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Detection of radioactivity

Describe the detection of alpha-particles, beta-particles and gamma-rays
by appropriate methods.




Radioactivity

Radioactivity is the process @'ereby unstable
atomic nuclei release ener@tic subatomic

particles. QO
Radioactivity was f@ discovered in 1896 by

the French scie@ Henri Becquerel, after
which the S|~$&|~ for radiation, the Becquerel,

Is named.
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Rock resting on covered film. Shadow on developed film.



Detection of Radioactivity

Radiation can not be detected with our five
senses, special detectors aretherefore needed.
Several devices have be &eveloped to detect
radioactivity, with th iest being an
unexposed photog ic plate placed in the
vicinity of a sourcggbeing detected.

Other devices,ipelude:

the cloud cha\ﬁ\wber,
electroscopes,
the Geiger-Muller tube
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Geiger-Muller tube

It was named for Hans Geiger who invented the de\@n 1908 and Walther
Muller who collaborated with Geiger in develop therin 1928

S
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Characteristics of the three

types of emission

State and explain the random emission of radioactivity in direction and
time.




Nuclear Radiation

Most nuclei are stable, but @e are unstable
which will emit a tiny pegtﬁe called nuclear

radiation. QO
The emission occur@pontaneously and

randomly over@e and time.
0\a



Characteristics of the three

types of emission

State, for radioactive emissions, their nature, relative ionising effects and
relative penetrating powers.




Bay T L'fr@

Alpha Particle c@2.. | @

A ‘[L A . particle
,ff Nucl i

Alpha particles are a highly ionising form of
sarticle radiation. In cloud chafmber they
oroduce thick straight tra

They consist of two protdits and two neutrons
bound together into a&particle identical to a
nelium nucleus; h _ it can be written as He2+.
As its ionising p#er is so high it does not
penetrate very®@eeply into matter before its
energy has béen used up. Its penetrating power
is therefore very low (absorbed by 10 cm of air,
0.01 mm lead or a sheet of paper).
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N uclear

Beta particles are high- ener@hlgh speed
electrons emitted by cer’@‘m types of
radioactive nuclei suc potassium-4o0.

The beta particles @tted are a form of
ionising radiatiogialso known as beta rays.
electrons have greaterrange
of penetratioh than alpha particles, but still
much less than gamma rays.

Radioactivity



Gamma Ray

Gamma rays are forms of elects@magnetic
radiation (EMR) or light emi ns of a specific
frequency produced from €ob-atomic particle
interaction and radioactiwe decay.

Gamma rays are genetally characterized as
EMR, having the higl¥est frequency and energy,
and also the sh t wavelength, within the
electromagnﬁ adiation spectrum.

Its ionising power is so low it penetrates very
deeply into matter before its energy has been
used up.
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Characteristics of the three

types of emission

Describe the deflection of radioactive emissions in electric fields and
magnetic fields.




The products of radioactivit@uld be
analyzed into three disti ¥pecies by either
a magnetic field or an eectric field.

Deflection by ++++++++++|j

electric field

o = heavy
{small
deviation)
Deflection by B = light (large
magnetic field deviation)
(use Fleming's ~opposite
left hand rule) direction
to alpha
¥ =~ no deviation
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type of radiation

alpha particles (a)

beta particle (B)

gamma rays (y)

each particleis 2
protons + 2 neutrons
(itisidentical to a
nucleus of helium-4)

each particle i

dec

electron ( d
when gf‘}leus

electromagnetic
waves similar to X-
rays

relative charge +2 % —1 0o
compared with

charge on proton

ionising effect strong weak very weak

penetrating effect

not very

N

penetrating, but
stopped by a few

very penetrating,
never completely

penetrati

stopp@thick millimetres of stopped, though
sheet of'paper, by aluminium or other |lead and thick

skin or by a few metal concrete will reduce
centimetres of air intensity

effect of field

deflected by
magnetic and
electric field

deflected by
magnetic and
electric field

not deflected by

magnetic or electric
fields

Radioactivity
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Nuclear reactions

Explain what is meant by radioactive decay.




