
RADIATION PHYSICS 



INTRODUCTION 
•  MATTER 

§  It is anything which has mass and occupies space. 

§  It occurs in three states 

§  All visible matter is composed of up quarks, down quarks and 
electrons. 

§  Up Q+ Down Q=N and P 

 

  



•  ATOM	is	the	fundamental	unit	of	matter	that	

cannot	be	subdivided	by	chemical	methods.	

•  Atom	

NUCLEUS	

ELECTRONS	

PROTONS	(+)	

NEUTRONS	



ELECTRONS 



•  All atom except hydrogen all other in the 

nucleus contain +ve charge 

•  Protons=2UpQ+1DQ=1 

•  Neutrons=1UpQ+2DQ=N 

•  No. of Protons in the nucleus determines the 

ATOMIC NUMBER (Z) 

•  No. of Protons and Neutrons in the nucleus of an 

atom is called the Atomic mass 



FORCES 

•  Electrostatic	force	is	force	of	attraction	between	

protons	and	electrons.	

•  Centrifugal	force	is	the	force	that	pulls	electron	

away	from	the	nucleus.	



IONIZATION 

•  When	the		number	of	Orbiting	electrons	in	an	

atom	is	equal	to	the	number	of	protons	in	the	

nucleus,	atom	is	electrically	neutral.	

•  If	an	electrically	neutral	atom	loses	an	electron	,	it	

becomes	positive	ion	and	the	free	electron	is	a	

negative	ion.	This	process	of	forming	an	ion	pair	is	

termed	as	IONIZATION.	



ELECTRON BINDING ENERGY 

•  The amount of energy 
required to remove an 
electron from a given shell 
must exceed the electrostatic 
force of attraction between it 
and the nucleus is EBE. 

•  It is specific for each shell 
of each element 

•  The electron shell closest to 
the nucleus will have the 
greatest binding  energy and 
it will decrease successively 
in each shell.  



RADIATION  

•  Transmission	of	energy	through	the	space	and	
matter.	

•  It	is	of	two	types		

•  Ionizing	Radiation	is	a	radiation	which	is	capable	

of	producing	ions	by	removing	or	adding	an	
electron	to	an	atom.	

•  Non	ionizing	radiation	is	radiation	that	does	not	
carry	enough	energy	to	ionize	atom	.	

IONIZING 

NON IONIZING 



IONIZING RADIATION 

•  It	is	of	two	types	

•  Particulate	Radiation:	It	consists	of		atomic	nuclei	or	

subatomic	particles	moving	at	high	velocity.	

•  Electromagnetic	Radiation	is	the	movement	of	

energy	through	spaces	as	a	combination	of	electric	

and	magnetic	fields.	

PARTICULATE 

ELECTROMAGNETIC 





PARTICULATE RADIATION 

	

•  Capacity	of	radiation	to	ionize	the	atom	depends	
upon	its	mass	,	velocity	and	charge.	

•  LET	is	the	rate	of		loss	of	energy	from	a	particle.	

•  Linear	Energy	Transfer	is	directly	proportional	to	
the	charge	of	the	particle.	

•  Alpha	is	of	higher	charge	and	have	high	LET	while	
Beta	particles	is	of	lower	charge	and	have	low	

LET.	

•  Beta	is	less	densely	packed	thus	it	penetrates	

easily	than	alpha	particles.	



ELECTROMAGNETIC 

RADIATION 

•  Radiation	is	the	movement	of	energy	through	
spaces	as	a	combination	of	electric	and	magnetic	

fields.	

•  The	electrical	energy	generated	in	a	electrical	

circuit	is	converted	into	electromagnetic	energy.	

•  An	electromagnetic	field	is	made	up	of	an	electric	
and	magnetic	field	.	

•  It	is	generated	when	the	velocity	of	an	
electrically	charged	particle	is	altered.	



WAVE THEORY  

•  Wavelength	is	the	distance	between	the	crest	of	

one	wave	and	crest	of	the	next.	

•  Frequency	is	the	number	of	wavelengths	that	

pass	a	given	point	in	a	certain	amount	of	time.	

•  The	shorter	the	wavelength,	the	higher	the	

frequency	will	be.	







•  The	wavelengths	differ	according	to	their	length	

•  Short	wavelength	is	known	as	Hard	Radiation	

•  Longer	wavelength	is	known	as	Soft	Radiation		

LONGER WAVELENGTH 

§ Low frequency  

§ Low energy 

SHORTER WAVELENGTH 

§  High Frequency 

§  High energy 



                  X-RAY 

•  It was first discovered by 
Wilhelm Conrad Roentgen 
on 8th November,1895. 

•  In 1896, Dr. Otto Walkoff a 
dentist took the first dental 
radiograph. 

•  He used a small glass 
photographic plate wrapped 
in a black paper  and covered 
with rubber dam that he 
placed in his own mouth. 
Thus the image he was 
taking was Bitewing as it 
showed both the upper and 
lower arch. 



PROPERTIES OF X-RAY 

•  They	have	a	very	short	wavelength	of	

0.1nm-0.001nm	

•  In	free	space	they	travel	in	a	straight	line	

•  They	travel	with	the	same	speed	as	that	of	visible	

light	

•  They	are	invisible	to	eye	

•  They		cannot	be	focused	by	lens	

•  They	cannot	be	reflected,	refracted	or	deflected	by	

a	magnet	or	an	electric	field	as	they	do	not	have	

any	charge.	



