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(a) RADIOACTIVITY 

 

STABILITY OF NUCLEUS 

Nuclear stability means that the nucleus of an element is stable and thus it 

does not decay spontaneously emitting any kind of  radioactivity. Among the 

≈9,000 nuclei expected to exist, and the ≈3,000 presently known, only 195 are 

stable against spontaneous decay, because of energy conservation. In the chart 

of nuclides, a two-dimensional graph in which one axis represents the number 

of neutrons and the other represents the number of protons in an atomic 

nucleus, the stables nuclei are gathered in the valley (or island) of Nuclear 

Stability. This valley follows at first the line corresponding to nuclei with 

equal number of protons and neutrons, and then bends towards the neutron-

rich side at higher masses, due to Coulomb repulsion. Those nuclei with the 

highest  binding energy per nucleon are the most stable with respect to 

destructive nuclear reactions. 

The two main factors that determine nuclear stability are the neutron/proton 

ratio and the total number of nucleons in the nucleus. 

 

Neutron/Proton Ratio 

 

The principal factor for determining whether a nucleus is stable is the neutron to 

proton ratio. 

The graph below is a plot of the number of neutrons versus the number of 

protons in various stable isotopes. Stable nuclei with atomic numbers up to 

about 20 have an n/p ratio of about 1:1. 

https://doi.org/10.1007/978-3-642-11274-4_1341
https://doi.org/10.1007/978-3-642-11274-4_163
http://socratic.org/chemistry/a-first-introduction-to-matter/isotopes


 
Above Z = 20, the number of neutrons always exceeds the number of protons in 

stable isotopes. The stable nuclei are located in the pink band known as the belt 

of stability. The belt of stability ends at lead-208. 

 

Number of nucleons 

 

No nucleus higher than lead-208 is stable. That's because, although the nuclear 

strong force is about 100 times as strong as the electrostatic repulsions, it 

operates over only very short distances. When a nucleus reaches a certain size, 

the strong force is no longer able to hold the nucleus together. 

 

RUTHERFORD SODDY THEORY OF RADIOACTIVE DECAY 

In 1902, while studying the radioactivity of thorium, Rutherford and English 

chemist Frederick Soddy discovered that radioactivity was associated with 

changes inside the atom that transformed thorium into a different element. They 

found that thorium continually generates a chemically different substance that is 

intensely radioactive. The radioactivity eventually makes the new element 

disappear. Watching the process, Rutherford and Soddy formulated 

the exponential decay law, which states that a fixed fraction of the element will 

decay in each unit of time. For example, half of the thorium product decays in 

four days, half the remaining sample in the next four days, and so on. 

 

Decay constant 

https://www.britannica.com/science/thorium
https://www.britannica.com/biography/Frederick-Soddy
https://www.britannica.com/science/exponential-decay-law
https://www.britannica.com/science/half-life-radioactivity


It is the proportionality between the size of a population of radioactive atoms 

and the rate at which the population decreases because of radioactive decay. 

Suppose N is the size of a population of radioactive atoms at a given time t, 

and dN is the amount by which the population decreases in time dt; then the rate 

of change is given by the equation 

 dN/dt = −λN, where λ is the decay constant.   (1) 

Integration of this equation yields  

N = N0e
−λt, where N0 is the size of an initial population of radioactive atoms at 

time t = 0.                                                         (2) 

This shows that the population decays exponentially at a rate that depends on 

the decay constant. The time required for half of the original population of 

radioactive atoms to decay is called the half-life. The relationship between the 

half-life, T1/2, and the decay constant is given by  

T1/2 = 0.693/λ. 

It can be shown that the decay constant λ and half-life (t1⁄2) are related as 

follows: λ = loge2/t1⁄2 = 0.693/t1⁄2. The reciprocal of the decay constant λ is 

the mean life, symbolized by the Greek letter tau, τ. 