Radioactive Decay

It is process of spontaneous transformation of a
radionuclide by the emissio nuclear

radiation. 5
The emission of the nua@r radiation is a purely
random event. It ca e predicted exactly
when an atom will decay, only that a certain
number will dec a given time.

The rate of d depends on the number of
undecayed nu¢lei present, so with each decay
event there is a decrease in the activity of a
radioactive sample.
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NUCLEAR REACTIONS

Use the nuclide notation £X to construct equations where radioactive
decay leads to changes in the composition of the nucleus.




Nuclear Equation

Nuclear equations can be used to sho@the decay process.
These must balance for nucleon n er and proton
number.

Alpha decay 0‘9

When alpha decay occurs a of two protons and two
neutrons (helium nucleus énes out of the nucleus. Therefore
the proton number dec s by 2 but the nucleon number
decreases by 4.Ther Ing daughter nucleus is of an element
2 positions to the | the 'parent’in the periodic table.

{%U—)B“Th + He

Look at the numbers on the top line (the nucleon numbers).
238 = 234 + 4. Therefore the nucleon numbers balance

Look at the numbers on the bottom line (the proton numbers).
92 = 9o + 2. Therefore the proton numbers balance
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Beta decay
When beta decay occurs a neutron & the nucleus emits the
e

particle and changes into a proto refore the proton
number increases by one but th leon number stays the
same. The resulting daughter eus is of an element 1 position

to the right.
Y
SN+

n the top line (the nucleon numbers).
the nucleon numbers balance

14 =14 + oThe?
Look at the numbers on the bottom line (the proton numbers).
6 =7+ (-1) Therefore the proton numbers balance

Look at the num
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Gamma Emission \@
Sometimes, after its enigs'?gﬂ of an alpha, beta or

positron particle, the n s is still in an excited
state, called a metast@ble state.

In order to get t;ﬂ&bwer energy state it emits a

quantum of e y in the form of a gamma ray.

>
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Problem Solving 1

Fill in the gaps in the following radioacti@ecay equations;

1. 3H—>2He+[’e ‘9\?’
0‘9

3. MC74 e 0‘2‘

4. ‘S Pb— .Bi+? @?’

2. “Th— Ra+ ;He

A
i

soAC—> o Fr+7?

208 > ? + o
S > ? + B

w 00 =~ O LN
-J
P
L
I
_I
=
+
QL



Problem Solving 2

9.

1
2
3
4
5.
6
7
8

Write a

Write a
Write a

Write a
Write a

Wrrite a

nuclear equation for the al ecay of *}'Pa.

nuclear equation for th decay of *Fr.

nuclear equation fc-r alpha decay of ' Sm

nuclear equatio f he beta decay of "5 Pm.

nuclear eqt@&? for the alpha decay of %7, Md.

nuclear tion for the alpha decay of '2Sm .

Write a nucl@quation for the beta decay of ';. At.

Write a

Wirite a

nuclear equation for the alpha decay of "2 Gd.

nuclear equation for the beta decay of 25 Xe.

10.Write a nuclear equation for the beta decay of 'Z.Cs.



Nuclear reactions

Explain the processes of fusion and fission.




Nuclear Reaction

Nuclear fusion is the processJBy which
multiple atomic nucleijo@:!\gether to forma
heavier nucleus. It is aggpmpanied by the
release or absorptic@)f energy.

Nuclear fission i @process in nuclear physics
in which the eus of an atom splits into
two or moreg\maller nuclei as fission
products, and usually some by-product

particles.
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Nuclear reactions

Describe, with the aid of a block diagram, one type of fission reactor for
use in a power station.




Nuclear Reactor

A nuclear reactor produces @ controls the
release of energy from sglﬁlng the atoms of
uranium.

Uranium-fuelled n ar power is a clean and

efficient way of |ng water to make steam
which drives ine generators.



Chain Reaction

In the reactor core the @ & — neuron
uranium-235 isotope

% uranium nucleus uranium
fissions or splits, produc':i@"’ T @ nucleus

neutron hits l

a |Ot Of heat IN a4 Contl splits into smaller ‘

nuclei and some

process called a cl”gkv rorenewtens B @

re a Ctl O n ) these neutrons

The process depénds on the  itmore & e 4
presence of a¥oderator @ : @
such as water or graphite, @

and is fully controlled.



