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QUESTION 3 BINARY SYSTEM

Solution

a) The total angular momentum of the system is

L = Iw= (Mr’+ M7 w (0.5 points)
We have also M7, =My, and D = n+n
M M.
which yield L = —LX2-D’w ... (1) (0.5 points)
M, + M,

The kinetic energy of the system is
1 2 1 2 1 .
KE. = EMI <7‘1w) -|—§M2 <7"2w) = E(M r + M27"22>w2 (0.5 points)

1 MM, -

— -2 P 2 0.5 points
TSR (2) ( )
b) From Newton’s laws of motion we have
GM M .
Mw'r, = Mw’r, = Dl2 : (1 point)
These equations together with those in a) yield
G(\M +M
W= % ................... (3) (1 point)
¢) In order to find the quantity Aw, we must also realize that
M, +M, = constant  ................ (4) (0.5 points)

And that, since there is no external torque acting on the system, the total

angular momentum must be conserved.

MIMQ 2
= ————D’w = constant
M + M,
that is, M M,D*w = constant (0.5 points)

Now, after the mass transfer,
w —w+ Aw
M, — M, +AM,
M, — M, - AM,
D— D+ AD
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Hence, M,M,D*w = (M, +AM,)(M, — AM,)(D + AD) (w+ Aw)

After using the approximation (1 + x)n ~ 1+ nx and rearranging, we get

M —M
Aw | oAD [1 LIAM (5) (1 point)

+2=2 =
Ml M2

]AM
w D

From equation (3), w’D? is also constant. That is,

W'D = (w + Aw)2 (D + AD)3

This gives,
AD 2 Aw
== 6 0.5 points
D - 28 ©) (05 points
o 3(M, - M) .
Hence Aw =————wAM, ........... (7) (0.5 points)
M1M2
d) Given that
M, =29M_, M, = 14M,

orbital period, T' = 2.49 days
and that 7 has increased by 20 s in the past 100 years,

we have w = 2% and Aw = —%AT ............ (8) (0.5 points)
MM
AM, = —|—l My (AT (0.5 points)
s\M,—M,| T

AM, 1[ 1.4 ]
(

20 1
2.49 x 24 x 3600 |{100

MAt  3((29-1.4)
= 2.89x10°" per year (0.5 points)
e) Mass is flowing from M, to M, . (0.5 points)

f)  From equations (6) and (8):

AD 2 Aw 2AT . )
—_— = ———— =4+ ——=6.20x%10 er vear (1.0 points
DAt 3 w 3 T per year (1.0 points)



