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The atom





Exercise 1:  

𝟏 𝒆𝑽 = 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗𝑱; 𝐡 = 𝟔. 𝟔𝟐 × 𝟏𝟎−𝟑𝟒𝑱. 𝒔; 𝒄 = 𝟑 × 𝟏𝟎𝟖𝒎/𝒔

Figure 1 represents a part of the energy diagram for the energy

levels of the hydrogen atom.

−𝟏𝟑. 𝟔

−𝟎. 𝟑𝟖
𝟎

−𝟏. 𝟓𝟏

−𝟑. 𝟒

−𝟎. 𝟖𝟓

𝒏 = 𝟏

𝒏 = 𝟒

𝒏 = 𝟐

𝒏 = 𝟑

𝒏 = 𝟓
𝒏 = 𝟔
𝒏 = ∞

𝐄(𝐞𝐕)

1. Give the value of the energy of the atom:

a)Taken in the fundamental state.

b)Taken in the ionized state.

2)Define the ionization energy of an atom

& determine its value for the hydrogen

atom.



Exercise 1:  

𝟏 𝒆𝑽 = 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗𝑱; 𝐡 = 𝟔. 𝟔𝟐 × 𝟏𝟎−𝟑𝟒𝑱. 𝒔; 𝒄 = 𝟑 × 𝟏𝟎𝟖𝒎/𝒔

1. Give the value of the energy of the atom:

a)Taken in the fundamental state.

−𝟏𝟑. 𝟔

−𝟎. 𝟑𝟖
𝟎

−𝟏. 𝟓𝟏

−𝟑. 𝟒

−𝟎. 𝟖𝟓

𝒏 = 𝟏

𝒏 = 𝟒

𝒏 = 𝟐

𝒏 = 𝟑

𝒏 = 𝟓
𝒏 = 𝟔
𝒏 = ∞

𝐄(𝐞𝐕)

b)Taken in the ionized state.

The energy of the atom at the

fundamental state is 𝑬𝟏 = −𝟏𝟑. 𝟔𝒆𝑽

The energy of the atom at the ionized

state is 𝑬∞ = 𝟎𝒆𝑽



Exercise 1:  

𝟏 𝒆𝑽 = 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗𝑱; 𝐡 = 𝟔. 𝟔𝟐 × 𝟏𝟎−𝟑𝟒𝑱. 𝒔; 𝒄 = 𝟑 × 𝟏𝟎𝟖𝒎/𝒔

−𝟏𝟑. 𝟔

−𝟎. 𝟑𝟖
𝟎

−𝟏. 𝟓𝟏

−𝟑. 𝟒

−𝟎. 𝟖𝟓

𝒏 = 𝟏

𝒏 = 𝟒

𝒏 = 𝟐

𝒏 = 𝟑

𝒏 = 𝟓
𝒏 = 𝟔
𝒏 = ∞

𝐄(𝐞𝐕)

2)Define the ionization energy of an atom & determine its

value for the hydrogen atom.

The ionized energy 𝑾𝒊𝒐𝒏 is the minimum

energy that should be given to the atom

to extract an electron from it.



Exercise 1:  

3)Hydrogen atom has different series of radiations that result

from the transitions between its energy levels.

A part of the hydrogen's atom emission spectrum is

schematized in figure 2, formed of its visible radiations and

corresponds to the downward transition from an energy level

ranked n>2 towards the energy level n=2.

𝟒𝟏𝟏 𝟒𝟑𝟒 𝟒𝟖𝟖 𝟔𝟓𝟕 (𝒏𝒎)

𝝀𝟒𝝀𝟑𝝀𝟐𝝀𝟏



Exercise 1:  

a)Justify that the energy, in eV, of a radiation of wavelength 𝝀

is given by 𝑬 =
𝟏𝟐𝟒𝟑

𝝀
(𝝀 in nm).

𝑬 =
𝒉𝒄

𝝀 𝑬 =
𝟔. 𝟔𝟑 × 𝟏𝟎−𝟑𝟒 × 𝟑 × 𝟏𝟎𝟖

𝝀

𝑬 =
𝟏. 𝟗𝟖𝟗 × 𝟏𝟎−𝟐𝟓

𝝀
𝑬 =

𝟏. 𝟗𝟖𝟗 × 𝟏𝟎−𝟐𝟓

(𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗)(𝝀 × 𝟏𝟎−𝟗)

𝑬 =
𝟏𝟐𝟒𝟑

𝝀



Exercise 1:  

b) Determine in eV, the energy of each of the 4 radiations

emitted.

