
 

 

would get an electric shock. If earthed, the current would go to the earth and the 

potential of the metallic body would not rise. The iron would then be safe to 

use. Hearing Rohit, Rahul calmed down and agreed.  

(a) What values did Rahul and Rohit have?  

(b) Which has greater resistance – 1 K watt electric heater or 100 watt electric 

bulb, both marked 220 volts?  

ANS:  (a)  Rahul is enthusiastic and flexible, Rohit is patient, knowledgeable, 

assertive  

(b)     R =  V2  /  P        

 R  α  1 / P      Hence 100W bulb has greater resistance. 

 

3.MAGNETIC EFFECTS OF CURRENT AND MAGNETISM 

GIST 

 Magnetic field: The region around a magnet or current carrying conductor 

with in which it influences other magnets or magnetic material. SI unit of magnetic 

field intensity is Tesla (T). 

 Biot-Savart Law: dB =μ0 IdlSinθ/4πr2 where μ0=4π x 10-7 Tm/A. [Direction 

of dB can be found by using Maxwell’s Right hand thumb rule.] 

 Applications:  

Magnetic field at the centre of a current carrying circular coil is B= μ0I/2a.  

Magnetic field at a point on the axis of current carrying coil isB= μ0Nia2/2(a2+x2)3/2    

(N=no. of turns in the coil) 

 Ampere’s circuital law: It states that the line integral of magnetic field 

around any closed path in free space is μ0 times the total current passing through 

the area of loop.∮ �⃗⃗�. 𝑑𝑙⃗⃗⃗⃗  =  𝜇𝑜 𝑰. 

 Applications:  

Magnetic field due to straight infinitely long current carrying straight conductor. 

B= μ0 I/2πr.  

Magnetic field due to a straight solenoid carrying current B= μ0n I. n= no. of turns 

per unit length. B= μ0N I / L.  

Magnetic field due to toroidal solenoid carrying current.B= μ0N I / 2πr. N= Total 

no. of turns. 

 Force on a moving charge [Lorentz Force]: In magnetic field magnetic 

Lorentz force�⃗� = 𝑞(�⃗⃗� 𝑋 �⃗⃗�). The direction of Force is given by Fleming’s left hand 

rule. In magnetic and electric field Lorentz force �⃗� = 𝑞[�⃗⃗� + (𝜈 𝑥 �⃗⃗�)]. 
 One Tesla is the intensity of magnetic field in which one coulomb of charge 

moving perpendicular to the field with one m/s experiences a force of one Newton. 
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 Motion of a charge in Perpendicular magnetic field F=qvBSinθ. If θ=90o 

then F=qvB (circular path).For parallel or antiparallel to magnetic field then 

F=qvBSin0 (or) qvBSin180=0(Straight-line path). If 0<θ<90 , the path is helix.      

v Cosθ is responsible for linear motion, v Sinθ is responsible for circular motion. 

Hence trajectory is a helical path. When a charged particle enters in to the 

magnetic field with some angle θ to it, the radius of circular path followed by it is 

𝑟 = 𝑚𝑣 𝑠𝑖𝑛𝜃/𝑞𝐵, and the pitch of the helical path is 2𝜋𝑚𝑣 𝑐𝑜𝑠𝜃/𝑞𝐵 

 Cyclotron: The device which is used accelerate the charged particles based 

on the principle of Lorentz force is called Cyclotron. 

 Principle: The charged particle accelerates in uniform electric field and 

follows circular path in uniform magnetic field. 

 An ion can acquire sufficiently large energy with a low ac voltage making it 

to cross the same electric field repeatedly under a strong magnetic field. 

 Cyclotron frequency or magnetic resonance frequencyν=qB/2πm, 

T=2πm/Bq; ω=Bq/m 

 Maximum velocity and maximum kinetic energy of charged particle 

Vm=Bqrm/m 

 Em=B2q2rm
2 / 2m. 

 Force on a current carrying conductor in uniform�⃗� =  (𝐼 𝑙⃗⃗ ⃗⃗  𝑥 �⃗⃗�). l=length of 

conductor.  

 Direction of force can be found out using Fleming’s left hand rule. 

