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U N D E R S T A N D I N G  T H E  N U C L E U S  O F  A N  A T O M 

 

What is 

nucleus? 

It is a matter consists  of  ____________  and  

____________ with  ____________  revolving around the nucleus like the planet revolving  

around the Sun.  

The proton has a ______________ charge whereas an  _____________has a _________charge. 

 

What is a 

nuclide?  

A  particle structure 

 

The symbol as above  with A is for ____________  Z is for  _________ __________ and X is for 

______________________. 

                              
23

11  Na   

The _________ number of sodium is  ________ 

The __________ number of natrium is  __________ 

The number of neutron in this nucleus is __________ 

 

What it meant 

by the isotopes 

? 

Isotopes 

 _____________________________________________________________________________  

 

What is the 

nature of 

radioactive 

emissions? 

 

Radioactive 

emissions 

Alpha particles Beta particles Gamma rays 

Symbol                
4 
α 

              ___ 
                

0

1  ___             _____ 

 

Nature 

  

_____ _______ , _____ 

_____ 

 

Electron 

 

 

________ _________ 

ray 

Charge +2  

 

_____  _____ 

Deflection 

in an 

electric 

field 

Bends to _________ 

_________ 

Bends to positiveplate ________ ______ 

________ , it is neutral 

Deflection 

in magnetic 

field 

Bends a little  

(related to big mass) 

 bend direction  

(related to positively 

charges) 

______ a lot  

-Shows ______ mass  

-indicates that it is 

_________charged 

_____ not bend 

showing it is _______. 

Ionising 

power 

____________ _________ Weakest 

Penetrating 

power 

__________ Intermediate ________ 

Stopped by A thin sheet of paper 

 

A few _______ of 

____________ 

A few _________ of 

________ or concrete 
 

  

5.1 

X 
A 

Z 
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Penetration  

1. Radiation with __________ionizing power will have a lower penetrating effect.  

2. Alpha particles have the __________ penetrating power and stopped by________. 

3. Beta particles stopped by thin _________. 

4. Gamma rays only be stopped by thick _________ or concrete. 

 

Deflection 

Electrical field 

                                          
1. The deflection of beta is_________ than alpha because ________ of beta less than mass of 

___________ . 

2. ___________ rays do not deflected because it does not carry any charge 

Magnetic field 

 
Alpha particles and beta particles also been deflected when they pass through magnetic field using 

_________ ___________ hand rule. 

What is the 

common 

detectors for 

radioactive 

emissions? 

1. Golf leaf Eletroscope  

 
a) The _______  _________ will 

deflect out due to the charges on 

gold leaf repel the charges on metal 

stalk  

       b) charge will flow away when  

electroscope discharges with gold 

leaf falls. Detect __________  and 

_________ 

2. Photographic Badge 

a) A badge wore in nuclear power station 

Actual reading = reading recorded – background 

reading 

d) Detects ____________, ____________, and 

___________ 

4. Cloud Chamber 

 
a) Saturated radioactive with alcohol vapour 

___________radiation in air and condenses 

on the ions to make tracks of radiation 

visible. 

b) high ionization power shows ____________ 

particles   

c) Detects 

Radioactive source 
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with photographic film in a light proof 

packet and will be ____________ when 

indicates radiation.  

b) Detect _________ and __________. 

3. Geiger-Muller tube(GM tube) 

 
a) When radioactive emission enter 

tube through mica window, neon 

gas will be ___________ 

b) electron are collected by 

_________ to produces pulse of 

current and are counted by a 

__________ or ratemeter in counts 

per minute/ counts per second as 

_____________ count rates. 

c)  background rate obtained 

 

Tracks of ___________thicks and straight. 

Beta – ________and _________ 

____________ – thinner than beta. 

Check yourself 

1 

Objective 

 

 

1.  The proton number of an atom is the 

number of … 

A. neutrons in the nucleus.                          

B.  protons in the nucleus 

C. neutrons and electrons in the nucleus     

D.  protons and neutrons in the nucleus  

 

3. A radioactive source emits 

radiation that can pass through a 

sheet of paper but not through thick 

aluminium. 

4.  

 
What does this show about the radiation? 

 

A It is alpha-particles. B It is beta-particles. 

C It is gamma-rays.     D It is a mixture of 

alpha-particles and gamma-rays. 

Structure 

1. An isotope of nitrogen can be represented by  

(   
23

11  Na). How many of the following particles 

does it have ? 

a) protons  

………………………………………………

………. 

b) neutrons……………………………………

………………… 

c) electrons 

………………………………………………

……… 
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5.2 ANALYSING RADIOACTIVE DECAY 

What is  

radioactivity? 