𝟒𝟏𝟏 𝟒𝟑𝟒 𝟒𝟖𝟖 𝟔𝟓𝟕 (𝒏𝒎)

𝝀𝟒𝝀𝟑𝝀𝟐𝝀𝟏

𝑬𝝀𝟏 =
𝟏𝟐𝟒𝟑

𝟒𝟏𝟏
= 𝟑. 𝟎𝟐𝒆𝑽

𝑬𝝀𝟐 =
𝟏𝟐𝟒𝟑

𝟒𝟑𝟒
= 𝟐. 𝟖𝟔𝒆𝑽

𝑬𝝀𝟑 =
𝟏𝟐𝟒𝟑

𝟒𝟖𝟖
= 𝟐. 𝟓𝟓𝒆𝑽

𝑬𝝀𝟒 =
𝟏𝟐𝟒𝟑

𝟔𝟓𝟕
= 𝟏. 𝟖𝟗𝒆𝑽



Exercise 1:  

c) Deduce the corresponding transitions associated to the

emission of each of these radiations.

𝑬 = 𝑬𝒉 − 𝑬𝒍

−𝟏𝟑. 𝟔

−𝟎. 𝟑𝟖
𝟎

−𝟏. 𝟓𝟏

−𝟑. 𝟒

−𝟎. 𝟖𝟓

𝒏 = 𝟏

𝒏 = 𝟒

𝒏 = 𝟐

𝒏 = 𝟑

𝒏 = 𝟓
𝒏 = 𝟔
𝒏 = ∞

𝐄(𝐞𝐕)

The transitions corresponds to the downwards transition from

an energy level n>2 towards the energy level n=2.

𝑬 = 𝑬𝝀𝟐 − 𝑬𝟐



Exercise 1:  

4)In what follows, the hydrogen atom is taken in the ground

state. Determine, in eV, the energies of the photons absorbed

through the transition from the ground state n=1 towards the

excited states n=3& n=4

−𝟏𝟑. 𝟔

−𝟎. 𝟑𝟖
𝟎

−𝟏. 𝟓𝟏

−𝟑. 𝟒

−𝟎. 𝟖𝟓

𝒏 = 𝟏

𝒏 = 𝟒

𝒏 = 𝟐

𝒏 = 𝟑

𝒏 = 𝟓
𝒏 = 𝟔
𝒏 = ∞

𝐄(𝐞𝐕)

The energy of photons absorbed to ensure

the transition from the ground state n=1

towards the excited states n=3 is:

𝑬𝒑𝒉 = 𝑬𝟑 − 𝑬𝟏

𝑬𝒑𝒉 = −𝟏. 𝟓𝟏 − (−𝟏𝟑. 𝟔)
𝑬𝒑𝒉 = 𝟏𝟐. 𝟎𝟗𝒆𝑽



Exercise 1:  

−𝟏𝟑. 𝟔

−𝟎. 𝟑𝟖
𝟎

−𝟏. 𝟓𝟏

−𝟑. 𝟒

−𝟎. 𝟖𝟓

𝒏 = 𝟏

𝒏 = 𝟒

𝒏 = 𝟐

𝒏 = 𝟑

𝒏 = 𝟓
𝒏 = 𝟔
𝒏 = ∞

𝐄(𝐞𝐕)

The energy of photons absorbed to ensure the transition from

the ground state n=1 towards the excited states n=4 is:

𝑬𝒑𝒉 = 𝑬𝟒 − 𝑬𝟏

𝑬𝒑𝒉 = −𝟎. 𝟖𝟓 − (−𝟏𝟑. 𝟔)

𝑬𝒑𝒉 = 𝟏𝟐. 𝟕𝟓𝒆𝑽



Exercise 1:  

5) Deduce whether the hydrogen atom can absorb a photon of

energy 12.3eV.

Since the energy levels are quantized, then the photon cannot

be absorbed.

𝑬𝒑𝒉 = 𝟏𝟐. 𝟑𝒆𝑽 ≠ 𝟏𝟐. 𝟎𝟗𝒆𝑽

𝑬𝒑𝒉 = 𝟏𝟐. 𝟑𝒆𝑽 ≠ 𝟏𝟐. 𝟕𝟓𝒆𝑽



Exercise 1:  

6) An incident photon extracts an electron carrying a kinetic

energy of 2.1eV. Determine the wavelength of the radiation

associated to this photon.

𝑬𝒑𝒉 = 𝑾𝒊𝒐𝒏 +𝑲.𝑬𝒆
𝒉𝒄

𝝀
= 𝟏𝟑. 𝟔 + 𝟐. 𝟏

𝟔. 𝟔𝟑 × 𝟏𝟎−𝟑𝟒 × 𝟑 × 𝟏𝟎𝟖

𝝀
= 𝟏𝟓. 𝟕𝒆𝑽 × 𝟏𝟎−𝟏𝟗

𝝀 =
𝟔. 𝟔𝟑 × 𝟏𝟎−𝟑𝟒 × 𝟑 × 𝟏𝟎𝟖

𝟏𝟓. 𝟕𝒆𝑽 × 𝟏𝟎−𝟏𝟗
= 𝟕. 𝟗𝟐 × 𝟏𝟎−𝟖𝒎







𝒄 = 𝟑 × 𝟏𝟎𝟖𝒎/𝒔; 𝟏 𝒆𝑽 = 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗𝑱; 𝐡 = 𝟔. 𝟔𝟐 × 𝟏𝟎−𝟑𝟒𝑱. 𝒔
The energies of the different energy levels of the hydrogen

atom are given by the relation 𝐄𝐧 = −
𝟏𝟑.𝟔

𝐧𝟐
(𝐞𝐕).

