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WAVE MOTION: Part 1 

1. Progressive Waves: is a transfer of energy, as a result of oscillations of the source  

a. Progressive waves are produced by a series of vibrations or oscillations of electric 

and magnetic fields. Progressive waves transfer energy from one place to another 

without transferring any material. The transfer of energy is the same direction as the 

direction of the wave is travelling. Since waves carry energy away, the source of the 

wave loses energy. 

 

2. Longitudinal Waves: A wave where displacement/oscillation (of particles) is parallel to the 

direction of energy transfer. 

a. Example: Sound waves 

b. Longitudinal waves have areas of compression and rarefaction:  

c. A compression is a region in a longitudinal wave where the particles are closest 

together. 

d. A rarefaction is a region in a longitudinal wave where the particles are furthest 

apart. 

 

3. Transverse Waves: A wave where displacement/oscillation (of particles) is perpendicular to 

the direction of energy transfer. 

a. Examples: surface water waves, waves on a string, electromagnetic waves. 

 

4. Transverse waves can be represented on a graph in two different ways:  

a. On a displacement – distance graph 

i. This graph shows the displacement of many particles from 

different points, at an instant in time, from their equilibrium 

positions. 

b. On a displacement – time graph 

i. This graph shows the displacement of one particle from its 

equilibrium position, measured at the same position but at 

different times. 

 

5. Displacement, x: distance moved from the equilibrium position by a point/particle on a 

wave. Measured in metres (m). 

 

6. Amplitude, A: Maximum displacement from the equilibrium position (caused by wave 

motion). Measured in metres (m). 

 

7. Wavelength, λ: distance between (neighbouring) identical points/points with same phase 

(on the wave). Measured in metres (m). 

 

8. Period, T: The time taken for a whole cycle/oscillation 

to complete. Measured in seconds (s) 

 

9. Phase difference: How far through a cycle one point is 

compared to the other. The comparison is between 

two points on the same wave of the same frequency, 

or on the same wave. Measured in degrees or radians.  
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10. Frequency, f: number of complete cycles passing a point per unit time/second. Measured in 

Hertz (Hz) 

 

11. 𝑭𝒓𝒆𝒒𝒖𝒆𝒏𝒄𝒚 =  
𝟏

𝑷𝒆𝒓𝒊𝒐𝒅
    𝑭 =

𝟏

𝑻
 

a. Where F is the frequency measured in Hertz. 

b. Where T is the Period time measured in seconds 

 

12. Hertz:  1 Hz = 1 s-1 

 

13. Speed of a wave: distance travelled by the wave per unit time 

 

14. 𝒗 = 𝒇𝝀   𝑺𝒑𝒆𝒆𝒅 𝒐𝒇 𝒂 𝒘𝒂𝒗𝒆 =  𝒇𝒓𝒆𝒒𝒖𝒆𝒏𝒄𝒚× 𝒘𝒂𝒗𝒆𝒍𝒆𝒏𝒈𝒕𝒉 
a. Where v is speed measured in ms-1 

b. Where f is the frequency measured in Hz 

c. Where λ is the wavelength measured in m 

d. This is called the wave equation 

 

15. Deriving the Wave Equation: 

a. You can work out the wave equation by imaging how long it takes for the crest of a 

wave to move across a distance of one wavelength. The distance travelled is λ. By 

definition the time taken to travel one whole wavelength is the period of the wave 

which is equal to 1/f  

b. 𝑆𝑝𝑒𝑒𝑑(𝑣)  =  
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 (𝑑)

𝑇𝑖𝑚𝑒 (𝑡)
  →  𝑆𝑝𝑒𝑒𝑑(𝑣)  =

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑀𝑜𝑣𝑒𝑑 (𝜆)

 𝑇𝑖𝑚𝑒 𝑡𝑎𝑘𝑒𝑛 (  
1

𝑓 
) 

 =  𝑓𝜆  

 

16. Oscilloscopes: 

a. A cathode ray oscilloscope measures voltage. It displays waves from a single 

generator as a function of voltage over time. 

b. The displayed wave is called a trace. 

c. The vertical axis is in volts. The volts per division shown on this axis is controlled by 

the gain dial. 

d. The horizontal axis is in seconds. Also called the timebase. The seconds per division 

is controlled by the timebase dial. 

e. Different sources produce different traces. 

i. An AC supply produces a wave similar to the sine/cosine wave. 

ii. A microphone converts sound waves into electrical signals which can be 

seen on an oscilloscope. 

f. Calculating Frequency of a wave from an oscilloscope: The time period should be 

calculated from an oscilloscope trace taking care to make any unit conversions so 

time is in seconds. The frequency of a wave can be calculated using 1/T 

 

