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Wavesand ound

2006 Question 8 [Ordinary Level]

(i) Describe, using diagrams, the difference between transverse waves and longitudinal
waves.

(i) The speed of sound depends on the medium through which the sound is travelling.
Explain how sound travels through a medium.

(iif) Describe an experiment to demonstratg #ound requires a medium to travel. e 5

(iv) A ship detects the seabed by reflecting a pulse of high frequency sound from the sec T2 o pute
The sound pulse is detected 0.4 s after it was sent out and the speed of sound in wa——

1500 m &,

Calculate the time takeor the pulse to reach the seabed.
(v) Calculate the depth of water under the ship.
(vi) Calculate the wavelength of the sound pulse when its frequency is 50 000 Hz.
(vi)  Why is the speed of sound greater in water than in air?

2014 Question 12 (c) [Ordinary Level]
The diagram shows a transverse wave.
() Name the distances labelled A and B.

-+ A »
(i) 20 waves pass a fixed point every second.
What is the frequency of the wave? B'

(iii) Calculate the velocity of the wave if distance A =1.5 m.
(iv) Transverse waves can be polarised.
Name aype of wave that cannot be polarised.

2010 Question 7 [Ordinary Level] ‘ A

The diagram shows a waveform. "’

() What is the name given to the distance X and Y? \r/ \/

(i) What is meant by the frequency of a wave? A 7 T >

(iii) Explain the term natural frequency.

(iv) If the naturaffrequency of a string is 250 Hz calculate the wawgtlewf the sound wave produced
(speed of sound = 340 s

(v) State the wave property on which the loudness, the pitch, of a musical note depends.

(vi) An opera singer, singing a high pitched note, can shagtass. Explain why.

(vii)  Describe a laboratory expment to demonstrate resonance.



2007 Question 7 [Ordinary Level]
Resonanceccurs when a vibrating object causes vibrations in nearby objects which have thegaaie
frequency

(i) Explain theunderlined terms. A

(i) Describe an experiment to demonstrate resonance. BI

(iif) The diagram shows the waveform of a musical note.

(iv)What is the name given to (i) the distance A, (ii) height B?

(v) Explain what is meant by the frequency of a wave.

(vi) State the wave propertynavhich (i) the loudness, (ii) the pitch, of a note depends.
(vii)  Atin-whistle produces a note of 256 Hz. Calculate the wavelength of this note.
The speed of sound in airis 340 h s

2015 Question 7 [Ordinary Level]
(i) Explain the termresonance
(i) Describe a laboratory experiment to demonstrate resonance.

The diagram shows a waveform. KT A

(i) What is length A called?

(iv)What is length B called? ;

(v) What is meant by the frequency of a wave? \/ 'B \/
(vi) List three characteristics of a musical note. H

(vii)  What is meant by the termatural frequency of an objext
(viii)  The natural frequency of a stretched string is 250 Hz.
Calculate the wavelength of the sound wave produced.
(speed of sound in & 340 m &)

2011 Question 12 (b) [Ordinary Level]
() Loudness, pitch and quality are characteristics of a musical note.
Name the physical property of a sound wave on which each characteristic depends.
(i) A bat detector allows us to hear the sounds emitted by bats. The detector is needed as humans canno
hear he sounds emitted by bats as they are outsid&emquency limits of audibility
What is meant by the frequency limits of audibility?
(i) What name is given to a sound whose frequency is greater than our upper frequency limit of audibility”
(iv) A bat emitted asund wave and detected its reflection from a wall 0.02 s later.
Calculate the distance of the bat from the wall.
(speed of sound in air = 340 fi)s

2010 12 (c) [Higher Level]

(i) Explain the term resonance and describe a laboratory experingarhomstrate it.

(i) Give two characteristics of a musical note and name the physical property on which each characteristis
depends.

(iif) Explain why a musical tune does not sound the same when played on different instruments.



Stationary (standing) waves

2004 Question 8 [Ordinary Level]

(i) Sound from a vibrating object can caui#raction andinterference

Explain the underlined terms.

(i) Describe an experiment to demonstrate the mterfere
of sound.

(iif) The diagram shows a stationary wave (standing way -
on a vibraing stretched string. -

What is the name given to the points on the string marked (i) X, (ii) Y?

(iv)How many wavelengths are contained in the distance marked L?

(v) State two factors on which the natural frequency of a stretched string depends.

(vi) A note of wavelegth 1.4 m is produced from a stretched string. If the speed of sound in air is 340 m s
calculate the frequency of the note.

2005 Question 12 (c) [Higher Level]
() The frequency of a stretched string depends on its length.
Give two other factors that affect the frequency of a stretched stri
(i) The diagram shows a guitar string stretched between supports O.
apart.
The string is vibrating at its first harmonic. The speed of sound in .. gosm
string is 500 m's. What is the frequency of vibration of the string?
(iif) Draw a diagram of the string when it vibrates at its second harmonic.
(iv)What is the frequency of the second harmonic?

= vibrating guitar string

2011 Question 8 (a) [Higher Level] (speed of sound = 340 ri)s

Destructive interference can occur when waves ftoherent sourcaseet.

(i) Explain the underlined term.

(i) Give two other conditions necessary for total destructive interference t Q

occur. P
(iif) The diagram shows a standing wave in a pipe closed at one end. |

The lergth of the pipe is 90 cm. :

Name the points on the wave labelled P and Q.
(iv) Calculate the frequency of the standing wave.
(v) What is the fundamental frequency of the pipe?
(vi) The clarinet is a wind instrument based on a pipe that is closed at one end.

What type ofharmonics is produced by a clarinet?

2013 Question 7 [Higher Level] (speed of sound = 340 ri)s .
() What is meant by the term resonance? I\
(i) How would resonance be demonstrated indberatory?

(iii) A set of wind chimes, as shown in the diagram, is made diiiarent lengths of hollow ’p
metal tubing that are open at both ends. When the wind blows, the wind chimes are st
by a clapper and emit sounds.

The sound from one of the tubes was analysed.
The following frequencies werdentified in the sound: 550 H2100 Hz and 1651 Hz.

clapper &
(iv)What name is giveto this set of frequencies?

(v) Draw labelled diagrams to show how the tube produces edbbs# frequencies.

(vi) The length of the metal tube is 30 cm.
Use any of the abovfeequencies to calculate a value for the speesbohd in air.

(vi) A sample of wire, of length 12 m and mass 48 g, was being tested for use as a guitar string.
A 64 cm length of the wire was fixed at both ends and plucked. The fundamental frequiresoahd
produced was found to be 173 Hz. Calculate the tension in the wire.
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2015 Question 9 [Higher Level]

Musical instruments produce stationary (standing) waves.
Resonance also occurs in many instruments.

() What are stationary waves? How are they produced?

(i) What is resonance?

(iif) Describe a laboratory experiment to demonstrate resonance.

A guitar is a string instrument.

The frequency of a stretched string depends on the tension of the string and on two otf

factors.

(iv)What are the two other factors?

(v) What effectdoes increasing the tension of the string from 36 N to 81 N have on the
frequency of the string?

(vi) Explain, with the aid of labelled diagrams, why a pipe open at only one end produces half the number
harmonics as a pipe open at both ends.

(vii)  Atin whistle consists of a pipe which is open at both ends. 1
A patrticular tin whistle has a fundamental frequency of 587 Hz when all of the holes or.
are covered. i
How long is the pipe?

(speed of sound in air = 340 rit)s

2002 Question 7 [Higher Level]

(i) nConstructive interferencand destructive interference take place when waves frorngdiverent
sources meet. o
Explain the underlined terms in the above statement.

(i) What is the condition necessary for destructive interference to take place when wavesfamherent
sources meet?

(iif) Describe an experiment that demonstrates the wave nature of light.

