
Solution of problem 3:

a) Floating condition:

The total mass of the balloon, consisting of the mass of the envelope mH and the
mass of the air quantity of temperature ϑ2 must equal the mass of the displaced air
quantity with temperature ϑ1 = 20 oC.

VB · ρ2 + mH = VB · ρ1

ρ2 = ρ1 −
mH

VB
(1)

Then the temperature may by obtained from

ρ1

ρ2
=

T2

T1
,

T2 =
ρ1

ρ2
· T1 = 341.53 K = 68.38 °C (2)

b) The force FB acting on the rope is the difference between the buoyant force FA

and the weight force FG:

FB = VB · ρ1 · g − (VB · ρ3 +mH) · g (3)

It follows with ρ3 · T3 = ρ1 · T1

FB = VB · ρ1 · g ·
(
1− T1

T3

)
−mH · g = 1,21 N (4)

c) The balloon rises to the height h , where the density of the external air ρh has the
same value as the effective density ρeff , which is evaluated from the mass of the air of
temperature ϑ3 = 110 oC (inside the balloon) and the mass of the envelope mH:

ρeff =
m2

VB
=

ρ3 ·VB +mH

VB
= ρh = ρ1 · e

−ρ1·g·h
ρ0 (5)

Resolving eq. (5) for h gives: h =
po

ρ1 · g
· 1n ρ1

ρeff
= 843m (6).

d) For small height differences (10 m in comparison to 843 m) the exponential pres-
sure drop (or density drop respectively) with height can be approximated by a linear
function of height. Therefore the driving force is proportional to the elongation out of
the equilibrium position.

This is the condition in which harmonic oscillations result, which of course are
damped by the air resistance.
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