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Learning Objectives from the beginning of the chapter in OpenStax College Physics
30.1. Discovery of the Atom

• Describe the basic structure of the atom, the substructure of all matter.

30.2. Discovery of the Parts of the Atom: Electrons and Nuclei

• Describe how electrons were discovered.

• Describe Rutherford’s gold foil experiment.

• Describe Rutherford’s planetary model of the atom.

30.3. Bohr’s Theory of the Hydrogen Atom

• Describe the mysteries of atomic spectra.

• Explain Bohr’s theory of the hydrogen atom.

• Explain Bohr’s planetary model of the atom.

• Illustrate energy state using the energy-level diagram.

• Describe the triumphs and limits of Bohr’s theory.

30.1 Discovery of the Atom
The atom was a mystery in the 1800’s.  The constant proportions consumed in chemical reactions informed scientists that there were building blocks of elements but the details of atoms remained to be discovered.  

Q1.  What is the name of the first direct observation of atoms?   Describe the observation and the cause of the motion.

30.2 Discovery of the Parts of the Atom: Electrons and Nuclei
The Electron
Advances in technology in electrical equipment and in the production of vacuum tubes allowed for new discoveries in the late 1800's.

Is the cathode a positive or negative terminal?

How was Thomson able to deflect cathode rays?

Describe what the ratio   qe/m  tells us about a cathode ray.

Q2. What is a cathode ray?

After Millikan determined the charge on an electron, what could scientists calculate?

What is a proton?

Write down the mass of an electron and the mass of a proton.

The Nucleus
After the electron was discovered a model of the atom was developed that stated electrons were embedded inside a sphere of distributed positive charge.  The amount of positive charge equaled the amount of negative charge on the electrons in the atom.  This model is called the plum-pudding model of the atom.

Radioactivity had been discovered in the late 1800’s.  Physicists knew that charged particles were leaving the nuclei of radioactive elements at high speed.  Some of these particles are called alpha particles.  They have 2 protons and two neutrons and are thus positively charged.  These high speed particles were used to probe the structure of the atom by Rutherford.  What would you expect if you shot positive charges at the plum pudding atom?

What was the surprising result from Rutherford’s scattering experiment?

Q3. How was the data of large deflections of the alpha particles explained? 

How did this improve physicists view of the atom?

What is the approximate size of the nucleus and the approximate size of the atom?

Why did most of the alpha particles go straight through the atoms with only a small deflection?

What object has most of the mass of our solar system?

The planetary model of the atom was a good start toward understanding the structure of the atom but don't let it get too large of a hold in your mind.  The atom is much, much, different that the solar system.  The electrons do not have orbits that are similar to planets.  And, the orbit of the Earth is only about 100 times larger than the Sun.  The effective size of atoms is 100,000 times the diameter of the nucleus.

30.3 Bohr’s Theory of the Hydrogen Atom
Now that positive charge is known to be in a small nucleus it is time to get a better understanding of the “location” of the electrons in an atom.

Mysteries of Atomic Spectra
A thin gas will emit a line spectrum (energy at selected wavelengths rather than a continuous spectrum).   This is also called an emission spectrum.   Every element has a unique set of spectral lines (unique wavelengths) in its emission spectrum.

When a continuous spectrum of light passes through a cooler thin gas, the amount of light at some wavelengths will be reduced.  When the spectrum is viewed there will be dark lines, absorption lines in the spectrum.  The spectrum is called an absorption spectrum.

In 1885 Balmer developed a formula for Hydrogen empirically.   What is an empirical formula?

λ = 364.5 nm ( n2 / (  n2   – 4 ) )    n = 3,4,5, etc.

This formula is approximate and is only used for spectral lines of hydrogen in the visible spectrum.

You should memorize the names of the series of hydrogen emission and absorption lines.

Balmer series  (visible spectrum)

Lyman series (UV)

Paschen series (infrared)

A modern formula that is capable of calculating all of the wavelengths for the emission lines of hydrogen is the Rydberg formula

1/λ = R ( 1/ nf2   - 1/ni2   )    where R is the Rydberg constant, 1.097 x 107 m-1 



The f and i subscripts refer to final and initial states of the electron.  



f is equal to 2 for the Balmer spectral lines. 

In classical physics, light is emitted when an electron is accelerated.  Would an electron in an atom have force on it?  Yes, electrical force.   Is it accelerated?  Yes, centripetal acceleration.  When the electron emits light (according to classical physics) it should lose energy and its orbit should move closer to the nucleus.   What does classical physics predict for the future of an electron orbiting a proton?

Bohr’s Solution for Hydrogen
Q4. What are the two postulates of Bohr's theory for the Hydrogen atom?

Bohr made the hypothesis that the atom emits light when the electron jumps to a lower energy level.

hf = Eupper - Elower
What is true about the angular momentum of the electron in an atom?

The principal quantum number is the integer value of the orbit number.  1 is the orbit closest to the nucleus.

Don’t get bogged down in the mathematics that develops the equation for the radius of the electron orbits.  The radii values of Bohr orbits in the hydrogen atom increase with the square of n.


rn = n2 aB            aB  = 0.529×10−10 m. 

Don’t get bogged down in the development of the values of the energies for the electron.  

En= -13.6 eV / n2                  

Q5. What is a ground state?            What is an excited state?

You should know how to construct and use an energy level diagram.

How much energy is required to ionize a hydrogen atom?

We will work problems related to the Bohr energy levels.

Triumphs and Limits of the Bohr Theory
Bohr’s theory was a triumph because it allowed the calculation of the major spectral lines of hydrogen.  The theory also produced a size for the atom that is in agreement with the results of Brownian motion data.

But, Bohr’s theory only applies to hydrogen.   And, Bohr’s theory does not explain all of the details in the spectrum of hydrogen.

de Broglie’s matter wavelength hypothesis supports the Bohr model of the atom.  In the n = 1 state, one wavelength fits around the circumference of the orbit.  In the n = 2 state, two wavelengths fit around the circumference of the orbit. Etc.  The electron wave becomes a standing wave and is stable.

ANSWERS   ……………………..

Q1.  Brownian motion.  Small objects (dust, pollen, etc.) in a liquid or air are observed to have sudden motion in random directions.  The explanation for this is that they are being hit by atoms.  When there are more atoms colliding with the object on one side than another it is seen to move.
Q2.   A cathode ray is an electron.
Q3.  In order to deflect the alpha particle through a large angle (e.g. 180 degrees) the alpha particle must be experiencing a large force inside the atom.  Rutherford proposed that the atom contained a positive nucleus that repelled the positive alpha particle.  In addition, the nucleus must be massive since it was not bumped out of the atom.  The alpha particle bounced off of the nucleus like it had hit a brick wall. 
Q4.  Bohr assumed that the electron had quantized energy levels in the hydrogen atom.  He also postulated that the electron orbits were stable and did not continuously radiate energy.  
Q5.  The ground state is the state with n = 1.  An excited state is a state with n > 1.
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