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ANSWER ALL THREE QUESTIONS
44 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.

Formula sheet
Relationships (from the standard): d sin θ = nλ; dx/L = λ (small angles); v = fλ; fh = |f₁ − f₂|; Doppler (moving
source, stationary observer) f′ = f 
at one end f = (2n − 1)v/4L.
Speed of sound in air 340 m s⁻¹ unless stated.

Question One (15 marks)

(a) A diffraction grating has 300 lines per millimetre. Light of wavelength 5.00 × 10⁻⁷ m shines
normally on the grating.

(i) Calculate the angle to the second order maximum.

(ii) Calculate the highest order that can be seen, and explain why no higher order appears.

[5 marks]

(b) Monochromatic light of wavelength 5.00 × 10⁻⁷ m passes through two narrow slits 3.00 × 10⁻⁴ m
apart. The interference pattern is seen on a screen 2.00 m away.

(i) Calculate the distance between adjacent bright fringes.

(ii) Explain what happens to the fringe spacing if the slit separation is halved.

[5 marks]
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(c) Light of wavelength 6.50 × 10⁻⁷ m passes through 6 equally spaced narrow slits, with a spacing
of 2.00 × 10⁻⁶ m between neighbouring slits, and falls on a distant screen.

(i) Calculate the angle to the first order principal maximum.

(ii) The number of slits is increased to 8 with the same spacing. Describe and explain what
happens to the positions and the sharpness of the principal maxima, and to the number of
weak secondary maxima between them.

[5 marks]

Question Two (14 marks)

(a) A guitar string of length 0.900 m is fixed at both ends. Waves travel along it at 180 m s⁻¹.
(i) Calculate the frequency of the fundamental (first harmonic).

(ii) Calculate the frequency and wavelength of the fourth harmonic, and state how many
antinodes the string has in this standing wave.

[4 marks]

(b) A pipe closed at one end is 0.750 m long. The speed of sound in the air is 343 m s⁻¹.
(i) Calculate the frequency of the fundamental.

(ii) Calculate the frequencies of the next two harmonics that can resonate, and explain why the
even harmonics are missing.

[5 marks]
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WORKED SOLUTIONS
Answers & worked solutions

ANSWER ALL THREE QUESTIONS

Question 1 (15 marks) [Interference and gratings]

(a) A diffraction grating has 300 lines per millimetre. Light of wavelength 5.00 × 10⁻⁷ m shines normally
on the grating. (i) Calculate the angle to the second order maximum. (ii) Calculate the highest order that
can be seen, and explain why no higher order appears.

(a) Answer: (i) 17.5°; (ii) highest order 6
• Evidence level: Excellence (find the grating spacing, apply d sin θ = nλ, and find the limit on n).

• (i) d = 1 ÷ (300 × 10³) = 3.33 × 10⁻⁶ m. sin θ = nλ/d = 2 × 5.00 × 10⁻⁷ ÷ 3.33 × 10⁻⁶ = 0.300, so θ =
17.5°.

• (ii) sin θ cannot exceed 1, so nλ/d ≤ 1 and n ≤ d/λ = 3.33 × 10⁻⁶ ÷ 5.00 × 10⁻⁷ = 6.67. The highest
whole order is n = 6.

• Achievement: (ii) States that the maximum order is 6.

• Merit: Links to the relationship: nλ/d = sin θ must be less than or equal to 1.

• Excellence: Full explanation: the order nλ/d would need sin θ > 1 for n = 7, which is impossible, so
the light for that order would have to travel along an angle beyond 90°; no such maximum can form.

KEY TAKEAWAY
Diffraction grating: d sinθ = nλ with d = 
≤ 1, so n ≤ d/λ.

(b) Monochromatic light of wavelength 5.00 × 10⁻⁷ m passes through two narrow slits 3.00 × 10⁻⁴ m
apart. The interference pattern is seen on a screen 2.00 m away. (i) Calculate the distance between
adjacent bright fringes. (ii) Explain what happens to the fringe spacing if the slit separation is halved.

(b) Answer: (i) 3.33 × 10⁻³ m; (ii) the spacing increases by a factor of 2.00
• Evidence level: Excellence (use the double-slit relationship dx/L = λ, and reason from the
proportionality).