(iv) Radio waves of frequency 30 kHz are received at a location 1500 km from a transmitter.
The radio reception tempor ar iHdetweerithecavdvestravelihg e t
parallel to the ground and the waves reflected from a lay~-
(it onosphere) of e adimicageedintheh
diagram.
Calculate the wavelength of the radio waves.

reflecting layer

ground

(v) What is the minimum distance that the reflectedegashould travel for destructive interference to occur
at the receiver?

transmifter Tecerver

(vi) The layer at which the waves are reflected is at a height h above the ground.
Calculate the minimum height of this layer for destructive interfee to occur at the receiver.
(speed of light, ¢ = 3.0 x 1m s?)



The Doppler dfect

2012 Question 12 (c) [Ordinary Level] i vy )
The pitch of the sound emitted by the siren of a moving fire engine appears té’\f\ - R
change as it passes a stationary observer. >V
(i) Name this phenomenon.

(i) Explain, with the aid of a diagram, how this phenomenon occurs.
(iif) Will the crew in the fire engine notice this phenomenon?

(iv) Give a reason for your answetr.

(v) Give an application of this phenomenon.

2017 Question 8 [Ordinary Level]

Frequency and wavelengdine properties associated with waves.

(i) What is meant by the frequency of a wave?

(i) State the relationship between the frequency of a wave and its wavelength.

The diagram shows a person standing near an ambulance as it approaches with its siren on. As the
ambulance passes, the person observes a change in the frequency of the siren.

(i) What name is given to this effect?

(iv) Explain, with the aid of a labelled diagram, how this phenomenon occurs.

(v) Name one practical application of this phenomenon. : .-
d

An electrical sorm is seen before it is heard.
(vi) What does this indicate about the difference between sound waves and light waves?
(vii)  State one other difference between sound waves and light waves.

When timing a 100 m sprint, a person stands at the finishing line atslte&stopwatch when he hears the

starting gun fired at the starting line.

(viii) Calculate the difference in time the runner would receive if the stopwatch was stastadtithe
same time as the starting gun was fired, i.e. without any delay causedtinygtaken for the sound to
travel 100 m.

(speed of sound in air = 330 s

2016 Question 12 (c) [Higher Level]
{I have deleted arts of this question which deal witbircular Motion; those sectionappearin the
ACircular Motiona n d  Sldhlybuestiony
() What is meant by the Doppler effect?

A buzzer moves at a speed of 13'is a vertical circle.

The buzzer emits a note of frequency 1.1 kHz. i

An observer stands in the plane of motion of the buzzer, as shown

the diagram.
(i) Calculate thenaximum and minimum frequency of the note detected by an observer
(speed of sound in air = 340 s

2008 Question12 (b) [Higher Level]

() The pitch of a musical note depends on its frequency.

(i) On what does (i) the quality, (ii) the loudness, of a musical note depend?

(iif) What is the Doppler Effect?

(iv) A rally car travelling at 55 m' $approaches a stationary observer. As the car passes, its engine is
emitting a note with a pitch of 1520 Hz. Whsithe changén pitchobserved as the car moves away?
{The wording hee isconfusing t he question is | ooking for the
frequency and its apparent frequency as the car moves away)}

(v) Give an application of the Doppler Effect.



2014 Question 10 {first half} [Higher Level]

() What is the Doppler effect?

(i) Explain, with the aid of labelled diagrams, htive Doppler effect occurs.

(iif) An ambulance siren emits a sound of frequency 750 Hz.
When theambulance is travellingpwards an observer, the frequency detected by the observer is 820 Hz
What isthe speed of the ambulance?

(iv) State two other practical applteans of the Doppler effect.
(speed of sound in air = 340 fir)s

2003 Question 7 [Higher Level]

(i) Describe an experiment to show that sound is a wave motion.

(i) What is the Doppler Effect?

(iif) Explain, with the aid of labelled diagrams, how this phenomenon occurs.

(iv) Bats use high frequency waves to detect obstacles. A bat emits a vimagpehcy 68 kHz and
wavelength 5.0 mm towards the wall of a cave. It detects the reflected wave 20 ms later.
Calculate the speed of the wave and the distance of the bat from the wall.

(v) If the frequency of the reflected wave is 70 kHz, what is the spebeé bfat towards the wall?

(vi) Give two other applications of the Doppler Effect.

2017 Question 7 {last 2 parts} [Higher Level]
(vii)  Speed cameras use the Doppler effect to calculate the speed of vehicles.
Describe, with the aid of a labelled diagram, howDlogpler effect occurs.

(viii) A source that is emitting a sound wave of a certain frequency is approaching an observer.
The frequency observed is 15% more than the frequency of the sound wave emitted.
What is the speed of the source?
(speed of sound in air = ®4m $%)

2007 Question 7 [Higher Level]
() What is the Doppler Effect?
(i) Explain, with the aid of labelled diagrams, how this phenomenon occurs.
(iif) The emission line spectrum of a star was analysed using the Doppler Effect.
Describe how an emission line spectrum is produced.
(iv) The red line emitted by a hydrogen discharge tube in the laboratory has a wavelength of 656 nm.
The same red line in the hydrogen spectrum of a movarghas a wavelength of 720 nm.
Is the star appra@hing the earth? Justify your answer.
(vyCal cul ate the frequency of the red Iine in th
(vi) Calculate the speed of the moving star.
(speed of light = 3.00 x #on &%)

2010 Question 7 [Higher Level]
() What is the Doppler effect?
(i) Explain, withthe aid of labelled diagrams, how this phenomenon occurs.
(iif) Describe a laboratory experiment to demonstrate the Doppler effect.
(iv)What causes the red shift in the spectrum of a distant star?
(v) The yellow line emitted by a helium discharge tube in the laboratmsya wavelength of 58im.
The same yellow line in the helium spectrum of a star has a measured wavelength of 590 nm.
(vi)What can you deduce about the motion of the star?
(vii)  Calculate the speed of the moving star.
(vii)  Give another application of the Doppler effect



Interference of ound

2005 Question 12 (b) [Ordinary Level]

() What is meant by (i) diffraction, (ii) interference, of a wave?

(i) In an experiment, a signal generator was connected to two
loudspeakers, as shown in the diagram. Both speakers are emittin
note of the same frequency and same amplitude.

(i) A person walks along the line XY. Ei—[ﬂ

Describe what the person hears. signal
(iv) What does this experiment demonstrate about the nature of sound "
(v) What is meant by the amplitude of a wave?

2013 Question 8 [Ordinary Level]

() What is meant by the frequency of a wave?

(i) Give the relationship between the frequency and the wavelength of a wave.

(iif) The diagram shows a student walking in front of two loudspeakers along the path b&tavets.
A signal generator set at 500 Hzmnnected to the loudspeakers.

(iv) What will the student notice as he moves frArto B?

(v) Name this phenomenon.

(vi) Explain with the aid of a diagram how this phenomenon occurs.

(vii)  Why should this phenomenon be taken into account in the placing of spieatkeratres or
auditoriums?

The note produced by a guitar string depends ofutidamental frequenoyf the string.
The quality of the note depends on the numbeaveftonegproduced.
The loudness of a note is increased by resonance in the bodyitdra g

(viii) Explain the underlined terms.

(ix)How can the note produced by a guitar string be changed?

(x) What is resonance?

2008 Question 8 [Ordinary Level] oB
The diagram shows a signal generator connected to two loudspeakers emitting '
same note.

A person walkslowly along the lineAB. iy

() What will the person notice?

(i) Why does this effect occur?

(iif) What does this tell us about sound?

(iv) Describe an experiment to demonstrate that sound requires a medium to travel.

(v) The pitch of a note emitted by the siren of a fasting ambulance appears to change -(f( ) ) )
it passes a stationary observer. W gt
Name this phenomenon. !A!_—‘-

(vi) Explain how this phenomenon occurs. W;o?

(vii)  Give an application of this phenomenon.



Sound ntensity

2016 Question 7 [Ordinary Level]
() Sound and light travel as waves.
Sound travels aslangitudinal wavenhereas light travels asi@nsverse wave
Explain the underlined terms.
(i) Describe a laboratory experiment which demonstrates that sound requires a medium to travel through.
(i) Total internal reflection is the basisaperation of optical fibres.
With the aid of a labelled diagram, explain how total internal reflection occurs ’

(iv) State two uses of optical fibres.
(v) The refractive index of a material in an optical fibre is 1.44.