For a radioactive nucleus such as potassium-40 that decays by more than one 

process (89 percent β−, 11 percent electron capture), the total decay constant is 

the sum of partial decay constants for each decay mode. (The partial half-life for 

a particular mode is the reciprocal of the partial decay constant times 0.693.) It 

is helpful to consider a radioactive chain in which the parent (generation 1) of 

decay constant λ1 decays into a radioactive daughter (generation 2) of decay 

constant λ2. The case in which none of the daughter isotope (2) is originally 

present yields an initial growth of daughter nuclei followed by its decay. The 

equation giving the number (N2) of daughter nuclei existing at time t in terms of 

the number N1(0) of parent nuclei present when time equals zero is 

 

in which e represents the logarithmic constant 2.71828. 

The general equation for a chain of n generations with only the parent initially 

present (when time equals zero) is as follows: 

 

HALF - LIFE 
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https://www.britannica.com/science/electron
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The measurement of half-lives of radioactivity in the range of seconds to a few 

years commonly involves measuring the intensity of radiation at successive 

times over a time range comparable to the half-life. The logarithm of the decay 

rate is plotted against time, and a straight line is fitted to the points. The time 

interval for this straight-line decay curve to fall by a factor of 2 is read from the 

graph as the half-life, by virtue of equations (1) and (2). If there is more than 

one activity present in the sample, the decay curve will not be a straight line 

over its entire length, but it should be resolvable graphically (or by more 

sophisticated statistical analysis) into sums and differences of straight-line 

exponential terms. The general equations (4) for chain decays show a time 

dependence given by sums and differences of exponential terms, though special 

modified equations are required in the unlikely case that two or more decay 

constants are identically equal. 

For half-lives longer than several years it is often not feasible to measure 

accurately the decrease in counting rate over a reasonable length of time. In 

such cases, a measurement of specific activity may be resorted to; i.e., a 

carefully weighed amount of the radioactive isotope is taken for counting 

measurements to determine the disintegration rate, D. Then by equation (1) the 

decay constant λi may be calculated. Alternately, it may be possible to produce 

the activity of interest in such a way that the number of nuclei, N, is known, and 

again with a measurement of D equation (1) may be used. The number of 

nuclei, N, might be known from counting the decay of a parent activity or from 

knowledge of the production rate by a nuclear reaction in a reactor or 

accelerator beam. 

Half-lives from 100 microseconds to one nanosecond are measured 

electronically in coincidence experiments. The radiation yielding the species of 

interest is detected to provide a start pulse for an electronic clock, and the 

radiation by which the species decays is detected in another device to provide a 

stop pulse. The distribution of these time intervals is plotted semi-

logarithmically, as discussed for the decay-rate treatment, and the half-life is 

determined from the slope of the straight line. 

Half-lives in the range of 100 microseconds to one second must often be 

determined by special techniques. For example, the activities produced may be 

deposited on rapidly rotating drums or moving tapes, with detectors positioned 

along the travel path. The activity may be produced so as to travel through a 

vacuum at a known velocity and the disintegration rate measured as a function 

of distance; however, this method usually applies to shorter half-lives in or 

beyond the range of the electronic circuit. 

https://www.britannica.com/technology/radiation-measurement
https://www.britannica.com/science/activity-radioactivity
https://www.merriam-webster.com/dictionary/feasible
https://www.britannica.com/science/radioactive-isotope
https://www.britannica.com/science/nuclear-reaction
https://www.britannica.com/science/velocity


Species with half-lives shorter than the electronic measurement limit are not 

considered as separate radioactivities. 

MEAN LIFE: 

Mean life, in radioactivity, average lifetime of all the nuclei of a particular 

unstable atomic species. This time interval may be thought of as the sum of the 

lifetimes of all the individual unstable nuclei in a sample, divided by the total 

number of unstable nuclei present. The mean life of a particular species of 

unstable nucleus is always 1.443 times longer than its half-life (time interval 

required for half the unstable nuclei to decay). Lead-209, for example, decays to 

bismuth-209 with a mean life of 4.69 hours and a half-life of 3.25 hours. 

