
Physi
s 123 se
tion 2 CIDHomework 19 S
ore / 300. (0 pts) Have a friend hold one end of your slinky or hook it over a door handle. Then start waving your end ba
kand forth. Look at the far end of the slinky, where the wave is re�e
ting o� of the �xed end. Do you see astanding wave?1. (5 pts) Two senile old men are sitting on a park ben
h. One of them whistles for his dog (whi
h has been dead foryears) at a frequen
y of 857 Hz. A long way from the ben
h, the sound waves from his whistling 
an be des
ribedby the equation ∆P1 = ∆Pmax sin(kx − ωt + φ1) where ∆Pmax = 0.0142Pa and φ1 = 2.41rad. (a) What is ω?(b) Assuming that the speed of sound is 343 m/s, what is k? (
) The se
ond old man joins in, whistling at thesame frequen
y and with the same amplitude, but with a di�erent phase φ2 = −0.45rad. What is the amplitudeof the resultant wave when both are whistling? (d) What is the frequen
y of the resultant wave?2. (7 pts) The trig identity that the book gives you in se
tion 18.1 should have made the last problem very simple.But things get uglier if the two waves don't have the same amplitude, or if there are more than two sour
es.Imagine that a speaker is pla
ed some distan
e north of you. Two other speakers are then pla
ed at di�erentpoints along the line between you and the �rst speaker. All of the speakers are driven with the same sine wavewith an angular frequen
y ω = 2764 rad/s. When just the �rst speaker is on, you measure pressure os
illations atyour lo
ation des
ribed by the equation ∆P1 = A1 sin(ωt + φ1) where A1 = 2.45 Pa and φ1 = 0.254 rad. Whenjust the se
ond speaker is on, you measure pressure os
illations at your lo
ation des
ribed by a similar equation,but with A2 = 1.89 Pa and φ2 = −1.12 rad. When just the third speaker is on you get a similar equation with
A3 = 1.05 Pa and φ3 = 0.0123 rad. When all three speakers are on, you will get pressure os
illations at yourlo
ation whi
h are des
ribed by the equation ∆Ptotal = Atotal sin(ωt + φtotal).(a) Think for a moment about how you would �nd Atotal and φtotal using di�erent trig identities, et
. Then forthe answer to this part of the question, write down �I've thought about this, and it looks like it is reallyhard.�- It turns out that this problem isn't too hard if we just use 
omplex exponentials. To do we will write thethree waves as 
omplex exponentials: ∆P̃n = Anei(ωt+φn) = Ãneiωt where n = 1, 2, or 3 indi
ating whi
hspeaker, and Ãn = Aneiφn . Sin
e eiθ = cos θ + i sin θ, the imaginary part of ea
h ∆P̃n equation will beexa
tly equal to the real ∆Pn equation you were given above. So the pressure os
illations we will measurewhen all of the speakers are on will just be the imaginary part of the sum of these three 
omplex equations:

∆Ptotal = ℑ[∆P̃1 + ∆P̃2 + ∆P̃3].(b) The sum of our three 
omplex waves 
an be written as ∆P̃total = ∆P̃1 + ∆P̃2 + ∆P̃3 = Ãtotale
iωt. Find thereal and imaginary parts of Ãtotal.(
) Use the Ãtotal that you just found to �nd Atotal and φtotal.3. (4 pts) Two speakers are �xed to the side of a building. One is �xed to the wall at the same height as your head. Theother is 5 meters dire
tly above the �rst one. They are both being driven by the same ampli�er at a frequen
yof 220 Hz. Starting a long distan
e away from the building you begin walking toward the lower speaker. As youapproa
h the speaker you noti
e that sometimes the tone gets louder and sometimes it gets quieter. Ea
h timethe sound intensity rea
hes a minimum and starts to in
rease again you write down your distan
e from the lowerspeaker. What are all of the distan
es at whi
h you will hear a minimum? Assume that the speed of sound is343 m/s. Hint: If you get an equation with a square root in it that seems to keep you from solving it, just takeeverything whi
h is not under the square root to the other side of the equation and square both sides.4. (5 pts) Two traveling waves traveling in opposite dire
tions down a string interfere to form a standing wave. Thetwo waves have the following form: y1(x, t) = A sin(kx − ωt + φ1) and y2(x, t) = A sin(kx + ωt + φ2), where

k = 0.341rad m−1 and the velo
ity of the traveling waves is 12.3 m/s. The phases φ1 and φ2 are both positivenumbers. (a) If φ1 is �xed but φ2 slowly in
reases in time, whi
h way will the nodes of the standing wave move,in the +x or −x dire
tion? (b) If φ2 in
reases by π/2 radians, how far do the nodes in the standing wave move?



5. (4 pts) Two sine waves traveling down a string interfere to 
reate a standing wave. The displa
ement of the stringis given by y(x, t) = 3.21
m · sin(0.342rad m−1
· x) cos(32.2rad s−1

· t). (a) What is the amplitude of ea
h of thetwo interfering waves? (b) What is the wavelength of ea
h of the two interfering waves? (
) What is the speedat whi
h the two interfering waves are traveling?6. (5 pts) I 
lap my hands and re
ord the sound with a mi
rophone atta
hed to my 
omputer. When I analyze thesound I �nd that it lasts for 2.97 ms. I note that when I 
lap my hands next to my guitar one of the stringsstart to ring. I tune the string around and �nd that a string will only vibrate audibly if it is tuned su
h that itsresonan
e frequen
y is above 325 Hz. A

ording to the un
ertainty relation, I should be able to tune my stringup to higher frequen
ies and still have it ring. (a) Given this lowest string frequen
y whi
h I 
an ex
ite with my
lap and the duration of the pulse, what is the highest frequen
y at whi
h the un
ertainty relation guaranteesthe string will ring? (b) Is it possible that I would hear the string ring if it was tuned above the frequen
y youfound in (a), and why or why not?Extra problems I re
ommend you work (not to be turned in)- What would happen if the two senile old men in the problem above whistled at di�erent frequen
ies?- Tap one �ngernail on a hard surfa
e over and over again. Listen to the sound. Now tap two �ngers at on
e overand over again and listen to the sound. If you listen 
arefully, you will note that the tone 
hanges from strike tostrike when you tap two �ngernails at on
e. Why?- If you shine laser light at just the right frequen
y onto a 
loud of really 
old atoms, the atoms will be attra
ted andtrapped in the fo
us of the beam where the light intensity is highest. If you re�e
t the laser beam ba
k on itself,it forms a standing wave, and the atoms will 
olle
t in the anti-nodes. A 
lever atomi
 physi
ist �gured out thatif you shift the frequen
y of the beam before re�e
ting it ba
k you 
an make a standing wave that slowly moves,pulling the atoms along with it like an atomi
 
onveyor belt! If I fo
us a laser beam with a wavelength of 657nm onto some atoms, and then shift the frequen
y of the light by 10 MHz and re�e
t it ba
k to make a movingstanding wave, what will the velo
ity of the 
onveyed atoms be?


