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ANSWER ALL THREE QUESTIONS
48 marks in all

Use clear numerical working, words and/or diagrams. Give numerical answers with an appropriate SI
unit and a number of significant figures consistent with the data. Take g = 9.8 m s⁻² and ignore air
resistance unless told otherwise.

Formula sheet
Relationships (from the standard): v = Δd/Δt; a = Δv/Δt; vf = vi + at; d = vit + ½at²; d = (vi + vf)t/2; vf² = vi² +
2ad.
Forces and rotation: F = ma; ac = 
equal the anticlockwise torques and the forces balance.
Momentum and energy: p = mv; FΔt = Δp; Ep(spring) = ½kx²; Ek = ½mv²; ΔEp = mgΔh; W = Fd; P = W/t =
ΔE/t.

Question One (15 marks)

(a) A sprinter accelerates uniformly from rest at 1.00 m s⁻² over a distance of 21.3 m.

How long did it take to run the 21.3 m?

[2 marks]

(b) A player kicks a javelin at 26.9 m s⁻¹ at 28.7° to the horizontal. The bar is 3.00 m above the
ground and 45.1 m from where the ball is kicked. Ignore air resistance.

By performing appropriate calculations, decide whether the ball goes over the bar before it hits
the ground.

[5 marks]

(c) A football is kicked at 15.0 m s⁻¹ at 35.0° above the horizontal. A second kick uses the same
speed but at 55.0° above the horizontal. Ignore air resistance.

Compare the horizontal distances travelled and the times in the air for the two kicks, and
explain your answer.

[4 marks]
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(d) A 15.0 kg sled is pulled across level snow by a horizontal force of 60.0 N. Friction opposes the
motion with a constant force of 30.0 N. The sled starts at rest.

(i) Calculate the acceleration of the sled.

(ii) How far does it travel, and how fast is it moving, after 6.00 s?

[4 marks]

Question Two (17 marks)

(a) A 90.0 kg object moves at 1.17 m s⁻¹. It catches up with and sticks to a 850 kg object that is
moving in the same direction at 4.27 m s⁻¹.

Calculate the speed of the combined objects after they stick together.

[4 marks]

(b) A 5.50 kg gun fires a 0.0400 kg bullet at 320 m s⁻¹. Explain why the gun recoils, and calculate
the recoil speed of the gun if it is free to move.

[4 marks]

(c) A 80.0 kg player running at 3.80 m s⁻¹ is brought to a stop by a goalpost. Without padding the
collision lasts 0.106 s. With thick padding the same collision lasts 0.530 s.

(i) Calculate the average force on the player in each case.

(ii) Explain how the padding helps to protect the player.

[5 marks]
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WORKED SOLUTIONS
Answers & worked solutions

ANSWER ALL THREE QUESTIONS

Question 1 (15 marks) [Motion]

(a) A sprinter accelerates uniformly from rest at 1.00 m s⁻² over a distance of 21.3 m. How long did it take
to run the 21.3 m?

(a) Answer: 6.53 s
• Evidence level: Achieved (choose and use one equation of motion with consistent units).

• Use d = vit + ½at² with vi = 0, a = 1.00 m s⁻², d = 21.3 m.

• 21.3 = ½ × 1.00 × t², so t = √(2 × 21.3 ÷ 1.00) = 6.53 s.

KEY TAKEAWAY
Constant acceleration: list vi, vf, a, d and t, pick the equation with exactly one unknown, and give the
answer with a unit and sensible significant figures.

(b) A player kicks a javelin at 26.9 m s⁻¹ at 28.7° to the horizontal. The bar is 3.00 m above the ground
and 45.1 m from where the ball is kicked. Ignore air resistance. By performing appropriate calculations,
decide whether the ball goes over the bar before it hits the ground.

(b) Answer: At the bar the ball is 6.79 m high: it clears the bar
• Evidence level: Excellence (resolve the velocity, find the time to the bar, and compare the height with
a clear conclusion).

• Components: vx = 26.9 cos 28.7° = 23.6 m s⁻¹ and vy = 26.9 sin 28.7° = 12.9 m s⁻¹.
• Time to travel 45.1 m horizontally: t = d ÷ vx = 45.1 ÷ 23.6 = 1.91 s.

• Height at that time: d = vyt + ½at² = 12.9 × 1.91 − ½ × 9.8 × 1.91² = 6.79 m.

• The ball is still in the air (it would stay up for 2.64 s), and 6.79 m is higher than 3.00 m, so the ball
goes over the bar.

KEY TAKEAWAY
Projectiles: split the launch speed into horizontal (constant) and vertical (a = −9.8) parts, use the
horizontal part to find the time, then find the height at that time and compare it, writing a conclusion.

(c) A football is kicked at 15.0 m s⁻¹ at 35.0° above the horizontal. A second kick uses the same speed
but at 55.0° above the horizontal. Ignore air resistance. Compare the horizontal distances travelled and
the times in the air for the two kicks, and explain your answer.

