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notes Interference

Interference happens when two waves having the 
same frequency, each from individual point sources, 
pass through each other. Because of the way the 
troughs and crests from each of the waves add 
together when they meet, a pattern is formed which 
consists of lines along which the wave amplitude is 
increased in between lines along which the wave 
amplitude has been reduced to nothing.

Along the antinodal lines, the two waves arrive in 
phase. This means crests from one wave source meet 
crests from the other and so the combined wave 
along this line will have high amplitude. This type of 
interference is called constructive interference.

Along the nodal lines, the two waves arrive with 
opposite phase (180° out of phase). This means crests 
from one wave source meet troughs from the other 
forming a line of low-amplitude wave. This type of 
interference is called destructive interference.
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If the waves from each source have the same amplitude, constructive interference will give a wave that has 
amplitude that is double the amplitude of the individual waves. Destructive interference will produce a wave 
that has zero amplitude and so the wave will be completely destroyed.

Nodal and antinodal lines are numbered, independently, from the middle outward. The number is called 
the order number, n.

The way nodal and antinodal lines are experienced depends on what sort of waves produced them. 
For light waves, at any position on a nodal line there will be darkness, at any position on an antinodal line 
there will be brightness; for sound waves, nodal lines are experienced as silence, antinodal lines as loudness.

The pattern can be sharpened and spread by using multiple sources instead of just two.

If the waves are light waves, an additional condition for the interference pattern to be produced is that the 
waves must be coherent. Splitting a single light wave into two or more sources most readily achieves 
coherence. This can be done by shining light through a series of narrow slits, allowing diffraction to create 
a point source of the wave at each slit.

The angle that any outer antinodal line (n > 0) 
makes with the central antinodal line (n = 0) 
depends on the wavelength of the wave. d
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If point P is along an antinodal line, the relationship between the wavelength, λ, of the wave and the angle,  
θ, that this antinodal line makes with the central antinodal line is: dsin θ = nλ

If point P is along a nodal line, the relationship between the wavelength, λ, of the  
wave and the angle, θ, that this nodal line makes with the central antinodal line is: dsin θ = (n – 1

2
)λ

If L is very large compared with x, these formulae become: nλ = dx
L

 and (n – 1
2
)λ = dx

L

The most common situation in which this formula can be used is when the wave is light and only two point 
sources are used.

A diffraction grating has an extremely large number of narrow slits and the distance between any two 
adjacent slits is expressed in terms of the number of slits per metre. If a diffraction grating has s slits per 
metre, the distance, d, between the slits can be found from d = 1s  .

Beats
If two waves arrive at an observer at the same time, the observer will experience a wave that is the 
combination of the two waves. If the two waves have slightly different frequencies, f1 and f2, the observer will 
experience beats.

In the diagram below, wave I has 6 wavelengths in 10 squares and wave II has 5 wavelengths in 10 squares. 
The two waves, therefore, have slightly different frequencies.

I

II

t

t

If the two waves, with this slight difference in frequency, are made to travel through each other, they 
will combine. The diagram below shows that the phase difference between the two waves is continually 
changing between in phase and opposite phase. Because of this continual phase reversal, the amplitude of 
the combined wave is continually changing between maximum and minimum.

t

t

I and II

Resultant wave

This variation in amplitude is known as beats. The frequency of variation in the amplitude is the difference 
between the individual frequencies:

beat frequency = |f1 – f2|

If the waves are sound waves and they are experienced by an observer, the variation in amplitude will mean 
the observer hears sound which is continually changing between loud and soft. There has to be only a 
slight difference in the frequencies, otherwise the beat frequency will be so great that the ear will not be 
able to distinguish the difference in loudness.

L3 Physics AME 2017.indb   2 1/06/17   2:34 PM



© ESA Publications (NZ) Ltd  –  ISBN 978-0-947504-50-2  –  Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

  Demonstrate understanding of wave systems  3

3.
3

N
C

EA
practice Questions 

Interference

Question One: Diffraction gratings
Moana is doing an experiment in the laboratory. She shines a laser beam at a double slit and observes an 
interference pattern on a screen. The diagram below shows the experiment. Moana measures the distance 
between adjacent bright spots (maxima) and finds they are 0.0100 m apart.

