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 When a particle is accelerated, 1.e., its energy is changed

by an electromagnetic field, it must have fallen through an

Electric Field (we show later by very general arguments

that Magnetic Fields cannot change particle energy). For

electrostatic accelerating fields the energy change 1s

AE:QACDZQ(CDa_q)b)

g charge, @, the electrostatic potentials before and after the
motion through the electric field. Therefore, particle energy
can be conveniently expressed in units of the “equivalent”
electrostatic potential change needed to accelerate the
particle to the given energy. Definition: 1 €V, or 1 electron
volt, 1s the energy acquired by 1 electron falling through a
one volt potential difference.

Energy Units
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Energy Units

1eV=16x10"Cx 1V =1.6x10"1]
1 MeV=10°eV=1.6x10"1]

To convert rest mass to eV use Einstein relation
2
E,=mc

where m 1s the rest mass. For electrons

E

electron,

=9.1x10™" kg (3x10° m/sec) =81.9x107° J
=0.512 MeV
Recent “best fit” value 0.51099906 MeV
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Some Needed Relativity

Following Maxwell Equations, which exhibit this symmetry,
assume all Laws of Physics must be of form to guarantee the
invariance of the space-time interval

(ct')2 —x'z—y'z—z'z =(Ct)2 52 _yz _ 2

Coordinate transformations that leave interval unchanged are the
usual rotations and Lorentz Transformations, e.g. the z boost

ct':y(ct—,ﬁz)
x'=x
y'=y
Z'=7/(z—,6’ct)
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Relativistic Factors

where, following Einstein define the relativistic factors

5.1

C
1

Yy =
J1-

Easy way to accomplish task of defining a Relativistic
Mechanics: write all laws of physics 1n terms of 4-vectors and 4-
tensors, 1.€., quantities that transform under Lorentz
transformations in the same way as the coordinate differentials.

B =

o | <
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Four-vector transformation under z boost Lorentz Transformation

vo'zy/(vo—,ﬁv3)

Four-vectors

V= 7/(\/3 _,Bvo)
Important example: Four-velocity. Note that interval

dr =+|1- B*dt

Lorentz invariant. So the following 1s a 4-vector

, [(dct dx dy dz
Cu E( 34 j:cy(l,,gx,ﬂy,,gz)

dr ' dr dr’ dr
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4-Momentum

Single particle mechanics must be defined in terms of Four-
momentum

p* =meu® =mey(LB,.B,. B.)

Norms, which must be Lorentz invariant, are

Juu® =14 p, p* =mc

What happens to Newton’s Law F = md = dp/dt?

dp® .

ar
But need a Four-force on the RHS!!!
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Non-relativistic

—

F=gqg (E +VXxB )
Relativistic Generalization (v summation implied)
FO( — qFaVMV

Electromagnetic Field

(0 E. E, E )
E 0 cB —cB
FO( — X “ Y
" |E, —cB, 0 cB,
\EZ CBy _CBX O /
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Energy Exchange Equation (Note: no magnetic field!)

ﬂ_qﬁoff

dt mc’

Relativistic Lorentz Force Equation (you verify in HW!)

d (7/mT/)
dt

:q(E—FVXE)

g Thomas Jefferson National Accelerator Facili D —
.!effer%on Lab o @ &JSA

Physics 417/517 Introduction to Particle Accelerator Physics 9/01/2009



