
SOLUTION

a) In magnetic field, the particle will be deflected and follow a helical path.

Lorentz Force in a magnetic field B,
mv2⊥
R

= ev⊥B (1)

Where v⊥ is the transverse velocity of the electron, R is the radius of the path.

Since v⊥ = ωR (ω =
2π

T
is the particle angular velocity and T is the period), then,

m
2π

T
= eB (2)

To be focused, the period of electron T must be equal to L

v∥
, where v∥ is the parallel

component of the velocity.

We also know,
eV =

1

2
m

(
v2⊥ + v2∥

)
≈ 1

2
mv2∥ (3)

All the information above leads to

B = 23/2π

(
mV

e

)1/2

L
(4)

Numerically
B = 4.24mT

b) The magnetic field of the Solenoid:

B = µ0in (5)

i =
B

nµ0
(6)

Numerically
i = 6.75A.

[Marking Scheme] THEORETICAL Question 2A

Magnetic Focusing Solenoid

a. (3.0)

0.3 Lorentz force mv2⊥
R

= ev⊥B

0.1 Transverse velocity v⊥ = ωR

0.1 ω =
2π

T

0.3 Equation m
2π

T
= eB

0.2 Equation T =
L

v∥

0.5 Conservation energy eV =
1

2
m

(
v2⊥ + v2∥

)
≈ 1

2
mv2∥

1.0 Formula B = 23/2π

(
mV

e

)1/2

L

0.5 Numerical value B = 4.23 mT

b. (1.0)
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Note: Propagation errors will not be considered.

Figure 2.5. Side view

The beam will be focused due to the fringe field. Calculate the approximate focal
length if we define the focal length as illustrated in Figure 2.5 (assume b ≪ l and
assume that the z-component of the deflection in the uniform magnetic field B is very
small).

Solution:

The magnetic force due to the fringe field on charge q with velocity v is

F⃗ = qv⃗ × B⃗ (1)

The z-component of the force obtained from the cross product is

Fz = q (vxBy − vyBx) = −qvyBx = −qv sin θ Bz

b
(2)

The vertical momentum gained by the particle after entering the fringe field

∆Pz =

∫
Fz dt = −qvBz sin θ

b
∆t = −qvBz sin θ

b
· b

v cos θ
= −qBz tan θ (3)

The particle undergoes a circular motion in the constant magnetic field B region

m
v2

R
= qvB (4)

v =
qBR

m
=

qBl

2m sin θ
(5)

Therefore,
sin θ =

qBl

2mv
(6)

After the particle exits the fringe field at the other end, it will gain the same momen-
tum.

The total vertical momentum gained by the particle is

(∆Pz)total = 2∆Pz = −2qBz tan θ ≈ −2qBz
qBl

2mv
= −q2B2zl

mv
(7)

Note that for small θ, we can approximate tan θ ≈ sin θ

Meanwhile, the momentum along the horizontal plane (xy-plane) is

p = mv (8)

From the geometry in figure 4, we can get the focal length by the following relation,

|∆Pz|
p

=
|Z|
f

(9)

f =
m2v2

q2B2l
(10)
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Note: No propagation error will be considered here.


