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Nuclear fission

Definition: the process by which an 
atom's nucleus is split into smaller 
particles; results in the release of 
neutrons and lots of energy.





nuclear fission 
event 

• slow-moving neutron 
is absorbed by the 
nucleus of a 
uranium-235 atom

• uranium-235 atom
fissions into two fast-
moving lighter 
elements and 
additional neutrons







The Manhattan 
project



The Manhattan 
project



The history of the making of 
the atomic bomb



Discovery of nuclear fission

Otto Hahn Fritz Strassmann

Lise Meitner Otto Robert Frisch

Franklin D. Roosevelt

Roosevelt called on Lyman Briggs of 
the National Bureau of Standards to 

head the Advisory Committee on 
Uranium to investigate the issues 
raised by the letter. Briggs held a 

meeting on 21 October 1939, which 
was attended by Szilárd, Wigner 

and Ede Teller. 

Albert Einstein

Leo Szilard



Einstein–Szilard letter

"In the course of the last four months it has been made probable – through 
the work of Joliot in France as well as Fermi and Szilard in America – that it 
may become possible to set up a nuclear chain reaction in a large mass of 
uranium, by which vast amounts of power and large quantities of new 
radium-like elements would be generated. Now it appears almost certain 
that this could be achieved in the immediate future.

This new phenomenon would also lead to the construction of bombs, and …. 
– though much less certain – that extremely powerful bombs of a new type 
may thus be constructed. A single bomb of this type, carried by boat and 
exploded in a port, might very well destroy the whole port together with 
some of the surrounding territory. However, such bombs might very well 
prove to be too heavy for transportation by air."





Who Were the Manhattan Project Scientists?

• J. Robert Oppenheimer- theoretical physicist

• Leo Szilard-Hungarian physicist that worked closely with Einstein

• Hans Bethe -theoretical physicists

• Ernest O. Lawrence-nuclear physicist

• Klaus Fuchs-theoretical physicist,

• Glenn Seaborg-chemist







The Hiroshima and 
Nagasaki bombs

The “Little Boy” bomb dropped on 
Hiroshima was made of highly enriched 
uranium-235, while the “Fat Man” 
bomb dropped on Nagasaki was made 
of plutonium.







The physics of the atomic bomb



What is a chain 
reaction? 

A chain reaction is a sequence of 
reactions where a reactive product or 
by-product causes additional 
reactions to take place. In a chain 
reaction, positive feedback leads to a 
self-amplifying chain of events.



Time evolution of a chain reaction

k: effective multiplication factor

N: number of decays



Time evolution of a 
chain reaction

exponential



why and how energy is released in nuclear reactions? 



Mass-
energy
equivalence

Fission : 
200 MeV



1. Summary 

• Historical side: The Manhattan Project was a research 
and development undertaking during World War II 
that produced the first nuclear weapons. 

• Physics side: In nuclear fission, the nucleus of a fissile 
atom absorbs a thermal neutron, becomes unstable 
and splits into two new atoms, releasing some energy 
and between one and three new neutrons, which can 
perpetuate the process.



Fission 
reactors

• A nuclear reactor is a device used to initiate and 
control a fission nuclear chain 
reaction or nuclear fusion reactions.

• Heat from nuclear fission is passed to 
a working fluid (water or gas), which in turn 
runs through steam turbines. These either drive 
a ship's propellers or turn electrical generators' 
shafts.

• Nuclear generated steam in principle can be used 
for industrial process heat or for district heating

• Some reactors are used to 
produce isotopes for medical and industrial use, or 
for production of weapons-grade plutonium.



Components of a 
nuclear reactor

• Fuel

• Moderator

• Control rods or blades

• Coolant

• Pressure vessel or pressure
tubes

• Steam generator

• Containment



Fission reactors – main types



Pressurised water
reactor (PWR)

PWRs use ordinary water as 
both coolant and moderator.

The design is distinguished 
by having a primary cooling 
circuit which flows through 
the core of the reactor under 
very high pressure, 

and a secondary circuit in 
which steam is generated to 
drive the turbine.



Boiling water reactor (BWR)

(many similarities to the PWR)

The steam passes through drier plates 
(steam separators) above the core and then 
directly to the turbines. 

Since the water around the core of a reactor 
is always contaminated with traces of 
radionuclides, it means that the turbine must 
be shielded and radiological protection 
provided during maintenance.



Pressurised 
heavy water 
reactor (PHWR)

PHWRs generally use natural 
uranium (0.7% U-235) oxide 
as fuel, hence needs a more 
efficient moderator, in this 
case heavy water (D2O).

The PHWR produces more 
energy per kilogram of 
mined uranium than other 
designs, but also produces a 
much larger amount of used 
fuel per unit output.



Advanced gas-cooled reactor (AGR)

• These are the second generation of 
British gas-cooled reactors, using 
graphite moderator and carbon dioxide 
as primary coolant.

• The carbon dioxide circulates through 
the core, reaching 650°C and then past 
steam generator tubes outside it, but 
still inside the concrete and steel 
pressure vessel (hence 'integral' 
design). 