17. The following can be calculated from a displacement – distance graph: 

a. Amplitude 

b. Wavelength 

c. Displacement 

d. Phase difference 
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18. The following can be calculated from a displacement – time graph: 

a. Frequency 

b. Time period 

c. Amplitude 

 

19. Phase Difference: 

a. Phase difference relates how far out of step the oscillations/displacements of two 

particles along a wave, or between particles on different waves are. 

b. A complete cycle is represented by 360o or 2π radians. 

c. If particles reach their maximum positive displacement at the same time then they 

are described as in phase. They have a difference of zero. 

d. If two particles are separated by a distance of a whole wavelength, we say their 

phase difference is 360o or 2π radians. 

e. If they are two complete cycles out, the phase difference is 720o or 4π radians, and 

so on. 

f. Two particles are out of phase when one reaches its maximum positive 

displacement as the same time as the other reached its maximum negative 

displacement. 

g. Particles out of phase have the phase difference of 180o or π radians. 

 

 

20.      ∅ =
𝒙

𝝀
×𝟑𝟔𝟎𝒐   ∅ =

𝒙

𝝀
×𝟐𝝅𝒄 

 

a. The phase difference  ∅  between two points on a wave of wavelength 𝝀 separated 

by a distance 𝒙, is given by the above two formulae. 

 

 

21. Reflection: 

a. Reflection occurs when a wave changes direction at a boundary 

between two different media, whilst remaining in the original 

medium. 

b. Law of reflection:  

i. the angle of incidence = the angle of reflection 

ii. Incident ray, reflected ray and normal all lie in the same 

plane 

c. Angles are measured to the normal 

d. When waves are reflected, their wavelength and frequency remains unchanged. 

 

22. Demonstrating reflection with a ripple tank: 

a. Set up the ripple tank so that the oscillating paddle is creating regular waves with 

straight, parallel wave fronts. Place a barrier in the tank at an angle to the wave 

fronts. 

b. The angle the incoming waves make with the normal to the barrier is the angle of 

incidence. 

c. After being reflected. The angle between the reflected waves and the normal to the 

barrier is called the angle of reflection. 

d. These two angles are always equal to each other. 
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23. Refraction: 

a. Refraction occurs when a wave changes direction as it changed speed, when it 

passes from one medium to another. 

b. Whenever a wave refracts there is always 

some partial reflection. 

c. If the ray bends towards the normal – it is 

slowing down. 

d. If the ray bends away from the normal – it is 

speeding up. 

e. E.M waves slow down when entering a denser 

medium. Sound waves speed up when 

entering a denser medium. 

f. If a wave slows down its wavelength decreases, and if it speeds up the wavelength 

increases. The frequency remains unchanged in both cases. 

g. Laws of refraction: 

i. Incident ray, refracted ray and normal all lie in the same plane 

ii. The ratio of sini/sinr is constant 

 

24. Diffraction: 

a. The spreading out of wave-fronts after passing through or around an obstacle. 

b. How much a wave diffracts depends on the relative sizes of the wavelength and the 

gap or obstacle. 

c. When a wave diffracts, its wavelength does not change. 

d. Diffraction effects become significant when the wavelength is comparable to the gap 

width. 

e. All waves diffract. In order to see the diffraction of light, we need a much smaller 

gap. 

 

25. Demonstrating Diffraction with a ripple tank: 

a. Ripple tanks are shallow tanks of water that you can 

generate a wave in. 

b. A constant wave can be produced by an oscillating paddle. 

c. A barrier with a gap is then placed. 

i. When the gap is a lot bigger than the wavelength, 

then diffraction is unnoticeable. 

ii. The amount of diffraction increases as the gap is 

made smaller and smaller. 

iii. Maximum diffraction occurs when the gap is the 

same size as the wavelength.  

iv. This proves diffraction as water waves are seen 

outside the ‘geometrical shadow’ region produced 

by the barrier, and therefore showing diffraction. 

 

26. Polarisation: 

a. The process of turning an un-polarised wave into a plane polarised wave. 

b. Only transverse waves can be polarised. 

c. Longitudinal waves cannot be polarised. 
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d. Plane-Polarised Wave: A transverse wave oscillating in only one plane. Oscillations 

are in one direction only perpendicular to the direction of energy transfer 

e. If you have two polarising filters at right angles to each other, then no light will get 

through. 

f. Example: light passed through a vertical and then horizontal polaroid: 

 

i. Light passing through polariser 1 is vertically polarised/ only vertical 

oscillations of the light exist beyond the polariser 1 

ii. Only the component of light in the horizontal plane can pass through 

polariser 2 so no light passes through. 