• (i) x = λL/d = (5.00 × 10⁻⁷ × 2.00) ÷ 3.00 × 10⁻⁴ = 3.33 × 10⁻³ m (3.33 mm).

• Achievement: (ii) States whether the fringes get closer together or further apart.

• Merit: States the change and links it to the relationship: x = λL/d, so x is proportional to L and λ and
inversely proportional to d.

• Excellence: Full explanation: the slit separation is halved, so x changes by a factor of 2.00 (new
spacing 6.67 × 10⁻³ m); a longer path from the slits lets the path difference between rays grow more
slowly across the screen, or a different λ/d changes the angle θ at which each order of constructive
interference occurs.

KEY TAKEAWAY
Double slit: fringe spacing x = λL/d — larger wavelength or screen distance spreads the fringes; larger
slit separation brings them closer together.
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(c) Light of wavelength 6.50 × 10⁻⁷ m passes through 6 equally spaced narrow slits, with a spacing of
2.00 × 10⁻⁶ m between neighbouring slits, and falls on a distant screen. (i) Calculate the angle to the first
order principal maximum. (ii) The number of slits is increased to 8 with the same spacing. Describe and
explain what happens to the positions and the sharpness of the principal maxima, and to the number of
weak secondary maxima between them.

(c) Answer: (i) 19.0°; (ii) same positions, narrower and brighter, 6 weak secondary maxima
instead of 4

• Evidence level: Excellence (apply d sin θ = nλ and explain how more slits sharpen the pattern).

• (i) sin θ = λ/d = 6.50 × 10⁻⁷ ÷ 2.00 × 10⁻⁶ = 0.325, so θ = 19.0°.

• Achievement: (ii) States that the maxima stay in the same places but get sharper (narrower).

• Merit: Links to the cause: the positions depend only on d and λ (d sin θ = nλ), so they do not move;
more slits make the maxima narrower and brighter.

• Excellence: Full explanation: the principal maxima need the path difference between ADJACENT
slits to be nλ, which does not depend on the number of slits, so their positions are unchanged. Away
from the maxima, more sources provide more possible phase combinations that cancel, so the
maxima become narrower and brighter, and the number of weak secondary maxima between
neighbouring principal maxima is N − 2 (here 4 increasing to 6).

KEY TAKEAWAY
Multi-slit patterns: principal maxima are at d sinθ = nλ whatever the number of slits N; more slits
sharpen them and put N − 2 weak secondary maxima between them.

LOS: Interference and gratings (91523)

Question 2 (14 marks) [Standing waves and resonance]

(a) A guitar string of length 0.900 m is fixed at both ends. Waves travel along it at 180 m s⁻¹. (i) Calculate
the frequency of the fundamental (first harmonic). (ii) Calculate the frequency and wavelength of the
fourth harmonic, and state how many antinodes the string has in this standing wave.

(a) Answer: (i) 100 Hz; (ii) 400 Hz, 0.450 m, 4 antinodes
• Evidence level: Merit (use the standing-wave conditions for a string fixed at both ends).

• (i) For the fundamental λ = 2L = 1.80 m, so f₁ = v/λ = 180 ÷ 1.80 = 100 Hz.

• (ii) The n-th harmonic has n half-wavelengths on the string: λ = 2L/n = 0.450 m, and f = nf₁ = 4 × 100
= 400 Hz.

• A fixed end is a node, and there are n antinodes (n half-wavelength loops) for the n-th harmonic: 4
antinodes.

KEY TAKEAWAY
String fixed at both ends: nodes at both ends, λ = 2L/n, f = nv/2L; the n-th harmonic has n antinodes.

(b) A pipe closed at one end is 0.750 m long. The speed of sound in the air is 343 m s⁻¹. (i) Calculate the
frequency of the fundamental. (ii) Calculate the frequencies of the next two harmonics that can resonate,
and explain why the even harmonics are missing.

(b) Answer: (i) 114 Hz; (ii) 343 Hz and 572 Hz; only odd harmonics fit a node and an antinode
• Evidence level: Merit (use the standing-wave conditions for a pipe closed at one end).

• (i) A closed end is a node and the open end an antinode, so for the fundamental L = λ/4 and f₁ = v/4L
= 343 ÷ 3.00 = 114 Hz.
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The full paper is the real thing.
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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. 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.
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