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1. What is the time for light to cross a proton?

2. Using the property of the metric tensor, show that:

A ·B = A0B
0 − A⃗ · B⃗

3. Show that:
Λα
µΛ

β
νηαβ = ηµν

is a necessary condition for a Lorentz transformation.

4. Relativistic wave equations contain derivatives with respect to space-time. How does a
derivative w.r.t. space-time transform under a Lorentz transformation?

5. A particle of mass M , initially at rest, decays into two pieces, each of mass m. What is
the speed of each particle?

6. Consider the decay X → a+ b where b is massless. What is the speed of a?

7. Show that the Mandelstam variables s, t, u are invariant.

8. Show that in a 2 → 2 scattering process:

s+ t+ u =
∑

m2
i

9. Show that when all masses are neglected in a 2 → 2 reaction, then:

t = −s

2
(1− cos θ) ; u = −s

2
(1 + cos θ)

where θ is the scattering angle.

10. A particle of mass M , initially at rest, decays into two particles, each of mass m. What
is the speed of each as they fly off?

11. Show that in the rest-frame of a decaying particle a → b+ c:

Eb =
M2

a −M2
c +M2

b

2Ma

12. Suppose 2 identical particles, each of mass m and kinetic energy T collide head-on. Find
the kinetic energy T ′ in the fixed-target frame of reference.

13. Consider the decay π+ → µ+νµ, where Eπ+ = 20 GeV and τπ+ = 2.6 × 10−8 s. What is
the time dilation?
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14. In the scattering process a+b → c+d, where θ∗ is the scattering angle in the CMS (Center
of Mass System), show that:

cos θ∗ =
s(t− u) + (m2

a −m2
b)(m

2
c −m2

d)

λ1/2(s,m2
a,m

2
b)λ

1/2(s,m2
c ,m

2
d)

And for elastic scattering, show that:

t = −4|p⃗|2 sin2
(
θ∗

2

)
where p⃗ is the initial momentum in CMS.

15. The decay width of the η-meson is Γη = 2.6 KeV. What is the lifetime τ in seconds?

16. The lifetime of π0 is τπ0 = 0.89× 10−16 s. What is the decay width Γ in Natural Units?

17. Show that d4p = dp0dp1dp2dp3 is a Lorentz invariant quantity.

18. Consider the Hyperon decay Λ → P + π−. Given:

MΛ = 1.1157 GeV; MP = 0.9383 GeV; mπ− = 0.1396 GeV.

Calculate the energy of the outgoing pion (π−).

19. Two particles of mass ’m’ each and speed ’v’ collide at right angles forming a new body
of mass ’M ’. What is the new mass ’M ’?

20. Show that rapidity η is additive.
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