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MODERN OR ATOMIC PHYSICS 
Modem Physics deals with the Nuclear Model of an atom 
An atom consists of 

- Central nucleus which contains protons and neutrons, collectively called nucleons. The protons 
are positively charged while neutrons have no charge. 

- Negatively charged electrons revolving around the nucleus in certain allowed orbitals/shells. The 
number of protons is always equal to the number of protons that the atom is electrically 
neutral. 
 
The summary of characteristics of atomic particles 

 
 
 
 
 
 
 
 
 

Definitions 
- Atomic number (Z) is the number of protons in the nucleus of an atom 
- Mass number (A) is the number of nucleons in in the nucleus of an atom. 

- The nucleus of an atom is represented as 𝑋𝑍
𝐴  where X is the chemical symbol of an element. For 

instance a nucleus of carbon and sodium atoms is represented as 𝐶6
12  and 𝑁𝑎11

23  respectively. 
- Isotopes are atoms of the same element having the same atomic number but different mass 

numbers. This is because the atoms have different number of neutrons.  

For instance 𝐂𝐥𝟏𝟕
𝟑𝟓  atom 𝐂𝐥𝟏𝟕

𝟑𝟕   Isotopes of chlorine because they of having the same atomic 
number 17 but different mass numbers 35 and 37.  

 
Describing the composition  
When describing the composition of 
(a)  Atom:One is required to state:  

-The number of protons. 
-The number of electrons. 
 -The number of neutrons. 

     E.g. Sodium ( Na11
23 ) atom has 11 protons, 11 electrons and 12 neutrons = 23-11. 

(b)Nucleus; requires stating the number of protons and the number of neutrons. 

Name Symbol Mass Charge 

Protons 𝐇𝟏
𝟏  1 Positive 

Neutrons 𝐧𝟎
𝟏  1 No charge 

Electrons 𝐞−𝟏
𝟎  0 Negative 
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e.g. the nucleus of sodium ( 𝐍𝐚𝟏𝟏
𝟐𝟑 ) atom has 11 protons and23-11=12 neutrons. 

 
Example 1 
Which of the following is true 

(i) Protons and neutrons are found in the nucleus of an atom. 
(ii) Electrons and beta particles are the same 
(iii) Protons and neutrons occur in equal number 
(iv) Alpha  and beta particles are both positively charged 

 
A. (i), (ii) and (ii) 
B. (i) and (ii) only 
C. (ii) and (iv) only 
D. (iv) only 

 
Stability of the nucleus 
Most of the heavy nuclei are unstable and continuously disintegrate. Examples of unstable nuclides are 
given in the table below 

 
 
 
 
 
 
 
 
 
 
 
 

 
RADIOACTIVITY 
Radioactivity or Radioactive decay is the spontaneous disintegration of the unstable nucleus by the 
emission of alpha particle, beta particles and/or gamma rays.  
 
Radioactive substance is a substance which undergoes spontaneous disintegration with emission of 
radiations like alpha particles, beta particles and Gamma rays. 
 
Radioisotope is an isotope which undergoes spontaneous disintegration with emission of radiations like 
alpha particles, beta particles and Gamma rays. 

 

Types of radiations 

There are three types of radiations given by radioactive substances. They all cause certain substances, 

such as zinc sulphide, to luminesce, and all ionize gases through which they pass. They differ in their 

response to an electric field in the manner shown in figure below: 

Nuclide Symbol 

Uranium 238  238U 

  

Thorium  234 234Th 

Thorium 230 230 Th 

Radium 226 226Ra 
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γ-rays 

These uncharged rays are similar to X-rays 

- they have high penetrating power; being able to pass through 0.1m of metal. 

- have negligible weight 

- are un deflected by electric field 

- ionize gases they pass through 

α-rays ( 𝑯𝒆𝟐
𝟒 ) 

- positively charged helium ions 

- ionize gases they pass through 

- deflected towards negative electric field 

- have low penetrating power 

β-rays ( 𝑒−1
0  𝑜𝑟 𝛽−1

0 ) 

- negatively charged  

- deflected toward positive electric field 

- have medium penetrating power 

- ionize gases they pass through 

 

 

Balancing nuclear equations 

The sum of protons and the mass number on the either side of the equation should be equal.  

 

(i) Emission of an alpha particle 

When a nucleus of an element decays with emission of an alpha particle, its atomic number 

and mass number decrease by 2 and 4 respectively, i.e. 

