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                 Lab Partners:________________
                        Date:_____________


                                                           ________________  


                                                           ________________


Ch. 6: Force and Motion

Investigation 1:  Constant Velocity Motion

Objective
How to produce motion with constant velocity in a frictionless environment

How to produce motion with constant velocity in an environment with friction

What happens when you push an object and then release it

Materials
Logger Pro software 


force probe (calibrated)


motion detector


Lab Pro Interface 


cart with adjustable friction pad


Pasco Track or table top


2 lab jacks

string

a variety of hanging masses
Introduction
In this investigation you will begin to examine how the motion of an object is related to the net force acting on it.  You will first examine objects which are moving at a constant (steady) velocity.  A force probe will be used to measure forces and a motion detector will be used to measure velocities and accelerations.


The laws which describe the relationships between forces and the motion of an object to which they are applied are known as Newton's Laws.  These are empirical laws--based on investigations like the ones you will carry out. 
Historical

Comment
The first person to provide a rational theory of motion was the ancient Greek philosopher Aristotle. According to Aristotle, objects on earth were made of four fundamental elements: earth, air, water and fire. Guided by everyday observations, Aristotle reasoned that every object, depending on its nature, will tend to find its proper place where it will remain at rest. A rock will tend to fall toward the ground (gravity) and stay there, a puff of smoke will rise in the air (levity), a liquid will tend to fall and distribute itself around the earth as water does, and the flames of a fire will point toward the sky where lightning originated. Lightning was thought to be the origin of fire. That was Aristotle’s view about what he called natural motion. He distinguished between natural motion and the motion of an arrow or a thrown rock (forced motion), by arguing that forced motion is always a result of a push or a pull on an object (impetus theory). Furthermore, he suggested, without an external influence, motion could not be sustained and the object returned to its proper place assuming its natural state of rest.

The Aristotelian views were accepted without objection for eighteen hundred years until the end of sixteenth century when Galileo, the famous Italian scientist, disputed them and finally disproved them using inclined planes to slow down free fall. Galileo showed qualitatively and quantitatively that objects at rest tend to remain at rest and objects moving at constant motion tend to remain in motion. He argued that a book comes almost immediately to rest, after it is stopped being pushed by a hand, not because it wants to remain at rest, but because friction opposes its natural tendency (inertia) to continue with constant speed. 



Towards the latter part of the seventeenth century, the famous English scientist Sir Isaac Newton formulated mathematically the three laws of motion that are universally accepted today.  In this and the next few investigations, you will be guided to develop your own ideas about what motion really is. 

It is important to understand that when you reach a point of confusion or frustration while performing these experiments, you must persevere just as scientists of the caliber of Galileo or Newton did for eighteen centuries. Although it is very difficult, you must try to rid yourselves of any preconceived ideas about motion, and allow your mind to reach conclusions using the inquiry based activities that follow.  In your quest for knowledge, you will be aided by modern technology tools for data collection. However, the tools will not provide the ideas. You will need to develop them through reasoning when you observe the produced graphs and collect the necessary data. It is imperative that you work collaboratively with your group and exchange ideas.

This lab is probably the most important since it will provide the basis for the work-energy labs that will follow. Do not rush through it!

Activity 1
Motion at a Constant Velocity with Friction


In this activity you will examine how to push or pull an object so that it moves with a constant velocity.


1.
Set up the ramp, pulley, cart, string, motion detector and force probe.  The ramp should be level and high enough above the floor so that a mass hanging from the string can fall at least 1.0 meters.  
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2.
Prepare to graph velocity and force for the cart moving with a constant velocity.  Open the 
experiment file Ch_4_Inv_1_Act_1 from the Physics_110_AVC folder.  




Position the motion detector at one end of the ramp, and mark the position of its front on the 


ramp.  Also make a mark 0.5 meter away from the front of the detector.



Be sure that the cart never gets closer than 0.5 meter from the detector when you are taking 
data.


Adjust the friction pad on the bottom of the dynamics cart to produce a large frictional force.  
The pad should rub a lot on the table when the cart is pushed along, but the cart should roll 
smoothly on all of its wheels.  Do not change the friction pad during all of Activity 1.


Calibrate the force probe.  Select Calibrate from the Experiment Menu, click Port 1 then 
Calibrate Now.  Remove all force from the force probe.  Enter 0 as Value 1. Click on Keep.  
Hang a 500 gram (4.9 Newton) mass from the force sensor.  Enter 4.9 by Value 2.  Click 
Keep, then OK.