Energy Transformation

Fu duces heat,
\ ich is used to boil
Prossitesr | ’_\—"'T" ater to make steam.

Control rods g

1HHH (=] Steam —
i \ L generator
]
> >

Steel

Steam spins a turbine.
?.Q Turbine drives a

- generator and the

generator makes

pressure |y
vessel

8 ) ) ) s Fuel elements
U 3"% electricity.
— e Electricity goes to the
transformers to produce

the correct voltage.



Nuclear reactions

Discuss theories of star formation and their energy production by fusion.




Stars Formation

Stars are the most widely r nized
astronomical objects, and@&@present the most

fundamental building s of galaxies.
Stars form when engygh dust and gas clump
together becaus ravitational forces.

Gravity pulls th@ust and gas together.
As the gas falls together, it gets hot.

A star forms when it is hot enough for nuclear
reactions to start.

This releases energy, and keeps the star hot.



Stars Energy Source

The Sun and other stars use n@ar fusion to
release energy. N

During most of a star's | @‘?ne, hydrogen nuclei
fuse together to formé lum nuclei.

Sun e 0 Fusion in the Sun’s core

gy is released as hydrogen is converted into helium

@ o
N » ( \Q‘ .
.“ A L‘y
o ‘o
hydrogen nuclei
f hydr cl Ise toge f I f
| fo I, 1 a multi-st [ } |
5 th 1 f two ne f t prot



Which line in the table des@es the nature
of an a-particle and of aqﬁay?

a-paricle

o O m X

helium nucleus

helium nuc@
prqq&

proton

y-ray
@Iectmmagn etic radiation

electron
electromagnetic radiation

electron A




What is a B-particle and fr@/\/hlch part of a

radioactive atom is it emga

B-particl

O O W r

ed?

emitted from

ElE@\
Q&’ctmn

helium nucleus

helium nucleus

nucleus
outer orbits
nucleus

outer orbits A




Which row describes the

particles?

rties of o-
S

effect

ionizing

g:'atir:nn stopped

by aluminium?

large

la
SIM

o O m >

small

(\a

S

no
yes
no

yes




Which is the correct compa\@on of the
penetrating power and @sing power of

alpha-particles and g@fma radiation?
greater penetr@é greater ionising
pr:nwe@ power
A HQ&’ alpha
B alpha gamma
c gamma alpha
D gamma gamma




The diagram shows the pa@ofthree
different types of radiathg'n\, X, Y and Z.

1 Q\o

X }$§
S\l R }

Zmm of T0mm lead
plastic  of aluminium




Which row in the table corr@ﬁly identifies X,

Y and Z? 0‘9‘9\
X \é Z
A a-particles ﬁcles r-rays
B ﬁ—particle§. a-paricles y-rays
C (-parti r-rays a-paricles
D Y-rays a-paricles B-particles




A student mvestlgates dld ctive source

that emits only alpha- paga\:les Without any
source nearby, the d tor shows a low
reading.

The source &dﬁck cardboard are placed

near the de or, as shown.



_ ‘9\@
radioactive source _EtQ\iqsaardhnard
Y

N\
A\ ;L&N&" | dtector




What is the reading on thee@tector now,

and

why?

S

é : reason

detector reading
A low V.Qackground radiation is detected
B low e alpha-particles pass through cardboard
C zero @Ipha—par{ides are all absorbed by the cardboard
D zero % background radiation is all absorbed by the cardboard

A




S is a radioactive source e
particles, B-particles a

S

r\@ing a-

ndip-rays. A detector
is placed 5 cm away f{p\% S. A thin sheet of
paper is placed asQ@)wn in the diagram.

K\

e thin sheet of paper

—

5¢cm

—detector



Which radiations can be de@ted?
. \
es and B-particl eﬁwly
Y

es and y-rays«@n
es and y- ngnly

es, B-

0\a

partic
partic
partic

partic

icles and y-rays



Which travels in a straight l@ acCross a

magnetic field? c_,")\
alpha-particle Q\o
electron

&
gamma-ray @
proton Q&‘



A radioactive source emits@ha-particles,
X . \ .

eta-particles and gamr@-rays. A Geiger-
Moller tube and cou detect the
emissions, which @s through a thin sheet
of paper and a@ng magnetic field.