 

27. Three Polaroid example: Why does light reach the eye in the following set up?  

a. after polariser 1 the component of the vertically polarised light at 45o passes 

through polariser 3 

b. the polarised light beyond polariser 3 has a component at 45o 

c. which passes through polariser 2 so light reaches the eye 

 

28. Partial Polarisation: 

a. When transverse waves reflect off a surface they become partially polarised. 

Therefore more waves oscillate in one particular plane. 

b. Cameras can have polarising filters that manipulates this effect to reduce the 

capture of reflected light in images and glare, making photos of water clearer. 

 

29. Proving partial polarisation experiment: 

a. Direct the light from a lamp onto a tray of water on a table. 

b. Face a polarising filter towards the water, from opposite the lamp. 

c. Upon rotation of the polarising filter, the intensity of light will change. 

d. When the polarising filter is rotated so its transmission axis is parallel to the plane of 

polarisation, the intensity of light is at maximum. 

e. When perpendicular to the plane of polarisation, the intensity of light is at 

minimum. 

f. Partial polarisation only occurs as the image does not disappear. 

g. A protractor can be used to adjust the lamp to test for different angles of incidence. 

 

30. Explain how polaroid sunglasses can prevent glare from light reflected from a water 

surface 

a. light reflected from water surface is partially plane polarised 

b. alignment of polaroid lens is at right angles to plane of polarisation of reflected light 

c. polarised reflected light is not transmitted by polaroid lens 
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31. How to demonstrate polarisation with microwaves: experiment 1 

a. Place transmitter and receiver facing each other 

b. rotate either transmitter or receiver through 90o about axis joining aerials 

c. You can observe a signal fall to zero/minimum from initial high value on a 

monitoring output connected to the receiver 

d. No waves are detected, as they are plane polarised and unable to be detected. 

 

32. How to demonstrate polarisation with microwaves: experiment 2 

a. Place microwave transmitter and receiver facing each other  

b. Place two polarising filters (metal grid with bars ~1cm apart) across path of beam 

c. Observed signal on receiver is maximum intensity when polarising filters are parallel  

d. The first filter polarises the beam, the beam can pass through the second filter 

because the plane of polarisation of the beam matches the alignment of the filter.  

e. Rotate 2nd polarising filter 900 from parallel to perpendicular 

f. Observed signal on receiver drops to minimum intensity (zero) when polarising 

filters are crossed 

g. The beam cannot pass through the second filter when the plane of polarisation of 

the beam is at 900 to the alignment of the second filter 

 

33. Intensity:  𝑰 =
𝑷

𝑨
 

a. The intensity of a progressive wave is defined as the radiant power passing through 

a surface per unit area perpendicular to the direction of energy transfer. 

b. Where I is the intensity measured in Watts per square metre (Wm-2) 

c. Where P is the radiant power passing through the surface measured in Watts (W) 

d. Where A is the cross-sectional area of the surface measured in square metres (m2) 

 

34. Intensity and Distance: 

a. When a wave travels out from a source the radiant power spreads out, reducing the 

intensity.  

b. Intensity has an inverse square relationship with the distance ,r , from the source: 

𝑰 ∝
𝟏

𝒓𝟐 

 

35. Intensity and Amplitude: 

a. For any wave, the intensity is directly proportional to the square of the amplitude. 

b. 𝑰𝒏𝒕𝒆𝒏𝒔𝒊𝒕𝒚 ∝ 𝒂𝒎𝒑𝒍𝒊𝒕𝒖𝒅𝒆𝟐 
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36. Refractive index:  
𝒔𝒑𝒆𝒆𝒅 𝒐𝒇 𝒍𝒊𝒈𝒉𝒕 (𝒊𝒏 𝒂𝒊𝒓/𝒗𝒂𝒄𝒖𝒖𝒎)

𝒔𝒑𝒆𝒆𝒅 (𝒐𝒇 𝒍𝒊𝒈𝒉𝒕) 𝒊𝒏 𝒎𝒆𝒅𝒊𝒖𝒎
   𝒏 =

𝒄

𝒗
  

 

a. The absolute refractive index of a material, n, is the ratio between the speed of light 

in a vacuum, c, and the speed of light in that material. c= 3.00 x108 ms-1 

b. The refractive index of air is 1. 

