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Physics 110 Lab Notebook Grade Sheet
This chart shows what we’re looking for in your lab notebooks.

Each category will be graded with a plus, a check, or a minus.

	Lab Notebook  (Do you have one?)

	Clarity  (Can I read and understand what you did?)

	Data Presentation  (Are your data recorded clearly?  
Do you have graphs and sketches when needed?)

	Physics Understanding  (Do you know what’s going on in the lab?  Answering the questions interspersed throughout the labs is a good way to demonstrate this.  Have you explained and shown your calculations?)

	Wrap-up Questions  (Did you summarize what you did?  You may not have had time to answer all the wrap up questions, and that’s okay, but you should write up the conclusions of your experiment in some form.)

	Overall


Lab Workshop 1.  Bouncing Ball

Introduction:

For this first lab we look at the behavior of objects moving in one dimension under the influence of gravity.  Our goal is to provide practical examples illustrating the concepts of position, velocity, and acceleration.  In addition, this lab introduces you to some of the equipment and computer software that we will be using throughout the semester.  

Warm up questions: (answers to be entered via BlackBoard one day before workshop)
Ignore all effects due to air forces for these questions.  These actions take place near the Earth's surface.
    1. If a ball is dropped and allowed to fall what is the magnitude of its acceleration due
        to gravity during the fall?

   2. If a ball is thrown up into the air what is the magnitude of its acceleration during
       the period when it is going up?

   3. What is the magnitude of the acceleration at the highest point when the ball stops at

        an instant?
   4. Does the direction of the acceleration change at any point when the ball is in the air?

Experiment 1: (Sonic Ranger)  

The sonic ranger is a device that sends out a series of high frequency sound waves that bounce off an object and then return to ranger.  This allows it to determine the distance to the object (think about how the ranger actually determines the distance).  We are going to use it to investigate the behavior of a bouncing ball.  Since the ranger reveals the position of the ball as a function of time we can also use it to calculate both the velocity and the acceleration (what is the mathematical operation needed to do this?).  

On your computer start the program Logger Pro 3 (Red diamond icon with ruler caliper) 
Within the menu File choose Open and select the file Bouncing_ball

First, let the computer know where zero height is i.e when the ball is on the ground.  Place the ball on the ground below the ranger and zero the height by selecting the Zero option within the Experiment menu.  You should hear a chirping sound from the ranger.  

When you are ready to start your experiment press Collect and then drop the ball.

Note that the Sonic ranger has a minimum range of several centimeters so make sure that the ball is a slight distance away to begin with.  You may need to repeat the experiment several times until you get a nice clean run with several bounces.  

Once you’ve got a good-looking graph sketch it in your notebook.
What observations can you make about your data?  For example:
a) How does the height of the ball change with each bounce?
b) How does the time between successive bounces change?
c) How are the answers to a) and b) related?  Can you determine a quantitative relationship between the maximum height and the bounce time? 
In your notebook sketch graphs of how you expect v vs t and a vs t to look like.  

Having made your predictions of velocity and acceleration let the computer display these graphs for you.  Click on the middle and bottom graphs and select Velocity and Acceleration for the Y-Axis Columns.  

Note how the axes are labeled and include the units.  This is something you should include in all your graphs.  You can adjust the scale on the graph by clicking on it and choosing Axes options.

How do actual graphs compare with your predictions?

Again, what observations can you make about your data?  Some questions you might consider are:  

       a) What is the ratio of the speed of the ball just after to just before bouncing?   

Does this ratio change with time?

       b) Why is the acceleration so big when the ball bounces?

       c) How long is ball in contact with the ground during a bounce? Does this change 
           with successive bounces?

 d) Can you see any evidence for air resistance in your data? How would the graphs 

      be different if air resistance were a really big effect? 

