HO 25 Solutions

1.) harmonic oscillator m =0.300 kg with an ideal spring 7, = 0.200 s

2 2
T, - ZEJZ s k=m 27| =(0.300 kg)(z—n) =296 X8 _[ 296 N
k T 0.200 s

s s m

2.) harmonic oscillator m = 0.200 kg and ideal spring k =140 N

m
d*x . . . . . . d*x k N
F=-kx=ma=m e so the displacement is a solution to the differential equation —-=-—x=-w"x
t t m
the solution is x(t) = Acos(wt) where w = 1/5
m
orusing T =2n1’ﬂ and T =2_n or w=2—ﬂ=2—ﬂ= L3
k ] T m m
27—
k
N
140 —
a) o= 1/5 —m _265 |-N_ _265 265 24
m 0.200 kg m-kg S

21 21

o~ rad 024 s| alternatively T, = 27 i 20 |—=
265 —
S

b) T-=

3) simple harmonic motion with amplitude A =0.18 m and frequency f =6.00 Hz
x(t) = Acos(wt) and w =2xaf
v(t) = & _ i(Acos(a)t)) = —wAsin(wt) s0 v,,, = WA =27fA = 2:1(6.00 s'l)(O.lSO m) =(6.79 m
dr dt " S
dv d . 2 1)) m
a(t) = o Z(—a)Asm(a)t)) =-w’Acos(wt) so a,,,, =w’A=(27f) A= (2n(6.00 s 1)) (0.180 m) =| 256 =z
4)

harmonic oscillator amplitude A and angular frequency w, x(t) = Acos(wt) and v(t) = —wAsin( wt)

a.) kinetic energy is K = %mv2 = %m(a)Asin(out))2 = lma)zAzsinz(a)t)

potential energy is U = %kx2 = %k(Acos(a)t))2 = %kAZCOSZ(a)t)

K =U when %ma)zAzsinz(a)t) =%kAzcosz(a}t) also w = \/E so w’ = k or k=mw*
m m

S0 %mﬁ Asin*(wrt) = %kAzsinz(wt) = %kAzcosz(a)t) are equal when wr = (2n + 1)% (odd multiples of LA
m

SO X = Acos((Zn + 1)%) =+ Aﬂ and v = —wAsin((Zn + 1)%) =|7F a)Aﬂ
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4.) (continued)

. 1
b.)  occurs four times each cycle when |wt = T

Q
ENTR |

c.) time between occurrences is when wAf = s or At= L and since w = 2_n At = =
2 2w T ) 2n
T

5.) block m =3.00 kg suspended from ideal spring stretching it Ax =0.200 m

a.) F = kAx and the force is provided by the weight of the block so F, = mg = kAx

(3.00 kg)(9.8 :2)

so k=228 _ =147 N
Ax 0.200 m m
. . . 3.00 k
b.)  for simple harmonic motion T = Zn\/% =2m —Ng =
147 —
m
6.) simple pendulum makes 100 complete swings in 55.0 s where g =9.8 22
s
50 ; 2 (9.8 “21)(0.55 )’
Os g S
T = =055sand T, =27, |[— so (= = =-0.075m
100 p J; 472 472
7.) on Earth simple pendulum 7', =1.60 s, and placed on Moon where g, ~=1.62 Ez
S
2
onEarth T,=2n - so £ = gETf
8k ¥4
l
soon Moon T,,, . =27 =2 =
gMoon
8.) simple pendulum ¢=0.55 m deflected 7°
. . . . . . T b1 1 T
highest speed is at the bottom of its swing or one-fourth of its period or when wt=— and t=—= =—
2 2w 5 2\ 4
T
T=2n\/z=2n 05M 1 495and =2 1495 [o37
8 9.8 44

9.) m=0.500 kg simple harmonic motion on a horizontal spring k = 400 N when x=0.012 m, v=0.300 m
m s

1 1 1 m\® 1 N >
a)  E=K+U=omv’+— ke’ =—(0500 kg)(osoo :) +5(400 ;)(0.012 m)’ =[0.05137]

b.)  displacement is a maximum when v =0 and all of the energy is potential

2(0.05131)

- poien]

E=U-= %kxfm and the maximum displacement is x,, =

max k



9.)

10.)

