The Science of Acoustics – McCaskey 

Assignment #2 Due next week at the beginning of class. Please write out or type your answers, and hand them in then. No homework will be accepted after solutions are posted. 

1. Your main task is to write the lab report as instructed. For this problem, you should have a graph of T2 on the y-axis and mass (in kg) on the x-axis of a chart. Use the trendline feature shown in class (with equation) to find the slope of this line, or find the slope by calculating (rise / run). What are the units of this slope? I’ve posted on Canvas (under the lab assignment) a document that shows how to do graphs in Excel or Numbers. 
[image: ]From the data on the lab report (shown on the left), the value of the slope is 11.418. By dimensional analysis, the units of this slope must be kg/s2 such that when it is multiplied by x whose units are in s2, the equation would be dimensionally correct.



2. 



Here’s a homework question where you use what we did in lab. If  and we square everything,  . If you graph things like I told you in problem 1, the slope of the line you got will be equal to (and = 3.1416, approximately). Use the slope you got for your group’s data to find the k (spring constant) for your spring. 




Now that you’ve finished that, complete from the Chapter 2 course notes HW problems #2, 3, 4, 5, 8, and 9a+b.

2. A mass suspended from a coiled spring is set vibrating up and down with an initial amplitude of 24.0 cm. After 20s, the amplitude has decreased to 0.6 cm. What is the amplitude 50s after starting.

Given:
	Time, s
	Amplitude, cm

	0
	24.0

	20
	0.6

	50
	?


 
Required: Amplitude at t = 50s
Solution:
It is discussed in this chapter that SHM amplitudes decay exponentially with time.
Therefore we can represent the value of amplitude as a function of time as 


This equation is a general formula for exponential decay where,
A0 = initial value
k = decay constant
Since we are given that A0 = 24,
We can solve for k when t = 20 and A = 0.6,


Since we are using the same set-up (spring and the mass), we can use the same k to solve for A at t = 50.



3. Respond to this comment in a few sentences: “The amplitude of a mass/spring vibration has to matter for the period. If you start pulling the mass more, it has farther to travel, so it should take longer! But we found in the lab amplitude didn’t make much difference. This lab makes no sense.”


 We learned from this chapter that the configuration (how much the spring is pulled or compressed) is a form of storing potential energy on a spring and upon releasing the spring the potential energy is converted to other forms of energy, mostly kinetic energy, based on the law of conservation of energy. We also learned that kinetic energy is a function of both mass and velocity thus for a system with the same mass kinetic energy is based on their velocity. With this in mind, we can say that pulling the spring more will cause the vibration to move faster which will accommodate for the increase in distance traveled. So the amplitude does not really affect the period of the vibration but rather it affects velocity of the vibration. This can also be explained in the formula for period, , which shows that period depends on the mass and the spring constant and not on the amplitude.

4. Assume there’s no air resistance. You drop a dime (m = 2.3g) from a window on the 5th floor of 623 S. Wabash (that’s about 16 m high)

A. How much more potential energy does it have compared to a position on the ground?
Given:
m = 2.3g
h = 16
g = 9.8 m/s2 

Required: from the position and the ground
Solution:

Formula for Potential energy is 


Setting the ground as the reference, hground = 0


B. If all of that energy is converted to kinetic energy as it falls, use the kinetic energy formula (since you know how much KE it has near the bottom of its fall) to find how fast the dime is going just before it hits the ground.
Given: Same with problem 4-a
Required: v just before hitting the ground
Solution:
Since it is given that all potential energy is converted to kinetic energy we can equate PE with KE



5. 
The function  can describe one trial of our first lab. What is the distance between the highest and lowest points of the oscillation for this case?

Given: 
Required: Distance between the highest and lowest points, which is twice the amplitude
Solution:

For a sine wave with a general formula, 

To mirror our given we must have A=0.05 and .
Distance between highest and lowest point = 2A
2A = 2(0.05) = 0.1 m 

8. A block of mass 200 grams is connected to a light, horizontal spring with a spring constant k = 5 N/m. It is free to oscillate on a frictionless surface, and well also neglect air resistance so you don’t have to worry about decaying. If the block is displaced 5 cm away from the equilibrium and released from rest, compute the period T of its motion. Both the homework from chapter 1 and the notes for chapter 2 gives the formula for this.
Given: 
m = 200g = 0.2kg
k = 5 N/m = 5kg/s2
x = A = 5cm = 0.05m
Required: T
Solution:

Formula for period T is given as 


  
9. 
The maximum speed of a mass-spring system is given by 
(a.) Use This expression to compute for the maximum speed of the block in the previous problem.
Given: Same with problem 8
Required: Maximum speed, vmax
Solution:



(b.) Find the maximum potential energy stored in that spring 
Given: Same with problem 8
Required: PEmax
Solution:
Potential energy stored in a spring is the energy stored when the spring is stretched or compressed, which is equal to the work done on the spring.


