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Early Models of the Atom

 Thomson’s model 
 Rutherford’s model, difficulties with Rutherford’s 

model
 emission spectra, Absorption Spectra,
 Bohr’s theory of the hydrogen, Bohr radius, radii and 

energy of orbits, energy level diagram.
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Chapter 1
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•A model is a representation of a system in the
real world. Models help us to understand
systems and their properties.

•For example, an atomic model represents what
the structure of an atom could look like, based
on what we know about how atoms behave. It is
not necessarily a true picture of the exact
structure of an atom.
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 Democritus suggested (along with his
mentor Leucippus) that all matter was
made of tiny indivisible (cannot be
divided) particles called atoms.
(Greek “atoma”).

 He also believed that different
atoms:
◦ Are different sizes
◦ Have different properties

Ancient Greeks were the first to come up with the idea of atoms. 
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Democritus (460 BC – 370 BC)

Aristotle did not support his atomic theory

Aristotle
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 Each element is composed of extremely small particles
called atoms. These atoms are indivisible (Atoms of
an element are not changed into different types of
atoms by chemical reactions).

 All atoms of a given element are identical in size, mass
and chemical properties. Atoms of one element are
different from atoms of another element.

 Atoms cannot be created, divided into smaller
particles, or destroyed.

 Compounds are formed when atoms of more than one
kind combine. In a given compound, the relative number
and kind of atoms are constant.

1800 -Dalton proposed a modern atomic model based on experimentation not on pure reason.
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John Dalton (Early 1800’s)

His ideas account for 

the law of 

conservation of mass 

(atoms are neither 

created nor 

destroyed), the law of 

constant composition 

(elements combine in 

fixed ratios) and Law 

of Multiple Proportions 

Dalton viewed atoms as tiny, solid balls. His atomic theory had 4 statements…
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Sir J.J. Thomson (Late 1800’s)

 J.J. Thomson discovered electrons in 1903 by using a 
cathode tube. 

◦ Thomson studied the passage of an electric
current through a gas in the near vacuum of the
cathode tube.

◦ As the current passed through the gas, it gave
off light.

◦ Thomson experimented with cathode rays and
found they could be deflected with a magnetic
plate—the rays had charge and mass.

 Thomson was able to measure the charge to mass 
ratio and found that the mass of the particle was 
much less than the mass of a hydrogen atom. 

 It was concluded that the particles in the ray were 
part of all matter.

 Surprise—there are particles smaller than the 
atom. He was the first scientist to show that the 
atom was made of even smaller things.
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https://www.youtube.com/watch?v=_nLESblUAHY
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https://www.youtube.com/watch?v=nwnjYERS66U
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In 1897, J.J Thomson’s proposed the Plum Pudding Model
which states that:
 atoms mostly consist of positively charged material with

negatively charged particles (electrons) located throughout
the positive material

 Won a Nobel Prize

 Overall, the atom is neutral atom because the atom had
the same number of positive and negative charges.

9

Sir J.J. Thomson Model (Late 1800’s)

 Definition: an electron is a negatively charged 
subatomic particle. 

 Symbol: e-

 mass of e- is 9.11 x 10-28 grams

 charge of e- is 1.6 x 10-19 C
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Positively charged alpha-particles were directed at a piece of thin gold foil.
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http://micro.magnet.fsu.edu/electromag/java/rutherford/

Rutherford, Geiger, and Marsden

 In 1911, Rutherford 
discovered the atom’s 
nucleus.

 Planetary model 

Based on results of 

thin foil experiments 

 Alpha particles 
(positively charged 
radioactive particles) 
were propelled through 
gold foil to study their 
behavior. 

https://phet.colorado.edu/en/simulation/rutherford-

scattering
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• The expected result was for the particles to pass straight
through the foil. (They wouldn’t be deflected much by the
positive “plum pudding” and wouldn’t be affected by the
tiny electrons.)

• But he found that most of particles pass straight
through the foil, but some it were deflected at wide
angles and some bounced straight back.