 Force per unit length between parallel infinitely long current carrying 

straight conductors.𝐹/𝐿 =  𝜇𝑜𝐼1𝐼2/2𝜋𝑑. If currents are in same direction the wires 

will attract each other.If currents are in opposite directions they will repel each 

other. 

 One Ampere: The electric current flowing through a conductor is said to be 

one ampere when it is separated by one meter from similar conductor carrying 

same amount of current in the same direction experiences a repulsive force of 

2x10-7 N per meter length. 

 Torque experienced by a current loop in a uniform B.τ = NIBA Sinθ. 𝜏 =

�⃗⃗⃗�𝑋�⃗⃗�Where M is the magnetic dipole moment =NIA 

 Moving coil galvanometer: It is a sensitive instrument used for detecting 

small electric currents. 

 Principle: A current carrying coil placed in a magnetic fieldexperiences 

torque.I αθ and I = K θ where K= NAB / C 

 Current sensitivity, I s= θ / I=NBA/K       

 Voltagesensitivity, Vs= θ /V=NBA/KR       
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 Changing N changes the Current sensitivity but Voltage Sensitivity does not 

change as R also changes in the same way and N/R remains constant. 

 The amount of electric current per deflection in the galvanometer is called 

its figure of merit. G = I / α = k/NBA 

 Conversion of galvanometer into ammeter: A small resistance S is connected 

in parallel to the galvanometer coil. S=IgG/( I - I g); RA=GS/(G+S) 

 Conversion of galvanometer into a voltmeter: A high resistance R is 

connected in series with the galvanometer coil.R=( V/Ig ) –G; Rv=G+R 

 Magnetic dipole moment of a revolving electron   M = 
2

evr
. M=n(eh/4πme) 

 The magnetic dipole moment of the revolving electron in its first orbit of the 

hydrogen atom is called Bohr Magneton. Bohr Maneton = eh/4πme = 9,27 x 10-24 

Am2. 

 The ratio of orbital magnetic moment and the angular moment of revolving 

electron is called gyromagnetic ratio. M/L = e/2me = 8.8 x 1010 C/kg. 

 Properties of bar magnet: Magnetic poles exist in pairs. Like poles repel and 

unlike poles attract.  

It aligns in the direction of geographic north and south when suspended freely.  

It attracts other magnets and magnet like materials. 

 Properties of magnetic lines of force:  

They emerge out of North Pole and directed towards South Pole.  

They never cross each other.  

They form closed loops.  

They pass through conductors.  

They contract lengthwise and expand sidewise.  

Their relative density gives the intensity of magnetic field in that region.  

They emerge out normal to the surface. 

 Magnetic field due to a short bar magnet: At any point on its axial line: 

𝐵𝑎𝑥𝑖𝑎𝑙 =  
𝜇𝑜

4𝜋

2𝑚

𝑟3
. At any point on its equatorial line: 𝐵𝑒𝑞 =  

𝜇𝑜

4𝜋

𝑚

𝑟3
. 

 Torque on a bar magnet placed in uniform external magnetic field: =

𝑚𝐵 𝑠𝑖𝑛𝜃; 𝜏 = �⃗⃗⃗� 𝑥 �⃗⃗� . 

 Potential energy stored in bar magnet placed in uniform external magnetic 

field: 𝑈 =  −�⃗⃗⃗�. �⃗⃗� =  −𝑚𝐵(𝑐𝑜𝑠𝜃2 − cos 𝜃1). 

 Gauss’s law in magnetism: 𝜑𝐵 =  ∮ �⃗⃗� . 𝑑𝑆⃗⃗⃗⃗⃗ = 0. 

 Elements of earth’s magnetic field: Magnetic declination (θ); Dip (δ); 

Horizontal component of earth’s magnetic field (BH). BH = B cos δ; BV = B sin δ. 

 Magnetic flux density, Bo = µo / A; SI unit wb / m2.  

 Magnetizing field intensity, H = Bo / µo; SI unit A/m. 
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 Intensity of magnetization, I = m/V (magnetic dipole moment per unit 

volume); SI unit A/m. 

The relation among these three physical quantities is B = µo(H + I) 

 Magnetic permeability, µ = B/H; SI unit wb/m/A 

 Magnetic susceptibility, 𝜒𝑚 =  
𝐼

𝐻
; It is a dimensionless physical quantity. 