Be sure that the probe's metal diaphragm is not touching the top of the cart, and that the cord 
won't interfere with the cart's motion and won't be seen by the motion detector.  Attach a string, 
and hang it over the pulley.  Note that the force probe is set up to measure the force 
actually 
applied to the cart by the string--the tension in the string.  



Zero the force probe while it is held horizontally now and before each graph.  

Prediction

Describe the force you must apply to make the cart with the friction pad move away from the 
motion detector with a constant velocity, and sketch its graph on the axes below.  



_________________________________________________________________________

_________________________________________________________________________






Test your prediction.


3.
Try different hanging masses until you can make the cart move at a constant (steady) velocity.  
Zero the force probe with the string hanging loosely.  Graph velocity.  After a second, give the 
cart a little push.  Find the hanging mass so that the cart's velocity matches the velocity graph 
in Run 1 as closely as possible.  Repeat as many times as necessary to get a fairly constant 
velocity which matches that in Run 1.



When you have succeeded, sketch your velocity and force graphs on the axes below.




  



Use Store Latest Run in the Experiment Menu to save your graphs to Run 1 so that you can 
compare them to other graphs.

4.
Label both graphs with a B where the cart just began moving, and a C where its velocity 
became constant.

Question

1. Look at your force-time graph.  Does the force applied during the time the cart is moving at a constant velocity agree with your prediction?  Describe any differences. 


___________________________________________________________________


___________________________________________________________________
Prediction
How do you think the force would change if you made the cart move at a faster constant velocity?  What about at a slower constant velocity?  Describe any differences you would expect.


______________________________________________________________________

______________________________________________________________________

______________________________________________________________________


Test your prediction.


5.
Plot velocity first, giving the cart a larger push than before to make it move with a larger but still 
constant velocity.  
Wait a second before pushing.  Try the same hanging mass first, and then 
change it if necessary. Repeat until you get a nice constant velocity.    


Sketch both the velocity graph and the force graph using dashed lines on the axes on the 
previous page.

Question

2. Was the force needed to keep the cart moving with a faster constant velocity significantly different from the force needed for the smaller velocity?  Explain.  

_____________________________________________________________________

________________________________________________________________

Before starting the next activity discuss your results with your instructor.


Instructor’s Initials:____________________

Activity 2
Motion at a Constant Velocity without Friction

Prediction
Suppose that friction were very small--nearly zero.  Describe and sketch a graph of the force needed to make the cart move away from the motion detector with a constant velocity.


_____________________________________________________________________

_____________________________________________________________________







Test your prediction.




Note
It will be impossible to completely eliminate friction.  Instead you can decrease the friction a little bit at a time, and observe what happens.


1.
Reduce the friction a little bit by adjusting the friction pad so that it rubs less on the ramp, but so that there is still some friction.  


2.
Try different hanging masses to make the cart move at a constant (steady) velocity.  Zero the force probe with the string hanging loosely.  Find the hanging mass so that the cart's velocity matches the background velocity graph as closely as possible.  Graph to check that the velocity is constant.  Repeat as many times as necessary. 



When you have succeeded, sketch your graphs on the axes on the next page.




 


3.
Reduce friction some more to give the minimum possible friction (pad not rubbing on the ramp 
at all), and graph again.  Again Zero the force probe.  Change the hanging mass and plot 
velocity and force with the same constant velocity as before.  Sketch these graphs with dashed 
lines on the same axes.

Questions

3. Based on your observations, how large a force would be necessary to keep the cart moving at a constant velocity if there were no friction at all?  Explain.  Does this agree with your prediction?  


_________________________________________________________________


_________________________________________________________________
4. Suppose that there were a number of forces acting on the cart in different directions.  What net (resultant) force acting on the cart would keep it moving with a constant velocity?  Explain.  


________________________________________________________________


___________________________________________________________

Before starting the next activity discuss your results with your instructor.


Instructor’s Initials:____________________

Activity 3
Once a Push Always a Push?

Prediction
Suppose that you remove the string and hanging mass. Then you give the cart a push to start it moving and release it.  Sketch on the top of the next page a velocity-time and an acceleration-time graph for the motion of the cart.







On the diagram below, use arrows to indicate all of the forces that act on the cart after you have released it.  (Assume that friction is so small that it can be neglected.)











