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ST. JOSEPH’S PREPARATORY SCHOOL
LABORATORY SAFETY CONTRACT

IT IS IMPORTANT THAT YOU FOLLOW SOME COMMON SENSE RULES IN LAB. THIS WILL FOSTER A SAFER
LAB INVESTIGATIVE ENVIRONMENT FOR YOURSELF AND FOR EVERYONE ELSE IN THE LAB.

1. Never work in the lab unless a teacher is present and aware of what you are doing.

2. Prepare for the lab activity or experiment by reading it over first. Ask questions about anything that is unclear to you. Note any cautions
that are stated.

3. Wear lab apron and safety goggles/glasses when working with flames, heated liquids, or heated glassware. In the chemistry laboratory,
safety goggles and aprons are required at all times.

4. Keep the work area free of any books and materials not needed for what you are working on.

5. Do not touch any equipment, chemicals or other materials in the lab area until you are instructed to do so.

6. Use the lab equipment only as instructed in the lab manual or by your teacher.

7. Keep hands away from your face, eyes, mouth and body while using chemicals or preserved specimens. Wash your hands with soap and
water after performing all experiments. Clean all work surfaces and equipment at the end of each experiment.

8. All chemicals in the lab are to be considered dangerous. Do NOT touch, taste, or smell any chemicals unless specifically instructed to do
so. The proper technique for smelling chemical fumes will be demonstrated to you.

9. If a thermometer breaks, inform your teacher immediately.

10. Do not force glass tubing or a thermometer into a dry rubber stopper. The hole and the glass should both be lubricated with glycerine
(glycerol) or soapy water, and the glass should be gripped with paper towels sufficiently thick to protect the hands.

11. Do not touch anything that may be hot such as burners, hot plates, beakers, electric bulbs. If you must pick up something that is hot, use
damp paper towels sufficiently thick to protect the hands.

12. When working with electric circuits, be sure that the current is turned off before making adjustments in the circuit.

13. Never return unused chemicals to their original containers.

14. Report any injuries, accidents, or breakages to your teacher immediately. Also report anything that you suspect may be malfunctioning.

15. Work quietly so that you can hear any announcements concerning cautions and safety.

16. Know the location of fire extinguishers, fire blankets, eye wash stations, and the nearest exit.

17. When you have finished your work, check that water and gas are turned off and that electric circuits are disconnected. Return all
materials and equipment to a place designated by your teacher.

Student: | acknowledge that I have read, understand and agree to abide by these safety guidelines as reviewed in
class on (date)

Student’s Name (printed): Date:

Student’s Signature: Period:

Parent: | acknowledge that I have read and reviewed this safety contract with my son.

Parent’s Signature: Date:
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DATA ACQUISITION AND ANALYSIS

"A measurement whose accuracy is unknown has no use whatever. It is therefore
necessary to know how to estimate the reliability of experimental data and how to
convey this information to others.”
-E. Bright Wilson, Jr., An Introduction to Scientific Research

Throughout this year you will engage in experiments, collect data, and analyze the data. Itis
important to understand how to collect data to proper significant figures and understand how
to find relationships between the data. The foundation of Physics is understanding the
relationships between physical quantities.

Initial setup

1. Ensure you have the following materials:

e Ticker timer e Masking tape
e Ticker tape (2-m strips, one per e Meter stick
person) e Dynamics cart

e A new carbon circle

2. Clamp the timer to the table 2-m away from the seam in the table. Ensure the clamp is
only tight enough to keep the timer from moving during the experiment.

3. Plug the timer into the electrical outlet, not in the power supply.

4. Practice. Give the cart a push and release it quickly so that it travels along the lab table.
Practice pushing the cart along the table so that a 1.5 - 2.0 m trip takes about 2 seconds.

Investigation (Data Acquisition)

5. Attach a piece of “ticker tape” to the dynamics cart with masking tape and feed the tape
through the timer. Make sure that the cart, the ticker tape and the recording timer all
arranged along a straight line.

