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Radiation

Easy (Grade D/E)


Q1.Certain types of atom emit alpha, beta or gamma radiation. The radiation is emitted from the centre of the atom.
(a)     What name is given to the centre of an atom?
                                            ..................................................................
(1)



(b)     The sign below is used to warn people that a radiation source is being used in a laboratory.
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Why is it important to warn people that a radiation source is being used?
........................................................................................................................
........................................................................................................................
(1)



(c)     Before using a radiation source, a teacher asked her class whether there was any way that she could reduce the amount of radiation that the source emitted. Three students each gave an answer to the teacher.
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A
B
C

Which one of the students, A, B or C, is correct?
 
Write your answer in the box.
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(1)



(d)     The diagram shows the apparatus used by the teacher to demonstrate how one type of radiation is able to pass through lead.
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One lead sheet, 2 mm thick, was placed between the source and the detector and a count rate was taken. Extra lead sheets were added. For each extra lead sheet, a new count rate was taken and recorded in the table.
 
Number of lead
sheets
Count rate in counts
per minute
1
226
2
220
3
210
4
190
5
185

Which type of radiation was the source emitting: alpha, beta or gamma?
........................................................................................................................
Give the reason for your answer.
........................................................................................................................
........................................................................................................................
........................................................................................................................
(2)



(e)     The diagram shows how a company detects any boxes left empty by an automatic filler.
When an empty box passes between the beta source and the detector, a buzzer sounds. A worker then removes the box from the conveyor belt.
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(i)      Why would this system not work if an alpha source were used instead of the beta source?
...............................................................................................................
...............................................................................................................
(1)



(ii)     The chart shows how the detector reading changes as boxes pass along the conveyor belt.
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Which part of the chart, K, L, M or N, shows that an empty box is passing between the beta source and the detector?
                                             ..................................................................
Give a reason for your answer.
...............................................................................................................
...............................................................................................................
(2)
(Total 8 marks)
 


 



Q2.         The table shows the average background radiation dose from various sources that a person living in the UK receives in one year.
 
Source of background radiation 
Average radiation dose received each year in dose units 
Cosmic rays (from space)
300 
Food and drink
250 
Medical treatments (including X-rays)
350
Radon gas
1250 
Rocks 
350 
TOTAL 
2500 
 


(a)    (i)       A student looked at the data in the table and then wrote down four statements.
Only two of the statements are true.
Put a tick (file_16.png
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) in the boxes next to the two true statements.
 
More than half of the average radiation dose comes from radon gas.
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On average, cosmic rays produce less background radiation than rocks.
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Everyone living in the UK receives the same background radiation dose.
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Having no X-rays reduces a person’s radiation dose.
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(2)



(ii)     Each time a chest X-ray is taken, the patient receives about 100 units of radiation.
How many chest X-rays would just exceed the yearly average dose for medical treatments?
........................................................................................................................
                           Number of chest X-rays = ..................................................
(2)



(b)     Exposure to radiation can cause cancer.
The graphs, A, B and C, show three different ways that the exposure to radiation and the risk of getting cancer could be linked.
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(i)     What do all three of these graphs suggest happens to the risk of getting cancer when the radiation dose goes from moderate to high?
...............................................................................................................
...............................................................................................................
(1)



(ii)     Some scientists believe that exposure to low radiation doses reduces the chance that a person will get cancer. This effect is called ‘radiation hormesis’.
Which one of the graphs, A, B or C, shows ‘radiation hormesis’?
 
Write your answer in the box.
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Give a reason for your answer.
...............................................................................................................
...............................................................................................................
...............................................................................................................
(2)



(c)     Scientists did an experiment in which mice were exposed to different doses of radiation.
The results from the experiment are given in the table.
 
Description of exposure 
Percentage of mice getting cancer
Mice exposed to a low dose of radiation and then a high dose of radiation.
16% 
Mice exposed to a high dose of radiation only.
46% 

(i)      Do the results from this experiment provide evidence to support ‘radiation hormesis’?
 
Draw a ring around your answer. 
NO
YES

Explain the reason for your answer.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
(2)



(ii)     Complete the following sentence by drawing a ring around the correct word in the box.
 
 
environmental
 
Using animals in scientific experiments raises
ethical
issues.
 
social
 

(1)
(Total 10 marks)
Q3.          (a)     The names of the three types of nuclear radiation are given in List A.
Some properties of these types of radiation are given in List B.
Draw a straight line to link each type of radiation in List A to its correct property in List B.
Draw only three lines.
 
