
Physi
s 123 se
tion 2 CIDHomework 17 S
ore / 301. (4 pts) (a) Explain in your own words what phase velo
ity is. (b) Explain in your own words what group velo
ityis.2. (6 pts) Imagine that I have a string whi
h I 
an send waves down. I make various measurements of the speed ofsine waves and determine that they travel at a velo
ity given by vsine = (0.637m · s)ω2 . (a) Is this velo
ity thegroup velo
ity, the phase velo
ity, or neither? (b) Find the dispersion relation for the string. If I have a pulsewith an average k of 1.42 radians per meter, what is the pulses (
) phase velo
ity and (d) group velo
ity. (e) Atwhat speed would I expe
t the 
enter of mass of the pulse to travel down the string?3. (4 pts) You've all heard about ultrasoni
 imaging, a method used to see inside of a patient. It is frequently usedto 
he
k on the 
ondition of unborn babies. Take a look at the ultrasound below of my daughter Elena at theage of -5 months. (a) Note that the frequen
y of sound waves (highlighted in the image with reverse text) is 4.0MHz, or 4 million 
y
les per se
ond. Why does it have to be so high? (b) Note that the power is listed at 0dB and the gain is listed as -20 dB. By what fa
tor is the power redu
ed by when the gain is -20 dB? (In otherwords, what do we have to divide the power by in order to redu
e the power by 20 dB?)

4. (2 pts) Liquid mer
ury has a bulk modulus of 2.80×1010N/m2 and a density of 1.36×104kg/m3. What is the speedof sound in mer
ury?5. (3 pts) Remember that the bulk modulus tells us how the volume of a pie
e of some material 
hanges when thepressure surrounding it 
hanges by an amount ∆P . If the initial volume of the obje
t is V and the 
hange involume is ∆V , the bulk modulus is given by the equation
B = −

∆P

∆V/V
.(a) The speed of sound in water is 1480 m/s. The density of water is 1000 kg/m3. What is the bulk modulusfor water? (b) The bulk modulus for a gas depends on how the 
hange in pressure o

urs � i.e. whether thegas is 
ompressed adiabati
ally, isothermally, et
. Imagine that I 
ompress some air in a piston to measure thebulk modulus of air. Whi
h pro
ess will result in the largest measured bulk modulus, an adiabati
 
ompressionor an isothermal one? (
) Whi
h bulk modulus should I use for sound waves, adiabati
, isothermal, or neither?6. (6 pts) Imagine a slinky whi
h has a total mass m, a 
ross se
tional area A, and a spring 
onstant k. In orderto be able to talk about sound waves on a slinky in terms of the equations and ideas we have developed for



3-dimensional sound waves, we 
an let P = F/A and ρ = m/AL. Also, V = AL and ∆V = A∆L. When weplug this into the equation for the bulk modulus, we get
B = −

∆F/A

∆L/L
= −

L

A

∆F

∆L
.For small ∆L, the last part is just the derivative of F with L. And we know that sin
e our slinky's un
ompressedlength is tiny, F ≈ −kL. (a) Find the bulk modulus for a slinky whi
h is stret
hed to a length L in terms of m,

A, k, and L. (b) Find the speed of �sound waves� on your slinky in terms of m, A, k, and L. (
) How does thespeed of 
ompression waves 
hange with L? (d) Stret
h your slinky until it is 5 feet long (hook it to somethingor have a friend hold the other end), and then wha
king the end to make a 
ompression wave. Measure the timethat it takes for the pulse to travel ba
k and forth 10 times and 
al
ulate the speed of 
ompression waves on yourslinky. (e) Now do the same thing with the slinky stret
hed to 10 feet. Does the speed of 
ompression wavesvary with length as you predi
ted?7. (5 pts) (a) How many de
ibels does the sound level 
hange by if the intensity of the sound wave goes up by a fa
torof 2, 4, or 8? Noti
e a pattern? (b) How many de
ibels does the sound level 
hange by if the intensity of thesound wave goes up by a fa
tor of 10, 100, 1000? Noti
e a pattern? (
) By what fa
tor does the intensity 
hangeif the sound level 
hanges from 131 dB to 147 dB? (d) How many de
ibels does the sound level 
hange by if theamplitude (i.e. the maximum displa
ement or the maximum pressure di�eren
e) goes up by a fa
tor of 2?Extra problems I re
ommend you work (not to be turned in)- How does the speed of longitudinal waves on a slinky 
ompare to the speed of transverse waves that you found inproblem 4 of homework #14?- Consider the following fun
tion. Note that this is just the sum of sinusoidal waves with di�erent amplitudes anddi�erent frequen
ies, but whi
h all travel at the same velo
ity (v = 1).
y(x, t) =

100∑

n=1

e−n2/1000 cos(2πn[x − t])(a) Estimate the phase velo
ity of this wave. (b) Estimate the group velo
ity of this wave. If you have a 
omputerwith Maple, MatLab, some programming language you know how to use, or something similar, plot the fun
tionfrom x = −0.1 to x = 0.1 at times t = 0, 0.02, 0.04, 0.06, 0.08, and 0.1.- Now 
onsider this slightly di�erent fun
tion:
y(x, t) =

10∑

n=1

e−n2/1000 cos(2πn[x − n1/4t]).This fun
tion is also a superposition of sinusoidal waves, but now the velo
ity of ea
h 
omponent depends onits frequen
y. (
) Estimate the phase velo
ity of this wave? (d) Estimate the group velo
ity of this wave. Tryplotting this fun
tion from x = −0.1 to x = 0.1 for t = 0, 0.01, 0.02, 0.03 and 0.04. Do you see the wave disperse?If you have a

ess to the physi
s department 
omputer lab, those 
omputers have Maple and MatLabinstalled. If you have a 
omputer but don't have MatLab, you might want to get O
tave, a free programwhi
h is similar to MatLab. You 
an �nd more about it at my web page:http://www.physi
s.byu.edu/fa
ulty/durfee/.


