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Monday, May 11 
 Physics Unit: Vibrations and Waves 

 Lesson 1: Energy in the Simple Harmonic Oscillator 

 Requirements: Complete the guided worksheet below. 

 

Objectives: Be able to do this by the end of this lesson. 

1. Use conservation of energy to describe the motion of a mass on a spring in simple harmonic motion. 

2. Find the velocity of the mass in motion given any point, x. 

 

Introduction to Lesson 1: Today we’re going to review applying energy to spring motion.  Again, what 

is new today is determining which values of a spring’s amplitude (how far a spring gets stretched or 

compressed) correspond to the system’s quantity of potential and kinetic energy. 

 

1. To stretch or compress a spring, ______________ has to be done.  This means that ________________ 

 

    can be stored in a spring.  The equation to describe this is _____________________. 

 

2. Write the equation of the total mechanical energy of a mass attached to a spring. 

 

 

 

3. As the mass oscillates back and forth, the energy continuously changes from _____________________ 

 

    to __________________________, and back again. 

 

4. In terms of amplitude, at the extreme points, x = ____ and x = _____, the energy is stored in the spring  

 

    as ____________________________. 

 

5. Write the equation that describes the energy E at these two extreme points.  Remember, v = 0 at both 

points. 

 

 

 

6. The total mechanical energy of a SHO is proportional to ______________________________. 

 

7. At the equilibrium point of an oscilating mass on a spring, all of the energy is _________________. 

 

8. Try taking Equation 11-4c and solving for v.  You’ll get Equation 11-5 so you know what you’re 

aiming for, but show more steps than your book does for full credit.  What’s amazing about this equation 

is that you can get the velocity for any position you plug in! 
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9. A spring stretches 0.15m when a 0.3kg mass is gently owered on it as seen below on the left.  The 

spring is then set up horizontally with the 0.3kg mass resting on a frictionless table as seen below on the 

right.  The mass is pulled so that the spring is stretched 0.1m from the equilibrium point, and resleased 

from rest.  Determine the following (if you need help, let Example 11-4 on p. 291 be your guide, as well 

as emailing me and coming to guided instruction): 

 

a) the spring stiffness constant k 

 

 

 

 

b) the amplitude of the horizontal oscillation A 

 

 

 

c) the magnitude of the maximum velocity 

 

 

 

 

 

 

 

 

d) the magnitude of the velocity v when the mass is 0.05m from equilibrium 

 

 

 

 

 

e) the magnitude of the maximum acceleration of the mass. 
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Tuesday, May 12 
 Physics Unit: Vibrations and Waves 

 Lesson 2: The Period and Sinusoidal Nature of Simple Harmonic Motion 

 Requirements: Complete the guided worksheet below. 

 

Objective: Be able to do this by the end of this lesson. 

1. Write an equation to describe the period of simple harmonic motion in terms of an object’s mass and 

the spring constant. 

2. Write an equation to describe an object’s frequency in terms of its mass and spring constant. 

 

Introduction to Lesson 2: We are going to derive a very important equation that relates the period of an 

oscillating spring (or any system in simple harmonic motion) to its mass and spring constant. 

 

 

1. Take a look at the following diagram.  Notice the triangle with two green vectors and a black triangle.  

Fill in the following table: 

 

 Side Opposite θ Hypotenuse 

Green Triangle   

Black Triangle   

 

 

 

 

 

 

 

 

 

2. Since the triangles are similar, you can use the table above to fill in the following proportion: 

 

 
𝑣

 
=

 

𝐴
 

3. Solve for v below. 
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4. You should have gotten this equation:  

 

Look familiar?  It should, and this is very important, because it shows that a mass revolving in a circle has 

the same relationship between its velocity, position, and amplitude that a spring in motion does.  Thus, we 

can say that both of these systems are in simple harmonic motion. 

 

 

 

 

 

5. Now write the equation for the maximum velocity.  It will equal the circumference of the circle on the 

previous page divided by the period.  When you write it down, check your equation with Equation (11-6) 

on p. 292 in your textbook. 

 

 

 

6. Solve for T. 

 

 

 

7. Finally, let’s see if we can take the equation you wrote above and relate T to mass and the spring 

constant. 

 

Take these two equations and set them equal to each other: 

 
and 

 

 
 

 

 

8. Solve for A/vmax. 

 

 

 

 

9. Lastly, substitute that value into the equation you wrote for #6.  This result should look like Equation 

(11-7a).  So the larger the mass, the longer the period. 

 

 

 

 

10. And write the equation in terms of f (flip everything upside down to look like Eq. 11-7b on p. 293).  

This equation will be useful for Problems 3-5 that you’ll do tomorrow.  
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Wednesday, May 13 
 Physics Unit: Vibrations and Waves 

 Lesson 3: Practice Problems 

 Requirements:  Follow instructions below.  Work Example 11-6 on p. 293, work Problems 1-5 on 

p. 317.  

 

 

Objective: Be able to do this by the end of this lesson. 

1. Apply period and frequency equations you derived yesterday to solving problems involving the mass 

and spring constants of different systems. 

 

Introduction to Lesson 3 

Today we’ll do some practice problems applying the equations you derived yesterday. 

 

Work Example 11-6: Spider Web on p. 293 

 

 

 

 

 

 

 

 

Do Problems 1-5 on p. 317. 