List A
Type of nuclear radiation
 
            List B
Property of radiation

 
 
 
Has the same mass as an electron
Alpha
 
 
 
 
Very strongly ionising
Beta
 
 
 
 
Passes through 10 cm of aluminium
Gamma
 
 
 
 
Deflected by a magnetic field but
not deflected by an electric field

(3)



(b)     The diagram shows a system used to control the thickness of cardboard as it is made.
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The cardboard passes through a narrow gap between a beta radiation source and a radiation detector.
The table gives the detector readings over 1 hour.
 
Time
Detector reading
08:00
150
08:15
148
08:30
151
08:45
101
09:00
149

(i)      Between 08:00 and 08:30, the cardboard is produced at the usual, correct thickness.
Explain how you can tell from the detector readings that the cardboard produced at 08:45 is thicker than usual.
...............................................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................
(2)



(ii)     Which would be the most suitable half-life for the beta source?
Draw a ring around your answer.
 
six days
six months
six years

(1)



(iii)    This control system would not work if the beta radiation source was replaced by an alpha radiation source.
Why not?
...............................................................................................................
...............................................................................................................
(1)
(Total 7 marks)
 Q4.          (a)     The diagram represents a helium atom.
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(i)      Which part of the atom, K, L, M or N, is an electron?
Part file_34.png
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(1)



(ii)     Which part of the atom, K, L, M or N, is the same as an alpha particle?
Part file_36.png
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(1)



(b)     A radioactive source emits alpha particles.
What might this source be used for?
Put a tick (file_38.png
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) in the box next to your answer.
 
to monitor the thickness of aluminium foil as it is made in a factory
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to make a smoke detector work
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to inject into a person as a medical tracer
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(1)



(c)     The graph shows how the count rate from a source of alpha radiation changes with time.
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What is the count rate after 4 hours?
                                           ............................................. counts per second
(1)
(Total 4 marks)
 


 



Q5.The pie chart shows the average proportions of background radiation from various sources in the UK.
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Three sources of background radiation are given in List A.
Statements about sources of background radiation are given in List B.
Draw one line to link each source of background radiation in List A to the statement about that source given in List B.
Draw only three lines.
 
List A
 
List B
 
 
Are used to show broken bones.
X-rays
 
 
 
 
The radiation comes from outer
space.
Cosmic rays
 
 
 
 
Comes from soil containing a
radioactive isotope of potassium.
Radon gas
 
 
 
 
Gives about 50 % of all background
radiation.

(Total 3 marks)
 


 



Q6.          The diagram represents an atom of lithium.
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(a)     (i)     Complete the following table of information for an atom of lithium.
 
Number of protons
 
Number of electrons
 
Number of neutrons
 

(2)



(ii)     What is the mass number of a lithium atom?
Draw a ring around your answer.
 
3
4
7
10

Give a reason for your answer.
...............................................................................................................
...............................................................................................................
(2)



(b)     Complete the following sentence by drawing a ring around the correct line in the box.
 
 
an ion
An atom that has lost an electron is called
an isotope
 
a positive atom

(1)



(c)     When an alpha particle is emitted from the nucleus of a radon atom, the radon changes into polonium.
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An alpha particle consists of 2 protons and 2 neutrons.
(i)      Complete the following sentence by drawing a ring around the correct line in the box.
 
 
greater than
 
The mass of a polonium atom is
the same as
the mass of a radon atom.
 
smaller than
 

(1)



(ii)     Give a reason for your answer to part (c)(i).
...............................................................................................................
...............................................................................................................
(1)
(Total 7 marks)
Q7.          A radioactive source emits alpha (α), beta (β) and gamma (γ) radiation. The diagram shows what happens to the radiation as it passes between two charged metal plates.
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(a)     Which line P, Q or R shows the path taken by:



(i)      alpha radiation              ....................
(1)
(ii)     gamma radiation?         ....................
(1)



(b)     The diagram shows three different boxes and three radioactive sources. Each source emits only one type of radiation and is stored in a different box. The box reduces the amount of radiation getting into the air.
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          Draw three lines to show which source should be stored in which box so that the minimum amount of radiation gets into the air.
(2)



(c)     The graphs show how the count rates from three different radioactive sources, J, K, and L, change with time.
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(i)      Which source, J, K, or L, has the highest count rate after 24 hours? ..............
(1)
(ii)     For source L, what is the count rate after 5 hours?
............................. counts per second
(1)
(iii)     Which source, J, K, or L, has the longest half-life? ........................................
(1)



