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Problem 3
Bohr’s model of a hydrogen atom (10 points)
Consider a hydrogen atom, which consists of a proton, whose mass can be assumed virtually infinite,
and an electron of mass m, = 9.11x10 %' kg. The proton has a positive charge of € =1.61x107°cl and
the electron has a negative charge —€, so that the atom is totally neutral.
1. [2.0 points] It is known that most of the atoms are stable and can exist for a long time. This means

that the electron being in the hydrogen atom cannot be at rest since the attraction force would
inevitably make it fall onto the proton. Let the distance between the electron and the proton be

equal to I =5.00x10""m/ Assuming that the laws of classical physics are applicable, find the time

t, that the initially motionless electron needs to fall onto the proton.

Hence, to guarantee the stability of the hydrogen atom, the electron must move around the proton like
the planets revolve around the Sun. Let the electron orbit be circular and assume again that the laws of
classical physics can still be applied.

2. [1.0 points] Find the electron velocity V as a function of the orbit radius I .

3. [0.5 points] Find the angular momentum L of the electron as a function of the orbit radius I .
Danish physicist Niels Bohr postulated that the angular momentum of the electron is an integer of the
Planck constant 71 =1.05x10"* fs-c, thatis L =N, where N is the main quantum number.

4. [0.5 points] Find the possible radii I}, of the electron orbits in the hydrogen atom.

5. [0.5 points] Calculate the numerical value of the minimum radius I, of the electron orbit in the
hydrogen atom.

6. [1.0 points] Find the possible values of the total energy E, of the electron in the hydrogen atom.
7. [0.5 points] Calculate the numerical value of the minimum total energy E; of the electron in the

hydrogen atom.
According to classical electrodynamics, if the electron is accelerated, it loses its energy due to
electromagnetic radiation. The power of the radiation is given by
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where @ is the electron acceleration, &, =8.85x107 F/m is the dielectric constant, ¢ =3.00x10®m /

s is the speed of light in vacuum.
Electromagnetic radiation would lead to the fact that in the Bohr model the electron would fall onto the
proton. In the following assume that the electron orbit is almost circular.

8. [1.5 points] Assuming that at the time moment t =0 the electron moves in the orbit with the

radius I}, find the dependence of the orbit radius on time .
9. [0.5 points] Find and calculate the time 7, that is needed for the electron to fall from the orbit

with the radius I} onto the proton.

10. [2.0 points] How many revolutions around the proton can the electron make during its fall for the
time interval 7,?
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Example 2
An interesting variant of Example 1 is one in which three bodies (each of the type
described in Example 1, with U = CT') have initial temperatures of 300 K, 350 K,
and 400 K, respectively. It is desired to raise one body to as high a temperature as
possible, independent of the final temperatures of the other two (and without
changing the state of any external system). What is the maximum achievable
temperature of the single body?
2.59. For a Van der Waals gas find:
(a) the equation of the adiabatic curve in the variables 7, V;
{b) the difference of the molar heat capacities €, — Cy as a func-
tion of T and V. o . oL .
2.57. Find the work performed by one mole of a Van der Waals
gas during its isothermal expansion from the volume V; to V, at
a temperature 7.
Exampie 1
A particular system is constrained to constant mole number and volume, so that
no work can be done on or by the system. Furthermore, the heat capacity of the

system is C, a constant. The fundamental equation of the system, for constant
volume, is § = S, + CIn(U/1}), so U = CT.

Two such systems, with equal heat capacities, have initial temperatures T,
and T,,, with T} < T,,. An engine is to be designed to lift an elevator (i.e., to
deliver work to a purely mechanical system), drawing energy from the two
thermodynamic systems. What is the maximum work that can be so delivered?

3agaya 3* Ha ourypa 2 e moxa3zada CxXemara Ha CBbP3BaHe Ha TPH
CHIIPOTHBAGHHA H HACANEH MHON XbM H3TOYHHK HA NPOMEHAHBO HanpexeHwe
C aMniKTyna uo-aov, CTOHHOCTHTE Ha CLNPOTHBAGHHATA Cca R,=100,
R, =200 5 R,y=1S0. Jla ce onpeneaH CpPeaHara MOWHOCT, KOATO Ce oTaeas
BbPXY CHNPOTHBAEHHSTA Ry H R,