0\a






. Ny ,
What is detected by the G%@r Mdoller tube?

alpha-particles and beta;pgfticles
alpha-particles only

beta-particles a& ma-rays
beta- partlcles@q



A student investigates the Qﬁission from an
unknown radioactive s&;g(}e. The source is

10 cm in front of a degector. A strong

magnetic field bet@en the source and the
detector is then@Witched on.

0\a



10 cm éy.
—~ -
C,

3 &

v ;
A 4
L] i
b L
\‘\ x A - detector

radioactive lead air region of
source shield magnetic field




The results are shown. @
A\

a count per
minute

without magnetic field 0 4500
with magnetic field 2000

background ra@m o0




Which radioactive source @uced these

results? ?
source emissiﬂn%cﬁm rce
A alpha-particl gw'd gamma-rays only
B @anicles only
Cc bet&ficles and gamma-rays only
D gamma-rays only C




Which statement is true fo@l three types of

radioactive emission (a -particles, beta-
particles and gamm 5)?

T

d
T
T
T

ney are complete@bsorbed by a thin

uminium she
ney are d @ed by electric fields.

ney emit light.

ney ionise gases.



The diagram shows five at@ ina
. . \ .
radioactive substance. nga atoms each give

out an a-particle. X

&
&



o taomg
&
2

&

‘ ..\ 2nd particle



Atom 1is the first to glve particle.
Atom 3 is the second toé‘)/e out a particle.
Which atom will give @it the next particle?

atom 2 v.
atom 4 @@
atom g ?’
impossible to tell



What occurs in the decay o@radloactlve
nucleus? )
S

The nucleus absorbs aQs er nucleus.
The nucleus abso I@t least one form of

radiation.

The nucleu @ys splits into two equal
fragments.

The nucleus emits at least one form of radiation.



A uranium nucleus *:U emi
What are the new nuclscfv\and proton

numbers?

&

o O m »

n number

nucleon number roto
238 @
Eﬂ%?’
234

234

88
90
92
90

n a-particle.



A nucleus is represented b 7. It emits one
alpha-particle and then aj% beta-particle.

What is the resultingo@kleus X?
9

226 226
A TRX B é‘?’

226 230
C X D X

C Qy.



In one radioactive decay, r@m (Ra) gives
rise to radon (Rn) as shgﬁ.

O
ﬁa — Z2Rn

0\a



What particle is also produ@
c_)\
0‘9

an alpha-particle
a beta-particle

both an alpha-pa
no particle bu@

and a beta-particle
Yy gamma-rays



Half-life

Explain what is meant by the term half-life.




Half-Life

Half-life is the time taken fo If of

radioactive nuclei to decaj)\

It is also define as the e taken for the
count rate to fall to@lf of its original reading.

s: o)
ok
L
S
A E| -
0.0
LA Py
o




Half-life

Make calculations based on half-life which might involve information in
tables or shown by decay curves.




Decay Curve




Problem solving

A radioactive element has a half-|ife%f 40 minutes.
The initial count rate was 1000 gef minute. How long
will it take for the count rat@rop to (a) 250 per
minute and (b) 125 per mi ?

A radiation counter s p and a background count
of 20 counts per mi iIs recorded. A radioactive
sample is placed I@ an a centimetre from the
detector and th{&bunter then records 820 counts per
minute. After 20 min, the count rate falls to 420
counts per minute. What would you expect the count

rate to be 60 min after placing the radioactive sample
in front of the detector.
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The half-life of a radioactive elemeasatis 4 days. How
long does it take for20 gforas e of the
radioactive element to decay, c?

A radioactive element has% flife of 5 days. If the

mass of a sample of the entis 32 g, what mass of
the element is Ieft aft days?
The table below sh ow the activity of a

radioactive sourcewsaries with time as recorded using
a G-M tube an emeter.