We know that the formula for work is  and for a spring .
Therefore,



For a spring system we can say that 



oleObject2.bin

image4.wmf
k

2

4

p


oleObject3.bin

image5.wmf
p


oleObject4.bin

image6.wmf
kt

e

A

A

-

=

0


oleObject5.bin

image7.wmf
1844

.

0

20

)

5108

.

0

(

1781

.

3

)

6

.

0

ln(

)

24

ln(

20

20

)

24

ln(

)

6

.

0

ln(

)

ln(

20

)

24

ln(

)

6

.

0

ln(

)

24

ln(

)

6

.

0

ln(

24

6

.

0

20

)

20

(

0

=

-

-

=

-

=

-

=

-

=

=

=

=

-

-

-

k

k

k

e

k

e

e

e

A

A

k

k

kt


oleObject6.bin

image8.wmf
cm

A

e

A

e

A

A

kt

3

)

50

(

1844

.

0

0

10

3717

.

2

24

-

-

-

´

=

=

=


oleObject7.bin

oleObject8.bin

image9.wmf
PE

D


oleObject9.bin

image10.wmf
mgh

PE

=


oleObject10.bin

image11.wmf
ground

height

 

initial

ground

position

 

initial

mgh

mgh

PE

PE

PE

PE

-

=

D

-

=

D


oleObject11.bin

image12.wmf
J

s

gm

m

s

m

g

PE

mgh

PE

36064

.

0

/

64

.

360

)

16

)(

/

8

.

9

)(

3

.

2

(

0

2

2

2

height

 

initial

=

=

=

D

-

=

D


oleObject12.bin

image13.wmf
s

m

gh

v

gh

v

v

gh

v

m

gh

m

KE

PE

/

72

.

17

)

16

)(

8

.

9

(

2

2

2

2

1

2

1

2

2

2

»

=

=

=

=

/

=

/

=


oleObject13.bin

image14.wmf
)

)

3

sin((

)

05

.

0

(

1

t

s

m

y

-

=


oleObject14.bin

oleObject15.bin

image15.wmf
)

sin(

)

(

t

A

t

y

w

=


oleObject16.bin

image16.wmf
3

=

w


oleObject17.bin

oleObject18.bin

image17.wmf
2566

.

1

5

2

04

.

0

2

/

5

2

.

0

2

2

2

»

=

=

=

p

p

p

T

s

s

kg

kg

T


oleObject19.bin

image18.wmf
m

k

A


oleObject20.bin

image19.wmf
s

m

v

m

k

A

v

/

25

.

0

2

.

0

5

05

.

0

max

max

=

=

=


oleObject21.bin

image20.wmf
ò

=

dx

F

W

x


oleObject22.bin

image21.wmf
kx

F

x

-

=


oleObject23.bin

image22.wmf
f

i

f

i

x

x

x

x

kx

kxdx

W

2

2

-

=

-

=

ò


oleObject24.bin

image23.wmf
2

max

2

1

kx

PE

W

=

=


oleObject25.bin

image24.wmf
J

PE

3

2

max

10

25

.

6

)

05

.

0

)(

5

(

2

1

-

´

=

=


oleObject26.bin

image1.png
e caiori AR 2 Wrap Tet (General -
2 copy -
& Fomatpainter | B T U~ cA- ElMerge & Center = | § <% » |8 %
Cipboara s ot o Aigament s e w
613 - fe
A B c D E F G H
7
8
9
10 Mass (kg)
1 0.050 0.3844]
12 0.100 0.5776|
13 0250 2.5600] 1
14
= Mass vs. T2
17 3.0000
18 25000 y=11418x-03483
19 % 20000
204 ' 1500
21 3
2 5 1.0000
23 05000
24 0.0000
25 0000 0050 0100 0150 0200 0250  0.300
26 Mass, m (kg)
27
28
Sheett [ @ f
sy 9

P search for anything

R 3 aosum -
P
o7 | Nomal Bad g B [E] | 2
Contitona Fornat | [EEE = et Delte Format
L T o cear-
s cae g

Format Shape

1208





image2.wmf
k

m

T

p

2

=


oleObject1.bin

image3.wmf
m

k

T

2

2

4

p

=


