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Solution / marking scheme — Neutron Stars (10 points)

General rules
e In the following, “coefficients” refer to the numerical factors and do not include parameters.

Part A. Mass and stability of nuclei (2.5 points)

A.1 (total 0.9 pt)

(0.9 pt)

A =150
e No reduction if A = 5.0 x 10%.
e 0.8 ptif the value is in the range 49.5—50.4.

- partial points ~
B
(02pt) = =ay —agA1*— %AQ/?’ (A.1.1)
e No reduction if the difference from (A.1.1) is only the overall coefficient. This rule is applied
throughout.
d(B/A)
1 = 1.
(0.1 pt) TA 0 (A.1.2)
s 4-a/3 _ 4C 4-1/3 _
(0.2 pt) ?A — FA =0 (A.1.3)
e Points for (A.1.2) are given if (A.1.3) is stated although (A.1.2) is not explicitly written.
2(18
(02pt) A=—2= (A.1.4)
ac
e (0.7ptis given if the correct expression for A appears even if the intermediate steps are not
fully written.
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A.2 (total 0.9 pt)

(0.9 pt)
Z*="79
e No reduction if Z* = 78.
e 0.8 ptifthe value is in the range 77.5—79.4.

e partial points ~
z* 2z — A
1 A
dpt) = —epe——— - — A2.2
(0.4 pt) T (A.2.2)
asym
e No reduction if a. /4ag, is replaced by the numerical value in the range 0.007—0.008.

N j

A.3 (total 0.7 pt)

(0.7 pt)

Chigsion = 0.70
e No reduction if Cfg,, = 0.7

e partial points ~
2/3 2 2
A Z Z /2
(0.3 pt) ag [A2/3 —2<2> } +aC[A1/3 —2((/1//2)3/3 >0 (A.3.1)

e No point if ay, is not canceled.

72 231 ay
. —_ > = A.3.2

e Points for (A.3.1) are given if (A.3.2) is stated although (A.3.1) is not explicitly written.
e The coefficient may have different expressions, e.g., with z = 2%/3,
2

r—1 T T

_ _ — = 0.702414...
1—22 142 1421 070
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Part B. Neutron star as a gigantic nucleus (1.5 points)

B.1 (total 1.5 pt)

(0.8 pt)
Qgray = 6 X 10737 MeV

e No reduction if the unit is not written.
e 0.7ptif only the order of magnitude is correct.

s partial points ~
2
(0.4 Pt) gy = gG]’:N (B.1.1)
0
A 2
(0.2pt) a,,. = >hemy (B.1.2)

= 5 Ry M

e Points for (B.1.1) are given if (B.1.2) is stated although (B.1.1) is not explicitly written.

e No reduction if & is mistyped.
N J
(0.7 pt)

A, =4x10%
e No reduction for A, =5 x 10°°.

e 0.6 ptif only the order of magnitude is correct.

e partial points ~

(02pt) ayA—ag, A+ a,,, A3 >0 (B.1.3)

sym grav

B 3/2
(03pt) A, = (“V“V) (B.1.4)

a grav

e Points for (B.1.3) are given if (B.1.4) is stated although (B.1.3) is not explicitly written.
N J
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Part C. Neutron star in a binary system (6.0 points)

C.1 (total 1.0 pt)

A¢

(1.0 pt)
ATH = (1 — 62>ATI

e No points if the coefficient is wrong.

partial points

(0.3pt) 0?2 =29Ah=2A¢ or v=+/2A¢

-

Y
(05pt) Ary— VI 2/@An or Amy— \/ﬁ Ar

N

(C.1.1)

(C.1.2)

e Points for (C.1.1) are given if (C.1.2) is stated although (C.1.1) is not explicitly written.

~

C.2 (total 1.8 pt)

(1.8 pt)

& g( d?)

e No reduction if 4 is missing in log.

At

e No reduction if |z | is written as —z .
e 0.1 ptis subtracted if the modulus in |z | is missing.

e No points if other coefficients are wrong.

partial points
dx

ceff(x>

Ax
ceff(x>

or Atgy=

T
(05pt) tey = /

N

2G My,

1 [vE
0.4pt) tpn=>~-— de| 1+ —F——s
(0.4 pt) tey C/w ( 2 %xz—kdz)

N

e 0.1 ptis subtracted if the coefficient is wrong.

g
(0.3pt) At = 2G1\ng / dz
c e

Va2 4+ d?

d2
/.2 2
. |and Ty +d

: Inside the 1 ithm: /2% 2 o
X (0.3 pt) Inside the logarithm: /a3 +d? + zx Son

2

~

VN
B 2z

(C.2.1)

(C.2.2)

(C.2.3)

(C.2.4)
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C.3 (total 1.8 pt)

(1.8 pt)

2G M,
At At = CBWD log(4/¢?)

e No reduction if log is written as In.

max

e partial points ~

(0.6 pt) Al = QG]‘fWD log(4zp/ Le?) (C.3.1)
C

No subtraction points if the factor in log is different but consistent with that in C.2.

e (0.1 ptis subtracted if the coefficient is wrong.

(0.2 pt) Because of zy > 0 the approx. in log is changed: =y + /2% +d? ~2L  (C.3.2)

(0.4 pt) Aty = QGi‘fWD In(zp/L) (C.3.3)

Points for (C.3.2) are given if (C.3.3) is stated although (C.3.2) is not explicitly written.

e (0.1 ptis subtracted if the coefficient is wrong.

(0.3 pt) Points are given if L and x5 dependence is canceled in log. (C.3.4)

N J

C.4 (total 0.8 pt)

(0.8 pt)

Myp/Mg = 0.5
e No reduction if the value is in the range 0.4—0.5.

e partial points ~N
(0.2 pt) &2 ~2x (1—0.99989) = 0.00022 (C.4.1)
(0.2 pt) From the given graph, At .. — Atpin & 50 ps (C4.2)

e No reduction if the value from the graph is in the range 40—50 us.

(0.2 pt)  Myp/M, =~ 5/1In(4/e?) (C.4.3)

e No reduction if the numerator is in the range 4—5.

N J
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C.5 (total 0.4 pt)
(0.4 pt)

3
=—= — 1.
P 5 or 5

e No points if the sign is wrong.

partial points

(0.3 pt) R3w? = (const.)

(C.5.1)

C.6 (total 0.2 pt)

(0.2 pt)
The most appropriate profile is (b).