𝑋𝑍
𝐴                       𝑌   +  𝐻𝑒2

4
𝑍−2
𝐴−4   

Example 

               Li3
6  + n0

1  → H1
3  + 𝑯𝒆𝟐

𝟒  

 

(ii) Emission of a beta particle 

When a nucleus of an element decays with emission of a beta particle, its atomic number 

increase by 1 while its atomic mass does not change, i.e. 

𝑋𝑍
𝐴                       𝑌   +  𝑒−1

0
𝑍+1

𝐴   

+ 

- 
α rays, +vely charged 

γ rays, not deflected 

β rays, –vely charged  Radioactive 

sores in lead 

block 
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        Example 

Bi83
214  → e−1

0  + 𝐩𝐨𝟖𝟒
𝟐𝟏𝟒  

 

(iii)  Emission of γ rays 

When a nucleus of an element decays with emission of gamma ray, its atomic mass and 

mass number do not change, i.e. 

𝑋𝑍
𝐴                       𝑋𝑍

𝐴 +  𝛾  

Example 2 

Element X emits radiation r and forms element Y as given in the equation. 

𝑋                𝑌 + 𝑟𝑍+1
𝐴

𝑍
𝐴   
Where A and Z are mass number and atomic mass respectively, the radiation r is 
A. Alpha particle 
B. Beta particle 
C. Gamma rays 
D. X-ray 

 

Half-life of radioactive element 

Half-life (𝑡1

2

) of a radioactive decay is the time taken by the mass of radioactive isotope to reduce to half 

of its initial mass. 

 

The half life of a radioactive decay can be obtained from a graph mass of the substance aganst time; for 

example, the decay of 1g of the substance below 

 

 

 

 

 

 

 

 

 

Example 3 

A radioactive material of mass 8g has a half-life of 20days. Find how much of the material will decay 

after 60days. 

1 

½  

¼  

 t½   t½  

 t½ =half-life M
as

s 
 

time  
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Solution 

Method 1 

Every after 20 days the material reduces to half its original mass 

 

1g remains after 60 days 

Therefore (8 -1) = 7g decay in 60days 

Method 2 

Number of half-lifes, = 
60

20
= 3 

Mass that remains after 3 half-lifes = 
8

23 = 1𝑔 

Mass that decayed = 8 – 1 = 7g 

 

Example 4 

i) What is  

(i) Alpha particle 

(ii) Beta particle 

(iii) Gamma ray 

ii) A radioactive source decays by emission of all the three radiations. The radiations enter into 

electric field as shown 

 
 

Name the radiations A, B, C 

iii) A radioactive source which emits all the three radiations is placed in front of the cardboard, 

aluminium and lead sheets and arranged as shown below 

8g   20days    4g   20days      2g    20days   1g 
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Name the radiations found between 

(i) Cardboard and aluminium sheet 

(ii) Aluminium sheet and lead sheet 

iv) Name the precautions taken by people handling radioactive substances 

v) Give one use in each of the following 

(i) Industry 

(ii) Biological and 

(iii) agriculture 

vi) A radioactive material of mass 12g has a half-life of 15 days. How much of it will decay after 

60days? 

The table below shows the count rate of a radiaoactive element with time 

Time 

(minutes) 

0 1 2 3 4 5 6 7 8 

Count rate 

(s-1) 

850 680 544 445 348 278 219 175 140 

 

Plot a graph of count rate against time. From the graph, find the value of half-lifeof the radioactive 

element. 

Solution 
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Half-life = 2.2minutes 

Health hazard of radioactive radiations 

They 

- Destroy living cells of the body 

- Cause sterility (inability to produce children) 

- Cause leukemia (cancer of blood) 

- Cause abnormalities in unborn children) 

Safety precautions 

When dealing with radioactive materials 

- Use a pair of forceps not bare hands to hold the material 

- Keep a radioactive source in lead boxes 

- Wear jackets with a layer of lead 

- Avoid places where radioactive materials are kept 

Uses of radioactive materials 

1. Industrial use 

- To estimate thickness of pare 

- Detect leaks in underground pipes 

2. Medical use 

Diagnosis of diseases 

Treatment of cancer 

Sterilizing equipment and materials 

3. Finding age of a rock through carbon dating 

4. Production of electricity by nuclear reactions 
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Detection of radiation 

It is done by the Geiger Muller tube and cloud chamber 

 
ELECTRONS 
Electrons are negatively charged particles of an atom which move around the nucleus of an atom. 
 