Calculate the minimum angle at which ligtan strike the sides of the fibre and

still be transmitted through the fibre. \ ’
(vi) The picture shows a souhelel meter, which is used to measure sound intensi PR

|€VE| "‘u-.r'-: -

What is the unit of sound intensity level?
(vii)  Why might a soundevel meter be used in a wotkpe?

2011 Question 8 (b) [Higher Level]

An audio speaker at a concert emits sound uniformly in all directions at a rate of 100 W.
Calculate the sound intensity experienced by a listener at a distance of 8 m from the speaker.
The listener moves back from the speaker to protect her hearing.

At what distance from the speaker is the sound intensity level reduced by 3 dB?

2007 Question 12 (b) [Higher Level]
(i) Define sound intensity.
(i) A loudspeaker has a power rating of 25 mW.
What is the sound intensity at a distance of 3 m from the loudspeaker?
(iif) The loudspeaker is replaced by a speaker with a power rating of 50 mWw.
What is the change in the sound intensity?
(iv)What is the change in the sound intensity level?
(v) The human ear is mersensitive to certain frequencies of sound.
How is this taken into account when measuring sound intensity levels?

2018 Question 7 [Higher Level]
() Resonance is a phenomenon that is associated with musical instruments. What is resonance?
(i) Describe an experiment to demonstrate resonance. 3

A stretched string of a violin has a length of 328 mm anthss of 0.126 g.
The string emits a note of 660 Hz when it vibrateds fundamental
frequency.

(iif) Calculatethe tension in the string,

(iv) Calculatethe speed of sound in the string.

(v) Draw a labelled diagram to represent the fundamental frequency of a
stationary wave in a pipg@at is closed at one end.

(vi) Define sound intensity.

A source emits sound in all directions.

(vii)  Describe the effect of doubling tklestance from the source to an observer on the sound intensity
measured

(viii)  Describe the effect of doubling the distance from the source to an obsethersmund intensity
levelmeasured.



1l AOEI
2009 Question 7 [Ordinary Level]
() In an experiment a beam wionochromatic lighpasses throughdiffraction gratingand strikes a
screen.
(i) Explain the underlined terms. Diffraction
(iif) Describe what is observed on the screen. grating
(iv) Explain, with the aid of a diagram, how this phenomenon occurs.  tase
(v) What does tis experiment tell us about the nature of light?
(vi) Name the property of light that can be determined in this experiment.
(vi)  What measurements must be taken to determine the property you named?

Screen

2014 Question 7 [Higher Level]
() What is meant by the termg iffraction and i) interference?

(i) A laser produces a beam of red light wittvaelength of 709 nm.

The beam is incident ondiffraction grating, as shown in the Daﬁ?ﬂﬁcﬂ '
diagram. Adiffraction pattern is formed on a screen. A second ———__ ng "
order image is detectedan angle of 34.6° from theentral Laser | —] ;
image. T

Calculate the energy of &aphoton in the laser beam.

(iif) Sensors in the eye can respond to single photons. Where iretheeethese sensors located?

(iv) State two differences between the electromagnetic radiatidgted from a laser and tleéectromagnetic
radiationemitted from a vapour lamp.

(v) Derive, with the aid of a labelled diagram, thiérdction grating formula.

(vi) Calculate the number of lines per millimetre on thdiggaused in the experiment.

(vi)  What wouldbe observed on the screen if the laser was replaced by a ray of white light?

2005 Question 7 [Higher Level]

A student used a laser, as shown, to demonstrate that light is a wave motion.

(i) Name the two phenomena that occur when the light passes throysirtbEnarrow slits.

(i) A pattern is formed on the screen. Explain how the pattern is formed.

(i) What is the effect on the pattern when the wavelength of the light is increased

(iv)What is the effect on the pattern when the distance between the slits iseédérea

(v) Describe an experiment to demonstrate that sound is also a wave motion. _

(vi) Sound travels as longitudinal waves while light travels as transverse waves.
Explain the difference between longitudinal and transverse waves. J

(vii)  Describe an experiment to demontdréhat light waves are transverse waves. 7 T pairof

narrow slits

screen

~—

laser

2009 Question 7 [Higher Level]

() When light shines on a compact disc it acts as a diffraction grating califfiagtion anddispersiorof
the light. Explain the underlined terms.

(i) Derive the diffraction gratinfprmula.

(i) An interference pattern is formed on a screen when green light from a laser passes normally through &
diffraction grating. The grating has 80 lines per mm and the distance from the grating to the screen is ¢
cm. The distance between the thirderanages is 23.8 cm.

Calculate the wavelength of the green light.

(iv) Calculate the maximum number of images that are formed on the screen.

(v) The laser is replaced with a source of white light and a series of spectra are formed on the screen.
Explain how the tifraction grating produces a spectrum.

(vi) Explain why a spectrum is not formed at the central (zero order) image.

10



2013 Question 12 (b) [Higher Level]

(i) A narrow beam of light undergoes dispersion when it passes through either a pridiffractzon
grating.

What is meant by dispersion?

(i) Give two differences between what is observed when a narrow beam of light undiksgeesion as it
passes through a prism, and what is observed when a narrow blegimh whidergoes dispersion as it
passes ttough adiffraction grating.

(iif) Give another example éght undergoing dispersion.

(iv) Yellow light of wavelength 589 nm is produced in a {pressure sodium vapour lamp.

What causes the saofh atoms to emit this light?

(v) Calculate the highest order image that coulgtoeluced when a beam of light of thvavelength is

incident perpendicularly on a diffraction grating that has|B@&3 per mm.

2017 Question 9 {last 2 parts} [Higher Level]
(iv) Draw a labelled diagram af spectrometer and describe h@wpectrometer ardiffraction grating can
be used to observe @ line spectrunand (i) a continuous spectrum.

(v) Sodium emits visible light with a wavelength of 588.1This light is passed throughdiffraction
grating of 300 lines per mm.
Calculate the angular sepadatibetween the first line to the left of the central image and the first line to
the right of the central image.

11



Dispersion of light

2015 Question 12 (b) [Ordinary Level]

() What is meant by dispersion of light?

(i) What does dispersion of light indicate about the nature of white light?

(iif) Name two laboratory techniques that can be used to cause dispersion of light.

(iv) Describe one example of dispersion of light occurring in nature.

(v) The diagram shows stage lightisignilar to that found in most theatres.
Only red, green and blue lights are needed to create all the colours needed on ste
Explain why this is so.

2010 Question 12 (b) [Ordinary Level]

() What is meant by dispersion of light?

(i) Describe an experiment tordenstrate the dispersion of light.

(i) Give an example of the dispersion of light occurring in nature.

(iv) Only red, green and blue lights are needed to create most lighting effects.
Explain why

2012 Question 7 [Ordinary Level]

(1) Under certain conditions, light can undediffraction andinterference
Explain the underlined terms.

(i) Describe an experiment to demonstrate the wave nature of light.

(iif) The photograph shows Polaroid sunglasses which reduce glare caused by sunngrit.. =
Explain the term épol arisationo.

(iv) Describe an experiment to demonstrate the polarisation of light.

(v) What type of wave motion does light have as indicated by the experiment in part (iv)?

(vi)Why are Polaroid sunglasses more effective tharRwaroid sunglags at reducing glare?

2007 Question 8 [Ordinary Level]

Dispersion occurs when a beam of white light passes through a prism forming a spectrum on a screen, as

shown in the diagram.

() What is meant by the ternasspersionandspectrun?

(i) What happens to the white light when it enters the prism at Z?

(i) Name the invisible radiation formed on the screen at (i) region X, (ii) region Y.

(iv) Describe how to detect one of these invisible radiations.

(v) Give a use for one of these invisible radiations.

(vi) The colour on a TV screen is made by mixing the primary colours.
Name the primary colours.

(vii)  How is a secondary colour (e.g. yellow) produced on a TV scre¢

12



2018 Question 8 [Ordinary Level]

Diffraction andinterferenceare properties associated with waves.