A. Energy of the hydrogen atom:

1)The energies of the atom are quantized. Justify this using the

expression of 𝐄𝐧.

2)Determine the energy of the hydrogen atom when it is in the

fundamental state and in the second excited state.

3)Give the name of the state for which the energy of the atom is

zero.

Exercise 2:  



1)The energies of the atom are quantized. Justify this using the

expression of 𝐄𝐧.

The energy of the atom is quantized means that the energy can

have specific values only.

The expression of 𝑬𝒏 = −
𝟏𝟑.𝟔

𝒏𝟐
shows that for every value of n,

which is a positive whole number, E has a different value.

𝒄 = 𝟑 × 𝟏𝟎𝟖𝒎/𝒔; 𝟏 𝒆𝑽 = 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗𝑱; 𝐡 = 𝟔. 𝟔𝟐 × 𝟏𝟎−𝟑𝟒𝑱. 𝒔

Exercise 2:  



2)Determine the energy of the hydrogen atom when it is in the

fundamental state and in the second excited state.

𝒄 = 𝟑 × 𝟏𝟎𝟖𝒎/𝒔; 𝟏 𝒆𝑽 = 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗𝑱; 𝐡 = 𝟔. 𝟔𝟐 × 𝟏𝟎−𝟑𝟒𝑱. 𝒔

For fundamental state: n=1

For 2nd excited state: n=3 𝑬𝟑 = −
𝟏𝟑. 𝟔

𝒏𝟐
= −

𝟏𝟑. 𝟔

𝟑 𝟐

𝑬𝟑 = −𝟏. 𝟓𝟏𝒆𝑽

𝑬𝟏 = −
𝟏𝟑. 𝟔

𝒏𝟐
= −

𝟏𝟑. 𝟔

𝟏 𝟐
= −𝟏𝟑. 𝟔𝒆𝑽

Exercise 2:  



3)Give the name of the state for which the energy of the atom is

zero.

𝒄 = 𝟑 × 𝟏𝟎𝟖𝒎/𝒔; 𝟏 𝒆𝑽 = 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗𝑱; 𝐡 = 𝟔. 𝟔𝟐 × 𝟏𝟎−𝟑𝟒𝑱. 𝒔

The energy of the atom is zero when n is infinity, and it is

called the ionization state.

For ionization state: 𝒏 = ∞ 𝑬 = −
𝟏𝟑. 𝟔

𝒏𝟐
= −

𝟏𝟑. 𝟔

∞ 𝟐
= 𝟎𝒆𝑽

Exercise 2:  



B. Spectrum of the hydrogen atom:

Emission spectrum: The Balmer's series of the hydrogen atom is

set of radiations of the downward transitions to the level of n = 2.

The values of the wavelengths in vacuum of the visible radiations

of this series are: 411 nm; 435 nm ; 487 nm ; 658 nm.

a) Specify, with justification, the wavelength 𝝀𝟏 of the visible

radiation carrying the greatest energy.

b) Determine the initial level of the transition giving the radiation

of wavelength 𝝀𝟏.

c) Deduce the three initial levels corresponding to the emission of

the other visible radiations.

Exercise 2:  



downward transitions to n = 2; 411 nm; 435 nm ; 487 nm ; 658 nm;

𝒄 = 𝟑 × 𝟏𝟎𝟖𝒎/𝒔; 𝟏 𝒆𝑽 = 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗𝑱; 𝐡 = 𝟔. 𝟔𝟐 × 𝟏𝟎−𝟑𝟒𝑱. 𝒔

a) Specify, with justification, the wavelength 𝝀𝟏 of the visible

radiation carrying the greatest energy.

𝑬𝒑𝒉 =
𝒉𝒄

𝝀

Then the greatest energy corresponds to the smallest

wavelength

The energy of a photon is given by:

Exercise 2:  



downward transitions to n = 2; 411 nm; 435 nm ; 487 nm ; 658 nm;

𝒄 = 𝟑 × 𝟏𝟎𝟖𝒎/𝒔; 𝟏 𝒆𝑽 = 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗𝑱; 𝐡 = 𝟔. 𝟔𝟐 × 𝟏𝟎−𝟑𝟒𝑱. 𝒔

b) Determine the initial level of the transition giving the

radiation of wavelength 𝝀𝟏.

