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FREE SAMPLE: THE FIRST QUESTION
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ANSWER ALL THREE QUESTIONS
40 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. Mathematical solutions
should show how two concepts are connected.

Formula sheet
Relationships (from the standard): 
λ₂/λ₁; sin θc = n₂/n₁ (n₁ > n₂).
Waves: v = fλ; T = 
destructive when it is (n + ½)λ.

Question One (13 marks)

(a) A concave (converging) mirror has a focal length of 12.0 cm. An object 5.00 cm tall stands 21.6
cm in front of the mirror, on the principal axis.

(i) Calculate the image distance and the height of the image.

(ii) Describe the image: is it real or virtual, upright or inverted, enlarged or diminished?

[4 marks]

(b) A converging (convex) lens of focal length 25.0 cm forms an image of an object 4.00 cm tall
placed 75.0 cm from the lens.

(i) Calculate where the image forms and its height.

(ii) State whether the image is real or virtual, upright or inverted, enlarged or diminished, and
explain how you can tell from your calculations.

[4 marks]

(c) In a fibre-optic cable (high-index core), light travelling in the core (n = 1.62) strikes the boundary
with the cladding (n = 1.52) at an angle of incidence of 72.8°.

(i) Calculate the critical angle.

(ii) Explain whether the light stays inside the core or leaves it.

[5 marks]
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1
f  = 1/do + 1/di; m = hi/ho = −di/do; n₁ sin θ₁ = n₂ sin θ₂; n₁/n₂ = v₂/v₁ =

1
f ; v = Δd/Δt; n = c/v. Two-source interference: constructive when the path difference is nλ,
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Question Two (14 marks)

(a) A sound wave of frequency 4.00 Hz travels at 1.50 m s⁻¹ in medium 1. It crosses a boundary
into medium 2, where its speed is 0.750 m s⁻¹.

(i) Calculate the wavelength in each medium.

(ii) State what happens to the frequency, and explain why.

[4 marks]

(b) A pulse on a rope travels towards a join where a thin rope (wave speed 3.00 m s⁻¹) is attached
to a thicker rope (wave speed 2.25 m s⁻¹). The wave source has a frequency of 3.00 Hz.

(i) Calculate the wavelength in each rope.

(ii) Describe what happens to the pulse at the join, comparing the reflected pulse and the
transmitted pulse with the original pulse.

[5 marks]

(c) A ray of light in acrylic (n = 1.49) meets a boundary with ice (n = 1.31) at an angle of incidence
of 45.0°.

(i) Calculate the critical angle for this boundary, and decide whether the ray is refracted or
totally internally reflected.

(ii) Explain what happens to the speed and the wavelength of the light as it crosses the
boundary (if it does).

[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 (13 marks) [Light and images]

(a) A concave (converging) mirror has a focal length of 12.0 cm. An object 5.00 cm tall stands 21.6 cm in
front of the mirror, on the principal axis. (i) Calculate the image distance and the height of the image. (ii)
Describe the image: is it real or virtual, upright or inverted, enlarged or diminished?

(a) Answer: (i) di = 27.0 cm, hi = −6.25 cm; (ii) real, inverted, enlarged
• Evidence level: Merit (use the mirror equation and magnification, then describe the image from the
signs).

• (i) 
real).

• Magnification m = −di/do = −1.25, so the image height hi = m × ho = −1.25 × 5.00 = −6.25 cm.

• (ii) The image is real, inverted and enlarged.

KEY TAKEAWAY
Curved mirrors: 
a negative m means inverted, and |m| > 1 means enlarged.

(b) A converging (convex) lens of focal length 25.0 cm forms an image of an object 4.00 cm tall placed
75.0 cm from the lens. (i) Calculate where the image forms and its height. (ii) State whether the image is
real or virtual, upright or inverted, enlarged or diminished, and explain how you can tell from your
calculations.

(b) Answer: (i) di = 37.5 cm, hi = −2.00 cm; (ii) real, inverted, diminished
• Evidence level: Merit (use the lens equation and magnification and interpret the signs).

• (i) 

• m = −di/do = −0.500, so hi = −0.500 × 4.00 = −2.00 cm.

• (ii) di is positive so the image is real; m is negative so it is inverted; |m| is less than 1 so it is
diminished.