(i) Explain the underlined terms.

(i) Describe an experiment to demonstrate the wave nature of light.

The photograph shows a liquid crystal display (LCD) monitor, which may require a polaroid panel to allow
the image on t screen to be seen clearly.

(i) What is meant by polarisation?

(iv) Describe an experiment to demonstrate the polarisation of light.

(v) Monitors of the kind shown use only three colours to form any ima
What three colours are used?

(vi) Describe how these coloutan be used to create any image.

2016 Question 11 [Ordinary Level]

Read this passage and answer the questions below.

Experimentum crucis

Once he returned to Cambridge from the country in 1667, Newton began to gain j
honours with startling rapidity arltecame the second holder of the Lucasian
Professorship in Mathematics, a position later held by Stephen Hawking. This ne '
obliged Newton to give occasional lectures but he was 8~
also able to spend much more time on experiments. | ol
To isolate a single coloyor at least what the eye sees as a cal@uspectrum in fact g
consists of an innumerable range of colours, each blending into the next), he put
with a hole in it next to a prism, only letting through a narrow band of light. Not o
did he confim his view that when this beam was passed through a second prism
different colours were producéded light remained red, blue remained blue and s¢
oni he discovered that red coloured light was bent much less by the prism than |
light. The degreefdbending, the refraction, varied as he moved through the different colours

He later referred to this discovery as the experimentum crucis, the crucial experiment, emphasising its
significance as a turning point in the understanding of the nature ofHightad found something

fundamental and newthat light was made up of colours that were distinct entities, impossible to change
from one into the other, each bent differently by a prism. For good measure, his experiment explained why
prism worked atlh When a beam of light hit an ordinary block of glass there was no rainbow produced. As
the light passed from air to glass it was true that the blue light would bend further than the red, splitting it
out, but when it reached the far side of the bloekatild move back the other way an equal amount and the
result would be to recombine the colours. The p
bend- towards the vertical of the first face and away from the vertical of the sebwmtidresulted in

movement in the same direction. The colours remained separate.

(Adapted from Light YearsThe Extraordinary Story of Mankind®d
Brian Clegg, Icon Books, 2015)

a) What word is used to describe the bending of light by a frism

b) What does the spectrum of light consist of?

c) Which colour of light is bent the most?

d) Draw a diagram to show how a spectrum can be produced using a prism.

e) What was the significance of Newtonds experim
f) Without using a prism, how else can a spectrumrbdyced?

g) Why is a spectrum not produced by an ordinary block of glass?

h) Name another field of physics for which Newton is famous.
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2013 no.12 (b) [Higher Level]

The diagram shows a beam of white light undergoing refraction and dispersion as itlpassggsa prism.
(i) What is meant by dispersion?

(i) What is observed on the screen between X and Y?

(iii) What information does dispersion give about the nature streen

white light? X
(iv) Give another method for the dispersion of light.
(v) Give an everyday example of the dispen of light. Y,

2017 Question 7{first part} [Higher Level]
Colour filters and polarising filters can be used to enhance photographs.
We see objects because light reflects from them.

() What is reflection?

(i) What primary colours of light) are absorbed and)(are reflectedvhen white light shines on a red
book?

(iif) What colour would the red book appear to be if coloterlwere used so that the bawks illuminated
(i) with green light andiy) with red light?

(iv)What is polarisation?

(v) Describe how polarisi@n can be demonstrated in the laboratory.

(vi)Give an application of stress polarisation.

14



The electromagnetic spectrum

2008 Question 12 (b) [Ordinary Level]

Sunlight is made up of different colours and invisible radiations.
() How would you show the presenatthe different colours in light?
(i) Name two radiations in sunlight that the eye cannot detect.
(iif) Describe how to detect one of these radiations.
(iv) Give a use for this radiation.

2018 Question 12 (b) [Ordinary Level]

Sunlight is made up of visible liglf different colours as well as many types of

invisible radiation.

(i) How could you show the different colours present in visible light?

(i) UV radiation is also present in sunlight.

(i) What do the letters U and V stand for?

(iv) Compare the wavelength of UV radiatbro t he wavel ength
radiation.

(v) Describe how to detect UV radiation.

(vi) State one use of UV radiation.

2006 Question 12 (b) [Ordinary Level]
The diagram shows the relative positions of electromagnetic radiations in terms wiaiegngth.
| gamma rays | A Y | light | IR | microwaves | B \
(i) Name the radiations marked A and B.
(ii) Give one property which is common to all electromagnetic radiations.
(i) Which one of the radiations has the shortest wavelength?
(iv) Describe how IRadiation is detected.
(i) Give one use for microwaves.

2003 Question 12 (b) [Ordinary Level]

(i) Name two primary colours.

(i) What are complementary colours?

(ii)) White light is made up of light of different colours. Describe an experiment to demonstrate this.

(iv) Thediagram shows a simple form of the electromagnetic spectrum, with wavelength increasing from le
to right.

L L , hort wavelengtl - long wavelengtl
Copy this diagram and indicate on it the o wavereng e one waveTenel
pOSItIOﬂS Of the fO"OWIng ) gamma rays hght radio waves
microwaves; infrared; ultraviolet;-Xays.

2002 Question 7 [Ordinary Level]

() The dispersion of white light can be produceddfyactionor diffraction. Explain the underlined terms.
(i) Describe an experiment to demonstrate the dispersion of white light.

(iif) The following table gives examples of electromagnetic waves and their typicalengths.

wave radio microwave infrared light ultraviolet

wavelength 100 m 0.1m Tum 600 nm 10 nm

(iv)Name one property that all of these waves have in common.

(v) What is the frequency of the radio waves? The speed of light is 3m 4B
(vi) Describe how infrared radiation can be detected.

(vii)  Give two uses of microwaves.

15



2012 Question 7 [Higher Level]
I

short wave
ol
'Y

FM radic

AM radio

—1 T e TONW AVES
radar
=
light
=]
X =THY
ray

I I I I I I | I I I I I I [
10° 10 107 108 10° 10' 10" 10™ 10M 10" 10V 10 10V 10 H=z

(i) The diagram shows a simplified version of the electromagnetic spectrum.
Name the sections labellddandB in the diagram.
(i) Describe how to detect each of these radiations.
(iif) An electromagnetic radiation has a wavelength of 4 m.
Name the section of the electromagnetic spectrum in which this radiation is located.
(iv) Distinguish between interference and diffraction.
(v) Can a diffraction grating which diffracts light also diffractra&ys? Justify your answer.
(vi) Light travels as a transversave.
Name another type of wave motion and give two differences between these two types of wave motion.

2010 Question 11 [Higher Level]
Read the following passage and answer the accompanying questions.

A personds exposur e tilephone s measuredintermhobtine Spesiicng a n
Absorption Rate (SAR). This is a measure of the rate at which radio frequency energy is absorbed by a
personb6s body during a phone call and is expres
A radio frequency wave penetratbe body to a depth that depends on its frequency. At mobile phone
frequencies the wave energy is absorbed by about one centimetre of body tissue. The energy absorbed is
converted into heat and is carried away by the body. Any adverse health effeatadi@ifrequency waves

are due to heating. Current scientific evidence indicates that exposure to radiation from mobile phones is
unlikely to induce cancer.