 Rutherford suggested the following characteristics of 
the atom:

o It consists of a small core called nucleus, that 
contains most of the mass of the atom

o This nucleus is made up of particles called protons, 
which have a positive charge

o The protons are surrounded by negatively charged 
electrons, but most of the atom is actually empty 
space

o Accounted for the neutral charge of atoms, the + 
nucleus balanced the – electrons.

Rutherford model (Planetary model)
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Sir James Chadwick (1932)

 Neutron Discovered in 1932 by James 
Chadwick (1891–1974).

 The neutron has a mass nearly equal to the 
proton’s.

 1.675 x 10-24 grams

 There is in the atom’s nucleus

 symbol: n0 

 Also has a zero charge
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 Atoms contain protons, neutrons, and 
electrons.

 Protons are positive, electrons are 
negative, neutrons have no charge.

 Protons and neutrons contain most of 
the mass of an atom.

 Protons and neutrons are located in the 
nucleus, which is very small.

 Electrons are located outside the 
nucleus.
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Summary of the Nuclear Model of the Atom
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 Atoms emit certain discrete characteristic frequencies of electromagnetic 
radiation.

 The Rutherford model is unable to explain this phenomena.

 Rutherford’s electrons are undergoing a centripetal acceleration.

 It should radiate electromagnetic waves of the same frequency.

 The radius should steadily decrease as this radiation is given off.

 The electron should eventually spiral into the nucleus, 

 But it doesn’t
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Difficulties with the Rutherford model of the atom

According to classical mechanics and
electromagnetic theory, any charged
particle moving on a curved path emits
electromagnetic radiation; thus, the
electrons would lose energy and spiral
into the nucleus.



 When a gas in a tube is subjected to a voltage at low pressure, the gas ionizes, 
and emits light characteristic of the gas. 

 When the emitted light is analyzed with a spectrometer, a series of discrete 
bright lines is observed:

 Each line has a different wavelength and color. 

 This series of lines is called an emission spectrum.
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Atomic Spectra

Emission Spectrum

Dr Basma Elbadry



16

Example of Emission Spectrum

 The simplest line spectrum is that for atomic hydrogen

Other atoms exhibit completely different line spectra

Because no two elements have the same line spectrum, the
phenomena represents a practical and sensitive technique for
identifying the elements present in unknown samples
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An element can also absorb light at specific wavelengths.

An absorption spectrum can be obtained by passing a 

continuous radiation spectrum through a vapor of the gas.

The absorption spectrum consists of a series of dark lines 

superimposed on the otherwise continuous spectrum.

The dark lines of the absorption spectrum coincide 

with the bright lines of the emission spectrum 

Atomic Spectra

Absorption Spectrum
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 Absorption Spectrum of Hydrogen atom

sorption Spectru
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Example of Absorption Spectrum

 A practical example is the continuous spectrum emitted by the sun
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Johann Jakob Balmer
(May 1, 1825 – March 12, 1898) 

Swiss Mathematician & 

Honorary Physicist

In 1885, Johann Jakob Balmer

analyzed the hydrogen spectrum and

found that hydrogen emitted four

bands of light within the visible

spectrum. His empirical formula for

the visible spectral lines of the

hydrogen atom was later found to be a

special case of the Rydberg formula,

devised by Johannes Rydberg.

Wavelength (nm) Color

656.2 red

486.1 blue

434.0 blue-violet

410.1 violet

Hydrogen Spectrum – The Balmer Series
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Empirical equation that correctly predicted the four visible emission lines of 
hydrogen.
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Other Hydrogen Series 
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Bohr’s theory of the hydrogen

 In 1913 Bohr provided an explanation of atomic
spectra that includes some features of the
currently accepted theory.

 His model includes both classical and non-
classical ideas.

 His model included an attempt to explain why
the atom was stable.
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 The electron moves in circular
orbits about the nucleus under
the influence of the coulomb
force of attraction.

◦ The Coulomb force, Fe produces the
centripetal acceleration, a for
continued motion.

Bohr’s Assumptions for Hydrogen, 1

 For Hydrogen atom, Z=1
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 An electron with constant acceleration moving in an allowed
orbit does not radiate electromagnetic energy. Thus, its
total energy E remains constant.

