Solutions
Common themes:
Theme 1: relationships between potential energy, kinetic energy and speed
Theme 2: Kepler’s laws
Problem 1:
(A) This is an inelastic collision. Momentum is conserved, but kinetic energy changes.
vi ∝ √h0, vf = vi/4, vf = ∝√h. (theme 1)
Problem 2:
(B) a = g – av. Only at the top is v = 0.

Problem 3:
(D) The component of g tangent to the curve is g(dy/ds) = gdy/(dy2 + dx2)1/2
= g(xdx/2)/((x2/4 + 1)dx2)1/2 = g(x/2)/(x2/4 + 1)1/2 = gx/(x2 + 4)1/2.
Problem 4:
(A) What are the possible orbits in an attractive 1/r potential? (theme 2)
Problem 5:
(E) xCM = (∫0Lρxdx)/(∫ 0Lρdx) = (∫0Lx2dx)/(∫ 0Lxdx) = 2L/3
or: What is the only possible answer given that the density increases with x?
Problem 6:
(C) Angular momentum of interacting objects is conserved, but angular position is not.
Problem 7:
(E) Momentum conservation:
Work-kinetic energy theorem: (theme 1)

Problem 8:
(E) bxmax2/2 = ½ mv2, xmax = 1. (theme 1)
Problem 9:
(E) Newton’s law of gravitation, centripetal acceleration
We need GMm/r2 > mω2r.

Problem 10:
(C) Gravitational potential energy
Problem 11:
(D)
Problem 12:
(C) ∆P = ∫Fdt = area under curve. ∆P = 12 Ns.
Problem 13:
(A) Kepler’s third law: (T1/T2)2 = (R1/R2)3 = (1.01)3 = (1 + 0.01)3 ~ 1 + 0.03
(T1/T2)2 = (1 + x)2 ~ 1 + 2x. x = 0.015. (theme 2)
Problem 14:
(B) With reference to the figure, F = 2Tsinθ so that T = F/(2sinθ) where 'T' is the tension
in the string.

The vertical force on each particle is Tsinθ, 2Tsinθ = F.
The horizontal force on each particle is Tcosθ = Fcosθ/(2sinθ) = F/(2tanθ).
Therefore, the magnitude of acceleration of each particle is given by
dvx/dt = F/(2m tanθ) = F/[2m√(a2–x2)/x] = Fx/(2m√(a2–x2)).
Problem 15:
(D) The coefficient of restitution
Let Ei be the energy after the ith bounce. E1/E0 = Ei+1/Ei = H/H0.
vi+1/vi = sqrt(H/H0) = (0.8)1/2, vn-1 = v0(0.8)(N-1)/2.
v0 = (2gH0)1/2. (theme 1)

