
3

5. What temperature T3 is measured in the back of the mountain range at station M3?

Discuss the state of the atmosphere at station M3 in comparison with that at station M0.

Hints and Data

The atmosphere is to be dealt with as an ideal gas. Influences of the water vapour on the

specific heat capacity and the atmospheric density are to be neglected; the same applies to the

temperature dependence of the specific latent heat of vaporisation. The temperatures are to be

determined to an accuracy of 1 K, the height of the cloud ceiling to an accuracy of 10 m and

the precipitation level to an accuracy of 1 mm.

Specific heat capacity of the atmosphere in the pertaining temperature range:

cp = 1005 J ⋅ kg-1 ⋅ K-1

Atmospheric density for p0 and T0 at station M0: ρ0 = 1.189 kg ⋅ m-3

Specific latent heat of vaporisation of the water within the volume of the cloud:

Lv = 2500 kJ ⋅ kg-1

p

v

c 1.4
c

= χ =   and  g = 9.81 m ⋅ s-2

Solution of problem 1:

1. Temperature T1 where the cloud ceiling forms
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2. Height h1 of the cloud ceiling:
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3. Temperature T2 at the ridge of the mountain.

The temperature difference when the air is ascending from the cloud ceiling to the

mountain ridge is caused by two processes:

− adiabatic cooling to temperature Tx,



4

− 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
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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
G

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
G

, B, is assumed to be

constant.


