
C. Grojean
DESY and Humboldt University

Standard Model Homework 1 Date: 15.07.2019

Exercice 1: Lorentz-invariance of space-time measure
In QFT, the action corresponds to integration of whole space-time of the Lagrangian

S =

∫
cdt d3x L

In the lecture, we showed (or we’ll show) that the Lagragian for scalars, fermions and gau-
ge bosons are invariant under Lorentz transformations. Prove that the space-time integration
measure, cdt d3x, is also invariant under Lorentz transformations.

Exercice 2: Average temperatures on the planets of the Solar system
We’ll assume that the sun and the solar system planets are perfect black-bodies, and we’ll
neglect any effects of the planet atmospheres.
a) Using the Stefan–Boltzmann law, compute the luminosity of the sun (we recall that the
average surface temperature of the Sun in 〈T surface

� 〉 = 5778K).
b) Assuming that the planets radiate away all the energy received from the Sun, estimate the
average temperature on the different planets. Compare with the data you can find on Wkipedia?

Exercice 3: Hawking Black Hole radiation
1) S. Hawking understood that the laws of quantum mechanics imply that a BH is actually
radiating particles, hence energy. Based on dimensional arguments, find the Hawking tempe-
rature of a BH of mass M. There is a priori a 1D infinite family of solution, you’ll retain the
solution that scales with a single power of ~. The exact formula derived by Hawking is smaller
by a factor 1/(8π) compared to the naive estimate.
2) Assuming that a BH is a perfect black-body, use the Stefan–Boltzmann law (P ∝ T 4) to
derive the luminosity of a BH of mass M. Numerically, compute the power of a BH of solar
mass (we recall that the Stefan–Boltzmann constant is equal to π2k4

B/(60~3c2)).
3) Using the conservation of energy, derive the differential equation controlling the time evo-
lution of the BH mass. Integrate this equation to obtain the BH life time.
4) What is the lower bound on the mass of a BH to be as old as the Universe?

1