The slits are 1.28 × 10–4 m apart.

The screen is 2.10 m from the slits. 

laser source

double slit
screen

bright spots

2.10 m

a. Show that the wavelength of the laser light is 6.10 × 10–7 m.

Moana replaces the double slit with a diffraction grating in the same position. The diffraction grating has 
500 lines per mm.

b. Calculate the angle between the central antinodal line and the first antinodal line.

c. Explain what would happen to the distance between the bright spots on the screen if the laser source is 
changed to one with a shorter wavelength.

Year 2016
Ans. p. 107
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d. Moana then shines white light through a diffraction grating. The pattern she sees is shown below. 

 Explain the pattern Moana observes. 

 Your explanation should include: 

 • why the centre of the pattern is white 

 • why there is a coloured spectrum on each side 

 • why there are dark regions between the white and coloured regions.
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Question Two: Investigating laser light
Rianne uses a pair of novelty glasses to produce a laser show.

When she shines a laser through the centre of one of the eyepieces, the 
laser light splits up into a number of beams.

She suspects that the novelty glasses contain a diffraction grating.

Rianne measures the angle between the bright central beam of light and 
the 1st order maximum in the horizontal direction to be 26.0°. The laser 
light has a wavelength of 532 × 10–9 m.

a. Calculate the slit spacing of the novelty glasses.

b. Rianne experiments by shining her laser light through different parts of the glasses. There are more lines 
per metre in the middle of each eyepiece (smaller slit spacing) than there are at the edges.

  Describe the differences in the patterns Rianne would see when she shines the laser light through the 
two different sections of the glasses.

Year 2015
Ans. p. 107
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c. Rianne visits a physics laboratory where she replaces the novelty glasses with a 600 000 lines per metre 
diffraction grating.

  Calculate the spacing in degrees between the central maximum and the 2nd order maximum for her 
laser light when it passes through the diffraction grating.

d. Rianne wonders whether it would be possible to use the diffraction grating to create a laser light show, 
where a blue laser light with a wavelength of 460 × 10–9 m creates a pattern that overlaps with a 
pattern created by a red laser light with a wavelength of 690 × 10–9 m.

 Explain what the complete pattern would look like.

 In your answer you should:

 • calculate the number of maxima for blue laser light

 • calculate the number of maxima for red laser light

 • explain why there will be a limit to the number of maxima for each laser light

 • show that one of the red maxima is at the same angle as one of the blue maxima.
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Question Three: Speaker diffraction grating
The diagram shows a series of speakers connected 
together, and to a frequency generator producing a 
single frequency. The speakers act like a diffraction 
grating.

a. The sound wave source is producing a note of wavelength 0.600 m. The distance between the speakers 
and the line AB is 35.0 m. When a person walks along the line AB, the distance between the central 
loud position and the next one along is 7.40 m.

 Calculate the separation of the speakers, d.

b. Explain how the path difference of the waves causes positions of constructive and destructive 
interference along the line AB.

c. Explain the effect on the interference pattern of reducing the distance between the speakers.

d. The frequency generator is now set so that several different frequencies are emitted by each speaker. 
Explain how the sound heard by someone walking along AB would differ from that described in part b. 
of this question.

Year 2014
Ans. p. 107
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Question Four: Scratched window
Jenny is looking through a window at an orange street light outside. Many vertical scratches on the window 
act as a diffraction grating.

a. Describe what Jenny would see when she looks at the orange street light.

b. Orange light with a wavelength of 589 × 10–9 m diffracts through the window, and Jenny measures the 
first-order maximum at an angle of 1.04°.

 Calculate the separation of the scratches on the window.

c.  Explain why monochromatic light shone through a diffraction grating produces a different pattern of 
fringes than it does when shone through a double slit of the same spacing.

d. Jenny now observes a white light through the same window.

 Explain what effect the scratches have on Jenny’s view of the white light.

Year 2013
Ans. p. 108
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notes Standing waves in strings and pipes

A standing wave is created when two waves of the same frequency pass through each other in opposite directions.

A standing wave consists of a series of nodes (points 
where the medium does not move at all), and 
antinodes (points where the medium vibrates with 
maximum amplitude).

Within each half wave, all particles are in phase with one another, and particles in adjacent half waves have 
opposite phase.