Experiment 2: (Video Camera)
The physics department has a digital video camera.  Unfortunately nowhere in the manual could I find information telling me the number of frames that it takes per second.  Our goal is to devise an experiment that will tell us this number using only a ball, a meter rule, and the knowledge that we can replay the video back frame by frame.  It should involve a procedure somewhat similar to that of Experiment 1 and we will need to incorporate our knowledge of the value of the acceleration due to gravity.
We will video record the dropping ball and determine the position of the ball at each frame.  These data, along with the value of "g", will allow you to determine the number of frames taken per second.
There are several different ways to analyze the data.  Come up with a way to determine the camera speed and think about how different methods will affect the error (uncertainty) in the final answer for the camera speed in frames per second.  We will talk much more about errors throughout the semester.  For now the most important thing to know is that "error" is a somewhat misleading term that means uncertainty and that anytime you quote a number based on experimental measurement you must always include its error i.e. uncertainty.  We will compare the different groups' results at the end of class.
Wrap-up questions:
1) Did your predicted graphs of v vs t and a vs t agree with what you observed?
2)   How is the time between bounces related to the maximum height of the bounce?
3)   How many frames per second does the camera record?  How did you determine this number and how accurate is it?
Lab Workshop 2.  Car/Bike Jump

Introduction: 

You have probably seen some stunt show or Hollywood movie in which a fast moving car, bike, or bus jumps a gap between two ramps.  (If you haven't, search the Internet for "longest motocross jump" or "Speed 1994 theatrical trailer".)  In this workshop we examine such jumps and see if we can isolate the most relevant matters.
Warm up questions: (answers to be entered via BlackBoard one day before workshop)
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1. A car drives off the end of a sloped ramp, and lands on another ramp at the same height.  Which factors are most important in determining how far the car travels before landing?

a) The height of the ramp above sea level.

b) The mass of the car.

c) The speed at which the car takes off.

d) The angle of the ramp.

e) The length of the car.

2. Which of the following quantities is most important in determining the time the car is in the air?

a) The car’s horizontal velocity at the moment of take-off.
b) The car’s vertical velocity at the moment of take-off.
c) The car’s speed and acceleration at the moment of take-off.
d) The car’s horizontal velocity at the moment of landing.
3. If the take-off speed of the car doubles, then the distance the car travels through air increases by roughly a factor of 

a) 2

b) 22=4 

c) 23 =8 

d) 2 to some other power?

Experiment:
Watch the movie clip titled “world record longest motocross bike ramp to ramp jump” at

http://www.youtube.com/watch?v=dWQFskls8To

The record-breaking jump is shown twice, both in real time speed and in slow motion.  From these two segments you should be able to estimate the crucial pieces of information (times, speeds, distances, angles) that we need to recreate this jump in smaller form within the laboratory.  

Recreating a scene using models introduces interesting scaling questions that movie makers have to deal with all the time.  Our first decision is what scaling ratio to choose e.g. 10 to 1.   Although the jump was done on a motorbike, we’ll scale our toy cars to a real car.  Then we have to decide whether all quantities scale linearly with this ratio.  What variables do we have control over?  Can we change every parameter that affects the jump?  How big should we make the gap to simulate the scene shown in the video?  What about the ramp angle?  What about the speed?  What about time?  

A very important consideration in all experimental science is at what level of precision to perform an experiment.  How careful do you need to be?  As careful as possible is NOT the right answer.  In some cases we are only trying to estimate a number and you do not need to need to measure and re-measure and set everything up just right.  In other cases scientists can literally spend years getting everything set-up and tested before performing the actual experiment.  So what level of precision (0.1 %, 1 %, 10 %, or 50 %) do you think is appropriate for this experiment?  Keep this factor in mind as you measure the various quantities required.

Your goal is to determine the minimum speed required for the car to leap a distance equivalent to that shown in the movie.  

The speed of the car can be determined using a photogate.  Open the program Logger Pro and within the menu File choose Open and select the file Car_jump.  You will need to tell the computer the length of the card taped to the car that will be blocking the beam.  This can be done by following the directions at the bottom of the Logger screen.  