(Adapted from a Dept. of Communications, Energy and Natural Resources Press Release of 22 March
2007)

(i) Give two properties of radio waves.
(i) In a threeminute phone call, 10 g of head tissue absorbs 0.36 J of radio frequency energy.
Calculate the SAR value.
(i) What happens to the radio frequency energy absorbed by the body?
(iv)Why are radio frequency waves natry penetrating?
(v) A mobile phone converts the received radio frequency waves to sound waves.
What are the audible frequency limits for sound waves?
(vi) Give two safety precautions you should take when using a mobile phone.
(vii) A mobile phone transmits at 1200 Mtpm its antenna.
Calculate the length of its antenna, which is one quarter of the wavelength that it transmits.
(vii)  Name an electromagnetic wave which may induce cancer. Justify your answer.
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Solutionsto ordinary level mathsquestions

2017 Question 8
Calculate the difference in time the runner would receive

0 Q4 @—— —=03s

2015 Question 7
Calculate the wavelength of the sound wave produced.
v="fA A= vif > = 340/ 28B0= 1.36 m

2014 Question 12 (c)
What is the frequency of the wave?
20 Hz

Calculate the velocity of the wave if distance A =1.5m.
v == (R0)(®5)=30m¢

2011 Question 12 (b)

Calculate the distance of the bat from the wall.
Velocity = distance + time. distance = velocity time =340 x .01

2010 Question 7
Calculate the wavelength of the sound wave produced.
v="FfA A= vif A =340/250 A=136m

2007 Question 7
Calculate the wavelength of this note.
c =Ye# o=Ye/E 340/256 = 1.33 m.

2006 Question 8
Calculate the time taken for the pulse to reach the seabed.
0.2 seconds.

Calculate the depth of water under the ship.
v=s/t Y s=vxt Y s =1500 x 0.2 =300 m.

Calculate the wavelength of ’ghe sound pulse when its frequency is 50 000 Hz.

c=f>Y a=c/f Y > = 1500/50000 = 0.03

2006 Question 12 (c)
What is the frequency of the wave?
20 Hz

Calculate the velocity of the wave if distance A=1.5m.
v == (R0)(B5) =30 m s'

17
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Solutions toall higher level questions

2018 Question 7
(i) Resonance is a phenomenon that is associated with musical instruments. What is resonance?
Resonance is the transfer of enebbgyween two bodies of the same natural frequency

(i) Describe an experiment to demonstrate resonance.
One of many possible demongioas:
Standtwo tuning forks of the same frequency on a wooden board
Set one tuning fork vibrating
Stop the first one vibrating and notice that the second tuning fork has started vibrating.

(iif) Calculate the tension in the string
. 8 4
K = mass per unit Iength8— = 3.84x 10" kg ntt

f =600 Hz
| =0.328 m
u=3.84x 10*kg

f_1 T
oA\ m % 2f =

472 = - Y  A4R=T T = (3.84x 10%)(4)(0.3282(600}

N

Answer: T =72N

(iv) Calculate the speed of sound in the string.
A violin string is tied (and so has a node) at both ends, so when pluckedup setsanding wave whose
length corresponds to half a wavelength
> = 2(0.328) = 0.656 m
v=f &
v =(600)(0.656F 433 m g

(v) Draw a labelled diagram to represent the fundamental frequency of a stationary wave in a pipe
that is closed at one end. )
Seediagram _ .

(vi) Define sound intensity. =
Power per unit area — >

(vii)  Describe the effect of doubling the distance from the source to an observer on the sound
intensity measured.

Intensity is therefore inversely proportional to sagiareof the distance, so if the distance goes up by a

factor of 2 (Adoubleso) then the sound intens

So the sound intensity gets 4 times smaller.

18



(viii)  Describe the effect of doubling the distance from the source to an observer on the sound
intensity levelmeasured.
If the sound intensity gets two times bigge@oubles}then the sound intensity levgbes up by 3
decibels
If the sound intensitialves(gets two times smaller) then the sound intensity lgeeks down by 3
decibels

In this question the sound intensity gets 4 times smaller so it halved and halved again.
So the sound intensity level went down by 3 dB and then down by 3 dB again.
Answer:

The sound intensity level went down by 6 decibels

2017 Question 9 {last 2 parts}

(iv) Draw a labelled diagram of a spectrometer and describe how a spectrometer and diffraction
grating can be used to observe (i) a line spectrum and (ii) a continuous spectrum.
collimator (labelled)
table
telescope (labelled) light source Grating
correct arrangement / '

| A\ 1
&\
& I - Ji ._k."

I
Collimator

Continuous spectrum: light source is a filament bulb / white light :

| of slit \
e e AN
(v) Calculate the angular separation between the first line to the left m’”\ 4
of the central image and the first line to the right of the central
image.
If the grating has 300 lines per mm then it must have 300000 lines per m (because 1 m = 1000 mm)
d=1/300000 = 3.33 x10m

Telescope

Line spectrum: light source is a vapour lamp

o 589x1FPm
n=1
ne = d sOB o OE+ d = °1 A\nglar separation = 2024
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2017 Question 7
(i) What is reflection?
rebounding (of light) from an object

(i) What primary colours of light (i) are absorbed and (ii) are reflected when white light shines on a
red book?
White light is made up of red, green and blue light
When white light shines on a red book, it means that the green and blue must be absorbed while the re
is reflected back to us.

(iif) What colour would the red book appear to be if colour filters were used so that the book was
illuminated (iii ) with green light and (iv) with red light?
We know that a red book absorbs green light so if you illuminate it with only green light then nothing
will be reflected back so the book will appear black.
If you illuminate it with red light then we know that this will get reflected back so the book will appear
red.

(iv) What is polarisation?
Wave vibrations in one plane only

(v) Describe how polarisation can be demonstrated in the laboratory.
Two parallel polarising plates dra source of light
Rotate one plate until no light passes through the plates

. . Polarised Unpolarised
Polarised Unpelarised light light
Iigh{ light \
AN AL
B t B
A |:_-|'c|-:l uces plane polal:ised A produces plane polarised
light which B transmits light which B cuts off

(vi)Give an application of stress polarisation.
Checking for defects in plastics

(vii)  Describe, with the aid of a labelled diagram, how the Doppler effect occurs.
Considertha oundwaves emitted from a c
it moves to the right:

Aheadof the moving source, the crests are closer together than crests fro
stationary source would be.

This means that the wavelength is smaller and the frequegogater (more
crests per second passing over the observer).

<))

(viii)  The apparent frequency is 15% more than the actual frequency.

"Q=115% off Q= 1.15f
_ fc .
fi= P pH N —— cancel thds pPH UL ——
(1.15)(340 u) = 340 (1.15)(340) (1.15)(u) = 340 (1.15)(340) + 340 = (1.15)))
u=443ms
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2016 Question 12 (c)

(1) What is meant by the Doppler effect?
Apparentchange in frequency @f wave due to relativeotion between source and observer

(ii) Calculate the maximum and minimum frequency of the note detected by an observer
u=13még!
f=1.1 kHz= 1100 Hz
The frequency of thaote detected by an observ@amaximumas the buzzer movesvay fromthe
observer, so we use the positive sign below the line.
fe f i=w f'max=1143.7 Hz
c+u 340+13
The frequency of thaote detected by an observ@aminimumas the buzzer movéswardsthe
observer, so we use the negative sign below the line.

(o fe ¢ (1100(349

Foin = 1059.5 Hz
c-u '" 340 13 min
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2015 Question 9

() What are stationary waves? How are they produced?
The amplitude of the wave at any point is constant // There is no net transfer of energy

(if) What is resonance?
Transfer of energy between two bodies with the samsirfatar) naturalfrequency
OR Resonance is the transfer of energy so that a body vibrates at its natural frequency.

(iii)Describe a laboratory experiment to demonstrate resonance. L Lrl

Use two identical tung forks (same frequency) and a sodowrd. | !
Start one fork vibrating, place it on the sotbwhrd and notice the sound.
Place the second tuning fork on the scbodrd and then stop the first tuning fork from vibrating.
The second fork can now be heard.

Explanation

The vibrations were passed from the first tuning fork via the sboadd to the second tuning fork.

(iv)What are the two other factors?
Lengthandmass per unit length

(v) What effect does increasing the tension of the string from 36 N to 81 N have on the frequency of
the string?
Tension increased by a factor of 2.25 (8% ¢

fo my
N v pd
frequencyincrease by a factor of 1.5

(vi)Explain, with the aid of labelled diagrams, why a pipe open at only one end produces half the
number of harmonics as a pipe open at both ends.

