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LEARNING OUTCOMES

11. Nuclear reactions 

eq 𝐸 = 𝑚𝑐2

a

I can use nuclear equations  to describe radioactive decay ,  f is s ion 

(spontaneous  and induced),  w ith reference to mass  and energ y  

equiva lence.

b
I can use nuclear equations  to describe fus ion reactions ,  w ith 

reference to mass  and energ y  equiva lence.

c

Use of  an appropriate relationship to solve problems involv ing  

the mass  loss  and the energ y  released by  a  nuclear reaction.  𝐸 =

𝑚𝑐2

d

I know  that nuclear fus ion reactors  require charg ed partic les  at a  

very  hig h temperature (plasma) w hich have to be conta ined by  

mag netic f ields .



BACKGROUND
Nucleon A nucleon is  a  partic le in a  nucleus ,  i. e.  either a  proton or a  neutron.

Atomic Number The atomic number,  Z,  equa ls  the number of  protons  in the nucleus .   In a  
chemica l symbol for an element it is  w ritten as  a  subscript before the element symbol.

Decay The process  of  emitting  radia tion

Isotope Isotopes  are nuclides  of  the same atomic number but dif f erent mass  numbers ,  i. e.  
nuclei conta ining  the same number of  protons  but dif f erent numbers  of  neutrons .

Mass Number The mass  number,  A,  is  the number of  nucleons  in a  nucleus .   In a  chemica l 
symbol for an element it is  w ritten as  a  superscript before the element symbol.

Radioactive decay The breakdow n of  a  nucleus  to release energ y  and matter f rom the 
nucleus .  This  is  the bas is  of  the w ord ‘nuclear’ .  The release of  energ y  and/or matter a llow s 
unstable nuclei to achieve s tability .

Radioisotopes or radionuclides .  Unstable nuclei



NUCLEAR DECAY

Radiation Nature S ymbol

Alpha partic le Helium nucleus 

Beta  partic le Fas t electron  / -

Pos itron The antipartic le of  an electron +

Gamma ray
Hig h f requency  

electromag netic w ave
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Many nuclei are unstable.  In order to achieve stability, they can emit 

nuclear radiation: alpha, beta or gamma, neutrons etc.  



TYPES OF RADIATION 

• Beta Particle (β)

• Gamma Ray (γ)

-

• Alpha Particle (α)



2p +  2n0

A photon of  em radiation

+  A f as t mov ing  pos itron

Formed w hen a  proton decays  to a  neutron 

With the emiss ion of  a  beta+  partic le and neutrino

- A f as t mov ing  electron

Formed w hen a  neutron decays  to a  proton

With the emiss ion of  a  beta  partic le and antineutrino



BETA PARTICLE-

Try  to w ork out the process  for pos itron emiss ion

1
1𝒑 → 0

1𝒏 + +1
0𝒆 + 0

0𝝊 𝑶𝑹 1
1𝒑 → 0

1𝒏 + +1
0𝒆 + 𝝂

Ev idence of  the neutrino

Associated w ith 

ELECTROWEAK FORCE



PARTICLE DETAILS

Partic le
Mass  

number
Mass (kg) Charg e S ymbol

Proton 1 1.67262158 × 10-27 + 1

Neutron 1 1.674929 x 10-27 kg 0

Electron 0* 9.11 x 10-31 kg -1

Pos itron 0* 9.11 x 10-31 kg + 1

1

1 p
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0 e

e0
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• mass of electron/positron = 1/1840 mass of proton. 

• The mass number is given in terms of the mass of a proton where one proton 

is given the number 1. 



CHEMISTRY CODE! A
Z X

In small nuclei, no. of protons is often = no. of neutrons

In larger nuclei no. of protons < no. of neutrons

where 

A =  mass number (no. of protons +neutrons)

Z =  atomic number (no.of protons)

X = symbol to represent the element, 1 capital letter or 1 capital followed by 1 

lower case letter.

You can work out the number of neutrons by subtracting the atomic number 

from the mass number

eg no. of neutrons = A-Z



CHEMISTRY 
CODE!

Each element def ined 
by  no.  protons ,  

eg Hydrog en a lw ays  1  
proton,  Carbon a lw ays  
6 .  

In an atom number of  
protons  =  number of  
electrons ,  (if  no.p 
no.e then it is  an ion!)

The number of  
neutrons  in the 
nucleus  of  any  
element varies  g iv ing  
isotopes  

eg carbon usua lly  has  
6  neutrons  but can 
have 8 .

What element is  this ?



EQUATIONS FOR NUCLEAR REACTIONS

 When a  nucleus  decays ,  it of ten 

undergoes  severa l dis integ rations  until 

it becomes s table,  e. g .  Uranium 238  

decays  to Thorium 234  emitting   and 

 radia tion.  The thorium then decays  to 

protactinium-234  emitting   & .

 





  

  

 

238 234 4
92 90 2

234 234 0
90 91 1

238 234 234
92 90 91

U Th He

Th Pa e

Summarise

U Th Pa



SUMMARY-RESULT OF DIFFERENT 
RADIATIONS BEING RELEASED

Partic le S ymbol Chang es  to

Mass  No,  A.

Chang es  to 

Atomic No.  

Z

 -4 -2
 /  - 0 + 1
+ 0 -1
  0 0

-1 0

He4

2

e0

1

e0
1

1
0n

1
0n

e.g w hen an a lpha partic le is  released the A decreases  by  4 ,  Z by  2 !



