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1 Bats use the reflection of high pitched sound waves to determine the position of objects.
The image below shows a bat and an insect flying in front of the bat.
Insect
Sound waves
emitted by bat
(@) What determines the pitch of a sound wave?
Tick (V') one box.
Tick (V)
amplitude
frequency
speed
(1)
(b) State the name given to reflected sound waves.
(1)
(c) The bat emits a sound wave with a frequency of 25.0 kHz and a wavelength of 0.0136
metres.
Calculate the speed of this sound wave.
Speed = m/s
(2
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(d) Sound waves are longitudinal. Describe a longitudinal sound wave.

(2
(Total 6 marks)

2 (a) Diagram 1 shows two waves.

Diagram 1

(i)  Name one wave quantity that is the same for the two waves.

(1)

(i)  Name one wave quantity that is different for the two waves.

(1
(i) The waves in Diagram 1 are transverse.
Which one of the following types of wave is not a transverse wave?

Draw a ring around the correct answer.

gamma rays sound visible light

(1)
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(b) Diagram 2 shows water waves in a ripple tank moving towards and passing through a 'gap

in a barrier.

Diagram 2

Every second, 8 waves pass through the gap in the barrier. The waves have a wavelength
of 0.015 metres.

Calculate the speed of the water waves and give the unit.

Speed =

(3)
(Total 6 marks)

3 Waves may be longitudinal or transverse.
(a) Describe the differences between longitudinal waves and transverse waves.
3
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(b) Radio waves are electromagnetic waves.

Describe how radio waves are different from sound waves.

4
(Total 7 marks)

A note was played on an electric keyboard.

4
The frequency of the note was 440 Hz.
(@) (i) Whatdoes a frequency of 440 Hz mean?
(1)
(i)  The sound waves produced by the keyboard travel at a speed of 340 m / s.
Calculate the wavelength of the note.
Give your answer to three significant figures.
Wavelength = metres
(3)
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(b) Figure 1 shows a microphone connected to a cathode ray oscilloscope (CRO) being used

to detect the note produced by the keyboard.

Figure 1

Keyboard

Cathode ray oscilloscope

Microphone [ i m

Figure 2 shows the trace produced by the sound wave on the CRO.

Figure 2

A second note, of different wavelength, was played on the keyboard.
Figure 3 shows the trace produced by the sound wave of the second note on the CRO.

Figure 3

The settings on the CRO were unchanged.
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What two conclusions should be made about the second sound wave produced by thé

keyboard compared with the first sound wave?
Give a reason for each conclusion.

Conclusion 1

Reason

Conclusion 2

Reason

4
(Total 8 marks)

5 (@) Human ears can detect a range of sound frequencies.

(i)  Use the correct answers from the box to complete the sentence.

2 20 200 2000 20 000

The range of human hearing is from about Hz to Hz.
(2

(i)  What is ultrasound?

(1)

(iii)  Ultrasound can be used to find the speed of blood flow in an artery.

State one other medical use of ultrasound.

(1)
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(b) The speed of an ultrasound wave in soft tissue in the human body is 1.5 x 108 m / s and

the frequency of the wave is 2.0 x 10° Hz.

Calculate the wavelength of the ultrasound wave.

Wavelength = m

(2
(¢) When ultrasound is used to find the speed of blood flow in an artery:
. an ultrasound transducer is placed on a person’s arm
. ultrasound is emitted by the transducer
. the ultrasound is reflected from blood cells moving away from the transducer
. the reflected ultrasound is detected at the transducer.

Describe the differences between the ultrasound waves emitted by the transducer and the
reflected waves detected at the transducer.

(2
(Total 8 marks)

6 Small water waves are created in a ripple tank by a wooden bar. The wooden bar vibrates up and
down hitting the surface of the water.
The figure below shows a cross-section of the ripple tank and water.
v\ I i SANSASD S\ S\ S\ S \| T Ripple tank
J L
Not to scale
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(@) Which letter shows the amplitude of a water wave? PRy

Tick one box.

(1)

(b) The speed of the wooden bar is changed so that the bar hits the water fewer times each
second.

What happens to the frequency of the waves produced?

Tick one box.

