Chapter 37   Lasers, a Model Atom and Zero Point Energy
We have discussed de Broglie’s (correct) hypothesis that objects have a wave nature when they are traveling.  In the 1920’s this wave model for objects in motion was put onto a solid theoretical foundation with the development of the Schrodinger Wave Equation.  This equation can be used to calculate the energy values for electrons in hydrogen (and other atoms).  This field of physics dealing with “Wave Mechanics” came to be called Quantum Mechanics.  The next few chapters of the text will expand your knowledge of Quantum Mechanics.

page 2 The Laser and Standing Light Waves
Laser   Light Amplification by the Stimulated Emission of Radiation

Light from a lightbulb is “incoherent.”  This light has waves moving in many directions and has waves at random phases (peaks not aligned with peaks for the waves).

Light from a laser is “coherent.”  This light has waves moving in one direction (ignoring the diffraction effect at the exit of the laser) and with the waves in phase (peaks aligned with peaks for the waves).

*Define Spontaneous Emission

*How many mirrors are used in a laser?

If you release a ball on the side of a smooth hill where does the ball tend to go?

The electrons in an atom tend to be as close to the nucleus as possible.  Suppose an atom has an electron that is in a high energy state (large n value) and there is a lower energy state (lower n) that does not have an electron.  This atom is called an excited atom.  There are three ways in which the electron can make a transition to the lower energy state.   
What is a metastable state?

1) If the electron makes the transition from a higher energy state to a lower energy state without any outside influence the transition is called a “Spontaneous Decay.”  The difference in energy becomes a photon.  The process by which light is emitted is called “Spontaneous Emission.”  The emitted photon exits the atom at some random direction.
2) An atom (labeled A) with an electron in a higher energy state may collide with another atom (labeled B) and increase the KE of the atom B or raise the energy of an electron in atom B at the expense of the extra energy residing in the electron in atom A.

3) A photon with an energy equal to the energy difference between the upper and lower energy levels may pass by the excited atom.  This can induce the electron in the excited atom to move to the lower energy level.  The photon is emitted by the process of “Stimulated Emission.”  The new photon has three very important properties:  a) it has the same wavelength as the incoming photon, b) its direction is the same as the incoming photon, c) it is in phase with the incoming photon.   Thus, it is coherent.  This is the mechanism for creating laser light.

The optical laser was proposed in 1958 and constructed in 1960.
Under what conditions will an atom absorb light?

What is desired for the number of excited atoms with electrons in a metastable state compared to the number of unexcited atoms in a laser?  You should think about what would happen to the laser beam if there are more unexcited atoms than excited atoms.

How can the atoms in the laser be put into excited states?

optical pumping

electrical pumping

What is a population inversion?

What would possibly happen if the atoms were placed in between parallel mirrors?  Suppose one atom spontaneously decays and the photon takes a direction directly toward (perpendicular) to the mirror on the left side of the atoms.  Describe the number of photons that strike the mirror.  Describe the number of photons that later hit the mirror on the right mirror (on the other side of the atoms).  Describe the number of photons that later hit the left mirror.
Would the laser described above be useful if the mirrors reflected 100% of the photons?

In an actual laser one mirror lets a few % of the photons exit.  This light is the laser beam that we can see.

What are some applications in which lasers are used?

page 3   Photon Standing Waves

Imagine the light in a laser.  Should the light be described using the photon model or the wave model?
The mirrors of the laser form an optical cavity in which the light waves are contained.  As the text illustrates, this cavity has standing waves that are similar to the standing waves on a string that is anchored at both ends.  Does the standing wave have nodes or antinodes at the mirrors?
Equation 1 gives the allowed wavelengths for a standing wave in the mirror cavity.

page 4 Photon Energy Levels

E = hf     f = c/λ    The wavelengths are given by equation 1.  This gives us a result (Equation 3)  that only certain energies are possible inside the mirror cavity. 

A Model Atom
Does an electron have a wave nature when it is moving?

page 5

Imagine an electron that an electron is contained in the space between two walls.  What questions do you have on the development of equation 6?

What is the smallest allowed value for n?

Calculate the first three allowed energies for an electron that is contained between two walls that are separated by 1.06 x 10-10 meters.

Why did I choose 1.06 x 10-10 meters?

Describe the difference in the hypothetical spectrum for the energy levels pictured on page 5 and the actual spectrum for the hydrogen atom.
*How many Angstroms are in one nanometer?   (The back cover of your text will help you answer this question.)

page 7  Zero Point Energy

The wavelength for the electron in between two walls can be no larger than double the width of the box.  Look at the top drawing in Figure 15-15 on page 3.  The wave stops at the walls.  Examine equation 6.  Describe what happens to the value of E when D becomes smaller.
*Is the value of the Zero Point Energy equal to zero?

We will skip the discussion of Helium and pages 8 -9.  

You should look at the experimental record contained in the photo in Figure 9.  This is real data, not a computer generated simulation.  Where would you guess is the most likely place to find electrons inside the iron corral?
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