 

37. Snell’s Law: 

a. 𝒏𝒔𝒊𝒏𝜽 = 𝒄𝒐𝒏𝒔𝒕𝒂𝒏𝒕 
b. 𝒏𝟏𝒔𝒊𝒏𝜽𝟏 = 𝒏𝟐𝒔𝒊𝒏𝜽𝟐 

 

c. Where n1 is the refractive index of the first 

material 

d. Where θ1 is the angle of incidence 

e. Where n2 is the refractive index of the 

second material  

f. Where θ2 is the angle of refraction 

 

 

38.  Total Internal Reflection: 

a. The complete reflection of a light ray reaching an interface with a less dense 

medium when the angle of incidence exceeds the critical angle. 

b. Two conditions for TIR: 

i. The light must be travelling through a medium with a higher refractive index 

as it strikes the boundary with a medium with lower refractive index. 

ii. The angle of incidence at which the light strikes the boundary must be 

greater than the critical angle.  

 

39.  Calculating the critical angle when light hits a material-to-air boundary: 

a. 𝑺𝒊𝒏 𝑪 =
𝟏

𝒏
  

b. Where C is the critical angle measured in degrees. 

c. Where n is the refractive index. No units. 
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40. Demonstrating refraction: 

a. Place a glass block on a piece of paper and draw around it. 

b. Use a ray box to shine a beam of light into the glass block. 

c. Trace the path of the incoming and outgoing beams of light of either side of the 

block. 

d. Remove the block and join up the two paths. 

e. Measure the angles of incidence and refraction. 

 

41. Demonstrating Total internal Reflection: 

a. Shine a light ray into the curved-face of a semi-circular glass block passing through 

its centre so that it always enters at right angles to the edge. This means no 

refraction will occur as it enters the block. 

b. When varying the angle of incidence, when the refracted ray lies along the boundary 

of the medium, then the critical angle is reached. 

c. An angle of incidence greater than the critical angle will produce total internal 

reflection. 

 

42. Optical fibres: 

a. Optical fibres are designed to totally internally reflect pulses of visible light or 

infrared travelling through them. 

b. They are used for fast broadband conditions and in endoscopes. 

c. A simple optical fibre has glass core surrounded by a glass cladding with a lower 

refractive index. 

d. Light is contained due to TIR at the core-cladding boundary. 

e. The refractive index of the cladding must be less than the core to allow total internal 

reflection to occur. 

 

f. Multipath dispersion: Different rays take different paths that arrive at different 

times causing distortion of the signal. 

i. Using a cladding reduces the number of alternative paths and therefore 

reduces the distortion. 

 

g. A high critical angle is required for the core because without a high C we get 

multipath dispersion. With high C most of the light is refracted out (and hence 

reduces the chance of TIR occurring). Therefore most of the reflected light follows 

the same path producing a clearer signal. 

 

h. Cladding allows: 

i. For those rays that didn’t reflect off the core-cladding boundary, only rays 

nearly parallel with axis of optic fibre will undergo TIR at the cladding 

boundary. 

ii. Therefore more of this light escapes 

iii. Therefore less multipath dispersion occurs OR all rays arrive at the same 

time. 
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43. Electromagnetic Waves: 

a. General Properties: 

i. All EM waves travel in a vacuum at a speed of 3.00 × 108 𝑚/𝑠 and at lower 

speeds in other media. 

ii. All EM waves are transverse waves produced by oscillating magnetic and 

electric fields.  

iii. The electric and magnetic fields are at right angles to each other and to the 

direction of travel. 

iv. All EM waves can be refracted, reflected and diffracted and can undergo 

interference. 

v. All EM waves obey the wave equation 𝒗 = 𝒇𝝀  

vi. EM waves are progressive waves so they carry energy without transferring 

any matter. 

vii. EM waves are transverse and so can be polarised. 

 

44. Electromagnetic Spectrum: 

a. The waves found in the electromagnetic spectrum are found in the table below. 

b. You must know the names and orders of magnitude of wavelengths of the principal 

radiations from radio waves to gamma rays. 

c. You must know the properties of the waves. 

d. The longer the wavelength the more obvious the wave characteristics 

e. For EM waves, Energy is directly proportional to frequency. Gamma rays have the 

highest energy and radio waves have the lowest. 

f. In general, the higher the energy, the more dangerous the wave. 

 

 

 

Radiation 
Type 

Approximate Wavelength 
/ m 

Frequency Penetrating ability Uses 

Radio Waves 10−1  →  106  Pass through matter. Radio transmissions 
Microwaves 10−3  →  10−1  Mostly pass through 

matter, but causes some 
heating. 

Radar, microwave cooking, 
TV transmissions 

Infrared (IR) 7 ×10−7  →  10−3  Mostly absorbed by 
matter, causing some 
heating. 

Heat detectors. Night 
vision cameras. Remote 
controls. Optical fibres. 

Visible Light 4 ×10−7  →  7 ×10−7   Absorbed by matter, 
causing some heating. 

