
Physi
s 123 se
tion 2 CIDHomework 20 S
ore / 301. (3 pts) The high E string on my guitar has a linear mass density of 3.93 × 10−4kg/m (I 
al
ulated this frominformation I found at the string manufa
turer's web site) and a length of 25.5 in
hes (64.77 
m). The frequen
yof the fundamental mode of this string is 330 Hz (this mode is also known as the ��rst harmoni
�). (a) Whatis the tension in the string? (b) If I plu
k the string I ex
ite a whole bun
h of modes. If I then lightly tou
hthe string right in the middle of the string, I will damp out all modes ex
ept the ones that have a node at thatpoint. After tou
hing the string in the middle, what is the frequen
y of the lowest frequen
y mode whi
h is stillringing? (
) Now I plu
k the string and then lightly tou
h it at a point 2/3 of the way from one end to the other.What is the frequen
y of the lowest frequen
y mode whi
h is still ringing?2. (4 pts) (a) Imagine that you stret
h your slinky and ex
ite di�erent transverse harmoni
 modes. Sket
h y(x)for the slinky at a moment in time when it is os
illating in its �rst transverse harmoni
 mode (also 
alled thefundamental). (b) Sket
h y(x) for the slinky at a moment in time when it is os
illating in its se
ond transverseharmoni
 mode. (
) How should the frequen
y of the se
ond harmoni
 
ompare to the �rst harmoni
? (d) Stret
hyour slinky to about 7 feet and measure the frequen
y of the �rst and se
ond transverse harmoni
 modes. Dothis by measuring about 10 os
illations and dividing the time for the ten os
illations by 10 to get the period fora single os
illation with 10 times greater a

ura
y. Then use the period to �nd the frequen
y.3. (6 pts) One evening I took a tall glass from my 
upboard and measured the frequen
y of the fundamental mode ofthe air in the glass. I did this by wha
king the bottom of the glass while my wife held a mi
rophone above theglass. The mi
rophone was 
onne
ted to my 
omputer, and I measured the frequen
y using �Spe
trum Lab,� afree program whi
h you 
an download from the 
lass web page. The inside of the glass is a 
ylinder whi
h is 7
m in diameter and 14.3 
m tall. The lowest frequen
y I measured when I wha
ked the glass was 570.8 Hz.(a) If the glass were very narrow (i.e. if the diameter were mu
h smaller than the height) then the waveswould propagate almost as if they were one-dimensional. Otherwise you need to use a three-dimensionalwave theory to get pre
ise results. Assuming that the waves in the glass are one dimensional, 
al
ulate thevelo
ity of sound using the height of the glass and the frequen
y of the fundamental mode1.(b) I then �lled the glass with water and found the frequen
y of the �rst harmoni
 to be 3168 Hz. Use thisfrequen
y to 
al
ulate the speed of sound in water2?(
) Then I put milk into the glass and measured a frequen
y of 3100 Hz. What is the speed of sound in milk?(d) I then shook up the milk and found that the frequen
y of the �rst harmoni
 was 
ut in half. And then overthe 
ourse of a few se
onds the frequen
y drifted ba
k up. This is be
ause mi
ros
opi
 air bubbles in themilk de
rease the density of the milk (air is less dense than milk) and de
rease the bulk modulus (air ismore 
ompressible than milk). Whi
h 
hanged by a bigger fa
tor, the density or the bulk modulus3?1Although this assumption is not really very good in this 
ase, you should still get an answer whi
h is within 5% of the �expe
ted�answer of 343 m/s. This is due to the fa
t that the wideness of the glass introdu
es two errors whi
h partially 
an
el ea
h other. First,the fa
t that the waves propagate in the glass three-dimensionally means that the wavenumber k is really the sum of three 
omponents
k =

q
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x

+ k2
y
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z
, resulting in a wavelength for the fundamental mode whi
h is shorter than it would be if the diameter of the glass weresmaller. Se
ond, the wide mouth of the glass introdu
es an �edge e�e
t.� Be
ause the mouth is so wide, the os
illating wave pokes out ofthe 
up and the pressure just outside the 
up is not �xed at atmospheri
 pressure. This e�e
tively in
reases the length of the 
up, therebyin
reasing the wavelength of the fundamental mode.2This answer won't turn out as good. You still have the shorter wavelength due to the three-dimensional nature of the os
illation. Butthe �edge e�e
t� is gone be
ause there is no water outside of the glass. Be
ause the air above the glass has su
h a di�erent wave speed thanthe water in the glass, the os
illation doesn't penetrate out of the glass very far. Still, your answer should be within 25% of the expe
tedvalue of 1480 m/s.3This is a fun thing that you ought to try. You 
an do it with water and hear the pit
h go down after you shake it. But water releasesits air bubbles rather fast. It is easier in milk be
ause the fat in milk in
reases the vis
osity and holds onto the bubbles longer. And itworks a lot better if you add i
e 
ream. Make yourself a milk shake in the blender, pour it into a rigid 
up (one made of glass works best),and then hit the bottom of the glass. You should hear a very deep, low frequen
y �thunk.�



