x 10-2]"

d 103
8.85x 10~12x25x 104
€= 10-3
C=221.25x1071% = 22.125x 10712
C=22.125pF

The charge stored in any one of the plates is

Q=CV=22125x10"12x10

Q =221.25x107'2C
1.7 A parallel plate capacitor filled with mica having
er = 5 is connected to a 10 V battery. The area of each
parallel plate is 6 cm? and separation distance is 6 mm.
(a) Find the capacitance and stored charge.
(b) After the capacitor is fully charged, the battery is

disconnected and the dielectric is removed carefully.
Calculate the new values of capacitance, stored energy

and charge.

Given: &.=5
A=6x10"*m?
Solution:

The capacitance of the capacitor with dielectric 1s
_ EEA
- d

_885x 10 x5x6x 10"

/é/x 103

C=4425x10"13 =4425x 1012
C=4.425pF

A=6cm?> A=6x [10‘2]2

d=6mm=6x10"3m

The charge stored in any one of the plates is
Q=CV=4.425x10"1x10
Q =44.25x1071%C Q=44.25pcC

The energy of the capacitor with dielectric is
_CV? 4.425x10"“x10°
T2 2

U=12.212x10"10J
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(b) when dielectric and battery are disconnected, the
total charge will not change.

the potential increases by g, times. Capacitance
decreases &, times and equals to original capacitance
C, before introducing dielectric. Stored energy U
increases by &, times and equals to original energy U,
before introducing dielectric

The capacitance of the capacitor without dielectric 1s

C 4.425pF
= S_r =—
The energy of the capacitor without dielectric is

Uy=¢,U=5x2.212x10"1° =11.06J

Co = 0.885 pF

1.8 Dielectric strength of air is 3 x 10° V m™. Suppose
the radius of a hollow sphere in the Van de Graff
generator is R = 0.5 m, calculate the maximum potential
difference created by this VVan de Graaff generator.
Given: E=3x 10°Vm™!, R =0.5m

Solution: JAYA PHYSICS |
potential on the surface of the hollow metallic sphere
IS Vmax = Emax R

=3x10°x0.5
= 1.5x 10° V = 1.5 million volt

1.9 When two objects are rubbed with each other,
approximately a charge of 50 nC can be produced in
each object. Calculate the number of electrons that must
be transferred to produce this charge.

Given: Q=50nC=50x10"°C e=1.6x10°19C
q 50x107° 50x107°

e 1.6x101° 16x10-20

50
n=ToX 1011 = 3.125x 1012

n=3.125x10"! electrons

1.10A spark plug consists of two electrodes separated
by a gap of around 0.6 mm gap To create the spark, an
electric field of magnitude 3 x 106 Vm is required. (a)
What potential difference must be applied to produce
the spark? (b) If the gap is increased, does the potential
difference increase, decrease or remains the same? (c)
find the potential difference if the gap is 1 mm.
GivenlE=3x 10°Vm1d =0.6mm = 0.6 x 10 3m
Solution:

aV=Ed=3x10°%0.6x10"3=1.8x103V =1800V

b. Vad As gap distance d increases ,V also increases

c.V=Ed=3x10°%1x10"3=3x103V=3000V
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1.10 Calculate the electrostatic force and
gravitational force between the proton and the
electron in a hydrogen atom. They are separated by
a distance of 5.3 x 107! m. The magnitude of
charges on the electron and proton are 1.6 x 10 1°
C. Mass of the electron is me=9.1 x 103* kg and
mass of proton is my= 1.6 x 10" Kkg.
Solution:

Electrostatic force between the proton and the
electron
1.9 _

Fi=k—3

1.6x107 % x1.6x1071°

=9x10°
E=JXIOX [5.3x 10-11]2

s 16x1072°x16x 10720
= 910X — 0
gy 2X107 ST ST T S a
[5.3]2x10722 log of 256 = 2.4082 |
5 = 82x10°N I 33624 !
o 8.2x10-0N Plog of 5.3=2 x 0.724311.;1?22 :
!Agtil_o&oil 9138 = §2£)0_._ _ :

Gravitational force between the proton and the
electron

m;.m, m,.m,

FGZG

rZ

9.1x103'x1.6x10°%7
[5.3 x 10-11]2
9.1x10731x 1.6 x 10~%7
[5.3 ]2 x10-22

. 6.67x9.1x 1.6 x1075°

&= [5.3]% x10-22
Fc = 3.456 x10~*N

r2

F;, = 6.67 x 10~ 11x

Fo = 6.67 x 10~ 11x

. I log of 6.67 0.8241,

Fg __8.2x10 | logof9.1 = 0.9590

Fo  3.456x10-% | logof L6 = 0.2041]

F,  82x10%° : _1.98721

v 12log of 5.3-2x 0.7243=" 1.4486!

. 20,5386,

Fe _pax1o  1Autiogof05386=3456 _
Fg
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The magnitude of the y
electric field at point P is Qi
1 q
Ep = =
P 4mey 12 =
1x10°° 2
— 9 i
Ep =9x10 XT +1uC P x
9x 103
Ep = Ep =2.25x 103 N C™!

4
Since the source charge is positive, the electric

field acts outward from the charge
Ep =2.25x1031NC?

The magnitude of the Y
electric field at point Q is Qb
1 q
Eg= =
Q7 4ng, 12 e
1x107° 2
— 9 J S
EQ =9x10 XT +1nC ) x
9x103 3 .
Eq = Epg =0.56x10° N C~

16
Since the source charge is positive, the electric

field acts outward from the charge
Eo=0.56x103]N C!

1.12 Calculate the electric field at points P, Q as shown
in the figure

The magnitude of the y
electric field at point P is
1 g4
Ep = =
P 4mey 12
9 2x 10_6 6m ™ 2m
Erp =9x10 XT Q _gpc\r P
18x10° 3 1
EP:T EP=4'5X10 NC~

Since the source charge is negative, the electric
field acts inward towards the charge

Ep =4.5x1035INC?!

The magnitude of the y
electric field at point Q is
1 4q
Eg = =
7 4ne, 12
_ 9 2X10_6 6m ™ 2m
EQ =9x10 XT Q _Zuc\r P
18x10° B 3 1
EQ:T EQ—0.5X10 NC

Since the source charge is negative, the electric
field acts inward towards the charge

in the figure.
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1.13 Consider the charge configuration as shown in the
figure. Calculate the electric field at point A. If an
electron is placed at points A, what is the acceleration
experienced by this electron? (mass of the electron =
9.1 x 107! kg and charge of electron =—1.6 x 1071°C)

y
4, =+1uC l A
2mm
2mm
© X
4,=+1pC

Electric field at point A due to g4 is
1 qq 1x107° 9x 103

= —~=9x10° =
amey, 12 2x10-3]2  4x10-6

Eq x[

E, =225x10°NC™! E;=2.25x10% N C!

Electric field at point A due to g3 is
1 q 1x107®  9x10°
 4mgg 12 [2x10-3]2  4x10-6

9x10%

E,

E, =225x10°NC™! E,=2.25x10°NC!

Ni Elecﬂc fiﬂd at point A due to g4 and q; is
E,=E, +E;
Ex =225x10% +2.25x10%
Ex =2.25x10° (1+])
E, = 225x10° 12 + 12
Ep, =vV2x2.25x10°N C1

. I logof2.25 = 0.3522!
F=Eye Ilogof1.6 = 0.2041
md=E,e | _0.5563,
. :log of 9.1 = 0.9590,
= CAC L\ ___ 159731
m Antilog of 1.5973 = 0.3957
. _225x% 107 (1+))x —1.6x10717

9.1x10-31
d=-0.3957x10%1 (1+]))

The electron is accelerated in a direction exactly

opposite to E,

www.Trb Tnpsc.Com

1.14 a)Calculate the electric potential at points P and
Q as shown in the figure below.

b)Calculate the work done to bring a test charge +2 nC
from infinity to the point Q. Assume the charge +9 uC
is held fixed at origin and +2 pC is brought from
infinity to P.

& 10m P 6m Q
+9uC
a) Electric potential at point P due to +9uC is
1 q
P= Ame, T
B g 9% 10-° _ 81 . N 5
Vp=9x10 XT—Exlo =8.1x10°V
Electric potential at point Q due to +9uC is
1 q
Vo= Ane, T
Vo = 9x109xM= gx 103 =5.06x 103
@ 16 16

Potential difference between P and Q is
Vp — VQ =8.1x 103 —5.06x 103 = 3.04 x 103V

b) work done to bring a test charge +2 puC from infinity
to the point Q.

W=506x103x2 x107¢=10.12x1073)

(c) Suppose the charge +9 uC is replaced by —9 pC find
the electrostatic potentials at points P and Q

P
10m p S Q
—9ucC
Electric potential at point P due to -9uC is
1 q
P~ ang, r
Ve =9x109%x 207 8L 10— g 1x 1097
PEIXETT) T 0 TR
Electric potential at point Q due to -9uC is
1 q
Vg = =
¢ 4mey T
Vo =9x10x X107 8L 105 s 06x 10
@ =9x10°x—-= =~ TgX =-5.06x

Potential difference between P and Q is
Vp —Vp = —8.1x 10 — (=5.06x103) = —3.04 x 103V
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1.15 Two conducting spheres of radius ry=8 cmand r>
= 2 cm are separated by a distance much larger than 8
cm and are connected by a thin conducting wire as
shown in the figure. A total charge of Q = +100 nC is
placed on one of the spheres. After a fraction of a
second, the charge Q is redistributed and both the
spheres attain electrostatic equilibrium.