11)

12)
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(continued)
A 400 N =
c.) V(1) = —wAsin(wr) so v, = wA = AW,_ =(0.016 m)j|——2- =| 0453 —
m 0.500 kg S

alternatively when the speed is a maximum all energy is kinetic

2(0.0513
E=K=im? andv, =1/2—E _ POOSI3)) [ 45y m
2 ’ m 0.500 kg S

simple pendulum m = 0.250 kg and ¢ =1.00 m displace 8 =15°

a)  A=/(sing = (1.00 m)sin15° = 0.26 m] ' |

b) T =2r]" and w=2—”=\/g
g T \v

v(t) = —wAsin(wt) SOV, = WA = A\/% =(026m

c.) a(t) = —a)zAcos(wt) SO @, =0 A= A% = (0.26 m

m
255 0
o, = oo 8" _|ys551ad
l 1.00 m S

m
d. using Newton’s 2% Law F =ma =(0.250 kg)| 2.55 = |=|0.64 N
) g ( g)( sz)

physical pendulum f =0.450 Hz, m=2.20kg, d =0.350 m

de de

T=-la=-1 e and since T = rFsinf = dmgsinf combining these dmgsinf = -1 o7
t t

2 2
for small angles sinf =6 so dmg0 =-1I % or (cli_? = _mfgd = -’60 and the motion is simple harmonic
t t

therefore for a physical pendulum w = 1’M and T = 27 =2m 1
1 w mgd

2

2
since w=2anaf it follows that I = mgd(ﬁ) = (2.20 kg)(9.8 22)(0.350 m) ;) =[0.944 kg- m’
s

2:1(0.450 5!

physical pendulum thinrod L=10m, M =040 kg, axis is d, =0.20 m from end a

forathinrod [, = ! ML’ distance from end to center of mass d, = 0.5 m

cm

distance from axis to center of mass d = 0.3 m

using parallel axis theorem I =1,, +Md’ = % ML +Md> =M (% L+ dz)
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12.) (continued)

5 (100 m)” +(0.3 m)z)

(9.8 :‘2‘)(0.3 m)

=[1535]

13.) simple pendulum ¢ =2.23 m, m = 6.74 kg given an initial speed v, =2.06 M atits equilibrium point
s

2
b.)  atequilibrium point all energy is kinetic so E=K = %mvim = %(6.74 kg)(2.06 E) =(1431]
s

c.) a(t) =—a)2Acos(a)t) SO a

max

T = 2_'71: SO W= 2_7l’ = Jg and A = w’A= (wA)w =V W= vmwr\/g
w T \/ !

m
98 —
§2

=w’A and v(t) = —wAsin(wt) SO V. = WA

-l432 2
S

223 m

d.) v(t) = —wAsin(wt) SO V., =WA so A= Yoar _ Vinar vmw_\/Z and A =/sin0,,,
8

L
vmaX —
0, =sin” (%) =sin™ f\/; =sin”' (V"ﬁ) =

gl

14.) vertical spring length ¢ =0.050 m when block m = 0.20 kg suspended from it spring length is ¢ =0.060 m
so the spring is stretched Ay =/-/_=0.060 m-0.050 m=0.010 m

(0.20 kg)(9.8 “2) N
F, =mg=kAy so k="% S /196 =~
& Ay 0010 m m

placed on horizontal surface and displaced so the spring is ¢ =0.10 m long and released undergoing simple
harmonic motion with an amplitude A=/-/_=0.10 m-0.050 m=0.050 m

196 N
k m

a. w=2nf sof=—=—"—"—=-—"—"=498 Hz
R

J
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14.) (continued)

b.)  when spring is ¢ =0.050 m long it is at its equilibrium point and the velocity v=v,
N
X 196 — =
v(t) = —wAsin(wt) SOV, = WA = A\/: = (0.050 m) M _11.565 —
m 20 kg S
N
X 196 — —
c.) a(t) = —a)zAcos(wt) SO @, =W A=A—= (0.050 m) m 1149 —
m 0.20 kg S

d)

energy is conserved and is all potential energy when displacement is a maximum

E-U-lie
2

max

1 N 2
E(196 ;)(0.050 m)” =[0.2457]

alternatively, the energy is all kinetic energy when velocity is a maximum

E=K=lmf
2

max ~

2
_Lo20ke)1.565 | —[02457
2 S

15.) vertical spring stretches Ay = 0.02 m when mass m = 0.40 kg is hung from it
(0.40 kg)(9.8 “2)

mg S N

F,=mg=kAy so k=—== =196 —

y 0.020 m m

amass m =0.20 kg is attached and held at rest when spring is not stretched and then released and oscillates with
simple harmonic motion
mass is at maximum
a.) spring is unstretched displacement ) )
e eoeeeons  Using Conservation of Energy (v, =v, =0)
K +U, +U, =K,+U, +U,, s0 0+U, +0=0+0+U,,
Y1
m 1 , 1 2
2A U, =U,, and mgy, = —kAy =—k(y1 —yz)
Vv, = 0 2 2
| A4
1, ., 2mg
”@%=E@1myﬁhi_=2A
(020 kg)(9.8 HZ‘)
mg s
A= T = N = 0.010 m
196 —
m
so the amplitude is the amount that the mass would stretch the spring when hung from it
b.)