Test your predictions.


1.
Remove the string from force probe.  Everything else should be set up as before.  The cart's friction should be as small as possible.






2.
Set up the cart about 2 meters in front of the motion detector.  The motion detector should be on the opposite side from the force probe.  Be sure that force probe cord won't interfere with the cart's motion and won't be seen by the motion detector.


3.
Set up to graph velocity, force and acceleration.  Open the experiment file Ch_4_Inv_1_Act_3 from the Physics_110_AVC folder.  Velocity, acceleration and force-time graphs will appear on the screen.  The velocity, force and acceleration axes will be set from -2 to +2 with an experiment length of 5 seconds.   Zero the force probe.  Clear any previous graphs.  


4.
Graph velocity first.  After the motion detector starts clicking, give the cart a steady push in the direction of the motion detector for about a second, by pushing against the hook of the force probe.  Then let the cart go.  (Be sure to stop the cart before it hits the motion detector.)


Change the scales if necessary to display your graphs more clearly.


Sketch your graphs on the axes below.







Indicate with an arrow on all three graphs the time when the cart was released.

Questions

1. Do the velocity and acceleration graphs agree with your predictions?  If not, how do they differ?  


___________________________________________________________​​​​______


_________________________________________________________________
2. Do the actual forces acting on the cart after it is released as shown on the force-time graph agree with your prediction of the force(s)?  What happened to the force of the push after you released the cart?  


_________________________________________________________________


_________________________________________________________________
3. Do your results agree with what you learned in Activity 2 about the net force needed to move a cart (without friction) at a constant velocity?  Explain.  


_________________________________________________________________


_________________________________________________________________
Comment
When there is no net force acting on an object, the velocity of the object does not change. The object then either moves at a constant velocity, or remains at rest.  This law--which you have examined in this investigation--is known as Newton's First Law,
[image: image2.wmf]å

=

=

Û

=

.

or  

  

0

0

const

v

v

F


Investigation 2:  Motion with Constant Acceleration

Objective
How to produce motion with a constant acceleration


The relationship between force and acceleration 


Materials
Logger Pro software 


force probe (calibrated)


motion detector


Lab Pro interface


cart with adjustable friction pad


smooth board or table top


low friction pulley and string

a variety of hanging masses

Introduction
If you apply a large enough force on an object--like a cart on a table--you can get the object to move with an increasing velocity--with acceleration.  In this investigation you will examine what sort of net force applied to an object causes a steadily increasing velocity--a constant acceleration.

Activity 1
Pulling a Cart to Make It Speed Up Steadily

Prediction
Suppose that instead of making the cart move at a constant velocity, you want it to speed up steadily (with a constant acceleration).  Describe in words and sketch graphs of the velocity, acceleration and force which you would exert.


_____________________________________________________________________

_____________________________________________________________________






Test your predictions.


1.
Set up the ramp, pulley, cart, string, motion detector and force probe.  The setup should be the 
same as in Activities 1 and 2 of the previous investigation.  Be sure that the cart's friction is 
minimum.  (If the cart has a friction pad, it should be raised so it doesn't contact the board.)


2.
Prepare to graph velocity acceleration and force.  Open the experiment file 
Ch_4_Inv_2_Act_1 from the Physics_110_AVC folder.  Velocity, acceleration and force-time 
graphs will appear on the screen.  The velocity and acceleration will range from -1 to 1 and the 
force will range from 0 to 2.5N with an experiment length of 3 seconds.


Zero the force probe with the string hanging loosely now and before each graph.  Be sure that the wire is out of the way of the motion detector.







3.
Hang a 50 gram mass over the pulley.  Place your fingers in front of the cart so that it cannot 
move.  The back of the cart must be at least .5 meter from the motion detector.

4.
Graph velocity first.  Collect the data.  Release the cart after 1 sec.  Be sure that the motion 
detector is seeing the cart during its complete motion. Repeat until you get good graphs.


Adjust the scales if necessary to display the graphs more clearly.  Sketch the actual velocity, acceleration and force graphs on the axes above.  Draw a smooth force graph; don't worry about small bumps.


Store your data as Run 1 for comparison in the next activity by using Store Latest Run under the Experiment Menu.

