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ANSWER ALL THREE QUESTIONS
47 marks in all

Show your reasoning clearly using numerical working, words and/or diagrams. Give answers with an
appropriate unit and a number of significant figures consistent with the data (standard form is
recommended); in a ‘show that’ question write down the unrounded value. Take g = 9.81 m s⁻². Use
G = 6.67 × 10⁻¹¹ N m² kg⁻², Me = 5.97 × 10²⁴ kg and Re = 6.37 × 10⁶ m where needed.

Formula sheet
Rotation (from the standard): d = rθ; v = rω; a = rα; ω = Δθ/Δt; α = Δω/Δt; ωf = ωi + αt; θ = ωit + ½αt²; τ = Iα; L
= Iω = mvr; Eᴿᵒᵗ = ½Iω²; ω = 2πf.
Gravity and oscillations: F = GMm/r²; T = 2π√(l/g); T = 2π√(m/k); y = A sin ωt; v = Aω cos ωt; a = −Aω² sin ωt
= −ω²y; E = ½kA². Centre of mass x = Σmx/Σm; momentum is conserved separately in each direction.

Question One (14 marks)

(a) A 1.00 kg puck moving at 5.00 m s⁻¹ strikes a stationary 0.800 kg puck on a frictionless table.
After the collision the first puck moves at 3.50 m s⁻¹ at 25.0° to its original direction.

Calculate the speed and direction (relative to the original direction of the first puck, with angles
measured on the opposite side if appropriate) of the second puck.

[5 marks]

(b) 4 small masses are held by a light frame: 2.00 kg at (1.50, 0.500) m; 0.500 kg at (3.00, 0.500)
m; 1.00 kg at (2.00, 1.00) m; 3.00 kg at (0.500, 0) m.

(i) Calculate the position of the centre of mass.

(ii) The 2.00 kg mass is removed. Calculate the new position of the centre of mass and the
distance it has moved.

[4 marks]
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(c) An astronaut of mass 75.0 kg is at a height of 6.37 × 10⁶ m above Earth's surface. (G = 6.67 ×
10⁻¹¹ N m² kg⁻²; mass of Earth 5.97 × 10²⁴ kg; radius of Earth 6.37 × 10⁶ m.)

(i) Calculate the gravitational field strength at this height and the astronaut's weight there.

(ii) Explain why astronauts in a stable orbit at this height feel weightless even though gravity is
still acting on them.

[5 marks]

Question Two (15 marks)

(a) A 1.00 kg ball on a light string moves in a vertical circle of radius 0.500 m. At the bottom of the
circle its speed is 6.00 m s⁻¹.

(i) Calculate the tension in the string at the bottom.

(ii) Calculate the speed at the top using conservation of energy, and decide whether the string
stays taut at the top.

[5 marks]

(b) A spinning stool rider spinning at 0.800 revolutions per second has a rotational inertia of 5.00 kg
m² with the arms out. The arms are pulled in, reducing the rotational inertia to 1.20 kg m². Friction
with the ice is negligible.

(i) Calculate the new angular velocity.

(ii) Calculate the change in rotational kinetic energy, and explain where the extra energy comes
from.

[5 marks]
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THE WORKED ANSWER TO THAT QUESTION
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WORKED SOLUTIONS
Answers & worked solutions

ANSWER ALL THREE QUESTIONS

Question 1 (14 marks) [Translational motion and gravity]

(a) A 1.00 kg puck moving at 5.00 m s⁻¹ strikes a stationary 0.800 kg puck on a frictionless table. After
the collision the first puck moves at 3.50 m s⁻¹ at 25.0° to its original direction. Calculate the speed and
direction (relative to the original direction of the first puck, with angles measured on the opposite side if
appropriate) of the second puck.

(a) Answer: 2.94 m s⁻¹ at 39.0° on the opposite side of the original direction
• Evidence level: Excellence (resolve momentum parallel and perpendicular to the original direction).

• Along the original direction: 1.00 × 5.00 = 1.00 × 3.50 × cos 25.0° + 0.800 v₂x, so m₂v₂x = 1.83 kg m
s⁻¹.
• Perpendicular: 0 = 1.00 × 3.50 × sin 25.0° + m₂v₂y, so m₂v₂y = −1.48 kg m s⁻¹ (opposite side).

• p₂ = √(1.83² + 1.48²) = 2.35 kg m s⁻¹, so v₂ = 2.35 ÷ 0.800 = 2.94 m s⁻¹ at 39.0° on the other side of
the original line.

KEY TAKEAWAY
Glancing collisions: apply conservation of momentum along and perpendicular to the original line of
motion; the perpendicular components must cancel.

(b) 4 small masses are held by a light frame: 2.00 kg at (1.50, 0.500) m; 0.500 kg at (3.00, 0.500) m; 1.00
kg at (2.00, 1.00) m; 3.00 kg at (0.500, 0) m. (i) Calculate the position of the centre of mass. (ii) The 2.00
kg mass is removed. Calculate the new position of the centre of mass and the distance it has moved.