EON N S P S

Counts per minute 4000 2800 2000 1440 1000

Determine the half-life of the radioactive source.
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RadioisotopesY has a half-{if€ of 2000 years.
How long will it take the:é‘}civity of a sample
Y to decrease to one~gight of its initial

value? ?9

A sample radiogktive substance contains
200 undecay®e atoms. How many will
remain after 3 half-lives?

A radioactive source has a half-life of 30
minutes. What fraction is left after 2 hours?
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The graph shows the rapld@t
unstable radioactive |sot§‘pe in terms of

count rate per minut

ay of a very

m) versus minutes.

counts/minute
= o= (=] =
—_ — —_ —_
= (- = =

(-

Radioactive decay curve oRa)

atinisotope

0

5

10

15 20 25
time (minutes)

a0

35

40

From the graph
determine the
time it takes for
half of the
radioactive atoms
to decay.




Determine the half-life of @clide from a

decay curve. c_;’)\
counts per min %0

s

> ; - - . = time / min
0 4 8 12 16 20 24 28



Uses of radioactive isotopes

Including safety precautions

Describe how radioactive materials are moved, used and stored in a safe
way.




Handling Radioactive Material

We cannot do much to redu ur exposure

to natural background
care is needed when
materials. Precautl

gdﬁlon but great

ling radioactive
include:

§ AUTION

A .,

&

&

RADIOACTIVE
MATERIAL

Radioactivity



wearing protective clothing $
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keeping as far away as is pr@table - for

example, by using to obotic arms.

-)
-
- \
- |
4

ngs.c
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keeping radioactive mater lead-lined
containers, labelled Wlth@ appropriate
hazard symbol. Q\
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keeping your exposure timev;éshort as

possible o
E T — ‘\ NG .-

, O
5% ,-‘"\\ e s
) k. \
- |

e T
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Uses of radioactive isotopes

Including safety precautions

Discuss the way in which the type of radiation emitted and the half-life
determine the use for the material.




Medical Tracer

A radioactive isotope is introdueed into a living
system, where it flows alongthkie bloodstream,
following the path of che@%?al processes
therein. QO

It is easily detected ysing a scanner or Geiger
counter. The scan ake pictures and are run
together in rapid$0ccession, giving physicians a
movie-like vie the isotope's path.

When the protedure is finished the isotope is
flushed out of the body along with other waste
products.
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The radiotracer, injected into a vein, emits gamma
radiation as it decays. Agamma ¢ a scans the
radiation area and creates an i

Gamma
camera




lodine-131

A common procedure is the inj&gtion of iodine-
131 for the observation of t %yroid gland.

A healthy thyroid will ac ggzlate any iodine
entering the body.

When a physician s Q%the patient, if iodine-131
is present in the@oid, the gland is working
properly.
However, ifthévt}ace element has not collected

in the thyroid, the physician knows the gland is
failing.

Radioactivity 8o



Hashimoto's disease s
»

- )
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Leak Detector

A method for determining the gésition of a leak

in a conduit or pipeline. \)
Short-lived radioisotope | ?ncgerted into the
conduit or pipeline and Qéaused to move along
it by pressuring up th&€gonduit or pipeline from
one or both ends eof with fluid, for example
water. $

The carrierb ravels to the leak but no
further and it&location is detected from outside
the conduit or pipeline using a radiation

detector.
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L I
Radiation

Pipe Ground [ eak
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Manufacturing

A source of beta radiation is used t@¥pass beta
particles through the paper. s
A detector on the other side\g?e paper detects the
beta particles that pass th%

The detector is connect a hydraulic control via a

processor unit.

If the radiation leve %yécted drops it means the
paper is too thick e hydraulic control pushes
rollers closer t er in order to reduce the paper
thickness.

If the radiation level detected increases it means the

paper is too thin so the hydraulic control pulls the
rollers apart so the paper thickness can be increased.
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radiation
source
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Uses of radioactive isotopes

Including safety precautions

Discuss the origins and effect of background radiation.




Uses of radioactive isotopes

Including safety precautions

Discuss the dating of objects by the use of 4C.