ALPHA DECAY 

Alpha decay, the emission of helium ions, exhibits sharp line spectra when 

spectroscopic measurements of the alpha-particle energies are made. For even–

even alpha emitters the most intense alpha group or line is always that leading 

to the ground state of the daughter. Weaker lines of lower energy go to excited 

states, and there are frequently numerous lines observable. 

 

• Release of 2 protons and 2 neutrons 

– Equivalent to a He nucleus 

– Charge of 2+ 

– Mass = 4 a.m.u  

• Largest and slowest  

– Least penetrating  can be stopped by paper 

• Changes to a different element with a lower atomic mass and lower 

atomic number 

• Example: Polonium-212 is converted to Lead-208  

 

 
 

https://www.britannica.com/science/radioactivity
https://www.britannica.com/science/half-life-radioactivity
https://www.britannica.com/science/helium-chemical-element
https://www.britannica.com/science/energy


Sources of Alpha Particle 

  

Many alpha emitters occur naturally in the environment. 

For example, alpha particles are given off by radionuclides   

Such as uranium- 238, radium-226, and other members of the naturally 

occurring uranium , thorium and actinium decay series which are present in 

varying amounts in nearly all rocks, soils and water. 

Artificially produced sources of alpha particles include the radioisotopes of 

elements such as plutonium , americium , curium and californium.  

 
 

 

 

Properties: 

 

• It is a nucleus of Helium. It consists of two protons and two neutrons.                                                                                   

• It has +2 charge .     

• Its mass is relatively large.                        

• Alpha particles are relatively slow and heavy compared with others forms 

of  nuclear radiation.  

• Alpha particle has the highest ionizing power . This because of its large 

mass and thus greatest ability to  damage tissue. 

• Alpha particle is dangerous when source is inside the body. 

 

 
 

In the case of alpha decay, the electrostatic repulsive potential between alpha 

particle and nucleus generates an energetically forbidden region, or potential 



barrier, from the nuclear radius out to several times this distance. The maximum 

height (B) of this alpha barrier is given approximately by the expression B = 

2Ze2/R, in which Z is the charge of the daughter nucleus, e is the elementary 

charge in electrostatic units, and R is the nuclear radius. Numerically, B is 

roughly equal to 2Z/A1⁄3, with A the mass number and B in energy units of MeV. 

Thus, although the height of the potential barrier for 212/84Po decay is nearly 28 

MeV, the total energy released is Qα = 8.95 MeV. 

 

Uses of Alpha Radiation: 

 

• It used to treat various types of cancer. 

• Alpha radiation is used in some smoke detector. 

• It is used as an energy source to power pacemakers. 

• It is used to provide heating for space craft. 

Radioisotopes thermal generators make direct use of the heat generated by alpha 

decay. 

 

BETA DECAY: 

 

In the simplest beta-decay process, a free neutron decays into a proton, a 

negative electron, and an antineutrino: 

 n → p + e− + ν  

The weak interaction responsible for this process, in which there is a change of 

species (n to p) by a nucleon with creation of electron and antineutrino, is 

characterized in Fermi theory by a universal constant, g. 

Beta particle also called beta ray  or beta radiation is a high- energy , high – 

speed electron or positron  emitted  by the radioactive  decay of an atomic  

nucleus during the process of beta decay. 

There are two type of beta radiation, negative beta and positive beta radiation 

which produce electrons and positrons respectively. Beta particles are a type of 

ionizing radiation and radiation protection purposes are regarded.  

 

 

Beta radiation occurs with the emission of an electron or beta particle. 

No nucleons are lost, and the total number of nucleons is the same in the 

daughter nucleus as in the parent nucleus. 

With the loss of an electron, the nucleus must have an extra positive charge, so 

in this case the number of protons  is 7, which is Nitrogen.  

 
 

Sources of Beta Radiation: 

 

https://www.britannica.com/science/electric-charge
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Many beta emitters occur naturally  in the radioisotopes found in the natural 

radioactive decay chains of uranium, thorium and actinium. For example lead-

210, bismuth- 214 and thallium-206. 