Now you are ready to take data.  An easy way to change the car's take-off speed is to release it from different heights along the ski ramp entrance.  Experimentally determine the minimum velocity needed for the car to make the jump

How does your experimental answer for the minimum speed compare with your estimate?  Is it significantly smaller, bigger, or roughly the same?   Think about the scientific meaning of the word significant. 

Wrap-up questions:

1) What scale factor did you choose and how far did your car jump?

2) How fast was the car going when it left the ramp?
Lab Workshop 3.  Pendulum Challenge

Introduction

The objective for this week’s lab is very straightforward: predict where a pendulum will land in the sand pit once it is released.  This will test both your knowledge of kinematics and your ability to determine the experimental uncertainty in your measurement.  The string holding a ball to one side will be burned, allowing the ball to swing down to the bottom of the arc, where it will be released from the string and become airborne.  

Your goal is to predict the landing point, perform the experiment, and see how close the result is to your expectations.  

Warm up questions (answers to entered on BlackBoard one day before lab) 

1) If a ball tied to the end of a string is moving around in a circle as shown, 
does the tension force of the string tend to
a) Increase the speed of the object

b) Decrease the speed of the object
c) Leave the speed of the object unchanged


2) If the string were to suddenly break which of the following best describes the subsequent motion of the object? 


 

Prediction

In predicting the landing position of the ball it will be necessary to determine the speed of the ball at the moment it is released from the string.  This can be done relatively easily using conservation of energy (which we will cover later in the course) but it can also be done using forces.  The warm-up questions should help.  

Work with your lab group to develop and implement a procedure for predicting the landing point of the lead ball.  What measurements will you need to perform before burning the string?  You should also consider the uncertainty in these measurements and how they will determine the uncertainty in your prediction of the final landing position.

Experiment

1. Use the release pin to attach the lead ball to the pendulum string hanging from the ceiling.  Arrange things so that the pin string is taut when the pendulum string is exactly vertical, so that the ball will be launched with no initial vertical velocity.  The release pin should be inserted only as far as necessary to hold the ball, otherwise friction will become a problem when the ball is launched.

2. Tie a third piece of string to the eyelet at the side of the lead ball.  Pass the string over the pulley and tie a weight hanger to the other end. 

3. Place the sandbox at an appropriate distance.  Mark the expected landing point in the box and draw lines in front and behind indicating the uncertainty in the landing point.

4. With one partner prepared to catch the weight hanger and weights, another partner should release the pendulum by burning the string that is holding the ball aside.  The string should be burned a few centimeters from the ball.   

Wrap-up questions

1. What measurements did you have to make in order to predict where the ball landed?

2. Which of these measurements had the largest fractional uncertainty?

3. What was the total fractional uncertainty in your prediction? Did the ball land within this uncertainty?
Lab Workshop 4.  Terminal Velocity

Introduction:

In this lab we will explore the effects of air resistance on falling objects.  Our goal is to determine how air resistance depends on velocity for free-falling coffee filters.  We will also determine the appropriate air-resistance coefficient for coffee filters.  This experiment will also expose you to a log-log analysis technique that is useful for determining power relations between different quantities.

Warm up questions: (answers to be entered via BlackBoard one day before lab)

Review section 6.4 in the text.  It has a discussion of air resistance and terminal velocity that will be useful in this lab.
1. What is the acceleration of a free-falling object once it has reached its terminal velocity?

2. Does the terminal velocity increase, decrease, or stay the same if we increase the mass of the object (keeping the surface area the same)?

Experiment:

We will use the sonic ranger that we used in the first lab to investigate the free-fall motion of the coffee filters.  Open the file called Terminal Velocity in the Logger Pro 3 (Red diamond icon with ruler caliper) program.
After you have zeroed the Sonic ranger, press Collect and then drop a single coffee filter.  Sketch the position vs. time, velocity vs. time, and acceleration vs. time graphs in your notebook. 

