Solutions to Physics: Principles with Applications, 5/E, Giancoli Chapter 11

CHAPTER 11

1. We find the spring constant from the compression caused by the increased weight:
k=mg/x = (65kg)(9.80 m/s?)/(0.028 m) = 2.28 x 10* N/m.
The frequency of vibration will be
f=(k/m)/2/21 = [(2.28 x 10* N/m)/ (1065 kg)]'/2/21 =  0.74 Hz.

2. We find the spring constant from the elongation caused by the increased weight:
k=ZAmg/ZEx=B0N-55N)/(0.85m-0.65m)=  1.3x102N/m.

3. In one period the particle will travel from one extreme position to the other (a distance of 2A) and back
again. The total distance traveled is
d=4A=4(0.25m) = 1.00 m.

4. (a) We find the spring constant from the elongation caused by the weight:
k=mg/ZEx=(2.7kg)(9.80m/s?)/(0.039m) = 6.8 x10>N/m.
(b) Because the fish will oscillate about the equilibrium position, the amplitude will be the distance
the fish was pulled down from equilibrium:
A=25cm.
The frequency of vibration will be
f=(k/m)1/2/21 = [(6.8 x 10> N/m)/ (2.7 kg)]"/2/2'= 2.5 Hz.

5. Because the mass starts at the maximum displacement, we have
t 0 T/4 T/2 3T/4 T 5T/4
x A 0 -A 0 A 0

We see that the curve resembles a cosine wave.

T/4 T/2 3T/4 T 5T/4

6. (a) We find the effective spring constant from the frequency:
fi = (k/my)'/2/2%;
4.0 Hz = [k/(0.15 x 103 kg)]'/2/21, which gives k= 9.5x 102 N/m.
(b) The new frequency of vibration will be
fo=(k/my)/2/21 =[(9.5x10-2N/m)/(0.50 x 10-3 kg)]*/2/21= 2.2 Hz.

7. (a) We find the effective spring constant from the frequency:
fi = (k/my)t/2/ 28
2.5 Hz = [k/(0.050 kg)]'/2/2!, which givesk= 12 N/m.
(b) Because the size and shape are the same, the spring constant will be the same.

The new frequency of vibration will be
fo=(k/my)/2/21 = [(12N/m)/(0.25 kg)]'/?/2t= 1.1 Hz.
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8. The dependence of the frequency on the mass is
f=(/m)'/2/ 21,
Because the spring constant does not change, we have
Sl fi = (m1/ma)'/%;
£/ (3.0 Hz) = [(0.60 kg)/ (0.38 kg)]/2, which gives f, = 3.8 Hz.

9. (a) The velocity will be maximum at the equilibrium position:
vy=Aw=2fA=2'3.0Hz)(0.15m)=  28m/s.
(b) We find the velocity at the position from
v =11~ (x2/A%]/?
= (2.8 m/s){1 - [(0.10 m)?/(0.15 m)?]}*/2= 21 m/s.
(c) We find the total energy from the maximum kinetic energy:
E = KE = Imv,2 = 1(0.50 kg)(2.8 m/s)2=  2.0].
(d) Because x = A at t =0, we have a cosine function:
x = A cos (o) = A cos (2ft) = (0.15 m) cos [2%(3.0 Hz)¢].

10. The dependence of the frequency on the mass is
£=(c/m)'/2/2,
Because the spring constant does not change, we have
fl fi = (m/my)'/%
(0.60 Hz)/(0.88 Hz) = [m/ (m + 0.600 kg)]'/2, which givesm = 0.52 kg.

11. In the equilibrium position, the net force is zero. When the mass is
pulled down a distance x, the net restoring force is the sum of the
additional forces from the springs, so we have
Fret = £F, + AF; = - kx - kx = - 2kx, — | +x
which gives an effective force constant of 2k.
We find the frequency of vibration from — X
f=(kete/ mV2/20 = (2k/m)1/2/21. Xo <=0

12. We find the spring constant from the elongation caused by the mass:
k= ZEmg/Ex = (1.62kg)(9.80 m/s?)/(0.315 m) = 50.4 N/m.
The period of the motion is independent of amplitude:
T =2Ym/k)"/? = 21[(1.62 kg)/(50.4 N/m)]'/2=1.13 s.
The time to return to the equilibrium position is one-quarter of a period:
t=(T=(113s)= 0.282s.