(a) Calculate the charge and surface charge density on

each sphere.

(b) Calculate the potential at the surface of each sphere.

Since two conducting spheres are connected by
a thin conducting wire, their potentials are equal

Thin conducting wire

VA:VB |q1+QZ:Q
I
1 q 1 q,l492+q2=100nC
4me, ' r;  4TEy T : 5g, = 100nC
£=2=§=4 : q, = 20nC
2
2 lq; = 4q, = 4 x 20nC
=42 | 4 =gonc
Electric potential of first sphere A is
_ L w
47 4mey 1y
Vy=9x10° %X—lo_g—g 103 =9KV
AT IR g0 T T T

Electric potential of Second sphere B is
VB = VA =9KV

Charge density of first sphere A is
80x 1077

q1
Oar = =
A7 4mr? 4x3.14x[8x 10722
= 8x1077 =0.99 x107C m~2
AT 4x314x6hxi0o* X m
Charge density of first sphere B is
_ q 20x 1077
"B T 4mrZ  4x3.14x[2x 10722
2x1078
og =3.99x10"°Cm~?

T 4x314x4x10*

www.Trb Tnpsc.Com

1.16 A point charge of +10 pC is placed at a distance of
20 cm from another identical point charge of +10 pC.
A point charge of -2 puC is moved from point a to b as
shown in the figure. Calculate the change in potential
energy of the system? Interpret your result.

-2uC

5cm

15 cm

@ 101C
Q

Initially when -2 uC is at point A

o 1 (9192 9293
' 4mey | PA 0 AQ
U = 9% 10° 10x107%x —2x107® —-2x10"°x10x107°
=X 5 x 10-2 5x10-2
U = 9% 10° —20x 10~12 ), —20x 10~12
1= XX 102 T 15 x10-2
U; =9x10%x[-4 —1.33]x 10710
U; = 9x10°x[-5.33]x 1010
U; =-4797x 107 U; =-4.797]
Finally when -2 uC is at point B JAYA PHYSICS |
P 9192 | 92493
Uf_zhcso'[ PB ' BQ
- [10x10-6x —2x107% —2x107°10x10°
=9x
£ 5 V2x 10-2 5v10 x 10-2
Ues 9% 10° [—20x 10710 _20x10-10
= X X
£ 52 5V10
Uz 0% 10° —4x 10710 —4x 10-10}
=YX X
f V2 V1o
Up=—-9x10%x4x 10710 [i + i]
V2 V10

Ur = —36x 1071x[0.707 + 0.30]

Us = —3.6x[1.007]

U =-3.6]

change in potential energy of the system
Us—U; =-3.6 —(—4.797)

Usg—U 3.6 +4.797

Ug—U; = =3.6 +4.797

U —U; = +1.197]

positive sign implies that to move the charge —2uC
external work is required.

i= =
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1.17 Find the equivalent capacitance between P and Q
for the configuration shown below in the figure (a).

1uF
4uF

[l

| 3w
6uF

P o— N —2
2uF ||‘
8uF
Soluuon:

6uF and 2pF capacitors are in parallel, their
effective capacitance is

Cp=C;+C, =6+2=8uF

1uF and 3pF capacitors are in parallel, their
effective capacitance is

Cp=C;+C, =1+3=4puF

‘o

4uF and 4uF capacitors are in series, their
effective capacitance is

C1C2 _ 4x4

www.Trb Tnpsc.Com

1.18 A closed triangular box is kept in an electric field
of magnitude E = 2 x 10° N C as shown in the figure.
Calculate the electric flux through the (a) vertical
rectangular surface (b) slanted surface and (c) entire
surface.

Solution:
(@ Electric flux through vertical rectangular face AC

E=2x103Nc™!
A=ACx CD
A=5x10"2%x15x 102

A = 75x 10-*4m2 JAYA PHYSICS

Angle between Eand 4 is 180°
bg = EA
& = EA Cos9
¢ = 2x103x75x 10~*x Cos 180°
¢ = 150x 1071x(-1)
dg = —-15Nm? ¢!
b. Electric flux through slanted rectangular face

Cs = = =—=2uF — 3N -1
) C,+C, 4+4 8 K E=2x10°NC
AC
8UF and 8F are two equal capacitors are in Cos 60° = BC
series , their effective capacitance is
BC AC > 10
= = = cm
= —=—= Cos 609 1/2
Cs 5 = duF JAYA PHYSICS /
A=BCx CD
H A=10x10"2x15x 1072 = 150 x 10~*m?
Pe Z2UF _(.2 Angle between Eand 4 is 60°

4uF
|
|

2uF and 4 F capacitors are in parallel, their
effective capacitance is

Cp=C;+C, =2+4=6uF
6uF

s

Important Numericals

&g = EA CosO

dp = 2x103x150 x 10~*x Cos 60°
g1

¢ =300x 10 X(E)

¢ =15Nm? ¢!
Electric flux through entire face
No Electric flux comes through side faces

Total Electric _ 2 o1
throug% ¢ =(—15+15)Nm- C

flux
entire face ¢ =0

C)
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1.19 Suppose a charge +q on Earth’s surface and
another +q charge is placed on the surface of the
Moon. (a) Calculate the value of q required to
balance the gravitational attraction between Earth
and Moon (b) Suppose the distance between the
Moon and Earth is halved, would the charge g
change?

(Take m.=5.9 x 10**kg, m, = 7.9 x 10?2kg)

Electrostatic repu1510nj| 91 G5

r?

q.4q
=k o,

between charges on| Fp =k
Earth and Moon

gravitational

. my
attraction between | F; = G

.m, mg

=G

.My

Earth and Moon r? r?

To balance the gravitational attraction between
Earth and Moon, Fp = Fg

q.q Mg . My
2 =G 12

.My

k
6.67 x10 11x

k

Mg

2:G

q

5.9x10%* x 7.9 x 1022
9x10°

6.67x59x79
9

6.67 x 0.65 x 7.9 x102°

x102%6

q =
1
q=[6.67 x0.65x 7.9 x102°]2
IMog of 6.67 = 0.8241 |
q=5.852x1013¢ ! | log of 0.65 ~T1.8129 1
I Mogof7.9 = 0.8976 1
I 1.5346 !

|
I 1/2 of 1.5346 = 0.7673
Annlog of 0.7673 = 5. 852'

halved, then both gravitational and electrostatic
repulsion will increase equally. So Charge placed
on them will not change.

1.20 Capacitors P and Q have identical cross sectional
areas A and separation d. The space between the
capacitors is filled with a dielectric of dielectric
constant er as shown in the figure. Calculate the
capacitance of capacitors P and Q.

. I ——
——

Cl 2

P |l

Important Numericals
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A
a4 I
C1=80_2=M 1 Cp =Cy +&,.0;
d 2 I
1Cp = Cy[1+ 2]
=252 e e
2 = =£.(, 1
d I soA
Cp=C,+C; I
[ |
C;
|
[ ] Cy
Q | |
_ggA 280 : . C,5,Cy
1= (_i - d | s = C1+£rC1
2 I
£of A _ 28054 o G5O
2= E d 1 C1(1+Er)
2 I
| EC]_
Cy; = &.Cy 1 C =T
L (It
C,;C
C. = =12 : € 280A
ST C+C, e =
I (1+s,.) d

1.21For the given capacitor configuration (a) Find the
charges on each capacitor (b) potential difference
across them (c) energy stored in each capacitor

alyl

wel Lyl b
2|  ©2uF T [8pF
[

Solution: | lov
6pF and 2 pF are in parallel,their effective capacitance is

| BRF

|l

d
CP = Cl + Cz Bui_ CP e

al 8uF

Cp=6+2=8yF

logy

Three equal 8pF capacitors are in series, their effective
capacitance is

8
C. - c 8 o Cs| |3 it
STn" 3
9V
JAYA PHYSICS
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Charge stored in effective capacitance

8
Q=CSV=§|.1x9=24-pC

In series connection charge stored in a, Cp,d will be

same 24 pC
| [BHE
Q, =24 pC 8uF ICI a
1 . ——
Qaq =24 pC 24pC 2| T [BuF
Qc, = 24 uC ! 24 uC
Y
24
Voltage across Cp V = 2 il o 3V
c 8u

6pF and 2 pF are in parallel, voltage developed across

them is same 3V
=y

_Qa_ 24p
Ve=c, " 8n = wl [l b
24 a CZI-LF _?IJ.F
deﬁz—p:3v £14
Cqa 8u [
[ lov
Ve=V4=3V

Charge stored in capacitor b and c is
Q, =C,Vp,=6px3 =18 pC
Q. =CV,.=2nux3 =6 puC

JAYA PHYSICS

Energy stored in each capacitor is

1 2 _1 2
U,==-C, Vg ==x8ux3“=36ulJ

2 2

1 , 1 >,
Ub:ECbeZEX6uX3 =27uJ

1 2 _1 2
Uc=§Cch=EX2HX3 =9uJ

1 2 _1 2
UdZECdVd:EXSuxZ} =36

www.Trb Tnpsc.Com

1.22During a thunder storm, the movement of water
molecules within the clouds creates friction, partially
causing the bottom part of the clouds to become
negatively charged. This implies that the bottom of the
cloud and the ground act as a parallel plate capacitor. If
the electric field between the cloud and ground exceeds
the dielectric breakdown of the air (3 x 106 Vm™?),
lightning will occur.

(a) If the bottom part of the cloud is 1000 m above the
ground, determine the electric potential difference that
exists between the cloud and ground.

(b) In a typical lightning phenomenon, around 25 C of

electrons are transferred from cloud to ground. How
much electrostatic potential energy is transferred to the
ground?