Questions

1. What kind of force is needed to move the cart with a steadily increasing velocity--constant, increasing or decreasing?  (Look at the force on your graph during the time that the cart is accelerating.)  Is this what you expected-- does the force graph agree with your prediction?  

______________________________________________________________________

______________________________________________________________________
2. Does the acceleration graph agree with your prediction?  What kind of acceleration corresponds to a steadily increasing velocity?  

______________________________________________________________________

______________________________________________________________________
3. Compare the force applied to the force probe by the hanging mass during the 1 second that the cart was at rest and during the time when the cart was accelerating.  Is one of these forces larger?  Try to explain.  (Hint: Remember that the force probe is measuring the tension in the string and not the weight of the hanging mass.)  

_______________________________________________________________________

__________________________________________________________________
Activity 2
Accelerating with a Larger Force 


In this activity you will examine the acceleration of the cart with a larger applied force than in Activity 1.

Prediction
If you double the force applied to the cart, what will happen to its acceleration?  Will it still be constant?  How large will it be?


_______________________________________________________________________

_______________________________________________________________________

1.
Accelerate the cart with a 100 gram hanging mass.  Graph velocity first.  Be sure to Zero the 
force probe with the string hanging loosely before graphing.  Also be sure that the cart begins 
at least .5 meter away from the motion detector, and that the force probe cord is out of the 
way.



Repeat if necessary to get good graphs.


Sketch your graphs with a dashed line on the axes on page 83.

Questions

4. Did your force graph for the larger applied force agree with your prediction?  Explain any differences.  


__________________________________________________________________


__________________________________________________________________
5. How does the acceleration of an object seem to depend on the net force applied to the object?  


__________________________________________________________________


__________________________________________________________________

2.
Measure the average forces and accelerations.  Click once on the force graph, and click on the 
curve that represents the motion when the cart was accelerated by the smaller force (Run 1).  
From the Analyze menu choose Statistics. A data box showing the mean value of the force 
appears. Record the mean value on below. Then repeat with the larger force (Latest). Repeat 
with the acceleration graph. (Hint: If your graph has many bumps choose a fairly straight part 
of the graphs only by highlighting it before you click on Statistics.)


Smaller Force
Mean force (N):
_____




Mean acceleration (m/s2):
____



Larger Force
Mean force (N):
_____




Mean acceleration (m/s2):
____


Record the mean values in the first two rows of the table below.






 


3.
Accelerate the cart with a 150 gram hanging mass.   Be sure to Zero the force probe with the 
string hanging loosely before graphing.  Repeat if necessary to get good graphs.


Sketch your graphs with a dotted line on the axes on page 83.


Record values from your graph, find the mean values and record these in the table above.


Still Larger Force
Mean force (N):
_____




Mean acceleration (m/s2):____

Move your graphs to Store Latest Run under the Data Menu for comparison in Activity 3.  It will be named Run 1. 

Question

6. Does there appear to be a mathematical relationship between force and acceleration? What is it?  Use the data in your table to justify your answer. 



___________________________________________________________



_______________________________________________________

Activity 3
Accelerating a More Massive Cart

Prediction
If the cart's mass were twice as large, and you accelerated it with the 150 gram hanging mass, would the acceleration be different?  In what way? 


____________________________________________________________________

Test your prediction.


1.
Measure the mass of the cart including the force probe: _____kilograms


2.
Add masses on top of the cart.  Double the mass of the cart and probe.  Tape the masses on so that they won't shift around when the cart moves.



New mass of cart: _____kilograms.


3.
Accelerate the cart with the 150 gram mass.  Be sure to Zero the force probe before graphing 
without the string. Graph velocity first.  Repeat until you get good graphs. Sketch your graphs 
below.  Also sketch the graphs for the less massive cart (Run 1) with a dashed line.
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4.
Record the mean values from the graph.


Larger Mass Cart
Mean force (N):
_____





Mean acceleration (m/s2):
____


Record these values along with those from Activity 2 for the lighter cart accelerated with the same 150 gram hanging mass in the table below.







Calculate the ratios of force to acceleration, and record in the table.
Questions

7. Did your graphs agree with your predictions?  Explain any differences.  

___________________________________________________________________

___________________________________________________________________
8. Does there appear to be a mathematical relationship between acceleration and mass for an object pulled with a constant force?  What is it?  Justify your answer using the data in your table.  

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________
Comment
The law which relates the acceleration of an object to the applied force and mass is called Newton's Second Law.
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