
WONDERS AND 
MYSTERIES OF THE ATOM
Week 2



TOPICS

• Anatomy of an atom / fundamental particles

• Nucleus of an atom

• Elements

• Isotopes

• Interaction of light with hydrogen atoms

• Atomic energy levels 

• Double-slit experiment – dual particle/wave reality



ANATOMY 
OF THE 
ATOM
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A very, very bad picture! 



THREE FUNDAMENTAL PARTICLES

Particle Charge Approximate 

Mass (kg)

Position in 

atom

Proton +1 10-27 Inside 

nucleus

Neutron 0 10-27 Inside 

nucleus

Electron -1 10-30 Outside 

nucleus



NUMBERS OF 
PROTONS, 
NEUTRONS 

AND 
ELECTRONS

Some atoms have 1 proton  in 
their nucleus, some 2, some 3, etc. 

Number of electrons equals the 
number of protons

The number of neutrons can vary, 
depending on the atom

Much more on this later



THE CORE -- NUCLEUS

Contains protons 
and neutrons – so 

is positively 
charged

Contains almost 
all the mass of 

the atom

Occupies almost 
none of the 

volume of the 
atom

Analogy:  like a 
blueberry in a 

football stadium

https://pressbooks.pub/gschemistry/chapter/2-3-atomic-structure-and-symbols/

Atoms do not have well defined edges

They have a most probable edge



HOW DO WE 
KNOW?

Ernest Rutherford (1871-1937)
Most all of these particles traveled straight through

A few particles were deflected at large angles, some 

even bouncing back.



RUTHERFORD’S 
INTERPRETATION OF 

EXPERIMENTAL RESULTS

Most of the volume of a 
gold atom is empty 

space, so particles pass 
through easily

Every so often, a particle 
happens to strike the 
nucleus of the gold 

atom, causing a great 
collision and deflection 

of the particle



SOME INTERESTING ASPECTS ABOUT ATOMIC 
NUCLEI

• A typical grain of sand contains more than 10 million trillion nuclei. 
• 100 times more than the number of seconds since the beginning of the Universe.

• The nucleus accounts for more than 99.9994% of the total atomic mass 
• Occupies less than one ten-trillionth of the atomic volume.

• All nuclei have approximately the same density. 
• If the Moon was compressed to the same density, it would fit inside Yankee Stadium.

https://www.energy.gov/science/doe-
explainsnuclei#:~:text=Atomic%20nuclei%20consist%20of%20electrically,force%2C%20called%20the%20strong%20force.



ELECTRONS 

Electrons have three fundamental 
properties: charge, mass, and spin.

The electric charge on an electron is 
−1 (by definition)

The mass of an electron is unthinkably 
small -- about 10 −30 kilograms. 

Electrons also spin on their axes in 
much the same way that planets do.
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THE ENIGMA OF ELECTRONS
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Do they have mass and sometimes appear like a particle?

Or do they have wave properties and behave like energy?

Answer to both questions – yes. Depends on how you measure.



REVIEW

Particle Charge Approximate 

Mass (kg)

Position in 

atom

Proton +1 ͠ 10-27 Inside 

nucleus

Neutron 0 ͠ 10-27 Inside 

nucleus

Electron -1 ͠ 10-30 Outside 

nucleus



GENERAL BEHAVIOR OF CHARGES
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• Posed big problem in understanding 
the atom:  

• Why don’t the electron and the proton 
attract each other and collapse?

• In a nucleus that has more than one 
proton,  how do the protons stay 
together?



WHY DON’T THE ELECTRON AND THE PROTON ATTRACT EACH 
OTHER AND COLLAPSE?

• The reality is they do not.

• If we think they should, our thinking is wrong.

• Electrons are not little balls that can fall into the nucleus under electrostatic 
attraction. 

• Rather, electrons behave like quantized waves that spread out in space and 
can sometimes act like particles in limited ways. Electrons are not little balls 
that can fall into the nucleus under electrostatic attraction. Rather, electrons are 
quantized wavefunctions that spread out in space and can sometimes act like 
particles in limited ways. action. Rather, electrons are quantized wavefunctions 
that spread out in space and can sometimes act like particles in limited ways.



