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X = a cos wt + b sin wt
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X = X, cos(wt + ¢)
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X = X, cos(wt + @)
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X = X, cos(wt + ¢) wT =21
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14.66 +++ An object is undergoing SHM with period 0.300 s and
amplitude 6.00 cm. At ¢t = 0 the object is instantaneously at rest at
x = 6.00 cm. Calculate the time it takes the object to go from
x =6.00 cmtox = —1.50 cm.

27 2

= =20.9 rad/s, so
T 0.300s

SETUP: x=A4 at7=0, so ¢=0. 4=6.00cm. w=

x(7)=(6.00 cm)cos)([20.9 rad/s]r).
EXECUTE: 7=0 at x=6.00cm. x=—1.50 cm when —1.50 cm =(6.00 cm)cos((20.9 rad/s)?).

I [ 15
- ' cos (—5) _0.0872 s. Tt takes 0.0872 s.

20.9 rad/s
l Y Sl T _115
HAZEER  Ap = + cos™!—
_1(_ 15
or CcoS ( 6_0)
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\ arccos(x)

arcsin(x)
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¢, = m/3 rad
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X = X, cos(wt + ¢) ‘U=27Tf=\/;
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14.13.

14.13 + The point of the needle of a sewing machine moves in
SHM along the x-axis with a frequency of 2.5 Hz. At r = 0 its
position and velocity components are +1.1 cm and —15 cm/s,
respectively. (a) Find the acceleration component of the needle at
t = 0. (b) Write equations giving the position, velocity, and accel-
eration components of the point as a function of time.

IDENTIFY: For SHM, a, =- @*x=— (27zf)2x. Apply Egs. (14.13), (14.15) and (14.16), with 4 and ¢
from Eqs. (14.18) and (14.19).

SETUP: x=1.1cm, vy, =—15cm/s. w=2xf, with /' =2.5Hz.

EXECUTE: (a) a, =—(271(2.5 Hz))*(1.1x107% m) = —-2.71 m/s*.

(b) From Eq. (14.19) the amplitude is 1.46 cm, and from Eq. (14.18) the phase angle is 0.715 rad. The
angular frequency is 27/ =15.7 rad/s, so x=(1.46 cm) cos ((15.7 rad/s)t + 0.715 rad),

v, =(=22.9 cm/s) sin ((15.7 rad/s)t +0.715 rad) and a, = (=359 cm/s2) cos ((15.7 rad/s)t+0.715 rad).

EVALUATE: We can verify that our equations forx, v, and a, give the specified values at 7 =0.



14.70 ==+ CP A child with poor table manners is sliding his 250-g
dinner plate back and forth in SHM with an amplitude of 0.100 m
on a horizontal surface. At a point 0.060 m away from equilibrium,
the speed of the plate is 0.400 m/s. (a) What is the period? (b)
What is the displacement when the speed is 0.160 m/s? (c) In the
center of the dinner plate is a 10.0-g carrot slice. If the carrot slice
1S just on the verge of slipping at the endpoint of the path, what is
the coefficient of static friction between the carrot slice and the
plate? B ]
14.70.  (a) IDENTIFY and SET UP: Combine Eqs. (14.12) and (14.21) to relate v, and x to 7.

EXECUTE: T =27mlk
We are given information about v,. at a particular x. The expression relating these two quantities comes

- 2
from conservation of energy: %mvf. + %kxz = %kA

We can solve this equation for ~/m/k, and then use that result to calculate 7. mv% = k(A2 — x2) gives

2 2 2 2
\/% _ N i J(0.100 m)? — (0.060 m) 0900+
Vx

0.400 m/s



Then 7'=27n~m/k =27(0.200 s)=1.26 s.

(b) IDENTIFY and SET UP: We are asked to relate x and v, so use conservation of energy equation:
1,2, 172 _ 1742

Smvy +Skx” =ZkA4
fox? = kA* — mv?

x = A% = (m/lky? =1/(0.100 m)® — (0.200 5)*(0.160 m/s)> =0.0947 m,

EVALUATE: Smaller |v,| means larger x.