Ionization is the complete removal of an electron from a gaseous atom to form gaseous ion 
 
Ionization energy 
This is the energy gained by an electron of an atom to escape.  When an electron escapes from an atom, 
the atom becomes an ion. At ordinary temperatures small quantities of ions are in gas form due to;  

(i) Cosmic rays 
(ii) Radiation from radioactive source Flames formed by the combustion of matter  
(iii) Ultra Violet rays from the sun 

Neutralization of ions is the process by which ions are destroyed or recombined. This takes place in two 
ways;  
(i)       By collusion of positive and negative ions,  
(ii)      Ions give up their charges to conducting surfaces e.g. electrodes. 
 
Production of electrons 
There are two ways of producing electrons from a metal surface namely: 
 
(i) Photoelectric emission is the liberation of an electron from a metal surface by use of light of a 

suitable frequency. The liberated electrons are called photo electrons. 
Conditions for photoelectric effect 

-  the wavelength of the radiation should be below a certain critical value 
- the frequency of a radiation should be above a certain critical value 

 
(ii) Thermionic emission: this the liberation of an electron from a metal surface by application of heat.  
 
Example 
What is the process by which electrons are emitted from a hot filament? 

A. Radioactivity 
B. Nuclear reaction 
C. Thermionic emission 
D. Thermoelectric effect 

  

CATHODE RAYS 
 
Are fast moving electrons.  
 

 

Properties of cathode rays 
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- Are negatively charged 

- Are deflected by both electric and magnetic field (like beta particles) 

- Travel in straight line 

- Cause florescence with some metals 

- Have low penetrating power 

Cathode ray tube (CRT) 

It consits of an anode and a cathode with a high voltage across them so that thermininically emitted 

electrons are attracted to the anode at high speed. 

 
 

The cathode ray oscilloscope (C.R.O) 
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Themrmionically emitted electrons from the cathode are accelerated to the anode by high potential 
difference (p.d) between the cathode and the anode. 
 
Function of parts 

(i) Filament produces electrons by thermionic emission 
(ii) Grid controls the brightness of the spot on the screen by controlling the number of electrons 

reaching the screen. 
(iii) Y-platesdeflect the electron beam vertically on the screen. Any signal to be studied is 

connected to these plates. 
(iv) X-plates deflect the electron beam horizontally on the screen. They provide a time-base for 

the wave form formed on the screen 
(v) Fluorescent screen provides a background where patterns to be studied are formed. 

NB. The CRO is evacuated so that the electron beam moves freely without colliding with th 
gas atoms. 

 
 
Uses of a C.R.O  

1) Measures both a.c and d.c voltages  

2) Measures frequencies or compare frequencies of a.c currents 

3) Measures phase difference 

 4) Measure small time intervals (used as a clock) 

 5) Displays wave forms 

6) diagnosis heartbeat and brain in  hospitals. 

7) applied in T.Vs and computer monitors 

8) study wave forms 
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Example 5 

A cathode ray oscilloscope with time-base switched on is connected across a power supply. The wave 

form shown in the figure below is obtained. Distance between the lines is 1cm 

 

(i) Identify the type of voltage generated by power supply 

a.c voltage 

(ii) Find the amplitude of the voltage generated if the voltage gain is 5Vm-1 

Amplitude = 2 x 1cm = 2cm = 0.02m. 

Amplitude = 5Vm-1x 0.02m = 0.1V 

(iii) Calculate the frequency of the power source if the time base setting on the CRO is 5 x 10-

3scm-1. 

For one cycle, period T= (4 x 1cm) x 5 x 10-3scm-1 = 0.02s 

 

 

X-rays 

X-rays are electromagnetic wave that are produced when fast moving electrons are stopped by 
metal target 
 

Properties of X-rays 

- Carry no charge 

- High penetrating power 

- Affect photographic paper 

- Not deflected by magnetic or electric feld 

- Cause fluorescence with some metal 

- Have low ionizing poewer 
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Production of X-rays 

 

Mode of operation   

- The filament is heated by a low voltage supply and the electrons are emitted by thermionic 

emission.  

-  The concave focusing cathode focuses the electrons from the filament onto the target.  

