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1. A 68 kg crate sits on a horizontal floor. A rope inclined at 15° above the horizontal
pulls on it. (a) If the coefficient of static friction is 0.50, what minimum tension in the
rope is required to start the crate moving? (b) If = 0.35, what is the magnitude of the
‘initial acceleration of the crate?

2. A pig slides down a 35° incline in twice the time it would take it to slide down a
frictionless 35° incline. What is the coefficient of kinetic friction between the pig and the
incline?
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Purpose:

Use a Motion Detector to measure the speed and acceleration of a ball and a cart rolling
down an incline. Determine the mathematical refationship between the angle of an incline
and the acceleration of ball rolling down the ramp. Determine the value of freé fail
acceleration, g, by extrapolation. Compare the resuits for a ball with the resulits for a low-
friction dynamics cart.

During the early part of the seventeenth century, Galileo expetimentally examined the
concept of acceleration. One of his goals was fo learn more about freély falling objects.
Unfortunately, his timing devices were not precise enough to allow him to study free fall directly.
Therefore, he decided to limit the acceleration by using inclined planes. In this lab exercise, you
will see how the acceleration of a rolling ball or cart depends on the ramp angle. Then, you will
design an experiment and use the data you collect to extrapolate to the acceleration on a vertical
“ramp;” that is, the acceleration of a ball in free fall. Rather than measuring time, as Galileo did,
you will use the velocity graphs produced by a Motion Detector to determine the acceleration.

What to do:
1. Make a hypothesis: which experimental object will lead to a more accurate
experimental result for the acceleration of gravity, the raquet ball or the cart?

2. Draw an inclined ramp with a ball on it near the top of the ramp. Using vector
components, find the acceleration of the cart down the ramp as a function of g and
9, the angle of elevation of the ramp. One of the components will be into the ramp,
the other down the ramp. You will be solving for the compenent pointing down the
ramp.

3. Design an experiment that uses a motion detector and a ramp to measure the
acceleration of gravity. Your method should include measurements of the acceleration
as a function of 8. You should follow the basic methods of Galileo, using extrapolation
and graphing. No vertical or near vertical drops are allowed. Use the velocity vs. time
graphs to determine the acceleration. Record the procedure.

4. Perform the experiment twice, first with the raquet ball and then with the cart. Use logger
pro to find the relevant data. Record this data in two data tables, one for the raquet
ball and one for the cart. :

5. Analyze each of the two data sets by using Logger Pro graphing, curve fits, and
extrapolation to determine the value of g. Record the values of g determined by
using the raquet ball and by using the cart. Find the % ertor for each.

6. Write a conclusion that summarizes the procedure and results of your experiment.

Was your hypothesis valid? Why do you think that one of the experimental objects
gave much better results than the other? List three sources of error.
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Purpose: Ol

Usé a Motion Detector to measure the speed and
acceleration of a ball and a cart rolling down an
incline. Determine the mathematical relationship
between the angle of an incline and the acceleration
of bali rolling down the ramp. Determine the value of
free fall acceleration, g, by extrapolating the
acceleration vs. sine of track angle graph. Compare
the results for a ball with the resulis for a low-friction
dynamics cart. Determine if an extrapolation of the
acceleration vs. sine of track angle is valid.

S

During the early part of the seventeenth century,
Galileo experimentally examined the concept of
acceleration. One of his goals was tc learn more about
freely falling dbjects. Unfortunately, his timing devices
were not precise enough to allow him to study free fall
directly. Therefore, he decided to limit the acceleration by
using fluids, inclined planes, and pendulums. In this lab
exercise, you will see how the acceleration of a rolling
ball or cart depends on the ramp angle. Then, you will
use your data to exirapolate to the acceleration on a
vertical “ramp;” that is, the acceleration of a ball in free
fall. The acceleration is directly propartional to the sine
of the incline angle, (6). A graph of acceleration versus
sin(@) can be extrapolated to a point where the value of
sin(@) is 1. When sin@ is 1, the angle of the incline is 90°.
This is equivalent to free fall. The acceleration during
free fall can then be determined from the graph. We will
see how valid this extrapolation can be. Rather than
measuring time, as Galileo did, you will use a Motion
Detector to determine the acceleration. You will make
quantitative measurements of the motion of a ball rolling
down inclines of various small angles. From these
measurements, you should be able to decide for yourself
whether an extrapolation to large angles is valid.