6. Turn on the recording timer and push the cart as practiced.

7. Run enough trials so that each member of the team has his own ticker tape record of a
trial.

[Each student must do the rest of the steps on his own.|

8. Count the dots on the tape from the initial blur to the end of the tape. If there are fewer
than 80 dots, the trial must be repeated.

9. Divide the number of dots on the tape by twenty and round the result to an integer. This is
the number of spaces per time interval that will be used.

e Each space on the tape identifies 1/60th a second. This is the smallest time interval
that you can measure. The interval to be measured is an integer multiple of 1/60-s.

e The values in the time column must increase uniformly by the decimal equivalent of
this fraction.

e The values in the At column must all be equal to the decimal equivalent of this fraction.

10.Attach the ticker tape to a flat surface with the dots facing up so that measurements can be
made easily.

11.Measure the distance from the blur to the end of each interval and enter these values in
the table. This is the only complete set of values that must be entered by hand.
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DATA ACQUISITION AND ANALYSIS

Data Organization and Graphs

12.Make a table like the one shown using a readily available spreadsheet program, enter the
measured values for x in the appropriate column

13.Enter formulas into the other cells on the spreadsheet so that the computer can calculate
all of the other values in the table for you.

14.Have your data checked by the instructor before proceeding to the graph.

15.Use the spreadsheet to generate two “x-y scatter” graphs of displacement vs. time and
velocity vs. time. Time must be the horizontal axis for both graphs.

Analysis

Note: Answer these questions in the Analysis part of your lab report!

What formula or method did you use to put the times in column B?

What formula or method did you use to put the Ax values in column D?

What formula or method did you use to put the velocity values in column F?

How many dots per second does the ticker timer make?

What increment of time is represented by a single dot?

What increment of time is represented by the space between two dots?

What physical quantity is represented by the slope of the displacement vs. time graph?
What physical quantity is represented by the slope of the velocity vs. time graph?

NN RAWN =
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UNIFORM ACCELERATION

As objects speed up or slow down the rate at which the change in speed occurs may not
always be uniform (constant). The acceleration an object experiences will change if the net
force acting on the object changes. It is up to you to determine whether or not uniform
acceleration has occurred.

Initial setup

Ensure a 2x4 is clamped along the seam on the table.

2. Choose an appropriate length of ticker tape (distance the hanging mass will fall. ~80-
90cm) Reminder: plug the timers into the electrical outlet, not the power supply.

3. Ensure the pulleys are clamped to the short edge of the tables on the opposite side of the
2x4 from the timer.

4. Place a numbered foam pad on the floor below the pulley.

5. Place an S-hook in the hole on the cart and hook the string to the cart. DO NOT
TIE STRING TO THE CART

6. Place 50-300g of the slotted weights onto the hanger and hook it to the other end of the
string, carefully aligning the string with the pulley. Record the mass used (the hanger
itself is 50 g). Each member of the group must use a different mass on the hook.

7. Adjust the pulley and the cart so that the pulley, the string and the ticker tape are all in
line with the ticker timer.

Investigation 1: Weight and Pulley

8. While one group member holds the cart such that the hanger is just below the pulley
wheel, attach the ticker tape to the car and feed it through the timer.

9. Move the cart until the hanging mass is just touching the ground and there is no slack in
the string or the ticker tape. Make a mark just next to the pin of the timer on the ticker
tape. This will mark the end of useful dots on the tape. Pull the cart back to its
starting position.

10. Turn on the ticker timer, and immediately release the cart.
11. Repeat with different masses for the other members of the group.

12. Count the total number of useful dots on you ticker tape, record. Divide by 20 and round
to nearest integer to determine your interval, record.

13. Measure the distance (in meters) from zero to the end of each interval and record in the
data table.

14. Remove the hanging masses and string from the cart.
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UNIFORM ACCELERATION

Investigation 2: Rubber bands

15. Attach a chain of rubber bands to the S-hook.

16. One team member will hold the other end of the rubber bands with a finger on the back
side of the 2x4. Attach the ticker tape to the cart and feed it through the ticker timer.