𝑬𝝀𝟏 =
𝒉𝒄

𝝀𝟏

𝝀𝟏 = 𝟒𝟏𝟏𝒏𝒎

𝑬𝝀𝟏 =
𝟔. 𝟔𝟐 × 𝟏𝟎−𝟑𝟒 × 𝟑 × 𝟏𝟎𝟖

𝟒𝟏𝟏 × 𝟏𝟎−𝟗

𝐄𝟏 = 𝟒. 𝟖𝟑𝟐 × 𝟏𝟎−𝟏𝟗𝐉

𝐄𝟏 =
𝟒. 𝟖𝟑𝟐 × 𝟏𝟎−𝟏𝟗

𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗

𝐄𝟏 = 𝟑. 𝟎𝟐𝟒𝐞𝐕

Exercise 2:  



downward transitions to n = 2; 411 nm; 435 nm ; 487 nm ; 658 nm;

𝒄 = 𝟑 × 𝟏𝟎𝟖𝒎/𝒔; 𝟏 𝒆𝑽 = 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗𝑱; 𝐡 = 𝟔. 𝟔𝟐 × 𝟏𝟎−𝟑𝟒𝑱. 𝒔

𝒏𝒊
𝟐 = 𝟑𝟔

𝑬𝒊 − 𝑬𝟐 = 𝑬𝝀𝟏

−
𝟏𝟑. 𝟔

𝒏𝒊
𝟐
− −

𝟏𝟑. 𝟔

𝟐 𝟐
= 𝟑. 𝟎𝟐𝟒

−
𝟏𝟑. 𝟔

𝒏𝒊
𝟐
+
𝟏𝟑. 𝟔

𝟒
= 𝟑. 𝟎𝟐𝟒

−
𝟏𝟑. 𝟔

𝒏𝒊
𝟐
+ 𝟑. 𝟒 = 𝟑. 𝟎𝟐𝟒

−
𝟏𝟑. 𝟔

𝒏𝒊
𝟐

= −𝟎. 𝟑𝟕𝟔

𝒏𝒊 = 𝟔

Exercise 2:  



downward transitions to n = 2; 411 nm; 435 nm ; 487 nm ; 658 nm;

𝒄 = 𝟑 × 𝟏𝟎𝟖𝒎/𝒔; 𝟏 𝒆𝑽 = 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗𝑱; 𝐡 = 𝟔. 𝟔𝟐 × 𝟏𝟎−𝟑𝟒𝑱. 𝒔

c) Deduce the three initial levels corresponding to the emission

of the other visible radiations.

𝑬𝝀𝟐 =
𝒉𝒄

𝝀𝟐

𝝀𝟐 = 𝟒𝟑𝟓𝒏𝒎

𝑬𝝀𝟐 =
𝟔. 𝟔𝟐 × 𝟏𝟎−𝟑𝟒 × 𝟑 × 𝟏𝟎𝟖

𝟒𝟑𝟓 × 𝟏𝟎−𝟗

𝐄𝝀𝟐 = 𝟎. 𝟎𝟒𝟓 × 𝟏𝟎−𝟏𝟕𝑱

𝐄𝝀𝟐 =
𝟎. 𝟎𝟒𝟓 × 𝟏𝟎−𝟏𝟕

𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗

𝐄𝝀𝟐 = 𝟐. 𝟖𝟏𝟐𝟓𝐞𝐕

Exercise 2:  



downward transitions to n = 2; 411 nm; 435 nm ; 487 nm ; 658 nm;

𝒄 = 𝟑 × 𝟏𝟎𝟖𝒎/𝒔; 𝟏 𝒆𝑽 = 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗𝑱; 𝐡 = 𝟔. 𝟔𝟐 × 𝟏𝟎−𝟑𝟒𝑱. 𝒔

𝒏𝒊
𝟐 = 𝟐𝟓

𝑬𝒊 − 𝑬𝟐 = 𝑬𝝀𝟐

−
𝟏𝟑. 𝟔

𝒏𝒊
𝟐
− −

𝟏𝟑. 𝟔

𝟐 𝟐
= 𝟐. 𝟖𝟏𝟐𝟓

−
𝟏𝟑. 𝟔

𝒏𝒊
𝟐
+
𝟏𝟑. 𝟔

𝟒
= 𝟐. 𝟖𝟏𝟐𝟓

−
𝟏𝟑. 𝟔

𝒏𝒊
𝟐
+ 𝟑. 𝟒 = 𝟐. 𝟖𝟏𝟐𝟓

−
𝟏𝟑. 𝟔

𝒏𝒊
𝟐

= −𝟎. 𝟓𝟖𝟕𝟓

𝒏𝒊 = 𝟓

Exercise 2:  



downward transitions to n = 2; 411 nm; 435 nm ; 487 nm ; 658 nm;

𝒄 = 𝟑 × 𝟏𝟎𝟖𝒎/𝒔; 𝟏 𝒆𝑽 = 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗𝑱; 𝐡 = 𝟔. 𝟔𝟐 × 𝟏𝟎−𝟑𝟒𝑱. 𝒔

