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22 Magnetic fields

22.1 CONCEPT OF MAGNETIC FIELD

a) Magnetic field
 Amagnetic field is a region of space in which a moving charge experiences a force OR
Amagnetic field is a region where a magnetic material experiences a force.

 The magnetic field in a region is either generated by a permanent magnet or by a current carrying
conductor in the vicinity of that point.

b) Magnetic field lines
 A magnetic field consists of lines of force calledmagnetic field lines.

Representation of B- field on a plane
 Magnetic field lines are represented by drawing arrows starting from the north pole and pointing
towards the south pole of the magnetic field.

 The spacing between successive magnetic field lines indicates the strength of a magnetic field.
Closely spaced lines indicate a strong field and widely spaced lines indicate a weak field.

Fig. 1 (a): a strong and uniform B-field Fig. 1 (b): a weak and uniform B-field

Representation of B- field through a plane
 A magnetic field directed into a plane is shown as " x ".
A magnetic field directed out of a plane is shown as " • ".

Fig. 2 (a): uniform B-field into plane Fig. 2 (b): uniform B-field out of plane

 The magnetic field lines making up the magnetic field of a magnet or a coil are called itsmagnetic
flux.
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22.2 FORCE ON A CURRENT-CARRYING CONDUCTOR

a) Force acting on a current-carrying conductor placed in a magnetic field

b) Fleming’s left-hand rule

Fig. 3(a)
 When a current-carrying conductor is placed
in a magnetic field, a force is exerted on the
conductor.

Fig. 3(b)
 The direction of the force acting on a current
carrying wire placed inside a magnetic field can
be obtained using Fleming’s Left Hand Rule.

Formula for force on a current carrying conductor in a B-field
 Consider a conductor of length L carrying a current I
and placed at angle θ to a magnetic field of flux density
B as shown in Fig. 4.

 The force exerted on the conductor is then given by:
sinBILF 

Fig. 4

where: F force on the conductor (N)
B magnetic flux density (tesla, T)
I current (A)
L length (m)
 angle between the conductor and the field

c) Magnetic flux density (and the tesla)
 The magnetic flux density of a magnetic field is defined as the force exerted per unit length of a
conductor carrying a current of 1 A and placed at an angle of 90 to the magnetic field.

 A magnetic field has a magnetic flux density of one tesla when it exerts a force of 1 N per unit
length of a conductor carrying a current of 1 A and placed at an angle of 90 o to the magnetic field.

d) Current balance
 A current balance can be used to find the value of the magnetic flux density of a field by weighing.
 A simple form of a current balance is shown in the figure below.

Fig. 5: a simple current balance
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 The magnetic field exerts a downward force of magnitude BIL on the left side of the coil and generates
an anticlockwise moment BILx about the pivot.

 The weight of the rider exerts a downward force of magnitude mg on the right side of the coil and
generates a clockwise momentmgy about the pivot.

 At the equilibrium position of the coil
Anticlockwise moments = clockwise moments

mgyBIl 

ILx
mgyB 

Hence, the value of the magnetic flux density can be calculated if the quantities on the RHS of the above
equation are known.

22.3 FORCE ON A MOVING CHARGE

a) Force on a charge moving in a magnetic field
A charged particle moving in a magnetic field
experiences a force given by equation:

F = BQvsinθ

where:
F = force due to the magnetic field
B = magnetic flux density
Q = charge
v = speed
θ = angle between the direction of motion of the

charge and the B-field

 If the charge moves perpendicular to the B-field then θ=90o and sinθ =1. Therefore, F = BQv
 Since the force acts perpendicular to the direction of motion, the charge experiences a change of
direction only but no change in speed. Hence, a centripetal force is generated on the charge which then
moves in a circular path.
Example: path of an electron in a magnetic field

Fig. 6: circular path of a charged particle in a B-field

The force due to the magnetic field is perpendicular to the
path of the electron at any point along its motion and the
direction of the force is always towards the centre of a
circle.
For circular motion,

Force due to B-field = centripetal force

r
mvBQv

2



where:
B = magnetic flux density
Q = charge
v = speed
m = mass

The radius of the circular path is therefore
BQ
mvr 

 If a charge moves parallel to a magnetic field, then it does not experience any resultant force on it due
to the magnetic field (sin0 =0).

b) Recall and solve problems using F = BQv sinθ

(c)
 Phy

sic
s D

ep
t.

LS
R SSS



4

c) The Hall voltage
 Consider a semiconductor wafer carrying a current I and through which a magnetic field is applied as shown.

Fig 7: Hall effect giving rise to the Hall voltage
 According to Fleming’s left hand rule:
Positive charges experience a force in the downward direction.
Negative charges experience a force in the upward direction.

 Thus, an electric field is setup between the lower and upper surfaces of the semiconductor:
d
VE H

 A charge q traveling horizontally in the semiconductor with a mean drift velocity v experiences:
(i) a force Bqv due to the magnetic field
(ii) a force qE due to the electric field

 At equilibrium, both of these forces are equal in magnitude: BvEBqvqE 

 Substituting for E gives: BvdVBv
d
V

H
H 

 Current is related to mean drift velocity by I=nAvq  I=ntdvq, where n is the number density of the
charges.

Mean drift velocity,
ntdq
Iv 

 Substituting for v in the equation for VH gives the Hall voltage as
ntq
BIVH 

d) Deflection of beams of charged particles
Deflection by an electric field

screen

FE 

+ve

-ve

Fig. 2: parabolic path in E-field

Force due to E-field,
FE = QE
FE = eE

FE =
d
eV

(E=V/d for a uniform field)
(c)
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Deflection by a magnetic field
Recall: A beam of charged particles is equivalent to a current. Therefore, when the beam passes
through a magnetic field, it experiences a force according to F.L.H.R.