•  Attenuation-when	X	ray	passing	through	a	

matter	the	intensity	of	radiation	is	reduced.	

•  Absorption-Radiation	energy	is	taken	up	by	the	

material.	



X-RAY MACHINE 

•  The	components	are	Head	and	Timer	

•  Timer	is	of	two	types	and	they	are		

1.Manual	

2.Automatic	



X RAY MACHINE 

•  X-RAY	TUBE:	It	has	cathode	and	anode	

•  The	tube	is	an	evacuated	glass	tube,	as	it	will	

prevent	collision	of	the	moving	electrons	with	air	

molecules	and	preventing	in	burn	out	of	the	

filaments.	

	



CATHODE 

•  It	is	the	negative	electrode	of	the	tube,	which	

serves	as	the	source	of	electrons.	

•  It	consists	of:	

•  Filament		

•  Focusing	Cup			



FILAMENT 

•  It	is	the	source	of	electrons	in	the	xray	tube.	

•  Its	a	coil	of	tungsten	wire	of	2mm	in	diameter	

and	1cm	in	length.	

•  It	is	mounted	on	two	stiff	wires	that	support	it	

and	carry	the	electric	current.	These	two	

mounting	wires	lead	through	the	glass	envelope	

and	connect	to	both	the	high	and	low	voltage	

electrical	sources.	

•  The	filament	is	heated	to	incadescence	by	the	

flow	of	current	from	the	low	voltage	source	and	

emits	electrons	at	a	rate	proportional	to	the	



FOCUSING CUP 

•  The	filament	lies	in	a	focusing	cup	,a	negatively	

charged	concave	reflector	made	of	molybdenum.	

•  The	focusing	cup	focuses	the	electrons	emitted	by	

the	filament	into	a	narrow	beam	at	the	anode	

called	Focal	Spot.	

•  The	electrons	move	in	this	direction	because	they	

are	repelled	by	negatively	charged	cathode	and	

attracted	to	the	positively	charged	anode.	

•  The	hotter	the	filament	gets	the	greater	the	

number	of	electrons	and	the	number	of	electrons	

are	released.	



ANODE 

•  Positive	electrode	of	the	tube	

•  It	consists	of	a	target	and	Copper	block	



TARGET 

•  Target	is	to	convert	the	kinetic	energy	of	the	
electrons	generated	from	the	filament	into	x-ray	
photons.	

•  It	is	an	inefficient	process	with	more	than	99%	of	
the	electronic	kinetic	energy	converted	to	heat	
and	rest	is	the	X-ray.		

•  Target	is	Tungsten	

•  Tungsten	because:	

•  High	atomic	number-74	

•  High	melting	point-3410°C 

•  High Thermal Conductivity 

•  Low Vapour Pressure 



COPPER BLOCK 

•  Tungsten	is	embedded	in	a	copper	block	to	

dissipate	heat.	

•  Cu	is	a	good	conductor	and	it	prevents	from	

melting	of	the	tungsten	filament.	

•  There	is	insulating	oil	between	the	glass	

envelope	and	the	tube	head	thus	carries	heat	

away	from	the	copper	stem	





LINE FOCUS PRINCIPLE 

•  Focal	spot	is	the	area	of	the	anode	from	which	the	

X-rays	are	emitted	

•  Focal	spot	impacts	the	geometric	resolution	of	the	

x-ray	image.		

•  Angling	the	anode	target,	one	makes	the	effective	

focal	spot	much	smaller	than	the	actual	area	of	

interaction.	

•  HEEL EFFECT-As	Line	focus	principle	is	used,	it	

results	in	that	radiation	intensity	is	higher	than	that	

of	the	anode	side.	





POWER SUPPLY 

•  It is essential for heating up the filament to 

produce electrons by using Step down 

transformer. 

•  To generate high potential difference between 

anode and cathode  using high voltage 

transformer. 

•  Transformer is the alteration of the current 

between primary and secondary coils. 

•  Step Up:2°>1° 

•  Step Down:2°<1° 



•  Step down transformer will decrease the electric 

voltage upto 8-12volts. 

•  Enough to heat the filament and produce electrons 

•  Electrons forms a cloud and is present at the 

focusing cup  

•  Step up transformer will raise the potential 

difference between the cathode and anode by 

60-70kvp. 



•  Electrons	hits	the	tungsten	target	of	the	anode	

	

•  Lose	their	kinetic	energy	in	the	form	of	

99.8%heat	and	only	0.2%	X-rays.	



•  Exposure	Time:	As	it	increase	there	is	increase	

in	the	number	of	photons	generated,	Current	

and	voltage	is	constant.	It	controls	the	quantity	

of	the	image.	

•  Tube	Current	(mA):	No.	of	photons	is	directly	

proportional	to	the	mA	

•  Tube	Voltage(kVp):	Increase	in	it	results	in	

increase	in	the	following:	

•  No.	of	photons	generated	

•  Mean	Energy	

•  Maximal	Energy	


