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FREE SAMPLE: THE FIRST QUESTION
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ANSWER ALL FOUR QUESTIONS
32 marks in all

Show ALL working. Give numerical answers to three significant figures with the correct SI unit. Where
a question says Show that, you must derive the result.

Formula sheet
TPH formulae page (not the NZQA booklet). Constants: g = 9.81 m s⁻²; G = 6.67 × 10⁻¹¹ N m² kg⁻²; M(Earth) =
5.97 × 10²⁴ kg; R(Earth) = 6.37 × 10⁶ m; c = 3.00 × 10⁸ m s⁻¹; speed of sound = 343 m s⁻¹.
h = 6.63 × 10⁻³⁴ J s; e = 1.60 × 10⁻¹⁹ C; m(electron) = 9.11 × 10⁻³¹ kg; 1 u = 1.66 × 10⁻²⁷ kg; hydrogen-like
energy levels E_n = −13.6 Z² ÷ n² eV.
Mechanics: v = u + at; s = ut + ½at²; v² = u² + 2as; F = ma; a_c = 
(rotation); disc I = ½MR²; GMm/r² = mv²/r; spring E = ½kx².
Waves: v = fλ; string v = √(T/μ); d sin θ = nλ; f' = f 
receding). Electricity: V = IR; τ = RC; E = ½CV²; τ = L/R; E = ½LI²; emf = Blv; F = BIl; F = qvB; V_s/V_p =
N_s/N_p.

Question One (8 marks)

(a) A stone is launched at 18.0 m s⁻¹ at 35.0° above the horizontal from the edge of a cliff, 22.0 m
above level ground. Ignore air resistance. Calculate the time of flight and the horizontal distance
travelled before it lands.

[2 marks]

(b) Find the speed and the angle below the horizontal of the velocity at the instant of landing. Show
that this speed would be the same for any launch angle.

[3 marks]

(c) It is given that, for a launch from height h at speed u, the horizontal range is greatest when tan θ
= u ÷ √(u² + 2gh).

Find this angle and the greatest range for the data above, and show that a launch at 60.0°
gives a shorter range.

[3 marks]
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v²
r  = rω²; τ = Iα; L = Iω; E_k = ½Iω²

v
v − v_s  (source approaching), f' = f v

v + v_s  (source
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Question Two (8 marks)

(a) A bullet of mass 0.0120 kg is fired horizontally into a block of mass 2.30 kg hanging at rest from
light strings. The bullet embeds in the block, and the block and bullet swing up to a maximum
height of 0.0850 m above the starting level. Calculate their speed immediately after the collision.

[2 marks]

(b) Use conservation of momentum to find the speed of the bullet before it hit the block. Explain
why energy conservation could not be used for the collision itself.

[3 marks]

(c) Calculate the percentage of the bullet's kinetic energy that is converted to other forms in the
collision, and show that this percentage equals 100M ÷ (m + M). The block hangs from strings of
length 1.40 m: find the maximum angle the strings make with the vertical.

[3 marks]

TEST PAPERS HUB. For personal / single-household use only. Do not copy, share, or resell. Page 3 of 12



Free sample from NCEA Scholarship Physics (paper 1 of the set). Full papers with a worked solution for every question: testpapershub.com/collections/n

THE WORKED ANSWER TO THAT QUESTION
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WORKED SOLUTIONS
Answers & worked solutions

ANSWER ALL FOUR QUESTIONS

Question 1 (8 marks) [Projectile motion from a height]

(a) A stone is launched at 18.0 m s⁻¹ at 35.0° above the horizontal from the edge of a cliff, 22.0 m above
level ground. Ignore air resistance. Calculate the time of flight and the horizontal distance travelled before
it lands.

(a) Answer: T = 3.42 s; R = 50.4 m
• Entry step: worth marks in the 1-4 range of the 8-point question score.

• Take up as positive: initial vertical speed 18.0 sin 35.0° = 10.32 m s⁻¹ and horizontal speed 18.0 cos
35.0° = 14.74 m s⁻¹. Landing: −22.0 = 10.32 t − ½(9.81)t². [1 mark]

• Solve the quadratic and take the positive root: t = 3.417 s. Horizontal distance = 14.74 × 3.417 =
50.39 m. [1 mark]

KEY TAKEAWAY
Split the motion into independent vertical and horizontal parts; the landing condition gives a quadratic in
time and only the positive root is physical.