(b) Answer: (i) (1.23, 0.346) m; (ii) (1.11, 0.278) m, a shift of 0.138 m
• Evidence level: Merit (take moments about the axes to find the centre of mass).

• (i) xcm = Σmx/Σm = 8.00 ÷ 6.50 = 1.23 m; ycm = Σmy/Σm = 2.25 ÷ 6.50 = 0.346 m.

• (ii) Remaining mass = 4.50 kg, moments 5.00 and 1.25, so the new centre of mass is (1.11, 0.278)
m.

• Distance moved = √((1.11 − 1.23)² + (0.278 − 0.346)²) = 0.138 m.

KEY TAKEAWAY
Centre of mass: each coordinate is the mass-weighted average, xcm = Σmx/Σm; removing a mass
shifts it away from where that mass was.

(c) An astronaut of mass 75.0 kg is at a height of 6.37 × 10⁶ m above Earth's surface. (G = 6.67 × 10⁻¹¹ N
m² kg⁻²; mass of Earth 5.97 × 10²⁴ kg; radius of Earth 6.37 × 10⁶ m.) (i) Calculate the gravitational field
strength at this height and the astronaut's weight there. (ii) Explain why astronauts in a stable orbit at this
height feel weightless even though gravity is still acting on them.

(c) Answer: (i) 2.45 N kg⁻¹ and 184 N; (ii) both are in free fall, so there is no contact force
• Evidence level: Excellence (use Newton's law of gravitation and explain apparent weightlessness).

• (i) g = GM/r² with r = 6.37 × 10⁶ + 6.37 × 10⁶ = 1.27 × 10⁷ m: g = 3.98 × 10¹⁴ ÷ 1.27 × 10⁷² = 2.45 N
kg⁻¹.
• Weight = mg = 75.0 × 2.45 = 184 N (compare 736 N at the surface).

• Achievement: (ii) States that the astronaut and the spacecraft are both falling together.
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• Merit: Links to the force: gravity is the only force acting on both, so they have the same acceleration.

• Excellence: Full explanation: gravity still acts (weight 184 N), but the astronaut and spacecraft both
accelerate at gh = 2.45 m s⁻² towards Earth as they orbit; there is no contact force from the floor (no
'normal reaction'), which is what we feel as weight, so the astronaut feels weightless.

KEY TAKEAWAY
Gravitational field strength g = GM/r² with r measured from Earth's centre; in orbit everything is in free
fall, so the contact force that we feel as weight is zero.

LOS: Translational motion and gravity (91524)

Question 2 (15 marks) [Circular motion and rotating systems]

(a) A 1.00 kg ball on a light string moves in a vertical circle of radius 0.500 m. At the bottom of the circle
its speed is 6.00 m s⁻¹. (i) Calculate the tension in the string at the bottom. (ii) Calculate the speed at the
top using conservation of energy, and decide whether the string stays taut at the top.

(a) Answer: (i) 81.8 N; (ii) vt = 4.05 m s⁻¹; the string stays taut
• Evidence level: Excellence (resolve forces towards the centre and use energy conservation).

• (i) At the bottom the net force towards the centre is T − mg = mv²/r, so T = m(g + 
+ 6.00² ÷ 0.500) = 81.8 N.

• (ii) Energy: ½mv² = ½mvt² + mg(2r), so vt² = 6.00² − 4 × 9.81 × 0.500 = 16.4.

• vt = 4.05 m s⁻¹. At the top T + mg = mvt²/r, so T = m(vt²/r − g) = 23.0 N, which is positive, so the
string stays taut.

KEY TAKEAWAY
Vertical circle: at the bottom T − mg = mv²/r; speeds at different heights come from energy
conservation; the string stays taut at the top only if vt² ≥ gr.

(b) A spinning stool rider spinning at 0.800 revolutions per second has a rotational inertia of 5.00 kg m²
with the arms out. The arms are pulled in, reducing the rotational inertia to 1.20 kg m². Friction with the
ice is negligible. (i) Calculate the new angular velocity. (ii) Calculate the change in rotational kinetic
energy, and explain where the extra energy comes from.

(b) Answer: (i) 20.9 rad s⁻¹; (ii) +200 J, supplied by the work done pulling the arms in
• Evidence level: Excellence (conserve angular momentum, then compare rotational kinetic energies).

• (i) Angular momentum is conserved: I₁ω₁ = I₂ω₂. ω₁ = 2πf = 5.03 rad s⁻¹, so ω₂ = 5.00 × 5.03 ÷ 1.20
= 20.9 rad s⁻¹.
• (ii) Eᴿᵒᵗ = ½Iω²: before = 63.2 J, after = 263 J, an increase of 200 J.

• Achievement: (ii) States that the energy comes from the work done by the muscles.

• Merit: Links to the cause: pulling the arms inward against the (centrifugal) tendency to move out
requires the person to do work.

• Excellence: Full explanation: angular momentum L = Iω stays constant, so ω rises as I falls; kinetic
energy L²/2I therefore increases, and the extra 200 J is supplied by the work done by the muscles
pulling the arms inwards (not by an external torque).
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