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Emission and Absorption of Radiation
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Collisions with other atoms, and the transfer of kinetic
energy as a result of the collision. This kinetic energy is
transferred into internal energy of the atom.

Absorption and emission of electromagnetic radiation
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Emission and Absorption of Radiation

The interactions between electromagnetic radiation and
matter cause changes in the energy states of the electrons
in matter.

Electrons can be transferred from one energy level to
another, while absorbing or emitting a certain amount of
energy. This amount of energy is equal to the energy
difference between these two energy levels (E,-E,).

When this energy is absorbed or emitted in a form of
electromagnetic radiation, the energy difference between
these two energy levels (E,-E,) determines uniquely the
frequency (v) of the electromagnetic radiation:

(AE) = Ex-E3 = hv
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The visible spectrum wavelength range is: 0.4 - 0.7

[Mm] (400-700 [nm)]).

The wavelength of the violet light is the
shortest, and the wavelength of the red light
is the longest. Calculate:

a) What is the frequency range of the visible

spectrum.

b) What is the amount of the photon’s energy
associated with the violet light, compared to the
photon energy of the red light.

Solution:

The frequency of violet light:
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The frequency of red light:
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The difference in frequencies:
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The energy of a violet photon:

3 1
E, =h-y = (6626-10 H.3-sec) -(7_5-10“-—)
secC

E, = 5-10" ¥-goule

The energy of a red photon:

_ 1
E,=h-v, = (6626-10 4. 5-sec) -(4_3-10“-—)
SecC

E, = 2.85-10° ¥.J0ule

The difference in energies between the violet photon and the red
photon is:

2.15*1019 []]
This example shows how much more energy the violet photon
have compared to the red photon.
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Question

Calculate in units of Nanometer, the
wavelength of light emitted by the transition
from energy level E3 to energy level E2 in
which:

El=0 [eV]
E2 = 1.1 [eV]
E3 = 3.5 [eV]
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Emission and Absorption of Radiation

Every system in nature "prefers” to be in the lowest energy
state. This state is called the Ground state.

When energy is applied to a system, The atoms in the material are
excited, and raised to a higher energy level.

(The terms "excited atoms", "excited states”, and "excited
electrons" are used here with no distinction)

These electrons will remain in the excited state for a
certain period of time, and then will return to lower energy
states while emitting energy in the exact amount of the
difference between the energy levels (AE).

If this energy is transmitted as electromagnetic energy, it is called
photon.
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Spontaneous Emission

The emission of the individual photon is random, being done individually
by each excited atom, with no relation to photons emitted by other atoms.

When photons are randomly emitted from different atoms at different
times, the process is called Spontaneous Emission. Since this emission
is independent of external influence, there is no preferred direction for
different photons, and there is no phase relation between
photons emitted by different atoms.

Spontaneous emission is one of a family of processes, called
relaxation processes, by which the excited atoms return to
equilibrium (ground state).

This "classic" explanation assumes that the specific frequencies emitted by
an excited atom are the same as the characteristic frequencies of the
atom, which means that the emission spectrum is identical to the
absorption spectrum.
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Stimulated
Absorption

Spontaneous

Stimulated
/.
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hoton Absorption

Photon Absorption: A photon with frequency v, hits an atom at
- rest (left), and excites it to higher energy level (E,) while the

photon is absorbed.

Initial Conditions Process Final Conditions
= i Electron =
Incoming Photon Photon Absomption
at Frequency V12 | " Eleciron >
—® —E ——— k¢
/.
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Spontaneous Emission

Spontaneous emission of a photon: An atom in an excited
state (left) emits a photon with frequency v,, and goes to a lower

energy level (E,).

Initial Conditions Process Final Conditions

—=0—— ¢ e =
Electron <_Spontaneous Emission > —~_~_4 Outgoing Phot;gn
Electron at Frequency V42

E —— &=k
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Stimulated Emission

Stimulated emission of a photon: A photon with frequency v,,
hit an excited atom (left), and cause emission of two photons with

frequency v,, while the atom goes to a lower energy level (E,).

Initial Conditions Process Final Conditions

_g— E; e Es
Electron _ Stimulated Emission :
Incoming Photon e ~.~¥( Two Outgoing Photons
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Stimulated Absorption

We saw that the process of photon
absorption by the atom is a process of
raising the atom (electron) from a lower
energy level into a higher energy level
(excited state), by an amount of energy
which is equivalent to the energy of the
absorbed photon.

Stimulated Emission

The incoming photon is an
electromagnetic field which is oscillating
in time and space. This field forces the
excited atom to oscillate with the same
frequency and phase as the applied force,
which means that the atom can not
oscillate freely, but is forced to oscillate
coherently with the incoming photon
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Remember that two photons with the same wavelength

(frequency) have the same energy:

E = hv = hc/\

The incoming photon does not change at all as a result of

the stimulated emission process.

As a result of the stimulated emission process, we have two
identical photons created from one photon and one excited
state. Thus we have amplification in the sense that the number

of photons has increased.
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Average Lifetime

Atoms stay in an excited level only for a short time (about
10-8 [sec]), and then they return to a lower energy level by
spontaneous emission.

Every energy level has a characteristic average lifetime, which
is the average time the electron exists in the excited state before
making a spontaneous transition.

Thus, this is the time in which the excited atoms returned to a
lower energy level.

According to the quantum theory, the transition from one
energy level to another is described by statistical
probability.

The probability of transition from higher energy level to a
lower one is inversely proportional to the lifetime of the
higher energy level.
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When the transition probability is low for a specific transition, the
lifetime of this energy level is longer (about 103 sec), and this level
becomes a "meta-stable" level.

In this meta-stable level a large population of atoms can
assembled. As we shall see, this level can be a candidate for lasing
process.

When the population number of a higher energy level is bigger
than the population number of a lower energy level, a condition of
"population inversion" is established.

If a population inversion exists between two energy levels, the
probability is high that an incoming photon will stimulate an
excited atom to return to a lower state, while emitting another
photon of light. The probability for this process depend on the
match between the energy of the incoming photon and the energy
difference between these two levels
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