(b) Find the speed and the angle below the horizontal of the velocity at the instant of landing. Show that
this speed would be the same for any launch angle.

(b) Answer: v = 27.5 m s⁻¹ at 57.6° below the horizontal
• Scholarship band (5-6): the part needs your own method and accurate algebra.

• Vertical speed at landing = 10.32 − 9.81(3.417) = −23.20 m s⁻¹ (downwards). Speed = 27.49 m s⁻¹.
[1 mark]

• Angle = tan⁻¹(23.20 ÷ 14.74) = 57.56° below the horizontal. [1 mark]

• Energy conservation: ½mv² = ½mu² + mgh, so v = √(u² + 2gh) depends only on u and h, not on the
launch angle. [1 mark]

KEY TAKEAWAY
A conservative force changes speed by an amount that depends only on the height change, so the
landing speed does not depend on the launch angle.

(c) It is given that, for a launch from height h at speed u, the horizontal range is greatest when tan θ = u ÷
√(u² + 2gh). Find this angle and the greatest range for the data above, and show that a launch at 60.0°
gives a shorter range.

(c) Answer: θ = 33.2°; Rmax = 50.4 m (at 60.0° the range is 38.1 m)
• Outstanding band (7-8): the part needs insight and a complete, efficient argument.

• tan θ = 18.0 ÷ 27.49 = 0.6548 so θ = 33.22°. [1 mark]

• At this angle, Rmax = u√(u² + 2gh) ÷ g = 18.0 × 27.49 ÷ 9.81 = 50.44 m. [1 mark]

• At 60.0°: T = 4.237 s and R = 18.0 × cos 60.0° × 4.237 = 38.13 m, which is less than 50.44 m. [1
mark]
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KEY TAKEAWAY
For a launch from above the landing level the best angle is below 45°; a quick calculation at a second
angle confirms the optimum is a maximum.

LOS: Projectile motion from a height (93103)

Question 2 (8 marks) [Collisions and the ballistic pendulum]

(a) A bullet of mass 0.0120 kg is fired horizontally into a block of mass 2.30 kg hanging at rest from light
strings. The bullet embeds in the block, and the block and bullet swing up to a maximum height of 0.0850
m above the starting level. Calculate their speed immediately after the collision.

(a) Answer: v = 1.29 m s⁻¹
• Entry step: worth marks in the 1-4 range of the 8-point question score.

• After the collision, mechanical energy is conserved: ½(m + M)v² = (m + M)gh. [1 mark]

• v = √(2gh) = 1.291 m s⁻¹. [1 mark]

KEY TAKEAWAY
Split the problem in two: the collision conserves momentum only; the swing afterwards conserves
mechanical energy.

(b) Use conservation of momentum to find the speed of the bullet before it hit the block. Explain why
energy conservation could not be used for the collision itself.

(b) Answer: u = 249 m s⁻¹
• Scholarship band (5-6): the part needs your own method and accurate algebra.

• Momentum: mu = (m + M)v, so u = (m + M)v ÷ m. [1 mark]

• u = (0.0120 + 2.30) × 1.291 ÷ 0.0120 = 248.8 m s⁻¹. [1 mark]

• The collision is perfectly inelastic: kinetic energy is converted to thermal energy and deformation, so
½mu² ≠ ½(m + M)v². [1 mark]

KEY TAKEAWAY
Momentum is conserved in every collision with no external impulse; kinetic energy is conserved only in
elastic collisions.

(c) Calculate the percentage of the bullet's kinetic energy that is converted to other forms in the collision,
and show that this percentage equals 100M ÷ (m + M). The block hangs from strings of length 1.40 m:
find the maximum angle the strings make with the vertical.

(c) Answer: energy lost = 99.5 %; angle = 20.1°
• Outstanding band (7-8): the part needs insight and a complete, efficient argument.

• K(bullet) = ½mu² = 371.4 J; K(after) = ½(m + M)v² = 1.928 J. [1 mark]

• Lost fraction = (371.4 − 1.928) ÷ 371.4 = 99.48%. Algebraically K after ÷ K before = m ÷ (m + M), so
the lost fraction is M ÷ (m + M) = 99.48%. [1 mark]

• Geometry: height gained h = L(1 − cos φ), so cos φ = 1 − 0.0850 ÷ 1.40 = 0.9393 and φ = 20.07°. [1
mark]
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