PH1140 D09 Homework 1 Solution

134.

13.11.

IpENTIFY: The period is the time for one cycle and the amplitude is the maximum dlsplacement from equilibrium.
Both these values can be read from the graph.

« - SET Upy -~ The maximum x is 10:0 cm. The time for one cycle is 16.0 s.

EXECUTE: (a) T=16.0ss0 f —— =0.0625 Hz . o

(h) A= 10 Ocm.,

(c) T'=160s

(@) w=2xf =0.393 rad/s

EVALUATE: After one cycle the motion repeats.

IDENTIFY: Use Eq.(13.19) to calculate 4. The initial position and velocity of the block determine ¢ . x(¢)is given
by Eq.(13.13).
SET UP: cosé is zero when @ =+z/2 and sin(z/2)=1.
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(b) Since x(0)=0, Eq.(13.14) requires ¢ = i% . Since the block is initially moving to the left, v,, <0 and Eq.(13.7)

EXECUTE: (a) From Eq. (13.19), A=

=0.98 m.

requires that sin ¢>0, so ¢= +~’~£~.

(¢) cos (ot +(7/2))=—sin wf, sox=(—0.98 m) sin((12.2 rad/s}).
EVALUATE: The x(f)result in part (c) does give x=0at #=0and x <0 for ¢ slightly greater than zero.
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13.15. IDENTIFY: Apply T= 2;.7\/% . Use the information about the empty chair to calculate k.

13.19.

SETUP: When m=425kg, T=130s.
An*m _ 47" (425 kg)
" (130s)

. 2 2
‘With person in chair; T = 2;1\/% gives m =£§— _(2.345) 4(9293 N/m) =162 kg and
CL T

EXECUTE: Empty chair: T = 271'\/7 gives k= =993 N/m

My =162 Kg—425kg =120 kg .

EVALUATE: For the same spring, when the mass increases, the period increases,”

IDENTIFY: -‘Compare the specific x{t) given in the problem to the general form of Bq.(13. 13)
SeT Up: A 740 cm , ®@=4.16 tad/s , and ¢ =-2.42 rad .
2 2

EXECUTE: (:’a)T—— —F  _151s.
@ 4.16 rad/s

(b} w= \/E so k=mea’ = (1.50 kg)(4.16 rad/s)* = 26.0 N/m
m

(¢) v, =wA=(4.16 rad/s)(7.40 cm) =30.8 cny/s
(@) F =—kxso F=kA=(260Nmy0.0740m)=192 N .
. {e) Jc(t) evaluated at 1 =1.00 s gives x=~0.0125m . v _=~wA sm(a)t +¢) 30. 4 crn/s .
=—kx/m=—@'x=+0.216 m/s*.
EVALUATE: The maximum speed occurs when x =0 and the maximum force is when x=%A.



13.56. IDENTIFY: Ifthe system is critically damped or overdamped it doesn’t oscillate. With no damping, @=+/m/k .

2
With underdampmg, the angular frequency has the smaHer vale of = k 4b
m m
’ _2m__ 2z
SETUP: m=220kg, k=250.0 N/m. T=—~a d af =— =10.22 rad/s .
T 0615s

EXECUTE: (a) o= \/7 ’25202%1;:/“] 10.66 radfs . & < @ so the system is damped. @ —1’ k 4b

b=2m, fi— & =2(2.20 kg) 250.0 Nim —(10.22 rad/s)* =13.3 kg/s .
m 220kg

{b) Since the motion has a period the system oscillates and is underdamped.

 EVALUATE: The critical value of the damping constant is b =2+km 2\/(250 0 N/m)(2 20 kg) =469 kg/s In this
problem 5 is much less than its critical value.

13.59. IDENTIFY: x(f)is given by Eq.(13.42). v_=dx/dt and a, =dv /df .

'SETUP: d(cos@t)/dt=—a'sinaw't . d(sinaft)/dt = (o’ cosw’t. d{e™)dt =—oe™ .

EXECUTE: (a) With ¢=0, x(0)=4.

by v, = %’5: Aeg 2 [—21 cos &'t —a' sin w’fi|, .and 'at t=0, v =—~Ab/ 2'r'n;. th.e.:g.r.aph of x versus f near =0
-slopes down.,
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(Note that this is (—bv, —kx,)/m.) This will be negative if b<~2km, zero if b=2km and positive if b >~/2Jm.

The graph in the three cases will be curved down, not curved, or curved up, respectwely
EVALUATE: &, (0)=0 corresponds to the situation of critical damping.