13. We find the spring constant from the compression caused by the force:
k=F/Zx = (80.0 N)/(0.200 m) = 400 N/m.
The ball will leave at the equilibrium position, where the kinetic energy is maximum. Because this is also
the maximum potential energy, we have

KEax = Imvy? = PE,, = kA%
1(0.150 kg)v,2 = 1(400 N/m)(0.200 m)?, which givesv,=  10.3 m/s.
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14. (a) The period of the motion is independent of amplitude:
T =2Y(m/k)"/? =21[(0.750 kg)/ (124 N/m)]'/2=  0.489s.
The frequency is
f=1/T=1/(0489s)=  2.04Hz.
(b) Because the mass is struck at the equilibrium position, the initial speed is the maximum speed.
We find the amplitude from
v, =Aw=2YfA;
2.76 m/s = 21(2.04 Hz)A, which gives A= 0.215m.
(c) The maximum acceleration is
Amax = @PA = (21f)2A = [21(2.04 Hz)]?(0.215 m) = 35.5 m/s2.
(d) Because the mass starts at the equilibrium position, we have a sine function. If we take the
positive x-direction in the direction of the initial velocity, we have
x = A sin (ot) = A sin (2ft) = (0.215 m) sin [21(2.04 Hz)t] = (0.215 m) sin [(12.8 s71)#].
(e) We find the total energy from the maximum kinetic energy:
E = KE oy = Imv,2 = 1(0.750 kg)(2.76 m/s)> = 2.86].

15. () The work done on the spring increases the potential energy:
W = PE = kA%
3.0] =1k(0.12 m)?, which givesk= 4.2x102N/m.
(b) The maximum acceleration is produced by the maximum restoring force:
Frnax = kA = ma;
(417 x 10> N/m)(0.12 m) = m(15 m/s?), which gives m = 3.3 kg.

16. Because the mass is released at the maximum displacement, we have
X =xgcos (of); v=-vpsin (at); a=-ay,, cos (at).
(a) We find ot from
v = - lvy = - vy sin (wf), which gives wt = 30°.
Thus the distance is
X = xg cos (wt) = xgcos (30°) = 0.866 xo.
(b) We find ot from
a=-Yay. = - ay. cos (wf), which gives wt = 60°.
Thus the distance is
X = xg cos (wt) = xgcos (60°) = 0.500 xo.

17. (a) The amplitude is the maximum value of x: 0.45 m.
(b) We find the frequency from the coefficient of t:
21f=8.40s"1, which gives f=  1.34 Hz.
(¢) The maximum speed is
v, = @A = (8.40 571)(0.45 m) =3.78 m/s.
We find the total energy from the maximum kinetic energy:
E = KE oy = Imv,2 = 1(0.50 kg)(3.78 m/s)?=  3.6].
(d) We find the velocity at the position from
v =yl - (x2/A?)]/?
= (3.78 m/s){1 - [(0.30 m)2/(0.45 m)?]}1/2=2.82 m/s.
The kinetic energy is
KE = lmv? =1(0.50 kg)(2.82 m/s)2=  2.0].
The potential energy is
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PE=E-KE=36]-20]J= 1.6].

Page 11 -4



Solutions to Physics: Principles with Applications, 5/E, Giancoli Chapter 11

19.

20.

The amplitude is the maximum value of x: 0.35 m.
We find the frequency from the coefficient of #: x (m)
21f=5.50s71, which gives f=  0.875 Hz. 0%
The period is /
T= 1/f= 1/(0875 HZ) = 114s. 0 olzs 0|50 0|75 1(|)0 1;5 1;0 t (S)
The maximum speed is o \/ o
v, = @A = (5.50 s71)(0.35 m) = 1.93 m/s. “035

We find the total energy from the maximum kinetic energy:

E = KE oy = Imv,? = 1(0.400 kg)(1.93 m/s)>=  0.74].
We find the velocity at the position from

v =yl - (x2/A?)]/?

=(1.93 m/s){1 - [(0.10 m)2/(0.35 m)?]}1/2 = 1.84 m/s.

The kinetic energy is

KE = !mov?=1(0.400 kg)(1.84 m/s)>=  0.68].
The potential energy is

PE=E-KE=074]-068]=  0.06].

We find the frequency from
f=(k/m)1/2/21 = [(210 N/m)/(0.250 kg)]'/2/2! = 4.61 Hz, so
w=21f=21(4.61 Hz) =29.0 s"..
Because the mass starts at the equilibrium position moving in the positive direction, we have a
sine function:
x = A sin (ot) = (0.280 m) sin [(29.0 s71)¢].
The period of the motion is
T=1/f=1/(4.61 Hz)=0.217 s.
It will take one-quarter period to reach the maximum extension, so the spring will have

maximum extensions at 0.0542s,0.271s,0.488s, ... .
It will take three-quarters period to reach the minimum extension, so the spring will have
minimum extensions at 0.163s,0.379s,0.5%s, ....