(c) Answer: The two kicks land at the same horizontal distance (complementary angles), but
the steeper kick (55.0°) stays in the air longer.

• Evidence level: Excellence (explain a comparison using the independence of horizontal and vertical
motion).

• Achievement: States that the steeper kick has the larger vertical speed and so is in the air longer.

• Merit: Links cause and effect: sin and cos swap when the angle is replaced by 90° minus the angle,
so the range vx × t is the same.

• Excellence: Full explanation: the horizontal speed of one kick equals the vertical speed component of
the other, so the product vx × (2vy/g) = 2v²sinθcosθ/g is the same for both, but the larger vertical
speed gives the longer time.
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• Model answer: The two kicks land at the same horizontal distance (complementary angles), but the
steeper kick (55.0°) stays in the air longer.

KEY TAKEAWAY
Compare projectile kicks by comparing the components: the vertical part sets the time in the air, the
horizontal part is constant, and the range is horizontal speed times time.

(d) A 15.0 kg sled is pulled across level snow by a horizontal force of 60.0 N. Friction opposes the motion
with a constant force of 30.0 N. The sled starts at rest. (i) Calculate the acceleration of the sled. (ii) How
far does it travel, and how fast is it moving, after 6.00 s?

(d) Answer: (i) 2.00 m s⁻²; (ii) 36.0 m and 12.0 m s⁻¹
• Evidence level: Merit (find the net force first, then use F = ma and the equations of motion).

• (i) Net force = 60.0 − 30.0 = 30.0 N. a = Fnet ÷ m = 30.0 ÷ 15.0 = 2.00 m s⁻².
• (ii) d = ½at² = ½ × 2.00 × 6.00² = 36.0 m, and v = at = 2.00 × 6.00 = 12.0 m s⁻¹.

KEY TAKEAWAY
Unbalanced force: add the forces with signs to find the net force, then a = F/m; use that acceleration in
the equations of motion.

LOS: Motion (91171)

Question 2 (17 marks) [Momentum]

(a) A 90.0 kg object moves at 1.17 m s⁻¹. It catches up with and sticks to a 850 kg object that is moving in
the same direction at 4.27 m s⁻¹. Calculate the speed of the combined objects after they stick together.

(a) Answer: 3.97 m s⁻¹
• Evidence level: Merit (conserve momentum in one dimension).

• Momentum before = 90.0 × 1.17 + 850 × 4.27 = 105 + 3630 = 3730 kg m s⁻¹.
• After: (90.0 + 850)v = 3730, so v = 3.97 m s⁻¹.

KEY TAKEAWAY
Collisions: momentum is conserved when there is no outside force; give each velocity a sign, add the
momenta before, and divide by the total mass when the objects stick together.

(b) A 5.50 kg gun fires a 0.0400 kg bullet at 320 m s⁻¹. Explain why the gun recoils, and calculate the
recoil speed of the gun if it is free to move.

(b) Answer: The gun recoils backwards at 2.33 m s⁻¹ because total momentum stays zero.
• Evidence level: Excellence (use conservation of momentum from rest).

• Achievement: States that the bullet and the gun exert forces on each other, or that the gun moves
backwards.

• Merit: Momentum before firing is zero, so the gun must gain momentum equal and opposite to the
bullet's.

• Excellence: Full explanation with calculation: 0 = mbvb + mgvg, so vg = mbvb ÷ mg = 0.0400 × 320 ÷
5.50 = 2.33 m s⁻¹ in the opposite direction.
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LIKED THIS SAMPLE?

The full paper is the real thing.

THIS FREE SAMPLE

A short extract: the opening questions of Paper
1, then their worked answers. 4 pages in all.

THE FULL PAPER

Three questions made of several multi-part
problems answered in writing (constructed
response, no multiple choice), with a worked
solution for every part that shows whether it is
aimed at Achieved, Merit or Excellence. 12
pages, with a worked solution for every question.

What you get with each paper

A complete, timed paper in the real exam layout, not just a taste of it.

A worked solution for every question: numbered steps, why each wrong option is wrong, and a key
takeaway.

20 different papers in this set. Every one uses new questions, so each extra paper is new practice,
not a repeat.

An A4 PDF emailed straight after payment, made for printing.

Get Paper 1 now
A$11.99 one-off, instant PDF download. Tap or click here.

Or see all 20 NCEA Level 2 Physics 91171 Mechanics papers:
testpapershub.com/collections/ncea-level-2-physics-91171-mechanics/

Getting the most from a practice paper

1 Print it and set the timer shown on the cover. Answer every question before looking at any
solution.

2 Mark it against the worked solutions and note the topics that cost you marks.

3 Retry the questions you missed a day later, then use the next paper to check the fix held.

Not sure which paper to start with, or have a question before you buy? Email support@testpapershub.com and a real person
will reply, normally within one business day. These are original practice papers, not official past papers, and are not affiliated
with any exam authority.
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