Electric potential difference that exists between
the cloud and ground

V=Ed=3x10°x1000 =3x10°V

Electrostatic potential energy is transferred to
the ground

U=Vqg=3x10°x25=75x10°J
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2 Current electricity
2.1 Compute the current in the wire if a charge of 120
C is flowing through a copper wire in 1 minute.
Given: Q=120C t=1 minute = 60 second

Solution:
Current in the Q 120
wire I= T 60

2.21f an electric field of magnitude 570 N C2, is applied

in the copper wire, find the acceleration experienced by

the electron.

Given: E=570 N C!

mass of electron 9.11x1073! kg.

charge of electron= 1.6 x1071°C

Solution:Force given by electric field F=Ee
ma==Ee

Ee

Acceleration of electron aq = —
m

570x1.6x 107

=79 11x 10-31
57x16x 10/
T T 9 1071 2
L2 212x 107 g = 101.3x 10'2 ms~2

9

2.3 A copper wire of cross-sectional area 0.5 mm?
carries a current of 0.2 A. If the free electron density of
copper is 8.4 x 102 m~3 then compute the drift velocity
of free electrons.
Given: 1=0.2 A, n=8.4 x 102 m™3,
A=0.5mm?=0.5 x (1073)2 m? = 0.5x 10°m?

A= 5x10""m?
charge of electron= 1.6 x1071°C

Solution:
Relation between drift velocity and current
TIT=nAvge
drift velocity vg4 = TAo
B 0.2
V4T 8.4x 102°x5x 10-7 x1.6X 10-1°
> 1
Y4 = 84x 102x5x168 8.4x5x8x 10
102 1072
Y4 T84x40 336

v, = 0.0029x10~2 Vg = 2.9x10"*ms~!

2.4 Determine the number of electrons flowing per
second through a conductor, when a current of 32 A
flows through it.

Given: 1I=32 A, t=1s

charge of electron= 1.6 x1071°C

www.Trb Tnpsc.Com

Solution:

_ 32x1 3772
T 1.6x 10-19  16x 10-20

n=—

n =2x 10%° electrons
2.5 The resistance of a wire is 20 Q. What will be new
resistance, if it is stretched uniformly 8 times its
original length?
Given: R1=20Q, Ry="?

ﬂl A1 Diagram not necessary
{ /QQ I Ay

Solution:

original length of the wire: {;

After stretching new

length of the wire ;=84
L, 8
L1

original cross section area of the wire: A
After stretch new cross section area of the wire: 4,

During stretching volume will not change

4 _L A, 1
A, 4
. . pl
Resistance of the wire R = Y
Original Resistance R; = &
Ay
New Resistance R, = &
Az
ply
Rz , I, A, 8 8 64
Rl P_1Q1 ﬂl AZ 11 1
Ay
R, 64 R, =64xR; R;=64x20
Ry 1 R, = 1280 0

stretching the length of the wire n times has
increased its resistance n? times

(=2
t

Important Numericals
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2.6 If the resistance of coil is 3 Q at 20° C and « =[2.

0.004/°C then determine its resistance at 100 °C.
Given: R =3 Q, T=100°C, To = 20°C

is 0.004/°C, find the resistance of the wire at boiling

www.Trb Tnpsc.Com

9 Two resistors when connected in series and parallel,

their equivalent resistances are 15 Q and 56 15 Q
respectively. Find the values of the resistances.

R1= 7 or R]_: 8

a = 0.004 per® C Solution :
Solution: Ry = Ro[1 + & (T —Ty)] E{et tﬂelt\évoﬂresmtances ar(:e Riand R2
S i

Ryo = 3[1 + 0.004 (100 — 20)] ;

R,y = 3[1 + 0.004 (80)] R, =15 — R, E Ry[15 —R4] =56

Rigo = 3[1 +0.320] 56 i 15R; —Rf—56=0

Rioo = 3[1.32] P15 i  R?_—15R, +56 =0

Ri00 = 3.96 2 JAYA PHYSICS ([N 6 : N
As temperature increases, resistance of wire also|_—~172 _ 27 i By factorization
increases R;+R; 15 i _
2.7 The resistance of a nichrome wire at 20°C is 10 Q. R.R 56 ! (Ri=7) R;=8)=0
If its temperature coefficient of resistivity of nichrome 152 = §R1—7 —0 or R—8 =0

point of water. Comment on the result.
Given: Rz =10 Q, T =100°C, To = 20°C

a = 0.004 per® C
Solution:

Ry00 = Rog[1 + a (100 — 20)]
R,00 = 10[1 + 0.004 (100 — 20)]
Ry00 = 10[1 + 0.004 (80)]

Ry00 = 10[1 + 0.320]

Ry00 = 10[1.32]

Ry = 13.2 2

As temperature Increases, resistance or wire aiso

increases
2.8 Resistance of a material at 20°C and 40°C are 45 Q
and 85 Q respectively. Find its temperature coefficient
of resistivity.

Given: To=20°C, T=40°C, R0=45Q,R=85Q

Solution )
1 _[AR
*= R, |aT)
1 [AR]
* TR |AT
1 [85-45
“T45" |[20—20
1 [40] 2
“T 457 |20 T 5

a=0.044 per®C

Important Numericals S.Jayachandran, PGT, GHSS,

Solution :

R; R, =56->(2)

If Rl = 7ﬂ,thenR2 =15 —7 =8Q
If R1 =89,thenR2 =15 —-8=7Q

2.10 Two electric bulbs marked 20 W — 220 V and 100
W — 220 V are connected in series to 440 V supply.
Which bulb will get fused?

Rated voltage 220V Rated voltage 220V

Diagram not
necessary

[Rated voltage]®>  V?

p

Resistance =
Rated power

11
Resistance R — v? _ 2207 220220
of 20Wbulb| "2 7P T 20 T 20

Ryo =220x 11 = 2420 Q

Resistance of V22207 220%220
100W bulb R100 = P 100 = 100
R100 =484 Q)

JAYA PHYSICS

Total Resistance of| Rg¢ = Ry9 + Rygo
20W and 100W bulbs

W Rs = 2420 + 484
in series

R = 2904 Q

Madhavaram, Chennai Dt 9840430109 Page 10
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When bulbs are connected in series, across 440V,
same current flows in each bulb.

Current flowing in

20W and 100W bulbs| 1= = 0 _ 240
coW an PSP T R, 2904 2904
11 SEeries
440 44
72900 ~ 290
I~ 0.154
Voltage across] Vyo = IRy9 = 0.15x 2420
20W bulb V.o =363V

Voltage drop across 20W bulb (363V) is
greater than rated voltage 220V.

So, 20W bulb will get fused.

Voltage across| Vipp = IR100 = 0.15x 484
100W bulb Vieo = 73V

Voltage drop across 100W bulb (73V) is less
than rated voltage 220V.

So, 100W bulb will not get fused.

2.11 A cell supplies a current of 0.9 A through a 2 Q
resistor and a current of 0.3 A through a 7 Q resistor.
Calculate the internal resistance of the cell.

R=2Q R=7Q
[ = -/ 1=0.34
Diagram not
necessary
Solution :
Current flowing = = €
in the cell “R-+r
Firstcase (.9 = -
2+r @
Second case " _
N 7+r @
€ i
09 2%r | 6+3r=7+r
=<3 :
0.3 = o =1
T 1 _eo
“2+4r i+ 7270

Important Numericals
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2.12 A battery has an emf of 12 V and connected to a
resistor of 3 Q. The current in the circuit is 3.93 A.
Calculate (a) terminal voltage and the internal
resistance of the battery (b) power delivered by the

battery and power delivered to the resistor
r R=3 Q
A I = 3. 93A
Diagram not
necessary &= 12V
Terminal voltage=?
Solution :

Terminal voltage
V=IR=3.93x3=11.79V
Internal resistance

e )

V 11.79
0.21 21
[
39
3.9
r=0.0502

Actual Power delivered by battery
P=¢cl =12x3.93 =47.16W

But Power delivered to the resistance R
P=I?’R =(3.93)?x3

= 15.4449x 3

=46.3347W
The remaining power P = (47.1 — 46.3) = 0.8 W is
delivered to the internal resistance and cannot be used
to do useful work
2.13 Calculate the equivalent resistance for the circuit

which is connected to 24 V battery and also find the
potential difference across each resistors in the circuit.

S.Jayachandran, PGT, GHSS,

40 602
Solution : ! ‘ |
: . o .
1. Net Resistance in the circuit 24V
Rs=R;+R,=4+6=1002
2. Current flowing in the circuit
_ V _ 24 —94A
Ry 10 JAYA PHYSICS
3. Potential difference across 4Q
V=IR=2.4x4=9.6V
Potential difference across 6 Q
V=IR=2.4x6 =14 .4V
Madhavaram, Chennai Dt 9840430109 Page 11
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2.14 Calculate the equivalent resistance in the
following circuit and also find the values of current I, I1

and Iz in the given circuit, I,
1 AA—
40
I,
| 61
Solution : I !
1. Net Resistance in the circuit |"24v
fo_ RiRy _4x6 24
PR, +R, 4 +6 10 ©
2. Total Current flowing in the circuit
V24 104
" Rp 2.4
3. Current flowing in the resistance 4 Q
V 24
11 - = =
R, 4
Current flowing in the resistance 6 Q
I, =—=—=4A4
2R, 6

2.15 Calculate the equivalent resistance between A
and B in the given circuit.

n 400

— _ H T

0 40

=

Ay
&0

1.2 Q and 2 Q are connected in parallel, their net Resistance
R,R 2x2 4
=—2 = =-=1Q
R; +R;

R = -
P 2+2 4

2.4 Q and 4 Q) are connected in parallel, their net Resistance
2 equal resistance connected in parallel

RyR,  4x4 16

Ri+R, 4 +4 8

SRR

4
Rp =20or Rp= 7

3.6 Q and 6  are connected in parallel, their net Resistance
R;R; 6x6 36

Rr=R,*R, 616 12 °"
1N 20 3N
—AM~— A~

4.10Q,20and 3 Q are connected in series

Rs=R;+R, +R3=14+2+3=60

Important Numericals
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2.16 In a Wheatstone’s bridge P = 100 Q, Q = 1000 Q
and R =40 Q. If the galvanometer shows zero
deflection, determine the value of S.

