Q1. The diagram shows the structure of an atom.

Nucleus = -

S Proton Not drawn to scale
(@ In 1931 scientists thought that atoms contained only protons and electrons.

Suggest what happened in 1932 to change the idea that atoms contained only protons and
electrons.

)
(b) The table gives information about the particles in an atom.
Complete the table by adding the names of the particles.
Particle Relative Mass Relative Charge

1 0

very small -1

1 +1
(@)

(Total 3 marks)
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Q2.

(a) The names of three types of radiation are given in List A. Some properties of these
three types of radiation are given in List B.

Draw one line from each type of radiation in List A to its correct property in List B.

List A ListB
Type of radiation Property of radiation
will pass through paper but is stopped by thin metal
alpha
has the shortest range in air
beta
will not harm human cells
gamma
is very weakly ionising

@)

(b) The radioactive isotope iodine-123 can be used by a doctor to examine the thyroid gland of
a patient. The iodine, taken as a tablet, is absorbed by the thyroid gland. The gamma
radiation emitted as the iodine atoms decay is detected outside the body.

Radiation detector

a2 a
|

Thyroid —

The doctor uses an isotope emitting gamma radiation to examine the thyroid gland rather
than an isotope emitting alpha or beta radiation.

Which one of the following gives a reason why gamma radiation is used?

Tick (") one box.

Gamma radiation will pass through the body.

Gamma radiation is not deflected by a magnet.

Gamma radiation has a long range in air.

@)
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(©)

lodine-123 has a half-life of 13 hours.

Use a word from the box to complete the sentence.

all half most

After 13 hours .....ocvvevee e of the iodine-123 atoms the thyroid absorbed

have decayed.

lodine-123 and iodine-131 are two of the isotopes of iodine.

Draw a ring around the correct answer to complete the sentence.

electrons
The nucleus of an iodine-123 atom has the same number of | neutrons

protons

nucleus of an iodine-131 atom.

@)

as the

(€
(Total 6 marks)
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Q3.

The pie chart shows the sources of the background radiation and the radiation doses that the

average person in the UK is exposed to in one year.
Radiation dose is measured in millisieverts (mSv).

Other, including nuclear weapons testing,
nuclear accidents and power stations

0.01 mSv

/_fd-rﬂ"

Medical,
including
X-rays
0.34 mSv

Food

[/ and drink

| 0.25mSv

,l———-— Radon gas
1.25mSv

I'. Cosmic rays
V' 0.30mSv

Rocks and
buildings
0.35mSv

“—— i

@ ()

What is the total radiation dose that the average person in the UK receives?

()

(i) A student looked at the pie chart and then wrote down three statements.

Which one of the following statements is a correct conclusion from this data?

Put a tick (") in the box next to your answer.

In the future, more people will be exposed to a
greater proportion of radon gas.

People that have never had an X-ray get
50 % of their radiation dose from radon gas.

The radiation dose from natural sources
is much greater than from artificial sources.

()
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(b)

The concentration of radon gas inside a home can vary from day to day.

The table gives data for the radiation measured in homes in four different parts of the UK.
The radiation was measured using two detectors, one in the living room and one in the

bedroom. The measurements were taken over 3 months.

Number of Number of Average Maximum
Area of the UK | homes in the homes in the radiation radiation
area sample in Bg/m® in Bg/m®
A 590 000 160 15 81
B 484 000 130 18 92
C 221 000 68 000 162 10 000
D 318 000 35300 95 6 900

(i)  Give one reason why the measurements were taken over 3 months using detectors
in different rooms.

@)

(i)  Use information from the table to suggest why a much higher proportion of homes
were sampled in areas C and D than in areas A and B.

@)
(Total 5 marks)

Page 5 of 10



Q4.

(a) Ateacher used a Geiger-Mller (GM) tube and counter to measure the background
radiation in her laboratory.

The teacher reset the counter to zero, waited one minute and then took the count reading.

The teacher repeated the procedure two more times.
( |0015 /ﬁ
1

o I
| !

e

Reset to zero One minute later

Counter

GM tube

(i)  Background radiation can be either from natural sources or from man-made
sources.

Name one man-made source of background radiation.

@)

(i)  The three readings taken by the teacher are given in the table.

Count after
one minute

15

24

18

The readings given in the table are correct.

Why are the readings different?

()

(b) Some scientists say they have found evidence to show that people living in areas of high
natural background radiation are less likely to develop cancer than people living in similar
areas with lower background radiation.

The evidence these scientists found does not definitely mean that the level of background
radiation determines whether a person will develop cancer.

Suggest a reason why.

@)
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(c) An atom of the isotope radon-222 emits an alpha particle and decays into an atom of
polonium.

An alpha particle is the same as a helium nucleus. The symbol below represents an alpha
particle.

4

He
2

() How many protons and how many neutrons are there in an alpha particle?
Number of protons = ...............

Number of neutrons = ...............
(@)

(i)  The decay of radon-222 can be represented by the equation below.

Complete the equation by writing the correct number in each of the two boxes.

222
En — Po + alpha particle

86
@

(d) The graph shows how, in a sample of air, the number of radon-222 nuclei changes with
time.
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of nuclei 400 | | ""\.h

300 i i

200 I mi I 1 L]

100

0

0 1 2 3 4 5 6 7 8
Time in days
Use the graph to find the half-life of radon-222.
Show clearly on the graph how you obtain your answer.
Half-life = ... days

)
(Total 9 marks)
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Q5. In 2011 an earthquake caused severe damage to a nuclear power station in Japan.

C 131, .
The damage led to the release of large amounts of radioactive iodine-131 { 531) into the
atmosphere.

131

(@) The table gives some information about an atom of iodine-131 ( 5313.

Complete the table.

mass number 131

number of protons 53

number of neutrons

)
(b) Complete the sentence.
The number of protons in an atom is called the proton number or

the e, number.
1)

(c) Anatom of iodine-131 decays into an atom of xenon (Xe) by emitting a beta particle.
()  The decay of iodine-131 can be represented by the equation below.

Complete the equation by writing the correct number in each of the two boxes.

12;1 —_— Xe + beta particle

@

(i) A sample of rainwater contaminated with iodine-131 gives a count rate of 1200
counts per second.

Calculate how many days it will take for the count rate from the sample of rainwater
to fall to 75 counts per second.

Half-life of iodine-131 = 8 days

Show clearly how you work out your answer.

@
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(iii)  If people drink water contaminated with iodine-131, the iodine-131 builds up in the
thyroid gland. This continues until the thyroid is saturated with iodine-131 and cannot

absorb any more. The radiation emitted from the iodine-131 could cause cancer of
the thyroid.

In Japan, people likely to be drinking water contaminated with iodine-131 were
advised to take tablets containing a non-radioactive isotope of iodine.

Suggest why this advice was given.

)
(Total 8 marks)
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