Harmonics in a pipe open labthends Harmonics in a pipe open aheend

A A f A A A

=
b
><
n
s
N
.J:-l&-’
-—
S
=
hn
=[5
o
X
= >

A |I ,'I A
N | \
>< Al
A A A \ A \
: Hn | LA A

Now that | think about it, this is a daft question; in theory you can get an infinite number of

harmonics in both opesndclosed pipes, so no way do you only get half the number of harmonics in

a closed pipe.
Feel free to disagree.

For what ités worth, the following is the

Diagram of first harmonic for open pipe (3)

Diagram of other harmonic for same open pipe (3)

Diagram of first harmonic for closed pipe (3)

Diagram of other harmonic for same closed pipe (3)

All harmonics for open pipe, only odd harmonics for closed (&2pe
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(vii)  How long is the pipe?

—
e

From thediagram we can see that the length of the pipe corresponds to half the wavelength.
I =1/2, so if we can work out the wavelength we can calculate the length from there.

v =l Y I - Y | —
| =0.58m

[=0.29 m
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2014 Question 7

(i) What is meant by the terms (i) diffraction and (ii) interference?
Diffraction isthe spreading of a wave into the space beyond a barrier/obstacle/gap
Interference occurs when waves from two sources meet to produce a wave of different amplitude.

(i) Calculate the energy of each photon in the laser beam.
We needtouse =hf; wedondét know the frequency but we do
c=f ® get an expression for
8

E="CQ = =2.8x 109

(ili)Where in the eye are these sensors located?
On the etina

(iv) State two differences between . . .
laser ha®nly one frequency (awavelength/ laser light is more powerful laser light is coherent

(v) Derive, with the aid of a labelled diagram, the diffraction grating formula.

From the diagram we can see that ,
0] For constructive interference to occur, the extra path length that the top
travels must be an integer number of wavelength} ( {Egn (1)}

(i) Using trigonometry, this extra path length is equal $on q, where d is the —
slit width {Eqn (2)}

—

Equating (1) and (2) gives m$ =d Sinq

(vi)Calculate the number of lines per millimetre on the grating used in the experiment.

Y ne = d 8isad Q — d =0.000002497 m
Now if a grating has n lines per mY d=— metres Y n=g
Y n=——— = 400000 lines per m =400 lines per mm

(vii)  What would be observed on the screen if the laser was replaced by a ray of white light?
Spectra
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2014 Question 10 {first half}
(i) What is the Doppler effect?
The (apparent) change in the frequency (of a wave) due to the relative motion between the source (of
wave) and the observer

(if) Explain, with the aid of labelled diagrams, how the Doppler effect occurs.
The circles represent the crests of sound waves emitted from the source.

In this case the source is moving to the right while emitting the waves. m
The result is that: @ e
1. Ahead of the moving source, the crests areeclazgether than crests from a
stationary source would be. This means that the wavelength is smaller a h /
frequency is greater. . /
2. Behind the moving source, the crests are further apart than crests from tl
stationery source would be. - A =X
3. This means the wawahgths are greater and therefore the frequency is less.
(ili)What is the speed of the ambulance?
f 820 Hz
f=750 Hz
c=340m¢g
The ambul ance is travelling towards an obser v
fi=_1C g00= (750(340
c-u 340-u

YgmTtmnmd CUUTTT CXYUYmMIEar CLVUTAT ¢ X YUY Tgw v 1T TIYG 4t
CoyYTmmpgat u=29més!
(iv) State two other practical applications of the Doppler effect.

e.g. police s pedtiespistars Qultrdsoundgsaan)d landinggaircraft / weather
forecasting
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2013 Question 7

() What is meant by the term resonance?
Transfer of energy between two bodies with the same (or similar) natural frequency
OR Resonance is the transfereokergy so that a body vibrates at its natural frequency.

(i) How would resonance be demonstrated in the laboratory? |

1 Use twoidenticaltuning forks (they must have the same frequent i
and a soundboard. /| /

9 Start one fork vibrating and place it on s@ndboard.
1 Place the second tuning fork on the scbodrd and then stop the first tuning fork from vibrating.
i The second fork can now be heard.

(v) Use any of the above frequencies to calculate a value for the / \
speed of sound in air. y \
A

A iy

(il)What name is given to this set of frequencies? K .J {
Harmonics or overtones /

A

(iv)Draw labelled diagrams to show how the tube produces each /

of these frequencies. N N

See diagram /
/ A
><

[ )

The length of the metal tube is 30 cm =0.3 m
SS0Hz(f) 1100Hz(2) 1651 Hz (3f)

The distance between two consecutive antinod'es is

™ - o 060m c = f ac=(550)(0.60)=330m§

A sample of wire, of length 12 m and mass 48 g, was being tested for use as a guitar string.
A 64 cm length of the wire was fixed at both ends and plucked. The fundamental frequency of the sour
produced wa found to be 173 Hz. Calculate the tension in the wire.

(vi)Calculate the tension in the wire.
[=64cm=0.64m f=173 Hz

We need to use the formulfa:i I
A\ m

{So before we do that we also need to calculate p which represemsas$isgeunit length.
To work this out we divide a sample length of the wire by its corresponding mass.

nA sample of wire, of }length 12 m and mass 48
8
A A=0.004 kg mt
f=t T 2f = | T 4P°f2 = — A4pf2=T
2\ m m A
T = (0.(04)(4)(0.64%(173Y T=196 N
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2013 Question 12 (b)
(i) What is meant by dispersion?
Dispersion is the separating out of the different colours present in white light.

(i) Give two differences between . . .
Red light deviatedeast in a prism and deviated the most in a grating
Many spectra observable with a grating, only one with a prism

(iii)Give another example of light undergoing dispersion.
A rainbow

(iv)What causes the sodium atoms to emit this light?
Electrons changing enerdgvels

Calculate the highest order image that could be produced when a beam of light of this wavelength
is incident perpendicularly on a diffraction grating that has 300 lines per mm.
{Here we will use the formula/ = d Sing

The maximum thadj couldbe is 96, soSing=1 so the formula becomesg = d, e -}

0 ——=333x1Fm h=2=2___ = 5.65

The highest order image is 5
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2012 Question 7

(i) Name the sections labelled A and B in the diagram.
A:infrared /R
B: ultraviolet / UV

(i) Describe how to detect each of these radiations.
A: thermometer (with blackened bulb) / temperature sensor /photogrdatad mobile phone camera
Effect e.g. rise in temperatuf€up, | think this bit is daft also}
B: (shine on)aseline/detergents / phosphor
Effect e.g. fluorescence / glofiefer to previous comment}

(iif) Name the section of the electromagnetic spectrum in which this radiation is located.
{We can use the chart to help us here, but only if know the frequency

c=faa ™Q - —=75x10Hz

We can see from the chart that this falls approximatelyaif between thehort wave radi@and the
TV/FM radiosections, so either answer would have been acceptable

(iv) Distinguish between interference and diffraction.
Interferencenccurswhen waves from different sources dae to form a resultant wave of greater or
lower amplitude.
Diffraction occurs when a wave spreads around an obstaele aperture.

(v) Can a diffraction grating which diffracts light also diffract X-rays? Justify your answer.
No.
For diffraction to occuthe distance between slits (ord spacinymust be similar to the wavelength of
the radiationand the wavelength of light is very different to the wavelength-atys.

(vi)Name another type of wave motion and give two differences between these two types of wave
motion.
Longitudinal
Transverse can be polarizedbngitudinal cannot
Transverse waves vibraperpendicularto thedirectionin which thewave travels
Longitudinal waves vibratparallel to the directionn which thewave travels
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2011 Question 8 (a)
(i) Explain the underlined terms

Coherent waves are waves which are the same frequency (or wavelength) and are in phase

(i) Give two other conditions necessary for total destructive interference to occur.
The waves must have the same amplitude and be out of phase’ljgr&é8& over troughs).

(ili)Name the points on the wave labelled P and Q.
P represents a node, Q represents amanii.