Beta emitters are also commonly found in  the radioactive products of nuclear 

fission. Examples  strontium-90, cesium – 137.  

 

 
 

Properties: 

• It is an electron and thus consist of negative charge. 

• It has minus 1 charge. 

• Their mass are very small which is equal to that of an atom. 

• The speed of beta particle are fast. 

• They have weak  ionizing effect. 

• They are most dangerous when sources are outside the body.  

 

Uses: 

• It is used for the quality control of thin material that is paper. 

• Treatment of eye and bone cancers, like strontium-90. 

• Tritium is used in some phosphorescent 

   lighting typically for emergency lighting 

   as it requires no power. 

 
 

 

GAMMA TRANSITION: 

 



The nuclear gamma transitions belong to the large class of electromagnetic 

transitions encompassing radio-frequency emission by antennas or rotating 

molecules, infrared emission by vibrating molecules or hot filaments, visible 

light, ultraviolet light, and X-ray emission by electronic jumps in atoms or 

molecules. the nuclear diameters are always much smaller than the shortest 

wavelengths of gamma radiation in radioactivity—i.e., the nucleus is too small 

to be a good antenna for the radiation. 

 

• Gamma rays are photons having very high energies. The decay of a 

nucleus by the emission of a gamma ray is much  like the  emission of 

photons by excited electrons. 

• The gamma rays come from an excited nucleus that is trying to get back 

to its ground state. 

The nucleus could be in an excited state either from a collision with another 

particle or because it is a nucleus left over from a previous radioactive decay. 

A nucleus may remain in an excited state for some time before it emits a gamma 

ray . The nucleus is then said to be in a metastable state and is called an isomer. 

The nucleus can also return to its ground state by a process called internal 

conversion, where no gamma rays is emitted . The nucleus interacts with an 

electron and losses its energy as an x-ray. X-rays come from atom-electron 

interactions, while gamma rays come from nuclear processes.   

 
 

 
 

Properties: 

• It’s an electromagnetic wave. 

• It has no charge. 

• Gamma particle has no mass. 

• Gamma rays travels with a speed of light. 

• Ionizing effect of gamma rays are very weak. 

• It is most dangerous when source is outside the body. 

 

Uses: 

https://www.merriam-webster.com/dictionary/encompassing
https://www.britannica.com/science/ultraviolet-radiation
https://www.britannica.com/science/gamma-ray


• Gamma rays kill bacteria and cancer cells, they have been used to kill 

certain types of cancer. 

• Gamma rays is used as diagnostics tool. 

• Gamma rays are used in an industrial settings to detect defects in metal 

castings and to find weak spots in welded structure. 

• Gamma rays namely in the form of a radionuclides called cobalt 60 are 

used for food preservation. 

 

RADIOACTIVE DATING: 

 

• The age of any once-living object can be determined using the natural 

radioactivity of carbon-14. All living plants and animals absorb CO2from 

the air and use it to synthesize organic molecules. 

• As long as a plant is alive, it continually absorbs CO2from the air to build 

new tissue or replace old. Animals continuously eat plant matter, so they 

receive a fresh supply of carbon for their tissues . Once the organism dies, 

there is no longer a fresh supply of carbon-14,and the amount of carbon-

14 begins to decline due to radioactive decay. 

• It is the ratio of carbon-12 to carbon-14 atoms that determines the age of 

the object. 

• Objects older than 60,000 years are difficult. 

• To determine due to the small amount of carbon-14 present. 

