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Theoretical Question 1: Particles and Waves
MARKING SCHEME
Total | Mark(s) Marking Scheme for Answers
Part A |(a) (i) Q intermsof m, M, p;, pay, and py,.
1.1

» 0.2 for expression of Q — (a-2)t
(ii) Plot of condition relating py, pax, and p,,, .
» 0.2 for circle and the position of its center

» 0.1 for intersection point (m — M)p;/(m + M) — (a-3)
» 0.1 for intersection point p4 — (a-3)
» 0.3 for labeling regions forQ = 0,Q > 0,and Q < 0 (0.1 each)

Allowed regions of Q.
» 0.2 for allowed regions: Q >0 and Q = 0 (0.1 each)

(b) (i) Equation relating x to Q, 6, dy, m, k, M, p; and p,.
2.9 » 0.2 for orrectly gating te eergy onservation — (a-5)
» 0.2 for correct rotational energy expression — (a-6)
» 0.3 for expression of Q — (a-7)
(if) Threshold value p, in terms of m, M, and p;.
» 0.3for ay,;, =0
> 0.4 for ay., — (a-12)
» 0.4 for expression of p,. — (a-13)
Sketch of o versus p,.
» 0.4 for o increasing with p, quasi-linearly and becoming level
beyond p. —(a-14)
> 0.4 for range of p, —(a-9)
» 0.3 forrange of ¢ = (0,1)
Part B |(c) Period of vibration T.
2.2 > 05for T = 2L/c —(b-4)

Shape of the string att = T/8.

» 0.5 for decomposing the triangle into two traveling waves

0.5 for correct shape —(b-5)
0.3 for correct lengths L/4,L/2 and L/4

0.2 for correct height h/2

0.2 for tanf = 2h/L

YV V V VYV




|
H _
Theoretical Competition Eﬁ)

25 April 2010 2010 APhO Page 2 of 2
(Document Released: 14:30, 4/24) TAIPEI TAIWAN
(d) The total mechanical energy E.
08 > 0.4 for expression of E = 2uh?c?/L (for all cases below) —(b-7)
For the remaining 0.4 point:
case 1: calculating the work done by normal force
» 0.2 for correct expression of the normal force —(b-6)
» 0.2 for correct relation of E to the normal force
or
case 2: calculating the potential energy
» 0.4 for correct form of the potential energy —(b-77)
or
case 3: calculating the kinetic energy
» 0.4 for calculating velocity correctly —(b-77)

Part C |(e) Distance (in units of Mpc) of the star from us.

22 > 1.0for L(t,) = ffe“ %cdt —(c-3)
> 05 for L(t,) =+ (1 — expiH (t, — tp)]) —(c-3)
> 0.4 for expipH(ty —t.)] = 1.200 —(c-4)
> 0.3 for value of L(t,) = 690 Mpc —(c-5)

() The receding velocity (in units of ¢) of the star.

08 > 0.3for L(ty) = %L(te) or L(ty) = jg:’; L(te) —(c-5)
> 0.2 for expression of v(ty) —(c-7)
» 0.3 for value of v(ty) = 0.200c —(c-7)

tThe equation number(s) at the end of a line refers to equation(s) in the SOLUTION sheets.
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