P R
Q S

s =2 r =199 10-=1000
PN T 100 XU T

2.17 What is the value of x when the Wheatstone’s
network is balanced?

P =500, Q=2800€Q, R=x+400,S=1000 Q

P R
Q S
500 x+400 | 8x=5000—3200
800 1000 } 8x = 1800
5 x4+ 400 i x=1800
8 1000 ; 8

i x=12250

8x + 3200 = 5000

2.18 For the given circuit find the value of I.

Solution
Applying Kirchhoff ’s rule to the point P in the circuit,
The arrows pointing towards P are positive and away

from P are negative. JAYA PHYSICS |

0.2A-0.4A+0.6A-05A+0.7A-1=0
15A-09A-1=0
0.6A-1=0

I =0.6A
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3 Magnetism and magnetic effects of electric current
3.1 The horizontal component and vertical component
of Earth’s magnetic field at a place are 0.15 G and 0.26
G respectively. Calculate the angle of dip and resultant
magnetic field. (G-gauss, cgs unit for magnetic field 1G
=104T)By=0.15Gand By =0.26 G

Solution: By 0.26
tanl—ﬁ—m— 1.732
[ =tan"1(1.732)
angle of dip:1 = 60°
Resultapt B — ’BHZ N BVZ
magnetic
field of the|B = /(0.15)2 + (0.26)2
Earth
B =v0.0225 + 0.0676
=+0.0901
B=0.3G

3.2 The repulsive force between two magnetic poles in
air is 9 x 103 N. If the two poles are equal in strength

and are separated by a distance of 10 cm, calculate the
pole strength of each pole.

Given r=10cm = 10x1072m = 10~ 'm

F =9x1073N. polestrength qma = 9me = Qm
Solution:
magnitude of the force between two poles is
F = kImaXqms P, 9x107°x107?
2 qm™ = 10-7
F=9x1073 |
2 _ 2 _
X dm“ =9x10° =900
kqu 2qu —9x10-3 i m
r
Im X qm — —i
-7y — -31 =
10 o2 =9x1073} qm = 30NT

3.3 A short bar magnet has magnetic moment of 0.5 J
T 1 Calculate magnitude and direction of the magnetic
field produced by the bar magnet which is kept at a
distance of 0.1 m from the centre of the bar magnet
along (a) axial line of the bar magnet and (b) normal
bisector of the bar magnet. Given

magnetic moment p,, =0.5J T distancer=0.1m
Solution:

- _ Mo [2Pm]- i Ho [Pm]-
Baxial = Al 3 1 i Bequatorial Tanl3 1

_ 4mwx10-7[2x0.5].] _ Boyial -
Baxial = AT [10-1]3 li Bequatorial = — 1

~ _ . P 1x1074],
Baxial = 10 [1x10°] EB equatorial — _[ 2 }i
Baxiat = 1X107% T | Bequatorial = —0.5 X104 T

direction of ﬁaxial is towards | direction of ﬁequatorial is
South to North. | towards North to South.

Important Numericals
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3.4 Compute the intensity of magnetisation of the bar
magnet whose mass, magnetic moment and density are
200 g, 2 Am?and 8 g cm™3, respectively.
magnetic moment p,,, = 2 A m?
Given Mass m=200g=200 x 10-3kg
Volume V=8 g cm?=8 x 10°kg (1072)3m™3
V =8x103kgm?3

Solution: mass 200 x1073

8 x103

V=25x10"°%m3

Intensity magnetic moment
of Magnetisation™ 4
2x 10%x 10*

Pm 2
25

Volume
2x 106 B
25

M=—= =
V  25x10-¢

M=8x10*4m™1

3.5 Two materials X and Y are magnetised whose
values of intensity of magnetisation are 500 A m* and
2000 A m! respectively. If the magnetising field is
1000Am™1, then which one among these materials can
be easily magnetized?.Given

H=1000Am* My =500 Am~1 M, = 2000 Am™1

Solution:  susceptibility of material X is
M 500
me = ﬁ = m =0.5
susceptibility of material Y is
M 2000
Ymy ='H ~ 1000 ~

susceptibility of material Y is greater than that of
material X, So, material Y can be easily magnetized.

3.6 A coil of a tangent galvanometer of diameter 0.24
m has 100 turns. If the horizontal component of Earth’s
magnetic field is 25 x 10-° T then, calculate the current
which gives a deflection of 60°.

Given r=0.12m N=100 turns Bk=25 x 10 ° T ©=60°
Solution

e NT 1 _ 0.06% 0.433
Bu = 2r tanel i 3.14x10-1
[ = Bu-2Rtand i 0.02598x 10
o N R
_ 25x1075x0.24x tan60°} _ 0.2598
B 41x10-7x 100 | 3.14
0.06 0.433 B
;/5‘x10-6x0 ix 1737 11700824
© A'x3.14x1077x ;j{p ,
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3.7 Compute the magnitude of the magnetic field of a 0.5x1.6x10°°x2.5x1073
long, straight wire carrying a current of 1 A at distance V= 9 11 x10-31
of 1m from it. Compare it with Earth’s magnetic field. 0.4
. . 1 -19 5 -3 31

Given: 1=1Aand distance r=1m Vﬁxi’-éxw X 7%107°x10
Solution: _ B 9.11

magnetic field ol

due to long,|: B = 2x10° 20x108

straight current 2mr V=911 T o

carrying wire 4mx1077x 1

B = v=2.2x108ms?
2w x1

; 3.10 Suppose a cyclotron is operated to accelerate
B=2x10""T protons with a magnetic field of strength 1 T. Calculate
the frequency in which the electric field between two

-5
Earth’ tic field Ba = 107°T
arth's maghetic He Dees could be reversed.

_ B 10-5 Given:
B~ 107"T ?H =07 " 10? Magnetic field B=1T
mass of proton 1.67 x 10727 kg.
B is one hundred times smaller than By charge of proton= 1.6 x107°C
3.8 Calculate the magnetic field inside a solenoid, when|SClution: _ Bg JAYA PHYSICS
osc —
(a) the length of the solenoid becomes twice with fixed 2ny
number of turns - 1x1.6x10°1°
(b) both the length of the solenoid and number of turns °¢ " 2x3.14x1.67x10°27
are doubled
. . 1x W6x10719x1027
(c) the number of turns becomes twice for the fixed f oo ' %X X
length of the solenoid 6.28x 1,67
Solution: ¢ 10° _100x10° _1000x10°
magnetic field| , _ Mo NT |5 Mo NI ¢ 628 63 63
inside al'B= L LN ™ L 6
solenoid fosc =15x10"Hz = 15 MHz
a)length of the solenoid becomes twice with fixed [3.11 A bar magnet having a magnetic moment pm is cut
number of turns B wNI By into four pieces i.e., first cut into two pieces along the
2LN = = axis of the magnet and each piece is further cut along
2L 2
(b) both the length of the solenoid and number of the axis into two pieces. Compute the magnetic moment
turns are doubled o 2NT o NI of each piece.
B3y oy = 7L = L =B,y Qmis the pole strength and 2{ is the magnetic length
(c) the number of turns becomes twice for the fixed of a magnet
length of the solenoid dm dm
o 2NT  2pug NI | [ 7 7 77% 2w ™\ Axis of magnet
Bian = I - [ =2Buw magnetic moment of ——
‘ : Pm = AmX 2L

unbroken magnet
By, 2n > By, on > B,

3.9 An electron moving perpendicular to a uniform
magnetic field 0.500 T undergoes circular motion of

When magnet is cut along axis ,pole strength
reduces two times but magnetic length is unchanged

radius 2.50 mm. What is the speed of electron? Amn 2 Im
Given: B =0.5 T and radius r =2.5mm =2.5x 10°m | 2 —
mass of electron 9.11x 103! kg. magnetic moment of ___, P = Pm
charge of electron= 1.6 x10-1°C each new magnet Pm1 = 55X 2A ml = 2
Centripetal force for the electron to travel in circular while cutting first
path is given by Lorentz force. q 20
Solution: 2 —=1 1 9m
mv 4 4
. = Bev
magnetic moment of __ |, P
vV = E each new magnet Pmz = TX 2( Pz = Pm
m while cutting second 4
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3.12 Let the magnetic moment of a bar magnet be pm| , _, _4mx10~"x1.5 . |
whose magnetic length is d = 2l and pole strength is gm. B=4x 4mx25x10-2 [Sm45 + Sind5 ]
Compute the magnetic moment of the bar magnet when