 

(b) FISSION AND FUSION 

Mass deficit: 

 
Nuclei consist of nucleons (neutrons and protons), the total number of which is 

equal to the mass number of the nucleus. The actual mass of a nucleus is always 

less than the sum of the masses of the free neutrons and protons 

that constitute it, the difference being the mass equivalent of the energy of 

formation of the nucleus from its constituents. The conversion of mass to 

energy follows Einstein’s equation, E = mc2, where E is the energy equivalent 

of a mass, m, and c is the velocity of light. This difference is known as the mass 

defect and is a measure of the total binding energy (and, hence, the stability) of 

the nucleus. This binding energy is released during the formation of a nucleus 

from its constituent nucleons and would have to be supplied to the nucleus to 

decompose it into its individual nucleon components. 

https://www.britannica.com/science/atomic-nucleus
https://www.britannica.com/science/nucleon
https://www.britannica.com/science/mass-number
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https://www.merriam-webster.com/dictionary/constituents
https://www.britannica.com/science/speed-of-light
https://www.britannica.com/science/mass-defect
https://www.britannica.com/science/mass-defect
https://www.britannica.com/science/binding-energy
https://www.merriam-webster.com/dictionary/constituent
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When breaking apart a nucleus, there is a change in mass called the mass defect. 

The change in mass was converted to energy. 

We know this as E=mc2 

     In calculating the mass defect it is important to use the full accuracy of mass 

measurements because the difference in mass is small compared to the mass of 

the atom. Rounding off the masses of atoms and particles to three or four 

significant digits prior to the calculation will result in a calculated mass defect 

of zero. 

            Δm=[Z(mp+me)+(A−Z) mn]−matom  

where 

Δm=mass defect (amu) 

mp=mass of a proton (1.007277 amu) 

mn=mass of a neutron (1.008665 amu) 

me=mass of an electron (0.000548597 amu) 

matom=mass of nuclide AXZ (amu) 

Z=atomic number (number of protons) 

A=mass number (number of nucleons) 

 

The energy required to break a nucleus into its individual protons and neutrons 

is called nuclear binding energy. Energy released in a nuclear reaction is much 

greater than in chemical reactions. 

Since the mass defect was converted to BE (binding energy) when the nucleus 

was formed, it is possible to calculate the BE using a conversion factor derived 

by the mass–energy relationship from Einstein’s Theory of Relativity. 

Einstein’s famous equation relating mass and energy is E=mc2 where c is the 

velocity of light (c=2.998×108 m/sec). The energy equivalent of 1 amu can be 

determined by inserting this quantity of mass into Einstein’s equation and 

applying conversion factor 

E = mc2  = 1 amu = 931.5MeV 

 

Conversion Factors:  

1 amu=1.6606×10−27 kg 

1 N=1 kg m/sec2  

1 J=1 Nm 

1 MeV=1.6022×10−13 J 

 

NUCLEAR FISSION: 

 

The splitting of the nucleus into fragments (division) is called Fission. 

Uranium-235 is struck by a neutron and forms Ba-141, Kr-92, and additional 

neutrons. Fission is Exothermic. The sum of the masses of the resulting nuclei 



is less than the original mass (about 0.1% less).The “missing mass” is converted 

to energy according to E=mc2  

Nuclear fission, subdivision of a heavy atomic nucleus, such as that 

of uranium or plutonium, into two fragments of roughly equal mass. The 

process is accompanied by the release of a large amount of energy. 

In nuclear fission the nucleus of an atom breaks up into two lighter nuclei. The 

process may take place spontaneously in some cases or may be induced by the 

excitation of the nucleus with a variety of particles (e.g., 

neutrons, protons, deuterons, or alpha particles) or with electromagnetic 

radiation in the form of gamma rays. In the fission process, a large quantity of 

energy is released, radioactive products are formed, and several neutrons are 

emitted. These neutrons can induce fission in a nearby nucleus of fissionable 

material and release more neutrons that can repeat the sequence, causing a chain 

reaction in which a large number of nuclei undergo fission and an enormous 

amount of energy is released. If controlled in a nuclear reactor, such a chain 

reaction can provide power for society’s benefit. If uncontrolled, as in the case 

of the so-called atomic bomb, it can lead to an explosion of awesome 

destructive force. 

 

 
Nature of Fission Fragments: 

 

• When uranium-235 undergoes fission, the average of the fragment mass 

is about 118, but very few fragments near that average are found. 

