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14.11. IDE‘NTIFg{: For SHM the motion is sinusoidal.
SET UP:  x(7)= Acos(w?).
2 2

EXECUTE: x(t) = Acos(@?), where 4=0.320m and o=—= =7.662 rad/s.
T 0.820s

(a) x=0.320m at # =0. Let 7, be the instant when x =0.160 m. Then we have

1.047 rad
0.160 m = (0.320 m) cos(@?,). cos(wt,)=0.500. wt, =1.047 rad. 1, =———=0.137 s. It takes

7.662 rad/s
l,—1;=0.137s.

1.571 rad
(b) Let #; be when x=0. Then we have cos(wt3)=0 and wt; =1.571rad. 1;=———=0205s.
° 7.662 rad/s

It takes 73 —7, =0.205 s—0.137 s =0.0680 s.

EVALUATE: Note that it takes twice as long to go from x=0.320m 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.
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14.16. IDENTIFY: The motion is SHM. and in each case the motion described is one-half of a complete cycle.
SET Up: For SHM. x = Acos(wt) and m:27”_
Execute: (a) The time is half a period. The period is independent of the amplitude, so it still takes 2.70
s.
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(b) x=0.090 m attime #. 7'=540s and m:z—;_’:l.164 1ad/s. x; =Acos(et,). cos(et,)=0.500.

ot =1.047 rad and £, =0.8997 s. x=-0.090 m at time 7,. cos(wt,) =—0.500m. wr, =2.094 rad
and #, =1.800 s. The elapsed time is 7, —#, =1.800 s—0.8997 5=0.900 s.

Evarvate: It takes less time to travel from +0.090 m in (b) than it originally did because the block
has larger speed at +0.090 m with the increased amplitude.
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14.64.

I oY

IDENTIFY: Apply x(7) = Acos(w! + ¢)

SEiE p—dlabi=i, =l A=t et TR, 5

T  0340s

x(7) = (6.40 cm)cos[(18.5 rad/s)t].
EXECUTE: 7=0 at x=6.00cm. x=-1.50 cm when —1.50 cm = (6.40 cm)cos((18.5 rad/s)?).

t= : arccos S =0.0721s. It takes 0.0721 s.
18.5 rad/s 6.40 cm

EVALUATE: Ittakes 1=7/4=0.085s to go from x=6.40 cm to x=0 and 0.170 s to go from
x=+6.40 cm to x =—6.40 cm. Our result is between these values, as it should be.
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4.72. IDENTIFY: The vertical forces on the floating object must sum to zero. The buoyant force B applied to the
object by the liquid is given by Archimedes’s principle. The motion is SHM if the net force on the object is

of the form F,, = —ky and then 7' =2zvmlk.

SET UP: Take +y to be downward.
EXECUTE: (a) Vypmergea = L4, where L is the vertical distance from the surface of the liquid to the

M
bottom of the object. Archimedes’s principle states pgl4d= Mg, so L= —
p.
(b) The buoyant force is pgA(L + y) = Mg + F, where y is the additional distance the object moves

; F
downward. Using the result of part (a) and solving for y gives y=——.
(¢) The net force is /., = Mg — pgA(L +y)=—pgAy. k = pgA, and the period of oscillation is

i=2n /£=27z' i
k \ ped

EVALUATE: The force F determines the amplitude of the motion but the period does not depend on how

much force was applied.
P
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14.89.

IpENTIFY: The velocity is a sinusoidal function. From the graph we can read off the period and use it
to calculate the other quantities.

SET Up: The period is the time for 1 cycle: after time 7 the motion repeats. The graph shows that 7= 1.60
sand v, =20.0 c/s. Mechanical energy is conserved. so %mvx2 + %kxz = %kA2 . and Newton’s second
law applies to the mass.

EXEcuTE: (a) T=1.60s (from the graph with the problem).

(b) f:% =0.625 Hz.
(€) @=2xf =393 rad/s.

(d) v, =V When x=0 so L =LmnZ . A=v,, ’m ff2 ’ so 4=v,, /(2zf). From
T Nm
. 0.20 m/s .
the h in the problem, v, =0.201my/s, 50 4=——————— =0.051 m = 5.1 cm. The mass is at
&P PIODIEL Vo 27(0.625 H2)

x =% 4 when v, =0, and this occurs at 7=0.4s, 1.2s.and 1.8s.
(e) Newton’s second law gives —kx =ma,, s0

o H_ (27f)* 4= (477)(0.625 Hz)*(0.051 m) = 0.79 nv/s> = 79 cow/s>. The acceleration is
m

maximum when x =+ 4 and this occurs at the times given in (d).

2
® T'=2r, {ﬂ so m= k(L] = (75 N/m )(1 605 ] —49ke.
k 2z 27

EvaLuATE: The speed is maximum at x = 0. when a, = 0. The magnitude of the acceleration is
maximum at x =+ 4, where v =0.