-5 r
it is cut into two pieces (a) along its length B=4x 10_X15 i + il
(b) perpendicular to its length. 25 V2 V2
Solution: along its length ]
Qmis the pole strength and 2{ is the magnetic length 1076x 15[ 2
of' a magnet B=4yx ——M | —
25 V2
qm qm )
________ 2 i________\Axis of magnet B = 120 10—¢ I 1 l
= X —_
magnetic moment of —— _ 25
unbroken magnet P = qmx 21 24 . V2
When magnet is cut along length (axis) ,pole . 10~ = s
strength reduces two times but magnetic length is B =120% ‘25/){0'707 JAYA PHYSICS
unchanged 5
Qm 2 Im 10-6 014
B3 2 B=24x > xQH
magnetic moment of —— o T _Pm
each new magnetcut P,y = > X m 2 B=336x10-°T
along length
(b) perpendicular to its length. 3.14 The resistance of a moving coil galvanometer is

made twice its original value in order to increase

When magnet is cut perpendicular bisecting length  |current sensitivity by 50%. Find the percentage change
(axis) ,pole strength is unchanged but magnetic

length reduces two times in voltage sensitivity.
Voltage I
g q L sensitivit;| N R_g
Am qm m Om
magnetic moment of —— T = p_—"; New Resistance Ry’ = 2Ry
each new magnet cut Pm = 9m x{ " 2 New current , I, 3I;
perpendicular to length <o ity I =1, + 7 = -

3.13 Calculate the magnetic field at the centre of a N Volt % 31 3. 3
square loop which carries a current of 1.5 A, length of W Yo agi A N R WA TS

. . —_— _’ —_— —_— =

each side being 50 cm. sensitivity Ry 2Ry 4R, 4
D .
A " percentage change| _ change in value 100%
in voltage sensitivity | = “original value X 0
45° 4 v, —V,
© ) == 5x100%
{ I=1.5A Vs
459
a=25 cm %VS — Vg
— 0
B > C A x100%
50 cm
Solution: 3
magnetic field due ml ] [4 1] %
to finite conductor B = 1 [Sing; + Sing, ] = ——7Fx100%
AB alone at O Ta %
magnetic field due to all 4 conductors (AB,BC,CD,DA) — lx 100% = 25%
acts outwards at O
: I
magnetic field due — Ho ; :
to entire square at O B=dx dma [Sindpy + Siny, |
B=4x M[Sin(l) + Sing, |
4T a 1 z
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3.15The coil of a moving coil galvanometer has 5
turns and each turn has an effective area of 2 x 1072
m?2. It is suspended in a magnetic field whose strength
is 4 x 102 Wh m2. If the torsional constant K of the
suspension fibre is 4 x 10° N m deg ™.

(a) Find its current sensitivity in division per micro -
ampere.
(b) Calculate the wvoltage sensitivity of the
galvanometer for it to have full scale deflection of 50
divisions for 25 mV.

(c) Compute the resistance of the galvanometer.
Given: A=2x102m?B=4x102Wb m2N=5
K=4 x 10° N m deg

Solution:
a) Current | = NBA
sensitivi K

_ 5x2x107%x4 x1072

I =

® A x107°
10x 10~ *x £ x 10°

IS = A/

Is = 10°division /ampere

Current | Current sensitivity

1A | 10°division /ampere

1pA ?
division
Current 106 ampere x 1pA
sensitivity Is = 1A
division
6 -6
o 10 amperexlxlo A
g =
1A
=1 division
JAYA PHYSICS 57 " ampere
b) Voltageg Ve = 0
L s==
sensitivi V

Ve = 50 division
57 25 x10-3

Vs = 2 x103division /volt

C) Resistance of th%| R. = Ig
g=

galvanometer Vg
106 division
R. = ampere
g - - - -
2 x 103 P¥STON
volt
R 103 wvolt 1000 N
8~ Zampere_ 2 ohm
R, =5000

www.Trb Tnpsc.Com
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4.Electromagnetic Induction

4.1A circular antenna of area 3 m? is installed at a place
in Madurai. The plane of the area of antenna is inclined
at 47° with the direction of Earth’s magnetic field. If the
magnitude of Earth’s field at that place is 4.1 x 10> T
find the magnetic flux linked with the antenna.
Given:

0 =90° — 47% = 43°
Solution:

A=3m?’B=41x 10°°T

®p =B ACosb

®;=4.1x 10°°x3 x Cos 43°
®p =12.3x 107°x0.7314

®g =8.996x 10~°Wb

4.2A closed coil of 40 turns and of area 200 cm?, is
rotated in a magnetic field of flux density 2 Wb m2. It
rotates from a position where its plane makes an angle
of 30° with the field to a position perpendicular to the
field in a time 0.2 s. Find the magnitude of the emf
induced in the coil due to its rotation.
0;=90°-30°=60° N=40 B=2Wbm™?

0 =90°—-90° =04 =200cm? =200x 10~*m?

Solution: ®p; = B A Cos®
=2x200x 10~* Cos 60°
= 400x 107*x %
®p; = 200x 10~*Wh
®pr =B A Cos0
=2x200x 107* Cos 0°
= 400x 10~*x1
®pr = 400x 10~*Wb
Change  in| d®g = Pgs — Dg;

magnetic f1uX | 44— 400 % 10-* = 200 x 10~

d®g = 200x 10~*Wb

Emfinduced ¢ =N %
dt
W), 200x 107*
ST T2
2000x 10~*
e=40x
2
£ =40x1000x 10~*
e=4V

www.Trb Tnpsc.Com

4.3A circular loop of area 5 x 102 m? rotates in a
uniform magnetic field of 0.2 T. If the loop rotates
about its diameter which is perpendicular to the
magnetic field as shown in figure. Find the magnetic
flux linked with the loop when its plane is (i) normal to
field (ii) inclined 60°to field (iii) parallel to the field.
(i) normal to the field

8 =90°—-90° =0°
®p =B A CosH
®p =5x 1072x0.2xCos 0°
Pp=1x 107?%x1
®p =1x 1072 Wb
(ii) inclined 60° to the field
8 =90°—60° = 30°

@®p =B ACosH
®p =5x 1072x 0.2 x Cos 30°

V3 1.732
b =1x 10'2x7= 1072 x 5

®; = 0.866x 10°2 Wb
(iii) parallel to the field.
8 =90°— 0% =90°
®p =B ACosO
@ =5x 1072x0.2 x Cos 90°

Pp=1x 1072x0
(DB=O

4.4The magnetic flux passes perpendicular to the plane
of the circuit and is directed into the paper. If the
magnetic flux varies with respect to time as per the
following relation: _@p = 23 + 3t + 8t + 5 mWb,
what is the magnitude of the induced emf in the loop
when t = 3 s? Find out the direction of current through
the circuit.

JAYA PHYSICS

—N 2
£ dt

d
€= 1Xd—t[2t3 + 3t? + 8t + 5]x1073

£ = [6t% + 6t + 8]x1073
Att=3s,
e =[6x(3%) + 6(3) + 8]x1073
=[6x9 + 18 + 8]x1073
= [54 + 18 + 8]x1073
£e=80x10"3V
To oppose the flux increase, the induced current flows

Important Numericals S.Jayachandran, PGT, GHSS,

in anti-clockwise direction.
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4.5A conducting rod of length 0.5 m falls freely from
the top of a building of height 7.2 m at a place in
Chennai where the horizontal component of Earth’s
magnetic field is 4.04 x 107> T. If the length of the rod
is perpendicular to Earth’s horizontal magnetic field,
find the emf induced across the conductor when the rod
is about to touch the ground. (Assume that the rod falls
down with constant acceleration of 10 m s2)
Given:

{=0.5m, h=72m, g=98ms?
By = 4.04x 107°T

Solution:

Final Velocity Emf induced

v? =u? + 2aS e=Blv

v =u® + 2gh £=4.04x 10°5x0.5x12
vZ=0242x10x72l£=404x%x 10~°x6

v: =144 £=24.24x 1075V
v=12ms !

JAYA PHYSICS

4.6The current flowing in the first coil changes from 2
Ato 10 Ain 0.4 s. Find the mutual inductance between
two coils if an emf of 60 mV is induced in the second
coil. Also determine the magnitude of induced emf in
the second coil if the current in the first coil is changed
from4 Ato 16 A in 0.03 s. Consider only the magnitude
of induced emf.

1. Change in current: di; = 10 —2 = 8A

g2 60x 1073
diy 8

dt 0.4

Mutual inductance M =

15
M = > X 0.4x1073

M=15x0.2x1073
M=3x103H

Change in current: di; = 16 —4 =12 A

Mutual inductance M = i
diy
dt
di,
€2 = ME
= _3 e
g2 =3x10 X003
=3x1073 12
2 = X X102

£, = 1.2V

www.Trb Tnpsc.Com

4.7Write down the equation for a sinusoidal voltage of
50 Hz and its peak value is 20 V. Draw the
corresponding voltage versus time graph.