Increases

Does not change

Decreases

(1
(c) Describe how the wavelength of the water waves in a ripple tank can be measured
accurately.
(2
@TOPhysicsTutor facebook.com/TheOnlinePhysicsTutor

Catalyst Tutors Page 9 of 24



, , _ _ theonlinephysicstutor.com
(d) The speed of a wave is calculated using the following equation.

wave speed = frequency x wavelength
The water waves in a ripple tank have a wavelength of 1.2 cm and a frequency of 18.5 Hz.

How does the speed of these water waves compare to the typical speed of a person
walking?

4
(Total 8 marks)

7 Figure 1 shows a longitudinal wave being produced in a stretched spring.
Figure 1
L M Wall
< R T KO KK
@\' g t O 'J W SS00 B E000 W O060
Oscullation
(a) Which of the letters on Figure 1 shows the centre of a rarefaction?
Tick one box.
J K L M
(1
(b)  Which two letters in Figure 1 have a distance of one wavelength between them?
Tick one box.
Jand K Kand L Land M Jand M
(1
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(c) Describe how the end of the stretched spring should be moved in order to produce a

transverse wave.

(1)

Figure 2 shows how two students used the sound reflected off a building (an echo) to measure
the speed of sound.

Figure 2

-

Student A Student B

This is the method used.

1. Student A hit two cymbals together and student B started a stopwatch.
2. When student A heard an echo she hit the cymbals together again.

3. Student B stopped the stopwatch after timing 5 echoes.

The table shows the student's results.

Time for 5 echoes in
seconds

3.1

2.7

2.2

3.2
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(d) The students decided that the time of 2.2 s was an anomalous result.

What was the most likely cause for this anomalous result?

Tick one box.

Not resetting the stopwatch to zero.

Starting the stopwatch too soon.

Timing less than five echoes.

Timing more than five echoes.

(1)
(e) Calculate the mean value of the time for 5 echoes.

Ignore the anomalous result.

mean time = S

(1)
()  The distance between student A and the building is 75 metres.

Calculate the distance the sound travels in going from student A to the building and back
again five times.

distance = m

(1)
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(g) Calculate the speed of sound.

Use your answers to Questions (e) and (f) and the equation:

distance travelled
time

speed =

speed of sound = m/s
(2

(h)  The value for the speed of sound obtained by the students is not very accurate.

Suggest two changes to the method used by the students that would improve the
accuracy.

1.

(2
(Total 10 marks)

8 X-rays and ultrasound can both be used for scanning internal organs.

(@) Ultrasound is used to scan unborn babies but X-rays are not used to scan unborn babies.

Explain why.

@)
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(b)  The behaviour of ultrasound waves when they meet a boundary between two different

materials is used to produce an image.

Describe how.

()

(c) Figure 1 shows two pulses from a scan of an unborn baby. The emitted pulse is labelled A.
The returning pulse picked up by the receiver is labelled B.

Figure 1

Pulse , =
intensity ‘ "

| | A
0 10 20 30 40 50 60 70 80 90 100
Time in seconds x 10-6

The closest distance between the unborn baby and the mother’s skin is 4.0 cm.
Use information from Figure 1 to calculate the average speed of the pulse.

Average speed = m/s
(3
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(d) Figure 2 shows an X-ray of an arm with a broken bone.

Figure 2

© emmy-images/iStock

(i)  Describe how X-rays are able to produce an image of bones.

@)

(i) Complete the following sentence.
X-rays are able to produce detailed images because their wavelength

is very

(1
(Total 12 marks)
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Figure 1 shows a set of tuning forks.

Figure 1

Prong

Ve
(
Ve

L LJ
J

Handle

A tuning fork has a handle and two prongs. It is made from metal.

When the prongs are struck on a hard object, the tuning fork makes a sound wave with a single
frequency. The frequency depends on the length of the prongs.

(a) Use the correct answer from the box to complete each sentence.

direction loudness pitch speed

The frequency of a sound wave determines its

The amplitude of a sound wave determines its

()

(b) Each tuning fork has its frequency engraved on it. A student measured the length of the
prongs for each tuning fork.

Some of her data is shown in the table.

Frequency Length of prongs
in hertz incm

320 9.5

384 8.7

480 7.8

512 7.5

(i)  Describe the pattern shown in the table.