 Therefore, the total energy of the atom remains constant.

 This representation claims the centripetally accelerated
electron does not emit energy and therefore does not
eventually spiral into the nucleus

Bohr’s Assumptions for Hydrogen, 2
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 Radiation is emitted by the atom when the electron makes a
transition from a more energetic initial state to a lower-
energy orbit.

◦ The transition cannot be treated classically
◦ The frequency ƒ of the photon emitted in the transition is

related to the change in the atom’s energy.
◦ The frequency is independent of frequency of the electron’s

orbital motion.
◦ The frequency of the emitted radiation is given by

Where Ei is the energy of the initial state, Ef is the energy of
the final state, and Ei<Ef

Bohr’s Assumptions for Hydrogen, 3

o If a photon is absorbed, the electron moves to a 
higher energy level

Ei – Ef = hƒ
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 The allowed electron orbits is determined by orbital angular
momentum, L was defined as:

 The orbital angular momentum is quantized and equal to an
integral number of ħ where ħ=h/2π

Bohr’s Assumptions for Hydrogen, 4

Where n is quantum numbers 
n = 1, 2, 3,…
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 Solving for the radii of the Bohr orbits give us:

◦ This shows that the radii of the allowed orbits have 
discrete values—they are quantized

 When n = 1, the orbit has the smallest radius, called 
the Bohr radius, ao

 ao = 0.052 9 nm
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And the velocity of the electron in the 

nth orbit is : 

Bohr Radius

A general expression for the radius 
of any orbit in a hydrogen atom is

𝑟𝑛 = 𝑎𝑜𝑛
2
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 The total energy of the orbittom is


 The total energy can also be expressed as

◦ Note, the total energy is negative, indicating a bound electron-proton system

2
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Energy of Orbits
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 The energy of any orbit is

◦ This becomes 2
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En = - 13.606 eV / n2

Energy of Orbits
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 Only energies satisfying the previous equation are allowed

 The lowest energy state is called the ground state

◦ This corresponds to n = 1 with E = –13.606 eV

 The ionization energy is the energy needed to completely 
remove the electron from the ground state in the atom

◦ The ionization energy for hydrogen is 13.6 eV

Specific Energy Levels
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 Quantum numbers are given 
on the left and energies on 
the right

 The uppermost level, 
E = 0, represents the state 

for which the electron is 
removed from the atom

◦ Adding more energy than 
this amount ionizes the 
atom

Energy Level Diagram
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 The frequency of the photon emitted when the electron makes a 
transition from an outer orbit to an inner orbit is

 It is convenient to look at the wavelength instead

2
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Frequency of Emitted Photons
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 The wavelengths are found by

 The value of RH from Bohr’s analysis is in excellent agreement with 
the experimental value
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Wavelength of Emitted Photons
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 Bohr extended his model for hydrogen to other elements in 
which all but one electron had been removed

◦ Z is the atomic number of the element and is the number of 
protons in the nucleus
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Extension to Other Atoms

35Dr Basma Elbadry



It violates the Heisenberg Uncertainty Principle because 
it considers electrons to have both a known radius and 
orbit. 

The Bohr Model provides an incorrect value for the ground 
state orbital angular momentum. 

 It makes poor predictions regarding the spectra of larger 
atoms. 

It does not predict the relative intensities of spectral 
lines. 

The Bohr Model does not explain fine structure and 
hyperfine structure in spectral lines. 

 It does not explain the Zeeman Effect.

Difficulties with the Bohr Model

36Dr Basma Elbadry





37

o Explained several features of the hydrogen spectrum 

o Accounts for Balmer and other series 

o Predicts a value for RH that agrees with the experimental value 

o Gives an expression for the radius of the atom 

o Predicts energy levels of hydrogen 

o Gives a model of what the atom looks like and how it behaves 

o Can be extended to “hydrogen-like” atoms .Those with one 

electron 

o Ze2 needs to be substituted for e2 in equations 

o Z is the atomic number of the element 

Successes of the Bohr theory
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