We find the frequency from the period:
f=1/T=1/(0.55s) =1.82 Hz, so
o=2f=21(1.82Hz) =114 s
The amplitude is the compression: 0.10 m. Because the mass is released at the maximum
displacement, we have a cosine function:
y=A cos (ot) = (0.10 m) cos [(11.4 s7)¢].
The time to return to the equilibrium position is one-quarter of a period:
t=(T=(055s)= 0.14s.
The maximum speed is
vyo=wA=(114s1)010m)= 11m/s.
The maximum acceleration is
A= @A=(114s12010m)= 13 m/s’
The maximum magnitude of the acceleration occurs at the endpoints of the motion, so it will be
attained firstat  the release point.
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21. Immediately after the collision, the block-bullet system will have its maximum velocity at the
equilibrium position. We find this velocity from energy conservation:
KE; + PE; = KE; + PEg;
(M +m)og? +0=0+ kA%
1(0.600 kg + 0.025 kg)vy? = 1(6.70 x 10° N/m)(0.215 m)?, which gives vy = 22.3 m/s.
We find the initial speed of the bullet from momentum conservation for the impact:
mv + 0= (M + m)vy;
(0.025 kg)v = (0.600 kg + 0.025 kg)(22.3 m/s), which gives v = 557 m/s.

22. Because the frequencies and masses are the same, the spring constant must be the same. We can
compare the two maximum potential energies:

PE;/PE; = 1kA2/1kA2? = (A1/ Ar)%
10= (A1/A)% or A, =3.16A,

23. (a) The total energy is the maximum potential energy, so we have
PE =IPE, .
lkx? = 1(1kA?), which givesx = 0.707A.
(b) We find the position from
v =1v,[1 - (x2/A?)]V%

v, =1,[1 - (x2/A?)]"/2, which givesx = 0.866A.
24. We use a coordinate system with down positive.
With x; a magnitude, at the equilibrium position we have
F=-kxy+mg=0.
If the spring is compressed a distance x from the equilibrium — [+x
position, we have
F=-k(xg+x)+mg=0. E— X
When we use the equilibrium condition, we get *o X =0
F=F=-kx
Note that x is negative, so the force is positive.
25. For the vertical spring there are both gravitational and elastic
potential energy terms. We choose the unloaded position of
the spring as the reference level with down positive.
With x, a magnitude, at the equilibrium position we have -0
F=-kxy+mg=0, or kxog=mg. +;,_ X
When the spring is stretched a distance x from the equilibrium \l/ x =0 — [ equil
position, the stretch of the spring is x + x,. +X X

For the total energy we have

E  =KE+ PEga, + PEqping

= Imo? - mg(x + xg) + k(x + x)% = 'mo? - mgx — mg xq + Vka® + kxexeg + k.

When we use the equilibrium condition, we get

E = lmo? - mgxy + ka2 + lkxo2.
Because the terms containing x, are constant, we have

E + mgxg - kxy? = (a constant) = E' = !mov? + lkx2.
If we had chosen a reference level for the gravitational potential energy halfway between the unloaded
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position and the equilibrium position, the terms added to E would cancel and E =E'.
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26. We find the period from the time for N oscillations:

T=t/N=(347s)/8=434s.

From this we can get the spring constant:
T =2Y(m/k)"/?;
4.34 s = 21[(65.0 kg)/k]'/2, which gives k= 136 N/m.

At the equilibrium position, we have
mg = kxo;
(65.0 kg)(9.80 m/s?) = (136 N/m)x,, which gives x; = 4.7 m.

Because this is how much the cord has stretched, we have
L=D-x9=25.0m-4.7m= 20.3 m.

27. (a) If we apply a force F to stretch the springs, the total @
displacement Zx is the sum of the displacements of the two
springs: Ax = Ax, + Ax,.

The effective spring constant is defined from F = - k ¢ Ax. I—fm\—[m
Because they are in series, the force must be the same in
each spring;:

F,=F,=F=-k &Ax, =-k, ZEx,.

Then Ax = Ax, + Ax, becomes (b) ky F F, ko
= F/keg == (E/ky) = (E/ky), or  1/ky = (1/k;) + (1/ky). I_/W .%K\_‘
For the period we have
T=2(m/ky)"/? = 2{m[(1/ky) + (1/ k) ]}"/% Ix]
(b) In the equilibrium position, we have |
Fret=Fyo-F19p=0, or Fig=Fy. equilibrium

When the object is moved to the right a distance x, we have
Fret = Fao = kox = (F1o + kyx) = = (ky + ko)x.

The effective spring constant is k. = k1 + ky, so the period is
T =2Y(m/k)'/?=2[m/ (ky + ko)]V/2.

28. (1) We find the period from the time for N oscillations:
T=t/N=(50s)/36=  14s.
(b) The frequency is
f=1/T=1/(139s)=  0.72Hz.

29. (a) Because the period includes one “tick” and one “tock”, the period is two seconds. We find the
length from
T=2(L/g)"/>
2.00s=21[(L/(9.80 m/s?)]"/2, which givesL= 0.993 m.
(b) We see that an increase in L will cause an increase in T. This means that there will be fewer
swings each hour, so the clock willrun  slow.

