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Strong Force Electromagnetic Force
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Binds nucleus of an atom

Weak Force
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Decay of a neutron




daplall 8 gl Caviial

Aanlall Al o 8 )

Force Source Transmitted particle Relative strength
Strong Strong charge Gluon |

EM Electric charge Photon 1/137

Weak Weak charge W™, W™, and Z° 1076
Gravitational Energy Graviton 100
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Fundamental
particles
Hadrons Leptons
Exhibit Do not exhibit
strong strong
interactions interactions
Are composed
of quarks
/\ Electron Tau
Mesons Baryons
. Tau
Pion Proton neutrino
Kaon Neutron Electronic
etc. neutrino
Muonic

neutrino




Quarks

Leptons

Hadrons
Feel the strong nuclear
force

Baryons Mesons
Made up of 3 quarks Made up of 2 quarks
Examples: Proton, Neutron Examples: Pions, Kaons
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Radiation wy \ LAl

Non-ionizing lonizing
radiation radiation

Directly ionizing radiation Indirectly ionizing radiation
(charged particles) (neutral particles)

Light |Intermediate Heavy
charged dsar%'ed charged Photon Neutron
e I

jv_de _part particle

P Characteristic x ray Cold
Electron m‘» - Alpha particie Bremsstrahlung Thermal
Gamma ray Epithermal
Carbon-12 lon
Positron Noon-20 ion
Synchrotron radiation) Fast
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THE ELECTROMAGNETIC SPECTRUM
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Quantity Definition SI unit Old unit Conversion
Exposure X Xzﬁji—r 2.58)(% leﬁ 1R=2.58x%
Dose D D=4 1Gy=1% 1 rad = 100 <2 1 Gy = 100 rad
Equivalent dose H H = Dwg 1 Sv 1 rem 1 Sv = 100 rem
Activity o A=AN 1Bg=1s""! 1Ci=37x10°s"1 1Bq= 1%y
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[ Avogadro’s number: N, =6.022x10* atom/mol
O Speed of light in vacuum: ¢ =3x10° m/s

O Electron charge: e=1.6x10" As

O Electron rest mass: m_ =0.511 MeV/c*

3 Proton rest mass: m,_ = 938.2 MeV/c*

J Neutron rest mass: m_=939.3 MeV/c?

& Atomic mass unit: u=931.5 MeV/c?
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J Reduced Planck’s constant x speed of light in vacuum

fic =197 MeV -fm = 200 MeV - fm

(J Fine structure constant
e’ 1 1
a = _——
4rs, he 137
(J Classical electron radius

2
=2.818 MeV

_ € 1
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O Mass: m(v) = m, = m, _=ym,
e
G
J Normalized mass: m(v) = 1 = 1 =
m, 1_[2J2 \/ _ﬂz
Cc
v 1
where b= p and y =
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mo mo
m(U) = 2 = 2 = }/mo E
SO,
Cc
0 0.|25c O.ISO(': 0.|756 1:00::
Velocity v
m(v) _ 1 = -
Cc
0 0.I25 O.ISD U.I75 1.:00 1.25
T T B= &

O Total energy:
O Rest energy:
U Kinetic energy:
U Momentum:

with
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OFull = OScatter + Ophoto electric + O_Compton + Opqir production
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AN=N=x*ox*n/S
n

n
Vo S.dx

N
AN=E*a*nO*S*dx
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AN =—=x*0xny xS *dx
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AQ = —@ x 0 *xng * dx
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AG = —@ * 0 % * dx

P =0x*ny*dx
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AD = —Q * o *ngy*dx
dP = —@ * 0 *ng * dx
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