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Math Help:  Light and Atoms

Please select from the following topics. Each topic includes a short description, 2-3 examples and a multiple choice/true-false quiz




Math Help:  E=hc/(




Math Help:  Wien’s Law





Math Help: The Doppler Shift

Math Help:  E=hc/(
The equation, E=hc/(, relates the amount of energy (E) to a specific wavelength traveling at the speed of light. This energy varies with the inverse (that is, it is inversely proportional to) wavelength. In other words, a smaller wavelength is more energetic (carries more energy) than a larger wavelength.

Example 1.
How does the energy carried by a 550 nm wave compare to that carried by a 600 nm wave? 




(1 = 550 nm 




Note: 1 nm =1x10-9 m




(2 = 600 nm 




h is the same for both, 




c is the same for both.




E1 / E2 = (hc/(1) / (hc/(2)





= (2 / (1




= .92

In other words the longer wavelength ((2) carries only 92% the energy carried by the shorter wavelength.

Example 2. 
Energy from two monochromatic (emit at a single wavelength) sources are measured. The energy of one is twice that of the second. How does the wavelength carrying this larger energy compare with that carrying the smaller amount of energy?




E1 / E2 = 2

Thus




(hc/(1) / (hc/(2) = 2




(2 / (1 = 2

The wavelength carrying the greater amount of energy is twice as short as the wavelength carrying the lesser amount of energy.

Would you like to try one of these on your own?

1. Compare the energy of a wavelength 1.5 times the size of the energy carried by a wavelength of 530 nm. What is this wavelength?



A. Elarge = 0.67 x Esmall, ( = 795 nm



B. Elarge = 0.67 x Esmall, ( = 353 nm



C. Elarge = 1.50 x Esmall, ( = 795 nm



D. Elarge = 1.50 x Esmall, ( = 353 nm



Answer:
A

Math Help:  Wien’s Law

Wien’s Law relates the temperature of a body to its peak wavelength. The word “peak” refers to the fact that this wavelength is more likely to be emitted by the body than any one other wavelength. The object is brighter at this wavelength than at any other wavelength. The brighter wavelength dominates the others and accounts for the body’s color. 

Example 1: 
The average temperature of a human adult is 98.6(F. At what wavelength does the average adult human radiate?



The equation for Wien’s Law is




(p = 3 X 106 / T 
But remember, the units must be compatible. ( is in nanometers, T  is in Kelvin, and the constant, 3 X 106, is K(nm. The temperature given in the problem must be converted from Fahrenheit to Kelvin. This turns out to be a simple process. T = (0.6 x (TF - 32)) + 273.2. Thus, 98.6(F = 313.2 K. (Note that it is common practive to not use the degree symbol when referring to temperature in Kelvin.)

Let’s finish the problem.




(p = 3 X 106 / 313.2 K




(p = 9578.5 nm

Example 2: 
Compare the above result with the peak wavelength emitted by the Sun. The temperature of the Sun’s surface is 5800 K. The average adult human’s temperature is 313.2 K. This is actually much simpler than one might first anticipate. Restating the problem mathematically, we write:




(p : (S = (3 X 106 / 313.2 K) / (3 X 106 / 5800 K)



Clearly the two constants cancel out and we then simplify the equation to read,




(p : (S = 5800 K / 313.2K

(And now we do the arithmatic.)




          = 18.6

This tells us that the peak wavelength of a person is about 18 times longer than the peak wavelength of the Sun.

Now try some problems for yourself. 

1. Calculate the temperature of an object whose peak wavelength is 0.05 cm. (Note that 0.05 cm is equal to 5 x 105 nm.)  ______K
Answer:
6 K

2. How does the energy carried by a 0.05 cm wavelength compare to that of a 0.05 nm wavelength?

A. The energy carried by the 0.05 cm wavelength is ten thousand times greater than that carried by the 0.05 nm wavelength.

B. The energy carried by the 0.05 nm wavelength is ten thousand times greater than that carried by the 0.05 cm wavelength.

C. The energy carried by the 0.05 cm wavelength is the same as that carried by the 0.05 nm wavelength.



Answer:
B

Math Help: The Doppler Shift

The Doppler Shift refers to the apparent offset of position of spectral lines from their expected position to some other position on the electromagnetic spectrum. This offset is a result of motion towards or away from the observer.  The greater the speed of the object with respect to the observer, the greater the shift away from the expected (also known as lab or rest) postion. If we observe a set of well known spectral lines at some place other than where they are when measured for object’s at rest, we can determine the radial velocity of the object, (the source), emitting this set of spectral lines.

The equation for this is,




(( = (( - (0) = (0v / c

where v is the object’s radial velocity (speed toward or away from us), and c is the speed of light.

Example 1:
How can we use the Doppler shift to indicate which direction the sun is rotating?

The act of rotation is the spinning of an object about its own axis. An observer on the Earth, should expect one edge of the spinning sun to be approaching us, with the opposite edge receeding. The edge approaching will emit spectral lines toward the blue (hotter) end of the spectrum, while the receeding edge will emit the same spectral lines (same object after all) toward the red. The amount these lines are shifted will be equally offset from the rest position and will, further, idicate the speed of rotation.

Example 2:
Two galaxies are photographed and appear to be very near each other. Upon taking the spectra of these galaxies, it is found that one of them is emitting spectral lines that are very much shifted to the red. The spectral lines of the other galaxy, however, are shifted toward the blue. Does this mean the galaxies are on a collision course with each other?

No, this means that one of them (the galaxy with the red shifted lines) is moving away from us and the other (with the blue shifted lines) is moving toward us.

Example 3:
Compare the Doppler Shift of two galaxies, where the radial velocity of Galaxy 1 is three times that of Galaxy 2.

Compare is often just another way of saying “take a ratio”. In this case doing this allows us to ignore any constants common to them both. The solution is,




((1 / ((2 = (( - (0)1 / (( - (0)2 




              = ((01v1) / ((02v2).



Thus we can rewrite this as,




(v1 / v2) = 3 = (((1 / ((2) x ((02 / (01).

When (02 = (01 (in other words, we are comparing the same set of wavelengths), the last factor cancels, leaving,




(v1 / v2) = 3 = (((1 / ((2)



Which tells us that the ratio of radial velocities equals the ratio of Doppler Shifts.

Are you ready to try a couple on your own?

1. The spectra of a galaxy is observed to be blue shifted on one side and red shifted on the other. What is the most likely cause for this phenomenum?



Answer: 
The galaxy is rotating.

2. The spectral lines of a nearby galaxy seem to be shifted by decreasing amounts at along its radius as one observes from the core out to the edge. What does this imply about the galaxy’s rotation?

Answer:
The galaxy rotates at different speeds, faster near the center and slower out toward the edges.
