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− heating by ∆T by condensation.

T2 = Tx + ∆T (3)
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For each kg of air the heat produced by condensation is Lv  ⋅ 2.45 g = 6.125 kJ.

p

6.125 kJT 6.1K
c kg

∆ = ⋅ = (5)

T2 = 271 K (6)

4. Height of precipitated water column

h = 35 mm (7)

5. Temperature T3 behind the mountain
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The air has become warmer and dryer. The temperature gain is caused by condensation of

vapour.

Problem 2: Electrons in a magnetic field

A beam of electrons emitted by a point source P enters the magnetic field B of  a toroidal coil

(toroid) in the direction of the lines of force. The angle of the aperture of the beam 2 ⋅ α0  is

assumed to be small (2 ⋅ α0  << 1). The injection of the electrons occurs on the mean radius R

of the toroid with acceleration voltage V0.

Neglect any interaction between the electrons. The magnitude of B , B, is assumed to be

constant.
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1. To guide the electron in the toroidal field a homogeneous magnetic deflection field 1B  is

required. Calculate 1B  for an electron moving on a circular orbit of radius R in the torus.

2. Determine the value of B  which gives four focussing points separated by / 2π  as

indicated in the diagram.

Note: When considering the electron paths you may disregard the curvature of the

magnetic field.

3. The electron beam cannot stay in the toroid without a deflection field 1B , but will leave it

with a systematic motion (drift) perpendicular to the plane of the toroid.

a) Show that the radial deviation of the electrons from the injection radius is finite.

b) Determine the direction of the drift velocity.

Note: The angle of aperture of the electron beam can be neglected. Use the laws of

conservation of energy and of angular momentum.

Data:

11 1e 1.76 10 C kg
m

−= ⋅ ⋅ ; V0 = 3 kV; R = 50 mm

Solution of problem 2:

1. Determination of B:

The vector of the velocity of any electron is divided into components parallel with and

perpendicular to the magnetic field B :

v v v⊥= + (1)

The Lorentz force F e (v B)= − ⋅ ×  influences only the perpendicular component, it acts as

a radial force:

2vm
r
⊥⋅  = e ⋅ v⊥ ⋅ B (2)

Hence the radius of the circular path that has been travelled is

m vr
e B

⊥= ⋅ (3)