Procedure:
1. Connect the Motion Detector fo the DIG/SONIC
1 channel of the interface.

2. Place a single book under oneendofa1 -3 m
long board or track so that it forms a small angle
with the horizontal. Adjust the poinis of contact of
the two ends of the incline, so that the distance,
x, in Figure 1 is between 1 and 3 m.

IBSC 18th Annual Conference

Place the Motion Detector ai the top of an
incline.

4. Open the file “04 g On An Incline” from the
Physics with Computers folder.

5. Hold the ball on the incline about 0.5 m from the
Motion Detector.

6. Click to begin collecting data; release
the ball after the Motion Detector starts to click.
Get your hand out of the Motion.Detector path
quickly. You may have to adjust the position and
aim of the Motion Detector several times before
you get it right. Adjust and répeat this step until
you get a good run showing approximately
constant slope on the velocity vs. time graph
during the rolling of the bail.

7. Logger Procan fit a straight line to a portion of
your data. First indicate which portion is to be
used by dragging across the graph to indicate
the starting and ending times. Then click on the
Linear Fit button, 7], to perform a linear
regression of thie selected data. Use this tool 10
determine the slope of the velocity vs. time
graph, using only the portion of the data for times
when the ball was freely rolling. From the fitted
line, find the acceleration of the ball. Record the
value in your data table.

8. ~ Repeat Steps 5 — 7 two more times.

10.

11.

12.

13.

Measure the length of the incline, x, which is the
distance between the two contact points. of the ramp.
See Figure 1.

Measure the height, h, the height of the book(s).
These last two measurements will be used to
determine the angle of the incline.

Raise the incline by placing a second book under the
end. Adjust the books so that the distance, x, is the
same as the previous reading.

Repeat Steps 5 — 10 for the new in¢line.

Repeat Steps 5 — 11 for 3, 4, and 5 books.
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14.Repeat Steps 5 — 13 using a low-friction dynamics cart instead of the ball.

Data Table
Data using ball
Acceleration
Number Heightof | Lengthof | sin(& L . . Average
of books | books, h { incline, x tnatél trial 22 “"”"3 acceleration
{m) (m) {m/s®) (m/s%) (mfs®) (m/s?)
1
2
3
4
5
Data using cart
Acceleration
Number of | Height of | Length of sin(#) . ; . Average
books books, h | incling, x tr|a[21 tnal22 trial g’ acceleration
_ m) (m) (m/s%) (m/s%) (m/s%) (m/s?)
1
2
3
4
5
feature under analyze, and read the value of the
Analysis acceleration at sin 90."

~1. Calculate the average acceleration for each height.

2. Using trigonometry and your values of x and hin

the data table, calculate the sine of the incline
angle for each height. Note that x is the
hypotenuse of a right triangle.

3. Plot a graph of the average acceleration (y axis)

vs. sin{@ ). Use page 3 of the experiment file. Carry

the sin(@ ) axis out to 1 (one) to leave room for
extrapoiation.

4, Use the linear fit feature of Logger Pro, and
determine the slope. The slope can be used to

determine the acceleration of the ball on an incline

of any angle.

5. On the graph, carry the fitted line out to sin(90°

) = 1 on the harizontal axis by using the interpolate

IBSC 18th Annual Conference

How well does the extrapolated value agree with
the accepte% value of free-fall acceleration
{(g=9.8m/s}?

Repeat the analysis, including the extrapolation,
for the low-friction dynamics cart.

Why do you think the data for the dynamics cart
resulted in an extrapolated value of g that was
closer to the accepted value than the rolling ball
data?

Discuss the validity of extrapolating the
acceleration value to an angle of 90°.

