Homework 1
Solutions

The proposed solution x(t)=x;cosmt + ( % ) sinwt
w

dx

implies velocity U= i -x,wsinwt+v;coswt

and acceleration

dv 2 v;\ . 2
a——=—xa) coswt-vwsinwt=-w"|x;coswt+| —|sinwt|=-w"x
dt )
(a) The acceleration being a negative constant times position means we do have SHM, and its

angular frequency is w . At t =0 the equations reduce to x = x; and v = v; so they satisfy
all the requirements.

. . i\ .
(b) v —ax = (—xiw sinw t + v, coswt)2 —(—xiw2 coswt—v; smwt)(xi cosw i+ (—’) sma)t)
()

v —ax = xizw2 sin® w t - 2x;v;wsinw tcosw t + vf cos’wt

+xl-2w2 cos’wt + x;0,0coswtsinwt + x;v,wsinwtcoswt + Ul-z sin® wt = x?w2 + Ul-z

So this expression is constant in time. On one hand, it must keep its original value

v? - a;x; . On the other hand, if we evaluate it at a turning point where v =0 and x = 4, it

is A’w*+0% = A’w?. Thus it is proved.

(a) E=%kA2,soif A'=2A, E’=%k(A’)2=%k(2A)Z=4E
Therefore | E increases by factor of 4 | .
k .
(b) Vpax =4l — V. is doubled |
m

(c) Aax = also doubles | .

max

(d) T= 215\/% is independent of A, so | the period is unchanged |.

Using the simple harmonic motion model:

A=r6=1m15° =0.262m
10°

\f ,/98 UL rad/s



@ o, =Aw=0262m 3.13/s=[0.820 m/s

(b) a. = Aw® =0.262 m(3.13/s)* = 257 m/s

2
Ay =T0L o=—an 220 "7 1957 rad/s?
r Im
(0) F=ma=025kg257 m/s> =[ 0.641 N

More precisely,
1
(a) mgh = Emvmax and h=L(1-cos6)

Oy = \28L(1-cos6) ={ 0.817 m/s

(b) Ioo = mgLsin®

0oy = mgLsing _ Lgin 0,=|254 rad/s2
L

ml?

(© F,,, =mgsin®, = 0.250(9.80)(sin15.0°) =

(a) The parallel-axis theorem:
I=1Igy +Md? = > Loz« ma? - 11—2M(1.00 m)” + M(1.00 m)?

-M(“’ 2)

13 m? 13 m
T=2 - 2 09 s
”\/ 12Mg (1. 00 m) 12(9.80 m/s?) -[2095]
(b) For the simple pendulum

1.00 m 2.095-2.01s
T=2n [ 0™ 5015 diff _ 2522008 408%
"\9.80 m/<> Herenee 2.01s %

1
The total energy is E= Emv2 + = kx?
: : - dE g
Taking the time-derivative, I v—+kxv
2
Use Equation 12.28: n;dzx =-kx-bv
t

Z—f = v(~kx - bov) + kox



Thus,

= ? <0




2
Focoswt—kx=md—§ wo=\/E (1)
dt m

x=Acos(wt+¢) (2)
dx .
— =-Awsin(wt+¢) 3)
dt

2
d—§= -Aw? cos(wt +¢) (4)
dt
Substitute (2) and (4) into (1): Fycosmt—kAcos(wt+¢)= m(—sz)cos(w t+¢)
Solve for the amplitude: (kA - mAwZ)cos(w t+¢)=FE coswt

These will be equal, provided only that ¢ mustbe zero and kA - mAw? = K

E,/m

Thus, A= /"
1S A= lm) -2

(@)  Total energy = %kAZ = %(100 N/m)(0.200 m)* = 2.00 ]
At equilibrium, the total energy is:
%(rrzl +1m,)v* = %(16.0 kg)v® = (8.00 kg)o*.
Therefore,

(8.00 kg)v? =2.00],and v={0.500 m/s |.

This is the speed of m; and m, at the equilibrium point. Beyond this point, the mass i,

moves with the constant speed of 0.500 m/s while mass m; starts to slow down due to the
restoring force of the spring.

(b) The energy of the m, -spring system at equilibrium is:
1 2 1 2
Smo = E(9.00 kg)(0.500 m/s)” =1.1257].

This is also equal to %k(A’)z, where A’ is the amplitude of the m, -spring system.

Therefore,

%(100)(14’)2 =1.125 or A'=0.150 m .



10.

11.

The period of the m, -spring systemis T = Zn,/% =1.885s

and it takes iT =0.471 s after it passes the equilibrium point for the spring to become

fully stretched the first time. The distance separating m, and m, at this time is:

D=v (%) - A’=0.500 m/s(0.471 s)-0.150 m = 0.085 6 = :

y =(0.0200 m)sin(2.11x - 3.62¢) in S units A =
k=211 rad/m =2

o =3.62 rad/s f= o= 0.576 Hz
o 2r  3.62
=fA=——=—-—=|172
0= fhe ok T2

. . T, T
Since u is constant, u = === and
U

2 2
v, 30.0 m/s)
== =[——]| (6.00N)= -13.5 N |.

Uq

(a) If the end is fixed, there is inversion of the pulse upon reflection. Thus, when they meet,
they cancel and the amplitude is .
(b) If the end is free, there is no inversion on reflection. When they meet, the amplitude is

2A=2(0.150 m) = :

w=30.0 g/m=30.0x10" kg/m

A=150m

f=50.0Hz: w=2mf=314s" ° °
2A=0.150m: A=750x10"7 m

(a) y=Asin(27nx—wt)

FIG. P13.20

y =(7.50x 107 )sin (4.19x - 314t)

1 1 ; Ly 314
(b) - 0 A% = ~(30.0x107)(314) (7.50 x 10°?) (E) w




12.

13.

14.

The sound speed is v = 331 m/s+0.6 m/s-°C(26°C) =347 m/s

(a) Let ¢ represent the time for the echo to return. Then
1 1
d = ot =347 m/s 24x107° s=|4.16m |.

(b) Let At represent the duration of the pulse:

104~ 10A 10 10
a=E DA O 70455 s
v fAf 22x10° 1/s m

100 10(347 m/s)
(©) L=10}“=7‘m‘

The maximum speed of the speaker is described by

12_

max

\F 200 N/m (0.500 m) =1.00 m/s
5.00 kg

The frequencies heard by the stationary observer range from

! U ! v
fmin=f( )tofmax=f( )
U+ Unax U = Umax
where v is the speed of sound.

£ =440 HZ( 343 m/s ) -[439Hz

min 343 m/s+1.00 m/s

343 m/s

=440 H: =| 441 H

S Z(343 m/s —1.00 rn/s)

Nl»—\

mxg

At distance x from the bottom, the tensionis T = (—) + Mg, so the wave speed is:

-

L

(a) Then t=}dt=f[xg+( jL)] dx 1 L 1 [xg+( gL/m)]1/2|
O ’ 2 x=0
T A




(b) When M =0, as in the previous problem, t=2\/z(\/Z
8
m\ V2 (. 1m 1m
() As m— 0 we expand \/m+M=\/M(1+M) =\/ML1+—————+

to obtain

t_z\/Z/\/M+§(m/\/M)—é mz/M3/2)+...—\/M
= gl

Nm
/L (1 [m) mL
=2 gLE _MJ ) _Mg

oq |~