Human sight. Optical 
fibres. 

Ultraviolet 
(UV) 

10−8  →   4 ×10−7  Absorbed by matter, 
causing slight ionisation. 

Sunbeds. Security marks 

X-rays 10−13  →   10−8  Mostly pass through 
matter, but causes 
ionisation. 

X-rays for medical analysis. 
To kill cancer cells. Airport 
luggage scanning. 

Gamma Rays 10−16  →   10−10  Mostly pass through 
matter, but causes 
ionisation. 

Irradiation of food. 
Sterilisation of equipment. 
To kill cancer cells. 

In
crease

 

 in
 freq

u
en

cy 
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SUPERPOSITION: Part 2 

1. Interference: when two waves meet/superpose at a point, there is a 

change in overall intensity/displacement. 

 

2. Principle of superposition: when 2 or more waves meet at a point the 

resultant displacement is equal to the vector sum of the displacements 

of each wave. 

 

3. Phase difference: How far through a cycle one point is compared to the 

other. The comparison is between two points on the same wave of the 

same frequency. Measured in degrees or radians. 

 

4. Path Difference: For two waves meeting at a point, the path difference 

is the difference in length of the distances from their sources and the 

point of interference, measured in terms of wavelength, 𝝀, of the 

associated wave. 

 

5. Coherence and Wave patterns: Interference of waves will occur when observing waves of 

different wavelengths and frequency but the effect will be difficult to spot. In order to get a 

clear interference pattern, the two or more sources of waves must be coherent. 

a. Coherence: Two or more waves are coherent if they have a constant phase 

difference between the waves. They must also have the same wavelength and 

frequency. 

 

6. Constructive Interference: 

a. When waves meet in phase with each other, 

they produce a wave with a maximum 

resultant amplitude. 

b. As Intensity ∝ (amplitude)2, the increase in 

amplitude resulting from constructive 

interference increases the intensity; sounds 

are louder, light is brighter. 

 

7. Destructive interference: 

a. When waves meet in antiphase/out of phase 

with each other, they a produce a wave with 

a minimum or zero resultant amplitude. 

b. As Intensity ∝ (amplitude)2, the decrease in 

amplitude resulting from destructive interference decreases the intensity; sounds 

are quieter, light is dimmer. 

 

8. Path difference and Phase difference: 

a. Interference patterns contain a series of maxima and minima. At a maximum the 

waves interfere constructively and at a minimum the waves interfere destructively. 

b. For a wave progressive wave of wavelength, 𝝀, if the path difference to a point is 

zero or a whole number of wavelengths (0, 𝝀, 𝟐𝝀, …, 𝒏𝝀, where n is an integer), then 

the two waves will arrive at that point in phase, producing constructive interference. 
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c. Two waves will interfere constructively if there phase difference is zero, 2π, or 

multiples of 2π radians. 

d. For a wave progressive wave of wavelength, 𝝀, if the path difference to a point is an 

odd number of half wavelengths (
1

2
𝝀, 

3

2
𝝀, …, (𝒏 +

1

2
) 𝝀, where n is an integer), then 

the two waves will arrive at that point in antiphase, producing destructive 

interference. 

e. Two waves will interfere destructively if there phase difference is π, or odd multiples 

of π radians. 

 

f. Interference patterns in 

water: 

i. In the following 

diagram, the circular 

lines represent the 

peak of the waves, 

and in middle of the 

gaps between the 

peaks are the 

troughs.  

ii. Where the lines 

meet a maxima 

forms and where a 

line meets the 

centre of the gap a 

minima is formed. 

 

 

9. Describe and explain an experiment that demonstrates two-source interference using 

sound: 

a. two loudspeakers (about 1m apart) connected to same signal generator 

b. Observer should walk along an observation 

path to perceive sound intensity. This can be 

measured by using a microphone and 

oscilloscope. 

c. The sound waves superpose and create 

interference patterns 

i. Path difference of 𝑛𝜆 for 

constructive interference producing 

maximum amplitude/maxima; 

points of loud sounds. 

ii. Path difference of (𝑛 +
1

2
) 𝜆  for 

destructive interference producing 

minimum amplitude/minima; points 

of soft sounds. 
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10. Describe and explain an experiment that demonstrates two-source interference using 

microwaves: 

a. direct microwave beam onto two narrow (3 cm) parallel slits in metal plate (typical 6 

cm apart) 

b. Move microwave receiver along observation path to observe received signal 

intensity. 

c. Microwaves are diffracted and create an interference pattern. 

d. The waves superpose and create interference patterns 

i. Path difference of 𝑛𝜆 for constructive interference producing maximum 

amplitude/maxima; points of high intensity. 

ii. Path difference of (𝑛 +
1

2
) 𝜆  for destructive interference producing 

minimum amplitude/minima; points of low intensity. 