17. Move the cart to the position just before the rubber bands go completely slack. Make a
mark on the ticker tape next to the timer’s pin. This will indicate the end of the useful
data.

18. Pull the cart, stretching the rubber bands, towards the timer. Turn on the timer and
release the cart. Repeat for each group member.

19. Count the total number of useful dots, record. Determine the interval, record.

20. Measure from zero to the end of each interval and record in the data table.

Graphs

Distance vs. time for the weight and pulley data.

Distance vs. time squared for the weight and pulley data.

Distance vs. time for the rubber band data.

Distance vs. time squared for the rubber band data.

Analysis

| Note: Answer these questions in the Analysis part of your lab report!

1. Determine whether either or both of the data sets demonstrates a quadratic function of
time. Explain your reasoning.

2. Determine (from the data) whether either or both of the motions represent uniform
acceleration. Explain your reasoning.

3. Give an example of another form of uniform acceleration.
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VECTORS

Vectors are physical quantities that have both magnitude and direction. The motion of
objects is hardly ever one dimensional but two or three dimensional. Performing calculations
and describing the motion of objects with two dimensional motion can be tricky. There are
two methods used for vector addition; graphing and analytical. You will be practicing and
comparing both methods in this experiment. The vectors you will be working with will be
distributed to you.

Investigation 1: Graphical Method

Use the graphical method only during this investigation. Use different colors to represent
vectors and the components. When graphically adding vectors, use different colors for the
two vectors, the resultants, and the components of the resultants.

1. On the graph paper provided draw the vectors and components of A, B, C, D. Record
the vector measurement of the x, y components in the data table.

2. Draw =A, -B, -C. Record the vector measurement of the x, y components and the
vector in the data table.

3. Graph (A+B). Record the vector measurements of the resultant and its components in
the table.

4. Graph (C+D). Record the vector measurements of the resultant and its components in
the table.

5. Graph (A-D). Record the vector measurements of the resultant and its components in
the table.

6. Graph (A-B). Record the vector measurements of the resultant and its components in
the table.

7. Graph (A+B+C). Also, draw the equilibrant of (A+B+C). Record the vector
measurements of the resultant and its components in the table.

Investigation 2: Analytical Method

Use the analytical method only during this investigation. Include all work and calculations in
the lab report. Complete the table with all necessary information.

Determine the magnitudes and directions of E, F, G, and H.
(E+F).

(G+H)

(E-H)

(E+F+G)

(-E)

(-F)

(-G)

Equilibrant of (E+F+G)

©OONOURAWNH=
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VECTORS

ANALYSIS

Write a SHORT essay describing these things:

The method(s) used to add and subtract vectors graphically.

Any facts about vector addition that were observed while adding graphically.

A value judgment regarding the possible precision in graphical addition and subtraction.
The method(s) used to add and subtract vectors analytically.

An analysis of the circumstances under which one method would be preferred to the
other.
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WASHER DROP

Six washers are to be attached to 5 m of string in such a way that when the entire length of
string is held vertically and dropped, the time between impacts is equal. Video analysis will be
used to determine the equivalence between time intervals instead of relying on our inaccurate
ears or stop watches.

Investigation

1.

w

Determine the positions of the washers on the string. Make note of the method your
group used and reasoning. This will be included in the analysis section of your lab report.
. The top washer must fall 5 meters.

The string will be held by the top washer and will hang vertically down

The washers are to be firmly attached to the string and colored masking tape must be
wrapped around the washers after they have been attached so that they can easily be
identified in a video recording. Each washer will have a different color.

. Experimenters are expected to make a value judgment regarding the sound of the

washers hitting the pie plate.
No practice is allowed. Each group gets only one drop.

. Carefully analyze the video recording:

a. Determine which frame the string appears to begin to fall. Count this as frame 1.
b. Count frames until the first washer hits the ground.
c. Continue counting (do not start over at 1) until the next washer hits. Repeat.