(¢) IDENTIFY: If the slice doesn’t slip, the maximum acceleration of the plate (Eq.14.4) equals the
maximum acceleration of the slice, which is determined by applying Newton’s second law to the slice.
SET Up: For the plate, —kx =ma, and a, =—(k/m)x. The maximum | x| i1s 4, s0 a,,,, = (k/m)A. If the

carrot slice doesn’t slip then the static friction force must be able to give it this much acceleration. The
free-body diagram for the carrot slice (mass ") is given in Figure 14.70.

EXECUTE: X F|, =ma,
n—-mg=0

n=m'g

Figure 14.70

ZFx =ma,

Uun=ma

um'g=m'a and a=pu,g

kA I (0100 m
But ire that a = =(k/m)A= d u = = - =0.255.
ut we require that a =a,,, = (k/m) U.g and U e (0.20() sj (9.80 2 j

EVALUATE: We can write this as f, = a)zA/g. More friction is required if the frequency or the amplitude

1s increased.
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The mass is released The particle has gained This is the point of
from rest. The energy is kinetic energy as the spring maximum speed. The
entirely potential. loses potential energy. energy is entirely kinetic.
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d?x b dx Damped oscillation &% & E k% °

(B i & BErFE L -

HERVIETE
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Energy  .....- The oscillator starts

E,

’ with energy E,.
Ol

The energy has decreased to
37% of its initial value at ¢ = 7.

The energy has
decreased to 13%
of its initial value
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— ) = O.IM (weak damping force)
x =——b= 0.4/% (stronger damping force)
A

With stronger damping (larger b):
—Ar e The amplitude (shown by the dashed
curves) decreases more rapidly.
e The period T increases
(T, = period with zero damping).
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Over-damping
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------------- Hand moves with
the driving frequency.

k‘

A rotator
Block responds at

------- the same frequency,
but possibly larger
amplitude.
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Each curve shows the amplitude A for an oscillator subjected to a driving force
at various angular frequencies wy. Successive curves from blue to gold represent
A successively greater damping.

S5Fpalk - [\b = 02Jkm

-------------
lllllllllllllllllllllllllllllll
,,,,,,,,,
,,,,,
ttttt

A lightly damped oscillator exhibits a sharp
4Falk - resonance peak when wy 1s close to w (the
natural angular frequency of an undamped
oscillator).

3Fmax/ k

Stronger damping reduces and broadens the
peak and shifts it to lower frequencies.

2Fmax/ k

Fmax/ k

Th = \% the peak disappears completely.

| | | | W /w

0 0.5 1.0 1.5 2.0

Driving frequency wg esquals natural angular frequency w of an undamped oscillator.
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Under resonance
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On resonance
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http://techtv.mit.edu/collections/physicsdemos/videos/769-mit-physics-
demo----driven-mechanical-oscillator

Driven Mechanical
Oscillator
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http://www.phy.ntnu.edu.tw/moodle/mod/resource/view.php?1d=124
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With a different initial condition:
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A successively greater damping.
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Breaking Glass
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Fig. 23-7. Transmission of infrared radiation through a thin (0.17 w)
sodium chloride film. [After R. B. Barnes, Z. Physik 75, 723 (1932).
Kittel, Introduction to Solid State Physics, Wiley, 1956.]
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Fluid Damper

Tune Mass Damper
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If a tall building sways slowly
in a wind, the occupants may
not even notice the motion,
but if the swaying repeats
more than 10 times per
second, it becomes annoying
and may even cause motion
sickness. One reason is that
when a person is standing,
the head tends to sway even
more than the feet, setting
off motion sensors in the
balancing region of the inner
ear. Various mechanisms are
employed to decrease

a building’s sway. For
example, the large ball

(5.4 x 10° kg) seen in this
photograph hangs on the
92nd floor of one of the
world’s tallest buildings.

1 Oscillations
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14.9 ++ An object is undergoing SHM with period 0.900 s and
amplitude 0.320 m. At 1 = 0 the object is at x = 0.320 m and is
instantaneously at rest. Calculate the time it takes the object to go
(a) from x = 0.320m to x = 0.160 m and (b) from x = 0.160 m
tox = 0.

14.9. IDE-NTIFS—{: For SHM the motion is sinusoidal.
SETUP: x(f)= Acos(ar).

2 2
EXECUTE: x(f) = Acos(ax), where 4=0320m and @=-2%=—="_— 6981 rad/s.

