Quantum Concepts Quiz

The following survey consists of a set of questions about physical and mathematical concepts related to waves and quantum behavior. It is likely that you have been exposed to some of this material to varying degrees in your prior courses.

Please respond to the questions to the best of your ability. You will not be graded on your responses. However, your answers will assist your instructor in the design of his or her course.

Your Name: 

Here we provide some common formulae that you may find useful for what follows.

Planck’s constant h = 6.626 x 10-34 j-s = 4.14 x 10-15 eV-s
Speed of light:      c= 3 x 108 m/s
Rest mass of electron = me = 9.11 x 10-31 kg or mec2 = 0.51 MeV
E = h
c = 

h/p
Kinetic energy KE = mv2/2

Table of Color Wavelengths, Frequencies, and Energies

	Color
	Wavelength (nm)
	Frequency (THz)
	Energy (ev)

	
	
	
	

	Violet
	400 to 450 
	750 to 667
	3.1 to 2.76

	Blue
	450 to 500
	667 to 600
	2.76 to 2.48

	Green
	500 to 550
	600 to 545
	2.48 to 2.25

	Yellow
	550 to 600
	545 to 500
	2.25 to 2.07

	Orange
	600 to 650
	500 to 462
	2.07 to 1.91

	Red
	650 to 700
	462 to 429
	1.91 to 1.77


Here the unit of length for wavelengths is the nanometer (nm), which is 10-9 meter; the unit of frequency is the tera-Hertz (THz) which is 1012 Hz; and, the unit of energy is the electron-volt (ev) which is 1.60 x 10-19 joules.

(Source for wavelengths: College Physics, 6th Edition, by Francis W. Sears, Mark W. Zemansky, and Hugh D. Young, Addison-Wesley Publishing Company 1985.)

In a few sentences or less, please answer the following questions. Feel free to add drawings where they contribute:
1. What is electromagnetic radiation? Why does it have the name it does?
2. What is a photon?

3. Does light carry energy? If so, how?

4. Does light carry momentum? If so, how?

5. Sketch your mental (or mathematical) image of a light wave. Label your axes.
6. A light wave of wavelength 600 nm travels 1200 nm. Describe and perhaps sketch how a photon of this red light travels over this distance.
7. A beta ray (an electron) is traveling through interstellar space. It passes by a pulsar emitting linearly polarized radiation. The direction of propagation of the light is parallel to the direction of travel of the electron.

a) Does the direction of the electron’s propagation change?
b) Is the electron’s motion affected by the light wave? If so, sketch how.
c) Are there any other possible effects of the radiation on the electron?

8. The speed of light in a vacuum is 3 x 108 m/s. If the wavelength of a red light source is 600 nm, what is the frequency of the light wave?
9. In a version of Young’s two slit experiment, a laser beam is shined upon two small slits cut in an opaque panel. Light emerges on the other side from both of the slits. At a distance of 1 m from the panel there is a screen. A pattern of bright and dark bands is observed. The wavelength of the light is 700 nm.
a) Draw a representation of the light waves as the light travels from each of the slits and arrives at a dark spot on the screen.

b) You now modify the experiment slightly. Through one slit you shine 700 nm light. Through the other you shine 350 nm light. The amplitude of the radiation is the same for both lasers. You are wearing special goggles so you can see both in the visible (400 – 700 nm) and the near UV (at least to 350 nm). Do you see a pattern of bright and dark bands? Or do you see a uniformly lit screen? Explain briefly.
10. Two lasers are aimed directly at each other. They both emit at 636 nm. The lasers are 600 m apart and are turned on for 1 s. There is a detector at each laser to detect incoming radiation. Is any radiation detected by these detectors?
11. What is the difference between phase velocity and group velocity?

12. What is the numerical value of ei? 

13. Draw a representation of eiin the complex plane.
14. How would you explain graphically what ei2means? What is the period for this function?
Consider the Gaussian function displayed below. 
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Please answer the following:

15. It is possible to find a sum of sine and cosine functions (perhaps an infinite sum) that is equal to this Gaussian function.
True    

False

16. It is possible to find a sum of hydrogenic orbitals (perhaps an infinite sum) that is equal to this Gaussian function.

True    

False

17. A positively charged ball (1 kg) and a negatively charged ball (1 kg) are 1 m apart. Otherwise, they are isolated in deep space. Describe the mechanism through which they interact.
18. It is said that electrons have wave-like properties. An electron is ejected from a hot filament, is accelerated by an electric field, and then travels at a constant velocity to a fluorescent screen (e.g., your TV screen). Draw your conception of the motion of the electron while it is moving freely between the filament and the screen.
19. An electron has a wavelength of 1 nm. What is its energy? (You may work in electron volts or joules.)