______________________________________________________________________________  

______________________________________________________________________________  

______________________________________________________________________________ 

Alpha Decay 

 
Beta decay 

 
Gamma Decay 

 
What is half 

life? 

The  half - life of radioactive source is the ________ _______ for ______ number of the nuclei in a 

sample of radioactive atoms to decay. 

 
Check yourself 

2 

Objective 

1. A small amount of a radioactive 

isotope contains 72 billion unstable 

nuclei. The half-life of the isotope 

is 4 hours. How many unstable 

nuclei would remain after 12 

hours? 

A 6 billion           B 9 billion 

C 18 billion        D 24 billion 

Structure 

1. Pa  takes 20.8 hours to shrinks 

from 80 g to 5 g. 

a) How many half –lives are there  

 

Structure 

2. The number of radioactive nuclides in two different 

samples P and Q are initially 4 N and  N respectively. If the 

half – life of P is t and that of Q is 3 t, the number of 

radioactive nuclides in P will be the same as the number of 

radioactive nuclides in Q after a time of  … 

 

 

3. Uranium -238 ( ) emits an alpha particle and decays 

into a thorium atom. State the nucleon no and proton no of 

the thorium. The isotope formed. Write an equation for this 

decay 
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4. The uranium isotope    decays into a stable lead 

isotope through successive emissions of 8 alpha particles and 

6 electrons. What is the proton number and the nucleon 

number of the lead isotope? 

 

 

 

 

 

 Essay 

1 . Iodine – 131 is a radioisotopes which decays by emitting β – particle and γ – rays. It is used in 

hospitals to test the kidneys of patients. During the test, an iodine – 131 solution is injected into the 

bloodstream of a patient. As the blood passes through the kidney , iodine -131 will be absorbed by 

the kidney and eventually excreted out of the body with the urine. If the kidney is not functioning 

properly, both the absorption and excretion rates of iodine-131 will decrease. A γ – detector is 

placed near the kidneys of the patient to detect the activity of the radiation coming from the kidney  

a) Using  X to denote the daughter nucleus, write down an equation for the decay of an iodine 

– 131  nucleus 

 

 

\ 

 

b) Explain why the β – particles emitted by iodine – 131 fail to reach the detector 

 

 

c) The half – life of iodine – 131 is 8 days 

i) State the meaning of half – life 

 

 

 

ii) For safety purpose, the  activity of iodine – 131  solution in the test should not 

exceed 1.5 x 10 
8
 disintegrations per second. .When an iodine -131 solution is 

prepared its activity is 6 x 10  
8
 disintegrations per second. How many days  of 

preparation would the solution be suitable for the test ? 

 

 

 

iii) Besides iodine -131 , technetium -99 m is another radioisotopes which is also 

used in the kidney test. Technetium -99 m emits γ – radiation only and its half- 

life is 6 hours. Which if these two sources do you think is more preferable for 

use in the kidney test ? Explain your answer  
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5.3  UNDERSTANDING THE USES OF RADIOISOTOPES 

What is 

radioisotopes 

Radioactive emissions from an ____________  _____________ and are naturally occurring or 

artificially produced. 

Application of 

radioisotopes. 

 

1. Smoke detector 

   

 

 Americium-241 (460 years, last 

longer) emitted an _________ 

particles to ionize air molecules 

to conduct electricity  with a 

small current flows in smoke 

detector (soot particles) to 

___________ some alpha 

particles. 

 This will decrease the current 

flows in the smoke detector and 

finally _________ the alarm. 

 

 

 2. Thickness control 

 

 Beta radioactive uses in detecting side 

of the sheet of rubber by measuring the 

__________ of radiation passing 

through the sheet (amount of thickness) 

 If sheet is thin, the reading of detector is 

____________, then a signal from roller 

control to signal pressure on the sheets 

to be ________________. 

 3. Detect leak underground water pipes 

 

 Beta is added in fluid in a pipeline to 

detect ________with GM tube counter 

placed above ground. 

 __________increase in count rate 

indicate there is a leak in the area 

 4. Medicine 

sterilizing 

 Sterile medical instruments by exposure 

to ___________ rays to kill bacteria  

Radioactive tracers 

 Easily imaged by imaging equipment to 

detect ________, bones and heart 

disease 

5. Agriculture 

 Determine level of fertilizer absorbed 

by the plant 

 Kill pests and parasites to control 

ripening of fruits 

6. Archaeology 

 ___________ decrease at known 

rate and left in decayed plant  or 

animal to tell its age 

5.4  UNDERSTANDING NUCLEAR ENERGY 

What is Atomic 

mass unit 

(a.m.u.)? 