IN ATOMS WITH MORE THAN ONE PROTON, 
WHAT KEEPS THE PROTONS IN THE NUCLEUS?

• Held together by the strongest known fundamental force

• The Strong Force, one of four fundamental forces acting in the universe

• Further exploration of the Strong Force takes us directly into the world of 
theoretical and experimental physics, into the land of quarks, leptons, 
bosons



LET’S BUILD 
ATOMS

Recognize what a poor representation 

this picture is, but we’ll use it anyway.



ATOMS AND 
ELEMENTS

Elements are not found in equal 
abundance in nature – lot of 

variation

Elements are atoms defined by the 
number of protons in their nucleus

Elements with 1 
proton = 

element 1

Elements with 2 
protons = 
element 2

And on up to 
element with 92 

protons 
(uranium)

People have 
built atoms with 
more protons –

up to 118





ELEMENTS
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Are defined by the number of protons in the nuclei of 
their atoms 

Example:  all atoms with 1 proton in their nucleus are, 
by definition, the element hydrogen

Because hydrogen has 1 proton, it also has 1 electron



FIRST FEW 
ELEMENTS

Notice:  

Sodium is Na – Latin name is Natrium

Potassium is K – Latin name is Kalium

Elements are defined by the number of protons in their atoms.

This is called the Atomic Number



NEUTRONS

Example:  Hydrogen element 1

All hydrogen atoms have 
1 proton in the nucleus 

(and 1 electron)
Most have no neutrons A few have 1 neutron

Even fewer have 2 
neutrons

Number of neutrons in nucleus shows more variability



ISOTOPES

Atoms with the same number of protons but differing number of 
neutrons are called isotopes

Still the same element (defined by number of protons) but different 
masses since the nuclei has different numbers of neutrons

22



ISOTOPES OF HYDROGEN

Isotope Common 

name

Number of 

protons and 

electrons

Number of 

neutrons

Atomic mass 

(amu units)

Natural 

abundance

H-1 Protium 1 each 0 1 99.9885%

H-2 Deuterium 1 each 1 2 0.0115%

H-3 Tritium 1 each 2 3 Negligible

Identifies it as 

the element 

Hydrogen

Identifies  

the isotope



ATOMIC NUMBER AND WEIGHT
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Atomic number – a way of saying how 
many protons in nucleus

Atomic weight – a little more involved

• The weighted average when 
considering the abundances of the 
natural isotopes



BILL BRYSON, “A SHORT HISTORY OF NEARLY EVERYTHING”

“Protons give an atom its identity, 
electrons its personality”
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THE ENERGY OF LIGHT
Defines the frequency and wavelength of the light

• The greater the energy, the higher the frequency 
and shorter the wavelength

• The lesser the energy, the lower the frequency 
and longer the wavelength
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AN EXPERIMENT
Fill glass tube with hydrogen gas

Run a strong electric current 
through it (energize it)

The hydrogen gas glows –
analyze the light that is emitted
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LIGHT FROM 
GLOWING 
HYDROGEN
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Not a simple rainbow 
of color 

Only very specific 
colors (wavelengths) of 
light are observed

Note: There are lots of wavelengths that emerge but 

we’re only looking at those in the visible range right 

now.  Other wavelengths are in UV and IR portion of 

spectrum.



SECOND RELATED EXPERIMENT

31Previous experiment:  

looked at light emitted by 

glowing hydrogen

This experiment:  pass light 

through a sample of 

hydrogen and see what 

light gets absorbed

Remember, white 

light contains all 

wavelengths in the 

visible part of the 

spectrum.



RESULTS FROM HYDROGEN
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THE STRUCTURE OF THE ATOM IS RESPONSIBLE 
FOR BOTH EXPERIMENTAL RESULTS

Light and electrons are interacting
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INTERPRETATION
Several energy states/levels in the atom are available to the 

electron.