11. Young’s Double-slit experiment: 

a. Two coherent waves are needed to form an interference pattern. 

b. Young produced two coherent light sources using monochromatic light (which can 

be achieved using a colour filter that only allows a specific frequency of light to pass) 

and a narrow single slit to diffract the light. 

c. Light diffracting from the single slit arrives at the double slit in phase. It then 

diffracts again from the double slit. Each slit acts as a source of coherent waves. 

d. Theses waves interfere and produce an interference pattern of a screen of 

alternating bright and dark regions called fringes. 
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12. Work out the wavelength with Young’s Double split experiment: 

a. The fringe spacing (x), wavelength(𝜆), spacing between slits (a) and the distance 

from slits to the screen(D) are all related to Young’s Double slit formula, which 

works for all waves when a << D. 

b. 𝜆 =
𝑎𝑥

𝐷
 

c. a has to be much smaller than D for this equation to work as a small approximation 

of trigonometric function is made. 

d. This formula can be used to determine the wavelength of any wave producing an 

interference pattern from a double split or two coherent source. 

e. The fringe spacing (x) is measured from the centre of two maxima points or the 

centre of two minima. 

 

13. Young’s experiment was evidence for the wave nature of light: 

a. There were two theories of light towards the end of the 17th century. 

b. Isaac Newton suggested light was made up of tiny particles which he called 

corpuscles. 

c. Huygens proposed that light was a wave. 

d. The corpuscular theory could explain reflection and refraction, but diffraction and 

interference are both uniquely wave properties. 

e. Over 100 years later. Young’s Double slit provide the evidence that light behaved. He 

showed that light could both diffract through narrow slit and interfere to produce 

interference patterns on a screen. 

 

14. Describe an experiment to determine the wavelength of monochromatic light using a laser 

and a double slit 

a. Shine laser beam on two narrow parallel slits. There is no need for a filter or a single 

slit as the light from the laser is already monochromatic and in phase. 

b. light waves are diffracted and create interference pattern 

c. The light waves superpose and create interference patterns 

i. Path difference of 𝑛𝜆 for constructive interference producing maximum 

amplitude/maxima; bright spots 

ii. Path difference of (𝑛 +
1

2
) 𝜆  for destructive interference producing 

minimum amplitude/minima; dark spots. 

d. measure distance from slits to screen using metre rule 

e. use slits of known spacing (or measure using travelling microscope) 

f. measure distance from central maximum to first bright fringe using travelling 

microscope 

g. Use 𝜆 =
𝑎𝑥

𝐷
 to calculate the wavelength of the wave. 
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15. Diffraction Gratings:  

a. An enhanced version of Young’s double slit experiment is have more than two 

equally spaced slits. You get the same pattern, but the maxima regions are brighter 

and narrower, whilst the dark regions are darker. 

b. Sharper fringes make for more precise measurements as they are easier to tell apart 

and so are easier to measure. 

 

16. Measuring the wavelength of light using diffraction grating: 

a. Shine a laser beam on a diffraction grating (of known spacing). If a grating has N slits 

per metre, then the slit spacing, d, is just 1/N metres. 

b. The light waves are diffracted and create interference pattern 

c. Observe diffraction pattern on a screen place across the slits. 

d. Measure distance from grating to screen using metre rule. 

e. Measure angle θ from central maximum to 1st order maximum. Do this by marking 

the positions of the diffraction grating, central maximum and 1st order fringe, and 

then using a protractor, measure the angle required. 

f. Maximum intensity/constructive interference occurs when path difference = nλ 

g. Minimum (zero) intensity/destructive interference occurs when path difference = 

odd number of half wavelengths. 

 

h. If you know the slit separation, d, what order maximum you’re observing, n, and the 

angle between this maximum and the incident light, 𝜃, you can find the wavelength 

of the incident light using the following equation: 

i. 𝑑𝑠𝑖𝑛 𝜃 = 𝑛𝜆 

i. Where n is order of maximum 

ii. λ = wavelength 

iii. d is spacing between slits (m) 

iv.  is angle at which maximum occurs. 
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17. General Conclusions from 𝑑𝑠𝑖𝑛 𝜃 = 𝑛𝜆: 

a. If λ is bigger, sin  is bigger, so  is bigger. This means that the larger the wavelength 

the more the pattern will be spread out. 

b. If d is bigger, sin  is smaller. This means that the more spread out the gratings are, 

the less the patter will be spread out. 

c. Values of sin  greater than 1 are impossible. So if for a certain n you get a result of 

more than 1 for sin , you know that that order doesn’t exist. 