- These electrons are accelerated towards the anode by the high voltage between the 

filament and the Anode. 

- When the electrons (cathode rays) strike the metal target, about only 1% their kinetic 

energy is converted to X-rays and the 99% of their kinetic energy is converted to heat, which 

is conducted away by the cooling fins. 

 
Reasons why the X-ray tube is highly evacuated 
- X-ray tube is evacuated to a low pressure so that the accelerated electrons from the cathode do not 
lose energy in ionizing the atoms of air in the tube.  
-Air molecules are massive compared to the electrons so if they collide, they will decelerate the 
electrons before they reach the target.  

 
Intensity of X-rays (Quantity or number of X-rays) 

- The intensity of X- rays in an X – ray tube is proportional to the number of electrons colliding 

with the target.   

- The number of electrons produced at the cathode depends on the filament current supply. 

- The greater the heating current, the greater the number of electrons produced and hence 

more x- rays are produced.   

- Therefore the intensity of X- rays is controlled by the filament current. 
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Penetration of X – rays (quality)  

-  Penetration power of X-rays depends on the kinetic energy of the electrons striking the 

target.  

- The higher the accelerating voltage, the faster the electrons produced.   

- Faster electrons possess higher kinetic energy and shorter wavelength x-rays of greater 

penetration power are produced.  

- Hence penetrating power of X-rays is determined by the accelerating Voltage across the 

tube. 

Types of X-rays  

There are two types of X-rays, namely: Hard X-rays and soft X- rays  

 Hard X-rays:  

- They are produced when a high p.d is applied across the tube.   

- They have very short wave lengths  

- They have a high penetrating power. This is because they have very short wavelengths 

Soft X-rays:  

- They are produced by electrons moving at relatively lower velocities than those produced 

by hard X –rays.   

- They have longer wavelengths.  

- They have a low penetration power compared to hard x-rays. This is because of their long 

wavelengths 

Note:  

- Hard X-rays can penetrate flesh but are absorbed by bones, they are therefore used to study 

bone fractures. 

-  Soft X-rays are used to show malignant growths since they only penetrate soft flesh. They are 

absorbed by such growths.   

- Differences between hard X-rays and soft X-ray 

 Hard X-ray Soft X-ray 

Production High voltage is required High voltage is required 

wave length Short long 

Penetrating power High low 

Frequency High low 

 
Uses of X-rays 

1. Structural analysis, stresses, fractures in solids, castings and welded joints can be analyzed by 

examining X-ray photograph.  
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2. Crystallography; Orientation and identification of minerals by analysis of diffraction patterns 

using Bragg’s law.  

3. Medical uses;   

i) Analytical uses. These include location of fractures, cancer and tumor/defective tissue 

absorbs x-rays differently from normal tissue.      

ii) Therapeutics use for destroying cancerous cells and tumors. 4. Detection of fire arms at 

international airports 

Health hazards caused by x-rays:  

- Destroy living cells in our bodies especially hard X-rays.  

- Cause Gene mutation (genetic changes in our bodies).  

-  

NOTE:  It’s highly important to remember that each time you are exposed to X-rays, your health is 

also at risk yet we cannot live without them 

 

Safety precautions:  

- Avoid unnecessary exposure to X-rays.  

- When exposure is necessary, keep it as short as possible.  

- X-ray beams should ONLY be restricted to the body part being investigated.  

- A worker should wear a shielding jacket with a layer of Lead.  

- Exposure should be avoided for unborn babies and very young children. 

Differences between cathode rays and X-rays 

                     Cathode rays                             X-rays 

-Are electrons by nature. -Are electromagnetic waves by nature. 

-Are negatively charged. -Are positively charged. 

-Do not affect photographic plates. -Affect photographic plates. 

-Are deflected by electric and magnetic field. -Are not deflected by electric and magnetic 

field. 

-Do not cause photo electricity. -cause photo electricity. 

-Have a lower penetrating power. -Have a higher penetrating power. 
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Example 6 
The diagram below shows essential parts of an X-ray tube 
 

 
 

i) name the parts A, B, C, D, E and F 
ii) State one function of each parts in (i). 
iii) Describe how X-ray are produced 
iv) Give the safety precautions taken by people working with in X-ray environment. 