𝑬𝝀𝟑 =
𝒉𝒄

𝝀𝟐

For 𝝀𝟑 = 𝟒𝟖𝟕𝒏𝒎

𝑬𝝀𝟑 =
𝟔. 𝟔𝟐 × 𝟏𝟎−𝟑𝟒 × 𝟑 × 𝟏𝟎𝟖

𝟒𝟖𝟕 × 𝟏𝟎−𝟗

𝐄𝝀𝟑 = 𝟒. 𝟎𝟕𝟖 × 𝟏𝟎−𝟏𝟗𝑱

𝐄𝝀𝟑 =
𝟒. 𝟎𝟕𝟖 × 𝟏𝟎−𝟏𝟗

𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗

𝐄𝝀𝟑 = 𝟐. 𝟓𝟒𝟖𝐞𝐕

Exercise 2:  



downward transitions to n = 2; 411 nm; 435 nm ; 487 nm ; 658 nm;

𝒄 = 𝟑 × 𝟏𝟎𝟖𝒎/𝒔; 𝟏 𝒆𝑽 = 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗𝑱; 𝐡 = 𝟔. 𝟔𝟐 × 𝟏𝟎−𝟑𝟒𝑱. 𝒔

𝒏𝒊
𝟐 = 𝟏𝟔

𝑬𝒊 − 𝑬𝟐 = 𝑬𝝀𝟑

−
𝟏𝟑. 𝟔

𝒏𝒊
𝟐
− −

𝟏𝟑. 𝟔

𝟐 𝟐
= 𝟐. 𝟓𝟒𝟖

−
𝟏𝟑. 𝟔

𝒏𝒊
𝟐
+
𝟏𝟑. 𝟔

𝟒
= 𝟐. 𝟓𝟒𝟖

−
𝟏𝟑. 𝟔

𝒏𝒊
𝟐
+ 𝟑. 𝟒 = 𝟐. 𝟓𝟒𝟖

−
𝟏𝟑. 𝟔

𝒏𝒊
𝟐

= −𝟎. 𝟖𝟓𝟐

𝒏𝒊 = 𝟒
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downward transitions to n = 2; 411 nm; 435 nm ; 487 nm ; 658 nm;

𝒄 = 𝟑 × 𝟏𝟎𝟖𝒎/𝒔; 𝟏 𝒆𝑽 = 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗𝑱; 𝐡 = 𝟔. 𝟔𝟐 × 𝟏𝟎−𝟑𝟒𝑱. 𝒔

𝑬𝝀𝟒 =
𝒉𝒄

𝝀𝟒

For 𝝀𝟒 = 𝟔𝟓𝟖𝒏𝒎

𝑬𝝀𝟒 =
𝟔. 𝟔𝟐 × 𝟏𝟎−𝟑𝟒 × 𝟑 × 𝟏𝟎𝟖

𝟔𝟓𝟖 × 𝟏𝟎−𝟗

𝐄𝝀𝟒 = 𝟑. 𝟎𝟏𝟖 × 𝟏𝟎−𝟏𝟗𝑱

𝐄𝝀𝟒 =
𝟑. 𝟎𝟏𝟖 × 𝟏𝟎−𝟏𝟗

𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗

𝐄𝝀𝟒 = 𝟏. 𝟖𝟖𝟔𝐞𝐕
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downward transitions to n = 2; 411 nm; 435 nm ; 487 nm ; 658 nm;

𝒄 = 𝟑 × 𝟏𝟎𝟖𝒎/𝒔; 𝟏 𝒆𝑽 = 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗𝑱; 𝐡 = 𝟔. 𝟔𝟐 × 𝟏𝟎−𝟑𝟒𝑱. 𝒔

𝒏𝒊
𝟐 = 𝟗

𝑬𝒊 − 𝑬𝟐 = 𝑬𝝀𝟒

−
𝟏𝟑. 𝟔

𝒏𝒊
𝟐
− −

𝟏𝟑. 𝟔

𝟐 𝟐
= 𝟏. 𝟖𝟖𝟔

−
𝟏𝟑. 𝟔

𝒏𝒊
𝟐
+
𝟏𝟑. 𝟔

𝟒
= 𝟏. 𝟖𝟖𝟔

−
𝟏𝟑. 𝟔

𝒏𝒊
𝟐
+ 𝟑. 𝟒 = 𝟏. 𝟖𝟖𝟔

−
𝟏𝟑. 𝟔

𝒏𝒊
𝟐

= −𝟏. 𝟓𝟏𝟑

𝒏𝒊 = 𝟑
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C. Interaction photon - hydrogen atom:

1. We send to a hydrogen atom, being in the fundamental

state, separately, two photons of respective energies 3.4 eV

and 10.2 eV. Specify, with justification, the photon that is

absorbed.

2. A hydrogen atom found in its fundamental state absorbs a

photon of energy 14.6 eV. The electron is thus ejected.

a)Justify the ejection of the electron.

b)Calculate, in eV, the Kinetic energy of the ejected

electron.
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1.We send to the hydrogen atom, being in the fundamental state,

separately, two photons of respective energies 3.4 eV and 10.2

eV. Specify, with justification, the photon that is absorbed.

𝑬𝟏 = −𝟏𝟑. 𝟔𝒆𝑽 ; 𝑬𝟐 = −𝟑. 𝟒𝒆𝑽 ; 𝑬𝟑 = −𝟏. 𝟓𝟏𝒆𝑽 ; 𝑬𝟒 =
− 𝟎. 𝟖𝟓𝒆𝑽.
There are no two levels having a difference of 3.4 eV, so the

photon whose energy is 3.4 eV can’t be absorbed.

