1 Interactions of a Nearby Supernova

a) Taking

3
nkT = Epcsmvgh (1)

and the fact pmpn = p, where p is the mean atomic weight. We see that
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This is quite hot. We know that 10K is roughly 1 eV, so this corresponds to 300 keV. The opti-
cally thin free-free spectrum (in frequency units) is roughly flat up until the cutoff frequency at kT.
Therefore in the Chandra bands around 1 keV, we expect a fairly flat spectrum.

b) The optically thin emission per unit volume due to free-free from fully ionized gas is, integrated
over all frequencies,
e = Ap*Tt/? (3)

where A is a constant, specified on the webpage. The CSM density is given by
M,
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after the shock, the material is compressed by a factor of 4, so p = 4pcam-
The luminosity from free-free is determined by integrating over the volume of the shell
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Using the relation » = vt we can write this as
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which scales as t~1. Inverting this expression gives a limit for M, in terms of L.
To calculate the optical depth we use
Tout
T = / agdr (8)
T
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where the extinction coefficient is
ag = BpQT_B/Ql/_2 (9)

where B is a constant and we have used the limit hv < kT for the Chandra observations. Integrating
and plugging in numbers, one finds that the shell is very optically thin at these x-ray wavelengths.

2 Powering Radio Lobes

a) The observed spectrum looks like a power-law F' o< v, where a = 0.8. From synchrotron theory

we know the spectrum is given by a = (p — 1)/2, so we find p = 2a + 1 = 2.6.
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b) The energy of an electron is ym.c* so we write the energy density as

Yemax Yemax
Ue z/ ymec*ndy z/ mec?Cy Pl dy (10)
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Integrating we find
2, —p+2
U = mmec Youir (11)

where we take ymax to be essentially infinity. So we see

e o< Y h (12)

¢) The expression for the synchrotron specific luminosity is
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We know v/vgye = ~2, so we can write this at a the minimum frequency, v,,, as

Vup _pi1

Lm x min (14)
Veye
We now replace ynin with the electron energy density. Rewrite the expression as
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Since U o B? and Veye X B, we see
L, x VB3/2uev;L1/2 (16)
and solving for wu,
Ue = AL,V B™3/2y1/2 (17)
where A is some constant.
d) The total energy density is
Utor = Ue +up = A; B~3/% + A, B? (18)

where A;, Ay are some constants. To minimize with respect to the magnetic field we take the
derivative

aggt = —3/24,B7%% 4 24,B = —gue/B +2up/B =0 (19)
Solving we see that
3
up = e (20)