Analysis:

1. Explain how the distances for washer placement were determined/calculated.

2. Explain how the time was measured from the video.

3. How does the initial height of the highest washers affect the outcome of the
experiment?

4. Do the washers placed lower on the string effect how the washers higher on the
string fall?

5. Is it reasonable to consider the washers to be in free fall even though they are all
tied together?

6. If your washers did not hit at equal time intervals, explain the errors that occurred
to contribute to this.
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ATWOOD’S MACHINE

A classic experiment in physics is the Atwood’s machine: Two masses on either side of a pulley
connected by a light string. When released, the heavier mass will accelerate downward while
the lighter one accelerates upward at the same rate. The acceleration depends on the difference
in the two masses as well as the total mass.

In this lab, you will determine the relationship between the two factors which influence
the acceleration of an Atwood’s machine using a Photogate for measuring acceleration.

_ e

40 cm

Investigation 1: Constant Total Mass

For this part of the experiment you will keep the total mass used constant, but move
weights from one side to the other; the difference in masses changes.

1. Set up the Atwood’s machine apparatus as shown in Figure 1. Be sure the heavier
mass can move at least 40 cm before striking the floor.

. Connect the Photogate with Super Pulley to DIG/SONIC1oftheinterface.

. Open the file "10 Atwoods Machine” in the Physics with Vernier folder. A graph of
velocityvs. Time will be displayed.

4. Arrange a collection of masses totaling200 g on m2and a 200 g mass on m1. What is

the acceleration of this combination? Record your values for mass and acceleration in

the data table.

Move 5 g from m2to m1. Record the new masses in the data table.

6. Position mias high up as it can go. Click [*electlto begin data collection. Steady the

masses so they are not swinging. Wait one second and release the masses. Catch the
falling mass before it strikes the floor or the other mass strikes the pulley.

7. Click the Examine button Zand select the region of the graph where the velocity was
increasing at a steady rate. Click the Linear Fit button k<lto fit the line y=mt +b to the
data. Record the slope, which is the acceleration, in the data table.

8. Continue to move masses from m2to m1in 5 g increments, changing the difference
between the masses, but keeping the total constant. Repeat Steps 6-7 for each mass
combination. Repeat this step until you get at least five different combinations.

W N

bl
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ATWOOD’S MACHINE

| Investigation 2: Constant Mass Difference

For this part of the experiment you will keep the difference in mass between the two sides of
the Atwood’s machine constant and increase the total mass.

9. Put 120 g on miand 100 g on m2.
10.Repeat Steps 6-7 to collect data and determine the acceleration.
11.Add mass in 20 g increments to both sides, keeping a constant difference of 20 grams.

Record the resulting mass for each combination in the data table. Repeat Steps 6-7 for
each combination. Repeat the procedure until you get at least five different combinations.

| Graphs

1. Acceleration vs. Am
2. Acceleration vs. Total mass (investigation 2 data)

| Analysis

1. Analyze the graph of Acceleration vs. Am, what is the relationship between the mass
difference and the acceleration of an Atwood’s machine?

2. Analyze the graph of acceleration vs. total mass, what is the relationship between total
mass and the acceleration of an Atwood’s machine?

3. Develop a single expression for the acceleration of an Atwood’s machine, combining the
results of the previous two steps in the analysis.

4. Draw a free body diagram of miand another free body diagram of m2. Using these
diagrams, apply Newton’s second law to each mass. Assume that the tension is the
same on each mass and that they have the same acceleration. From these two
equations, find an expression for the acceleration of m1in terms of m1, m2, and g.
Compare the expression to your result in #3 of Analysis.

