Part 2a

The total energy radiated per second = 4mR?0T*, where o is the Stephan-Boltzmann
constant. The energy incident on a unit area on earth per second is;

_ 47R%0T*

1/2
P =
4702

yielding, R = (P/oT*)"'" /¢ (1)

(0.8 pts)

The energy of a photon is hf = hc/A. The equivalent mass of a photon is h/cA.
Conservation of photon energy:

he Gmog h he

X R ¢ A

(0.8 pts)
yielding
RS 2
and (2) yields,
AN (P/oT*) 1/2
™= T a e AN 3)
(0.2 pts)
The stars are rotating around the center of mass with equal angular speeds:
w = (2m/27) = /T (4)
(0.2 pts)
The equilibrium conditions for the stars are;
(i]\fz(;2 = moriw? = Mrow? (5)
(0.8 pts)
with Ad Ad
ry = 67, ro = 67 (6)
(0.4 pts)
Substituting (3), (4) and (6) into (5) yields
. ( 82AN (P/oT)? )1/ ’
A (m/7)% (Mo + AN) (AD + Ag)? '
(0.8 pts)
Part 2b
Conservation of angular momentum for the ordinary star;
mrlw = morawo (7)
(0.6 pts.)
Conservation of angular momentum for dm:
r2wdm = rfcwf dm (8)
(0.6 pts)

where wy is the angular velocity of the ring. Equilibrium in the original state yields,

o0 = (GM)/Q 0

0



(0.8 pts)
and (7), (8) and (9) give,

moTro GM 1/2 moTro GM 1/2
w = > | — , Wy = > | —— (10)
mr To mrf To
(0.4 pts)
Conservation of energy for dm;
(1.2 pts)
Substituting (10);
2roGM (11 11
v3+ww(’2<2—2)—2GM<—>:0 (12)
m r o roory
Since 19 >> 17, if r > 19, 17 and r~2 terms can be neglected. Hence,
GM m%royg 1/2
Tf = —5 1 + 2 —-11.
vy GMm
(0.8 pts)

To show that r > ry change in the linear momentum of the ordinary star in its reference

frame: oM J J
m 2 Ur Mgas
s +mrw® —m T

(13)
(0.8 pts)

and (13) implies the existence of an outward force initially and hence r starts growing.
Using (7) one can write

Gravitational
Hence, rav a. ional force am?r. (0.4 pts)
Centrifugal force

where m is definitely decreasing. If r starts decreasing at some time also, this ratio
starts decreasing, which is a contradiction.

Sor > 10. (0.4 pts)