𝑬𝟐 − 𝑬𝟏 = −𝟑. 𝟒 − −𝟏𝟑. 𝟔 = 𝟏𝟎. 𝟐𝒆𝑽:

Then the photon whose energy is 10.2 eV can be absorbed.
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2. A hydrogen atom found in its fundamental state absorbs a

photon of energy 14.6 eV. The electron is thus ejected.

a)Justify the ejection of the electron.

To extract an electron, the atom should receive an energy

which takes it from 𝒏 = 𝟎 to 𝒏 = ∞

𝑾𝒊 = 𝑬∞ − 𝑬𝟏 𝑾𝒊 = 𝟎 − (−𝟏𝟑. 𝟔) 𝑾𝒊 = +𝟏𝟑. 𝟔𝒆𝑽

So, the energy of the photon (14.6 eV) is sufficient to extract

the electron.

Exercise 2:  



b)Calculate, in eV, the Kinetic energy of the ejected electron.

The energy of the ejected electron determined by Einstein

relation:

𝑬𝒑𝒉 = 𝑾𝒊 +𝑲𝑬𝒆𝒍𝒆

𝑲𝑬𝒆𝒍𝒆 = 𝟏𝟒. 𝟔 − 𝟏𝟑. 𝟔

𝑲𝑬𝒆𝒍𝒆 = 𝑬𝒑𝒉 −𝑾𝒊

𝑲𝑬𝒆𝒍𝒆 = 𝟏𝒆𝑽

Exercise 2:  







Exercise 3           Energy levels of hydrogen atom  

The great Orion Nebula is composed of four very hot stars

emitting ultraviolet radiation whose wavelength in vacuum is

less than 91.2 nm, within a large <<cloud>> of interstellar gas

formed mainly of hydrogen atoms.

𝐡 = 𝟔. 𝟔𝟐 × 𝟏𝟎−𝟑𝟒𝑱. 𝒔 ; 𝒄 = 𝟑 × 𝟏𝟎𝟖𝒎/𝒔 ;

𝟏 𝒆𝑽 = 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗𝑱 ; spectrum of rosy

color: 640 nm<𝝀<680 nm. visible spectrum

: 400 nm<𝝀<800 nm

The diagram of figure 1 represents some of

the energy levels 𝑬𝒏 of the hydrogen atom.



Part A: The hydrogen atom is in its fundamental [ground] state.

Exercise 3           Energy levels of hydrogen atom  

1)Show that the minimum value of the energy needed to

ionize this atom is equal to 𝑬𝒊 = 𝟐. 𝟏𝟕𝟖 × 𝟏𝟎−𝟏𝟖𝑱.

2) Calculate the wavelength 𝝀𝒊 of the

wave associated to the photon whose

energy is equal to 𝑬𝒊.



1)Show that the minimum value of the energy needed to ionize

this atom is equal to 𝑬𝒊 = 𝟐. 𝟏𝟕𝟖 × 𝟏𝟎−𝟏𝟖𝑱.

𝐡 = 𝟔. 𝟔𝟐 × 𝟏𝟎−𝟑𝟒𝑱. 𝒔;𝒄 = 𝟑 × 𝟏𝟎𝟖𝒎/𝒔; 𝟏 𝒆𝑽 = 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗𝑱; spectrum

of rosy color: 640 nm<𝝀<680 nm. visible spectrum : 400 nm<𝝀<800 nm

𝑬𝒊 = 𝑬∞ − 𝑬𝟏 𝑬𝒊 = 𝟎 − −𝟏𝟑. 𝟔

𝑬𝒊 = 𝟏𝟑. 𝟔𝒆𝑽 × 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗

𝑬𝒊 = 𝟐. 𝟏𝟕𝟖 × 𝟏𝟎−𝟏𝟖𝑱
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𝐡 = 𝟔. 𝟔𝟐 × 𝟏𝟎−𝟑𝟒𝑱. 𝒔;𝒄 = 𝟑 × 𝟏𝟎𝟖𝒎/𝒔; 𝟏 𝒆𝑽 = 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗𝑱; spectrum

of rosy color: 640 nm<𝝀<680 nm. visible spectrum : 400 nm<𝝀<800 nm

𝑬𝒊 =
𝒉𝒄

𝝀𝒊

2)Calculate the wavelength 𝝀𝒊 of the wave associated to the

photon whose energy is equal to 𝑬𝒊.

𝝀𝟏 =
𝒉𝒄

𝑬𝒊

𝝀𝒊 =
𝟔. 𝟔𝟐 × 𝟏𝟎−𝟑𝟒 × 𝟑 × 𝟏𝟎𝟖

𝟐. 𝟏𝟕𝟖 × 𝟏𝟎−𝟏𝟖

𝝀𝒊 = 𝟗𝟏. 𝟐𝟒 × 𝟏𝟎−𝟗𝒎
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Part B: ionized gas in the Orion Nebula

The interstellar gas in the Orion Nebula being ionized, some

extracted electrons are captured by protons at rest (ionized

hydrogen atoms) to form hydrogen atoms in an excited state.