Relation between relative permeability and magnetic susceptibility is 𝜇𝑟 = 1 +
𝜒𝑚. 

 Properties of magnetic substances 

DIA PARA FERRO 

1.  Diamagnetic 

substances are those 

substances which are 

feebly repelled by a 

magnet. 
Eg. Antimony, Bismuth, 

Copper, Gold, Silver, 

Quartz, Mercury, Alcohol, 

water, Hydrogen, Air, 

Argon, etc. 

Paramagnetic substances 

are those substances 

which are feebly attracted 

by a magnet. 

Eg. Aluminium, 

Chromium, Alkali and 

Alkaline earth metals, 

Platinum, Oxygen, etc. 

Ferromagnetic substances 

are those substances 

which are strongly 

attracted by a magnet. 

Eg. Iron, Cobalt, Nickel, 

Gadolinium, Dysprosium, 

etc. 

2. When placed in 

magnetic field, the lines 

of force tend to avoid the 

substance. 

 

The lines of force prefer 

to pass through the 

substance rather than air. 

 

The lines of force tend to 

crowd into the specimen. 

 

3. When placed in non-

uniform magnetic field, it 

moves from stronger to 

weaker field (feeble 

repulsion). 

When placed in non-

uniform magnetic field, it 

moves from weaker to 

stronger field (feeble 

attraction). 

When placed in non-

uniform magnetic field, it 

moves from weaker to 

stronger field (strong 

attraction). 
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4.  When a diamagnetic 

rod is freely suspended in 

a uniform magnetic field, 

it aligns itself in a 

direction perpendicular to 

the field. 

 

When a paramagnetic rod 

is freely suspended in a 

uniform magnetic field, it 

aligns itself in a direction 

parallel to the field. 

 

When a paramagnetic rod 

is freely suspended in a 

uniform magnetic field, it 

aligns itself in a direction 

parallel to the field very 

quickly. 

 

5. If diamagnetic liquid 

taken in a watch glass is 

placed in uniform 

magnetic field, it collects 

away from the centre 

when the magnetic poles 

are closer and collects at 

the centre when the 

magnetic poles are 

farther. 

 

If paramagnetic liquid 

taken in a watch glass is 

placed in uniform 

magnetic field, it collects 

at the centre when the 

magnetic poles are closer 

and collects away from 

the centre when the 

magnetic poles are 

farther. 

 

If ferromagnetic liquid 

taken in a watch glass is 

placed in uniform 

magnetic field, it collects 

at the centre when the 

magnetic poles are closer 

and collects away from 

the centre when the 

magnetic poles are 

farther.

 

6.  Induced Dipole 

Moment (M) is a small  – 

ve value. 

 

 

Induced Dipole Moment 

(M) is a  small + ve value. 

Induced Dipole Moment 

(M) is a  large + ve value. 

 

7.  Intensity of 

Magnetisation (I) has a 

small – ve value. 

Intensity of 

Magnetisation (I) has a 

small + ve value. 

Intensity of 

Magnetisation (I) has a 

large + ve value. 

8.  Intensity of 

Magnetisation (I) has a 

small – ve value. 

Intensity of 

Magnetisation (I) has a 

small + ve value. 

Intensity of 

Magnetisation (I) has a 

large + ve value. 

9.  Magnetic permeability 

μ is always less than 

unity. 

Magnetic permeability μ 

is more than unity. 

Magnetic permeability μ 

is large i.e. much more 

than unity. 
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10.  Magnetic 

susceptibility 𝜒𝑚 has a 

small – ve value. 

Magnetic susceptibility 

𝜒𝑚 has a small + ve 

value. 

Magnetic susceptibility 

𝜒𝑚 has a large + ve value. 

11. They do not obey 

Curie’s Law. i.e. their 

properties do not change 

with temperature. 

 

They obey Curie’s Law. 

They lose their magnetic 

properties with rise in 

temperature. 

𝜒𝑚 = 𝐶/𝑇 

Where C is curie’s 

constant. 

They obey Curie’s Law. 

At a certain temperature 

called Curie Point, they 

lose ferromagnetic 

properties and behave 

like paramagnetic 

substances. 

 

 Hysteresis: The phenomenon of lagging of magnetic flux density behind the 

magnetizing field intensity of a ferromagnetic substance is called Hysteresis. 