5. For each of the experimental runs you made, calculate the expected acceleration using
the expression you found with Newton’s second law of motion and the specific masses
used. Compare these figures with your experimental results. Are the experimental
acceleration values low or high? Why?
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STATIC AND KINETIC FRICTION

If you try to slide a heavy box resting on the floor, you may find it difficult to get the box
moving. Static friction is the force that is acting against the box. If you apply a light horizontal
push that does not move the box, the static friction force is also small and directly opposite to
your push. If you push harder, the friction force increases to match the magnitude of your
push. There is a limit to the magnitude of static friction, so eventually you may be able to
apply a force larger than the maximum static force, and the box will move. The maximum
static friction force is sometimes referred to as static friction. We model static friction, Fstatic,
with the inequality Fstatic < s Fn Where usis the coefficient of static friction and Fy the normal
force exerted by a surface on the object. The normal force is defined as the perpendicular
component of the force exerted by the surface. In this case, the normal force is equal to the
weight of the object.

Once the box starts to slide, you must continue to exert a force to keep the object moving, or
friction will slow it to a stop. The friction acting on the box while it is moving is called kinetic
friction. In order to slide the box with a constant velocity, a force equivalent to the force of
kinetic friction must be applied. Kinetic friction is sometimes referred to as sliding friction.
Both static and kinetic friction depend on the surfaces of the box and the floor, and on how
hard the box and floor are pressed together. We model kinetic friction with Fiinetic = ik Fn,
where uris the coefficient of kinetic friction.

In this experiment, you will use a Force Sensor to study static friction and kinetic friction on a
wooden block. A Motion Detector will also be used to analyze the kinetic friction acting on a
sliding block.

| Initial Setup

1. Measure the masses of the block, brick and other appropriate objects and record them
in the data table.

2. Open LoggerPro and open the file 12a - Static and Kinetic Friction in the Physics with
Vernier

3. Connect one end of a string to the hook on the Force Sensor and the other end to the
hook on the wooden block.

4. Place a total of 1 kg mass on top of the block, fastened so the masses cannot shift.

5. Practice pulling the block and masses with the Force Sensor using this straight-line
motion: Slowly and gently pull horizontally with a small force. Very gradually, taking
one full second, increase the force until the block starts to slide, and then keep the
block moving at a constant speed for another second. If it seems appropriate, a brick
can be placed on the block of wood to increase the normal force. When the brick is
used, it will probably be necessary to put the Force Sensor on the 50 N setting.

6. Hold the Force Sensor in position, ready to pull the block, but with no tension in the
string. Click on [zew_ 1 at the top of the graph to set the Force Sensor to zero.

7. Click to begin collecting data. Pull the block as before, taking care to increase
the force gradually. Repeat the process as needed until you have a graph that reflects
the desired motion, including pulling the block at constant speed once it begins moving.

8. Print the graph; add the names of all the group members to the caption and print a
copy of each member. e

Physics Lab Manual 2015-2016 “Ad Maiorem Dei Gloriam.” 12



STATIC AND KINETIC FRICTION

| Investigation 1: Peak Static and Kinetic Friction

9. Remove all masses from the block.
10.Click [mzereet | to begin collecting data and pull as before to gather force vs. time data.

11.Examine the data by clicking the Statistics button, [Z. The maximum value of the force
occurs when the block started to slide. Read this value of the maximum force of static
friction from the floating box and record the number in your data table.

12.Drag across the region of the graph corresponding to the block moving at constant
velocity. Click on the Statistics button again and read the average force during the time
interval. This force is the magnitude of the kinetic frictional force.

13.Repeat Steps 9-11 for two more measurements and average the results to determine
the reliability of your measurements. Record the values in the data table.

14.Add masses in approximately 250 g increments to the block. Repeat Steps 9 - 12,
recording values in the data table.

15.Repeat for additional masses of 500, 750, and 1000 g. Record values in your data
table.

| Investigation 2: Kinetic Friction again

16.Connect the Motion Detector to DIG/SONIC 1 port of the LoggerPro interface.

17.0pen the file 12b Static Kinetic Frict in the hawk/science files folder

18.Place the Motion Detector on the lab table 2-3 m from a block of wood, as shown
Position the Motion Detector so that it will detect the motion of the block as it slides
toward the detector.