 
Rectification 
This is a process of cnverting an alternating current (a.c) into a direct current. 
A semiconductor diode is an electronic device that allows the flow of electric current in one direction 

 
Rectifiers are used in charging secondary cells 

 
Types of rectification 

1. Half- wave rectification 

This is achieved by connecting a diode in series with the a.c source 

                   

The output current flows in one direction in series of pulse. 

2. Full-wave rectification 

It is achieved by connecting four diodes in abridge 
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A and C will alternatively be positive and negative. Output current flows at B 

When A is positive diodes 1 and 3 conduct and when A is negative diodes 2 and 4 conduct. 
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Revision Questions 

1. What is the process by which electrons are emitted from a hot filament? 
A. Radioactivity 
B. Nuclear reaction 
C. Thermionic emission 
D. Thermoelectric effect 

2. Which of the following is true 
(v) Protons and neutrons are found in the nucleus of an atom. 
(vi) Electrons and beta particles are the same 
(vii) Protons and neutrons occur in equal number 
(viii) Alpha  and beta particles are both positively charged 

 
A. (i), (ii) and (ii) 
B. (i) and (ii) only 
C. (ii) and (iv) only 
D. (iv) only 

3. Element X emits radiation r and forms element Y as given in the equation. 

𝑋                𝑌 + 𝑟𝑍+1
𝐴

𝑍
𝐴   
Where A and Z are mass number and atomic mass respectively, the radiation r is 
A. Alpha particle 
B. Beta particle 
C. Gamma rays 
D. X-ray 

4. A possible isotope of lithium has 
A. 2 protons and 3 neutrons 
B. 2 protons and 4 neutrons 
C. 3protons and 4 neutrons 
D. 4 protons and 2 neutrons 

5. Which of the following are properties of cathode rays? 
(i) They travel in straight line 
(ii) They can penetrate thick sheet of paper 
(iii) They darken a photographic plate 
(iv) They are deflected by a magnetic field 
A. (i) and (iv) only 
B. (i), (ii) and (iv) only 
C. (i), (ii) and (iii) only 
D. (iv) only 

6. The cathode ray oscilloscope may be used to 
(i) Measure energy 
(ii) Measure potential difference 
(iii) Display wave form 
A. (i) only 
B. (i) and (ii) only 
C. (ii) and (ii) only 
D. (i), (ii) and (iii) 
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7. Which of the following represents an appearance on the screen of cathode ray oscilloscope when 
d.c voltage is connected across the Y-plates with the time base switched on? 

 
8. Thorium has a half-life of 24 days. How many days would it take 8g of thorium to disintegrate to 

1g? 
A. 3 
B. 24 
C.72 
D. 96 

9. Which of the following are attracted towards the negative plate in electric field? 
A. Beta particles 
B. Alpha particles 
C. Gamma rays 
D. neutrons 
 

10. The brightness on the screen of a T.V set is determined by 
A. Darkness in the room 
B. The size of the screen 
C. The number electrons reaching the screen 
D. The direction of the aerial 

11. When uranium 235 is bombarded with a neutron, it splits according to the equation 

𝑈 +  𝑛               𝑃𝑁
𝑀

0
1

92
235 +  𝐾𝑟36

92 + 3 𝑛0
1   

M and N on P represent 

 M N 

A. 56 141 

B. 141 56 

C. 199 36 

D. 107 128 

 
12. State the radiations that may be emitted by a radioactive substance 

A. Alpha, gamma, X-ray 
B. Cathode rays, X-rays and beta particles 
C. Gamma, alpha and beta 
D. Cathode rays, X-rays and alpha 

13. In the diagram below, an electron beam XY enters an electric field between plate A and B as shown 
in figure below 
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Which one is the possible route of movement of the electron? 
A. YS B. YR C. YQ D. YP 

14. Radium nucleus 𝑅𝑎88
226  decays to Radon (Rn) by alpha particle emission. What is the equation for 

the reaction? 

A. 𝑅𝑎               𝐻𝑒 +  𝑅𝑛86
223

2
3

88
226  

B. 𝑅𝑎               𝐻𝑒 +  𝑅𝑛86
222

2
4

88
226  

C. 𝐻𝑒 +  𝑅𝑛86
222

2
4            𝑅𝑎88

226  
D. 𝑅𝑎               𝑛 +  𝑅𝑎88

225
0
1

88
226  
 

15. The following equation represent part of radioactive series 

𝑇ℎ         𝑋 + 𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑛90
234   
Substance X and the radiation in the equation above are 

A. 𝑃𝑎 + 𝑔𝑎𝑚𝑚𝑎91
234  

B. 𝑇ℎ + 𝑏𝑒𝑡𝑎90
230  

C. 𝑇ℎ + 𝑔𝑎𝑚𝑚𝑎90
230  

D. 𝑃𝑎 + 𝑏𝑒𝑡𝑎91
234  
 

 
16.  