Carbon Dating

Radiocarbon dating uses the amqut of Carbon 14
(C14) available in living creaturedds a measuring stick.
All living things maintain a nt of carbon 14 in
equilibrium with that available in the atmosphere,
right up to the momen@death. When an organism
dies, the amount of available within it begins to
decay at a half lif e of 5700 years

Comparing the\z'@'rount of C14 in a dead organism to
available levels'tn the atmosphere, produces an
estimate of when that organism died.
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Problem Solving

Carbon-14 has a half-life of 5700 years.
Cro-Magnon man is one of our a
skeletons were found near Les esinFrance.A1g
sample of charcoal from thi @ produced a radioactive
count of 0.5 counts per mi . A modern sample of
charcoal of same mass pfoduces a count rate of 32
counts per minute. B ounts were corrected for
background radiati ow long ago did Cro-Magnon

ors. Five adult

man live?
A 10-g sampleg&?ood cut recently from a living tree has
an activity of 160 counts/minute. A piece of charcoal
taken from a prehistoric campsites also weighs 10 g but
has an activity of 40 counts/minute. Estimate the age of
the charcoal.
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A wooden post from an archaeolegical dig produces
150 counts per minute. Wood @1 an identical
species of tree currently aIi:é es 600 counts per

minute. How long ago di wood from the

archaeological dig die?
In a carbon-dating e @ment a sample of wood
from an object wa nt and the carbon dioxide
produced was C ted. The activity of the carbon
dioxide was egijvalent to 2.25 count per minute per
gram of carbon. When the same experiment was
repeated using wood from a modern source, the
corrected counts was 18 count per minute per gram
of carbon. What is the likely age of the find?



Uses of Carbon Dating

Carbon dating can be used ondfything which
used to be alive. c,")\
Examples are Q‘Q

Animal (or human) re@ns, including skin, fur and

bone. @

Plant remains, jifgfuding wood, natural fibres
(cotton, silk, weol, cloth, rope), seeds and pollen
grains.

Some fossils can be dated this way if they still contain
some of the original carbon of the plant or animal.

Radioactivity 91



Limitations of Carbon Dating

Carbon dating cannot be used on_things which have
never lived. ?’

Examples are brick, rock and
The amount of carbon-1 &j&%amples is very small and
after g or 10 half-lives mount of radioactivity

which is emitted by ample is too tiny for an
accurate count ra be measured.

Therefore car\gz?aating cannot be used to date samples
which are more"than 50,000 to 60,000 years old.
The method of carbon dating uses an assumption
that the amount of carbon-14 present in the past
is the same as that present in the environment today.
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A sample of radioactive is%@e is decaying.

The nuclei of which atoq;rs, ill decay first?

impossible to know, b@)se radioactive decay is
random

Q
impossible to knows unless the age of the
material is kn

atoms neagilie centre, because they are
surrounded by more atoms

atoms near the surface, because the radiation
can escape more easily



The activity of a radioactiv@urce is
measured over a perio éb\ime. The graph
shows the decay curugx

W
&



wmall
| Q
ﬂk Ry
A
&
W 'MW-' 1.
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Why is the curve not smoo@

Background radiation h t been subtracted.

Radioactive decay is agahdom process.
The half-life is no Q&stant.
The temperat@ changing.

0\a



Which statement explains @meaning of
the half-life of a radioa h@ substance?

half the time taken fo f the substance to

decay ?’Q

half the time ’@for the substance to decay
completely

%?’
the time taken for half the substance to decay

the time taken for the substance to decay
completely



A sample of radioactive uraftm has mass 1
g. Another sample of t&e@me material has

mass 2 g. O
Which property is@ same for both

samples? @

the amoun{x&ﬁ adiation emitted per second
the half-life

the number of uranium atoms

t

he volume



A powder contains 400 m radioactive
material that emits a—pa@%les.

The half-life of the mQ@riaI is 5 days.

What mass oftha@aterial remains after 10

days? @
&

0 mg

40 Mg
100 Mg
200 Mg



A radioactive substance has afalf-life of 2
weeks. At the beginning @1 investigation the
substance emits 3000 rticles per minute.