m

-lo313 2
0.20 kg S

N
X 196 —
v(t) = —wAsin(wt) SOV, = WA = AW,_ = (0.010 m)
m
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16.) m = 0.4 kg has position x = (0.4 m)cos (% t) where ¢ is in seconds

by inspection of the equation for position and recalling that for simple harmonic motion x(t) = Acos(wt)

A=0.4mand a)=£ @
3 s

a.) v(t) = —wAsin(wt) SOV, = WA = (% @)(0.4 m) ~lo42 2
s s

b.)  the energy is all kinetic energy when velocity is a maximum

1, 1 m)’
E=K=— =—(04kg)|042 —| ={0.035]
i = 5 04k042 2

2
2 2
C.) T=?=W=
3 s

2
m rad m rad
d. a(t) = -’ Acos(wt) so a(1.5s)=-|= ~——| (0.4 m)cos|| = —|(1.55)|=
)= asosfon) o af153) {3 ] 0 meo [T 259
one could also notice that when t=1.5s, t = % and the mass is moving through the equilibrium point

where v=v__and a=0

max

17.) m = 1.5 kg attached to a vertical spring k = 300 N
m

block is released and comes to rest and then pulled down a distance d = 0.02 m and released

mass is at maximum mass pulled down mass reaches max
distance d height when v, =0

. m
spring Ay, =8 Ay, =Ay, +d Ays = Ay, -y,

using Energy Conservation between the time when the block is released and when it reaches its maximum height

K, +U, +U, =K,+U, +U,, and 0+0+U, =0+U,+U,, or U, =U, +U,,

2

2
1 1 1 2 1 2 1 (mg 1 (mg
EkAyg = mgy, +EkAy§ and Ek(Ay1 +d) =mgy, +Ek(Ay2 -y,) or Ek(7+d) = mgy, +5k(7+d—y2)

2 2
mg mg 2 mg mgd _ mgy, 2,2
k|| —=| +2—=>d+d" |=2 +k||—| +2——-2—=-2dy,+d "+
(( A ) 2 J mgy, (( X ) X X ) yz)
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2 2
k(%) +2mgd +kd® = 2mgy, + k(%) +2mgd - 2mgy, - 2kdy, + kd* + ky’

17.) (continued)

a.)

b.)

0=-2kdy, + kyz so 0= yz(—de + kyz) and the roots are y, =0 and y, = 2d

s0 y,=2d =2A and A =d =0.020 m the amount the block was pulled down

for simple harmonic motion y(t) = Acos(wt) and for spring oscillator w = 1/5
m
300 N rad
0 0 =113 kfg“ = 14.1 == and ¥(t) = (0.020 m)cos((14.14 9/ )¢)

maximum amount of stretch is when block is at lowest point and spring is stretched Ay, = Ay, +d

(1.5 kg)(9.8 =

‘)
—N+0.020 m=0.049 m+0.020 m5 0.069 m

300 —
m

or Ay2=%+d=

minimum amount of stretch is when block is at highest point and spring is stretched Ay, = Ay, -y,

or Ay, = Ay, +d -2d =%—d =0.049 m-0.020 m=[0.029 m

so the block oscillates +A from it equilibrium point which the amount the block stretches the spring after
coming to rest

Some general comments on the two special cases for vertical spring oscillations

ey

(©))

In problem 15, the mass is released from an unstretched spring and the amplitude of the oscillation was

found tobe A = % which is the amount the mass stretches the spring when at rest. The range of values for

the spring is bounded by Ay =0 and Ay = 2_1]7:g during the oscillatory motion.

In problem 17, the mass was pulled down a distance d from the point in which the mass stretches the spring
when at rest. The amplitude of the oscillation in this case was the distance d that block was pulled down and
the equilibrium point is when the block returns to point where the mass stretches the spring when at rest.

The amount of stretch in the spring in this case is bounded by Ay = % + d during the oscillatory motion.



