
Physics Challenge 2018

1. Assume the situation drawn in Fig. 1 where there are three carts of mass mA = 2.00
kg, mB = 1.00 kg and mC = 5.00 kg respectively. Use that g = 9.81 m/s2. The wheels
and the pull are frictionless. In addition, assume that there is no friction between the
surfaces. If a force of magnitude F is applied to the cart C:

(a) find F and the tension in the rope such that carts A and B remain stationary
(with respect to cart C).

(b) Find the tension of the rope and the accelerations of carts A and B if C is at rest.

Figure 1: Exercise 1

2. Black holes emit radiation as a black body, which is known as the Hawking radiation
temperature. It is known that this temperature is inversely proportional of its mass
mBH. Additionally, this quantity depends on the velocity of the light c, the Planck
constant h, the gravitational constant G and the Boltzmann constant kB.

(a) Using dimensional analysis, find the expression for the Hawking temperature.

Assume that the numerical constant appearing in the equation is equal to
1

16π2

(HINTS: The Boltzmann constant relates the internal energy of an object with
its absolute temperature E = kBT . The energy of a photon with frequency f is
E = hf).
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(b) Assume that the Earth is converted into a black hole and it is spherically sym-
metric. Use that G = 6.67 · 10−11 [SI], c = 2.99 · 108 m/s and the mass and the
radius of the Earth are MEarth = 5.97 ·1024 kg and REarth = 6370 km respectively:

i. A person of m = 70.0 kg is located on the surface of this black hole. How
heavy is this person on the black hole compared to when he/she was on the
Earth before it was converted into a black hole? (Assume that the person is
a point and therefore can be located on the surface of the black hole). HINT:
Use scape velocity equal to the velocity of light to find out the characteristic
black hole radius known as the Schwarzschild radius.

ii. An astronaut was able to escape from the catastrophe and now is orbiting
the black hole in a spacecraft equipped to cope with the radiation. One of
the astronaut’s ears of 0.00100 kg is 4.00 cm farther away from the black hole
than the centre of mass of the spacecraft, and the other ear is 4.00 cm closer.
If it is known that the the tension that the astronaut’s ears can resist until
they rip off is 160 N, calculate the orbit distance that the spacecraft must
be such that the astronaut’s ears survive (HINT: Use the binomial theorem
(1 + x)n ≈ 1 − nx, for x small)

iii. Consider that the black hole is radiating like a black body and that its mass
is constant (all the mass is converted into energy). Estimate an upper bound
for the time that should elapse before the black hole disappears completely.
Use the Stefan-Boltzmann constant equal to σ = (2π5k4B)/(15h3c2), where kB
is the Boltzmann constant and also the Planck constant h = 6.62 · 10−34 [SI].
HINT: Use that the total power radiated for a black body is proportional to
its area A, the Stefan-Boltzmann constant and also directly proportional to
the fourth power of the black body’s temperature T .

iv. Is the time computed in (iii) bigger than the age of the Universe (tU ≈ 13.7·109

years)? If yes, then, imagine that another spherically symmetric body of mass
M is converted into a black hole. Estimate the minimum mass M (lower
bound) such that the Hawking radiation evaporation time is shorter than the
age of the Universe.
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