(iv)Calculate the frequency of the standing wave.
The shape corresponds to 5/4 wavelengths

— TR TN = 0.720vm= faQ - - f=472.2 Hz

(v) What is the fundamental frequency of the pipe?
The shape for the fundamental frequency corresponds to ¥4 of a wavelength

—-= 0. 90 Q ? o %:%4ZBI'Q m
A A Ty
(vi)What type of harmonics is produced by a clarinet? \/
Odd harmonics | / ,>\“
| | / Y
| | ,\N / \
{Why odd? Y | B .f’"/ \ =2 p}"]
See diagram. The length will either blg—h— etc X W X \,»Q
So itoés always an odd mul tipl ||| -. A /N
Hence the term oddarmonics.} \ M
Yy \ Lo

2011 Question 8 (b)

(i) Calculate the sound intensity experienced by a listener at a distance of 8 m from the speaker.
The sound from the speaker expands in all directions, like an inflating balloon. The area that the energ
is passing through her ef ore corresponds to fhe surface a
DELQIipTT
01 Qot“y

SI=0.124 W it

(i) The listener moves back from the speaker to protect her hearing. At what distance from the
speaker is the sound intensity level reduced by 3 dB? (speed of sound in air =340 ms™)

{If the sound intensity level decreased by 3dB it means sound intensity went down by a factor of two (i
went from 0.124 W Bito 0.062 W m).}

T8t @ ¢ — Y — R=11.33m
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2010 Question 11

(i) Give two properties of radio waves.
They travel at speed of light, electromagnetic radiation, travel through vacuum, can be reflected,
refracted, polarized etc.

(i) Calculate the SAR value.
While there is nothing about SAR values in the syllabus, all the information we need to work with is

given in the question. We are told that that the units of SAR are watts per kilogrand. So——
So first we need to calculate the power

0¢0 Qi 8 =0.002 W

YOo'Y —

= =0.20 W k¢

(ii)What happens to the radio frequency energy absorbed by the body?
It is converted into heat in the body.

(iv)Why are radio frequency waves not very penetrating?
They have a low frequency / long wavelength / low energy.

(v) What are the audible frequency limits for sound waves?
20 Hz to 20 000 Hz

(vi)Give two safety precautions you should take when using a mobile phone.
Keep phone atdistance,Usesudspeaker functi on
your head etc.

, 6no hands,

(vii)  Calculate the length of its antenna, which is one quarter of the wavelength that it transmits.

f=1200 MHz = 1200 x fHz = 1.2 x 18Hz

1 - =3 > = 0.25 m

Length of antenna = ¥4 of the Wavelengths—: =0.0625 m.

(viii) Name an electromagnetic wave which may induce cancer. Justify your answer.
Gammarays / Xrays / UV - they can all cause ionization of body cells.
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2010 Question 12 (c)

(i) Explain the term resonance and describe a laboratory experiment to demonstrate it.
Resonance is the transfer of energy so that a body vibrates at its natural frequency.

To Demonstrate Resonance |

1 Use twoidentical tuning forks (same frequency) and a sciodrd. |_|_| Lr

{ Start one fork vibrating, place it on the sotbwhrd and notice the /| ! /
sound.

Place the second tuning fork on the sebodrd and then stop the first tuning fork from vibrating.

The second fork can now be hea

NB: you must make reference to the fact that both tuning forks are of the same frequency

T
T

(i) Give two characteristics of a musical note and name the physical property on which each
characteristic depends.
Pitch: frequency
Loud: amplitude / intensity
Qualty: number of harmonics and their relative strengths

(iii)Explain why a musical tune does not sound the same when played on different instruments.
Different instruments emit a fundamental frequency plus different combinations of overtones/harmonic:
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2010 Question 7
(i) What is the Doppler effect?

The Doppler effect is the apparent change in frequency due to the relative motion between a source and &

observer.

(ii) Explain, with the aid of labelled diagrams, how this phenomenon occurs.

The circles represent theests of sound waves emitted from the source.
In this case the source is moving to the right while emitting the waves. m
Observer

The result is that:

1. Ahead of the moving source, the crests are closer together than crests from a
stationary source would be. Thigeans that the wavelength is smaller and the
frequency is greater.

2. Behind the moving source, the crests are further apart than crests from the
stationery source would be.

3. This means the wavelengths are greater and therefore the frequency is less.

(iii)Describe a laboratory experiment to demonstrate the Doppler effect.

&

K=\

Attach a string to a buzzer.

Swing the buzzer over your head.
An observer will note a frequency change as the buzzer approaches
then recedes from the observer.

(iv)What causes the red shift in the spectrum of a distant star?
Distant stars are moving away from us therefore the wavelengths
increase.

(v) What can you deduce about the motion of the star?
The star is moving away from earth

(ix) Calculate the speed of the moving star.

f=- =2 —— f=5.11073x 10"

f 6—=—— f 65.08475< 10

0

fc
The star is movingway frome ar t h t her e p lo uinghg ferenulaa s éi=tc—+hae

(5.1107%10")(3x10°)

5.0847%10" =
(3x10°) +u

vatytxXwm o pm O 1533219 p

1525425 pmt vttt x pmmd 1533219 p 1

8

7794 prmt =8Pt X PTo 0 5

(vi)Give another application of the Doppler effect.

Answer: u = 1.5333 x f0n st

Radar, medical imaging, blood flow measurement (echocardiogram), temperature measurement,

(underwater) acoustics, etc.
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2009 Question 7
(i) Explain diffraction
Diffraction is the spreading out of a wave when it passes through a gap or passes by an obstacle.

(if) Explain dispersion
Dispersion is the splitting up of white light into its constituent colours.

(iii)  Derive the diffraction grating formula.
From the diagram we can see that —
(i) For constructive interference to occur, the extra path length thatthe top r.__, * 7}
travels must be an integer number of wavelengthy (n {Eqgn (1)}

—_

(i) Using trigonometry, this extra path length is equal to djswhere disthe —
slit width {Egn (2)}

Equating (1) and (2) gives us & d Sing

(iv)Calculate the wavelength of the green light.

d=—— =1.25x16m "~ T
i
A oA 9
g=0AI o
From the diagram we can see that the adjacent is 0.90 m ‘/ g e
- . . h - 90 em N
while the opposite is— = 0.119 m 1
=OAT-2— =753p
4= 8 -V
n=3
. ’ 8 .
nl =dsinq vy 1=—3 = V| =546¢ 109 m.

(v) Calculate the maximum number of images that are formed on the screen.
For maximum numbeg =90 Y sing=1
. . - 8
nl =dsinq Y nl =d Yn:|—=— n=227
So the greatest whole number of images is 22.
But this is on one side only.
In total there will be 22 on either side, plus one in the middle, so total = 45

(vi)Explain how the diffraction grating produces a spectrum.
Different colours have different wavelengths so constructive interference occurs at different positions
(differentangles) for each separate wavelength.

(vii)  Explain why a spectrum is not formed at the central (zero order) image.

At central imagey = 0 so constructive interference occurs for all separate wavelengths at the same poin
S0 no separation of colours.
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2008 Question 12 (b)

(1) On what does (i) the quality, (ii) the loudness, of a musical note depend?
Quiality depends on the number of overtones their relative strengths.
Loudness depends on amplitude of the wave.

(it) What is the Doppler Effect?
The Doppler effecis the apparent change in the frequency of a wave due to the relative motion betweel
the source of the wave and the observer.

(iii)A rally car travelling at 55 m s~ approaches a stationary observer. As the car passes, its engine is
emitting a note with a pitch of 1520 Hz. What is the change in pitch observed as the car moves
away {i.e. between when it passes and as it moves &vay}

fi=_fC Y §;= 1524349 Y f=1308.35 Hz
c°u 340+55

Y change in frequency = 15201308.35 = 211.65 Hz.
(iv)Give an application of the Doppler Effect.
Calculate speeds of stars or galaxies, speed traps.
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2007 Question 7

(vii)  What is the Doppler effect?

The Doppler effects the apparent change in the frequency of a wave due to the relative motion betwee

thesource of the wave and the observer.

