PoG Set 7 answers
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2. 1) In a trailing spiral, the wave advances outward from the centre into the disc: from o, expression
) . ) @
0=w- k(ar] ie. (ar] =4
with “-kr”” at constant 6, 1o t)e Kk

Whereas, using, o, expression with “+kr”  wave advances inward in a leading spiral:
O=a)+k(ar) ie. (arj S
9t Jg it g k [2 marks].

ii) In a trailing spiral, the density wave front moves toward generally less dense material (outwards
from the centre as it has positive phase speed) in which the speed of sound is lower (the speed of

sound % = P v with y > 1) [3 marks]. It therefore tends to pile up on itself until it produces a
shock front because speed of the wave exceeds the local sound speed. The leading spiral, on the
other hand, is moving into a region of increasing density (inwards) and higher speed of sound. This
allows the wave to “get away from itself” and reduces the effect of the perturbation [2 marks]. Since
the spiral arms are dominated by hot young stars, therefore, we may conclude that only trailing
waves are likely to exist. Only clouds of gas greater than a critical mass M; could collapse to form

stars. This critical mass M, < p~"'?.If a cloud with nearly the critical mass (or critical size) enters

a shock front, this will compress the cloud, increasing its density. If the increase in density is
sufficient, the cloud will now be more than the critical mass and will collapse in the free-fall
(roughly star-formation) time [2 marks]. Shock waves thus are capable of causing gas clouds to
collapse to form stars in times of the order of 10° yr. Since the orbital period of the material about
the centre of the galaxy is some 10° years, this means that stars form within a few degrees of the
shock front (10%/10°=0.01 — this fraction of full 360° is about few degrees). The massive O and B
stars, which distinguish the arms, stay on the main sequence for only about 10° years so that we
should expect the arms themselves to be a few degrees wide, as indeed observed [2 marks].
[3+2+2+2=9 marks]

3. The out-flowing photons exert a force on the in-falling matter. If the flux of photons is large
enough, this force will exceed the gravitational attraction of the central mass and accretion cannot
take place. [4 marks]



