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42.1: Atomic Spectra of Gases
1. Heated objects emit thermal radiation that is characterized by continuous distribution of 

wavelengths (radiation with a range of wavelengths are emitted). 
2. When a low-pressure gas undergoes an electric discharge, a discrete line spectrum is 

observed (only radiation with specific wavelengths are emitted, shown as colored lines). 
Observation and studying these spectral lines is called emission spectroscopy. 

3. When a white light passes through a gas or dilute solution, a discrete line spectrum is 
observed, shown as black lines. Observation and studying these spectral lines is called 
absorption spectroscopy.
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• Scientists tried to write down equations that can describe 
the atomic emission  

• In 1885, Balmer found an empirical equation that 
correctly predicted the wavelengths of four visible 
emission lines of Hydrogen: H  (red), H  (Blue-green), 

H  (Blue-violet), H  (violet). 
α β

γ δ

•  is Rydberg constant = 1.0973732  
•  is an integer with values 3, 4, ,5 ,6 that give the four 

visible lines: n = 3 (red) and n = 6 (violet).   
• The series limit is the shortest wavelength (364.6 nm) 

which corresponds to 

RH × 107 m−1

n

n → ∞

Balmer Series: 
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42.2: Early Models of Atoms

Atom in Newton 
Day’s

Thomson Model 
of Atom

Rutherford 
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Rutherford Atomic Model (Planetary Model): 
1. The positive charge of the atom is concentrated in a region 

that was small relative to the size of the atom, and this 
concentrated positive charge is called the nucleus of the 
atom. 

2. The atomic electrons are moving in orbits around the 
nucleus in the same manner as the planets orbit the sun. 

Difficulties with Rutherford Model:  
1. It does not explain the emission and absorption of radiation 

with specific frequencies by the atom. 
2. When an electron moves in a circle around the nucleus, it 

will have a centripetal acceleration, and it should loose 
energy by emitting radiation.  This means that the size of 
the orbit will decrease until the electron falls into the 
nucleus.  
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42.3: Bohr’s Model of Hydrogen Atom
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42.3: Bohr’s Model of Hydrogen Atom
Bohr combined Plank’s quantum theory, Einstein’s concept of photons and 
Rutherford planetary model.  
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Velocity of electrons around the nucleus - for H:

v = k
e2

mr

Fc = Fe

mac = m
v2

r
= k

e2

r2
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Bohr’s radius ( ):a0

Radii of Bohr orbits in hydrogen:

Allowed energy levels of Hydrogen:

mvr = nℏ
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• If the energy of the atom is raised from that of the 
ground state to any energy larger than zero, the atom is 
said to be ionized.  

• Ionization Energy: the minimum energy required to 
ionize the atom in its ground state.  

• From Fig.42.8: The ionization energy for Hydrogen is 
13.6 eV
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Frequency of photon emitted when an electron makes a 
transition from an outer orbit to an inner orbit:

The wavelength of the photon:

For atoms other than hydrogen (Z>1):
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Bohr Correspondance Principle: 
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42.8: More on Atomic Spectra: Visible and X-Ray
• According to Bohr, the allowed energy levels of on-electron atoms and ions such as 

hydrogen and He+

• For multi-electron atoms, the nuclear positive charge Ze is shielded by the inner-
shell electrons. Therefore, for multi-electron atoms the atomic number Z is replaced 
by the effective atomic number  Z   to take into account the positive charge that the 

electron in an outer shell is really seeing 

eff
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42.8: More on Atomic Spectra: Visible and X-Ray
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42.8: More on Atomic Spectra: Visible and X-Ray

e  from beam−
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• X-rays are commonly produced by accelerating (or 
decelerating) charged particles. When a fast electron 
decelerate, it emits radiation called bremsstrahlung. 

• Examples include a beam of electrons striking a metal plate. 
• Next Figure, shows X-ray spectra. What do you see? 
• X-rays are emitted with discrete wavelengths characteristic 

of the energy level spacings in the atoms 
• Characteristic X-rays are produced by electron transitions 

between the electron shells. 
• The peaks represent characteristic X-rays. They are formed 

when electrons drop from upper level to vacancies other 
than those in the K shell. 

•  is produced when a vacancy in K shell is filed by an 

electron from the next higher level (L), and so on. 

Kα

42.8: More on Atomic Spectra: Visible and X-Ray
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• Consider an atom with atomic number Z in which one of the two electrons in the K 
shell has been ejected.  

• Since the electron in the L shell will only see an effective charge (Z-1), the energy 
of an electron in the L shell:  

After the atom makes the transition, there are two electrons in the K shell. We can 
estimate the energy associated with on these electrons as:

X-Ray Spectra:

K

L

• The energy of the emitted X-ray due to the transition of 
the electron from L to K shell is:

EX−ray = hf = EL − EK
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42.9: Spontaneous and Stimulated Transitions

• When radiation is incident on the atom, only those photons whose energy hf matches the 
energy separation E between two energy levels can be absorbed by the atom. This 
process is called Stimulated absorption. 

• Once an atom is in an excited state, the excited atom can make a transition back to a 
lower energy level, emitting a photon in a process called Spontaneous emission.

Δ
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42.9: Spontaneous and Stimulated Transitions
• Metastable state: is the excited state of the atom that has a relatively large lifetime (larger than 

 s).  

• When photon of energy  is incident on the atom. One possibility is that the photon 

energy is sufficient for the photon to ionize the atom. Another possibility is that the interaction 
between the incoming photon and the atom causes the atom to return to the ground state and 
emit a second photon. 

10−8

E2 − E1
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42.10: Lasers (Light Amplification by Simulated Emission of 
Radiation) 

• Populated Inversion: is the condition where more atoms of the system are in excited 
states than in the ground state.
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