30. (a) For the period on Earth we have
T=2YL/g)"/?>=2(0.50 m)/(9.80 m/s?)]'/2=  14s.
(b) In afreely falling elevator, the effective g is zero, so the period would be  infinite (no swing).
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31.

32.

33.

(a)
(b)

For the frequency we have
f=(g/L)Y?(1/2") = [(9.80 m/s?)/(0.66 m)]'/%(1/2") =  0.61 Hz.
We use energy conservation between the release point and the
lowest point:
KE; + PE; = KE; + PEg;
0 + mgh = tmoy? + 0;
(9.80 m/s%)(0.66 m)(1 - cos 12°) = loy?,
which givesvy= 0.53m/s.
The energy stored in the oscillation is the initial potential energy:
PE; = mgh = (0.310 kg)(9.80 m/s%)(0.66 m)(1 - cos 12°) = 0.044

We use energy conservation between the release point and the
lowest point:

KE, + PE; = KE; + PEg;
0 +mgh = tmvy?2 +0, or vy?=2gh=2g¢L(1 - cos ).

When we use a trigonometric identity, we get

2702 = ZgL(Z Sil’lz ! 90)

For a simple pendulum 6, is small, so we have sin !, ~ ! §,.
Thus we get

02 =2¢L2 (16)% or vy = Gy(gL)"/2.

Chapter 11

L cos &

L cos &

We assume that 15° is small enough that we can consider this a simple pendulum, with a period

T=1/f=1/(2.0Hz)=050s.

Because the pendulum is released at the maximum angle, the angle will oscillate as a cosine function:

0= 6 cos (2'ft) = (15°) cos [21(2.0 Hz)t] = (15°) cos [(4.0? s71)t].

0= (15°) cos [2(2.0 Hz)(0.25 s)] = - 15°.
This is expected, since the time is half a period.
0= (15°) cos [2(2.0 Hz)(1.60 s)] = +4.6°.
6= (15°) cos [2'(2.0 Hz)(500 s)] = +15°.

This is expected, since the time is one thousand periods.

34. The speed of the wave is

v=fA=4/T=@85m)/(3.0s)= 28m/s.

35. We find the wavelength from

v=fk
330 m/s = (262 Hz) A, which gives A= 1.26 m.
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36.

37.

38.

39.

40.

41.

42.

For AM we find the wavelengths from
AaMhigher = U/ famiower = (3.00 x 108 m/s) /(550 x 103 Hz) = 545 m;
AaMiower = U/ faMhigher = (3.00 x 108 m/s)/ (1600 x 103 Hz) = 188 m.
For FM we have
AfMbigher = 0/ fimiower = (3.00 x 108 m/s)/(88.0 x 106 Hz) = 3.41my;
ApMiower = U/ fimnigher = (3.00 x 108 m/s)/ (108 x 10° Hz) = 2.78 m.

We find the speed of the longitudinal (compression) wave from
v = (B/ p)'/? for fluids and v = (E/ p)!/2 for solids.

(@) For water we have

v=(B/p)'/?=[(2.0x10°N/m?)/(1.00 x 10° kg/m3)]/2= 1.4 x10°m/s.
(b) For granite we have

v=(E/p)'/?=[(45x10°N/m?)/ (2.7 x 103 kg/m3)]/2 = 41x103m/s.
(c) For steel we have

v=(E/p)'/?2=[(200 x 10° N/m?)/ (7.8 x 103 kg/m%)]/2=  51x10°m/s.

Because the modulus does not change, the speed depends on the density:
v o (1/p)1/2

Thus we see that the speed will be greater in the  less dense rod.

For the ratio of speeds we have

01/ = (o) )2 = (2= 141

We find the speed of the wave from

v = [Fr/(m/L)]"/?={(150 N)/[(0.55 kg)/ (30 m)]}*/2 = 90.5 m/s.
We find the time from

t=L/v=30m)/(90.5m/s)=  0.33s.

The speed of the longitudinal (compression) wave is

v=(E/p)"?
so the wavelength is
A=v/f=(E/p)"?/f=[(100 x 10° N/m?)/ (7.8 x 103 kg/m?3)]'/2/ (6,000 Hz) =  0.60 m.

The speed of the longitudinal wave is

v=(B/p)"/?,
so the distance that the wave traveled is
2D = vt = (B/p)"/?4

2D =[(2.0 x 10° N/m?)/(1.00 x 10° kg/m?3)]'/2(3.0 s), which gives D =21 x10°m = 2.1 km.

(1) Because both waves travel the same distance, we have
At = (d/vs) - (d/vp) = d[(1/vs) - (1/vp)];

(2.0 min)(60 s/min) = d{[1/(5.5 km/s)] - [1/(8.5 km/s)]}, which givesd = 1.9 x 10° km.
(b) The direction of the waves is not known, thus the position of the epicenter ~cannot be determined.

It would take at least one more station to find the intersection of the two circles.
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43.

44.

45.