 The magnetic flux density remained in the ferromagnetic substance even 

after removing the magnetizing field intensity is called Retentivity. 

 The magnetizing field intensity required to reduce the residual magnetism in 

ferromagnetic substance to zero is called coercivity.  
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CONCEPT MAP 
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QUESTIONS 

 MAGNETIC FORCE 

1 In a certain arrangement, a proton does not get deflected while passing through 

a magnetic field region. State the condition under which it is possible.                                                                                                                         

1 

Ans: v is parallel or antiparallel to B 

2 An electron beam is moving vertically upwards. If it passes through a 

magnetic field directed from South to North in a horizontal plane, in what 

direction will the beam be deflected?        1                                                                                                                                                                                                                                                           

Ans:-Towards geographical East in the horizontal plane 

3 What is the work done by the magnetic force on a charged particle moving 

perpendicular to the magnetic field? 1                                                                                                                     

Ans: Zero 

4 A wire of length 0.04m carrying a current of 12 A is placed inside a solenoid, 

making an angle of 300 with its axis. The field due to the solenoid is 0.25 T. 

Find the force on the wire.                                                            

Ans; 0.06N2 

5 A circular loop of radius 0.1 m carries a current of 1A and is placed in a 

uniform magnetic field of 0.5T. The magnetic field is perpendicular to the 

plane of the loop. What is the force experienced by the loop? 2                                                    

Ans: The magnetic dipole does not experience any force in a uniform magnetic 

field.Hence, the current carrying loop (dipole) does not experience any net 

force. 

6 A proton, alpha particle and deuteron are moving in circular paths with same 

kinetic energies in the same magnetic fields. Find the ratio of their radii and 

time periods.       

Ans: Rp: Rα : Rd =1:1:√2                                                                                     2 

        Tp: Tα : Td =1:2:2         

7 An electron moving with Kinetic Energy 25 keV moves perpendicular to a 

uniform magnetic field of 0.2 mT. Calculate the time period of rotation of 

electron in the magnetic field.                 2                                                                                                 

Ans: T = 1.79 x 10-7 S 

8 A charged particle of mass ‘m’ charge ‘q’ moving at a uniform velocity ‘v’ 

enters a uniform magnetic field ‘B’ normal to the field direction. Deduce an 

expression for Kinetic Energy of the particle. Why does the Kinetic Energy of 

the charged particle not change when moving through the magnetic field? 3  

9 An electron is revolving around the nucleus of an atom in an orbit of radius 

0.53 Å. Calculate the equivalent magnetic moment, if the frequency of 

revolution of the electron is 6.8 x 10 9 MHz.                                                                                                                                                                                                   

Ans: pm = 9.6 x 10 -24 A m2             3      
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BIOT-SAVART LAW AND ITS APPLICATIONS 

1 A current is set up in a long copper pipe. What is the magnetic field inside the 

pipe?                                

Ans: Zero1 

2 A wire placed along north south direction carries a current of 5 A from South 

to North. Find the magnetic field due to a 1 cm piece of wire at a point 200 cm 

North East from the piece.               2                                                                                                                                                                                                                   

Ans: 8.8 x 10 -10 T, acting vertically downwards.  

3 How will the magnetic filed intensity at the centre of a circular coil carrying 

current change if the current through the coil is doubled and the radius of the 

coil is halved.                                             2 

Ans: B = μ0n x 2I / 2 x (R/2) = 4B 

4  A circular coil of 500 turns has a radius of 2 m, and carries a current of 2 A. 

What is the magnetic field at a point on the axis of the coil at a distance equal 

to radius of the coil from the center?   2                                                                                                              

Ans: B = 1. 11 x 10 -4 T 

5 The strength of magnetic induction at the center of a current carrying circular 

coil is B1 and at a point on its axis at a distance equal to its radius from the 

center is B2. Find B1/B2.                      2                                                                               

Ans: 2 √2 

6  A current is flowing in a circular coil of radius ‘r’ and magnetic field at its 

center is B0. At what distance from the center on the axis of the coil, the 

magnetic field will be B0/8?                            2                                                                                                                                     

Ans: x = √3r 

7 A straight wire of length′
𝜋

2
′𝑚, is bent into a circular shape. if the wire were to 

carry a current of 5 A, calculate the magnetic field due to it, before bending, at 

a point 0.01 times the radius of the circle formed from it. Also calculate the 

magnetic field at the center of the circular loop formed, for the same value of 

current.                                                                            3                            

Ans: B1 = 4 x 10 -4 T, B 2 = 1.256 x 10 -5 T 

8 Two insulated wires perpendicular to each other in the same plane carry equal 

currents as shown in figure. Is there a region where the magnetic field is zero? 