(viii) Explain, with the aid of labelled diagrams, how this phenomenon occurs.
The circles represent the crests of sound waves emitted from the source.
In this case the source is moving to the right while emitting the svave
The result is that:
1. Ahead of the moving source, the crests are closer together than crests f
stationary source would be. This means that the wavelength is smaller ¢

stationery source would be.
3. This means the wavelengths are greater and therefore the frequency is

the frequency is greater. /\ Observer
2. Behind the moving source, the crests are further #pamtcrests from the "

(ix)Describe how an emission line spectrum is produced. _

When the gas is heated the electrons in the gas are move up to highkleodlitand as they fall back

down they emitlectromagnetic radiation of a specific frequency.

(x) Is the star approaching the earth? Justify your answer.
No
The wavelength has increased therefore it must be moving away.

(xi)Calculate the frequency of the red line in the star’s spectrum
f o = f 6—= Y fo = 4MHZ 1 10

f=- f= Y f=4.57 x 16*Hz

(xii)  Calculate the speed of the moving star
fo = 4¥%He7 T 10
f=4.57x10"Hz
c=3x1¢ms?

The star is moving away from the eia:r_f&h,

ctu

(4.57x10")(3x10°)

4.17x10" = 310) +u

X PMT O PTT O PEFYXPPT
pRUPPT THX PT O PEXPPT
X P O pEXPPT PEUPPT
X P O pg pm
u=2.88x16ms?
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2007 Question 12 (b)

(i) Define sound intensity.
Sound Intensity is defined as power per unit area.

(if) What is the sound intensity at a distance of 3 m from the loudspeaker?
The sound energy from the speattissipates in 3 dimensions, similar to an expanding (spherical
balloon). The area therefore corresponds to the surface area which the energy is passing through.
Surface area of sphere = #

Y¢EOHOROQE IR S.I.=221x10Wm?

(ii)What is the change in the sound intensity?
YEOORO QL (06w S| =442x10W m? The change is 2.21 x fToV m?

(iv)What is the change in the sound intensity level?
{Note: Doubling the Sound Intensity increades $ound Intensity Level by 3dB}
Answer: Sound intensity level increased by 3 dB

(v) How is this taken into account when measuring sound intensity levels?
There is an adapted scale which takes this into account calldddifbel adapte@ddBA) scale
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2005 Question 7

(i) Name the two phenomena that occur when the light passes through the pair of narrow slits.
Diffraction and interference

(ii) A pattern is formed on the screen. Explain how the pattern is formed.
The slits act as sources of two coherent wawi@sh overlap to give areas of constructive interference
(bright lines) and destructive interference (dark lines).

(ili)What is the effect on the pattern when the wavelength of the light is increased?

{n/ =d Sing
If / increases then the left hand side of this equation gets bigger, therefore the right hand side must get bigger.
6dd is fixed (we havendt changed the diffraction

side is Simg. If Singincreases thergincreases.}
Answer: The pattern of bright images gets more spread out.

(iv)What is the effect on the pattern when the distance between the slits is increased?
{n/ =d Sing
I n this case both values on the |l eft hand si d:
the total on the right must remain constant. The only way for this value to remain constant if the distan
between the slits (d) goes up is if §igoes down.}
Answer: The pattern becomes less spread out.

(v) Describe an experiment to demonstrate that sound is also a wave motion.
1 Walking slowly from X to Y, you will notice the loudness of the sound
increasing and decreasing at regular intervals.
This is because sound waves from the two speakers will interfere bot —
constructively and destructively, along the path XY.

(vi)Explain the difference between longitudinal and transverse waves. sigaal
Longitudinal wavesthe direction of the vibrations is paralleltte direction =
of propagation of the wave.
Transverse wavehe direction of the vibrations is perpendicular to the direction of the wave.

(vii)  Describe an experiment to demonstrate that light waves are transverse waves.

Light source and two pieces pblaroid as shown. Polarised Unpolarised
Rotate one polaroid relative to the other and note that the light intensity Ak naht
increases and decreases B Lt

Only transverse waves can be polarised, so light is a transverse wave. !

A produces plane polarised
light which B transmits
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2005 Question 12 (c)

(i) Give two other factors that affect the frequency of a stretched string.
Tensionand mass per unit length

(if) What is the frequency of vibration of the string?
{The distance from one nodette nexin a standing wave corresponds to half a wavelength.}

0.65= > = (2)(0.65) = 1.3 m

v=fa Y Q- Q — f=384.6 Hz

(iii)Draw a diagram of the string when it vibrates at its second harmonic.
/“‘\\ /"\
\/\/

(iv)What is the frequency of the second harmonic?
fona= 2(f15t) =769.2 Hz
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2003 Question 7

(i) Describe an experiment to show that sound is a wave motion.

1. Walking slowly from X to Y, you will notice the loudness of the ﬁﬂ
sound increasing and decreasing at regular intervals.

2. This is because sound waves from the two speakers will interfe
both constuctively and destructively, along the path XY. Eﬂi‘ﬂ

signal

generator
b X

(it) What is the Doppler effect?
The Doppler effects the apparent change in the frequency of a wave due to the relative motion betwee
the source of the wave and the observer.

(iii)Explain, with the aid of labelled diagrams, how this phenomenon occurs.
In this diagram the source is moving to the right while emitting the waves.
The result is that:
1. Ahead of the moving source, the crests are closer together than crests fror, ”";“““
stationary source would be. This metra the wavelength is smaller and the
frequency is greater.
2. Behind the moving source, the crests are further apart than crests from the N

stationery source would be.
3. This means the wavelengths are greater and therefore the frequency is less.— ** <X

(iv)Calculate the speed of the wave.
v = fva(68000)(0.005) =340m¢s

(v) Calculate the distance of the bat from the wall.
i nQQoo—— distance = (speed)(time)  distance = (340)(0.02} 6.8 m.
Divide by two to get the distance going one waly. Distance of bat from wall = 3.4 m.

(vi) If the frequency of the reflected wave is 70 kHz, what is the speed of the bat towards the wall?
f $70000 Hz
f = 68000 Hz
c=340m¢g
{From the batds perspecti ve t hao68WkHzl(the freqeency ef thel i
wave doesnd6t change just because It was refl e
Now because the bat is moving towards the soul
6plusdé in the formul a.
This is also an example of where the concepelativemotion applies; rather than the source of the

wave moving towards the observer (the bat), the observer in this case is moving towards the source)}

] fc
fi=— 20000= (68000(340
c-u 340- u

XTTMWANTO COPCTNATT
COUTMTMTIYMIUMNAITMG CP G MTMMINT ¢ 0 YT NGO ¢ T TG T

@ Y TTTTTT X T TTGT T u=9.71mégt

Alternatively we could have rearranged our formula at the beginning to give—— and then
substituted in the values as required.

(vii)  Give two other applications of the Doppler Effect.

Speed traps , speed of stars (red shift), landing aircraft, ultrasound (blood movement or heartbeat of foetus),
weather forecasting.
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2002 Question 7

(i) Explain the underlined terms in the above statement.
Constructive interferenceccurs when waves from two coherent sources meet to produce a wave of
greater amplitude.
Coherent wavesT'wo waves are said to be coherent if they have the same frequenag anglzase.

(if) What is the condition necessary for destructive interference to take place when waves from two
coherent sources meet?
They must be out of phase by half a wavelength (this means that the crest of one wave will be over the
trough of the other.

(iii)Describe an experiment that demonstrates the wave nature of light.
Shine a laser through a diffraction grating; an interference pattern will be produced on a screen, cause
by interference of the light waves

(iv)Calculate the wavelength of the radio waves.

c=fa Y 1 - ) B = 10000 m = 10 km

(v) What is the minimum distance that the reflected waves should travel for destructive interference
to occur at the receiver?
{For destructive interference to occur the reflected wave must arrivefqltase, i.e. it must have
travelled half a wavelength more than the regular wave.
The initial wave will have travelled 1500 km and half a wavelength is 5 km (worked out above) therefor
the reflected wave must travel 1500 km + 5 km = 1505 km.}

(vi)Calculate the minimum height of this layer for destructive
interference to occur at the receiver. 1505)2

Use Pythagoras— Q — h

h =61 km = 61000 m

(1500y2 ground
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