
Physi
s 222 CIDLab 2 - Group and Phase Velo
ity S
ore / 10In this lab you will study how wave pa
kets propagate in linear media using a 
omputer simulation. You will studyboth non-dispersive media in whi
h sine-waves of all wavelengths travel at the same speed (like, for example, lighttraveling in a va
uum) as well as dispersive media (like light traveling through a pie
e of glass, ele
tron quantumwaves traveling through spa
e, and just about every other real system).The �rst step is to go to the �labs� page on the 
lass web page and 
li
k on Dispersion Lab. This will open the appletin a new window. It may take a few minutes to download and start up, but on
e it does you should see a s
reen withtwo graphs and some text. If you don't have a

ess to a 
omputer or if you have problems running this program, a
omputer in the walk-in lab area will be running this program running during the week this lab is s
heduled. Thenext step is to 
li
k on the red �get help� button in the upper left-hand 
orner and read the instru
tions for thesoftware. You may want to play with the program for a bit to make sure that you understand how it works.Un
ertainty First lets explore the un
ertainty whi
h is inherent in waves. To do this, �rst 
li
k on �Reset All.�In the upper graph you should see a depi
tion of a Gaussian wave pa
ket (a little �burst� of a sine-wave with aGaussian-shaped �envelope�). In the lower graph you 
an see the spe
trum of the pulse (the amplitude of ea
h of thesine waves whi
h the 
omputer added together to make the wave pa
ket in the upper graph). On the far right-handside of the program the 
omputer displays �x (the standard deviation of the pulse in spa
e), �k (the standarddeviation of the pulse's spe
trum), and the produ
t of the two.We learned in 
lass that in order to make pulses whi
h were very narrow in spa
e, we had to add a wide band offrequen
ies or wavenumbers together, making it di�
ult to state with 
ertainty what the frequen
y of the pulse was.To make a wave pa
ket with a very well de�ned frequen
y or wavenumber we had to let the pa
ket extend over alarge range in spa
e su
h that it was di�
ult to assign a lo
ation to the pa
ket with pre
ision. Furthermore, welearned that if we de�ned un
ertainty to be the RMS standard deviation, the un
ertainties in x and k follow theun
ertainty relation �x�k � 12 .Noti
e that our wave satis�es the above un
ertainty relation. Now type in a di�erent value for the pulse width (w).Noti
e that as the pulse shrinks, its spe
trum widens. The un
ertainty relation should still hold. Now 
hange the
entral wavenumber (k) and see what happens.Now 
li
k �Reset All,� enter 75 for k, and enter squarepulse(x/w) for the �Envelope.� Now try di�erent values forthe pulse width and �ll in the table below. Then answer the question below.w �x �k �x�k0.020.050.080.1� Do the values in this table satisfy the un
ertainty relation above?
Note that the physi
al size of the pulse on the s
reen is about 4 times larger than �x. This is just due to the fa
tthat we have 
hosen to de�ne un
ertainty as the RMS standard deviation. This is the most 
ommonly used but notalways the most useful de�nition. So, you see, there is un
ertainty in our de�nition of un
ertainty. As a result, theun
ertainty relation is often written in the less pre
ise form: �x�k & 1.



Non-dispersive media In this part of the lab we will examine what happens when wave pulses travel in non-dispersive media. In non-dispersive media the angular frequen
y of a sine wave is simply proportional to the wavenum-ber of the wave: !(k) = vk, where v is the velo
ity that waves travel through the medium. Wait a minute... is thatthe phase or group velo
ity? Think about this for one minute, and then answer the following two questions in thespa
e provided.� The dispersion relation for light traveling through a va
uum is just !(k) = 
k, where 
 is equal to 2:9979� 108m/s. What is the phase velo
ity for a pulse of light who's 
entral wavelength is 657 nm?� What is the group velo
ity for this light pulse?
Now lets use the 
omputer simulation to see what happens to a Gaussian-shaped pulse as it propagates througha non-dispersive medium. First 
li
k on the �Reset All� button. There should now be a pretty pulse displayed inthe upper graph, with a ni
e spe
trum 
entered around a wavenumber of 75 m�1in the lower graph. Now 
li
k onthe �Go!� button to let time run and see what happens. The dispersion relation, shown just below the �Reset All�button, is !(k) = 0:1m/s �k. Use this dispersion relation to answer the following questions.� What is the group velo
ity for a pulse in this medium 
entered at 75 m�1?
Now 
li
k on the �Stop� button to stop the simulation if it hasn't already stopped, and 
li
k on the �Reset t=0�button to set time ba
k to zero. Now plug the group velo
ity you 
al
ulated above into the �x-Axis Velo
ity� box tomake our �view window� move with the pulse. Cli
k on �Go!.� If you did your 
al
ulation 
orre
tly, the pulse shouldstand still in the window.Based on what you have seen, answer the following question.� What happens to the spatial size of a pulse and the spread of frequen
ies or wavenumbers in a pulse as ittravels in a non-dispersive medium?
Dispersive Media Now lets pi
k a dispersion relation whi
h is a little more interesting: the dispersion relationfor a massive parti
le in free spa
e, ! = ~k2=2m. Cli
k on �Reset All,� and then enter the dispersion relation�0.001*k^2�. Before you do anything else, use this dispersion relation to 
al
ulate the group and phase velo
ities fora pulse 
entered around k = 75m�1.� Group Velo
ity� Phase Velo
ity



Now 
li
k on �Go!� and see what happens. Now stop the simulation, set time to t = �10, and set the �x-AxisVelo
ity� equal to the group velo
ity you 
al
ulated above. Press �Go!� again and wat
h what happens. Now stopthe simulation, set time to t = �2:5, and set the �x-Axis Velo
ity� equal to the phase velo
ity 
al
ulated above. Press�Go!� and see what happens (hint: this is the part of the lab where the verti
al blue line in the 
enter of the graphis useful). Finally, based on what you saw and in you own words explain what phase and group velo
ity represent:� Group velo
ity is...
� Phase velo
ity is...

Now, based on what you have seen, answer the following question.� What happens to the spatial �size� of a pulse when it travels through a dispersive medium?
� What happens to the spe
trum of a pulse when it travels through a dispersive medium?

That's the end of the lab, but I re
ommend that you take some additional time to play around with this simulation.If you 
an develop a solid understanding of dispersion, un
ertainty, and group and phase velo
ities, you will be ableto better understand how quantum waves evolve, travel through spa
e, and interfere.


