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State the Biot-Savart law :
0 3

d

4
I

r





 

l r
dB

Find the magnitude of B on axis 

for a coil of n turns. Symmetry:

dB has z-component only.

Perp. components cancel.

And also: dl is perp. to r
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Two such coils are placed a 

distance d apart on the same 

axis. Find B as function of x.
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Show that the derivative of B’ is 0 for x=0
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Find the value of d for which the second 

derivative of B’(0) is 0.
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When a = d, show that the variation of B between the 

coils is <6%
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Sketch the field of a pair of Helmholtz coils

B in units of 0
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Ampere's law in its integral form: 0d  

 (  enclosed)
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For infinite solenoid, B is constant within it → radially 

uniform field, symmetry means no azimuthal dependence

N turns of wire per unit length. 

Winding carries a current I.

Find B and show it is radially uniform inside the coil.
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Calculate the self-inductance per unit length.
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Calculate the magnetic induction and the energy stored.
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Ampere’s Law:
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Calculate magnetic field inside a pair of co-axial 

cylinders due to current I flowing as shown.

= 0

(direction azimuthal : cf. RH screw)



Calculate the self-inductance:
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(surface  dS= r.dl ) 



Sketch the magnitude of B when the inner 

cylinder is replaced by a solid wire
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(ratio of areas) 



State the laws of electromagnetic induction
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[Note that ∶ 𝜀 = න𝐄. 𝑑𝒍 ]



Faraday disc (thickness d).

Brushes around entire inner 

and outer perimeter.

Magnetic flux density 

along axis of rotation 

(comes later).
2
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Calculate the electrical resistance of the disc
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Find the potential difference for the disc rotating 

in a magnetic flux density B
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Find the optimum value for a load resistor
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[1]
In this question Idisc=½ma2 is assumed, but 

for an annulus a/4 → a with the same mass m 

→ Iannulus/Idisc = 1.063  (6% error is neglected)  
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Integrate :

(from [1])

(from [1])



A vertical loop is falling as shown below. 

Calculate the current in the loop.
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Describe the forces acting on the loop due to the 

magnetic field, and indicate their directions:

            q F I a B     F v B

F

F

F I• Current (+e) clockwise

• Force on these moving charges

• Sideways forces cancel

• Remaining force has decelerating effect
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… and the mass:
3
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Calculate the steady state velocity, if this is reached while 

the upper arm of the loop is still in the magnetic field.
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magnetic force = 

gravitational force
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side view top view

23



Induced e.m.f. emfV = -
d

dt
B·dSò = B cosq

dA

dt

where A=d l

emfV = -Bcosq d
dl

dt
=B cos θ d v

Induced current: I=Vemf /R

Equation of Motion - consider magnetic (Lorentz) force on 

current-carrying bar: dF=I dl × B

Fpara = I d B cos θ  = Vemf /R  d B cos θ  =  B2 d2 cos2θ v / R

d

dt
m     v = mg sinθ – B2 d2 cos2θ v / R  Equation of Motion:

d

dt
v + B2 d2 cos2θ /(mR) v  = g sinθ

k

gravitational magnetic
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d

dt
v + k v = g sinθSolving Equation of Motion:

try v = A exp(–k t) +B B=sinθ g/k
insert into EoM

boundary condition: at t = 0, v = 0           A = –B

v = sinθ g/k (1 – exp(– k t))

v = sinθ g/kfor t , constant velocity: 

25

v = g m R sinθ / (B2 d2 cos2θ)



θ

θ

r

r0
0

b

B

v
x Lorentz force acts perpendicular to v

and B.

Particle is forced onto circular 

path: F = q v B = mv2/r

r = mv/(qB)

The particle will reach the region x > b if b < r, so need:

b < mv/(qB)

If it reaches the region, it enters it at angle θ with sin θ = b/r

sin θ = b q B / (m v)
26

z



starting
point

end
point

r

d

Acceleration in E-field provides kinetic energy:

½ m v2 = q V = q E d

v = (2qEd/m)½

Lorentz force acts as centripetal force in 

the second region (with B-field): q v B =mv2/r

If the particle is to re-enter the electric field at 

a distance d from where it left, we need r=d/2:

B =2mv/(qd) = 2m (2qEd/m)½/(qd) 

B =2 (2mE/(qd))½ is required

Time spent = [1/2 circumference] / [velocity] =   r / v
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0I B dl

0 C 0 D 0 C D

0 0 0

Stokes: 

  

I I  

  

     
 

  

   

  

 

B dl J dA J dA

B dl BdA

B J E

J is the current density

[5]
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Path around capacitor

Path around wire Gauss inside capacitor

.𝐸׬ 𝑑𝐴 = 𝐸𝐴 =
𝑄

𝜀
0

IE

𝐼𝑑 =
𝑑𝑄

𝑑𝑡
= 𝜀0𝐴

𝑑𝐸

𝑑𝑡



Maxwell’s 

equations in free 

space: 0 0

0 0

 
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E B

E B B E

Wave equation 

from Maxwell 

equations:
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wave equation:  

      

        

1
with: exp   :  
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E B E

EE E

E E

(And similarly 

for B)

  2 2

0 0

0 0

from  exp :   0

1
        (speed of light)

i t kz k

c
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

 
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    29

Simplest form 

is a plane 

wave solution
E = E0



Maxwell’s equations with charges and currents:

Exactly as before, wave equation (for E and B fields):

 
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0 0

0
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
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E B

E B B J E

  2 2

0 0

0 0

from  exp :   0

1
        (speed of light)

i t kz k

c
k

   


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Plane wave solution with Ey and Bx only:

0 0

0 0
0 0

y x

x y z

y

E B

z t
i j k

E

 
 

 

   
   
   

           
   

  
  

E B

Ey = Ey(z) only, is not a function of x

d d d d
  integrate over z:

d d d d

d
                                            

d

y x x

y x

E B B z

z t z t

z
E B

t
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Explicitly : direction of propagation

   

   

y x

exp exp

exp   exp

        (in a vacuum)

 

i t kz ik i t kz
z

i t kz i i t kz
t

dz
c

dt k

E c B

 

  




      


      

 

 
for wave in positive z-direction  “−”

for wave in negative z-direction “+”

Can use Poynting vector: to 

give direction of energy flow
0

1


  N E B
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Sketch :

Or in the other direction …



That’s all folks !!
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