 

18. White light and Diffraction gratings: 

a. If you shine white light through a diffraction grating, then the patterns due to 

different wavelengths within the white light are spread out by different amounts. 

b. Each order in the pattern becomes a spectrum, with red on the outside and violet on 

the inside. The zero order maximum stays white because all the wavelengths just 

pass straight through. 
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STATIONARY WAVES: Part  3 

1. Stationary Wave: A stationary/standing wave is the superposition of two progressive waves 

with the same wavelength, moving in opposite directions. 

 

2. As the waves, of the same wavelength and frequency meet at a point, the points where they 

interfere destructively are called nodes. These points do not move at all. At other points, the 

waves interfere constructively and form antinodes. These are points of greatest amplitude 

and therefore intensity. 

 

3. Node: A node occurs where the amplitude is (always) zero 

4. Antinode: An antinode occurs where the amplitude (of the standing wave) takes the 

maximum (possible) value. 

 

5. The separation between two adjacent nodes (or antinode) is equal to half the wavelength of 

the original progressive wave - to work out the wavelength of the original progressive wave 

you must double this distance. The frequency of the standing wave is the same as the 

progressive wave that formed. 

 

6. Demonstrating standing waves on a string:  

a. You can demonstrate stationary waves by attaching a vibration transducer at one 

end of a stretched string with the other fixed. The transducer is given a wave 

frequency by a signal generator and creates that wave by vibrating a string. 

b. The wave generated by the vibration transducer is reflected back and forth. 

c. For most frequencies the resultant pattern is a jumble. However, at certain 

‘’resonant’’ frequencies you get a stationary wave where the pattern doesn’t move. 

d. At resonant frequencies, an exact number of half wavelengths fits onto the string. 

e. A transverse stationary wave forms on the string. 

 

f. Fundamental Mode of Vibration (Frequency): The lowest frequency in a harmonic 

series where a stationary wave forms. Only one ‘loop’ forms. This is called f0 

 

 

 

 

 

g. Harmonics: Stationary waves for a particular system with higher frequencies than 

the fundamental. They occur for multiples of f0 
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1. Length of string -Wavelength Relationships: Standing waves on string 

a. For standing wave patterns, there is a clear mathematical relationship between the 

length of a string and the wavelength of the wave that creates the pattern. 

b. The general equation that describes this length-wavelength relationship for any 

harmonic is:  𝐹𝑜𝑟 𝑡ℎ𝑒 𝑛′𝑡ℎ ℎ𝑎𝑟𝑚𝑜𝑛𝑖𝑐:     𝐿 =  
𝑛

2
 

c. This can also be written as  =  
2

𝑛
L 

 

2. How is a stationary wave formed on a string: 

a. A progressive wave travels to the end of the string and is reflected. 

b. The reflected wave interferes/superposes with the incident wave.  

c. It always interferes destructively at certain points to produce nodes. 

d. And it always interferes constructively at certain points to produce antinodes. 

 

 

 

3. Describe features of a stationary wave and how they are different from a progressive 

wave. 

a. A progressive wave is a wave which transfers energy. 

b. A progressive wave transfers its shape/information from one place to another. 

c. Every point on a progressive wave oscillates. 

d. Every point on a progressive wave has the same amplitude 

e. All points on a progressive wave have different phase (in one λ) 

 

f. A stationary wave is a wave which stores energy.  

g. A stationary wave is a wave where the shape does not move along. 

h. A stationary wave has nodes. A node occurs where the amplitude is always zero 

i. A stationary wave has antinodes. An antinode occurs where the amplitude of the 

standing wave takes the maximum possible value. 

j. On a stationary wave, adjacent points have different amplitudes. 

k. On a stationary wave all points between nodes are in phase, and all points in 

adjacent /2’s are in anti-phase (phase difference of π). 

l. All points in alternate segments of the string oscillate in phase. 

m. All points on the string oscillate with the same frequency. 
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4.  Longitudinal Stationary waves in a column of air: Closed at one end 

a. If a source of sound is placed at the open end of a 

column of air, there will be some frequencies for 

which resonance occurs and a stationary wave is 

set-up. 

b. In order for a stationary wave to form in a tube at 

one closed end there must be an antinode at the 

open end and a node at the closed end. 

c. At the open end, the oscillations of the air at their 

greatest amplitude and so it must be an antinode. 

d. The fundamental node of vibration simply has a 

node at the base and an antinode at the open 

end. 

e. Harmonics are also possible. Unlike stationary 

waves on stretched strings, in tube closed at one 

end it is not possible to form a harmonic at 2f0 – 

there is no second (or fourth, sixth, …) harmonic 

for a tube closed at one end. The frequencies of 

the harmonics in tubes closed at one end are 

always an odd multiple of the fundamental 

frequency (3f0, 5f0, …) 

f. The number of nodes and antinodes depends on the 

harmonic. E.g. 1st harmonic; 1 node & 1 antinode, 3rd 

harmonic: 2 nodes & 2 antinodes, 5th harmonic; 3 

nodes and 3 antinodes. 

g. This pattern is visible in the table on the right.  