V = ,Sinwt v
V =V, Sin2mft 20V
V =20Sin2x 3.14 x 50t
V =20Sin100x3.14t o 0.025,
V=20Sin314t 091
! O
=f=§=0.02s —20V}-—=======m—--

4.8The equation for an alternating current is given by
I = 77 sin 314t. Find the peak current, frequency, time
period and instantaneous value of current at t =2 ms.

i=77Sin314t
1 =1,Sin2nft
2mf = 314
314
~2x3.14
314 x100
T 2x3.14x100
314 x100
- 2x314
f = 50Hz
i=77Sin314x2x1073

i,=77A

800
i=77Sin (314}( 2x1073x 3

1
14

180°
314x1072

i=77Sin (314x2x10‘3x )
i=77Sin(2x10"1x180°)

i =77Sin(36%)

i=77x0.5878

i=45.26A o _ _

4.9A 400 mH coil of negligible resistance is connected
to an AC circuit in which an effective current of 6 mA
is flowing.Find out the voltage across the coil if the

frequency is 1000 Hz.
Inductive reactance

X;=Lw=L2uf
X, =400x1073x2x3.14x 1000
X;, =800 x3.14

X, =2512 0
VoltageL v, =IX,
across = 6x1073x 2512
=15072x 1073
V,=15.072V

Important Numericals S.Jayachandran, PGT, GHSS,
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5.Electromagnetic waves

5.1 The relative magnetic permeability of the medium
iIs 2.5 and the relative electrical permittivity of the
medium is 2.25. Compute the refractive index of the
medium.
Given: relative electrical permittivity €, = 2.25

relative magnetic permeability u,=2.5
Solution :

Refractive index

of medium N = VEr By
n=v2.25x2.5
n=+v5625 n=2237

5.2 If the relative permeability and relative permittivity
of a medium are 1.0 and 2.25 respectively, find the
speed of the electromagnetic wave in this medium.
Given: relative permittivity £, = 1

relative permeability w,=2.25

Solution :
Refractive index|
of medium jl n = VEr By
n=v1x2.25
C
n=- n =225 n=15
2 8
C _,3’3( 10

in a medium

Velocity of 1ighf|
vV =
1.5

v=2x108ms1

n

5.3Compute the speed of the electromagnetic wave in a
medium if the amplitude of electric and magnetic fields
are 3x 10*N Ctand 2 x 10 T, respectively.

Given:

amplitude of electric field: Ey =3 x 10°NC™*
amplitude of magnetic field: By = 2x10*T
Solution :

Velocity of light] _ Eo _ 3x10%
in a medium MK - B, 2x10-*

v=15x108ms?

54 A magnetron in a microwave oven emits
electromagnetic waves (em waves) with frequency f =
2450 MHz. What magnetic field strength is required for
electrons to move in circular paths with this frequency?.
Given: Same formula used in lesson 3
Frequency f =2450 x 10° Hz
mass of electron 9.11x1073' kg.
charge of electron= 1.6 x1071°C
Solution :

Bq Be

:2'rtm:2’r[me

Important Numericals
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2ntm, f
- e
g 2X314x9.11x 107312450 x10°
1.6x10°1°
2x3x9x10731x 245 x107
B= 16 x 10-20
B = 1323(;: 107 B _826.8x10-*T

JAYA PHYSICS |

5.5 A transmitter consists of LC circuit with an
inductance of 1 pH and a capacitance of 1 puF. What is
the wavelength of the electromagnetic waves it emits?
Given:

Inductance L = 1p Henry =1 x10°H

Capacitance C = lp farad=1x10"°F

Velocity of light=c=3x10° ms™*

Solution: |
Frequency v=——1+- c=VA
2wVLC
C 1
A 2nvVIC
A=cx2nVLC

A=3x10%2x3.14x J1x10-6x1x10—6

A= 6x108x3.14x1x10°°
A= 18.84x10%2m
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6.Ray Optics
6.1An object is placed at a distance of 20.0 cm from a
concave mirror of focal length 15.0 cm.
(@) What distance from the mirror a screen should be
placed to get a sharp image? (b) What is the nature of
the image? Given:f= —15cm, u = —20cm

Solution: 1 1 1 i
viu f i
L1 1 | 1_-20+15
;=?—a i v 300
1 1 1 §l_-5
v i3 Tz0 | v 300
101 1 P11
v 15720 i v 60
1 -20+15 | [v=—_60cm ]
v 300 |

The screen is to be placed at distance 60.0 cm to the left
of the concave mirror.

Magnification _ h" v —60
~h u -20

As the sign of magnification is negative, the image is

inverted.

As the magnitude of magnification is 3, the image is

enlarged three times.

As the image is formed to the left of the concave mirror,

the image is real.

6.2 Pure water has refractive index 1.33. What is the

speed of light through it? Given : n = 1.33
Solution:

-3

n=-
v

¢ 3x10% 3x108 9x108
V:—: = =
n 1.33 4/3 4

v=2.25x108 ms™!

6.3 Light travels from air into a glass slab of thickness
50 cm and refractive index 1.5.
(@) What is the speed of light in the glass slab?
(b) What is the time taken by the light to travel through
the glass slab?
(c) What is the optical path of the glass slab?

Given :n = 1.33,d = 50cm

Solution: | JAVA PHYSICS |
a)
==
v
¢ 3x10® 3x10®° 6x108
VonT s E

3/2

v=2x10%ms™!

Important Numericals
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b) ] distance
time = -

velocity
50x 10~

_2_22A2v -10
t ” 2% 108 25x107 s

¢ d=nd=15x50x10"2= 75x10"%m

6.4 Light travelling through transparent oil enters in to
glass of refractive index 1.5. If the refractive index of
glass with respect to the oil is 1.25, what is the

refractive index of the oil?
Given: n, =15, ng, =125 ng =7
Solution: n,
Ilgﬂ = n—
0
n, 1.5 6

=1.2

Mo g, 1.25 5

6.5 A coin is at the bottom of a trough containing three
immiscible liquids of refractive indices 1.3, 1.4 and 1.5
poured one above the other of heights 30 cm, 16 cm,
and 20 cm respectively. What is the apparent depth at
which the coin appears to be when seen from air
medium outside? In which medium the coin will

appear? Real Depth
. Apparent depth = -
Solution: Refractive Index
d d, d
d=-—L+242
n, nz ng
4= 30 + 16 4 20
1.3 1.4 1.5
&= 300 N 160 N 200
13 14 15
4= 300 + 160 N 200
13 14 15

d =47.7cm

d' =23.0+11.4+ 133
coin will appear in the medium of refractive index 1.3.

6.6 What is the radius of the illumination when seen above
from inside a swimming pool from a depth of 10 m on a
sunny day? What is the total angle of view? refractive index
of water is 4/3

. d I . . _11
Solution: R—m i = sin™
10 : 1
R=———— R_ﬂ :ic=5iﬂ"14—/3
HIEE A
3 ! 3
R= 0 n 30 | i =sin™! 2
16 =571
5 1 264 i, =sin"10.75
1
10 L o
R= R=11.3m|i.=48.6
169—9 :

total angle of view = 2i,= 2x48.6° = 97.2°
Madhavaram, Chennai Dt 9840430109
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6.7 If the focal length is 150 cm for a lens, what is the power
of the lens?

Given: f = 150 cm

- 1 1 100 2
Solution: p=_= = ==
f 150x10"%2 150 3

P=0.67D

As the power is positive, it is a converging lens.

6.8 A monochromatic light is incident on an equilateral
prism at an angle 30° and is emergent at an angle of 75°.
What is the angle of deviation produced by the prism?

Given: i, =30° i,=75% A=60°
Solution: d =i, +i,— A4

d =30°+75°-60°

d = 45"

JAYA PHYSICS

6.9 The angle of minimum deviation for an equilateral prism
is 37°. Find the refractive index of the material of the prism.

Given : D=37° A=60°
1
Solution: sin [A t D] :
n= 31 1
. 1
?lni :
. [60° +37°] 1 sin 48.50
sin|————| :
n= I sin 30°
- 0 !
sm% | _ 07489
''h=
] 0.5
0
sin 9%] E
—_— = 1 n= 1. 5
sin 300 I

6.10 Find the dispersive power of a prism if the refractive
indices of flint glass for red, green and violet colours are
1.613, 1.620 and 1.632 respectively.

Given, n, = 1.632, ng = 1.613, n; = 1.620

Ny — g

Solution: Cong—1

_ 1.632-1.613
T 1.620—-1
0019 19

~ 0620 620

®w=0.030

6.11 Find the ratio of the intensities of lights with
wavelengths 500 nm and 300 nm which undergo Rayleigh
scattering.Given, A; = 500 nm, A, = 300 nm

Solution: 1

[ ]

~ 625

4

300 ]
500

I
I,

Important Numericals
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6.12 An object is placed at a certain distance from a convex
lens of focal length 20 cm. Find the object distance if the
image obtained is magnified 4 times.

Given:f=20cm, m =4

Solution: _V !
= !
! 3 1
v=mu=4u | ——=-
X 4u f
1 1 1 : 3f
—_——— = = u=—-—
v u f | 4
3
1 1 1 u=--x20
—_—— = = 1 4
4u u f !
1-4 1 ! u=-—15cm
qu  f |

6.13 An object of 4 cm height is placed at 6 cm in front of a
concave mirror of radius of curvature 24 cm. Find the
position, height, magnification and nature of the image.
Given : u=-6¢cm h = 4cm R=-24cm

Solution: R =24 e
“ o 2N
1
1+1_1 :
v u f !
1 1 1 1 2-1
—_—— — — = 1 S
v f u LV 12
1
1 1 1 v 1
v —12 -6 ! v 12
1 1 1 :
=5 1| v=12cm
v 6 12 :
L 12
Magnification: m = ~ " 2
_h,
Y

hh=mh=2x4=8cm

As the sign of magnification is positive, the image is
erect.

As the magnitude of magnification is 2, the image is
enlarged two times.

As the image is formed to the right of the concave
mirror, v is positive, the image is virtual.

JAYA PHYSICS
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7.Wave Optics
7.1 The wavelength of light from sodium source in
vacuum is 5893A.What are its (a) wavelength, (b)
speed and (c) frequency when this light travels in water
which has a refractive index of 1.33.
Given: A, = 5893 A%, ny = 1.3
Solution:

(a) wavelength _

Nw = m
_ 5893A% 5893 A°

1.33 4/3

_ 5893x3

Aw A® = 5893 x 0.75A°

Aw = 4420 A°

Va

(b) speed

nW=VW
3x10® 3x10°
“ny  1.33  4/3
_ 3x10%x3
B 4

va

Vw

vw A’ =3x10%x0.75

vw = 2.25x108% ms1
(c) frequency

C 3x108 3x 1018

VA=, T 5893x10-10 5893
30000 x 10* »
Vg4 = W =5x10"*Hz

vy =v4 = 5x 101*Hz
7.2Two light sources with amplitudes 5 units and 3
units respectively interfere with each other. Calculate
the ratio of maximum and minimum intensities.