The electron energy levels in an atom have very discrete values
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INTERPRETATION

Differences between energy levels are very specific but not equal
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INTERPRETATION

The electron in an atom can transition between energy levels 
by interaction with light
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INTERPRETATION

The electron can transtion UP in energy levels by the 
ABSORPTION of light of specific wavelength
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Light

• Photons (quanta) of light that 

match the difference in 

energy between levels can 

be absorbed

• All others are not



INTERPRETATION

The electron can transition DOWN in energy levels by the 
EMISSION of light of specific wavelength
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Light

• Only very specific 

wavelengths/ frequencies of 

light emitted

• Emitted photons (quanta) 

have energies that exactly 

match the differences in 

energy levels in the atom 



INTERPRETATION OF EMISSION EXPERIMENT
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Energy from the discharge tube  cause 
hydrogen’s electrons to move from the 
ground state to higher levels within the atom. 
--- excited states

Atoms do not remain in an excited state for 
long.

To get to a lower energy level, the atom 
needs to lose energy.

Observe the light emitted as these electron 
move to lower level.  

Since differences between energy levels are 
very specific, we observe only specific colors 
(frequencies) of the emitted light.

Frequency of light directly proportional to ΔE 

ΔE



HYDROGEN 
EMISSIONS
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Only very specific 
colors (wavelengths) of 
light are observed.

Otherwise, a black 
background.



ABSORPTION 
EXPERIMENT

41

Observe only specific frequencies of light 
being absorbed.

This shows up as a black line where light was 
absorbed.

Otherwise, observe the rainbow that we’d 
except from white light.
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Identical spectral lines in terms of energies

A rainbow of color with specific wavelengths 

missing (absorbed by hydrogen).

A black background with specific 

wavelengths (colors) being emitted by 

hydrogen.
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NOTE IN PASSING

• Energy levels and the differences between them are very specific to the 
element.

• Analyzing light can be used to identify elements.

• Astronomers use this to great advantage in studying light from stars. Can 
identify what elements are in the outer layers of stars by analyzing the light.



ELECTRONS ARE RESPONSIBLE FOR 
INTERACTIONS WITH LIGHT
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A quantum of energy from light can only be transferred to an electron in an atom when 
the energy of the light exactly matches an energy gap between electron orbitals.

This results in an electronic excited state of the atom.

A quantum of energy from an electron in an atom in an electronic excited state can be 
transferred to create light.

The amount of energy transferred will be very specific and equal to the difference 
between energy levels involved.  Hence, very specific frequencies of light are observed.  



ENERGY LEVELS OF 
ATOMS ARE VERY 

SPECIFIC
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The 486 nm line has a very 
specific energy

Notice that the electron DID 
NOT absorb light that had just a 
little more energy than the 486 
nm line (say 480 nm)

Even though 480 nm light 
would have more than 
enough energy to bridge 
the gap



ENERGY LEVELS IN ATOMS ARE 
QUANTIZED (DISCRETE VALUES)



Famous double slit 

experiment



WAVE INTERFERENCE

Constructive Destructive



WAVE 
INTERFERENCE







MONOCHROMATIC 
LIGHT

…is simply light of a 
single wavelength/ 
frequency

Contrast this to ‘white’ 
light – consists of light 
of many wavelengths





WAVE/PARTICLE DUALITY 
PARADOX

• Quantum objects (electrons, photons, 
atoms,…) will exhibit sometimes wave, 
sometimes particle, character, in respectively 
different physical settings.

• “If you think you understand quantum 
mechanics, you don’t understand quantum 
mechanics”  Richard Feynman



ELECTRONS IN THE TWO-SLIT EXPERIMENT:

• Don’t observe two peaks, one for each slit, but a complete diffraction 
pattern

• Electron wave doesn’t deposit energy over the entire surface of the 
detector, as you might expect with a wave crashing on the shore.

• The energy of the electron is deposited at a point, just as if it was a particle.

• While the electron propagates through space like a wave, it interacts at a 
point like a particle.



SO MANY QUESTIONS

• If the electron or photon propagates as a wave but deposits its energy at a 
point, what happens to the rest of the wave?

• It disappears, from all over space, never to be seen again!

• As the wave propagates, where is the particle? Well, we don’t know for sure.

• This is known as Heisenberg’s uncertainty principle.

https://theconversation.com/explainer-heisenbergs-uncertainty-principle-7512


“the paradox is only a conflict between 

reality and your feeling of what reality ought 

to be.”
Richard Feynman
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First Solvay Conference

October-November 1911.

Radiation and the Quanta
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