 

1) 

 

 

 

 

 

 

 

 

2) 

 

 

 

 

 

 

 

 

3) 
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4) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5) 
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Thursday, May 14 
 Physics Unit: Rotational Motion 

 Lesson 4: Wave Equation Review and Practice Problems 

 Requirements:  Complete the guided worksheet below. 

 

First let’s do a review of how we derived the wave equation for a mass oscillating on a spring from last 

week.  Once again, this video can be very helpful: https://www.youtube.com/watch?v=iNDRQnhIMK8 

 

 
Take a look at this drawing of a spring attached to a wall on the right and mass on the left.  When you 

leave it alone, it stays at an equilibrium position.  When you pull it or push it, the distance you pull or 

push is giving the spring an amplitude, A. 

 

1. Say we pull the mass on the spring to the right and plot its back and forth motion on a graph.  Go ahead 

and sketch that graph on the axes below: 

 
 

2. Now say we pull the mass on the spring back twice as far and thus double the amplitude.  Sketch that 

graph on the axes below.  Feel free to extend the x-axis to fit your graph. 

 

 

 
 

 

 

https://www.youtube.com/watch?v=iNDRQnhIMK8
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3. Hopefully the shape of your graph looks something like this, and you can see that we’re using the 

cosine function.  We can make the function “taller” by multiplying by a number greater than 1.  We can 

also make it “shorter” by multiplying by a number less than one.  This is what the amplitude A does.  

Now what needs to go inside the parentheses?  Take a guess and write something inside of them.  Hint, 

think about what the function takes as its input (time), and how to express that input in radians. 

 

 

 

 

 

 

4.To decide what to put in parentheses, we need to put in t, because the output, x, depends on time. 

  
But we’ve got a problem because we want our final output, x, to be a measure of displacement, which 

does not include time.  How can we cancel time?  We can multiply time by a fancy version of 1, in this 

case, 
2𝜋

𝑇
 .  Go ahead and write that to the left of the t in the parentheses in the equation above.  

 

5. Let’s make sure this works.  In the space below, write what happens to 𝑥 = 𝐴 𝑐𝑜𝑠(
2𝜋

𝑇
𝑡) when t = T. 

    What is cos (2π) ? 

 

 

 

 

6. Do the same thing, except write what happens to 𝑥 = 𝐴 𝑐𝑜𝑠(
2𝜋

𝑇
𝑡) when t = 2T. 

 

 

 

 

7. So this equation works.  Whenever we plug in any integer number times T for t, we get a multiple of 

2π, which “resets” the cosine wave and gives us the local maximum point, which is the magnitude of the 

amplitude. 

t 



Physics I 

May 11 – May 15  

 

9 

 

 

 

𝑥 = 𝐴 𝑐𝑜𝑠(𝑛2𝜋), where n is any integer.  Then, x = cos (n2π) will equal 1, and x = A. 

 

Try it out!  Plug in 2, 3, 4, and 10 for n in x = cos (n2π) in the space below and write the number you get.  

Did you get the same answer for all of them? 

 

 

 

 

 

 

8. Let’s go back to 𝑥 = 𝐴 𝑐𝑜𝑠(
2𝜋

𝑇
𝑡).  What is the 

2𝜋

𝑇
 part?  Look familiar?  Take a guess, and then read 

below. 

 

 

 

 

 

 

 

 

We haven’t seen exactly this form before, but what we’re looking at is a measure of radians over time, or 

angular velocity.  Because we’re looking at bit T, or period, and not little t, or time, we’re going to call 
2𝜋

𝑇
 

angular frequency.  We’ll use the same symbol ω (omega) for angular frequency.  For the last item of 

the day, in the space below, substitute ω in for 
2𝜋

𝑇
 and rewrite the wave equation 𝑥 = 𝐴 𝑐𝑜𝑠(

2𝜋

𝑇
𝑡) above.   

 

 

 

Congratulations, you’ve just derived the wave equation again. 

 

Now let’s put this equation to work! 

9. Work all steps for Example 11-7 on p. 294. 
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10. Do Problem 16 (a) and (b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

11. Do Problem 19 (a) and (b).  
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Friday, May 15 
 Physics Unit: Waves and Vibrations 

 Lesson 5: Minor Assessment 

 Requirements:  Take the minor assessment that follows on the next page. 

 

 

Introduction to Lesson 5: Take 10-15 minutes to study for the minor assessment on this week’s packet 

work.  When you’re ready, flip over to start.  
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Physics I – Minor Assessment on Simple Harmonic Motion Name: __________________________ 

 

 

1. Draw the graph of a mass on a spring pulled back and then released.  How many radians does the graph 

“restart”? 

 

 

  
 

2. Write the equation for the force exerted by a spring.  What does the minus sign indicate?  What is the 

proportionality constant? 

 

 

 

 

3. An elastic cord is 2m long when a weight of 120N hangs from it but is 2.6m long when a weight of 

180N hangs from it.  What is the spring constant k of this elastic cord? 

 

 

 

 

 

 

 

4. A 2kg weight oscillates from a vertically hanging light spring once every 0.65s.  Write the equation 

giving the weight’s position y as a function of time, assuming it started by being compressed 18cm from 

the equilibrium position (where y = 0) and released.  The following equations may be helpful. 

, ,  
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Answer Key 

 

Lesson 3 Answers 

 

1.  

 
 

2.  

 

 
 

3.  
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4. 

 

 
f = 26 Hz 

 

5.  
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16) 

 

 

 
 

19) 

 

 

 