46.

47.

48.

49.

For the surface wave we have

o=21f=21(0.50 Hz) =151
The object will leave the surface when the maximum acceleration of the SHM becomes greater than g, so
the normal force becomes zero. Thus we have

amax = a)ZA > g;

(*s1)?A >9.80 m/s?, which givesA> 1.0 m.

We assume that the wave spreads out uniformly in all directions.
(@) The intensity will decrease as 1/72, so the ratio of intensities is
L/I = (r/1)?=[(10km)/(20 km]>=  0.25.
(b) Because the intensity depends on A?, the amplitude will decrease as 1/7, so the ratio of
amplitudes is
Ay/Ay=(r1/1p) =[10km)/(20km] =  0.50.

We assume that the wave spreads out uniformly in all directions.
(@) The intensity will decrease as 1/72, so the ratio of intensities is
L/1i = (r1/ )%
I,/ (2.0 x10°J/m? -s) = [(50 km)/ (1.0 km)]?>, which gives , =  5.0x10°]J/m? -s.
(b) We can take the intensity to be constant over the small area, so we have
P,=05S=(5.0x10°]/m? -s)(10.0 m?) =  5.0x 1010 W.

If we consider two concentric circles around the spot where the waves are generated, the same energy must
go past each circle in the same time. The intensity of a wave depends on A?, so for the energy passing
through a circle of radius r, we have

E = I(2nr) = kA®2nr = a constant.
Thus A must vary with r, in particular, we have A «c 1/ Ar.

Because the speed and frequency are the same for the two waves, the intensity depends on the
amplitude:

Toc A2
For the ratio of intensities we have

L/L = (A2/ Av)?;

2=(A,/A)?, which gives Ay/A; = 1.41.

Because the speed and frequency are the same for the two waves, the intensity depends on the
amplitude:

[oc A2
For the ratio of intensities we have

L/L = (A2/ Av)?;

3 = (Ay/A;)?, which gives Ay/A; = 1.73.

The bug will undergo SHM, so the maximum KE is also the maximum PE, which occurs at the maximum
displacement. For the ratio of energies we have

KE,/KE; = PE,/PE; = (A,/A1)?=[1(4.5cm)/1(6.0 cm)]?=  0.56.
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50.
@ (b)

—/\NJ\\W

(c) Because all particles of the string are at equilibrium positions, there is no potential energy.
Particles of the string will have transverse velocities, so they have kinetic energy.

51. All harmonics are present in a vibrating string. Because the harmonic specifies the multiple of the
fundamental, we have f, =nf;, n=1,2,3, ...:
fA=1f=1)(440Hz)= 440 Hz;

f=2f=(2)(440Hz)= 880 Hz;
f=31=03)440Hz) = 1320 Hz;
fa=4fi=(4)(440Hz) = 1760 Hz.
52. From the diagram the initial wavelength is 2L, and the L
final wavelength is 4L/3. The tension has not changed,
so the velocity has not changed: <>
v =fida = folo; -
Unfingered
(294 Hz)(2L) = f»(4L/3), which gives f, = 441 Hz. J
Fingered
53. From the diagram the initial wavelength is L/2. L

We see that the other wavelengths are
11 = 2L, /12 =L and 23 = 2L/3

The tension has not changed, so the velocity has not changed: _<>_
v=fA=f,A;
(280 Hz)(L/2) = f(2L), which gives ;= 70 Hz;
280 Hz)(L/2) = fo(L), which gives = 140 Hz; _

(
(280 Hz)(L/2) = f3(2L/3), which gives f3 = 210 Hz.

54. The oscillation corresponds to the fundamental with a frequency:
A=1/T=1/(2.5s)=0.40 Hz.
This is similar to the vibrating string, so all harmonics are present:
fao=nfi= n(040Hz),n=1,2,3, ....
We find the corresponding periods from
T,=1/f,=1/nfy =T/n= (25s)/n,n=1,2,3,....

55. We find the wavelength from
v=fk
92 m/s = (475 Hz) A, which gives 4 =0.194 m.
The distance between adjacent nodes is 12, so we have
d=121=10194m)=  0.097 m.
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56.

All harmonics are present in a vibrating string: f, =nf;, n =1, 2,3, ... . The difference in frequencies for

two successive overtones is
Ef=f-fi=mn+1)fi -nfi =f;,sowehave fy =350 Hz-280 Hz= 70 Hz.

57. We find the speed of the wave from

58.

59.

60.

v = [Fr/(m/Lgy)]"/? = {(520 N)/[(0.0036 kg)/(0.90 m)]}'/? = 361 m/s.
The wavelength of the fundamental for a string is 4; = 2L. We find the fundamental frequency from
fi=v/A1=(361m/s)/2(0.60m) = 300 Hz.
All harmonics are present so the first overtone is the second harmonic:
=2 =@2)300Hz= 600 Hz.
The second overtone is the third harmonic:
f2=03)1=(3)300Hz= 900 Hz.