Element Neutrons Protons electrons 

P 6 6 6 

Q 8 6 6 

R 2 2 2 

S 2 3 3 

The table above shows the structure of four atoms P, Q, R and s. which ones are isotopes of the same 

elements? 

A. P and Q  B. Q and R C. P and S  D. P and R 

17. Stream of electrons moving at high speed is called 
A. X-ray B. gamma rays C. cathode rays D. alpha particles. 

18. 𝑁𝑎          𝑌 +  𝐵−1
0

𝑍
𝐴

11
24  

A radioisotope of sodium atom decays by emission of beta particle as shown above. Find the 

value of A and Z. 
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 A B 

A. 24 10 

B. 24 11 

C. 24 12 

D. 24 13 

19. Which one of the following can be used to study wave form? 

A. X-ray tube 

B. Vacuum diode 

C. Maltese cross tube 

D. Cathode ray oscilloscope 

20. The figure below shows a rectifier R1, R2, R3 and R4 connected in a circuit. 

 
 

Through which of the rectifiers is current flowing? 

A. R1 and R2 

B. R1 and R4 

C. R2 and R4 

D. R2 and R3 
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Structured questions 
1.   
(a) What is  

(iv) Alpha particle 

(v) Beta particle 

(vi) Gamma ray 

(b) A radioactive source decays by emission of all the three radiations. The radiations enter into 

electric field as shown 

 
 

Name the radiations A, B, C 

(c) A radioactive source which emits all the three radiations is placed in front of the cardboard, 

aluminium and lead sheets and arranged as shown below 

 
Name the radiations found between 

(iii) Cardboard and aluminium sheet 

(iv) Aluminium sheet and lead sheet 

(d) Name the precautions taken by people handling radioactive substances 

(e) Give one use in each of the following 

(iv) Industry 

(v) Biological and 

(vi) agriculture 

(f) A radioactive material of mass 12g has a half-life of 15 days. How much of it will decay after 

60days? 

2. (a) What is meant by atomic number of an element 

(b) one isotope of neon is denoted by 𝑁𝑒10
20 . How many neutrons does the isotope have? 
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(c) 𝐶𝑜27
60  is a radioactive isotope of cobalt which emits a beta particle and very high gamma rays 

to form element X. Write a balance equation for nuclear reaction. 

3. (a) (i) What is meant by radioisotope 
     (ii) State one industrial application of radioisotope 

(b) Describe what happens when a beam of radiations consisting of alpha, (α), beta (β) 
and gamma rays are incident on a sheet of lead. 
(c) The diagram below shows essential parts of an X-ray tube 

 

                    
 

i) name the parts A, B, C, D, E and F 
ii) State one function of each parts in (i). 
iii) Describe how X-ray are produced 
iv) Give the safety precautions taken by people working with in X-ray environment. 

 

4. The symbol 𝑈92
235  denotes a uranium nucleus 

(a) What is the meaning of 
(i) 235 …………………………………….. 
(ii) 92 ……………………………………….. 

(b) Write down a balanced nuclear equation showing the decay of 𝑈92
235  to a nuclide X by 

emission of an alpha particle. 
5. (a) Define the statement ‘half-life of a radioactive substance’. 

(b) A radioactive substance decays to 1/16 of its original mass in 16 days. What is 
(i) Half-life 
(ii) The fraction of the original mass that will not have decayed after 20 days 

(c) Study the decay pattern below and answer questions that follow. 

 
(i) Identify the particles or radiations A, B and C emitted in the decay process shown 

above 
(ii) State two differences between radiations A and B. 
(iii) Give three hazards of radioactivity 
(iv) What is the difference between nuclear fusion and nuclear fission? 

