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[image: image3.png]Fig. 167 An angular simple harmonic.
oscillator,or torsion pendulu, is an
angular version of the inear simple
harmanic oscillaor of Fig. 16-5. The.
disk osclltes in a horizontal planc;
the reference line oscilltes with angu
Tar snpliude 8, The st it sus-
pension wire siores potential eneray.
s spring does and provides the re
storing torgue.
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[image: image5.png]Here x (Greek kappa) is a constant, called the tor



[image: image6.png]replace the spring constant k in Eq. 16-13 with its equivalent, the constant x of
Eq. 1622, and we replace the mass m in £q. 1613 with its cquivalent, the rota-
ional inerta 1 of the oscillating disk. These replacements lead o

T= zwﬂ Gorsion pendutu). (1623)




[image: image7.png]Sample Froblem 10-2

Figure 16-8a shows  thin rod whose lengih L s 12.4 m and whose
mass nr is 135 g, suspended at its midpain from a long wire. Its
period 7, of angular SHM is measured 0 be 2.53 5. An iregularly
staped abject, which we call ubjeut X, is then bung from the same
wire, as in Fig. 16-85, and it period T, is found to be 4.76 5. What
i the rotational inertia of object X abou s suspension axis?
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[image: image13.png]fig. 169 (@) A simple pendulum.
) The frces atng o the b are
e ervitaions o F, and e orce
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[image: image18.png]we assume the angle # is small,




[image: image19.png]



 [image: image20.png]©





[image: image21.png]



   [image: image22.png]



[image: image23.png]L
T 27\/; (smple pendulum, sall aplitude)




-2-

[image: image24.png]The Physical Pendulum




[image: image25.png]Fi. 1610 A physical pendulum. The
restoring torgue is HF, sin 6. When
= 0, center of mass C hangs directly
below pivot point 0.
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[image: image33.png]HECKPOINT 4 Three physical pendulums, of masses .
2y, and 3m,, have the same shape and size and are suspended
at the same point. Rank the masses according to the periods of
the pendulums, greatest period first.
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[image: image34.png]Sample Problem 16-6

In Fig. 16-12, a penguin (obviously skilled in aquatic sports) dives.
from a uniform board that is hinged at the left and attached o
a spring at the right, The board has length £ = 20 m and mass
m = 12 ks the spring constant & s 1300 Njm. When the penguin
dives. it leaves the board and spring oscillating with & small am-
plitude. Assume that the board i iff enough not to bend. and
find the period T of the oscilltions.




[image: image35.png]Fig. 1612 Sample Problem 16-6. The dive by the penguin causes
the board and spring 10 oscillte; the bourd pivors abuut the hinge
at the left.
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[image: image40.png]‘where x is the vertical displacement of the right end.
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[image: image50.png]Simple Harmonic Motion and Uniform
Circular Motion
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[image: image55.png]Fig. 164 () A reference particle P* moving with uniform circular motion in a reference
cirel of radius x,, s projection P on the  axis executes simple harmonic moion. (b) The
projection of the velocity 1 of the reference partcl is the velocity of SHM. (¢) The projec-
tion of the radial acceleration @ of the reference particle s the acceleration of SHM.
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[image: image59.png]Damped Simple Harmonic Motion
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[image: image61.png]Fig. 1615 An idealized damped simple
harmonic oscilltor. A vane immersed
in a liquid exerts 4 damping force on
the block s the block oscilltes parallel
10 the X axis.
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[image: image69.png]where b is a damping constant




[image: image70.png]If b = 0 (there is no damping),
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[image: image74.png]Fig. 166 The displacement function (1) for the damped oscilator
of Fig. 16-15, with values given in Sample Problem 16.7. The
amplitude, which is x,, -2, decreases exponentially with time.



[image: image75.png]Sample Problem 16-7

For the damped oscillator o Fig. 16-15, m = 250 g, &
nd b= 70 gis.