•  It is much more probable to break up into unequal fragments, and the 

most probable fragment masses are around mass 95 and 137. 
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•  Most of these fission fragments are highly unstable (radioactive), and 

some of them such as cesium-137 and strontium-90 are extremely 

dangerous when released to the environment. 

• A common pair of fragments from uranium-235 fission is xenon and 

strontium: 

 

 
 

 

Emission of Neutrons: 

 

Neutrons may 

1 - Cause another fission by colliding with a U235 nucleus 

• Creates two smaller nuclides and free neutrons 

•   The free neutrons potentially collide with nearby U235 nuclei 

•   May cause the nuclide to split as well  

2 - Be absorbed in other material 

3 – Be Lost in the system. If sufficient neutrons are present, chain reaction may 

be achieved. 

 
 

CHAIN REACTION: 

 

• Chain reaction  

–  Nucleus captures a neutron and splits into fragments and produces 

three neutrons 

– Products start a new reaction 

• Critical mass 

–  The minimum mass required to support a self-sustaining chain 

reaction 

http://hyperphysics.phy-astr.gsu.edu/hbase/nuclear/radact.html
http://hyperphysics.phy-astr.gsu.edu/hbase/NucEne/fisfrag.html
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NUCLEAR REACTORS: 

 

Principles of Operation 

Nuclear reactors operate on the principle of nuclear fission, the process in which 

a heavy atomic nucleus splits into two smaller fragments. The nuclear fragments 

are in very excited states and emit neutrons, other subatomic particles, 

and photons. The emitted neutrons may then cause new fissions, which in turn 

yield more neutrons, and so forth. Such a continuous self-sustaining series of 

fissions constitutes a fission chain reaction. A large amount of energy is 

released in this process, and this energy is the basis of nuclear power systems. 

 

The purpose of nuclear reactors is to keep the chain reaction going without 

letting it get out of control. 
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https://www.britannica.com/science/subatomic-particle
https://www.britannica.com/science/photon
https://www.merriam-webster.com/dictionary/constitutes
https://www.britannica.com/science/chain-reaction


 
 

Reactor control: 

 

• A commonly used parameter in the nuclear industry is reactivity, which is 

a measure of the state of a reactor in relation to where it would be if it 

were in a critical state.  

• Reactivity is positive when a reactor is supercritical, zero at criticality, 

and negative when the reactor is subcritical.  

• Reactivity may be controlled in various ways: by adding or removing 

fuel, by altering the ratio of neutrons that leak out of the system to those 

that are kept in the system, or by changing the amount of absorber that 

competes with the fuel for neutrons. 

 

Heat removal: 

 

• A significant portion of the energy of fission is converted to heat . 

• The bulk of this energy is deposited in the fuel, and a coolant is required 

to remove the heat (and also to transfer the heat energy to the power-

generating plant).  

• The most common coolant is water, though any fluid can be used. Heavy 

water (deuterium oxide), air, carbon dioxide, helium, liquid sodium, 

sodium-potassium alloy (called NaK), molten salts, and hydrocarbons 

have all been used in reactors or reactor experiments.  
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Shielding 

An operating reactor is a powerful source of radiation, since fission and 

subsequent radioactive decay produce neutrons and gamma rays, both of which 

are highly penetrating radiations. A reactor must have specifically designed 

shielding around it to absorb and reflect this radiation in order to protect 

technicians and other reactor personnel from exposure. In a popular class of 

research reactors known as “swimming pools,” this shielding is provided by 

placing the reactor in a large, deep pool of water. In other kinds of reactors, the 

shield consists of a thick concrete structure around the reactor system referred to 

as the biological shield. The shield also may contain heavy metals, such 

as lead or steel, for more effective absorption of gamma rays, and 

heavy aggregates may be used in the concrete itself for the same purpose. 