20. Describe what the Schrödinger equation is. On which physical principles is its derivation based?

21. What is an orbital?

22. What is an energy level or energy shell?

23. Why is it that the electron in the ground state of the hydrogen atom does not collapse into the proton of the hydrogen’s nucleus? 

24.  The energy levels for the electrons of a dye molecule look like the following:

                                       E5 = -0.5 ev

                                       E4 = -2.5 ev

                                       E3 = -3.1 ev


                                       E2 = -3.3 ev

                                       E1 = -4.0 ev

There are no forbidden transitions. For electrons of energy E5, the preferred decay path is to first decay to E3 or E4, and then to decay to lower energy states. Initially, for a collection of molecules of this dye in a dark room, the E1 energy level is populated.
a) In the darkened room, we expose the dye to violet light with energy 3.5 eV. We then observe the fluorescence of the dye molecules.
i. What are the energies of the visible emission spectrum from this dye?
ii. Which colors are observed in this emission spectrum?
iii. What are the energies of the photons outside of the visible spectrum that are emitted or absorbed by this dye? Are these photons of ultraviolet or infrared radiation?
b) An intense red light shines upon this material in the dark room for many hours. Do any electrons move from the E1 energy level to a higher one? If so, to which energy levels? If not, why not? 

25. The orbitals of a molecule hold six electrons. Through spectroscopy and computations the lowest four energy levels of the molecule are determined. The energy levels can be indicated schematically as follows:
_______________________  E4

________________________E3
________________________E2
________________________E1

The molecule has 6 electrons. On the energy level diagram above, populate the energy levels that are occupied by these six electrons when the molecule is in the ground state. Indicate by your diagram how many of the electrons are in each state.

26. A new lepton has been discovered. It is very much like an electron – it has spin ½, it is a fermion, it carries unit electrical charge, and it has the same mass as an electron. However, this particle, call it the novaton, has the additional quantum property of odor. There are two states of odor, fragrant and noisome.

Because of the similarity of their behavior, novatons can be captured in a potential well just as electrons can. The energy levels for two such wells are indicated below.

________________________E4




________________________E4

________________________E3




________________________E3
________________________E2




________________________E2
________________________E1




________________________E1

Indicate the energy level occupancy



Indicate the energy level occupancy
for six electrons in this potential well



for six novatons in this potential well ground state configuration.




in a ground state configuration.
The total ground state energy of the electrons ________________
The total ground state energy of the novatons ________________

27. Just as a potential well defines definite energy levels for electrons, so can an electromagnetic cavity define discrete energy levels for the photons of electromagnetic radiation. The lowest four energy levels for such a cavity are indicated below. 
________________________E4

________________________E3

________________________E2
________________________E1

The cavity is excited with electromagnetic radiation so that its total energy is equal to that of having six photons in the lowest energy levels they can occupy. 
Indicate on the above diagram which energy levels are populated by photons.
The total energy of this system is _________________________.

28. A researcher is studying a particle confined by a potential well between x positions -1 and +1. The well is in a material that has been cooled to a temperature near absolute zero, so the researcher is certain that the particle is in its ground state. The potential well is reasoned to be very deep – effectively an infinite square well.
Using good instrumentation, the researcher makes a careful study of the location of the particle in this well. The position is measured many times, and after each measurement the particle is once again allowed to reach thermal equilibrium near absolute zero, that is return to its ground state. 

Based upon these repeated measurements, the researcher plots the relative probability of finding the particle at a particular point between -1 and +1. The result is shown here in Graph 28.1. The data is consistent with a wave function that is (x) = cos(x/2).
The researcher now writes a proposal to the National Science Foundation for funding for more accurate instrumentation. He claims that with the better equipment he will be able to better resolve the position of the particle in the box, and that he believes that the improved measurements will show the distribution shown in Graph 28.2.
You are a reviewer for this proposal. Will you approve funding? In a few short sentences justify your decision.
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Graph 28.1
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Graph 28.2
29. Sketch on the graph below the ground state and first excited state wave function for a particle in an infinitely deep potential well. The well runs from -1.0 to 1.0.
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30. Sketch a representation of the electron in the ground state of a hydrogen atom. Describe in words what your sketch represents.

31. Please tell us what aspects of quantum mechanics have given you the most difficulty in the past, that have troubled you the most, or that you find most puzzling.
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