If so, where is the region? If not, explain why the field is not zero?    3 

 

  I 
   

  I 
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9 What is the net magnetic field at point 0 for the current distribution shown 

here? 

 

 

  

 

 
Ans:   (µ0 I / 2r)=(µoi/π r)3 

 

 AMPERE’S CIRCUITAL LAW AND APPLICATIONS 

1 A long straight solid metal wire of radius ‘R’ carries a current ‘I’, uniformly 

distributed over its circular cross section. Find the magnetic field at a distance 

‘r’ from the axis of the wire (a) inside and (b) outside the wire                                                                                                                                

Ans;   (a) µ0µrIr/2πR2              (b) µ02I/ 4πr2         

2 A solenoid is 1m long and 3 cm in mean diameter. It has 5 layers of windings 

of 800 turns each and carries a current of 5 A. Find Magnetic Field Induction 

at the center of the solenoid.             2                                                                                                                 

Ans: 2.5 x 10 -2 T, parallel to the axis of the solenoid. 

3 Find the value of magnetic field inside a hollow straight current carrying 

conductor at a distance r from axis of the loop.                  2 

 
Ans  B=0 

  

FORCE BETWEEN TWO PARALLEL CURRENTS, TORQUE ON A 

CURRENT LOOP, MOVING COIL GALVANOMETER 

1  A rectangular loop of size 25 cm x 10 cm carrying a current of 15A is placed 2 

cm away from a long, straight conductor carrying a current of 25 A. What is 
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the direction and magnitude of the net Force acting on the loop?  

 Ans: F =7.8175 x 10-4 N 

2 A long straight conductor PQ , carrying a current of 60 A, is fixed horizontally. 

Another long conductor XY is kept parallel to PQ at a distance of 4 mm, in air. 

Conductor XY is free to move and carries a current ‘I’ . Calculate the 

magnitude and direction of current ‘I’ for which the magnetic repulsion just 

balances the weight of the conductor XY.                                                     2                                                        

Ans: I = 32. 67 A, The current in XY must flow opposite to that in PQ, because 

only then the force will be repulsive. 

3 A circular coil of 200 turns, radius 5 cm carries a current of 2.5 A. It is 

suspended vertically in a uniform horizontal magnetic field of 0.25 T, with the 

plane of the coil making an angle of 600 with the field lines. Calculate the 

magnitude of the torque that must be applied on it to prevent it from turning. 

Ans: 0.49Nm2                                                                         

4 A Galvanometer of resistance 3663 ohm gives full scale deflection for a certain 

current Ig.Calculate the value of the resistance of the shunt which when joined 

to the galvanometer coil will result in 1/34 of the total current passing through 

the galvanometer. Also find the total resistance of the Galvanometer and shunt. 

Ans: 111 ohm, 107.7 A. 

  

MAGNETISM AND MATTER 

 BAR MAGNET 

1 A short bar magnet has magnetic moment of 50 A m2. Calculate the magnetic 

field intensity at a distance of 0.2 m from its centre on (1) its axial line (2) its 

equitorial line.                                                                                                                                                                      

Ans: B1 = 1.25 x 10 -3 T , B2 = 0.625 x 10 -3 T. 

2 Calculate the torque acting on a magnet of length 20 cm and pole strength 2 x 

10 -5 Am, placed in the earth’s magnetic field of flux density 2 x 10 -5 T, when 

(a) magnet is parallel to the field (b) magnet is perpendicular to the field.                                                                     

Ans: (a) Zero   (b) 0.8 x 10 -10 Nm 

  

MAGNETISM AND GAUSS LAW 

1 What is the significance of  Gauss’s law in magnetism?                                                                      

Ans: Magnetic  monopoles do not exist.   
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THE EARTH’S MAGNETISM 
1 How the value of angle of dip varies on moving from equator to Poles?                                                 