An excited hydrogen atom undergoes then a progressive

downward transition.

Out of the possible transitions, we consider the transition of the

atom from level 3 to level 2.

1)Calculate the wavelength, in vacuum, of the radiation

corresponding to this transition.

2)This radiation is visible. Why ?
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1)Calculate the wavelength, in vacuum, of the radiation

corresponding to this transition.

𝐄𝐩𝐡 = 𝐄𝟑 − 𝐄𝟐 𝐄𝐩𝐡 = −
𝟏𝟑. 𝟔

𝟑𝟐
− (−

𝟏𝟑. 𝟔

𝟐𝟐
)

𝐄𝐩𝐡 = 𝟏. 𝟖𝟖𝐞𝐕
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First method:

Second method:

𝐄𝐩𝐡 = 𝐄𝟑 − 𝐄𝟐 𝐄𝐩𝐡 = −𝟏. 𝟓𝟏 − (−𝟑. 𝟒)

𝐄𝐩𝐡 = 𝟏. 𝟖𝟖𝐞𝐕



𝐄𝐩𝐡 =
𝒉𝒄

𝝀
𝛌 =

𝒉𝒄

𝐄𝐩𝐡

𝛌 =
𝟔. 𝟔𝟐 × 𝟏𝟎−𝟑𝟒 × 𝟑 × 𝟏𝟎𝟗

𝟏. 𝟖𝟖 × 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗

𝛌 = 𝟔𝟓𝟕. 𝟑 × 𝟏𝟎−𝟗𝒎 = 𝟔𝟓𝟕. 𝟑𝒏𝒎

Exercise 3           Energy levels of hydrogen atom  

2) This radiation is visible. Why ?

Since the its wavelength is in the visible region

𝟒𝟎𝟎𝒏𝒎 < 𝝀 = 𝟔𝟓𝟕. 𝟑𝒏𝒎 < 𝟖𝟎𝟎𝒏𝒎
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The energies of the various levels of the hydrogen atom are

given by the relation: 𝑬𝒏 = −
𝑬𝟎

𝒏𝟐
, where 𝑬𝟎 is a positive

constant and n is a positive whole number. Given:

𝒉 = 𝟔. 𝟔 × 𝟏𝟎−𝟑𝟒𝐉. 𝐬; 𝟏𝒆𝑽 = 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗𝑱; 𝑪 = 𝟑 × 𝟏𝟎𝟖𝒎/𝒔
A convenient apparatus (D) is used to detect the electrons.

1)The energy of the hydrogen atom is quantized. What is

meant by “quantized energy”?

2)Explain why the absorption or emission spectrum of

hydrogen consists of lines.



3) A hydrogen atom, initially excited, undergoes a downward

transition from the energy level 𝑬𝟐 to the energy level 𝑬𝟏. It

then emits the radiation of wavelength in vacuum: 𝝀𝟐→𝟏
= 𝟏. 𝟐𝟏𝟔 × 𝟏𝟎−𝟕𝒎.

a)Determine, in J, the value of the constant 𝑬𝟎.

b)Determine in J the value of the ionization energy of the

hydrogen atom taken in its ground state.
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1)What is meant by “quantized energy”?
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According to the relation: 𝑬𝒏 = −
𝑬𝟎

𝒏𝟐

The energies of the hydrogen atom can take only well-defined

values (discrete), so it is quantized.



2)Explain why the absorption or emission spectrum of

hydrogen consists of lines.

For an electronic transition,

the emitted photon (or

absorbed) has a wavelength

𝝀 =
𝒉𝒄

𝑬𝒎 − 𝑬𝒏

Since the energies are quantized, this means that the 𝝀 has a

well determined value, which corresponds to a line.
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3)A hydrogen atom, initially excited, undergoes a downward transition

from the energy level 𝑬𝟐 to the energy level 𝑬𝟏. It then emits the

radiation of wavelength in vacuum: 𝝀𝟐→𝟏 = 𝟏. 𝟐𝟏𝟔 × 𝟏𝟎−𝟕𝒎.

a)Determine, in J, the value of the constant 𝑬𝟎.

