Problemsfor chapter 11.

ReviSon: F =-k(x- X,) or ap-(X- X,)
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y= Asin(vvt- kX) wave travelling to the right.

1* Thefreeend of agoring is pulled so thet the following forces are recorded at the given
pogtions {(F,x) : (120 N, 1.20 m),(250 N, 1.85 m),(380 N, 2.50 m)}. Find the spring
congant k for this soring and dso find xo the position of the end of the soring when it is not
under load.

2* Usethe information from question 1. to determine the accd eration of amass of 0.60 kg
fastened to the freeend of the soring when it isat 1.50 m. What is the frequency of the oscillation
of thismass? Y ou should give your answer interms of the unit hertzor s™.

3. Thefreeend of aspring is pulled so that the following forces are recorded a the given
pastions {(F,x) : (50 N, 0.80 m),(65 N, 0.90 m),(95 N, 1.10 m)}. Find the spring constant k
for this spring and aso find xo the position of the end of the oring when it isnot under load.

4. Usetheinformation from question 3. to determine the acceleration of amass of 0.20 kg
fastened to the free end of the spring when it isat 1.00 m. What is the frequency of the
ostillation of this mass?

5* If theamplitude of the motion of the massin question 2. is0.050 m, find generd
expressions (use those given in the Revison and put in numericd vaues) for the pogtion of the
meass, the gpeed of the mass and the accderation of the mass What are the maximum val ues of
the distance from Xo, the speed and the acceleration?

6. If the amplitude of the mation of the massin question 4. is0.050 m, find generd expressons
for the position of the mass, the speed of the mass and the accderdtion of the mass What are
the maximum vaues of the distance from X, the speed and the accd eration?

7. By usng the symbalic formulaor your numerica formula, show for any particular time thet
sV +3k(X- x)? =3kA? |



8* A transverse wave followsthe formula y = Asin(wt - kx+f ) . For thiswavethe
amplitude s 5.0 m, the speed of thewaveis 100 ms ™ and the period T = 0.0625 s, whilethe
phase congant is 45° . Change the phase congtant to radians and find the transverse
digplacement of thiswaveatt =1.0sandx =0.25m.

9. A transversewave followstheformula y = Asin(wt - kx+f ) . For thiswavethe
amplitude is 0.50 m, the speed of thewaveis8.0m st andthe period T =0.050 s whilethe
phase condtant is % . Find the transverse displacement of thiswaveat = 1.0 sand X,
=0.25m.

10* A longitudind wave hastheform x - x, = Asin(W - kx ) , in this expresson the phase
condant is zero. Usethevduesof A=5.0m, w=100rad st and k=10.0
rad m?, to find thelongitudind displacement of thiswaveat =2.0 sand Xo=050m.

11. A longitudind wave hestheform  x - x, = asin¢c W - kx ) , Inthisexpresson the phase
condant is zero. Usethevauesof A=0.20m, T=0.25sand | =1.25m, tofindthe
longitudina displacement of thiswaveatt = 1.0 sand xo =0.50 m.

12* A travelling wave has afrequency of 0.100 Hz sothat W= 2001=0628 rads” anda
waveength of 200 m o that k = 22 =314 rad m™. Put thetimeto zero (t = 0) and plot the
paticular form of y =5.0sn(w - kx) m, for thistraveling wave. Use 0.2 m intervals along the
x-axis. Next st t = 1.0 sand re-plot the wave, can you confirm that is moving in the postivex-
direction?

13. A travelling wave has afrequency of 0.200 Hz and awaveength of .50 m . Put thetime
to zero (t = 0) and plot the particular form of y = 10sin(wt +kx) m , for thistravelling wave.
Next sat t = 1.0 sand re-plot the wave, can you confirm thet is moving in the negetive x-
direction?

14* A danding transverse wave in agring follows the equation

y = 0.002sn(2000t) cog(6.00x) m. What isthe
Speed of ether of the two travelling waves thet form this Sanding wave? Whet is the frequency
of this standing wave? L ocate any two adjacent displacement nodes and dso find the
wavdength.

115



15. A ganding transverse wave in a string follows the equation

y = 0.002 sin(500t) cos(300x) m. What isthe
Speed of either of the two travelling waves that form this sanding wave? What is the frequency
of this sanding wave? Locate any two adjacent displacement nodes and hence or otherwise,
find the wavdength.

16.* A 'cdlo gring is 0.60 m long and tuned o that its fundamentd frequency is 220 Hz (thisis
thenote"A"), the firg harmonic of thisstring isaso the note" A" an octave higher. The second
harmonic and the fourth harmonics give the notes that form amgor chord (these arethe
natural, fifth and major third respectively but they arein higher octaves). What are the
frequencies of these other two notes?

17. A vidlin gring is 0.30 m long and tuned so that its fundamenta frequency is 440 Hz (thisis
the note "A"), the firg harmonic of this gring is dso the note "A™ an octave higher. The second
harmonic and the fourth harmonics give the notes that form amgor chord (these arethe
natural, fifth and major third respectively but they are in higher octaves). What are the
frequencies of these other two notes? What is the speed of the fundamentd transverse wavesin
the gring?

18* Anorgan pipeisclosad a one end and open at the other so that it can support a
transverse acoustic wave. The speed of sound in air is 350 m s? (this can vary with ar
temperature and S0 can the pitch of apipe organ), if we want our pipe to have afundamenta
frequency of 440 Hz we can adjudt the length of the pipe so thet it is one quarter of awave
length, how long should this pipe be? What are the frequencies of thefirt, second and third
harmonics?

19. Anacoudtic pipeisopen at both ends so that it can support atransverse acoustic wave.
The speed of sound inar is345 ms'1. If we want our pipe to have afundamenta frequency of
440 Hz, how long should the pipe be? What are the frequencies of the first, second, third and
fourth harmonics?
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