Some things you should think about are:

a) How does the position vs. time graph for the free falling coffee filter differ from the position vs. time graph you saw when dropping the ball in the first lab?
b) Does the coffee filter reach its terminal velocity before hitting the ground?  How do you know?
c) How long does it take the filter to reach terminal velocity?
d) What is the terminal velocity of the coffee filter?  Be sure to estimate your uncertainty.
e) What is the maximum acceleration during the fall?

Your data is probably a little noisy due to the filters fluttering around.  By using multiple drops you can find an average the terminal velocity with reasonable accuracy.  Using the spread in your different measurements is a good way of estimating your uncertainty.

By repeating the experiment with a different number of coffee filters stacked together, devise a way to determine the dependence of the force of air resistance on the velocity.

Analysis:
If we assume that F = k vn what we’re trying to do is find n.  A convenient way to do this is through a log-log analysis.  You may recall two of the key properties of logarithms
log (x y) =  log x + log y
and

log (x y) = y log x.
Using these relations, we can take the logarithm of both sides of our equation:

log F = log(k vn) 

        = log k + log (vn) 

        = log k + n log v.

What we’ve done is rewrite our relation in terms of the equation of a line

y = n x + y0,

with x = log v, y = log F, and y0 = log k.  This means that if we plot log F as a function of log v, and fit it to a line, the slope of the line will give n.
Using Graphical Analysis, plot your data in the way suggested above and figure out the dependence of the force of air resistance on the velocity.  (In order to open Graphical Analysis you must first close Logger Pro.)
Once you have determined how the air resistance depends on the velocity, can you figure out the value of the appropriate coefficient of air resistance?  How well do you know this number?

Wrap-up questions:
1) Based on your data, how does the force of air resistance depend on the velocity?

2) What coefficient of air resistance did you find for the coffee filters?
3) Above, we assumed the drag coefficient k was constant regardless of the number of filters.  Do you think this is necessarily the case?  What else might k depend on?
Lab Workshop 5.  Carts, Forces, and Energy

Introduction:
This week we will be looking at work and energy and seeing how these concepts fit with what we know about forces.  Our goal is to get a consistent picture of the motion of a cart using Newton’s laws and energy concepts.

Warm up questions: (answers to be entered into BlackBoard one day before lab)

1. A block is given an initial velocity up a ramp that has a small amount of friction.  It slides up the ramp, reaches its highest point and then turns around and slides back down.  Was the magnitude of the block's acceleration greatest on the way up, on the way down, or the same for both parts of the journey?  

2. A block slides down a frictionless ramp that is at an angle ( with respect to horizontal.  How fast is it going after it has traveled a distance L down the ramp?

Experiment 1:  Rolling Friction

Using Logger Pro open the file Cart_Energy.  This program is similar to the one you used in the Car Jump lab.  It measures the time either of the two photogates is blocked and calculates the velocity.  As with the Car Jump lab we will use cards placed on top of the carts to block the photogates.  Measure your card and use the instructions in the Cart_Energy experiment to calibrate the photogate to the length of the card.
Set the track up so that it has a slight incline.  Separate the photogates by about 50 cm.  You may need to reposition the photogates to the right height so that they are blocked by the card when the cart goes past them.  Give the cart a gentle push up the track so that it passes through both photogates going up and then rolls back through the photogates on the way down.  Make sure you are not still pushing the cart as it travels through the first photogate.

The program will record the velocity of the cart through each photogate and also the time (referenced to when you pressed the collect button) at which each photogate was blocked.
("Time obscured" means the time that the card blocks the light beam, not the time since the push.)  Using these data, you should be able to come up with a value for the acceleration of the cart up the ramp and an acceleration of the cart down the ramp.  Perform a few trials and see how much the numbers vary.

( Do you see any difference (within your experimental uncertainties) in the acceleration of the cart up the ramp compared to the acceleration of the cart down the ramp?
( Use your data to determine the coefficient of rolling friction, (, for the cart on the track.  One way to do this involves measuring the angle of the ramp.  However, the tables on which the track is set are not very level.  Consequently, the measurement of the angle isn’t very accurate.  Can you think of a way to get ( that does not rely on measuring the angle?  As always, be sure to estimate your uncertainty.

