Massachusetts Institute of Technology Spring Term 2005
8.02X Electricity and Magnetism

Problem Set 8

Problem 3 (10 points) The Large Hadron Collider at CERN, Geneva, will accelerate
lead nuclei to an energy of 2.8 TeV/nucleon. The nuclei will follow a circular trajectory
of 27km circumference

(a) What is the momentum of each nucleus [note: The relativistic relationship
between energy and momentum is E = sqrt(p’c’ + m,’ ¢*)]?

(b) How big is the magnetic field of the dipole magnets that hold the nuclei on their
trajectory?
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(c) Would it be possible to build a linear accelerator of 100m length that achieves the
same final energy of the particles? What electric field would be necessary for this
and how does it compare to the typical fields inside atoms?
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Problem 3 (10 points)

a) Each nucleus has energy E = 208 x 2.8TeV = (208 x 2.8 x 10'2)(1.6 x
10719)J = 9.3 x 107J. Using the relativistic equation E? = p?c? + m2c* for
the energy and momentum, we get

2
p = wlc—2—m302: (1)

3% 10-5J) 2
- V(%) ~ [208(1.67 x 10-27kg)(3 x 10m/s)[? ~

1zkg.m

~ 3.1x107

All of p comes just from the first term. We could have seen this much eas-
ier in the eV units. The rest mass (and energy) of the lead nucleus is Fy =
208(1.67 x 10727kg) (3 x 10%m/s)? = 3.1 x 1078J = 0.2TeV. The total energy
when accelerated is 208 x2.8TeV. Obviously, almost all of the energy comes from
momentum. Thus p ~ 208 x 2.8TeV = (208 x 2.8)(1.6 x 10719)/(3 x 108m/s) =
3.1 x 10~ Bkg.m/s.

b) The radius of the path of a charged particle in a magnetic field is R = qLB,
so the magnetic field needed to keep the nuclei on their trajectory is

_p . 31x 10~ ¥kg.m/s
~ gR  (1.602 x 10-19C)(27km)

~ T1T. (2)

¢) A linear accelerator of length L = 100m would have to have a potential
difference of V = E/q ~ 6 x 10! between its ends. This would mean an electric
field of magnitude Ef;e1q = V/d =~ 6 X 10*2V /m, which is ridiculously high. For
comparison, the fields inside atoms have strengths of order

k 9.0 x 10°N - m?2/C?)(1.602 x 10~1°C \Ys
Eatomic ~ _g ~ ( /71())( 3 ) ~ 1010—. (3)
T (10—10m) m
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