How many B-partic@will it emit per minute
after 6 weeks?

0
v.

375 Q‘

500

1500



The half-life of a radioactiv@iaterial IS 24
years. c_,")\

The activity of a samQ@falls to a fraction of
its initial value aft@z years.

What is the frz&&%n?
1/3 Q&
1/4
1/6
1/8



The half-life of a radioisotc@is 2400 years.
The activity of a sampl d@zo counts/s.

How long will it take he activity to fall to
9o counts [ s? @@

300 years

24,00 years‘z‘?’
7200 years
19 200 years



The half-life of a radioactive sBBstance is 5

hours. A sample is tested gfb found to contain
0.48 g of the substancgz‘o

How much of the s;l@tance was presentin the

sample 20 hours

0.03 g
0.12¢
1.92 g
7.68¢

0\a

ore the sample was tested?



A radioactive ele
The number of e

ment has a % -life of 70 s.
x'second, N, of a

mission
sample of the elemen easured at a certain

time.
What was the nu
70 s earlier?

0 o
N/2 Q‘
N
2N

r&@?of emissions per second



The count-rate from a radig&tive source
falls from 400 to 50 in 3.0,‘%inutes.
What is the haIf-Iife?Qs0

0.75 minutes ?’Q
1.0 minutes @
2.7 minutegzy’

8.0 minutes



A detectoris used to mea
near a radioactive source.

suresthe count-rate
reading is 4000
inutes the count-

counts per minute. After

rate has fallen to 5oo cgunts per minute.
What is the half-life §pthe radioactive source?
You may ignore t@ ffects of background

radiation.
3 minutes Qy’
5 minutes
6 minutes
10 minutes



The count rates of four radigactive sources
were measured at the sa.g‘% time on three

consecutive days. X
Which source has @alf-life of two days?

Monday Tuesday Wednesday
A 1 E@’ 50 25
B 200 140 100
C 300 300 300
D 400 200 100 B




The table shows details of samples of
radioactive nuclidesX3n§b .

num g radioactive

nuclide half-life

é&hs attime =0

X 16 000 1 day
Y\b 2000 2 days




After how many days will thEhumber of
atoms of nuclide X be eq,@ to the number
of atoms of nuclideYQ\0

2 days §S>
4 days @@
0\a

6 days

8 days



The graph shows the decay&Urve for one
particular radioactive %Lagb e.

|||||
2500 HHS

count rate
counts/min

2000

0

!1000

500




What is the half-life of this lide?
c.,\
1.0 day 0‘9
1.5 days O
2.0 days

&
2.5 days @
0\a



Which row is correct for fis@h and for

fusion? ?
fission of a nucleus fusion
produces larger nuclei v’ is the energy source of a star

o O m >

produces larger nucl@
produces smaller&
produces sn% nuclei

is used to release energy in a power station
is the energy source of a star

is used to release energy in a power station




Which equation shows a m@arfission
c_)\
&
Q

reaction?

A 3H+ 3H - 3He

B "N+ neutron — '3 ?’
C

D

‘;6; Sc ->‘;61 Sc@ma ray
239 958\
g2U — 35 ST+

121 Xe + 3 neutrons



Which material is common@sed as a lining
for a box for storing ra @tive samples?

aluminium Q\
copper

&
lead

oo
uranium ‘2‘



When dealing with radioacti@ubstances

there are possible danger;?c?\

Which statement is co[ég‘g .
t

Beta-particles can pa%

rough skin and damage

body cells. N
Gamma-radiati more dangerous than alpha or
beta because¢ias a longer half-life.

Materials th\g?emit only alpha-particles must be
kept in thick lead containers.

Radioactive materials are safe to handle after two
half-lives.



In the treatment of brain c@er a patient’s
head is enclosed in a hehjmt containing a
number of radioactivesources. The radiation

from each source @irected towards the

cancer. N
Which nucl@?ﬁthe most suitable for these

sources?



nuclide

s half-life

O O m >

caesium-137

sodium-24

radiatiog?
ga
0,§a

30 years
15 hours
29 years
36 hours

strontium-90
californiu m-Z@

>