1
@TOPhysicsTutor facebook.com/T heOnIinePhysiés)Tutor
Catalyst Tutors Page 16 of 24



theonlinephysicstutor.com
(i)  Figure 2 shows a full-size drawing of a tuning fork.

Figure 2

Length of prongs

N

|7
B

Measure and record the length of the prongs.

Length of prongs = cm

(1)

Use the data in the table above to estimate the frequency of the tuning fork in
Figure 2.

Explain your answer.

Estimated frequency = Hz

(3)
(c) Ultrasound waves are used in hospitals.

(i)  Use the correct answer from the box to complete the sentence.

electronic hydraulic radioactive

Ultrasound waves can be produced by systems.

(1)
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(i)  The frequency of an ultrasound wave used in a hospital is 2 x 10% Hz.

It is not possible to produce ultrasound waves of this frequency using a tuning fork.

Explain why.

()

(d) Figure 3 shows a tuning fork and a microphone. The microphone is connected to an
oscilloscope.

Figure 3

© Sciencephotos/Alamy
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When the tuning fork is struck and then placed in front of the microphone, a trace appears

on the oscilloscope screen.
Figure 4 shows part of the trace on the screen.

Figure 4

/N AN
/ /

\/ N

Each horizontal division in Figure 4 represents a time of 0.0005 s.

What is the frequency of the tuning fork?

Frequency = Hz

(3)
(Total 13 marks)

Ultrasound waves can be passed through the body to produce medical images.
When ultrasound waves are directed at human skin most of the waves are reflected.

If a material called a ‘coupling agent ‘ is placed on the skin it allows most of the ultrasound waves
to pass through the skin and into the body.

(@) Whatis ‘ultrasound’?

()
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(b)  Two ultrasound frequencies that are used are 1.1 MHz and 3.0 MHz.

The speed of ultrasound in water is 1500 m / s.

Calculate the wavelength of the 3.0 MHz waves in water.

Wavelength = m

@)

() The coupling agent used with ultrasound is usually a gel.
Water would be a good coupling agent.

Suggest why water is not used.

(1)
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(d) Figure 1 shows a coupling agent being tested.

. An ultrasound transmitter emits waves.
. The waves pass through the coupling agent and then through the water.

. The waves are detected by the ultrasound receiver.

Figure 1

Ultrasound transmitter Ultrasound receiver

Coupling agent Water

A scientist tests different coupling agents.
Suggest which variables she must control.

Tick (v') two boxes.

Tick (v)
The amount of light in the room
The colour of the coupling agent
The width of the coupling agent
The width of the water
(2
@TOPhysicsTutor facebook.com/TheOnlinePhysicsTutor

Catalyst Tutors Page 21 of 24



(e) The table shows the results for coupling agents A, B, C, D, E, F and G.

They were tested using the two frequencies, 1.1 MHz and 3.0 MHz.

theonlinephysicstutor.com

The results show how well the waves pass through the coupling agent compared with how

they pass through water. The results are shown as a percentage.

100% means that the coupling agent behaves the same as water.

(i)

(ii)

@TOPhysicsTutor

Coupiing |\ eantage. | porcontage
using 1.1 MHz using 3.0 MHz

A 108 100

B 105 100

Cc 104 98

D 100 98

E 98 98

F 95 99

G 89 88

Which coupling agent allows most ultrasound to pass through at

both frequencies?

Which coupling agent performs the same for both frequencies?
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The waves enter the body and move towards a kidney.

Figure 2

Skin —__

Ultrasound fransmitter

-

e

Coupling agent

Body tissue <]

The transmitter also detects the ultrasound waves.
The transmitter is connected to an oscilloscope.

Figure 3 shows the trace on the screen of the oscilloscope.

J represents the intensity of the waves emitted by the transmitter.

Figure 3
J
f\'
L
n
' M
K I P.l
\N\ww} \/(LMMAJ R ) SN
>
8.0 X 10-5s

Catalyst Tutors

_ _ _ _ theonlinephysicstutor.com
()  Figure 2 shows an ultrasound transmitter sending waves into a patient’s body.
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(i)  Explain the intensities at K, L and M.

(6)

(i)  The speed of ultrasound waves in the body is 1500 m/s.

Use information from Figure 3 to calculate the maximum width of the kidney.

Maximum width of kidney = m

(3
(Total 19 marks)
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