85 Nim,

) What is the period of the motion?
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[image: image79.png]01 How long does it take for the amplitade of the damped oscil-
ations to drop 1o half is inital value?
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[image: image81.png]Thus, we must find the value of f for which

.
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[image: image84.png]Because T = 0.34 s, this is about 15 periods of oscillation.




[image: image85.png](€) How long does it take for the mechanical energy to drop to one
half it initial value?
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[image: image89.png]“This is exactly half the time we caleulated in (b). or about 7.5
periods of oscillation. Figure 16-16 was drawn 10 illastrae this
sample problem.




[image: image90.png]HECKPOINT 5: e are three sets of values for the spring constant, darmping con-
tant, and mass for the damped oscilltor of Fig. 16-15. Rank the sets according 10 the
fime required for the mechanical cncrzy to dectease (o une-fourth of 1 inilal value,
greatest first,
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FORCED OSCILLATIONS AND RESONANCE
[image: image91.png]s Rigid suppor

iid sup

Rig
L

B
Spring




[image: image92.png]Fig. 1615 An idealized damped simple
harmonic oscilltor. A vane immersed
in a liquid exerts 4 damping force on
the block s the block oscilltes parallel
10 the X axis.




Fosindt - bdx/dt - kx=ma=md2x/dt2
[image: image93.png]‘We can use Fig. 16-15 to represent an idealized forced simpie harmomc oscii-
lator if we allow the structure marked “rigid support” to move up and down at a
variable angular frequency ;. Such a forced oscillator oscillates at the angular
freauency . of the driving force, and its displacement x(z) is given by




[image: image94.png]X(f) = x,, cos(wyt + &),




xm=A =( Fo/m )/[( 2d - 2o) 2 + (bd /m) 2] 1/2
o =(k/m) ½-natural frequency of the undamped oscillator (b=0)   -7-
[image: image95.png]which the displacement amplitude x,, of the oscillations is greatest. Thus, if you
push a swing at its natural angular frequency, the displacement and velocity ampli-
tudes will increase to large values, a fact that children learn quickly by trial anc
error. If you push at other angular frequencies, cither higher or lower, the displace
ment and velocity amplitudes will be smaller.




[image: image96.png]Figure 16-17 shows how the displacement amplitude of an oscillator depends
on the angular frequency w, of the driving force, for three values of the damping
coefficient b. Note that for all three the amplitude is approximately greatest when
w,/w = 1—that is, when the resonance condition of Eq. 16-44 is satisfied. The
curves of Fig. 16-17 show that less damping gives a taller and narrower
resonance peak





[image: image97.png]Amplitude

0.6

08

b=50 g/s (least damping)

b=T0g/s

b=140g/s

1o 12 14

/0



[image: image98.png]Fig. 16-17
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[image: image103.png]The Linear Oscillator
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[image: image107.png]Damped Harmonic Motion
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[image: image113.png]Forced Oscillations and Resonance
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[image: image115.png]a condition called resonance. The amplitude x,, of the system i
(approximately) greatest under the same condition.





[image: image116.png]1. Figure 1625 shows three
physical pendulums consisting of
identical uniform spheres of the
same mass that are rigidly con-
nected by identical rods of neg-
ligible mass. Each pendulum s
vertical and can pivot about sus-
pension point O. Rank the pen-
dulums according 10 period of os-
cillation, greatest first.
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[image: image117.png]. You are to build the oscillation transfer device shown
Fig. 16-26. 1t consists of two spring-block sysiems hanging from
a flexible rod. When the spring of system 1 is stretched and then
released, the resulting SHM of system 1 at frequency f; oscilates
the rod. The rod then provides a driving force on system 2, at the
same frequency f;. You can choose from four springs with spring
constants & of 1600, 1500, 1400, and 1200 N/m, and four blocks
with masses m of 800, 500, 400, and 200 kg. Mentally determine
which spring should go with which block in cach of the (wo sys-
tems 1o maximize the amplitude of oscillations in system 2.

-

Question 13. Sysem 1 System 2