(d) Give 4 properties of X-ray 
6. (a) Name the electromagnetic radiation which 
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(i) Cause sensation of heat 
(ii) Passes through a thin sheet of lead 
(iii) Is used in satellite communication 
(iv) Used for remote control of a television receiver. 
The figure below shows the main parts of an X-ray tube 
 

 
(b) Name parts labelled A, B, C and D. 
(c) List the order  the energy changes which occur in x-ray tube 
(d) Describe one industrial use of X-rays. 
(e) (i) what is meant by half-life  of radioactive material 

(ii) the activity of radioactive source decreases from 4000 counts per minutes to 250 counts 
per minute in 40 minutes. What is the half-life of the source? 

7. (a) What is thermionic emission? 
(b) State the function of the fluorescent screen in a cathode ray oscilloscope 
(c) Give two application of cathode ray oscilloscope 

8.  
 

                         

A radioactive source emits radiation which are directed between two appositively charged metal 

plates as shown in the figure above 

(a) Name the radiations labelled A, B and C. 

(b) What can you deduce about the charges of the radiations 

(c) What happens when the radioactive source is completely covered with an ordinary sheet of 

paper. 

9.  
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The diagram above shows the main parts of a cathode ray oscilloscope (CRO) 
(i) Name the parts A, B, and C 
(ii) Why is CRO evacuated 
(b) (i) Describe briefly the principles of a CRO. 

(ii) How is the bright spot formed on the screen? 
(c) Use diagrams to show what is observed on the screen of a CRO when 

(i) The CRO is switched on and no signal is applied to the Y-plates. 
(ii) The time base is switched on  and no signal is applied to the Y-plates 
(iii) An alternating current is applied to the Y-plates while time base is switched off. 

(d) Give two uses of the CRO. 
 

10. (a) what is radioactivity? 
(b) A radioactive material takes 50hours for 93.755% of its mass to decay. Find its half life 

11. (a) What is meant by 
(i) Thermionic emission 
(ii) Photoelectric effect 
(b) (i) State the conditions necessary for photoelectric effect to take place 
     (ii) With the aid of a diagram describe how an alternating current can be fully rectified 
(c) Explain how leakage of charge occurs at the ends of sharp conductors. 

12. (a) What is meant by thermionic emission? 
(b) Name and describe the functions of 3main parts of CRO 
(c) State the conditions under which electrons can be used to generate X-rays. 
(d) Give one use of X-ray 
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Answers 
Objective questions 

1. C     2.  B     3. B 4. C  5. A 6. C 7. C 8. C 9. B 10. C  
11. B 12.B 13. D 14. B 15. D 16. A 17. C 18. C 19. D 20. C 

 
Structured questions 

1. (a) Alpha particle is helium nucleus 
     Beta particle is fast moving electron 
     Gamma ray is an electromagnetic wave 
(b) A- gamma ray 
      B- alpha particle 
      C- beta particle 
(c)(i) Beta particles and gamma rays 
     (ii) gamma rays 
(d) – should be shielded from the radiations 
     - keep distance from radioactive source 
(e) Industrial uses – detection of leakages in pipes 
                                 - control paper thickness 
                                 - food preservation 
     Biological use – treatment of cancer 
                             - diagnosis in medicine 
    Agricultural use - mutation produces good quality breeds 

- Control pests 
- Study processes in plants 

(f)  

Days  mass 

0 12 

15 6 

30 3 

45 1.5 

60 0.75g 

 
   Mass decayed = 12 - .075 = 11.25g 

2. (a) atomic number of an element is the number protons in the nucleus of an atom. 
(b) 20 -  10 = 10 

(c) 𝐶𝑜           𝑋 +  𝑒−1 +  𝛾28
60

27
60  

3. (a) (i) Radioisotopes are atoms of an element with same atomic number but different atomic 
mass that undergo spontaneous disintegration releasing alpha, beta and or gamma radiation. 
    (ii) detection of leakage in water pipes 
(b) gamma rays pass through but alpha and beta particles are absorbed. 
(c) A- high tension voltage 
     B- cooling fins 
    C – anode 
    D- target 
    E- filament 
     F- vacuum 
(ii) uses of part 
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A. Accelerates electrons from the filament to the target 
B. Cools the anode 
C. Attracts electrons from the target 
D. Emits X-rays when struck by electron beam 
E. Emits electrons  when heated 
F. Prevents loss of energy  

(iii) When fast moving electron strike the metal target, about only 1% their kinetic energy is 

converted to X-rays  

(d) Safety precautions 
- Avoid X-rays   or wear protective shields. 
4. (a) (i) 235 is the mass number of uranium 