KEY TAKEAWAY
Convex lenses: the same equations as mirrors, but a positive di now means the image is on the far
side of the lens (real); an object inside the focal length gives an upright, enlarged, virtual image.

(c) In a fibre-optic cable (high-index core), light travelling in the core (n = 1.62) strikes the boundary with
the cladding (n = 1.52) at an angle of incidence of 72.8°. (i) Calculate the critical angle. (ii) Explain
whether the light stays inside the core or leaves it.

(c) Answer: (i) θc = 69.8°; (ii) the light is totally internally reflected and stays inside
• Evidence level: Excellence (find the critical angle and apply the conditions for total internal
reflection).

• (i) sin θc = n₂/n₁ = 1.52 ÷ 1.62 = 0.938, so θc = 69.8°.

• Achievement: (ii) States whether the angle of incidence is bigger or smaller than the critical angle.

• Merit: Links to the outcome: 72.8° is greater than the critical angle, so the light is totally internally
reflected.
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1
f  = 1/do + 1/di gives 1/di = 1/12.0 − 1/21.6, so di = 27.0 cm (positive: in front of the mirror, so

1
f  = 1/do + 1/di and m = −di/do; a positive di means a real image on the object's side,

1
f  = 1/do + 1/di so di = 37.5 cm.
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• Excellence: Full explanation: total internal reflection needs light going from the higher refractive index
(core) to the lower (cladding) AND an angle of incidence above θc. Both conditions are met, so the
light stays inside the core, reflecting at the boundary with no loss through it.

KEY TAKEAWAY
Total internal reflection needs two things: light moving from a higher to a lower refractive index and an
angle of incidence greater than the critical angle sin⁻¹(n₂/n₁).

LOS: Light and images (91170)

Question 2 (14 marks) [Waves at boundaries]

(a) A sound wave of frequency 4.00 Hz travels at 1.50 m s⁻¹ in medium 1. It crosses a boundary into
medium 2, where its speed is 0.750 m s⁻¹. (i) Calculate the wavelength in each medium. (ii) State what
happens to the frequency, and explain why.

(a) Answer: (i) 0.375 m and 0.188 m; (ii) the frequency is unchanged
• Evidence level: Merit (use v = fλ in each medium and explain which quantities change at a
boundary).

• (i) λ₁ = v₁ ÷ f = 1.50 ÷ 4.00 = 0.375 m; λ₂ = v₂ ÷ f = 0.750 ÷ 4.00 = 0.188 m.

• Achievement: (ii) States that the frequency stays the same.

• Merit: States that the frequency stays the same and links it to the source or to the waves arriving at
the boundary at the same rate.

• Excellence: Full explanation: the frequency is set by the source; the same number of wave crests
arrive at the boundary each second as leave it, so f is unchanged, and since the speed changed, v =
fλ means the wavelength changes in proportion (λ₂/λ₁ = 0.500).

KEY TAKEAWAY
At a boundary the frequency is fixed; speed and wavelength change together because v = fλ.

(b) A pulse on a rope travels towards a join where a thin rope (wave speed 3.00 m s⁻¹) is attached to a
thicker rope (wave speed 2.25 m s⁻¹). The wave source has a frequency of 3.00 Hz. (i) Calculate the
wavelength in each rope. (ii) Describe what happens to the pulse at the join, comparing the reflected
pulse and the transmitted pulse with the original pulse.

(b) Answer: (i) 1.00 m and 0.750 m; (ii) transmitted pulse upright, slower with a shorter
wavelength; reflected pulse inverted

• Evidence level: Excellence (use v = fλ on each side and describe reflection and transmission at a
boundary, including inversion).

• (i) λ₁ = 3.00 ÷ 3.00 = 1.00 m and λ₂ = 2.25 ÷ 3.00 = 0.750 m.

• Achievement: (ii) States that part of the pulse is reflected and part is transmitted.

• Merit: States that the transmitted pulse is upright and slower and shorter in wavelength, and the
reflected pulse is inverted.

• Excellence: Full explanation: the wave goes from a faster medium to a slower one, so the transmitted
pulse is never inverted but its speed and wavelength decrease (frequency unchanged); the reflected
pulse is inverted because the join behaves like a fixed end (the heavier rope pulls the join down
against the pulse), and it is smaller than the original because some energy is transmitted.
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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. 3 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. 11
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 91170 Waves papers:
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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
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