Experiment 2:  Is Energy Conserved?

Once you’ve determined the value for the coefficient of friction set the track up so that it is level and attach the hanging mass as shown in the figure below.
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Again set up the photogates so that the card on top of the cart passes through both gates.  Release the cart and let the hanging mass accelerate it through the photogates.   Again do a few trials to get an idea as to how repeatable your results are.

( Using the velocities and the distance between the photogates you should be able to calculate the change in the kinetic energy of the cart/hanger system.

( Does the change in kinetic energy depend on where you release the cart?

( How does the change in kinetic energy compare to the change in the potential energy of the system?

( Armed with your knowledge of the coefficient of friction from the first part calculate the amount of work done by friction during the time the cart is between the two photogates.  Does this value agree with what you expect given your observed difference in the mechanical energy of the cart?

Wrap-up Questions:

1. In Experiment 1, were the measured values of acceleration the same up the incline and down the incline, within your experimental uncertainty?
2. In Experiment 2, was the mechanical energy of the cart/hanger system conserved?  Why or why not?

3. How well did the work done by friction agree with the difference in the mechanical energy of the cart?  If the two did not agree, what do you think caused the discrepancy?

Lab Workshop 6.  Simple Harmonic Motion

Introduction

Vibrating systems, such as pendulums, guitar strings, and tuning forks, undergo what is called harmonic motion.  Vibrations arise when a system is distorted in some manner – stretched, compressed, twisted, etc. – and a restoring force returns it to its undisturbed, or equilibrium, configuration.  This results in oscillatory motion as the system returns toward equilibrium, overshoots, experiences a restoring force in the opposite direction, turns around and moves back toward equilibrium, overshoots, and the process repeats.

Warm up questions (answers to be entered on BlackBoard one day before workshop) 

1) What are the requirements for a system to undergo simple harmonic motion as opposed to some other type of oscillatory motion?  

2) Which of the following affects the period of a mass/spring system undergoing simple harmonic motion?

a) Amplitude of vibration

b) Mass

c) Stiffness of the spring

d) Phase of the oscillation

e) The acceleration of gravity g
3) At what point(s) during the motion is the speed of the mass a maximum?

4) At what point(s) during the motion is the magnitude of the restoring force a maximum?

Experiment

1. Hooke's Law

For an "ideal" spring (one that obeys Hooke’s Law) the restoring force is given by 
F = -kx where k is the spring constant and x is the displacement from the equilibrium position.  Devise an experiment to determine the spring constant of your setup and also the ideality of the system i.e. how well does it obey Hooke’s Law.  Depending on the technique you choose you may want to measure the displacement using the sonic ranger or more simply using a meter rule.  Either way you should start within Logger by opening the File Oscillator_Hooke within the Physics 110 folder.  If you do use the motion sensor make sure that it can see the mass over an extended range of displacement.  It may be necessary to readjust the height of the support rod.  If you use the Oscillator_Hooke file, be sure to zero the sensors (Experiment) when the system is at equilibrium.  You can then displace the mass up and down and hit the Keep icon (beside the Collect icon) whenever you want the computer to record the position.
Try stretching the spring through large distances (however do not stretch it so much that you permanently destroy it).  Is any deviation from linear due to experimental error or the fact that the spring is not ideal?  You can fit your data to a straight line using the Analyze menu.
2. Period of oscillation

Now open the file Oscillator_motion.