19.Practice sliding the block toward the Motion Detector so that the block leaves your
hand and slides to a stop. Minimize the rotation of the block. After it leaves your
hand, the block should slide about 1 m before it stops and it must not come any
closer to the Motion Detector than 0.4 m.

20.Click [»cellect| to start collecting data and give the block a push so that it slides toward
the Motion Detector. The velocity graph should have a portion with a linearly
decreasing section corresponding to the freely sliding motion of the block. Repeat if
needed.

21.Select a region of the velocity vs. time graph that shows the decreasing speed of the
block.

22.Drag the mouse over this section and determine the slope by clicking the Linear Fit
button, lIRecord this value of acceleration in your data table.

23.Repeat Steps 19-20 four more times.

24 .Place masses totaling500 g on the block. Fasten the masses so they will not move.
Repeat Steps 19-20 five times for the block with masses. Record acceleration values
in your data table.

25.Calculate the kinetic friction and coefficient of friction for each trial.
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STATIC AND KINETIC FRICTION

| Graphs |

1.

2.
3.

On the printout from the initial setup label: the portion of the graph corresponding the
block at rest, the time when the block starts to move, and the time when the block is
moving at constant speed.

Plot a graph of the average static friction force vs. normal force.
Plot a graph of average kinetic friction vs. normal force

| Analysis |

4,

5.

10.

11.
12.

14

Using the force vs. time graph from the initial setup, compare the force necessary to keep
the block sliding compared to the force necessary to start the slide.

The coefficient of friction is a constant that relates the normal force between two objects
(blocks and table) and the force of friction. Based on your graph from Investigation I,
would you expect the coefficient of static friction to be greater than, less than, or the same
as the coefficient of kinetic friction?

What physical property does the slope of friction force vs. normal force represent?
What are the coefficients of static and kinetic friction for investigation 1?

Does the coefficient of kinetic friction depend on speed? Explain, using your experimental
data.

Does the force of kinetic friction depend on the weight of the block? Explain.
Does the coefficient of kinetic friction depend on the weight of the block?
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Newton's Second Law of Motion (Part One)

We will be attempting to verify that a oC ZF . This is one part of Newton’s Second Law

of Motion. Each group will run eight trials with different accelerating forces but the
same total mass of the system.

Set up the equipment and add weights to the cart as instructed in the lab.

Investigation

1. Find the mass of the cart, slotted mass holder and all the slotted masses and
hanger you will be using during this experiment. Record in data table.

2. Make sure the ticker timer, 2x4, and pulley are secure (as in the previous labs).
3. Place the hanger and a small mass on the pulley, all the rest of the slotted masses
must be placed on the cart. Refer to image below. Ensure a numbered foam pad

is below the pulley.

ul

[ONE:

4, (fhoose an appropriate length of ticker table (distance mass falls to the floor).

Make a mark on the ticker tape where the hanging mass makes contact with the

floor. Reminder: this marks your useful data.

ow

Pull the cart back to its starting position. Turn on the timer and release the cart.
Write on the Ticker tape in the space before the blur the amount of mass that was

hung from the string. Also record this as your accelerating mass in the data table.

7. Repeat steps 3-6, taking mass off the cart and adding it to the hanger. Itis

important that the total mass of the cart, weights on the cart, weight on

the string, be a constant for all eight trials.

8. Each student should take at least two of the ticker tapes to record the data then

share with his collaborators.

Physics Lab Manual 2015-2016 “Ad Maiorem Dei Gloriam.”



Newton's Second Law of Motion (Part One)

9. Choose a smallest number of dots (3-6 dots) that will be easy to measure at the
beginning of the tape. Divide this small humber of dots by 60 and record under

Small Time Interval

INote: The small time interval will not be the same for all trials.|

See diagram below

10.Measure the distance.
11.Count the same number of dots at the end of the useful dots and measure the

distance.