Given: a; =5,a, =3

Solution : Apar =01+, =5+3=8

Am,-n=a1—a2=5—3=2
I o A2
Imax _ (Amax)® _ 8% _ 64 16

lmin (Amin)z 22 4 1

7.3 Two light sources of equal amplitudes interfere with
each other. Calculate the ratio of maximum and
minimum intensities. Given :a; =a, = a

Solution :

Apax =04 +a, =a+a=2a
Anin=0,—a,=a—a=20

I o A?
Imax _ (Amax)® _ (20)* _ 4a?
Ijin  (Apin)? 02 0

Important Numericals
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7.4 Two light sources have intensity of light as 10. What
is the resultant intensity at a point where the two light
waves have a phase difference of #/3?

Given: @ = g
Solution: b
The resultant [ =41, C%0s —
intensity is 2
n
1=41,C%s2
2
=41, C%0s =
=41, :
2
V3 3
R

7.5 The wavelength of a light is 450 nm. How much
phase it will differ for a path of 3 mm?
Given: A =450nm, § = 3mm

Solution : path phase
difference difference
A 2
8 ()
2m8 2mx3x1073 2mx3x10°
TTA  450x10° 450

mx10° 3.14x10° 314x10*
75 75 75

® = 4 x10* radian JAYA PHYSICS

7.6 In Young’s double slit experiment, the two slits are
0.15 mm apart. The light source has a wavelength of
450 nm. The screen is 2 m away from the slits.

(a) Find the distance of the second bright fringe and also
third dark fringe from the central maximum.

Given:d = 0.15mm, D = 2m,A = 450nm

Solution : For n* Bright fringe,

nAD
YIn="q

2x450x107%x2 45x1078x4
Y2 =7 015x103  15x10-5

y, =3x1073x4 = 12mm
For n™ dark fringe,
_ (Zn—1)AD
B 2d
B [2(3) —1]x450x 107%x 2 B 5x45x1078x 2

n

ys 2x0.15x 102 2x15x10-5
y3 =5x3x107% =15 mm
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7.6 In Young’s double slit experiment, the two slits are
0.15 mm apart. The light source has a wavelength of
450 nm. The screen is 2 m away from the slits.

a)Find the fringe width.

b) How will the fringe pattern change if the screen is
moved away from the slits?

¢) What will happen to the fringe width if the whole
setup is immersed in water of refractive index 4/3.
Given:d = 0.15 mm, D = 2m, A = 450nm

Solution : a) fringe width JAYA PHYSICS

AD
b=
_ 450x107%x2  45x107%x2
©0.15x1073 ~ 15x107°

B=3x10"3x2 = 6mm
b) fringe width B o D
The fringe width will increase as D is increased,
c) when light passes in any medium of refractive
index n, wavelength of light A decreases n times
As fringe width p a A, fringe width also decreases n
times when passes in any medium of refractive index

n. B _6mm

n—m=4.5mm

B =
7.7 Calculate the distance upto which ray optics is a
good approximation for light of wavelength 500 nm
falls on an aperture of width 05 mm.
Given:a = 0.5 mm, A = 500nm

Solution: _[0.5x1073]"  [5x10742

2= 22 " 2x500x10° 2x5x10~7

.- 25x107° 25x1077 _ o o2
2x5x1077 10

Z=25cm

7.8 A diffraction grating consists of 4000 slits per
centimeter. It is illuminated by a monochromatic light.
The second order diffraction maximum is produced at
an angle of 30°. What is the wavelength of the light
used?

Given:0 =30%,n=2

lines lines lines
N =5000—— = 5000 x —— = 5x10°
cm 1072 m
Solution:
Sin®  Sin30° 0.5 6
A= = 0.5x10

Nm 5x105x2 106

JAYA PHYSICS

A = 5000A°
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7.9 Two polaroids are kept with their transmission axes
inclined at 30°. Unpolarised light of intensity | falls on
the first polaroid. Find out the intensity of light
emerging from the second polaroid.

Solution :
intensity from the first

of light

polaroid(Polariser) Ip = IE

coming

intensity of light coming from the second polaroigl

Analyser I 1 (V3
(Analy )1A=IpxC2059=—C20530°=—x —
2 27\ 2
. 1.3 3l
A=2%37 8

7.10 Find the polarizing angles for (i) glass of refractive
index 1.5 and (i) water of refractive index 1.33.

i =tan"ln

tantpzn p

For Glass i, = tan™' 1.5 = 56.3°

For water i, =tan"'1.33 =53.1°
7.11 What is the angle at which a glass plate of
refractive index 1.65 is to be kept with respect to the
horizontal surface so that an unpolarised light travelling
horizontal after reflection from the glass plate is found
to be plane polarised?
Solution :

1n

tan I, =1 L = tan

i, =tan"11.65 = 58.8°

The inclination with the horizontal surface

0 =90°— ip= 90° —58.8° = 31.2°
7.12 Calculate the power of the lens of the spectacles
needed to rectify the defect of nearsightedness for a
person who could see clearly up to a distance of 1.8 m.
Solution :

The lens should have a focal length f=-—xm=-1.8m.
It is a concave (or) diverging lens.
1

f = m —0. 56D

7.13 A person has farsightedness with the far distance
he could see clearly is 75 cm. Calculate the power of
the lens of the spectacles needed to rectify the defect.

£ 25y  25cmx75cm 1875 37 &
~y—25_ 75m-25cm 50 /0™
p_ 1 1 _ 100 2 6D
- f 375x10-2 375 7
It is a convex (or) converging lens
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7.14 The ratio of maximum and minimum intensities
in an interference pattern is 36 : 1. What is the ratio of

the amplitudes of the two interfering waves?

Given: Imax _ 36

Solution : Ly (Amax)? (e + a,)? _36

min 1

Imin B (Amin)z B (al - aZ)z 1

a1+a2_6

a,—a, 1
6a1_6a2 =a1+a2
6a, —a; = 6a, +a,

5a, =7a,
61_7
a2_5

7.15 Light of wavelength of 5000A produces
diffraction pattern of the single slit of width 2.5 um.
What is the maximum order of diffraction possible?
Given:a = 2.5um, A = 50004 8 = 90

Solution : nA = a Sin6
_asSin® _ 2.5x107%xSin90° 25x107"x 1
ST T 5000x1010 T 5x1077
n=>5

7.16 Light of wavelength 600 nm that falls on a pair of
slits producing interference pattern on a screen in which
the bright fringes are separated by 7.2 mm. What must
be the wavelength of another light which produces
bright fringes separated by 8.1 mm with the same
apparatus?

Given: B; = 7.2mm, 3, = 8.1mm, A; = 600 nm
Solution :

B=A_D Bal EZ&
d A By
A _ P2 A _8d 600 _? 600
9 = 1X 1=55 X nm = o X nm
A2 = 675 nm

JAYA PHYSICS
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8.Dual nature of matter and radiation
8.1 A radiation of wavelength 300 nm is incident on a
silver surface. Will photoelectrons be observed? [work
function of silver = 4.7 eV]
Given: A=300nm =300x 10~m
Solution :

Energy of |E = hy = hE
photon he A

E=—2¢V
lee

6.6x1034x3x108

_ Vv
300x10°x1.6x10-1° ©

_ 19.8x 10-2%¢
AENENGVERIONN — 430 x 10-28 eV
19.8 x102 1980
= eV = eV
480 480
E=4.12 ¢V

Since the energy of the incident photon (4.12eV)is
less than the work function of silver(4.7eV),

photoelectrons are not emitted.

8.2 Calculate the cut-off wavelength and cut-off
frequency of x-rays from an x —ray tube of accelerating

potential 20,000 V.

Solution :
The cut-off wavelength

continuous spectrum is
_ 12400
°T v
0= ;(z)ﬁgng = mAO =0.624°
cut-off frequency of x-rays is
3x108
V0T 0.62x10-10
_300x10"®

62

8.3 How many photons of frequency 10** Hz will make
up 19.86 J of energy?

Energy of single photon E = hv

of x-rays in the

AO

124

C

Vo = 4.8x10'%Hz

Energy of ‘n” number of photons E = nhv

n = 3x10%°photons

www.Trb Tnpsc.Com

8.4 How many photons per second emanate from a 50
mW laser of 640 nm?

E=50x10"3Js"1 _ 50x640x107*

nhv =50x1073 E 19.8 x 10-26
nh% — 50x 1073 __32000x10'%
50 x 10~3x A i 19.8
nET o 32x107
] _50x10'3x640x10‘9§n T2

6.6x10-3*x3x10% 'n = 1.6x102°photons s

8.5 When light of wavelength 2200A falls on Cu, photo
electrons are emitted from it. Find (i) the threshold
wavelength and (ii) the stopping potential. Given: the
work function for Cu is ¢o = 4.65 eV.