4. (3 pts) I want to make an organ pipe with a fundamental tone of 440 Hz (middle A). How long should the pipe be,and what is the frequen
y of the next mode on the pipe above the fundamental if (a) it is open on both ends,(b) it is 
losed on both ends, or (
) it is open on one end and 
losed on the other? Assume that v =343 m/s.5. (5 pts) The minimum and maximum displa
ement of air mole
ules along the length of a pipe whi
h is 
losed at bothends is plotted below. (a) Make a similar plot showing the minimum and maximum pressure variation. (b) Inthis mode at any moment in time all pie
es of the air are displa
ed longitudinally in the same dire
tion. Stret
hyour slinky to 7 feet, drive this longitudinal mode, and measure its frequen
y (note, this is di�erent from theprevious slinky problem - this time we are driving longitudinal waves). (
) Sket
h the minimum and maximumdispla
ement for the se
ond harmoni
. (d) If you generate this mode on your slinky, what would you expe
t thefrequen
y to be? (e) Generate this mode on your slinky (stret
hed to 7 feet) and measure its frequen
y.
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0.2 0.4 0.6 0.8 1x6. (3 pts) Consider an organ pipe whi
h is 
losed on the left side and open on the right. Sket
h the minimum andmaximum of (a) ∆P and (b) s for the two lowest frequen
y harmoni
s of the pipe.7. (3 pts) Imagine a lake on whi
h water waves travel at a velo
ity v. You and a friend are using magi
 shoes to hovermotionless over the lake. Your friend, some distan
e away from you, starts dropping pennies into the lake at afrequen
y f . Ea
h penny makes a ripple whi
h travels toward you, passing you at a frequen
y f . (a) In terms of
v and f , what is the distan
e L between the ripples? (b) If your friend starts moving toward you with a velo
ity
vs, how far apart will the ripples be? (
) Now, with your friend still moving a
ross the lake toward you, you startto move toward him at a speed of vo (relative to the lake). At what frequen
y will the waves pass you? You'venow derived the equation for Doppler shifts.8. (3 pts) Two trains have identi
al whistles whi
h sound at 180 Hz. With one train motionless and the otherapproa
hing the station, someone waiting at the station hears the whistles beating with a frequen
y of 2 Hz. (a)What is the velo
ity of the moving train. (b) What will the beat frequen
y be when the moving train has passedand is moving away from the station (assuming that it's velo
ity doesn't 
hange). Assume v =343 m/s.Extra problems I re
ommend you work (not to be turned in)- What would happen if you were to wiggle the slinky side to side horizontally instead of up and down? Will thefrequen
y of the fundamental mode be the same as, higher than, or lower than the fundamental verti
al mode?Try it and see! (b) What if you rotate the slinky in 
ir
les (the �jump rope� mode)? Will the fundamental�
ir
ular� mode be at the same frequen
y, at a lower frequen
y, or at a higher frequen
y? Try it and see!- Try this if you have a guitar or other stringed instrument: Plu
k the highest string and then damp it. Can you stillhear the tone faintly? That's be
ause some of the upper strings have harmoni
s with nearly the same frequen
yas the fundamental of the string you plu
ked, allowing them to absorb energy at this frequen
y and begin toos
illate. Now try this while damping all of the other strings. Now you shouldn't hear the tone after you dampthe string. Now damp all of the other strings ex
ept one. Plu
k the high string and then damp it. See whi
h ofthe strings 
an os
illate at the fundamental frequen
y of the string you plu
ked.- Try this if you have a

ess to a piano: Gently push down middle C lightly enough that no sound is made. Keepholding it down. Now strike C an o
tave above. Let go of the higher note while still holding down middle C.Can you still hear the higher note? That's be
ause the se
ond harmoni
 of the middle C strings has nearly thesame resonan
e frequen
y as the fundamental of the C an o
tave higher. This means that the middle C strings
an absorb energy at this frequen
y and begin to os
illate. Now try holding down middle C and playing di�erentnotes to see whi
h ones share harmoni
s with middle C.- THE BOOK IS WRONG about vibrating bars! Imagine that you want to make a tuning fork whi
h resonates at440 Hz. The waves travel down ea
h of the aluminum prongs of the fork at a speed of 5,100 m/s. Ea
h prong is�xed at one end and free at the other, so a

ording to the text, the standing wave ought to be shaped like onequarter of a sine wave. (a) If this were true, how would the prongs need to be to have a fundamental mode at 440



Hz? Does that seem reasonable? (b) The fa
t is the mode will not be shaped like a sine wave, and the boundary
onditions will be di�erent. At the 
lamped end the end of the bar does not move: y(0, t) = 0. The book gotthat one 
orre
t. But the slope at the 
lamped end is also equal to zero (the bar is sti�, and the 
lamp rigidlyholds the bar su
h that the angle of the bar at the 
lamped end is �xed). So they missed one of the boundary
onditions at the 
lamped end. At the other end, the bar is not atta
hed to a massless ring. So the boundary
ondition there is not that the slope has to equal zero: dy/dx 6= 0 at all times at x = L. If there is to be no netfor
e on the last in�nitesimal pie
e of the bar at the free end, what should the boundary 
ondition be?


