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Learning Objectives from the beginning of the chapter in OpenStax College Physics
30.4. X Rays: Atomic Origins and Applications

• Define x-ray tube and its spectrum.

• Show the x-ray characteristic energy.

• Specify the use of x rays in medical observations.

30.5. Applications of Atomic Excitations and De-Excitations

• Define and discuss fluorescence and phosphorescence

• Define metastable.

• Describe how laser emission is produced.

• Explain population inversion.

• Define and discuss holography.

30.4 X Rays: Atomic Origins and Applications
When electrons accelerate they emit EM waves.  This radiation is known as bremsstrahlung.   Translate “bremsstrahlung.”

Write your own description of how x-rays are produced.
Does bremsstrahlung produce x-rays at a few specific wavelengths or x-rays at many wavelengths?
Q1. When does an atom emit a characteristic X-ray?

TRUE or FALSE   The characteristic X-rays produced when an electron beam hits copper have different energies than the characteristic X-rays produced when an electron beam hits aluminum.

Q2.  What is the maximum x-ray energy for the case where electrons have been accelerated through a potential difference of 20,000 volts before they hit the anode?

The electron transitions that end at the lowest energy level, the n=1 orbit, generate K shell x-rays.

The approximate energy of the electron energy levels in multielectron atoms is given by


En = -Z2 * 13.6 eV / n2 


Z is the number of protons in the nucleus.   e.g. Z = 6 for carbon.


n is the orbit number, with 1 being the orbit closest to the nucleus.

The energy of the photon emitted is equal to Eupper level – Elower level  .

You should be aware of uses of x-rays.

Why is a diffraction pattern not seen for a dental x-ray?

30.5 Applications of Atomic Excitations and De-Excitations
Clothes can be made to show different colors by selecting dyes that absorb all of the colors except for the color you want the clothes to show.   e.g. A blue shirt absorbs all the colors except blue.  The blue light is reflected.  This is not the complete story of colors but it is enough for our purposes.

Fluorescence and Phosphorescence
Write a description of the process of fluorescence.

Write a description of how a fluorescent bulb creates visible light.

Q3. Why do governments want to have consumers use fluorescent bulbs rather than incandescent bulbs?

What is an excited state (for an atom)?

Typically, electrons remain in an excited state in an atom for about a billionth of a second.  What is a metastable state?

Write a description of the process of phosphorescence.

Lasers
Q4. How is a population inversion created?

An electron in an upper energy level can give up its energy in three ways.  It can spontaneously drop down to a lower energy level.  It can give up energy to another atom if the atoms collide.  It can be encouraged to drop down to a lower energy level in a process called stimulated emission.

Absorption of a photon

If an electron is in a lower energy level it can absorb a photon of the proper energy and move to an upper energy level.   The energy of the incoming photon has to be equal to the energy difference between the two energy levels.

Stimulated Emission

If a photon has an energy equal to the energy difference between the two energy levels and the electron is in the upper energy level, there is a probability that the photon will encourage the electron to drop down to the lower energy level and emit a photon.  This process is called stimulated emission.

The original incoming photon and the photon from the stimulated emission have the same wavelength, travel in the same direction, and are in phase!  The photons are coherent.

In a laser atoms are put into a population inversion.  A random atom will spontaneously emit a photon.  That photon may encounter another excited atom and cause stimulated emission.  These two photons may encounter a third excited atom and cause stimulated emission.  These three photons may encounter a fourth excited atom and cause stimulated emission. Etc.   The laser is built with two mirrors at the ends of a chamber that contains the atoms that have the metastable state.  Photons moving in the right direction will reflect back and forth from the mirrors.  One mirror is coated to allow some of the light to escape.  This is the output of the laser.  During this process the atoms are continually excited to move electrons back to the metastable state.

Why do the atoms need to be excited again in order for the laser to continually emit a beam of light?

Why does laser light have properties that are much different than the light from an ordinary light bulb?

What are two applications where lasers are useful?

It is worth noting that Einstein described the basic physics for the action of a laser in 1917.  A working laser was developed in 1960.

Also worth noting is the extended legal battle over the patent rights to lasers.  That legal case was settled in 1987, almost 30 years after the invention.  If you have a good idea, make sure to get your notes notarized and have the date recorded!   For more information read this article:
https://en.wikipedia.org/wiki/Laser
How are holograms made?

ANSWERS   ……………………..

Q1.  A characteristic x-ray is emitted by an atom when an electron makes a transition from an upper energy level to a lower energy level in an atom that has several protons.  

Q2.  hf = qV    so hf = 20,000 eV or 20 KeV

Q3.  An incandescent bulb does not convert all of the electrical energy to visible light.  Most of the energy is radiated in the infrared region where our eyes cannot make use of the light.  Fluorescent bulbs are much better at converting electrical energy to visible light.  If less energy is needed to produce light less fossil fuels will be used.   See http://www2.epa.gov/cfl  for more information.  You should note that fluorescent bulbs should not just be thrown in the ordinary trash.

Q4. Energy can be put into an atom to cause electrons to make transitions to upper energy levels.  This may be accomplished by letting the atom absorb light.  Energy can also be transferred to an atomic electron through a collision with another atom.  If the atom has a metastable state for one of its excited levels, the number of electrons in the upper level can exceed the number of electrons in a lower level.  The normal state of an atom is to have more electrons in a lower energy level.  When there are more electrons in an upper energy level a population inversion has been achieved.
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