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Cvicenie 17.3.2020

Priklad 1

(a) Consider two Hermitian operators A and B on a Hilbert space which satisfy (A+B)? = 2AB.
Show that A = B = 0.

(b) Consider a quantum system with two-dimensional Hilbert space H, and assume that the system
is in the state |). Find two Hermitian operators A and B on H such that if a measurement of
A is made on the system, followed immediately by a measurement of B, the state of the system
immediately after the second measurement has a non-zero probability of being orthogonal to ).
(Hint: Consider an orthonormal basis for H containing |¢), and express A and B in this basis.)

Priklad 2

A hollow metal sphere of radius R and mass M floats on an insulating dielectrie liquid of density
p and relative dielectric constant g;. When the metal sphere has no charge on it. it floats on the
dielectric liquid as shown in Figure 1(a): i.e.. the bottom of the sphere 1s R/2 below the surface of
the dielectric liquid.

a) Determine the relationship between M and p when the sphere is nor charged.

b) The hollow metal sphere 1s now charged with a charge Q. Draw a diagram that shows all
the charges and explain why the sphere sinks further into the diclectric liquid when it is
charged.

¢} Find the magnitude of the charge @ to which the sphere must be charged in order for it to
be half submerged as shown in Figure 1(b). Express your answer in terms of p. R, g, the

vacuum permittivity gg . the acceleration due to gravity g. and other numerical factors.
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Priklad 3

Consider an 1deal gas of Ny non-interacting spin-less particles each with kinetic energy
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that 1s contained 1 a box. The temperature of the gas 1s Th, and the particles are uniformly
distributed throughout the box.

Compute the total energy Ey = (E) of the Ny particles in the box. Next, one instantaneously
removes all particles from the gas that possess a kinetic energy larger than nkpT (n is an
arbitrary real, positive number). How many particles remain in terms of Ny? What is the new
total energy, E,., In terms of E,;? After the remaining particles have returned to equilibrium,
what is the new temperature, T}, of the gas in terms of Tp?

Priklad 4

The following two problems are independent and should be solved using special theory

of relativity.

(a) A heavy nucleus of mass M staying at rest absorbs a relativistically fast neutron
of mass m and velocity v, and then undergoes a fission process mto two identical
daughter nuclel of rest mass M’. The final velocities of the two daughter nucle:
are collinear to the imtial velocity of the neutron. Find the magnitude of the
momenta of the two daughter nuclei in the center of mass frame of the pair.

(b) A neutron at rest in the lab frame undergoes a S-decay
n—pte ik,

Let’'s assume that the electron e- and neutrino 7, are massless, and their final
momenta have the same magnitude, but make an angle 26, as in the figure.
Express the angle # in terms of neutron mass m,, proton mass m,, and the
magnitude of the final proton momentum py. From this, obtamn the mimmum
and maxamum values of p|, and the corresponding angles (.
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