12.Count the number dots from the end of the first measurement to the end of the
second measurement. Divide your total number of dots by 60 and record the time
under Large Time Interval. [Note: The large time interval will not be the same]
for all trials.

13.Share your measurements with your collaborators to complete these columns.
Use Excel to fill in the rest. Note the initials for the student who measures the

different ticker tapes.

Example: Small Time interval=4 dots

Large time = 11 dots/ 60(dots/sec)

0 1 2 3 4 0 1 2 3 4
o0 6 o o e o6 o6 o o o o L [ [ ]
X1 X,

Graphs

Produce a graph of acceleration vs. force.

Analysis

1. Discuss whether the acceleration of the cart is proportional to the force on the
cart. Discussion must include the graph you produced.
2. What physical quantity does the slope of your graph represent? (Hint: what are

the units of the slope?)
3. Compare the slope of your graph to the mass of the object being accelerated.

Discuss.
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We will be attempting to verify

Newton's Second Law of Motion (Part Two)

1
a oc —

. This is one part of the second law of motion. This

experiment will use a constant accelerating force and a changing mass of the system.

Investigation

1.

W

Based on instructor’s instructions repeat steps from Newton’s Law Part 1 except keep
the accelerating mass constant and change the mass on the cart (thus a
changing system mass)

-OR-

. Each group will run ten trials with different total masses and the same accelerating

force. It is important that the weight on the string be a constant for all eight trials.
The total mass of the system will be varied in this experiment while the accelerating
force will remain constant.

Clamp the 2x4 along the seam on the table.

Attach the smart pulley system to the pulley clamps and clamp to the table. Ensure the
cable from the Photogate is plugged into the dig/sonic 1 port of the LabPro and the
LabPro is connected to the computer. Log onto the computer using your student
account and open LoggerPro (located on the desktop). Note: make sure none of the
cables will interfere with the motion of the cart.

. Now you need to tell the computer what sensor you are using. Click on the

EXPERIMENT menu, click SET UP SENSORS, click SHOW ALL INTERFACES, right click
on the picture of the Photogate, SET DISTANCE OR LENGTH, ULTRA PULLEY (10
SPOKE) IN GROOVE, click ok and close the window.

Hang your chosen constant accelerating mass on the string, placing the string over the
pulley and attaching the string to the cart.

. Move the cart forward until the hanging mass is touching the foam cushion, ensure the

string is not slack, place a piece of masking tape on the table marking the front of the
car at this point.

Pull the cart back. Click the collect button wait until you hear the clicking or the button
turns red, then release the cart, click the stop button when the cart has reached the
masking tape mark.

. Examine the acceleration vs. time graph generated on the computer. Highlight the

portion of the graph representing when the cart was accelerating under the influence of
the hanging mass. Click on the STAT button. Record the mean value in the data table
under acceleration.

10.Record the total mass of the system for that run in the data table.
11.Repeat 9 more times adding mass to the cart only each time.

Graph

1.

2.

Produce a graph of acceleration vs. mass

Produce a graph of acceleration vs. 1/mass
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Newton's Second Law of Motion (Part Two)

Analysis

1. Does the graph of acceleration vs. mass demonstrate whether or not acceleration is
proportional to mass? Discuss.

2. Does the graph of acceleration vs. 1/mass demonstrate whether or not acceleration is
proportional to 1/mass? Discuss.

3. What physical quantity is represented by the slope of the line of the acceleration vs.
1/mass graph?

4. Compare the slope of your graph to your accelerating Force.
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BOWLING BALLS AND BROOM STICKS

You will be investigating the nature of circular motion. The effects of mass, velocity, and
radius of curvature have on circular motion. Using a broom you will push several bowling
balls around circles and around a track of the instructors design. At all times the broom must
be kept perpendicular to the floor and the speed of the ball must be kept constant.

Investigation 1

Rank the amount of force needed to move the ball in circular motion on a scale of 1-3; 1
being the greatest force necessary and 3 being the least force necessary. Assume the other
two variables are constant in each case.