The Cherenkov
radiation



The cherenkov
radiation

The cherenkov radiation is electromagnetic 
radiation emitted when a charged particle 
passes through a dielectric medium at a speed 
greater than the phase velocity (speed of 
propagation of a wavefront in a medium) of light 
in that medium. A classic example of Cherenkov 
radiation is the characteristic blue glow of an 
underwater nuclear reactor. 



Emission angle 
of cherenkov

radiation





Lise Meitner and Otto 
Hahn in their 
laboratory

• Some of the Chicago Pile Team, 
including Enrico Fermi and Leó Szilárd



2. Summary

Nuclear reactors work by containing and controlling the physical 
process of nuclear fission.

Fission reactions may be moderated to increase fission, or 
unmoderated to breed further fuel.

For reactors using light water as moderator, enriched uranium is 
required.

Isotope separation to achieve uranium enrichment is by physical 
processes.



Nuclear fusion



Nuclear fusion

• Nuclear fusion is a reaction in 
which two or more atomic nuclei 
are combined to form one or more 
different atomic nuclei and 
subatomic particles (neutrons or 
protons). The difference in mass 
between the reactants and 
products is manifested as either 
the release or absorption of 
energy.



(History)

In 1920, Arthur Eddington suggested hydrogen-
helium fusion could be the primary source of 
stellar energy. 



Nuclear fusion



(fusion reaction rate 
increases rapidly with 
temperature until it 
maximizes and then 
gradually drops off)



Criteria and 
candidates for 
terrestrial 
reactions

BE EXOTHERMIC INVOLVE LOW ATOMIC 
NUMBER (Z) NUCLEI

HAVE TWO REACTANTS

HAVE TWO OR MORE 
PRODUCTS

CONSERVE BOTH 
PROTONS AND 

NEUTRONS





Tokamak

The tokamak is one of several 
types of magnetic 
confinement devices being 
developed to produce 
controlled thermonuclear 
fusion power.



Magnetic fields 
in a tokamak





Summary 3. 

• Nuclear fusion is a reaction in which two or more atomic nuclei are combined to 
form one or more different atomic nuclei and subatomic particles (neutrons or 
protons). 

• The difference in mass between the reactants and products is manifested as 
either the release or absorption of energy. This difference in mass arises due to 
the difference in nuclear binding energy between the atomic nuclei before and 
after the reaction.

• Nuclear fusion is the process that powers active or main sequence stars and 
other high-magnitude stars, where large amounts of energy are released.



Fission vs Fusion

(Summary of the lecture) 















Sources (books, that I 
recommend)  

• Stephane Groueff :Manhattan Project - The Untold Story of 
the Making of the Atomic Bomb (English)

• Hubert Mania: Az atombomba története (Hungarian)

• Ábel András: Los Alamostól Nagaszakiig (Az atombomba 
története) (Hungarian)

• Walter Isaacson: Einstein - Egy zseni élete és világa
(Hungarian)

https://bookline.hu/szerzo/stephane-groueff/12913847?page=1
https://bookline.hu/product/home.action?_v=Hubert_Mania_Az_atombomba_tortenete&type=22&id=328007
https://bookline.hu/product/home.action?_v=Abel_Andras_Los_Alamostol_Nagaszakiig_&type=10&id=2108259616
https://bookline.hu/product/home.action?_v=Walter_Isaacson_Einstein_Egy_zseni_el&type=10&id=2109296364


Sources (films, that I recommend) 

Teller Ede bombája: URL. (Hungarian) 
https://www.youtube.com/watch?v=Xn52kEawTFk

The Beginning or the End : URL.: (English) 
https://www.youtube.com/watch?v=vphTjSncp-
M&t=4459s

https://www.youtube.com/watch?v=Xn52kEawTFk
https://www.youtube.com/watch?v=vphTjSncp-M&t=4459s


Other sources, links, etc.

• https://online.norwich.edu/academic-programs/resources/who-were-the-manhattan-
project-scientists (English)

• https://world-nuclear.org/information-library/nuclear-fuel-cycle/introduction/physics-of-
nuclear-energy.aspx (English)

• https://en.wikipedia.org/wiki/Manhattan_Project (English)

• https://en.wikipedia.org/wiki/Nuclear_weapon (English)

• https://en.wikipedia.org/wiki/Cherenkov_radiation#History (English)

• https://en.wikipedia.org/wiki/Nuclear_reactor (English)

• https://en.wikipedia.org/wiki/World_War_II (English)

• https://en.wikipedia.org/wiki/Nuclear_fusion (English)

https://online.norwich.edu/academic-programs/resources/who-were-the-manhattan-project-scientists
https://world-nuclear.org/information-library/nuclear-fuel-cycle/introduction/physics-of-nuclear-energy.aspx
https://en.wikipedia.org/wiki/Manhattan_Project
https://en.wikipedia.org/wiki/Nuclear_weapon
https://en.wikipedia.org/wiki/Cherenkov_radiation#History
https://en.wikipedia.org/wiki/Nuclear_reactor
https://en.wikipedia.org/wiki/World_War_II
https://en.wikipedia.org/wiki/Nuclear_fusion


Thank you for your attention! 


