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Serie N°04
Exercise 1*:

The wavelength of sodium vapor is equal to 5900 A ; the speed of light is C=3.10m/s ; Planck's constant
h=6.62x10"** J.s, Calculate :

a) The wave number associated in cm ™.

b) The frequency and the period of the wave.

c¢) The energy of the emitted photons.
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Exercise 2*:

The photoelectric effect is the emission of electrons extracted from a metal by light radiation. Einstein
explained it in 1905 by considering that light is composed of photons. We have a photoelectric cell with an
extraction threshold of 2.4 eV. It is illuminated by a polychromatic beam composed of two radiations with
wavelengths A; =430 nm and A, = 580 nm.

1. In the case of the photoelectric effect, is the energy of the incident photons absorbed entirely or partially ?
Write the expression for this energy.

2. Do the two radiations allow the photoelectric effect ?

3. What is the maximum speed of the electrons that are ejected from the photocathode ?
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Exercise 3*:

If a hydrogen atom in its ground state absorbs a photon with a wavelength A1 and then emits a photon with a
wavelength A2, on which energy level is the electron located after this emission? A1 = 97.28 nm and A2 = 1879 nm.
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Exercise 4*:

The first ionization energy of a helium atom is 24.6 eV.

a) What is the energy of the fundamental state?

b) An helium atom is in an excited state with energy -21.4 eV. What is the wavelength of the emitted radiation
when it falls back to the fundamental state?
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Exercise 5*:

1. Calculate the frequency of the photon emitted during the transition T
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corresponding to arrow "a"'; Deduce the wavelength of transition "b". |, | ¥
2. Calculate the wavelength of the photon emitted during the transition

of an electron in the hydrogen atom corresponding to arrow "e¢".

a. To which domain does this photon belong?

b. Calculate, in this excited state: the radius, velocity, kinetic energy, €

e

3
|

W

and potential energy of the electron.
c. Deduce its total energy at this level. — n=

8]
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Exercise 6*:
a. A hydrogen atom initially in the ground state absorbs an energy of 10.2 eV. At what level is it located then?
b. A hydrogen atom initially at the level n=3 emits radiation with a wavelength A=1027 A.
At what level does it end up?
c. Calculate the energy required to ionize He", Li*", and Be’* from their ground states.
d. What are the wavelengths of the limit lines of the Balmer series for He™?

E;=-13.6 eV, h=6.62.10* J.s , Ry=1.1.10" m™" et C=3.10° m/s
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Exercise 7*:

1. An atom of helium is ionized to the hydrogenic ion state ,He" in various excited states.
a. Write the two ionization reactions of helium ,He.
b. Calculate in electron volts (eV) its second ionization energy.
c. Does Bohr's theory allow for the calculation of the first ionization energy?

2. Given that the emission spectrum lines of the ion ,He" are given by the relation:
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c=R, . |———|o with:m>n
He (nz mzj



Demonstrate that the wave number o (p—n) of radiation associated with the transition of the electron from

the energy level Ep to En for ,He" corresponds to at least the sum of two other characteristic wave numbers
when » and p are not consecutive.

3. Given that the wave number of the transition g(4—>3) =21342 cm—"

a. Evaluate the Rydberg constant Ry, for the He' ion.

b. Deduce the relationship between Ry, and Ry.

c. In which range does the wavelength of this transition fall ?
4. If we neglect the effects of reduced mass (u=m,), which optical transition in the spectrum of He” would have the
same wavelength as the first Lyman transition of hydrogen ?
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Exercise 8*:
Consider the hydrogenic ion (;X%") in its third excited state. Given that its radius is equal to 2.826 A:
1. Determine its atomic number Z and deduce the charge q.
2. Calculate the ionization energy (in eV) of this hydrogenic ion from this excited state.
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Exercise 9*:
The electron of a hydrogen atom is in the energy level defined by n=3.
1. Calculate the energy of this electron.
2. Calculate the wavelength that causes the ionization of this hydrogen atom. Deduce its corresponding
energy in eV.
3. From this level (n=3), the hydrogen atom's electron emits energy to stabilize at a given level. Calculate the
energy and frequency of the transition with the longest wavelength.
4. The electron of a hydrogenic ion undergoes the same transition as that of the hydrogen atom by absorbing
energy equal to 2.72.10""® J. What is this hydrogenic ion?
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