In stringed instruments, both ends of the string are fixed and so must be nodes. In wind instruments, the 
pipe must be open at one end, but the other end may be open or closed. There must be a node at a closed 
end and an antinode at an open end.

open end of pipe: antinode

fixed end of string: node closed end of pipe: node

When a string is plucked (or bowed) or a pipe is blown into, a large number of different frequency waves are 
created, at the same time, in the string or pipe. These waves travel to the end of the string or pipe and are 
each reflected and travel back through themselves, creating the condition for setting up a standing wave.

Strings and pipes have a fixed length. Because of the requirement for the ends to be either nodes or 
antinodes, only the frequencies that have a wavelength that will ‘fit’ into the string or pipe are able to form 
standing waves (resonate). However, there will be many frequencies that have the ‘right’ wavelength and 
all these frequencies will form standing waves.

The longest standing wave (lowest frequency) possible is called the 1st harmonic (fundamental).
L L L

λ = 2L, fo = v
L2

1st harmonic

λ = 2L, fo = 
v
L2

1st harmonic

λ = 4L, fo = 
v
L4

1st harmonic

Other standing waves will have shorter wavelengths (higher frequencies) and are called higher harmonics 
(overtones).

L L L

λ = L, f = 2fo
2nd harmonic

λ = L, f = 2fo
2nd harmonic

λ = 
4
3
L

, f = 3fo
3rd harmonic

L L L

λ = 
2
3
L

, f = 3fo
3rd harmonic

λ = 
2
3
L

, f = 3fo
3rd harmonic

λ = 
4L
5

, f = 5fo
5th harmonic

Even-numbered harmonics do not exist in a closed pipe.

When many harmonics are present at the same time, the higher harmonics add to the 1st harmonic, changing 
its shape but not its frequency. The pitch heard is therefore usually the frequency of the 1st harmonic. The 
different shapes that the combined wave can have affect the quality (timbre) of the note but not its pitch.

antinode
node
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Standing waves in strings and pipes

Question One: Pan flutes
Assume the speed of sound in air is 343 m s–1.

A pan flute is a musical instrument made of a set of pipes that are 
closed at one end. Maria produces different frequency notes by 
blowing air across the top of different pipes. 

Maria is producing the fundamental frequency (first harmonic) in 
one pipe. 

a. On the diagram below, draw the standing wave Maria is 
producing in the pipe. 

 Label the displacement nodes and antinodes.

b. Maria blows across one pipe and a fundamental frequency of 350 Hz is produced. A second pipe 
produces a fundamental frequency of 395 Hz. 

 Explain which pipe is longer.

Year 2016
Ans. p. 108
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Achievement Standard 91523 (Physics 3.3): 
Demonstrate understanding of wave systems

3.3 Interference

Question One: Diffraction gratings

a. nλ = 
dx
L

 ⇒ λ = 
2.10

1.28 × 10–4 × 0.0100  = 6.0952 × 10–7 

  = 6.10 × 10–7 m (A)

b. dsinθ = nλ

 500 lines per mm = 500 × 103 line per m ⇒ d = 1
500 × 103

 m

	 	⇒ sin θ = 
nλ
d

 = 
d

1 × 6.0952 × 10–7

 

   = 1 × 6.0952 × 10–7 × 500 × 103 = 0.30476

	 ⇒ θ = 17.744 = 17.7° (M)

c.  dsinθ = nλ. As d is constant, the distance between the bright 
spots depends on the angle θ, through which they have been 
bent. The sin of an angle changes in the same way as the 
angle itself – if one increases, so does the other. Therefore, if 
the wavelength is shorter, the angle through which the light 
has been bent is less, and so the distance between the bright 
spots decreases. (M)

d.  The wavelengths of the colours that make up white light 
are all different from each other, and so each colour will be 
bent through a different angle and therefore constructive 
interference will occur at different angles for different colours. 
At the centre of the pattern, the light has gone straight 
through the grating without being bent, so the colours have 
not been spread and so the colour that is seen is white. Each 
side of the central white band, blue light, which has the 
shortest wavelength, is bent the least; red light, which has 
the longest wavelength, is bent the most. Between these two 
colours the other colours have differing wavelengths, and 
therefore differing amounts of bending, which result in the 
colours being spread out, with the blue light being closest 
to the white central band. When the colours are spread, a 
spectrum is seen. Between the white central band and the 
start of the first spectrum there is no light because all the 
light that has arrived in this region has undergone destructive 
interference. (E)