The period of oscillation, T, is the time it takes for the system to complete one cycle.  Determine what factors (mass, amplitude, starting position etc.) affect the period of oscillation.  Think about how to measure the period as accurately as possible.
For those factors that do affect the period use your data to establish a mathematical expression showing how the period is governed by these factors.
3. The motion of the system

Now let's look at different features of the oscillating system.  Within Logger open up a 3rd graph below the currently displayed force and displacement graphs.  We have set up a whole bunch of possible things for you to look at with this 3rd graph.  Start by looking at the velocity and then the acceleration (click on the y-axis of the graph to select).  How do these compare with the force and the displacement graphs?  When is each at a maximum, or zero?  Use the examine button on the Logger menu to compare points from one graph to the next. Try different initial conditions to make sure that you understand the motion of the system.  You can use the Experiment/Store Latest Run option to display multiple runs on the graphs.
4. Funky graphs

You can plot other things besides time on the x-axis.  Try plotting acceleration vs. displacement, acceleration vs. force, or velocity vs. displacement.   Make a prediction and sketch it in your notebook how you expect these graphs to look before displaying the graphs using Logger.  You have enough information to be quantitative in your sketches.
5. Mathematical modeling
For simple harmonic motion the general behavior of any variable can be written as 
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, where A is the amplitude, f the frequency of oscillation, and  a phase factor that takes the starting value into account.  You can test out this model using Curve Fit within the Analyze menu.  Start by selecting the Sine function and click on the Manual Fit Type box along with the Create Column in Data Set.  After examining your data enter in your best estimates for A, B, C and D (if you are careful you should be able to get quite close on your first try).  Once you are happy with your fit click ok.  Then reenter the menu and let the computer do the work using the Automatic Fit Type button.
From the fit equation you should now be able to immediately fit your data for both velocity and acceleration vs. time.   What fit parameters do you have to change in order to fit the velocity vs. time graph?

Other oscillators
Finally, if you have time check out some of the other types of oscillators set up around the lab.  In particular note the different types of motion.
Damped harmonic oscillator

Driven harmonic oscillator

Anharmonic oscillator

Chaotic system

Wrap up Questions
1.  What was the spring constant of your spring?

2.  Did you see any evidence of nonlinearities in the spring force?  If so, how far did you have to stretch the spring before the nonlinearities became significant relative to experimental uncertainties?
3.  From your experimental data, what is the dependence of the frequency of oscillation on the mass?  Does this agree with what you expect?  (As always, “agree” means within your experimental uncertainty.)
4.  Based on the spring constant and the mass you used, you should be able to calculate the frequency of the oscillation.  How well does your calculated value agree with that obtained by fitting the recorded data?  Is the agreement reasonable given your uncertainties?
5.  For small-amplitude oscillations, does the period depend on the amplitude of the motion?  How would this change if the oscillations were large enough that the nonlinearity of the spring became important?
Lab Workshop 7.  Car Collisions
Introduction

In this lab we will look at what happens when two objects (cars, balls, whatever) collide.  In particular we will be interested in how the laws of conservation of energy and conservation of momentum can be used to determine the velocities of the two objects after the collision.  Once more we will be using the toy cars.
Warm up questions (answers to be entered via BlackBoard one day before workshop)

1) Does linear momentum p = mv come in different varieties, in the way that energy does?  For example, is there such a thing as thermal linear momentum?
(Forget about gravity for these next two questions.)
2) If a golf ball hits a wall moving at 100 m/s at roughly what speed will it rebound from the wall?

3) Tiger Woods hits a golf ball with a really heavy golf club moving at 100 m/s.  At roughly what speed will the golf ball move away?
Experiment

Use Logger Pro as usual and the program Conservation_laws
I.  Cars Stick

1) Start with the car on the curved track at a measured height.  Let the car go and using the photogate to determine its velocity when it reaches the level part of the track.  Was all of the car’s initial potential energy converted to kinetic energy?  If not what happed to the energy?

2) Now that we know how fast the car is going let it collide with a stationary car on the level track.  The nifty sticking mechanism should cause the two cars to stick together.  Place a second photogate so that you can measure the speed of the cars (now joined together) just after the collision.  Where should you put the photogate in order to get the most accurate results?  Is the momentum of the system the same before and after the collision?  If it is different what caused it to change?

