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ASSIGNMENT 11

Question 1

For the reaction p + n → p + n + p + p, find the threshold kinetic energy Tp = Tn when the proton and
the neutron collide head-on with equal speed.
See lecture notes for the case with the neutron initially at rest.

Question 2

Assume the inertial system S’ moves with velocity v relative to S, along the x3 axis. Use the field tensor
Fµν and the Lorentz transformation Lµν and derive the transformation rules for E2, E3, B2 and B3.
See lecture notes for E1 and B1.

Question 3

A π meson of mass mπ at rest disintegrates into a µ meson of mass mµ and a neutrino of negligible mass.
Show that the kinetic energy of the µ meson is

T =
(mπ −mµ)

2

2mπ
c2.

Question 4

a) The constraint y = x tan θ for a particle sliding down an incline is called

A) conservative
B) holonomic
C) canonical
D) invariant
E) cyclic
F) virtual

b) What is the value of the element ε333 of the Levi-Civita tensor?

A) 1
B) −1
C) i
D) −i
E) 0
F) π
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c) What is the SI unit of the action I =
∫
Ldt? Here, L is the system Lagrangian and t is time.

A) The same unit as for angular momentum
B) The same unit as for power
C) The same unit as for acceleration
D) Nm
E) m/s2

F) Dimensionless

d) If the system Lagrangian is independent of a coordinate q, this coordinate is called

A) conservative
B) holonomic
C) canonical
D) invariant
E) cyclic
F) virtual

e) A particle with mass m moves in the xy plane in a potential V (r) = αx2y2, with α a positive constant
(and with a suitable unit). What is the acceleration of the particle on the y axis?

A) 0
B) αy3/2/m
C) αy2/3/m
D) 2αy3/2/m
E) 2αy2/3/m
F) 4αy3/m
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