We assume that the change in tension does not change the mass density, so the velocity variation
depends only on the tension. Because the wavelength does not change, we have
A=v1/fi=va/fa, or Fro/ Fr1 = (fa/ fi)*
For the fractional change we have
(Frz - Fr1)/Fri = (Fro/ Fra) - 1 = (f/f)* - 1 = [(200 Hz) /(205 H) ]2 - 1 = - 0.048.
Thus the tension should be  decreased by 4.8%.

The speed of the wave depends on the tension and the mass density:
v = (Fr/u)"/2

The wavelength of the fundamental for a string is 4; = 2L. We find the fundamental frequency from
fi =0/ Ay = (1/2L)(Fr/w)!/>.

All harmonics are present in a vibrating string, so we have
fu=nfi=(n/2L)(Fr/w)/?,n=1,2,3,....

The hanging weight creates the tension in the string: Fr = mg. The speed of the wave depends on the
tension and the mass density:
v = (Fy/u)\/ = (mg/u)!/2
The frequency is fixed by the vibrator, so the wavelength is
A=v/f=(1/f)(mg/uw)"/?. With a node at each end, each loop corresponds to 1/2.
(a) For one loop, we have 4,/2=1L, or
2L =oy/f= (1/f)(mg/m)/%;
2(1.50 m) = (1/60 Hz)[1,(9.80 m/s?)/ (4.3 x 10+ kg/m)]'/2, which gives m; = 1.4 kg.
(b) For two loops, we have 4,/2=L/2, or
L=0y/f = (1/ f)(mag/u)"/%
1.50 m = (1/60 Hz)[m,(9.80 m/s?)/ (4.3 x 10-* kg/m)]"/2, which gives my = 0.36 kg.
(c) For five loops, we have 45/2=L/5, or
2L/5 = vs/f = (1/f)(msg/u)!/>;
2(1.50 m)/5 = (1/60 Hz)[m5(9.80 m/s?) /(4.3 x 10~* kg/m)]'/2, which gives ms = 0.057 kg.
The amplitude of the standing wave can be much greater than the vibrator amplitude because of the
resonance built up from the reflected waves at the two ends of the string.
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61.

62.

63.

64.

65.

66.

The hanging weight creates the tension in the string: Fr = mg. The speed of the wave depends on the
tension and the mass density:

v = (Fr/u)"/? = (mg/u)"/?, and thus is constant.
The frequency is fixed by the vibrator, so the constant wavelength is

A=v/f=1/f)(mg/u)"/? = (1/60 Hz)[(0.080 kg)(9.80 m/s?)/ (5.6 x 10-* kg/m)]'/2 = 0.624 m.
The different standing waves correspond to different integral numbers of loops, starting at one loop.
With a node at each end, each loop corresponds to 4/2. The lengths of the string for the possible
standing wavelengths are

L,=n4/2=n(0.624m)/2=n(0.312m),n=1,2,3,..., or

L,=0.312m,0.624 m, 0.924 m, 1.248 m, 1.560 m, ... .
Thus we see that thereare 4  standing waves for lengths between 0.10 m and 1.5 m.

(1) The wavelength of the fundamental for a string is 2L, so the fundamental frequency is
f=@1/2L)(Fr/w)'/2.
When the tension is changed, the change in frequency is
AEf =f -f=1/2D)[(Fr'/w)"/? - (Fr/u)"/?]
= (1/2L){(Fr/w)"/2[(Fr'/ )2 - 1]} = A[(Fr + &£Fr)/ Fr]'/2 - 1]}
= Al + (£Fy/Fp)]*/2 - 1]}
If £Fy/Fris small, we have
[1+ (EFr/Fp)]Y/2~1+ |(&EFy/Fy), so we get
Ef=fl1 + {(&Fy/Fr) - 1] = (&EFy/ Fr)f.
(b) With the given data, we get
A&f= \(&Fy/Fr)f;
442 Hz - 438 Hz = |(&F1/Fy)(438 Hz), which gives £F/Fr=0.018 =  1.8% (increase).
(c) For each overtone there will be a new wavelength, but the wavelength does not change when the
tension changes, so the formula  will apply  to the overtones.

For the refraction of the waves we have
vy/v1 = (sin &)/ (sin &);
v,/ (8.0 km/s) = (sin 31°)/ (sin 50°), which gives v, = 5.4 km/s.

For the refraction of the waves we have
02/ 01 = (sin B)/ (sin &);
(2.1 km/s)/(2.8 km/s) = (sin &)/ (sin 34°), which gives & = 25°.

The speed of the longitudinal (compression) wave for the solid rock depends on the modulus and the
density: v = (E/p)'/?. The modulus does not change, so we have v « (1/p)1/2.
For the refraction of the waves we have

02/ V1= (P1/ P2)'/? = (SG1/SGo)'/2 = (sin )/ (sin &y);
[(3.7)/(2.8)]"/2 = (sin &)/ (sin 35°), which gives &= 41°.