3) What about the kinetic energy of the system?  Is it the same before and after the collision?  If not, why?

II.  Cars Bounce

4) Repeat what you did above, but this time turn the cars around so they bounce off of each other and do not stick together.
Is momentum still conserved?  What about the kinetic energy?  Is this collision elastic?

III.  Golf Balls

5) Now repeat the procedure using a golf ball.  You will need to measure the diameter of the ball using the calipers.  Make sure to get the photogate at the right height to see the full diameter of the ball as it goes through the gate.  If the gate is too high or too low will this make the speed of the ball appear faster or slower than it really is?  Once again, release the golf ball from a known height and see how fast it is going when it reaches the level track.  Do you think the speed of the golf ball will be more, less, or the same as the speed of the car when it was released from the same height?  

The result may surprise you but you have to consider that the ball now has rotational energy (something we will get to in the next few weeks) as well as the usual translational kinetic energy.

6) Now look at what happens when the golf ball collides with another stationary golf ball.  This time you will have to look at the speed of both golf balls individually as they go through the second gate.  Once more check to see if both energy and momentum are conserved.
Wrap-up Questions
1) How well was momentum conserved for the car collisions and the golf ball collision?  Was this within your experimental uncertainty?

2) Why is momentum apparently not conserved in the collision between the golf balls?

Lab Workshop 8.  Rotations and Gyros

Introduction

This week we are going to study angular momentum and explore the relationship between angular momentum and torque.  The concepts we’re going to study are tricky and require you to treat angular momentum as a vector and think carefully about rotations in all three dimensions.  The lab is designed to be exploratory and will help you gain an understanding of how angular momentum manifests itself in gyroscopes.

Warm up questions (answers to be entered via BlackBoard one day before workshop)

1) Explain why an ice skater spinning with her arms outstretched will rotate a lot faster once she starts to pull her arms in to her side.

2) If an object is moving toward the east, and you want it to move toward the north, do you push it toward the north or toward the northwest?

3) The figure below shows a wheel of mass m hanging from a string.  What is the net torque (magnitude and direction) about the point where the string is attached to the axle of the wheel?  Assume the mass of the axle is much less than the mass of the wheel.
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Experiment

In this lab we use rotating bicycle wheels to study angular momentum.  You should be able to get the wheels spinning by hand fast enough for all of the experiments.  However, there is a motor in the room if you want to get your wheel spinning really fast.

1. Angular momentum conservation

Spin the bicycle wheel so that it is rotating in the horizontal plane (for example clockwise when viewed from above).  Have your lab partner sit in one of the rotating chairs with his or her feet off of the ground.  Pass the wheel to your lab partner.  What happens if your lab partner tries to flip the wheel so that it is rotating in the opposite direction (counterclockwise when viewed from above)?   How does the angular momentum of your lab partner before and after change when the wheel is flipped?  How does the angular momentum of the wheel change when the wheel is flipped?   What can you say about the total angular momentum of the wheel and your lab partner before and after the wheel is flipped?

2. Gyroscopic motion

Tops and gyroscopes are great toys.  They toss and weave in ways that seem completely contrary to common sense.  But they're not only toys: gyroscopes are used in devices ranging from bicycle wheels to missile guidance systems.  Objects ranging in size from planets, stars, and galaxies to atoms, nuclei, and electrons behave in some way like gyroscopes.  How can we explain the counterintuitive motion of gyros?

This exercise opens the window to an exploration of gyroscopic motion by treating some special cases of the gyroscopic motion of our bicycle wheel … a full analysis treating all cases is elaborate and complicated.

A. Hanging Gyroscope

The rod extending from the axis of the bicycle wheel has two eyehooks.  Hang the bicycle wheel from the string using the eyehook closest to the wheel.  Hold the ball end of the gyroscope so that the axle is horizontal and spin up the wheel.  What happens when you let go of the wheel?  Why does the gyroscope precess?   What are the torques about the point where the axle is attached to the string?   Is the angular momentum conserved?   What happens if you spin the gyroscope in the opposite direction?  

