
PHY492: Nuclear & Particle Physics

Lecture 1
Forces

Relativistic kinematics
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Extended class time

• My research in !High Energy Physics makes it necessary for me
to travel often

• I would like to eliminate the Friday class to allow this travel
• I don’t want to short change you
• I would like class time to be MW 9:00 - 10:10
• If this means you must arrive late or leave early, just sit near a

door to cause the least amount of disturbance.
• The first 10 minutes of class is usually a review. Elimination of

one class day per week saves 10 minutes/week
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Syllabus
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Forces through time
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Special Relativity

Lorentz Transformations

Event at position z, and time t, observed
from a frame  moving with a velocity v
with respect to the original.

Choose direction of frame motion as z.
Could be motion direction of a particle.

x ' = x
y ' = y
′z = γ z − βct( )

c ′t = γ ct − βz( )
Lorentz “Invariant”

β = v
c

γ = 1− β 2( )−
1
2

z2 − c2t 2

′z 2 − c2 ′t 2 = γ 2 z − βct( )2 − γ 2 ct − βz( )2

= γ 2 z2 − 2βctz + β 2c2t 2 − c2t 2 + 2βctz − β 2z2⎡⎣ ⎤⎦
= γ 2 1− β 2( ) z2 − c2t 2( )
= z2 − c2t 2( )
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Relativistic Kinematics

Non-relativistic

Momentum,  p

Relativistic

mv γ mv

   Energy,  E 1
2 mv

2  or  p
2

2m p2c2 + m2c4

Kinetic Energy,  T '' E − mc2

In Nuclear Physics, the Kinetic Energy T, is nearly always “the energy”.
In High Energy Physics, the Total Energy E, is nearly always “the energy”.

If a particle’s Kinetic Energy, T, is much less than the energy
equivalent of the mass mc2, it is logical to specify T, and not E .

The energy equivalent of the mass

Particle with  mass m, and velocity v. β = v
c

 ,  γ = 1− β 2( )−
1
2

particle’s beta and gamma
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Useful Concepts and Relationships

′p c = γ pc − βE( )
′E = γ E − β pc( )

Lorentz Transformations

“The mass” m , is an “invariant”.

β = v
c
, γ = 1− β 2( )−

1
2

Frame of reference moving with speed, v .

At low v, Relativistic Kinetic Energy --> N.R. Energy
T = E − mc2 = p2c2 + m2c4 − mc2

= mc2 1+ p2

m2c2 − mc2 ≈ mc2 1+ p2

2m mc2( )
⎛

⎝
⎜

⎞

⎠
⎟ − mc2  ; pc << mc2

= p2

2m

′E 2 − ′p 2c2 = γ 2 E − β pc( )2 − γ 2 pc − βE( )2

= γ 2 E2 − p2c2( ) 1− β 2( )
= E2 − p2c2 = m2c4

m2c4 = E2 − p2c2
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When to include the c2 ?

mc2 = 1.67 ×10−27  kg( ) 3×108  m/s( )2

= 1.50 ×10−10  J 1
1.6 ×10-19  J/eV

⎛
⎝⎜

⎞
⎠⎟

= 0.94 ×109  eV = 0.94 GeV = 940 MeV
m = 940 MeV/c2

Rest Energy of the Proton

qV = T
1e( ) 1V( ) = 1.6 ×10-19  C( ) 1V( ) = 1.6 ×10-19  J

1= 1.6 ×10-19  J
 1 eV

= 1.6 ×10-19  J/eV

Converting Joules <--> electron-Volts

Units

E,  pc,  mc2  (all in eV)
p (eV/c),  m (eV/c2 )

Short Hand for the brave or foolhardy

E2 = p2 + m2

but remember :  p in eV/c & m in eV/c2

E2 = p2c2 + m2c4