Unit of mass for atoms such as proton, neutron and an electron. Mass of one carbon-12 atom is               

______x    ____________ 

 =1.66 x  kg 
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What is nuclear 

fission? 

Splitting of a heavy nucleus into two lighter nuclei when bombarded with a neutron releasing a 

large amount of energy during the process. 

 
235

92 U.+  
1

0  ____……→ …
92

36 Kr………..+……
141

56 Ba………____ 
1

0 ____….+ energy 

 

What is nuclear 

fusion? 

Nuclear fusion is ……___________________________________________________________  

_____________________________________________________________________________ 

                                            E = m c
2

 

Mass = _____________ x 1.66 x  kg,     c = 3.00 x 10 
8
 m s 

1
 

 

Examples 

1. The following equation shown a fusion reaction 

            nHeHH 1

0

4

2

3

1

2

1    + energy  

            2.01410 u       3.01605 u           4.00260 u      1.00867 u 

  [ 1 u = 1.66 x 10 
27

 kg ,  c = 3.00 x 10 
8
 m s 

1
 ] 

What is the energy produced ? 

 

 

 2.  The fusion reaction is represented by the 

following equation 

 
Calculate the energy released in joules. 

H-2 = 2.014102 u 

H-3 = 3.016049 u 

H-1 = 1.007825 u 

1 a.m.u. = 1.66 x 10 
27

kg, c = 3.0 x 10 
8
ms

1
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Following is the decay of radium-226 

 

  
(a) Find the mass defect in 

(i) a.m.u.             (ii) kg 

(b) Calculate the amount of energy released 

in   

(i) J                      (ii) eV  
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What is chain 

reactions? 

4. A chain reaction is …___________________________________________________________  

____________________________________________________________________________ 

 

Equation ,                 

E = mc
2

 

Energy released by the reaction is  

                                            E = m c
2

 

Mass = a.m.u. × 1.66 ×10
-27

kg,     c = 3.00 x 10 
8
 m s 

1
 

The following equation shows the decay of a radioactive substance 

 
235

92 U.+  
1

0  n……→ ….......
92

36 Kr………..+……
141

56 Ba………x 
1

0 n 

   235       1.01               91.91                       140.91              ? 

  a.m.u     a.m.u           a.m.u                        a.m.u          

i) What is the value of x ?      

                                                                                   

ii) What is the type of reaction shows in the equation  ?  

                                         

iii) What is the mass defect in kg for the radioactive decay ? 

 

 

 

 

 

 

 

iv) Determine the energy produced in MeV                                                                

   [ 1.66 x 10 
27

 kg , c = 3.00 x 10 
8
, 1 eV = 1.6 x 10 

19
 J ] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

What is 

generation of 

energy from 

nuclear fission? 

1. Energy released by fission reactions through nuclear reactor and generator. 
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2. Nuclei are split from uranium rods by _____________ and energy heats up the cold gas 

and passes through reactor core. 

3. Fast __________________ is slow down by moderator to reduce ____________ of 

uranium nuclei. 

4. Neutrons are absorbed by______________ control rods when rods ___________into the 

reactor core and rate   of fission reaction is reduced. 

5. Leakage of radiation is prevented by ______________ shield. 

6. Water and carbon dioxide are used as ______________ to take away heat from nuclear 

reactor. 

7. Water is _______________ into steam when heat exchanger absorbed very hot gas. 

8. Turbines ______________ coils from the flow of steam to _____________electricity from 

electromagnetic induction. 

5.5  IMPORTANCE OF PROPER MANAGEMENT OF 

RADIOACTIVE SUBSTANCES 

What is the 

Negative 

Effects of 

Radioactive 

Substances ? 

 

1. Hot water _____________ from nuclear power stations cause __________ pollution. 

2. The negative effects of radioactive is the people and those living nearby may be 

_______________ to _______________radiation. 

3 Long half– lives fuel rods ________________  our health 

4.  Very high _______________needed to design and ______________ nuclear power station. 

5. The barrel containing the radioactive  waste then __________ ____________  unused mines or 

non residential ________________. 

Positive Effects of Radioactive Substances 

1. Produces ____________ waste than fossil fuels and does not contribute to greenhouse 

effect. 

