Second Year Numerical Problems Physics

CHAPTER NO. 14(ELECTROMAGNETISM)

Question 14.1:- Find the value of the magnetic field that will cause a maximum force of 7.0 x
10-3 Non a 20.0 cm straight wire carrying a current of 10.0 A.

Solution:- Maximum force = Fmax = 7.0 x 103 N

Length of wire =L =20.0cm = 0.20 m

Current=1=10.0 A

Force on a current carrying wire =F =1L B sin a

For maximum force, a = 90°and sina =1

Fmax =ILB
B = — (7.0 x 103)/(10.0)(0.20)
B=35x103T

Question 14.2:- How fast must a proton move in a magnetic field of 2.50 x 10-3 T such that the
magnetic force is equal to its weight?

Solution:- Applied magnetic field =B =2.50x 10-3T

Charge of proton =q=1.60x10-1°C

Mass of proton = m = 1.67 x 10-27 kg

According to condition of the question: Magnetic force on proton = Weight of proton
qvBsinB=mg

Since 0 is not given in the question, -we will consider it 90° for maximum force on moving
proton.

qvBsin90°=mg

_mg _ 1.67 x10727x 9.8
gqB 1.60x10719x2.50x1073

v=4.09x10>ms1?

Question 14.3:- A velocity selector has a magnetic field of 0.30 T. If a perpendicular electric
field of 10,000 V m! is applied, what will be the speed of the particle that will pass through
the selector?

Solution:- Applied magnetic field =B =0.30 T

Applied electric field = E = 10,000 V m-1

In a velocity selector, only those particles pass through its un-deflected for which maximum
magnetic force is equal to electric force.

gvB=qE

vB=E

v=E/B
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v=10,000/0.30

v=3.3x104ms1

Question 14.4:- A coil of 0.1 m x 0.1 m and of 200 turns carrying a current of 1.0 mA is placed
in a uniform magnetic field of 0.1 T. Calculate the maximum torque that acts on the coil.
Solution:- Length of coil =L =0.1 m

Width of coil =W = 0.1 m

Area of cross section of coil =A=LxW =0.1x0.1=0.01 m?

Current through coil =1=1.0mA =0.001 A

Applied magnetic field=B=0.1T

Number of turns of coil = N = 200

The torque applied by magnetic field on a current carrying coilist=NIB A cos «

For maximum torque, angle o must be 0°.

Tmax = NIBA

Tmax = (200) (0.001) (0.1) (0.01)

Tmax=2x10*Nm

Question 14.5:- A power line 10.0 m high carries a current 200 A. Find the magnetic field of
the wire at the ground.

Solution:- Height of power line =r =10.0 m

Current in power line =1=200 A

According to Ampere’s law B.AL = Ul

BALcosO®=pu, !

Consider an Amperian loop in the form of circle of radius r = 10.0 m around the power line.
Since wire is straight, the magnetic field and length element both are along the tangenti.e. 0 =
0°and cos 6 = 1.

Length of circular Amperian loop of radiusr=AL=2mnr

B@2nr)=p,1
_ Mol _ 4x314x1077 x 200
T2mr 2x3.14x10
B=4x106T

Question 14.6:- You are asked to design a solenoid that will give a magnetic field of 0.10 T,
yet the current must not exceed 10.0 A. Find the number of turns per unit length that the
solenoid should have.

Solution:- Required magnetic field =B =0.10 T

Current passing through solenoid =1=10.0 A

Magnetic field inside the solenoid =B = pon |
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B 0.10
ol 4x314x1077x10.0

n=7.96x103turns ml

Question 14.7:- What current should pass through a solenoid that is 0.5 m long with 10,000
turns of copper wire so that it will have a magnetic field of 0.4 T?

Solution:- Length of solenoid =L = 0.5 m

Number of turns of solenoid = N = 10,000

Required magnetic field inside solenoid =B = 0.4 T

B=ponl=po~]

_ BL _ 0.4xi);5 — 1596 A
UoN  4x3.14x10~7x10,000
I=16.0A

Question 14.8:- A galvanometer having an internal resistance Rg = 15.0 Q gives full scale
deflection with current Ig = 20.0 mA. It is to be converted into an ammeter of range 10.0 A.
Find the value of shunt resistance Rs.

Solution:- Internal resistance of galvanometer = Rg = 15.0°Q

Full scale deflection current = [g = 20.0 mA = 0.020 A

Range of ammeter =1=10.0 A

R = JaRg _ (0.020(15.0)

11— Ig 10-0.020
Rs=0.0300

Question 14.9:- The resistance of a'galvanometer is 50.0 ) and reads full scale deflection with

a current of 2.0 mA. Show by a diagram how to convert this galvanometer into voltmeter
reading 200 V full scale.
Solution:- Internal resistance of galvanometer = Rg = 50.0

Full scale deflection current = Ig = 2.0 mA = 0.002 A
500

Range of voltmeter =V =200V R = 99950 Q. R
Rv=L-R, A
Ig
/
R = -~ 50.0 T ’l
0.002

Rn = 99,950 0 i V=200V, 5

Question 14.10:- The resistance of a galvanometer coil is 10.0  and reads full scale with a
current of 1.0 mA. What should be the values of resistances Ri, Rz and R3 to convert this
galvanometer into multirange ammeter of 100, 10.0 and 1.0 A as shown in the figure.

Solution:- Internal resistance of galvanometer = Rg = 10.0
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Full scale deflection current = I = 1.0 mA = 0.001 A

(a) Range of ammeter =1=100 A

Ry = IgRg _ (0.001)(10.0)
1-1g 100-0.001

R1=0.0001Q
(b) Range of ammeter =1=10.0 A

IgRg _ (0.001)(10.0)
10-0.001

Rz =

I
R2=0.0010

(c) Range of ammeter=1=1.0 A

Rs = IgRg _ (0.001)(10.0)
I-1;  1.0-0.001

R3=0.010
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