Given: A=2200 A° =2200x 10~ 1%m

¢o =4.65eV=4.65x1.6x10"1%J

Solution :

¢y is the work function of metal

Ao is the threshold \gavelength of metal

E=19.86
nhv = 19.86 .

n 3 12‘36 N = e x10-20
Q 19.86 n _ 198.6x10%°
6.6 x 10-3%x 1014} 66

19.86

M= 6 6x10-20

Important Numericals
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q)o = hVO = h
h R =
Ay = — L _l198x107
$o P07 T 74
_6.6x10"*x3x10° 198 x 10-7
" 4.65x1.6x1071% Mo =T
-26 i
| A e i Ao = 2.675x 1077
465x1.6x10°1° : "
i1y = 2675x 10"
_ 19.8x1077 |70 C
0= 744 i Ao = 2675 A
Energy of E=hv=h£ - m——
1 JAYA PHYSICS |
photon
E= he \"
e’
6.6 x103*x3 x 10°® v
= €
2200x10°1°x1.6x10°1°
B 19.8x 10726 v
~ 3520 x10-2° ©
1938 x103 Ve 19800 Vo 1980 v
~ 73520 T 3520 ©0 352 ©
E=5.65¢eV
By Einstein photoelectric equation
Kpax =hv—¢,
K. = 5.65€eV —4.65 eV = 1eV
V, is the stopping potential of metal
¢ VO = Kmax
Vo Kmax _ 1€V _
e e
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8.6Calculate the momentum and the de Broglie
wavelength in the following cases:

1) an electron with kinetic energy 2 eV.
Given: K=2eV =2x 1.6 x 10719]
Solution :
Relation between kinetic energy (K) and

momentum (p) is

p?

K=— p?=2mK
Zm

p=v2mK

=./2x9.11x10-31x2x 1.6 x 10-1°

=6.4%x9.1x10-50
= 1/58.24 x 10-5°

=7.6x10"2°kgms~!
De Broglie wavelength () is

JAYA PHYSICS

h 6.6x1073
“p 7.6x107%
66x 1077
A=—
A=86x10"m 21=8.6A4A"

A=086x10""m

8.7Light of wavelength 390 nm is directed at a metal
electrode. To find the energy of electrons ejected, an
opposing potential difference is established between it
and another electrode. The current of photoelectrons
from one to the other is stopped completely when the
potential difference is 1.10 V. Determine i) the work

function of the metal and ii) the maximum wavelength| 4

of light that can eject electrons from this metal.
Given: A=390nm =390 x 10~ m

Stopping potential V= 1.1V

Solution :

By Einstein photoelectric equation
Kmax = hv — ¢y

C
bo = hj_Kmax

IfV, is the stopping
potential of metal, then

hc

$o=——¢eVo

6.6x1073*x3x108

0= ""390x10°
_ 19.6x10726
™ 390x10-°

eV{]:

Kmax

—1.6x10 9% 1.1

—1.76 x1071°

Important Numericals
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19.6 x 10-17 ek 10-17
0= " 3909 /X

196 x 10-19 ek 10-10
'\ 39 . X

do =5x10712 —1.76 x 10717
¢y =3.24x10719)

i) the maximum wavelength
[

bo = hvy, bo = hvipin 0= hl
max
A, = 2
max — q)o
6.6x103*x 3 x 108
Amax = ——3 50101
19.8x1077 198x 1077
max = T30 T 32
_ 198x 1077

max = Amax = 6x1077m

32

Amax = 6000x 10719 Ayax = 6000 A°

8.8Find the de Broglie wavelength associated with an
alpha particle which is accelerated through a potential
difference of 400 V. Given that the mass of the proton
is 1.67 x 10727 kg.

Given: m, = 1.67 x10~*"kg

mass M of the alpha particle is 4 times that of a proton
charge q of the alpha particle is 2 times that of a proton
Solution :

~h h
- \/ZMqV_\/ZxﬁlmpreV
h
A=
JZ x4mpx2eV
= 6.6x1073*
4xV 1.67x10-27x 1.67 x 10-192 x400
) = 6.6 x 107>
4x20xV 1.6x10"27x 1.6 x 10-1°
_ 66x107**  66x107%*
 80x16V 10-%6 80x1.6x10-23
6.6x10711 "
A=——— A=0.051x10"
128

A=00051x10"%n A =0.00514°

JAYA PHYSICS

Madhavaram, Chennai Dt 9840430109 Page 26

Kindly Send Me Your Key Answer to Our email id - Padasalai.net@gmail.com


https://whatsapp.com/channel/0029VaAqUqk9Bb672tBn033m

www.Padasalai.Net

9.Atomic and nuclear physics

9.1 The radius of the 5th orbit of hydrogen atom is
13.25 A. Calculate the de broglie wavelength of the

electron orbitting in the 5th orbit.
Given: r=13.25 A =13.25x10"%m

The circumference of an electron’s orbit of radius r

must be an integral multiple of de Broglie wavelength
Solution :

2Zmr=ni JAYA PHYSICS
2ntr
A=—
n 2.65

1—2X3'14XMX10_10

A=6.28x2.65x10"10 =16.642x1071"m

A=16.642 A°

9.2 Find the (i) angular momentum (ii) velocity of the
electron revolving in the 5th orbit of hydrogen atom.
(h=16.6 x 103*Js, m = 9.11 x 1073 kq)

The angular momentum of an electron must be an
integral multiple of nh/2x

r%
1

1=

Angular
momentu
of electro

nh 5x6.6x10734
N © 2x3.14

21T

33x1073% 3300x10-34
628 628

1=5.25x10"3* kg m?s~1

Radius off ; = n?x0.529 A4°
nth orbit
rs = 5%2x0.53 A° = 25x0.53 A°
rs =13.254°
Angular momentum of a circulating particle
f=mvr
e 5.25x1073*
Vo mr 9.11x1031x13.25x 1010
5.25 107
YT 911x13.25
525 107
YT 91x133 "
_ 53 107
~121.03
5300 ., N
v 21 X v=43.8x10"ms
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9.3 Calculate the radius of 137 Au ucleus
Nuclear radius

1 1 For you to understand
—_ 7 1
R=Ro 43 1 {Ro = 1.2 fermi
R=12x10""(197)3 {R = 12x10"m
— -15 i
R=12x10"x58 | 5% =125
R=6.96 x10™®m 63 =216

R=6.96 F

9.4Calculate the number of nuclei of carbon-14
undecayed after 22,920 years if the initial number of
carbon-14 atoms is 10,000. The half-life of carbon-14
is 5730 years.

N, original no of nuclei, N is no of undecayed nuclei
Solution :

Total half life period

half life period
T 22920

T T, 5730

1 n
ﬂ“=k]%

1 4
E] x 10000

number of decays =

n

= 4 decays

number of remainin
or undecayed nuclei

N

1
N =—x 10000 N = 625 atoms

16

9.5Half lives of two radioactive elements A and B are
20 minutes and 40 minutes respectively. Initially, the
samples have equal number of nuclei. Calculate the
ratio of decayed numbers of A and B nuclei after 80
minutes.

Important Numericals S.Jayachandran, PGT, GHSS,

Solution :
Number _ Total halflife period T
of decays =™ halflife period n= Ti/2
T 80 ad
n, = T1/2A =g = 4 decays
__T _s0_
ng = T1/23 =70 — 2 decays
b f 1"
number of [_ N =N —1=
decayed nucleij|_ No—N =N, [2] No
number Of—N—14N =N _iN_15
decayed Anuclei |~ "2 2] "% % 16 ° 16 '°
b f 1)? 1 3
number 0 _ _
decayed Bnuclei] =No — [E] No = No _ZNO - ZN"
ratio of decayed %No/ 5
numbers of A and| = 3 = 2
B nuclei Z%
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9.6 Calculate the time required for 60% of a sample of

radon undergo decay. Given T12 /of radon =3.8 days

Given 60% of a sample of radon undergoes decay
40% of a sample of radon is remaining

Solution :

N, =100% and N = 40%

decay constant 0.6931
of radioactive| A = T,
element radon %
_0.6931
=38 /1
_ At 4 100
?i'— hL)-e i tl__l?l jiﬁ—
RIS\ i "7 0.6931
No | 3.8
N 1 i -
N, ~ et : nl25]x 5531
N it =0.9162 :
et= 2 ; X 0.6931
N - '
1t=1nﬁ’ A 0.9162x -——
N | = 002x o0
1 = 0. X —
o 1
~ In [ N] i 0.7
'=—"7 | t=5.022days

JAYA PHYSICS

9.7 Calculate the radius of the earth if the density of the
earth is equal to the density of the nucleus.[mass of
earth 5.97 x 10%* kg ].

nuclear density = 2.3 x 1017 kg m=3
mass

lume = ' 7
volume density i Y A 18x10
4 . mass i 27.6
3 density §R3 _ 180x 10°
3 mass 3 i 27.6
= X— 1
density 4T iR? = 6.52x 10°
5.97 x 10%4 3 i )
3 — X i R=1.8x10
2.3x10Y "4x3.14]
24 i R=~180m
, _ 6x10 3 i

~23x107 '4x3

www.Trb Tnpsc.Com

10 electronics and Communication
10.1Determine the wavelength of light emitted from
LED which is made up of GaAsP semiconductor whose
forbidden energy gap is 1.875 eV. Mention the colour
of the light emitted (Take h = 6.6 x 10-34 Js).
GivenE = 1.875eV = 1.875x 1.6x 10719]

Solution :

_hc 6.6x103*x3x108
~ E 1.875x1.6x10719

= 660 nm

10.2 In a transistor connected in the common base
configuration, a=095., [e=1mA. Calculate the values of
Icand Ig.
Solution : Ic
a=—
Ig

Ic = alg = 0.95 x1 = 0.95mA

IE:IB+IC
Ig=I;,—I.=1—0.95 = 0.05mA
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