Year 1U Name

USES OF RADIOACTIVITY QUESTIONS

1 Peter is finding the age of a rock sample.
He knows that uranium-238 decays, through other isotopes, to form stable lead-206.

The half-life of uranium-238 is 4.5 x 10° years. The half lives of the other isotopes are all very short
in comparison.

When Peter analyses the rock sample, he finds that it contains 0.89g of uranium-238.

Peter finds out the mass of lead-206 in the sample.
He is then able to work out that the rock originally contained 2.5g of uranium-238.

(a) Plot and draw a suitable graph to show how 2.59 of uranium-238 decays over a period of two

half-lives.
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> (b) Use your graph to estimate the age of the rock sample.
#:E:;‘ - You must show clearly on your graph how you work out your answer.
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et age of rock sample = .......... e 22 T el years [3]
- ‘C: | (c) Suggest how Peter uses the measurement of the mass of lead-206 in the sample to work out
t the original mass of uranium-238 in the sample. .
State any assumption he may need to make.
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2. (a) Hereisa diagram representing a particular atom. The key for the particles shown is
next to the diagram.

\ Key
/
" \ (@ Proton
i ®)® : (™ Neutron
\ @O /! (®) Electron
\ @h . 3

...................................................................................

(] mark)
(i1) Write down the nucleon (mass) number of this atom.
S
(1 mark)

(iii) Write down the net charge on the whole atom and explain your answer.

Net charge: O .................................. T

(1 mark)

Explanation: . UJ-.Q.ﬂprL/!QP@\kQ ."F’.L‘."‘.‘...ér:&" .......
................... Ryt e
(] mark)

(b) The nucleus of an isotope of the atom in part (a) is identical to one of the radioactive
emissions from a radioactive element.

(1) What are isoropes?
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(i) Which radioactive emission is being referred to?
TR R R n.‘...o.tt.QQI’IPUI:C;\-‘QCOQOQCtlpl-.-uotl.i....Ot-..............-...uocl-'
(1 mark)
(iii) What charge would this nucleus have?
)
+2 |
(1 mark)
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(c) Radioactive isotopes can be used to search for leaks in underground sewage pipes. olank

i,:,]/Dcu:::tor
Radioactive solution fﬁi éﬁZﬁﬂﬂ §%§§§§Z§é£ ééé, Earthz_/_‘_':
flushed down  —= &£ e —— |
lavatory enters <Earth \p,‘p:
pipe

You can choose an z, f or y-emitting source for this.

(i) Which one would you choose and why?

....................................

(2 marks)
(ii) Suggest a suitable half-life for the source.
.......................... %\Nl\bn
(1 mark)
(1)) How would the search for the leak be carried out?
.......... mm...ch.l,v.e-.b.\c...va"...‘b;:..q...p.t....:..Lxlt’."%...”?*ff..‘:‘{‘i’...‘f.....
...... Lt T S YRR
(2 marks)

TURN OVER FOR NEXT QUESTION -
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) 3 Tnis question is about radioactivity.
(a) Matthew's teacher does an experiment to show the penetrating powers of the different
types of radiation. '
He uses this apparatus.

stopclock

holder
. ) radiation
radioactive detector
source
| | | |

— 5 I'!'lm . thin 5
thick l thick | card
Bad | aluminium 1

(i) Suggest two safety precautions Matthew's teacher must take when doing the |

experiment.
a |i | Anytwo from: ’ '

keep at a distance / use tongs,
do not handle / wear gloves / use tongs;
do not point at anyone/direction of use;
source strength;
time of usage;
keep in lead box when not in use / shielding /
lead apron;
don’t allow pupils to help with experiment; 2

( ii | background count / radiation; 1

iii | Any three from:
clamp source; any two for 1 mark
keep source and detector a fixed distance apart; alpha stopped by
///’ count without sheet; cardboard

for fixed time; beta stopped by
place sheet in between source and detector; aluminium
note new count (rate), gamma stopped / reduced
repeat for three sheets; 3 | bylead
QWC one mark is for correct spelling 1
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(b) The diagram represents a system that produces thin aluminium foil of uniform thickness.
The radioactive. source and detector are used to monitor the thickness of the aluminium.

feedback to
rollers

radiation
detector

thick non-uniform
aluminium

S S S i A |

roll of thin
aluminium
foil

radioactive
roi lers source

(i) State which type of radiation the source emits.
.......................... }3&‘}\,[1]
(ii) Explain why you would use this type of radiation.

ii | Any two from:
alpha would be stopped by (aluminium);
gamma would go straight through / little

absorption;
beta varies with thickness; g (sl S
(ili) Describe how the system monitors and controls the thickness of the foil. -
fii | when count (rate) goes up; 1 /
aluminium too thin; 1
(feedback) increases distance between rollers; 1
(or opposite)
............................................................ 3]

(c) France has recently closed its last coal mine.
It now produces nearly all of its electricity from nuclear power.
The United Kingdom produces nearly a third of its electricity from nuclear power.