NUCLEAR FISSION 

Fiss ion is  the process  of  
splitting  a  larg e nucleus
into tw o (or more) sma ller 
nuclei

This  process  can happen 
for no apparent reason,  in 
w hich case it is  ca lled 
spontaneous fission

If  the nucleus  is  hit by  a  
neutron this  process  is  
ca lled induced fission



NUCLEAR FUSION

Fusion is the process of joining 

two smaller nuclei to make a 

larger nucleus

This is the process that powers 

the Sun and all the stars. It Is also 

used in hydrogen bombs (which 

are about 100 times more 

powerful than fission bombs)



Fission in Nuclear Reactors (in Power 
stations)

Control rods are boron steel and are used to 
regulate the number of neutrons going from 
one stage of the the chain reaction to the 
next.  When a sustainable chain reaction is 
operating only one neutron will progress 
from one stage to another.
Moderator is graphite to slow down the fast 
neutrons emitted and allow the slower 
‘thermal’ neutrons to be absorbed by the 
next uranium nucleus.



Binding Energy



https : //w w w .euronuclear.org /info/encyclopedia /

Binding energy per nucleon

Most stable



Mass Difference

Partic le U Xe Mo n

Mass  (x10 -27 kg ) 390 .173 225 .606 162 .522 1 .675

1. What type of reaction is this 
2. Calculate the energy released in this  reaction

Joules

kg (3x108 ms-1)2



Lost mass

391.848 – 391.478

0.370 x 10-27 kg 

Total Mass before reaction

390.173 + 1.675

391.848 x 10-27 kg 

Total Mass after reaction

225.606 + 162.522 + 2(1.675)

391.478 x 10-27 kg 



Mass is not conserved mass is lost and since mass has been lost and kinetic

energy has been gained we conclude that the mass has been converted into

energy. The kinetic energy of the products is found to be much greater than

the initial kinetic energy of the reactants. The loss of mass has been

accompanied by a huge increase in energy.



In our example

mass change = mass before – mass after

mass change = 3.91762910-25 kg - 3.91403110-25 kg

mass change = 3.59810-28 kg
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energy equivalence:

E=mc

3.598 10 (3 10 )

3.598 10 9 10

3.24 10

E

E

E J



Identifying Reactions

Identify if the following equations are induced/spontaneous 
fission or fusion.



In  a f is s ion reac t ion ,  the mas s  

o f  the produc ts  is  les s  than the 

mas s  o f  the reac tants .  Th is  

mas s  d if ferenc e has  been 

c onv erted to  energ y  ac c o rd ing  

to  the re lat ions h ip

𝐸 = 𝑚𝑐2.







1 .S tate the compos ition of  an a lpha  and 

beta  partic le.

2 .S tate 3  properties  of  a  g amma ray .

3 .Beta  radia tion is  ev idence of  w hat?

4 .Which has  g reater mass ,  the reactants  

or products?

5 .How  is  energ y  produced in a  f is s ion 

reaction.

6 . If  the mass  dif f erence is  8 .0345  x 10 -

29 kg  ca lcula te the energ y  produced.



FUSION 
REACTORS

https : //w w w .bus iness ins ider.com/plasm

a-fus ion-reactor-noises -2015 -

10 ? r= US & IR= T

https : //w w w . iter.org /mach/tokamak

https://www.businessinsider.com/plasma-fusion-reactor-noises-2015-10?r=US&IR=T


Watch the w a lkthroug h of  

the TOKAMAK 

https : //w w w .youtube.com/

w atch? v= IP7Vuqz-MAE

https://www.youtube.com/watch?v=IP7Vuqz-MAE


MAIN PROBLEMS WITH FUSION

 Plasma at very  hig h 

temperatures  requires  

no contact w ith 

conta iner

 Conta inment by  

mag netic f ield 

 Very  hig h levels  of  

radia tion

http://www.youtube.com/watch?v=k3zcmPmW6dE


ITER TOKAMAK 
TEST REACTOR



CULHAM JET

http://www.youtube.com/watch?v=pBH933CyT5o


HTTPS://CCFE.UKAEA.UK/



RESEARCH
1 

FISSION

S ummarise Nuclear Reactors  in a  
1 -pag e infog raphic us ing

https : //w orld-
nuclear.org /information-
library /nuclear-fuel-cycle/nuclear-
pow er-reactors /nuclear-pow er-
reactors .aspx



RESEARCH 
2-FUSION

S ummarise Fus ion as  a  potentia l 
source of  energ y  in a  1 -pag e 
infog raphic us ing

https : //w orld-
nuclear.org /information-
library /nuclear-fuel-cycle/nuclear-
pow er-reactors /nuclear-pow er-
reactors .aspx



S QA content

● Use of  nuclear equations  to describe radioactive 

decay ,  f is s ion (spontaneous  and induced) and fus ion 

reactions ,  w ith reference to mass  and energ y  

equiva lence.

● Use of  an appropria te rela tionship to solve problems 

involv ing  the mass  loss  and the energ y  released by  a  

nuclear reaction.

E= mc 2

● Know ledg e that nuclear fus ion reactors  require 

charg ed partic les  a t a  very  hig h temperature (plasma) 

w hich have to be conta ined by  mag netic f ields .