T 0.900s
(@) x=0320m at 7, =0. Let 7, be the instant when x =0.160 m. Then we have

0.160 m = (0.320 m) cos(ar,). cos(@wr,)=0.500. @r, =1.047 rad. 1, = 1.047rad _ 0.150 s. It takes

6.981 rad/s

12 _tl :OISO S.

(b) Let 73 be when x=0. Then we have cos(@wr;)=0 and @iy =1.571rad. 13 = L.571 rad =0.225s. It

6.981 rad/s

takes 73 -7, =0.225 s-0.150 s =0.0750 s.

EVALUATE: Note that it takes twice as long to go from x=0.320 m to x=0.160 m than to go from
x=0.160 m to x=0, even though the two distances are the same, because the speeds are different over

the two distances.



14.66 +++ An object is undergoing SHM with period 0.300 s and
amplitude 6.00 cm. At ¢t = 0 the object is instantaneously at rest at
x = 6.00 cm. Calculate the time it takes the object to go from
x =600 cmtox = —1.50 cm.

14.66. IDENTIFY: Apply x(¢) = Acos(ax + @)

2w 2w

SETUP: x=4 at1=0, so ¢=0. 4=6.00cm. w=—-=
I 0.300s

=20.9 rad/s, so

x(1)=(6.00 cm)cos)([20.9 rad/s]¢).
EXECUTE: 7=0 at x=6.00cm. x=-1.50 cm when —1.50 cm =(6.00 cm)cos((20.9 rad/s)?).

[ = ; arccos 1.50 cm =0.0872 s. It takes 0.0872 s.
20.9 rad/s 6.00 cm

EVALUATE: Ittakes 1=7/4=0.075s togo from x=6.00 cm to x=0 and 0.150 s to go from
x=46.00 cm to x =-6.00 cm. Our result i1s between these values, as it should be.



14.19 + A 1.50-kg mass on a spring has disp]acéme;lt as a func-
tion of time given by the equation

x(t) = (7.40 cm) cos[(4.16 s™)t — 2.42]

Find (a) the time for one complete vibration; (b) the force con-
stant of the spring; (¢) the maximum speed of the mass; (d) the
maximum force on the mass; (e) the position, speed, and accelera-
tion of the mass at + = 1.00 s; (f) the force on the mass at that
time.

14.19. IDENTIFY: Compare the specific x(7) given in the problem to the general form of Eq. (14.13).
SETUP: A=740cm, w=4.16rad/s, and ¢=—-2.42 rad.

2r 27
@ 4.16 rad/s

EXECUTE: (a) T = =1.51s.

(b) w= \/z so k =ma* =(1.50 kg)(4.16 rad/s)* = 26.0 N/m
m

(€) Vyax = @A =(4.16 rad/s)(7.40 cm) =30.8 cm/s

(d) F,=—kx so F . =kA=(26.0 N/m)(0.0740 m)=1.92 N.

(e) x(7) evaluated at 1 =1.00 s gives x=-0.0125 m. v, =-@A4sin(wr + ¢) =30.4 cm/s.
a, =—kx/m=—@"x=+0.216 m/s*.

(f) F.=—kx=-(26.0 N/m)(=0.0125 m) =+0.325 N

EVALUATE: The maximum speed occurs when x =0 and the maximum force is when x =+14.



[ Exercise 15-4]

(I) The displacement of a block attached to a spring 1s given by
x=0.2sin(12¢+0.2)m. Find : (a) the acceleration when x=0.08m; (b) the Erliest

time (>0) at which x=+4+0.1m with v<O0.
<fi>:(a) a=-wx=-11.5m/s’
(b) sin(12¢+0.2)=0.5

12i+02=2% 2%
6" 6
" v<0 cos(12¢+0.2)<0
A
D& vE:
i

g 1zr+0.2=5?” — 1=0201s



E7. (a) x=Asin(10t+ ¢), v=10Acos (10t+ ¢@) :a =0.206 m.
(1 + @) is In the 4th quadrant : (1 + ¢) = —-1.33,

So¢@ =-2.33 rad
(b) x = 0.206 sin(10t — 2.33)m
(c) (10t + @) is in the 2nd quadrant : sin(10t + ¢) = 0.971,
(10t — 2.33) = 1.81so0t=0.414 s.

P4. w’ = K/(M +m). From }F, and }F, find a = yg for m.
amax =w’A = ug, thus y =0.136