Core 

All reactors have a core, a central region that contains the fuel, fuel cladding, 

coolant, and (where separate from the latter) moderator. The fission energy in a 

nuclear reactor is produced in the core. The fuel is usually heterogeneous—i.e., 

it consists of elements containing fissile material along with a diluent. This 

diluting agent may be fertile material or simply material that has good 

mechanical and chemical properties and does not readily absorb neutrons. All 

diluents act as a matrix in which the fissile material can stably reside through its 

operable life. In solid fuels, the diluted fissile material is enclosed in 

a cladding—a substance that isolates the fuel from the coolant and minimizes 

the likelihood that radioactive fission products will be released. Cladding is 

often referred to as a reactor’s first fission product barrier, as it is the first 

barrier that fissile material contacts after nuclear fission. 

 

Reactor Control Elements: 

 

• All reactors need unique elements for control, control rods or, in some 

cases, blades.  

• Typically a reactor is equipped with three types of rods for different 

purposes:  

• (1) safety rods for starting up and shutting down the reactor, (2) 

regulating rods for adjusting the reactor’s power rate, and (3) shim rods 

for compensating for changes in reactivity as fuel is depleted by fission 

and neutron capture. 

 

NUCLEAR FUSION: 
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Fusion - combining atomic nuclei to produce a nucleus of greater mass. 

Fusion reactions release more energy than fission reactions.Sun is powered by 

fusion. 

Nuclear fusion, process by which nuclear reactions between light elements form 

heavier elements (up to iron). In cases where the interacting nuclei belong to 

elements with low atomic numbers (e.g., hydrogen [atomic number 1] or its 

isotopes deuterium and tritium), substantial amounts of energy are released. The 

vast energy potential of nuclear fusion was first exploited in thermonuclear 

weapons, or hydrogen bombs. 

 

Types of fusion reactions: 

 

Fusion reactions are of two basic types:  

(1) those that preserve the number of protons and neutrons and  

(2) those that involve a conversion between protons and neutrons. Reactions of 

the first type are most important for practical fusion energy production, whereas 

those of the second type are crucial to the initiation of star burning. An arbitrary 

element is indicated by the notation AZX, where Z is the charge of the nucleus 

and A is the atomic weight. An important fusion reaction for practical energy 

generation is that between deuterium and tritium (the D-T fusion reaction). It 

produces helium (He) and a neutron (n) and is written as 

D + T → He + n. 

To the left of the arrow (before the reaction) there are two protons and three 

neutrons. The same is true on the right. 

The other reaction, that which initiates star burning, involves the fusion of two 

hydrogen nuclei to form deuterium (the H-H fusion reaction): 

H + H → D + β + + ν 

where β + represents a positron and ν stands for a neutrino. Before the reaction 

there are two hydrogen nuclei (that is, two protons). Afterward there are one 

proton and one neutron (bound together as the nucleus of deuterium) plus a 

positron and a neutrino (produced as a consequence of the conversion of one 

proton to a neutron). Both of these fusion reactions are exoergic and so yield 

energy. 

 

 

THERMONUCLEAR REACTIONS: 

 

• The fusion of two nuclei that occurs in a high-temperature mixture of ions 

and electrons when the ion velocity is sufficient to overcome electrostatic 

repulsion in a collision between nuclei. 
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https://www.britannica.com/science/atomic-number
https://www.britannica.com/science/hydrogen
https://www.britannica.com/science/deuterium
https://www.britannica.com/science/tritium
https://www.britannica.com/science/energy
https://www.britannica.com/science/star-astronomy
https://www.britannica.com/science/electric-charge
https://www.britannica.com/science/deuterium
https://www.britannica.com/science/tritium
https://www.britannica.com/science/positron
https://www.britannica.com/science/neutrino


• Since the probability of the reaction is small for a single collision, ions 

must collide many times before fusing and must not lose their energy in 

the collisions. 

• Therefore, the ions and electrons must be at the same high temperature, 

so the process is often called thermonuclear fusion.  

• Thermonuclear reactions, the source of energy generation in the Sun and 

the stable stars, are utilized in the fusion bomb.   
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