2 A compass needle in a horizontal plane is taken to geographic north / south 

poles. In what direction does the needle align?                                                                                                             

3 The horizontal component of earth’s magnetic field is 0.2 G and total magnetic 

field is 0.4 G. Find the angle of Dip.                                                                                                                                

Ans: 60. 250 

4 A long straight horizontal table carries a current of 2.5 A in the direction 100 

south of west to 10 0 north of east. The ,magnetic meridian of the place 

happens to be 10 0 west of the geographic meridian. The earth’s magnetic field 

at the locations 0.33G and the angle of dip is zero. Ignoring the thickness of 

the cable, locate the line of neutral points.                                                                                                                

Ans: r = 1.5 cm ( BH = B cos δ, BH = µ0 I/ 2πr)                                                                                         

5 The vertical component of earth’s magnetic field at a place is √3 times the 

horizontal component. What is the value of angle of dip at this place?                                                             

Ans: 600 

6 A ship is sailing due west according to mariner’s compass. If the declination of 

the place is 150east, what is the true direction of the ship?                                                                                           

Ans: 750 west of north.  

  

IMPORTANT TERMS IN MAGNETISM 

1 A magnetising field of 1600 A/m produces a magnetic flux of 2.4 x 10 -5 Wb in 

a bar of iron of cross section 0.2 cm2. Calculate permeability and susceptibility 

of the bar.  

Ans: Permeability = 7.5 x 10-4 T A -1 m, Susceptibility =596.1                                                             

2 The maximum value of permeability of µ-metal is 0.126 Tm/A. Find the 

maximum relative permeability and susceptibility.                                                

Ans: 105 each.                                                                                                                                                                                                              

 

 

 

MAGNETIC PROPERTIES OF MATERIALS 

1 The susceptibility of magnesium at 300K is 1.2 x 105. At what temperature will 

the susceptibility be equal to 1.44 x 10-5 .                                                                                                                                                                                             

Ans: 250 K  

2 An iron bar magnet is heated to 10000C and then cooled in a magnetic field 

free space. Will it retain its magnetism?                                                                                                                                  

3 What is the net magnetic moment of an atom of a diamagnetic material?                                      

Ans : Zero 

4 Which materials have negative value of magnetic susceptibility?                                                       
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Ans : Diamagnetic materials. 

5 Why permanent magnets are made of steel while the core of the transformer is 

made of soft iron?                                                                                                                                                                                   

6 An iron rod of volume 10-4 m3 and relative permeability 1000 is placed inside a 

long solenoid wound with 5 turns/cm. If a current of 0.5A is passed through 

the solenoid , find the magnetic moment of the rod.                                                                                                                                      

7 The susceptibility of a magntic mateial is 0.9853. Identify the type of the 

magnetic material.Draw the modification of the field pattern on keeping a 

piece of this material in a uniform magnetic field.                                                                                                                                                                                                                                                

Ans : paramagnetic 

8 Two similar bars, made from two different materials P and Q are placed one by 

one in a non uniform magnetic field. It is observed that (a) the bar P tends to 

move from the weak to the strong field region. (b) the bar Q tends to move 

from the strong to the weak field region. What is the nature of the magnetic 

materials used for making these two bars?                                                                                                                                                                                                                                                                        
 

VALUE BASED QUESTIONS: 
 

1. Sandeep’s mother had put lot of clothes for washing in the washing machine, 

but the machine did not start and an indicator was showing that the lid did not 

close. Sandeep seeing his mother disturbed thought that he would close the lid by 

force but realized that the mechanism was different. It was a magnetic system. He 

went to the shop and got a small magnetic door closer and put it on the lid. The 

machine started working. His mother was happy that Sandeep helped her to save 

Rs.500/- also.  

• What was the value developed by Sandeep?  

• What values did his mother impart to Sandeep?  

 

2. Tushar was using a galvanometer in the practical class. Unfortunately it fell 

from his hand and broke. He was upset, some of his friends advised him not to tell 

the teacher but Tushar decided to tell his teacher. Teacher listened to him patiently 

and on knowing that the act was not intentional, but just an accident, did not scold 

him and used the opportunity to show the internal structure of galvanometer to the 

whole class.  

(i) What are the values displayed by Tushar.  

(ii) Explain the principle, Construction and working of moving coil 

galvanometer. 
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