(a) For the refraction of the waves we have
vy/0r = (sin @)/ (sin G);
Because v, > vy, 6 > €. When we use the maximum value of 6, we get
0y/01 = (sin 90°)/(sin Gy) =1/(sin Gyy), or Gy = sin(v1/ ).
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(b) We have
O = sin"H(vy /v,) = sin"1[(7.2 km/s) /(8.4 km/s)] = 59°.
Thus for angles >59°  there will be only reflection.

Page 11 - 16



Solutions to Physics: Principles with Applications, 5/E, Giancoli Chapter 11

67. If we approximate the sloshing as a standing wave with the fundamental frequency, we have A =2D.
We find the speed of the waves from
v=fA=(1.0Hz)2(0.08 m)=  0.16 m/s.

68. We choose /1 = 0 at the unstretched position of the net and let the stretch of the net be x. We use energy
conservation between the release point and the lowest point to find the spring constant:
KE; + PE; = KE; + PE;
0 + mgh; = 0 + mgh + 'kx,2, or mglh; - (- x1)] = k%
(70 kg)(9.80 m/s?)(20 m + 1.1 m) = k(1.1 m)?, which gives k = 2.39 x 10* N/m.
When the person lies on the net, the weight causes the deflection:
mg = kx,;
(70 kg)(9.80 m/s?) = (2.39 x 10* N/m)x,, which gives x, =0.029m= 2.9 cm.
We use energy conservation between the release point and the lowest point to find the stretch:
KE; + PE; = KE; + PEg;
0 + mgh; = 0 + mgh + 'kxz2, or mglh; - (- x3)] = lkxs%
(70 kg)(9.80 m/s?)(35 m + x3) = 1(2.39 x 10* N/m)x32%
This is a quadratic equation for x3, for which the positive resultis 1.4 m.

69. The stress from the tension in the cable causes the strain. We find the effective spring constant from
E = stress/strain = (Fy/A)/(&£L/ L), or
k=Fr/Z&L=EA/Ly= (200 x 10° N/m?)}(3.2 x 10~ m)?/ (20 m) = 3.22 x 105 N/m.
We find the period from
T =2Y(m/k)1/?=21[(1200 kg)/(3.22 x 105 N/m)]/2= 0.38s.

70. We ignore any frictional losses and use energy conservation:
KE; + PE; = KE; + PE;;
lmo2 +0=0+ k2
1(1500 kg)(2 m/s)? = 1(500 x 10° N/m)x?, which givesx =0.11m= 11 cm.

71. We treat the oscillation of the Jell-O as a standing wave
produced by shear waves traveling up and down. The speed A4
of the shear waves is
v =(G/p)/?=[(520 N/m?)/ (1300 kg/m3)]'/2 = 0.632 m/s.
Because the maximum shear displacement is at the top,
we estimate the wavelength as
A=4h=4(0.040 m) = 0.16 m.
We find the frequency from
v=1fL
0.632m/s = f(0.16 m), which gives f= 4.0 Hz.

—>12 Xjee
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72. The effective value of g is increased when the acceleration is upward and decreased when the
acceleration is downward. Because the length does not change, for the ratio of frequencies we have

fr/f=@/9v~

(a) For the upward acceleration we get

f/f=('/8)"*=1(g +!g)/g]"/? which gives f ' = 1.22f
(b) For the downward acceleration we get
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f/f=(/9"V*=1(g-'9)/8l"/? which givesf "=  0.71f.
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73. (1) We find the effective force constant from the displacement caused by the additional weight:

k By=mg, or k=ZAEmg/Ay=(75kg)(9.80 m/s?)/(0.040 m) =1.84 x 10* N/m.

We find the frequency of vibration from
f=(k/m)/%(1/2") = [(1.84 x 10* N/m)/ (250 kg)]'/2(1/2}) = 1.4 Hz.

(b) The total energy is the maximum potential energy, so we have

E = PEpq = kA2 = 1(1.84 x 10* N/m)(0.040 m)2=  15].

Note that this is similar to the weight hanging on a spring. If we measure from the equilibrium

position, we ignore changes in mgh.

74. The frequency of the sound will be the frequency of the needle passing over the ripples. The speed of the
needle relative to the ripples is v = r®, so the frequency is
f=v/i=ro/i
= (0.128 m)(33 rev/min)(2! rad /rev)/(60 s/min)(1.70 x 10> m) = 260 Hz.

