Physics SN3

Problem Set #1: Simple Harmonic Motion
Solutions

Part A
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11. Object in second quarter of motion — moving toward maximum displacement
= Kinetic energy decreasing
= Moving away from equilibrium
= v greatest when x =0
= atx=-2.5(whichis-A)

12. period (T) no change
k: no change
Etot : four times
Vmax : tWO times
amax : two times
®: no change

13. a) T increases (like being on planes with smaller g)
b) T decreases (like being on planes with larger g)
¢) no change



Part B
1. a) the angular frequency and frequency are both related together by the following equation:

w=2rf=12.56rad /s f:@:ZOOHZ

27

b) The maximum velocity: v, ,, =@A4=12.56x15.0=188cm /s

c¢) From the simple harmonic equation of the wave, we can find the velocity equation as a
function of time
dx

=— =-—wAsin(wt +
V= (w1 +9)

v =—(12.56)(15)sin(12.56 x 0.25 + %)

=1
v=+188cm/s t=025s1s% T

object is at phase 377[ rad

d) Because the velocity is max, the position and the acceleration will have to be min at that time.

. ) ) ) d*x
a = 0; again, solve by inspection or plug into a = 7 — w* Acos(wt + @)
t

e). From the angular frequency equation, we can obtain the spring constant

a):\/E:>k:a)2m:(12.56)2><0.2=31.6N/m
m

2. a) The total energy of the system is given by:
E, = %kA2 with the spring constant k = @’m = (%)2 x3=3.29N/m

E, = %(3.29)(0.5)2 =0.411J



b) To find the potential energy of the system, we have to find the position at a specific time.

x= 0.5cos(f><1.3—E —0.419m
3 4

U, =t = l(3.29)(0.419)2 =0.289J

elastic 2 7

c) The total energy is the sum of the kinetic and potential energy
K+U, e =E,=>K=E,-U,

lastic tot tot — “ elastic

K=0411-0.289=0.122J

d) When the potential energy is half the total energy (U, =% Ep)
L = 1[1 kAZ)
2 2\2
W=t o= L Z0354m
2 V2

3. a) The period and the frequency are both related together by the following equation:
1 1

£ 025

b) The angular frequency:
w=27f=27(025)= %

c) The total energy is the sum of the potential energy and kinetic energy

E U +K

total — Y elastic

E= lloc2 +lmv2
2 2

with @ = \/E =k =a’m= (%)2(0.1) = 0.247N /m
m

E= %(0.247)(2.8”0-3)2 +%(0.1)(4><1o—3)2 =1.77x107%J



d) To can obtain the amplitude of motion with the total energy

-6
Erorar =lkA2:>A=4/2E’°’“’ :«/2(1'77“0 ) _379%10%m
2 k 0.247

e) The maximum velocity can be obtain from the maximum kinetic energy equation or from the
maximum velocity equation

2E,

total
m

, 6
Viax = % =5.95x10"m/s

Or Vo = @4 :(%j(3.79x103) =5.95x10"m/ s

K _=F mr =y =

max total = E max max

f) The maximum acceleration is found from the equation of the acceleration as a function of time

)
A =0 A

2
a.. = (gj (3.79x107)=9.35x10m/ s>

kx kA
or a=— Aax =
m
g) You should be able to sketch 0,005
the position-time graph, with 0,004
initial negative position and 0,003

initial positive velocity. 0,002
Also since you are asked to
sketch for 6 seconds, your
reader should see a little bit
more that one cycle.
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Enrichment:
To find the phase constant:

—0.28-1072%2 = 0.379 - 10_2COS(¢)
__(-028-107?
¢ =cos | 9379102



There are 2 possibilities for ¢:
2.40 rad or (2m-2.40) = 3.88rad

We note that the initial velocity is positive, making the phase constant in the 3™ quadrant of the
trigonometric circle.

In a similar line of reasoning, the positive initial velocity suggests that the body is in the 3rd
“quarter" of the cycle.