Question Two: Investigating laser light

a. nλ = dsinθ => d = 
n × λ
sinθ

 = 1 × 532 × 10–9 
sin26.0

 = 1.2136 × 10−6 = 1.21 × 10−6 m (A)

b. nλ = dsinθ which means the slit spacing d is inversely related 
to the diffraction angle θ

  The diffraction angles will be smaller when the light is shone 
through the edges than when it is shone through the middle 
and so there will be more beams of light produced when the 
light is shone through the edges and the beams will have a 
smaller angle between them. (A)

p. 3

p. 5

Answers and explanations

c. nλ = dsinθ and d = 
1

600 000

	 ⇒ sinθ = 
n × λ

d
 = 2 × 532 × 10−9 × 600 000 = 0.6384

	 ⇒ θ = 39.673 = 39.7° (M)

d. nλ = dsinθ ⇒ sinθ = 
nλ
d

  Because there is a central maximum and n maxima either 
side of the central maximum, the total number of maxima is 
2n + 1. Therefore, the number of maxima depends on n. The 

 value of sinθ cannot be more than 1; and, so if 
nλ
d

 < 1, n < 
d
λ

 For blue light: n < 
1

600 000 × 460 × 10–9
 ⇒ n < 3.623 ⇒ n = 3

 For red light: n < 
1

600 000 × 690 × 10–9
 ⇒ n < 2.415 ⇒ n = 2

  For a blue maximum to be at the same diffraction angle as a 
red maximum, θ must be the same for both.

 nλ = dsinθ ⇒ dsinθ = nred × λred = nblue × λblue ⇒ 
nred

nblue
 = 

λred

λblue

 

 = 
460 × 10–9

690  × 10–9
 = 

2
3

  Therefore, the 2nd order red maximum is at the same angle 
as the 3rd order blue maximum. (E)

Question Three: Speaker diffraction grating
a. nλ = dsinθ for n = 1 tanθ = 7.40

35.0
 ⇒ sinθ = 0.20686

 ⇒ d = 0.600
0.20686

 = 2.9006 = 2.90 m (M)

b.  Constructive interference happens when, at a particular 
position along AB, the waves from the speakers arrive in 
phase with each other and so the crests (and troughs) 
reinforce each other causing a high-amplitude wave. For 
the crests to arrive at a position at the same time, their path 
difference must be a whole number of wavelengths because 
adjacent crests in a wave are exactly one wavelength apart. 
Destructive interference happens when the waves from all 
the sources arrive in such a way that for each wave arriving 
at a point there is another wave that arrives with opposite 
phase, causing a low-amplitude wave. For a crest from one 
wave to arrive at a position at the same time as a trough from 
another wave, the path difference must be an odd number of 
half wavelengths (n + ½)λ because there is a half wavelength 
distance between a crest and the adjacent trough. (M)

c.  nλ = dsinθ; if d is decreased, sinθ must increase so θ must 
have increased. As θ is the angle of diffraction for the lines 
of constructive interference, if θ increases, the positions of 
constructive interference are further apart and there are fewer 
of them. (M)

d.  Different frequencies will have different wavelengths, and 
so for any particular value of n the angle of diffraction will 
be different for each different frequency. Higher frequencies 
have shorter wavelengths (v = fλ) and so higher frequencies 
will be diffracted less than lower frequencies (nλ = dsinθ). As 
the pitch heard depends directly on the frequency, a person 

p. 7
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walking from A towards the central position will hear sound 
at each position of constructive interference but the sound 
will be spread over a short distance and the pitch will change 
from low to high. After the central position has been passed, 
the opposite will happen – at each position of constructive 
interference, the pitch of the sound heard will start high and 
then go lower. (E)

Question Four: Scratched window
a.  A series of bright orange lines, decreasing in brightness from 

the middle outwards. (A)

b.  nλ = dsin θ, n = 1  ⇒  d = 589 × 10–9

sin 1.04
 = 3.2451 × 10−5

  = 3.25 × 10−5 m (M)

c.  The fringes from a diffraction grating are sharper and brighter 
than the fringes from a double slit.