! Notice that extrapolating to the y value at the x = 1 point is
equivalent to using the slope of the fitted line.
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Experiment 9

PROCEDURE

1. Connect a Dual-Range Force Sensor to Channel 1 on the Vernier computer interface. Connect the
Low-g Accelerometer to Channel 2 on the interface.

2. Open the file “09 Newtons Second Law” from the Physics with Computers folder.

3. Attach the Force Sensor to a dynamics cart so you can apply a horizontal force to the hook, directed
along the sensitive axis of your particular Force Sensor. Next, attach the Accelerometer so the arrow
is horizontal and paratlel to the direction that the cart will roll. Orient the arrow so that if you puif on the
Force Sensor the cart will move in thé direction of the arrow. Find the mass of the cart with the Force
Sensor and Accelerometer attached. Record the mass in the data table.

4. Place the cart on a level surface. Make sure the cart is not moving and click[ zero | Check fo make
sure both sensors are highlighted and click[_o«_|.

Trial |

5. You are now ready to collect force and acceleration data. Grasp the Force Sensor hook. Click
and take several seconds to move the cart back and forth on the table. Vary the motion so that both
small and large forces are applied. Make sure that your hand is only touching the hiook on the Force
Sensor and not the Force Sensor or cart body.

6. Note the shape of the force vs. time and acceleration vs. time graphs. Click the Examine button, [Z],
and move the mouse across the force vs, time graph. When the force is maximum, is tHe acceleration
maximum or minimum? To turn off Examine mode, click on the Examine button, .

7. The graph of force vs. acceleration should appear to be a straight line. To fit a straight line to the data,
click on the graph, then click the Linéar Fit button, . Record the equation for the regressicn line in
the data table. , '

8. Using the graphs, estimate the acceleration of the cart when a force of 1.0 N has acted upon it. Select

Interpolate from the Analyze menu. Move the mouse across the graph and determine the acceleration
(x} when the force (v) is nearly 1.0 N. Record the force and acceleration in the data table.

9. Repeat Step 8 using a force of 1.0 N.
10. Print copies of each graph.

Trial 2

11. Attach the 0.500 kg mass to the cart. Record the mass of the cart, sensors, and additional mass in the
data table.

12. Repeat Steps b~ 10.

DATATABLE
Trial |

Mass of cart with sensors (kg}

Regression line for force vs. acceleration data

9-2 ' Physics with Computers
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Newion’s Second Law

Force pulling cart (N) | Acceleration (m/s?)
Force closestto 1.0 N
Force closestto—~1.0 N
Trial 2
Mass of cart with sensors and additional mass (kg)
Regression line for force vs. acceleration data
Force pulling cart (N) | Acceleration (m/s2)
Force closestto 1.0 N
Force closestto —1.0 N
ANALYSIS

1. Compare the graphs of force vs. time and acceleration vs. time for a particular trial. How are they
different? How are they the same?

2. Are the net force on an object and the acceleration of the object directly proportional? Explain.

3. What are the units of the slope of the force vs. acceleration graph? Simplify the units of the slope to
fundamental units (m, kg, s).

4. For each trial compare the slope of the regression line to the mass being accelerated. What does the
slope represent? :

5. Write a general equation that relates all three variables: force, mass, and acceleration.

EXTENSIONS

1. Use this apparatus as a way to measure mass. Place an unknown mass on the cart. Measure the
acceleration for a known force and determine the mass of the unknown. Compare your answer with
the actual mass of the cart, as measured using a balance.

Physics with Computers 9-3
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Experiment

vl 19

Momentum, Energy and Collisions

The collision of two carts on a track can be described in terms of momentum conservation and, in
some cases, energy conservation. If there is no net external force experienced by the system of
two carts, then we expect the total momentum of the system to be conserved. This is true
regardless of the force acting between the carts. In contrast, energy is only conserved when
certain types of forces are exerted between the carts.

Collisions are classified as elastic (kinetic energy is conserved), inelastic (kinetic energy is lost)
or completely inelastic (the objects stick together after collision). Sometimes collisions are
described as super-elastic, if kinetic energy is gained. In this experiment you can observe most of
these types of collisions and test for the conservation of momentum and energy in each case.

