ASTR 320 - Theoretical Astrophysics
Spring 2013
Homework Assignment No. 1

1. Itis easy to show that for an ideal gas, where the intemetigy«(7") is a function ofl” only,
we can write

T
dQ = CvdT + (CP_CV)VdV

wherecy andcp are the specific heats at constant volume and pressurectiespe

(&) What does this equation become foragiabatic change? In this case, show how a log-
arithmic change in temperatudd’ /T is related to the change in specific voluaié/V .
Write your expression in terms of the ratio of specific heats cp/cy .

(b) For a monatomic ideal gas, we saw that= 5/3. Suppose we have a volumé of
monatomic gas (helium, for example) in an insulated cylinded that we compress
it to one half its previous vqume}V. Suppose further that, before compression, the
temperature of the helium i& = 27°C' = 300°K. (Which temperature scale do you

want to use for this calculation?) Find the temperam(t’@ after compression.

(c) Suppose that instead of helium, the gas is nitrogen w{dtlhese temperatures) is a
diatomic gas. If the ratio of specific heats for this gas is 7/5, find the temperature

after compressiorTl(d), under the same conditions as in (b) above.
(d) Is Tlm) greater or less thale(d)? Give a physical explanation for this result.

2. Under conditions of thermal equilibrium, the distrilmutiof photons with momentum obeys
the equation

T DN

i) = o) P where gl — 2

g

(@) Integrate over momenta to evaluate- [ g(p)d>p in terms of fundamental constants and
the temperature. (Do this in spherical coordinates. Youlvawe to look up the integral
which results.)

Compute the mean number of photons per unit volume due to tsen€ Background
Radiation (CBR) nowq{ = 2.73K) and at the epoch of radiation-matter decoupling
when the temperature was a factorofi400 higher.

(b) The average total photon energy per unit volume is given b

u= [l o) d'p

We showed in class that must be given byu = a,,47* for some constant factor
arqq - Evaluate the integral far to find an expression far,,, in terms of fundamental
constants. (Check with the tabulated value.)

Computeu for the CBR now and at the time of decoupling.



. The Friedmann equation is given by (e.g., Maoz, p 195; @hot, p 309, where R-a):
(2) - g, - e

For the matter-dominated cage= p,(Ry/R)?, so we can write it as

-\ 2 A 4
(R) - 2(ﬁ> = —k¢® where A = §7TR§ Gpo

The solution for a closed universke £ 1) can be written in terms of a parameteas

R(z) = % (1 — cos(z))

and for the time,,
A

t(z) = 2R (x — sin(z))

(a) UseR = dR/dt = (dR/dx)/(dt/dx) to show that these equations do in fact satisfy the
second form of the Friedmann equation given above.

(b) Use the parametric solution above to pltitr) vst(x) over the range o < = < 27.
Calculate many points so you can plot a smooth curve. (It & beuse a software
package to make the plot.) At what timeoesR reach its maximum value?
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