2. Produces _____________ amounts of energy from small amounts of fuel. 

 

What is the 

Safety 

Precautions? 

 

 

1. Read and ___________ advice and instructions marked on radioactive sources, equipment and 

work manual. 

2. Use distance __________ or __________ to move radioactive materials and wear gloves when 

unsealed source is being used or whenever contamination is likely to occur. 

3. ______________radioactive sources should be handled with robotic control systems behind 

steel, concrete, lead or thick glass panels. 

 4. Worker in radioactive energy station must wear ___________to which the worker have been 

_____________ to _________________ rays can be _________________. 

 5.  _________ ____________ should be build  on islands or areas________  ______from residents 

 

What is the 

management of 

radioactive 

waste? 

1. Buried the waste in ____________landfill sites. 

2. Compacted or __________ (closed container) before disposal to reduce its volume. 

3. ______________ the waste in concrete or bitumen for disposal. 

4. ____________ deep underground the long lived waste from reprocessing nuclear fuel. 

5. ___________short lived waste from reactors. 
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Check Yourself 1

1. Which of the following is true about isotopes 

of an element? 

A  Atoms  of element with the same number of 

protons and neutrons. 

B  Atoms of element with the same number of 

neutrons but different number of protons. 

C  atoms of  element with the same number of 

protons but different number of neutrons. 

D  Atoms of element with the same number of 

protons but different number of electrons. 

2. Which of the following properties of the α-

particles shows that they are changed 

particles? 

 A Deflected by magnetic field. 

 B Penetrate thin sheet of paper. 

 C Ionise air. 

3. When a nucleus disintegrates with the 

emissions of an α-particles, what are the 

changes to the atomic number and the nucleon 

number of the nucleus? 

Changes to atomic      changes to nucleon 

number                           number 

A          +1  -1 

B +2  +4 

C -2  -4 

D -2  +2 

 

4. What is the nuclide produced when the 

radioactive isotope 
222

86 Rn decays by emitting 

two α-particles, two β-particles and a gamma 

ray? 

A Y214

82     C  Y214

84  

B Y222

82    D  Y222

84  

5. A nucleus 
X237

93 undergoes a series of nuclear 

decay by emitting 4 α-particles and 2 β-

particles to form a stable nuclide YA

Z . What 

are the values of Z and A? 

               Z  A 

A  85  219 

B  85  221 

C  86  221 

D  87  221 

 

6. Which of the following statements about the 

half-life of a radioactive element is correct?   

A It decrease with time. 

B It is always constant. 

C It increases with time. 

D It depends on the amount of substance 

present 

7. A radioactive isotope decays with a half-life of 

20 minutes. If the initial mass of the 

radioactive  sample is 200g, what is the mass 

of the sample after one hour? 

A 5 g B 10 g    C 25 g        D  50g 

8. The half-life of a radioactive nuclide is 2 

hours. How long does it take for the remaining 

mass of the radioactive nuclide to be equal to 

12.5 % of its initial mass? 

A 2 days  C 6 days 

B 4 days  D 8 days   

9. The radioactive isotope of  carbon-14 has a 

half-life of 5600 years. How long does it take 

for the activity of a sample of carbon-14 to 

decrease to 
4

1
 of its initial value? 
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A  8400 years 

B 11200 years 

C 16800 years 

10.   A sample of radioactive element is emitting 

1200 α-particles each minute. If the half life of 

the element is 20 minutes, how many α-

particles does it emit each minute after one 

hour? 

A 150  C 450 

B 300  D 3600 

11. A certain sample of radioactive element emits 

72 α-particles per second initially. After one 

hour, the sample only emits 9 α-particles each 

second. What is the half-life of the element? 

A 7.5 minutes  C 40 minutes 

B 20 minutes    D 60 minutes 

12. 75%  of a radioactive  sample disintegrated in 

6 days. What is the half-life of the sample? 

A 1.5 days  C 3 days 

B 2 days  D 4.5 days   

13. The variation of the activity of a radioactive 

sample with time is as shown in Figure below. 

 

How long does it take for 75% of the sample 

to decay? 

A   5 minutes 

B  10 minutes 

C  15 minutes 

14. 87.5%  of a radioactive element decayed in 

one hour, so how long does it take for another 

50% of the remaining sample to decay? 

A   20 minutes  C 1 hour 

B  30 minutes  D  1 hour 30 minutes 

15. Which of  the radioisotopes listed below is 

used to determine the age of a piece of ancient 

wood? 

