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Exercises VII

Inclass Problems

1 Masses of molecular cloud

The mass of a spherical molecular cloud assumed in virial equilibrium is given by
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accounts for a radial density distribution
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Derive the above expression (?7), noting that the observed line width Av differs from the
(one-dimensional) velocity dispersion ogps by

Av=vV8-In2- oy , (4)

and that the full (three-dimensional) velocity dispersion is obviously related to the one-

dimensional one by
1
oﬁbs ~3 '012; : (5)

The CO luminosity in the radio-astronomical jargon is
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Show that the ratio X¢co of the Ha column density to the observed velocity-integrated CO
intensity

WCO = / Tb dv K km S_1 (7)
cloud
is equivalent to the ratio of virial mass to CO luminosity (as defined above) of a cloud, i.e.

NH Mvir 2 —1\—1
Xco = 2 = cm™? (K km s 8
Weo ~ Loo ( ) (8)

if the cloud is virialised and if the brightness temperature is constant across the cloud.



Homework

2 Line frequencies

The 2C'0 molecule has a rotational constant B, = 57.6360 GHz and a stretching con-
stant of D, = 0.185 MHz. The energy levels with rotational quantum number J are given
by

E(J)=h-{BeJ(J +1) = De[J(J + 1)} , (9)

Calculate the energies in K for the rotational quantum numbers J = 1,2,3,4, and the
frequencies (in GHz) for the transitions J =1—0,J=2—1,J=3 —1,and J =4 —
3. These values are precisely known and given in the table below. Compare your results
with these “literature values”. Are there differences and, if so, think about a reason.

J| EJ) |v(J—J-1)
K] [GHz]
5.532 115.271203
16.706 | 230.538001
33.191 | 345.796000
55.317 | 461.040768
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