75. (a) All harmonics are present in a vibrating string: f, =nf;, n=1,2,3, ... .
The first overtone is f, and the second overtone is f;.
For G we have
£=2392Hz)= 784Hz,  f;=3(392Hz)= 1176 Hz.
For A we have
f=2440Hz)= 880Hz  f;=3(440Hz)= 1320 Hz.
(b) The speed of the wave in a string is v = [Fy/(M/L)]'/2. Because the lengths are the same, the
wavelengths of the fundamentals must be the same. For the ratio of frequencies we have
falfo =va/ve = (Mc/Ma)/%;
(440 Hz)/ (392 Hz) = (Mg/M,)Y/?, which gives Mg/M, = 1.26.
(c) Because the mass densities and the tensions are the same, the speeds must be the same. The
wavelengths are proportional to the lengths, so for the ratio of frequencies we have
falfc =Ac/ Aan = Lo/La;
(440 Hz)/ (392 Hz) = Lg/La, which gives Lg/Lao =  1.12.
(d) The speed of the wave in a string is v = [Fy/(M/L)]'/2. Because the lengths are the same, the
wavelengths of the fundamentals must be the same. For the ratio of frequencies we have
falfc =va/ve = (Fra/Fro)V%
(440 Hz)/ (392 Hz) = (Fra/ Frc)'/? which gives Frg/Fra=  0.794.

76. (a) We find the spring constant from energy conservation:
KE; + PE; = KE; + PEg;
IMog2 +0=0+ kA
1(900 kg)(20 m/s)? = k(5.0 m)?, which gives k= 1.4 x10* N/m.
(b) We find the period of the oscillation from
T =2Y(m/k)1/?=21[(900 kg)/(1.44 x 10* N/m)]"/2 = 1.57 s.
The car will be in contact with the spring for half a cycle, so the time is
t=1T=1(157s)= 0.79s.
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77.

78.

79.

80.

(@) The speed of the wave in a string is v = [Fy/u]"/2. Because the tensions must be the same
anywhere along the string, for the ratio of velocities we have
02/ V1 = (1] )"/
(b) Because the motion of one string is creating the motion of the other, the frequencies must be the
same. For the ratio of wavelengths we have
Ao/ 24 = 02/ 01 = (u1/ 1)/,
(c) From the result for part (b) we see that, if 4, > u1, we have 4, < 4;,sothe  lighter cord  will
have the greater wavelength.

The object will leave the surface when the maximum acceleration of the SHM becomes greater than g, so
the normal force becomes zero. For the pebble to remain on the board, we have

[21(3.5 Hz)]?A < 9.80 m/s?, which gives A <2.0x10?m= 2.0 cm.

In the equilibrium position, the net force is zero, so we have
E buoy =mg.
When the block is pushed into the water, there will be an additional Fouoy
buoyant force, equal to the weight of the additional water displaced, — —
to bring the block back to the equilibrium position. When the block is
pushed down a distance Zzx, this net upward force is
Fnet == pwatergA ZEx.
Because the net restoring force is proportional to the displacement, the
block will oscillate with SHM. We find the effective force constant from
the coefficient of Z&x:

k= pwatergA'

mg

-

The distance the mass falls is the distance the spring is stretched. We use energy conservation between the
initial point, where the spring is unstretched, and the lowest point, our reference level for the gravitational
potential energy, to find the spring constant:

KE; + PE; = KE; + PEg;

0 + mgh = 0 + kh?, which gives k = 2mg/h.
We find the frequency from

f = (k/m)¥/2/21 = (2mg/hm)1/2/ 2t = (2g/h)}/2/21 = [2(9.80 m/s?)/(0.30 m)]'/2/21 = 1.3 Hz.
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81.

82.

The increase in temperature will cause the length of the brass rod to increase. The period of the
pendulum depends on the length,

T=2YL/g)'/?
so the period will be greater. This means the pendulum will make fewer swings in a day, so the clock
will be slow.
We use T for the temperature to distinguish it from the period.
For the length of the brass rod, we have

L= Lo(]. + CZIZETc).
Thus the ratio of periods is

T/To=(L/L)"/?= (1 + a ETc)"/>.
Because a AT is much less than 1, we have

T/To=1+a BTc, or AT/Ty=la LT
The number of swings in a time ¢ is N = /T. For the same time t, the change in period will cause a
change in the number of swings:

EN = (t/T) - (t/Tp) = (T - 1)/ TTy ~ - T/ To)/ Ty,
because T = Tj. The time difference in one day is

At = T() AEN=- t(zZET/To) =- t('a}ETC)

= - (1 day)(86,400 s/day)![19 x 10-0 (C°)"1](35°C - 20°C) = -12.3s.

When the water is displaced a distance Zx from equilibrium, the net
restoring force is the unbalanced weight of water in the height 2 Zx:
Fret = - 2pgA Zx. —v
We see that the net restoring force is proportional to the displacement, )
so  the block will oscillate with SHM. equil —5—
We find the effective spring constant from the coefficient of Zx:
k=2pgA.
From the formula for k, we see that the effective spring constant
depends on  the density and the cross section.

N
>
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