 •  Sharper because between each position of constructive 
interference, the multiple waves arriving from all the 
slits have phase differences such that there is mostly 
destructive interference and hence less bright light.

 •  Brighter because the constructive interference that takes 
place is from a larger number of waves arriving in phase. (E)

d.  Jenny will see white light at the centre of the patch of 
scratches and then a series of rainbows each side of the 
white centre. The central fringe will be white because all the 
colours arrive at the same position. Each of the colours will 
have its outer bright fringes in different positions because the 
spacing of the fringes depends on the wavelength. Shorter 
wavelength (higher frequency) light has a narrower spread, 
so the blue edge of each rainbow will be closer to the central 
position than the red edge. (E)

3.3 Standing waves in strings and pipes
Question One: Pan flutes
a.

antinode

node
(A)

b.  The wavelength of the fundamental frequency is 4 × the 
length of the pipe. Therefore, a longer pipe produces a 
note with a longer wavelength, and hence lower frequency 
(v = fλ). Because the wave speed is constant, pipe length and 
frequency are inversely related, and so the first pipe, which 
produces the 350 Hz note, is the longer pipe. (M)

c.  The phenomenon is beats. The two pipes are producing 
notes that have slightly different frequencies. When the sound 
waves from the two pipes reach Maria’s ears, the two waves 
combine. Because there is only a small difference between 
the two frequencies, the phase relationship between the 
two combining waves varies regularly between in phase and 
opposite phase. When the two waves are in phase, their 
combined amplitude is large; when they have opposite phase, 
their combined amplitude is very small. The amplitude of a 
sound wave determines how loud the sound is, so there is a 
variation in the loudness of the sound Maria hears. (M)

p. 8

p. 10

d. The diagram shows the 3rd harmonic 
(the 2nd harmonic does not exist in a 
closed pipe). ¾ of a wave fits the length 
L of the pipe. L

 L = 
3λ
4

 v = fλ, fave = 764 Hz, so fSophie = 766 Hz

	 ⇒ λ = 
343
766

 = 0.4478

	 ⇒ L = 3λ
4

 = 
4

3 × 0.4478 = 0.3358 = 0.336 m (E)

Question Two: Standing waves and plumbing
a. λ = 2 × 2.40 = 4.80 m ½ the wave is in the shower 

box, so the wavelength is twice 
the shower height.

 v = fλ ⇒ f = 
v
λ

 = 
343
4.80

 = 71.458 = 71.5 Hz (A)

b. 

 143 Hz is 2 × 71.5 Hz

  71.5 Hz is the 1st harmonic frequency, so 143 Hz is the 2nd 
harmonic frequency.

  v = fλ ⇒ λ = 
v
f
 => λhorizontal = 343

156
 = 2.199 = 2 × width of the 

shower. Therefore, the wave is the fundamental. (M)

c. 

¾ × λ1st overtone = L => λ1st overtone = 4⁄3L

1¼ × λ2nd overtone = L => λ2nd overtone = 4⁄5L

v and f are inversely related; so, in an open pipe, the 1st 
overtone has 3 × the frequency of the fundamental and the 
2nd overtone has 5 × the frequency of the fundamental.

 3 × f0 = 180 Hz, 5 × f0 = 300 Hz => f0 = 60 Hz

 v = fλ ⇒ λ = 
v
f

 1st overtone: λ = 
343
180

 = 1.9056

	 λ = 
4L
3

 ⇒ 
4L
3

 = 1.9056 ⇒ L = 1.4292 m

 2nd overtone: λ = 
343
300

 = 1.1433

	 λ = 
4L
5

 ⇒ 
4L
5

 = 1.1433 ⇒ L = 1.4292 m

  Both the 1st and 2nd overtones indicate a pipe length of 
1.43 m. (M)

d.  The speed of sound in water is greater than the speed of 
sound in air, so, as v = fλ, the wavelength of a 300 Hz sound 
wave will be less in water than in air. Because of the change 
in wavelength, the requirement, for resonance, that the 
wavelength fits the pipe in such a way that there is a node at 
the closed end and an antinode at the open end is no longer 
met and so there is no longer resonance.

p. 12
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