Q1.

Radio waves and gamma rays both transfer energy.

(a) Give three other similarities between radio waves and gamma rays.

1

()

Both radio waves and gamma rays are used in medicine.

(b) Give one medical use of gamma rays.

(1)

(c) Explain why exposure to gamma rays can be harmful but exposure to radio waves is
not harmful.

(2)
(d) Some medical scanners produce radio waves at a specific frequency.

Explain how radio waves are produced at a specific frequency.

(2)
(Total 8 marks)
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Q2.

A student investigated the behaviour of light.

The student used a mirror with a smooth surface to investigate reflection.

Figure 1 shows the equipment used.

Figure 1
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(@) What name is given to reflection from a smooth surface?

(1)
The student measured the angle of reflection for different angles of incidence.

The table below shows the results.

Angle of Angle of reflection in degrees
incidence in

degrees Test 1 Test 2 Test 3 Mean
10 8 10 11 10
20 20 21 20 20
30 28 29 32 30
40 39 41 41 40
50 49 50 52 50

(b) What conclusion can be made from the results in the table above?

(1)
(c) What type of error caused the variation in the results for the angle of reflection?

Suggest one cause of this error.
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Type of error

Cause of error

The student also investigated the refraction of light.

(2)

(d) Figure 2 shows the path of a ray of light through a glass block.

Figure 2

Glass

Why has refraction not occurred?

Air

(1)

(e) The student measured the angle of refraction for different angles of incidence.

Figure 3 shows the protractor used.

Figure 3
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When the angle of incidence was 10° the student measured the angle of refraction

four times.

The student recorded the measurements as:
6.0° 6.3° 6.4° 5.8°

Explain why the student should not have recorded these results when using the
protractor in Figure 3 to make the measurements.

(2)

Figure 4 shows what happens to wave fronts as they pass across the boundary

(f)

between air and glass.
Figure 4
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Explain in terms of the wave fronts, why refraction happens at the boundary

between air and glass.

(Total 10 marks)

Q3.
(a) Figure 1 shows the electromagnetic spectrum.
Figure 1
. 3 Visible :
Radic | Microwave| Infrared light Ultraviolet H-ray Gamma

Which statement is correct for the direction of the arrow in Figure 1?

Tick (V') one box.

The wavelength decreases and the wave speed in air
increases.
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The frequency increases and the wavelength increases.

The frequency increases and the wave speed in air stays
the same.

The wavelength increases and the wave speed in air
increases.

(1)

(b) Explain how the properties of X-rays make them suitable for the medical imaging of
bones.

(2)
A student investigated the infrared radiation emitted from the sides of a hollow metal cube.
The sides of the cube are different colours or textures.

Figure 2 shows the equipment used.

Figure 2
Water in Shiﬂ}" black
) 4 surface
Matt white n |
surface — f— Ruler
— Shiny
Matt black silver = g
surface — surface s "
a0
kettle filled Hollow metal cube Infrared detector —
with hot water uses infrared to

give a temperature

Boiling water was poured into the cube. The amount of infrared radiation emitted from
each vertical surface was then measured.

(c) Boiling water is a hazard in this investigation.

Suggest how the risk of harm could be reduced in this investigation.
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(d) What is the control variable in this investigation?

The following table shows the results.

Type of surface Temperature in °C
Matt black 68.0
Matt white 65.6
Shiny black 66.3
Shiny silver 28.0

(e) The four temperature values in the table cannot be used to show that the infrared
detector gives precise readings.

Give the reason why.

(f)  The student looked at the data in the table above and concluded:
‘A black surface always emits more infrared radiation than a white surface.’

Explain how using an infrared detector with a resolution of 1 °C would have affected

the student’s conclusion.

Albedo is a measure of the amount of solar radiation reflected by an object compared to

the total solar radiation incident on the object.

A perfect reflector has an Albedo value of 1.0
A perfect absorber has an Albedo value of 0.0
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What is the Albedo value of a perfect black body?

(1)
Figure 3 shows two points, A and B, just above the Earth’s surface.

Figure 3

A *B

Earth's surface

The average Albedo value of the Earth’s surface is 0.3
The Albedo value of thick cloud varies between 0.6 and 0.9

At night the air at point A cools faster than the air at point B.

Explain why.

(3)
(Total 12 marks)
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Mark schemes

Q1.

Q2.

(@)

(d)

(a)

(b)

any three from:

. they travel at the same speed (in a vacuum / air)
allow they travel at the speed of light
. they can travel through a vacuum
allow they do not need a medium (to travel)
. they are transverse (waves)
. they are electromagnetic (waves)

ignore they can be reflected / refracted / absorbed /
transmitted / diffracted.

any one from:

. (medical) imaging
allow correctly named method eg PET scan, tracer, gamma
camera
do not accept ultrasound, CT scan, X-rays, MRI scan

. (medical) treatments

allow correctly named treatment eg radiotherapy,
brachytherapy, gamma knife

do not accept chemotherapy
allow sterilising medical equipment

gamma rays are (weakly) ionising but radio waves are not (ionising)

(so gamma rays) can cause mutations in genes / DNA
or
(so gamma rays) can increase the risk of cancers

allow can cause cancer
allow damages / kills cells

(radio waves are produced by) oscillations in electrical circuits (of the scanner)
allow (radio waves are produced by) alternating current

allow (radio waves are produced by) oscillating electrons (in
an aerial)

the radio waves have the same frequency as the oscillations
MP2 dependent on MP1

(8]

specular (reflection)

the angle of incidence = the (mean) angle of reflection
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Qs.

(e)

(a)

(b)

random

any one from:

. the student's eye / head might not be in the same position each time
allow parallax

. the centre of the ray may not have been marked correctly

. the mirror / ray box may not have been (re)placed correctly

allow protractor not in the correct position

incorrect measurement of the angle(s) is
insufficient

all points on a wavefront enter the glass at the same time
allow incident ray (of light) is along the normal

the resolution (of the protractor) is 1(°)

(so) could not be used to measure the difference between the results

allow (so) could not be used to measure to 1
decimal place

different parts of the wavefront enter the glass at different times

the velocity / speed (of light) is less in glass

(so) one part of the wave front changes speed before other parts

[10]

The frequency increases and the wave speed in air stays the same

pass through soft tissue
allow penetrate for pass through
allow skin/muscle/etc... for soft tissue
pass through tissue is insufficient

(but) absorbed by bone
allow do not pass through bone
do not accept reflected by bone

accept a sensible practical suggestion eg
. complete the investigation standing up
. use (slightly) cooler water
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. do not touch the hot cube
do not accept use cold water
pour water in carefully is insufficient
ignore wear safety goggles or gloves

(d) distance between each side (of the cube) and the (infrared) detector
allow distance between cube and detector

(e) measurements (for each surface) have not been repeated (to show that they
cluster closely)

do not accept any answer for measurement
should be repeated for any reason other than to
show they cluster eg to show accuracy / average
/ anomalies would be wrong

(f)  (the student) could not conclude that black surfaces always emit more
(infrared) than a white surface

a (matt) white surface (appears to) emit(s) the
same amount (of infrared) as a (shiny) black
surface

the conclusion is wrong is insufficient

(as) the reading for the matt white and shiny black would both be 66 (°C)

allow (as) the reading for the matt white and
shiny black would be the same

allow 0
allow zero

(h) at night, more radiation is emitted from the Earth than absorbed from space

cloud reflects radiation (towards the Earth)
allow solar radiation for radiation

at A, (there is no cloud cover so) a larger proportion of radiation will be emitted
into space

2]
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