(iv)    A radioactive source has a half-life of 6 hours.
What might this source be used for?
Put a tick (file_64.png
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) in the box next to your choice.
To monitor the thickness of paper as it is made in a factory                 file_66.png
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To inject into a person as a medical tracer                                             file_68.png
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To make a smoke alarm work                                                                file_70.png
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(1)
(Total 8 marks)
Q8.          (a)     The names of three types of nuclear radiation are given in List A. Some properties of these three types of radiation are given in List B.
          Draw a straight line to link each type of radiation in List A to its correct property in List B. Draw only three lines.
              List A                                                                    List B
Type of nuclear radiation                                           Property of radiation
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(3)



(b)     Nuclear radiation is given out from the centre of some types of atom.
What name is given to the centre of an atom? ..........................................................
(1)



(c)     One of the substances in the table is used as a radioactive tracer. A hospital patient breathes in air containing the tracer. The radiation given out is measured by a doctor using a detector outside the patient’s body.
Substance
Radiation
given out
Solid, liquid
or gas
X
alpha
gas
Y
gamma
gas
Z
gamma
solid

Which one of the substances, X, Y or Z, should be used as the tracer? ....................
Give two reasons for your answer.
1 .................................................................................................................................
....................................................................................................................................
2 .................................................................................................................................
....................................................................................................................................
(3)



(d)     Radiation can also be used to kill the bacteria on fresh food.
          Give one reason why farmers, shop owners or consumers may want food to be treated with radiation.
....................................................................................................................................
....................................................................................................................................
(1)
(Total 8 marks)
Q9.          The table shows how the count rate from a radioactive substance changes in 10 days.
 
Time in days
0
2
4
6
8
10
Count rate in counts per minute
880
555
350
220
140
90
 


(a)     Draw a graph of count rate against time.
          The first two points have been plotted for you.
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(3)



(b)     (i)      Use your graph to find out how long it takes for the count rate to fall from 880 counts per minute to 440 counts per minute.
Time = ....................................... days
(1)



(ii)     What is the half-life of this substance?
Half-life = ....................................... days
(1)



(c)     The table gives the half-life and type of radiation given out by four different radioactive isotopes.
 
Radioactive
isotope
Half-life 
in days
Radiation given out
bismuth-210
5.0
beta
polonium-210
138.0
alpha and gamma
radon-222
3.8
alpha
thorium-234
24.1
beta and gamma

          Some samples of each isotope have the same count rate today. Which sample will have the lowest count rate one month from today?
.....................................................................................................................................
          Give a reason for your answer.
.....................................................................................................................................
(2)
(Total 7 marks)
Q10.          (a)     The pie-chart shows the main sources of background radiation.
file_76.png

file_77.wmf





(i)      Which source in the pie-chart adds the smallest amount of radiation to
background levels?
..........................................................................................................................
(1)



(ii)     Name two natural sources of background radiation in the pie-chart.
1. .....................................................................................................................
2. .....................................................................................................................
(2)



(b)     The diagrams show how a radiation detector and counter can be used to measure radiation levels. In each case the numbers show the count one minute after the counter is switched on.
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(i)         How many counts are just from background             radiation?
            .........................................................
 
 
(ii)        How many counts are just from the source?
            ........................................................
 
 
(iii)       What type of radiation did the source give out?
            ........................................................
            Give a reason for your answer.
            ........................................................
            ........................................................
            ........................................................
            ........................................................
 

(4)
(Total 7 marks)
Radiation-Mark scheme
M1.          (a)     nucleus
do not accept core / centre / middle
1



(b)     radiation damages our cells
accept radiation is dangerous / poisonous / harmful / toxic
accept radiation can cause cancer / kills cells / change DNA / cause mutations / harm health
accept so precautions can be taken
accept so they know they may be exposed to / harmed by radiation it refers to radiation (source)
to stop people being harmed is insufficient
1



(c)     C
1



(d)     gamma
1



gamma will pass through the lead
reason only scores if gamma chosen
or
alpha and beta will not pass through lead
accept correct symbols for alpha, beta and gamma
1



(e)     (i)      range of alpha too short
accept alpha would not reach detector
or
alpha absorbed whether box is full or empty
accept alpha (always) absorbed by box / card
accept alpha will not pass through the box / card
alphas cannot pass through objects / solids is insufficient
alpha not strong enough is insufficient
1



(ii)     M
reason only scores if M chosen
1



less radiation / beta (particles) absorbed
accept more radiation / beta particles pass through
or
more radiation absorbed by full boxes
accept reading is higher
1
[8]
 M2.         (a)       (i)     on average, cosmic rays produce less background radiation than rocks.
1



having no X-rays reduces a person's radiation dose.
1



(ii)     4
allow 1 mark for 350 / 4
allow 1 mark for an answer 3.5
2



(b)    (i)      (risk) increases
1



(ii)      C
reason only scores if C chosen 
1



shows a lower risk for low doses (than for zero exposure)
accept risk reduces when you go from low to moderate (doses)
1