Investigation 2

Using brooms you will need to navigate the path around the obstacles designated by your
instructor as fast as you can. A time penalty will be added for leaving the designated path,
penalties will be assessed by the official time keepers. Sketch the track on the back ensure to
not the direction the ball must be moving in the various parts.

As part of you conclusion please include a discussion about the following

1. What observations did you make about circular motion?

2. Where on the ball did you have to place the broom compared to the motion of the
bowling ball to achieve circular motion?

3. Are your results from Investigation 1 consistent with the formula for centripetal force?

4. What was your total time in Investigation 2?

5. How many times did you stray from the designated path?

6. What you would do differently to navigate the path faster, with fewer penalties.
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SPINNING STOPPERS

You will be investigating the relationship between centripetal force, speed of the mass, and
radius.

Safety: Be especially careful when spinning the mass. Make sure you have enough space
and that a partner is watching for problems.

Investigation

1. Assemble the equipment completely as shown by your instructor.

2. Find the mass of the stopper and washer assembly using the triple beam balance and
record under data.

3. Set the radius to 0.3 m and attach a piece of masking tape(that can be easily removed)
or paper clip as a marker under the tube.

4. Whirl the mass around until the radius is 0.3 m. Have your partner start the timer and
record the time for 10 revolutions. (Remember starting the timer is not the first
revolution.)

5. Record the time and repeat for 2 additional trials at this radius. (You may want to
alternate people spinning and timing for better results.)

6. Repeat steps 3-5 for radii equal to 0.4 m, 0.5 m, and 0.6.

Analysis

1. Determine the percent error in the centripetal force.

2. If the string that holds a whirling mass in its circular path breaks, what causes the
mass to move in a straight path? What law of physics supports your answer?

3. If you lose your grip on a rapidly spinning merry-go-round and fall off, in which
direction will you fly and why?

4. If the mass of the whirling stopper where doubled while the radius remained at 0.3m,

Now

what would happen to the following:
the tangential velocity
the centripetal acceleration
the centripetal force
a. Justify your answer with qualitatively or quantitatively.
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CONSERVATION OF ENERGY

This experiment attempts to verify conservation of energy indirectly. By making three linear
measurements, and without resorting to the measurement of speed, the relationship between
gravitational potential energy and the maximum speed of a pendulum can be determined.

When a pendulum is released from rest, the gravitational potential energy is converted to
kinetic energy as it falls and, since the string supporting the pendulum does no work, the
kinetic energy the pendulum has at the lowest point in its path, is exactly equal to the work
done by gravity. The speed it has at this point is, therefore, related to the height from which
it is released. If the string of the pendulum is cut at the moment that it is moving
horizontally, the pendulum becomes a projectile with an initial velocity that is horizontal. This
initial velocity together with the height from the floor will determine where it lands. As a
result, the spot where the pendulum ‘bob’ lands is determined by the height from which it is
released.

Investigation

1. Derive a single formula using conservation of
energy and free fall that will predict the
horizontal distance (x) of the brass ball. The (e =
formula should be only in terms of h and vy. \'

2. Verify the formula with your instructor to
receive the razor blades, string, and brass aor blade f_f
ball. . h

3. Create a table to record the necessary 2 ‘
measurements, predicted x and actual x
and percent difference.

4. Clamp the two razor blades to the bottom
pendulum clamp so that they form a V cutting
edge.

5. Tie the string to the ball and clamp the string
to the top, the excess string should be placed
out of the way but not cut.

6. Choose four heights (h) that the pendulum
will be released from. These heights should
not cause the string go beyond the horizontal
position.

7. Using your derived formula to predict where
the brass ball will land for each of height.

8. Use a dry erase marker to coat the bottom of the ball. This will cause the ball to make a
mark on the floor where is lands. Be sure to watch carefully as more than one mark may
be made due to bouncing.

9. Measure the distance to w