𝒉 = 𝟔. 𝟔 × 𝟏𝟎−𝟑𝟒𝐉. 𝐬; 𝟏𝒆𝑽 = 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗𝑱; 𝑪 = 𝟑 × 𝟏𝟎𝟖𝒎/𝒔

𝑬𝟐 =
𝑬𝟎

𝒏𝟐
= −

𝑬𝟎

𝟐𝟐
= −

𝑬𝟎

𝟒
and 𝑬𝟏 =

𝑬𝟎

𝒏𝟐
= −

𝑬𝟎

𝟏𝟐
= −𝑬𝟎

𝑬𝟐 − 𝑬𝟏 = −
𝑬𝟎
𝟒
− (−𝑬𝟎) 𝑬𝟐 − 𝑬𝟏 =

𝟑𝑬𝟎

𝟒
=

𝒉𝒄

𝝀𝟐−𝟏
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𝒉 = 𝟔. 𝟔 × 𝟏𝟎−𝟑𝟒𝐉. 𝐬; 𝟏𝒆𝑽 = 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗𝑱; 𝑪 = 𝟑 × 𝟏𝟎𝟖𝒎/𝒔

𝟑𝑬𝟎

𝟒
=

𝒉𝒄

𝝀𝟐−𝟏
𝑬𝟎 =

𝟒𝒉𝒄

𝟑𝝀𝟐−𝟏

𝑬𝟎 =
𝟒 × 𝟔. 𝟔 × 𝟏𝟎−𝟑𝟒 × 𝟑 × 𝟏𝟎𝟖

𝟑 × 𝟏. 𝟐𝟏𝟔 × 𝟏𝟎−𝟕

𝑬𝟎 = 𝟐. 𝟏𝟕 × 𝟏𝟎−𝟏𝟖𝑱
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b)Determine in J the value of the ionization energy of the

hydrogen atom taken in its ground state

𝒉 = 𝟔. 𝟔 × 𝟏𝟎−𝟑𝟒𝐉. 𝐬; 𝟏𝒆𝑽 = 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗𝑱; 𝑪 = 𝟑 × 𝟏𝟎𝟖𝒎/𝒔

𝑬𝒊𝒐𝒏 = 𝑬∞ − 𝑬𝟏 𝑬𝒊𝒐𝒏 = 𝟎 − (−𝑬𝟎)

𝑬𝒊𝒐𝒏 = 𝑬𝟎 = 𝟐. 𝟏𝟕 × 𝟏𝟎−𝟏𝟖𝑱
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4)Among the series of hydrogen is Balmer, which is

characterized by the downward transitions from the energy

level 𝑬𝑷 > 𝑬𝟐 ( p > 2) to the energy level 𝑬𝟐 ( n = 2). To each

transition 𝑷 → 𝟐 corresponds a line of wave 𝝀𝒑 →𝟐.

a)Show that 𝝀𝒑 →𝟐 , expressed in nm is given by
𝟏

𝝀𝒑 →𝟐
=

𝟏. 𝟎𝟗𝟔 × 𝟏𝟎−𝟐
𝟏

𝟒
−

𝟏

𝒑𝟐
.

b)Show that the wavelengths of the corresponding radiations

tend, when 𝒑 → ∞, towards a limit 𝝀𝟎 whose value is to be

calculated.
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a)Show that 𝝀𝒑 →𝟐, expressed in nm is given by
𝟏

𝝀𝒑 →𝟐
= 𝟏. 𝟎𝟗𝟔

× 𝟏𝟎−𝟐
𝟏

𝟒
−

𝟏

𝒑𝟐
.

𝑬𝒑𝒉 = 𝑬𝑷 − 𝑬𝟐

𝒉𝒄

𝝀𝒑→𝟐
= −

𝑬𝟎
𝒑𝟐

+
𝑬𝟎
𝟐𝟐

𝒉𝒄

𝝀𝒑→𝟐
= 𝑬𝟎

𝟏

𝟒
−
𝟏

𝒑𝟐
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𝟏

𝝀𝒑→𝟐
=
𝑬𝟎
𝒉𝒄

𝟏

𝟒
−
𝟏

𝒑𝟐

𝟏

𝝀𝒑→𝟐
=

𝟐. 𝟏𝟕 × 𝟏𝟎−𝟏𝟖

𝟔. 𝟔𝟐 × 𝟏𝟎−𝟑𝟒 × 𝟑 × 𝟏𝟎𝟖
𝟏

𝟒
−
𝟏

𝒑𝟐

𝟏

𝝀𝒑→𝟐
= 𝟏. 𝟎𝟗𝟔 × 𝟏𝟎−𝟐

𝟏

𝟒
−
𝟏

𝒑𝟐
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b)Show that the wavelengths of the corresponding radiations

tend, when 𝒑 → ∞, towards a limit 𝝀𝟎 whose value is to be

calculated
𝟏

𝝀𝒑→𝟐
= 𝟏. 𝟎𝟗𝟔 × 𝟏𝟎−𝟐

𝟏

𝟒
−
𝟏

𝒑𝟐

𝟏

𝝀𝟎
= 𝟏. 𝟎𝟗𝟔 × 𝟏𝟎−𝟐

𝟏

𝟒
−

𝟏

∞𝟐

𝟏

𝝀𝟎
= 𝟏. 𝟎𝟗𝟔 × 𝟏𝟎−𝟐

𝟏

𝟒
− 𝟎

𝟏

𝝀𝟎
= 𝟎. 𝟐𝟕𝟒 × 𝟏𝟎−𝟐 𝝀𝟎 = 𝟑𝟔𝟒. 𝟗𝒏𝒎
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