(c)    (i)      no mark for YES or NO, marks are for the explanation
YES
fewer mice exposed first to a low dose
1



get cancer (than those only exposed to a high dose)
only scores if first marking point scores
NO
the results are for mice (1)
and may not be applicable to people (1)
1



(ii)     ethical
1
[10]
 M3.          (a)     1 mark for each correct line
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if more than 1 line is drawn from any box in List A, none of those lines gain any credit
3



(b)     (i)      (the detector) reading had gone down
‘it’ equals detector reading
accept the reading in the table is the smallest
accept 101 is (much) lower than other readings / a specific value eg 150
do not accept this answer if it indicates the readings are the thickness
1



more beta (particles / radiation) is being absorbed / stopped
accept radiation for beta particles / radiation
accept fewer particles being detected
1



(ii)     six years
1



(iii)    alpha would not penetrate the cardboard
accept the basic property – alpha (particles) cannot pass through paper / card
accept alpha (particles) are less penetrating (than beta)
range in air is neutral
1
[7]
M4.         (a)      (i)     L
1



(ii)     M
1



(b)     To make a smoke detector work.
1



(c)     40
no tolerance
1
[4]
M5.          1 mark for each correct line
If more than 1 line has been drawn from a box in List A then all those lines are marked incorrect.
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[3]
 




M6.(a)      (i)     all correct
accept presented as a tally chart
 
Number of protons
3
Number of electrons
3
Number of neutrons
4

allow 1 mark for 1 correct
2



(ii)     7
reason may score even if 7 not chosen
1



number of protons and neutrons
accept number of particles in the nucleus
accept number of nucleons
do not accept number of electrons and neutrons
1



(b)     an ion
1



(c)     (i)     smaller than
1



(ii)     radon loses an alpha (particle)
or
radon loses an (alpha) particle
or
(mass of) polonium plus an alpha = (mass) radon
or
radon loses 2 protons and 2 neutrons (to become polonium)
accept radon has less protons and neutrons
1
[7]
 




M7.          (a)     (i)      P
1
(ii)     Q
1



(b)     3 lines correct
          file_88.png
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allow 1 mark for 1 correct line
two lines drawn from any source or box – both incorrect
2



(c)     (i)      K
1
(ii)     56
accept 50 – 60 inclusive
1
(iii)     K
1
(iv)    to inject... tracer
1
[8]
M8.          (a)     3 lines correctly drawn
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1 mark for each correct line if more than one line is drawn from a box in List A all lines from that box are wrong
3



(b)     nucleus
accept nuclei
do not accept nuclear
1



(c)     Y
do not accept gamma
          any two from:
do not accept other properties of gamma
•        least dangerous (inside the body)
do not accept not dangerous
accept not as harmful as alpha
(inside the body)
•        least ionising
•        penetrates through the body
do not accept can be detected externally
1
•        is a gas / can be breathed in
accept it is not a solid
(cannot score if Z chosen)
if X chosen can score this gas mark
if Z chosen can score both gamma marks
2



(d)     any one from:
do not accept kills bacteria
•        longer shelf life
accept stays fresh longer / stops it going bad / mouldy
•        food can be supplied from around the world
•        wider market for farmers
•        cost to consumers (may be) lower
•        less likely to / will not get food poisoning
accept infection / disease / ill for food poisoning
1
[8]
 


 
M9.          (a)     all points correctly plotted
tolerance ± file_92.png
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square on y axis only

allow 1 mark for 3 correctly plotted points
2
attempt made to draw a smooth curve
do not accept dot-to-dot line
1



(b)     (i)      3 days file_94.png
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 0.2
or any value correctly obtained using
their graph line
if no line drawn in (a), answer must be exactly 3
1



(ii)     3 days or their (b)(i)
1



(c)     radon-222
accept radon or 222
accept alpha or 3.8
correct isotope required for reason to score
1
has the shortest half-life
accept the others have longer half-lives
1
[7]

##
          (a)     (i)      cosmic rays
1
(ii)     any two from:
rocks
cosmic rays
food
radon
2



          (b)     (i)      15
1
(ii)     450
e.c.f. 465 – (d)(i)
do not accept negative number
1



(iii)     beta
count (greatly) reduced by aluminium
or alpha not reach GM tube and gamma would pass
(unaffected) through the aluminium
accept aluminium stops beta
2
[7]
 


 