Many scientists argue that using nuclear power is a better way of generating electricity
than burning fossil fuels.

Others say nuclear power is too dangerous.

(i) Suggest three ways that scientists discuss these different views with each other.

i | printjournais ; pupicauons; 1 | telephone = personany or
electronically / internet / email / fax / TV: 1 | electronically @~ """
personally / meetings / conventions; 1 ?

R R R TS A T Rk AN R R A A st ..[3]

(i) Suggest why different groups of scientists can have such different views.

ii | Any two from:

evidence interpreted in different ways;
incomplete evidence / do different experiments 2]
and get different results / different knowledge; . '
bias: own opinions 18]

demands of society / peers; 2 urn over




A radioactive source and a detector

are used to check the level of fruit juice in a carton,
Cartons of fruit juice on a conveyor b

elt pass between the radjoactive source and the detector,

@ radioactive source

T level of fruit juice

9 —

detector

conveyor belt

radiation counter

The table shows information about some radioactive sources which are available.

radioactive isotope radiation half-life ’

emitted Ij

americium - 24| alpha 460 years i

barium - 139 beta 85 minutes !
cobalt - 60 gamma 3.3 vears
radium - 224 alpha 3.6 days
strontium — 90 beta 28 years
technetium - 99 m gamma 6 hours

The radioactive source in the diagram emits beta radiation.



(@) (i) Whyis alpha radiation not suitable?

........................

(b) Two isotopes emit beta radiation.

Which should be used here? ..... sﬂ‘w“ fm . R TSP

Explain.

(d) The people working near to the conveyor belt need to be protected from the radiation
emitted by the source.

How can this be done?

Turn over
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Examiner’s "
i ; g Use
Jane is being treated for brain cancer.

The equipment being used is called a gamma knife.
Cobalt-60 is used as a source of gamma radiation.

Jane's head is being treated by over two hundred gamma ray beams, directed on the cancer
in her brain.

m'dMacﬂve =
cobalt

(iiy Alpha radiation and beta radiation are not suitable to use when treating brain !
cancers.

Why are gamma rays suitable?

................. it Shatd b el (b ]

(iii) Suggest why low intensity beams from all directions around the head are used
instead of one intense beam of gamma radiation.

(b) Strontium-90 emits beta particles.
(i) Strontium-90 is used to treat cancer in the eye.

Suggest why strontium-90 is used instead of cobalt-60.

1983/6 Jun03
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Examiner's
Us
(ii) The half-life of strontium-90 is 28 years. °
Explain what is meant by the term half-life.
.......... hie. s L b achey bobelu [ h s......
(iii) The activity of a sample of strontium-90 is measured as 220 counts per minute.
Plot a graph to show how the activity will change over a period of 90 years. (4]
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time in years !
{iv) After how many years will the activity be 50 counts per minute?
You must show clearly on the graph how you work out your answer. ;‘
time = ... 5] ........... ‘years [2]
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Radioactive substances can be used in medicine to find out what is wrong with diseased part:
of the human body.

Ye

One suitable substance is known as technetium-99m.

The patient is given a drink of a solution which contains technetium-99m. After 20 minutes
the radioactive element has passed through the digestive system to the patient’s liver, where
it then remains. A radiation dectector is then passed over the outside of the body near the
liver. Doctors compare the activity found with that expected from a healthy liver.

(i) The radiation has to be detected outside the person’s body. Would you expect
technetium-99m to emit alpha, beta or gamma rays? Explain your answer.

.................................................................

.............. ovl, (.j%.ucl. funhle b e oubde Ko Loty

................................................................. [-2]

(i)  Technetium-99m has a half life of 6 hours. Use the information given to explain
why this is a more suitable radioactive substance for this purpose than one with a
half-life of 6 minutes.

(1) Exposure of the body to radiation is dangerous. Why, then, do doctors examine
diseased parts of the body with radioactive substances?