     (ii) 92 s the atomic number of uranium 

(b) 𝑈92
235              𝑋 +  𝐻𝑒2

4
90

231  
5. (a) Half-life is the time taken for a radioactive substance to decay to half its original mass 

(b) (i)  

Number of half-lives Amount 

0 1g 

1 ½ g 

2 ¼ g 

3 1/8 g 

4 1/16 g 

 
It reduced to 1/16 after 4 half lives 

∴ half-life = 
16

4
 = 4 days 

(ii) number of half-lives = 
20

4
 = 5 

     A mount not decayed = 
1

25 = 
1

32
 

(f) (i) A – alpha particle  B – beta particle C – gamma ray 
(ii)  

Alpha particle Beta particle 

Positively charged Negatively charged 

Heavy Light 

More ionizing Less ionizing 

(iii) – cause cancer 
- destroy cells 
- cause mutation 
- cause burns 

(iv) Nuclear fission is the splinting of unstable heavy nucleus to two relatively smaller 
stable nuclei while nuclear fusion is the joining together of light nuclei to form one 
relatively stable nucleus. 

(g) – Readily penetrate matter up to 1mm of lead 
- not deflected by electric or magnetic fields 
- ionize gases 
- affect photographic film 
- cause fluorescence 
- gives interference and diffraction effect. 

6. (a) (i) infrared  (ii) gamma rays (iii) microwaves  (iv) infra-red 
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(b) A-Target B. element C. anode D. vacuum 
(c)  Electrical energy heat energy mechanical energy   X-ray +heat 
(d) Determination of interatomic distance in crystals 
(e) (i) Half-life is the time taken by a radioactive material to disintegrate to half its original mass. 
     (ii)  

Time Mass 
left 

0 4000 

1 half-life 2000 

2half-lives 1000 

3 half-lives 500 

4 half-lives 250 

 
From above 4 half-lives = 40minutes 
Thus, half-life = 10minutes 

7. (a) thermionic emission is the emission of electron from hot metal. 
(e) To show the arrival of electrons. 
(f) – to measure p.d 

- in T.Vs 
- to display wave form 

8. (a) A- beta particles,  B- alpha particle C. gamma rays 
(b) A- negatively charged B- positively charged  C – has no charge 
(c)  

9. (a) (i) A. electron gun B. deflecting plates C. Fluorescent screen 
     (ii) this prevents slowing down and scattering of electrons by air as they move from the 
cathode to the screen since electrons are light 
(b) (i) Electrons produced from hot filament are accelerated and focused by the anode to the 

screen where they cause fluorescence. They may be deflected by the Y-plates and X-plates. 
(ii) the kinetic energy of fast electrons is converted into light energy on striking the screen 
coated with fluorescent material 

(c) (i)  
 

(ii)  
 
(iii)  
 

(d) Uses of a CRO 
- Radio receiver 
- Television sets 
- Display wave form 
- As a timing device in radar system 
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-  
10. (a) Radioactivity is spontaneous disintegration of unstable nuclei accompanied by emission of 

radiations 
(b)  

Time Mass 
left 

0 100% 

1 half-life 50% 

2half-lives 25% 

3 half-lives 12.5% 

4 half-lives 6.25% 

 
4half-lives = 50hours 

Half-life = 
50

4
 = 12.5hous 

11. (a) (i) Thermionic emission is the process by which a metal emits electrons when heated. 
     (ii) Photoelectric effect is the process by which a metal emits electrons when irradiated.  
(b) (i) Conditions for photoelectric effect 
-  the wavelength of the radiation should be below a certain critical value 
- the frequency of a radiation should be above a certain critical value 
 
(iii) Full rectification  is achieved by connecting four diodes in abridge as shown below 

  

A and C will alternatively be positive and negative. Output current flows at B 

12. (a) thermionic emission is a process where electrons are emitted from hot metal surface 
(b) (i) Electron gun emits, controls  and accelerates electrons for hot filament to the screen 

(ii) Deflection system; X-plates deflects electron beam horizontally while Y-plates deflects  
(iii) screen indicated the arrival of electron 

(c) Used to measure p.d. 
- Used to study wave forms 
- Used in T.Vs 

(d) X-rays are produced when fast moving electrons are stopped by a metal target of high 
melting point 

(e) Uses of X-rays 
- Detect fractures 
- Treat cancer 
- Detect tuberculosis in the lungs 
- Detections of cracks in metals     Thank you 