FB 

Fig. 3: circular path in B-field

Force due to B-field, FB = BQv
Equating centripetal force with FB gives:

BQv =
r

mv2

r =
BQ
mv

Note: (1) The deflection only occurs in the region of the magnetic field.
(2) The direction of the deflection is given by Fleming’s Left Hand Rule.

e) Crossed electric and magnetic fields used for velocity selection
Deflection in E-field and B-field perpendicular to each other (crossed fields)
Both the E-field and the B-field exert forces on the beam of charged particles in opposite directions.

FE 

+ve

-ve

path A

path B

path C

FB 

Fig. 4: deflection in crossed fields

If FE > FB

If FE = FB

If FE < FB

The Velocity Selector
 The velocity selector is used to select particles moving at a particular speed from a beam of
particles moving at variable speeds.

 It works on the principle that in crossed electric and magnetic fields, when the magnitudes of the
forces due to each field are equal, only particles of a specific value of velocity travel undeflected.

FE 

+ve

-ve

FB 

slit S1 slit S2

only particles 
with speed v 
emerge

For horizontal motion,
Force due to E-field=force due to B-field

QE = BQv

B
E  v 

Therefore, by varying the
relative magnitudes of E
and B, the velocity v of the
emerging beam of charges
can be selected.

Fig. 5: velocity selection
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f) Determination of v and e/me for electrons
 The apparatus consists of a highly evacuated glass tube, called a fine beam tube.
 A uniform B-field is generated by a pair of coils called Helmholtz coils through the glass tube out of
the plane of the figure.

 Electrons produced by thermionic emission move in the region of the magnetic field inside the
tube and perform a circular path.

 The path of the electrons becomes visible when they hit a fluorescent screen.
 The radius r of the circular path is then measured.

Fig. 6: determination of e/me

 Force due to the magnetic field, FB=Bev
 Direction of centripetal force given by FLHR: Fc=mv2/r
 Equating FB and Fc ,and rearranging the terms gives v=Bre/m----------- Eq.(1)
 Gain in EK of electrons, EK = work done by the accelerating potential, that is ½mv2 = eV ------- Eq.(2)

 Substituting equations (1) in (2) gives the specific charge e/me as: 22

2
rB
V

m
e

e



22.4 MAGNETIC FIELDS DUE TO CURRENTS

a) Magnetic flux patterns
(i) Long straight wire

 The direction of the magnetic field due to the
current in the wire is obtained using the right
hand grip rule.

 The field is strongest at the surface of the wire
and the field strength decreases with increasing
distance away from the wire.

(ii) Flat circular coil
(c)
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(iii) Long solenoid
 At the centre of the coil, the field is almost

uniform (parallel field lines)
 Near the ends of the coil, the field is non-uniform

(field lines diverge or converge)

b) Effect of a ferrous core on the field due to a solenoid
 The strength of the magnetic field produced by an electromagnet is affected by the surrounding

medium. By placing an iron (ferrous) core inside the coil the strength of the magnetic field can be
increased.

 The ferrous (iron) core attracts the field lines close to the solenoid and this has the effect of
strengthening the field.

c) Forces between current-carrying conductors
Consider two wires a and b carrying currents Ia and Ib respectively in a direction out of the plane of
the paper.

Fig(a): force on wire b due to wire a Fig(b): force on wire a due to wire b

• The direction of the field due to each wire is found using the Right Hand Grip Rule.
• The direction of the force due to each wire is found using Fleming's Left Hand Rule.
• Referring to fig(a), the force exerted by wire a on wire b is given by LIBF bab  (where L is the

length of the wires)
• The magnetic field due to a straight wire at a distance from the axis of the wire to a given point

is given by
πr2
IμB 0 .

• The force per unit length of wire b is therefore
πr2

IIμF ba0b 
L

• Referring to fig(b) and using a similar reasoning,
πr2

IIμF ab0a 
L

Note:

1.
L

aF
and

L
bF
have the same magnitude but opposite directions.

They constitute an action-reaction pair.
2. Parallel wires carrying currents in the same direction are attracted to each other.

(c)
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3. Parallel wires carrying currents in the opposite directions are repelled by each other.
Question: It is suggested that if a current is passed through a flexible spiral spring, the different
turns of wire in the coil may be attracted towards each other leading to a compression in the
length of the spring.
Discuss whether this effect will be observed for both d.c. and a.c.

d) Comparison of the forces on mass, charge and current in gravitational, electric and magnetic
fields

Property Gravitational field E-field B-field

1. Physical quantity influenced mass charge current

2. Force equation 2
21

r
mmFG  2

21

r
QQFE  BILFB 

3. Nature of force -ve +ve or -ve +ve or -ve

4. Direction of force w.r.t. field parallel Parallel or anti-parallel perpendicular

5. Relative magnitude weak strong strong

6. Range   

22.5 NUCLEAR MAGNETIC RESONANCE IMAGING

a) The main principles of NMRI used for imaging internal body structures
• A strong uniform magnetic field causes nuclei to precess/rotate about the direction of the field.
• A radio-frequency (RF) pulse is applied at the Larmor frequency/frequency of precession of the

nuclei.
• Resonance of nuclei occurs as the nuclei are excited by absorbing the energy of RF pulse.
• Upon relaxation/de-excitation, nuclei emit back the RF pulse at two different instants.
• The time interval between the two emitted RF pulses is measured and processed in order to

construct an image of the number density of hydrogen atoms in the patient.

b) Function of the non-uniform magnetic field in diagnosis using NMRI
• A non-uniform magnetic field allows the position of different nuclei to be uniquely located
• By changing the location of detection different slices can be studied
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