OBJECTIVES

« Observe collisions between two carts, testing for the conservation of momentum.
« Measure energy changes during different types of collisions.
» Classify collisions as elastic, inelastic, or completely inelastic.

MATERIALS
computers dynamics cart track
Vernier computer interface two Jow-friction dynamics carts with
Logger Pro magnetic and Velcro™ bumpers

two Vernier Motion Detectors

PRELIMINARY QUESTIONS

1. Consider a head-on collision between two billiard balls. One is initially at rest and the other
moves toward it. Sketch a position vs. time graph for each ball, starting with time before the
collision and ending a short time afterward.

2. As you have drawn the graph, is momentum conserved in this collision? Is kinetic energy
conserved?

PROCEDURE

1. Measure the masses of your carts and record them in your data table. Label the carts as cart 1
and cart 2.

2. Set up the track so that it is horizontal. Test this by releasing a cart on the track from rest. The
cart should not move.

3. Practice creating gentle collisions by placing cart 2 at rest in the middle of the track, and
release cart 1 so it rolls toward the first cart, magnetic bumper toward magnetic bumper. The
carts should smoothly repel one another without physically touching.

Physics with Computers 19-1

IBSC 18th Annual Conference Houpt Handouts, Page 17 of 27



IBSC 18th Annual Conference Houpt Handouts, Page 18 of 27



IBSC 18th Annual Conference Houpt Handouts, Page 19 of 27



IBSC 18th Annual Conference Houpt Handouts, Page 20 of 27



A solenoid is made by taking a tube and wrapping it with many turns of wire. A metal Slinky®

shape and will serve as our solenoid. When a current passes through the wire, a magnetic field is present
inside the solenoid. Solenoids are used in electronic circuits or as electromagnets.

is the same

In this lab we will explore factors that affect the magnetic field inside the solenoid and study how the field
varies in different parts of the solenoid. By inserting a Magnetic Field Sensor between the coils of the Slinky,
you can measure the magnetic field inside the coeil. You will also measure pg, the permeability constant. The
permeability constant is a fundamental constant of physics.

OBJECTIVES

+ Determine the relationship between magnetic field and the current in a solenoid.

e Determine the relationship between magnetic field and the number of turns per meter in a solenoid.
« Study how the field varies inside and outside a solenocid.

» Determine the value of up, the permeability constant.

MATERIALS:

meter stick

DC power supply

Logger FPro

conngcting wires

Vernier Magnetic Field Sensor
tape and cardboard

Siinky®

ammeter

WHAT TO DO:

1. First form hypotheses. What is relationship between the magnetic field and the current in a
solenoid? What is the relationship between magnetic field and the number of turns per meter in a
solenoid?

2. Design and record a procedure that will test each of your hypotheses. Make a sketch of your
experimental setup. Proper experimental procedure will hold one variable constant (for example the
turns per meter in the first hypothesis) while the other variable is set for varying amounts. Then a
graph is created (current vs. magnetic field for the first hypothesis) and curve fits are done to find
the relationship.

3. Make appropriate data tables, one for each hypothesis.

4, Setup and petform the experiment. Make sure you zero the magnetic field sensor when it is
oriented in the proper direction with the current turned off. Do this each time you adjust the Slinky. Record
relevant data in the data tables.

5. Create graphs and do curve fits to find the relationship for each hypothesis. Print the graphs
and record the regression equations.

6. Check the magnetic field intensity just outside the solenoid and comment on it.

7. Write a conclusion that summarizes the purpose and procedure and that answers the

following questions. Was your hypothesis concerning the relationship between the magnetic field
and the current in a solenoid valid? if not, what was the relationship? Was your hypothesis
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DATA TABLE
Part |

Current in solehoid ! | Magnetic field B

(A)

(mT)

0.5

1.0

1.5

2.0

Length of solenoid (m)

Number of tums

“Turns/m (m"'1)

Part II

Length of solenoid

(m)

Turns/meter n Magnetic field B
m~ (mT)

Number of turns in Siinky

IBSC 18th Annual Conference
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