
Physi
s 123 se
tion 2 CIDHomework 22 S
ore / 301. (22 pts) A string of length L is �xed at both ends. At time t = 0 the string is stret
hed into the shape shown inthe �gure below. Mathemati
ally, the shape of the string is given by the equation:
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.Using a Fourier transform, we 
an write y(x) as a sum of the harmoni
 modes of the string.(a) If we want to perform a Fourier transform to write y(x) in terms of the harmoni
 modes of the string, whatshould we use for λ0 and k0?(b) Cal
ulate b0.(
) Cal
ulate an.(d) Cal
ulate bn.(e) Write y(x) as a sum of harmoni
 modes on the string (similar to equation 6.23 but with the parameters you
al
ulated above inserted for An).

2. (8 pts) One of my 
olleagues, Justin Peatross, has a laser whi
h produ
es pulses of light whi
h are only 25 femtose
-onds long (one femtose
ond = 10−15 se
onds). What is the minimum bandwidth that the laser gain mediumneeds to have to produ
e su
h pulses? The bandwidth is the maximum frequen
y of light that it will amplifyminus the minimum frequen
y it will amplify.Extra problems I re
ommend you work (not to be turned in)- Find a piano. Push down the sustain pedal and brie�y sing a note. What do you hear after you stop singing? Thepiano is doing a Fourier transform of your voi
e. Ea
h string only resonates with 
ertain frequen
ies. Thosestrings whi
h have a harmoni
 at the same frequen
y as one of the frequen
ies present in the note you sang willabsorb sound and begin to os
illate, reprodu
ing your voi
e.- Use a 
omputer to 
al
ulate what the string in problem 1 will look like at times t > 0 assuming that the speed ofwaves on the string is 1 m/s and that L=1 m.- Download the program �Spe
trum Lab� from the 
lass web page. Install it and run it. Cli
k on �View/Windows�and then on �Spe
trum Lab Components.� In the top left-hand 
orner of the window that opens is a box 
alled�Signal Generator.� Make sure that the swit
h below it points to the right. Now 
li
k on �View/Windows� andopen the �Test Signal Generator.� You 
an use this new window to make di�erent tones. Turn it on and generatetwo sines waves (with no AM or FM) at 440 and 441 Hz. Listen to the beats.



- Show that the Fourier transform of a sine wave has just one nonzero 
oe�
ient.- A fun
tion that is periodi
 with a period T is also periodi
 with a period 2T . Show that if I use a Fourier transformto write this fun
tion as a sum of sines and 
osines, I get exa
tly the same amplitudes with exa
tly the samesines and 
osines whether I use T or 2T as my fundamental period.