A cobalt-60 

B uranium-235 

C carbon-14   

16. Radioisotopes A,B, C and D are listed below 

with their respective half-life and energy 

emitted. Which radioisotope is most suitable to 

be used as a tracer in human body? 

Half-life  energy emitted 

A 18 minutes      high energy β-particles 

B 5 hours      high energy α-particles 

C 10 hours       low energy γ- rays 

D 2 years     low energy α-particles 

17. A radioisotope may emit α-particles, β-

particles and γ-particles. Which of the 

radiations is most harmful to a patient who has 

been injected with the radioisotope? 

A α > γ > β 

B β > γ > α 

C α < β > γ 

D α > β > γ 

18. In a certain nuclear reaction, the mass defect is 

0.003 u. Calculate the energy released by the 

reaction. ( 1 u = 1.7 x 10
27

 kg,  

c =3.00 x 10
8
 m s 

1
) 

A 4.59 x 10 
13

J 

B 8.35 x 10 
12

J 

C 5.34 x 10 
12

J 

D 2.04 x 10 
4
J 
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19. In a nuclear reaction,  2.619 x 10 
10

J of 

energy is released. Find the mass equivalent of 

this amount of energy. 

A  5.81 x 10 
26

kg 

B 2.91 x 10 
27

kg 

C 5.81 x 10 
27

kg 

D 9.03 x 10 
27

kg 

20.    In a nuclear reaction, the energy, E, released 

can be calculated from the equation E= mc
2

. 

What is the meaning of the quantity m? 

A total mass before reaction. 

B total mass after reaction 

C the difference in mass before and after the 

reaction. 

 

21. The fusion reaction between two deuterium 

nuclei H2

1 can be represented by  

2

1 H +  
2

1 H ……→ 
3

2 He + q + energy 

What is the particle q? 

A neutron 

B  electron 

C proton 

D μ- particle 

Structure  

1. The radioactive element Radon can be 

represented by the symbol 
228

88Ra.  

(a) Explain the meaning of the numbers 228 

and 88.   [ 2 marks] 

      

 

 

How many protons and neutrons are there 

in a Radon nucleus?                  [2 marks] 

 

 

 

 

Radon decays with a half-life of 3.8 days. 

(i) Explain the meaning of half-life.                        

[1 mark]       

 

(ii) Determine the time taken for the mass 

of a sample of Radon to decrease to 25 

% of its initial mass. [3 marks]          

 

 

 

 

         

2. The radioactive isotope of uranium 
238

92 U 

disintegrates with the emission of an α-particle 

the half-life of 
238

92 U is 4.5 x 10 
9
years. 

(a) Explain the term isotopes. [2 marks] 

 

 

 

(b)  (i) What is an α-particle? Write down its 

symbol.   [2 marks] 
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(iii)  State the number of protons and   

neutrons in the nucleus produced by 

the disintegration of 
238

92 U. 

   [2 marks] 

 

 

(c) A radiation emitted by a radioactive 

element includes α-particles, β-particles 

and the γ-rays.  

(i) Which of the three type of radioactive 

radiations has the highest 

penetrating power?      

                                          [1 mark] 

 

 

 

 

 

 

 

 

 

 

 

Essay  

1. The manager of a paint factory wishes to develop a system using radioisotope to detect the volume of paint in 

a tin. The tins of paint are transported on a conveyer belt. If the volume of paint in a tin is less than a certain 

predetermined volume, the tin is automatically removed.  

(a) Explain the meaning of radioisotope. [1 mark] 

 

 

(b) Table 5.4 shows the characteristics of five radioisotopes. 

Radiisotope State of matter Type of radiation Half-life 

P Solid α 5 years 

Q Solid β 24 years 

R Gas β 12 years 

S Liquid α 18 days 

T Solid γ 6 hours 

 

(i) Explain the characteristics of a radioisotope that is suitable to be used in the volume detection system.     

[6 marks]    

  

 

(i) which of the three types of 

radioactive radiations has the 

highest ionisation power?[1 mark] 
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(ii) Based on the information of table 5.4 above, select the most suitable radioisotope to be used in the 

volume detection system. State the reasons for your choice.    [2 marks] 

 

(iii)  Draw a diagram (two if necessary ) to show the arrangement of the apparatus for the volume 

detection system. Explain the working of the system.     [8 marks] 

 

  

 

 

 

 

 

 

 

 

 

(c) The half-life of strontium-90 is 24 years. Determine the time taken for the activity of strontium to 

decrease to 25 % of its initial value.        [3 marks] 

                

                                                                                                         

 