Stop your wheel from spinning and attach the mass hanger to the eyehook on the end of the rod.  Find the amount of mass that you need to hang off the end of the rod so that the axle is horizontal (do this when the wheel is not rotating).  Spin up the wheel as before.  Does the gyroscope still precess?  Why or why not?  What happens if you add more weight than is needed to balance the gyroscope?  

B. Gyroscope on stand

Place the bicycle-wheel gyro in its stand with the axle pointing straight up, and set it to spinning.  A non-spinning gyro will of course topple over if positioned vertically, but the spinning gyro doesn't topple.  Suppose you want the axle to change from "straight up" to "tilted slightly to the left".  Use your rod to gently push the top of the gyro axle so that it will end up tilting to the left.  Did your push have the desired effect?

The diagrams on the next page show the gyro vertical and then tilted to the left.  The arrows represent the gyro's velocity due to its spinning. Notice that there's a large change in the velocity vectors at the front and back (where there is a negligible change in position), and that there's a negligible change in the velocity vectors at the left and right (where there is a large change in position).


[image: image5]
Remembering that force is related to change in velocity, not to change in position, think again about how you should push the top of the axle to make the gyro tilt left as shown in the above figure.  Test your prediction.

What happens if you spin your gyro in the opposite direction?

C. Gyroscope Toys

There are a number of other gyroscopes set up in the lab.  Take a look at then and see if you can understand their motion.
Wrap-up Questions

1) When sitting in the rotating chair, why does your rotation change if you change the orientation of the bicycle wheel?

2) Why doesn’t the hanging gyroscope precess when the weight hanging off of the rod balances the torque from the wheel?

3) Why is it easier to balance on a bicycle that is moving than one that is stationary?

4) A common application of gyroscopes is in navigation.  How could one use a gyroscope for this purpose?

Lab Workshop 9: Free-Wheeling Lab

Purpose

To examine various objects to see how they work and to identify some of the concepts of physics which are useful in understanding them.
Procedure

Play with each item for a few minutes.  Write down in your lab book what it is, what it does, and what principles of physics are relevant to understanding it.  Draw sketches where appropriate.

The most important objective of this lab experience is for you to confront phenomena and puzzle over them.  How is the object put together?  How does it work?  What does it illustrate?

1. Two tracks

If the cars are released from rest, simultaneously, from the top of the track,

a. Which, if either, will reach the end first?

b. Which, if either, will have the greater final velocity?

2. Rolling cylinder race

You have a bunch of cylinders, some large some small and made of different materials.  Examine the different cylinders and in particular consider the rotational kinetic energy associated with each in determining which one should get to the bottom first.  Choose your champion, race the different cylinders against each other, and see how well your champion does.  Can you now explain why the different cylinders roll down the ramp at different speeds?

3. Balance the meter stick 

Balance the stick vertically on one finger.  Is this easier to do with the added mass at the top or at the bottom of the meter stick?  Why?
4. Projectile cart on ramp

When the cart passes the trigger, the ball will be launched in a direction perpendicular to the track.  Will it land in front of, behind, or in the cart?  What if the track is tilted?

5. Monkey and hunter
6. Balancing screwdrivers 

Note that if you try to tip the cork, the system rights itself.  Why is it so stable?  Clearly the screwdrivers play an important role here – without them, the balanced cork would topple off the base.

7. Double cone on ramp

Why does the double cone roll uphill?

8. Turntable with weights and bicycle wheel

How does your angular speed depend on your mass distribution?
9. Spring with a mass
Hold the spring from it's upper end, with the mass hanging.  When you release your fingers, will the upper end of the spring fall at the same rate as the lower?

10. Oscillators
The chaotic oscillator, coupled oscillators, and the Wilberforce pendulum were brought out at the end of the "Simple Harmonic Oscillator" lab, but you probably didn't have time to play with them then.  Do you have time now?
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