 

5. Longitudinal Stationary waves in a column of air: Open tube 

a. If a source of sound is placed at the open end of a 

column of air, there will be some frequencies for 

which resonance occurs and a stationary wave is set-

up. 

b. A tube open at both ends must have an antinode at 

each end in order to form a stationary wave.  

c. Unlike a tube closed at one end, harmonics at all 

integer multiples of the fundamental frequency (f0 , 

2f0 , 3f0 , …) are possible in an open tube.  

d. The number of antinodes formed in an open tube is 

always one more than number of node. 

e. The number of node depends on the harmonic. 

f. e.g. 1st harmonic; 1 node & 2 antinodes. 

g. This pattern is visible in the following table. 

 

 

 

 

f0 

3f0 

5f0 

7f0 

9f0 



Suhayl Patel 

6. How is a stationary wave forms in a closed pipe: 

a. The incident sound wave travels to the end of the pipe and is reflected. 

b. The reflected wave interferes/superposes with the incident wave.  

c. It always interferes destructively at certain points to produce nodes. 

d. And it always interferes constructively at certain points to produce antinodes. 

e. A node is produced at the closed end and an antinode is produced at the open end. 
 

7. How is a stationary wave forms in an open pipe: 

a. the wave reflected at the end of the pipe 

b. interferes/superposes with the incident wave 

c. to produce a resultant wave with nodes and antinodes 

d. An antinode forms on both the open ends. 

e. the pipe must be nλ/2 in length for this to happen 

 

8. Length-Wavelength Relationships: Closed-end Pipe 

a. 𝐹𝑜𝑟 𝑡ℎ𝑒 𝑛′𝑡ℎ ℎ𝑎𝑟𝑚𝑜𝑛𝑖𝑐:      =  
4

𝑛
L 

b. Remember that the harmonics are always odd for a closed-end pipe. 

 

 

 

9. Length-Wavelength Relationships: Open Pipe 

a. 𝐹𝑜𝑟 𝑡ℎ𝑒 𝑛′𝑡ℎ ℎ𝑎𝑟𝑚𝑜𝑛𝑖𝑐:      =  
2

𝑛
L 
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10. Describe an experiment to demonstrate stationary waves using air columns: 

a. You can create a closed-end pipe by placing a hollow tube into a measuring cylinder 

of water. 

b. Choose tuning fork and note down the frequency of sound it produces. 

c. Gently tap the tuning fork and hold it just above the hollow tube. 

d.  The sound waves produced by the fork travel down the tube and get reflected (and 

forms a node) at the air/water surface as the reflected sound wave superposes with 

incident wave. At certain points always destructive interference to produce nodes 

and at certain points always constructive interference to produce antinodes. 

e. Move the tube up and down until you find the shortest distance between the top of 

the tube and the water level. This is done to find the distance of the pipe required to 

produce the 1st harmonic for the chosen tuning fork. This occurs when the sound is 

at its loudest and the distance is the shortest. 

f. This distance (x) will be ¼ λ. Therefore λ = 4x 

g. The antinode usually forms slightly above the top of the tube – so you need to add a 

constant called an end correction to the length of your tube before you can work 

out the λ. 

h. Once you know the frequency and wavelength (λ = 4x + c) of the standing sound 

wave you can work out the speed of sound (in air), v, using the equation v = f λ 
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11. Describe an experiment to demonstrate stationary waves using microwaves. 

a. Microwaves are produced by a microwaves transmitter and directed towards a 

metal plate. 

b. They are reflected and travel back towards the transmitter. 

c. The reflected wave superposes with the incident wave. 

d. At certain points there is always destructive interference. At these points nodes are 

produced. Their locations can be found using microwave receiver – a minimum value 

is detected 

e. At certain points there is always constructive interference. At these points antinodes 

are produced. Their locations can be found using microwave receiver – a maximum 

value is detected. 

f. The distance (x) between two nodes (or antinodes) is half the wavelength. λ = 2x 

g. For the known frequency (f) of the microwave, the speed is given by v = f λ 

h. This should be approximately the same as the speed of light as all E.M waves travel 

at the same speed. 

 

 