Therefore, we choose the solution:

¢ = 3.88 rad for the cosine function

(A choice of sine function would give a phase constant shifted by 1/2: ¢sine= 5.45 rad).

4. a) At equilibrium position,

F=F 3x:E:2(9'81)
g k 150

§ /]\ ?ka

=0.131m

Free body diagram

<
4_.

Fg=mg

b) Amplitude 4 = 0.131 m, therefore, it will fall 0.262 m below initial position.

3

+X

¢) To find the position as a function of time, we need to find the phase and the angular frequency.

a)z\/E:,f@:S.66md/s
m 2



#=0 (startsat+4 att=0)

A=0.131m

v =0.131c0s(8.66¢ +0)

5. From the position equation, we can obtain the acceleration equation as a function of time

x = Acos(wt + @)

2
a= d—; =—w’ Acos(at + @)
dt —
a =’ with o=Z=2%_370rad/s
T 1.7

a... =(3.70)°(0.25) =3.42m/ s>

The maximum force

FmaX:lLlN:ma
a 342

mg =ma = =—=——=0.349
Hme A= o8l

6. a) The period of oscillation depends on the length of the string and the gravity.

2 2
T:27r\'/Z::>g:47Z L _4r(23) =5.03m/s*
g

72 (4.25)

b) The angular frequency:
w:2—ﬂ=2—ﬂ:1.48md/s
T 425



c¢) The angular position equation is obtained by finding the phase, the angular frequency and the
amplitude.

$=0 0=148rad/s A=12°

6 = (12°) cos(1.48¢ +0)

d) At t= 1.5, the angular position of the pendulum is:

0 =(12°)cos(1.48x1.5) =-7.25°

e) The angular velocity can be obtained by taking the derivative as a function of time of the angular
position equation (note that @, represents the angular velocity and @ represents the angular

frequency... which of course are not the same!)

do .
0. = — =—wAsin(wt +
S (ot + @)

o, =—1.48x12°sin(1.48x 1.5+ 0) =—14.1°/s

7. a) The amplitude is obtained by finding the total energy when the velocity is max

max

2 2
Ll o A=\/M =\/M —0.316m
2 2 k 12

You could also use the equation for the mass’ maximum velocity (Vmax = ®4), noting that this
equals the elevator’s velocity (since this is the velocity the mass has when the elevator stops).

Vmax = ©A
2 = (k/m)”4
2=(12/0.3)"4
2=6.324
A=0316m

b) the position equation depends on the angular frequency, the amplitude and the phase

a)=\/E:,f£ =6.32rad /s
m 0.3

o= % (at t =0, it is at equilibrium and moving downward)



y= 0.316005(6.32t+%)



8. If plate acceleration is greater than g downward, then the block will not accelerate quickly
enough to keep contact with it. The only forces on block are the normal N and the weight and N
can’t be less than 0.

w=2rf =4rrad/s

A =0 A= A= 9'812 =0.0621m = 6.21cm
(47)
. . 2r  2r&
9. a) The angular frequency is found from the period: 7=0.06s ©= 7 " 006 105rad / s

b) A =0.06m
¢ : For a cosine function, it is 5/6 of the way through its cycle. Att=0, ¢= %(27[) =5.24rad

or

0.03
0 =cos! (—j =1.047rad
0.06 m3

¢=2r—-0=524rad

x =0.06cos(105¢ +5.24)

c) att=0.1s, the position is:

x = 0.06 cos(10.5 + 5.24) = —0.06m

Also by inspection: time is 1(T) after 0.04s.

d) From the acceleration equation, we can find the maximum acceleration. When ...
d*x
a= e = —w* Acos(at + @)
t

=1

a = —1052(0.06) = —662m/s?



e) The spring constant is found from the angular frequency

o= \/E: k=w*m=(105)(4)=4.41x10"N/m
m

or from the force equation of a spring
gt _ma_4(662)
X X 0.06

=4.41x10°N/m
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