41

Name Date ePartn

LAB 3:
VELOCITY AND ACCELERATION

Bl e

A cheetah can accelerate from 0 to 50 miles per 6.4 seconds.
—Encyclopedia of the Animal World

J

A Jaguar can accelerate from 0 to 50 miles perrhin6.1 seconds.
—World Cars

OBJECTIVES

* To discover how and when objects accelerate.

* To understand the meaning of acceleration, its madg and its direction.

» To discover the relationship between velocity aoceéeration graphs.

» To learn how to find average acceleration from ereéon graphs.

* To learn how to calculate average acceleration frelacity and position graphs.

OVERVIEW

In the previous lab, you looked at position-time aelocity-time graphs of the motion of
your body and a cart at a constant velocity. Yao dboked at the acceleration-time
graph of the cart. The data for the graphs werkeci®ld using a motion detector. Your
goal in this lab is to learn how to describe vasi@inds of motion in more detail.

You have probably realized that a velocity-timepyrés easier to use than a position-time
graph when you want to know how fast and in whataion you are moving at each
instant in time as you walk (even though you caltutate this information from a
position-time graph).

It is not enough when studying motion in physicsitaply say that “the object is moving
toward the right” or “it is standing still.” Wheime velocity of an object is changing, it is
also important to describe how it is changing. Tdte of change of velocity with respect
to time is known as thacceleration

To get a feeling for acceleration, it is helpfuld®@ate and learn to interpret velocity-time
and acceleration-time graphs for simple motiona chrt on a smooth, level ramp. You
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42 Lab 3 - Velocity & Acceleration

will be observing the cart with the motion detedsrit moves with its velocity changing
at a constant rate.

INVESTIGATION 1: VELOCITY AND ACCELERATION GRAPHS

In this investigation you will be asked to predactd observe the shapes of velocity-time
and acceleration-time graphs of a cart moving abbsgooth, level ramp.

You will need the following materials:
* motion detector
* motion cart without friction pad
e 2-m motion track
« fan unit attachment with 4 batteries and 1 dumnily ce
o level
» small screwdriver (to help remove batteries)

ACTIVITY 1-1:MOVING AWAY AND SPEEDING UP

In this activity you will look at velocity-time andcceleration-time graphs of the motion
of a cart, and you will be able to see how these t@presentations of the motion are
related when the cart is speeding up.

This could be done by moving the cart with yourdydvut it is difficult to get a smoothly
changing velocity in this way. Instead you will uséan or propeller driven by an electric
motor to accelerate the cart.

1. Make sure the fan switch is off, then plaleeee batteriesand the dummy cellin
the battery compartment of the fan unit. Placeetkiea battery in the clips on top of
the fan unit. We want to make sure the fan castdhaonstant mas$o preserve the
batteries, switch on the fan unit only when yourasking measurements

2. Set the cart on the ramp, with the fan unit amation detector as shown below.
Verify that the ramp is level and that the fan klaldes not extend beyond the end of
the cart facing the motion detector. [If it dodse motion detector may collect bad
data from the rotating blade.] Make sure the dog & present in order to prevent
the cart from going off the end of the track.

3. Put the switch on the motion detector to narbeam.
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Lab 3 - Velocity & Acceleration 43

Motion Detector End Stop

ﬂ S 1
7//////7”7' 70

4. Open the experiment file calle®3.A1-1 Speeding Up Check “Setup”.

5. Start taking data and use a position graph to maketbate¢he detector can “see” the
cart all the way to the end of the ramp. You magdhi tilt the detector up or down
slightly. Clear all data runs before moving on.

6. Hold the cart with your hand on its side, switble fan unit on andtart taking
data. When you hear the clicks of the motion deteatlease the cart from refio
not put your hand between the cart and the deteB®isure to stop the cart before
it hits the end. Stop the program from taking data if it has doeady shut off. Turn
off the fan unit. If the batteries are weak, tlaget enay not accelerate. Contact your
Instructor if this happens.

Repeat, if necessary, until you get a nice setraplygs. The acceleration graph will
have several ups and downs because of the insttugsoiution and small bumps in
the track.

Adjust the position and velocity axes if necessaryhat the graphs fill the axes.

7. Print out one set of graphs for your group reporDo not erase your data.
Remember what data set this is. Label these grafierding Up 1”.

Question 1-1 What feature of your velocity graph signifieathhe cart was moving
away from the motion detector asgeeding up How would a graph of motion with a
constant velocity differ?

Question 1-2 During the time that the cart is speeding upthis acceleration mostly
positive or negative? How dospeeding upvhile movingawayfrom the detector result
in this sign of accelerationMint: Remember that acceleration is tia¢e of changeof
velocity. Look at how the velocity is changing.)
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44 Lab 3 - Velocity & Acceleration

Question 1-3 How does the acceleration change in time as#nespeeds up? Is this
what you expect based on the velocity graph? Explai

ACTIVITY 1-2: SPEEDING UP M ORE

Prediction 1-1: Suppose that you accelerate the cart at a fester How would your
velocity and acceleration graphs be different? bBfmre coming to lab.

1. Test your predictions. This time acceleratedae with four batteries in the battery
compartment. Use the screwdriver to help remoeedinmmy cell from the battery
compartment and install the fourth battery. Pldeedummy cell in the clips on top
of the fan cart. Catch the cart before it hits the end stop! Remember to switch the
fan unit on only when making measurements.

Repeat if necessary to obtain nice graphs. Whenoytain a nice set of graphdn
not erasethem and remember which data set they are for us@ilnvestigation 2.

2. Print one set of graphs for your group report. Labeséhgraph$Speeding Up 2”.

Question 1-4 Did the shapes of your velocity and acceleragosphs agree with your
predictions? How is the magnitude (size) of acedien represented on a velocity-time
graph?

INVESTIGATION 2: MEASURING ACCELERATION

In this investigation you will examine more quaatively the motion of an accelerated
cart. You will determine numerically the cart’'s al@ration from your velocity-time
graph and compare it to the acceleration read fh@macceleration-time graph.

NOTE: You will need the data you took in Investigatian 1
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Lab 3 - Velocity & Acceleration 45

ACTIVITY 2-1:VELOCITY AND ACCELERATION OF A CART THAT IS SPEEDING UP
1. Display the data from Investigation 1, Activity? with four batteries.

Comment Average acceleration during a particular timeenal is defined as the
average rate of change of velocity with resped¢inie—that is, the change in velocit
divided by the change in time. By definition, tta¢ée of change of a quantity graphq
with respect to time is also tistopeof the curve. Thus, the (average) slope of
object’s velocity-time graph is also the (averag®jeleration of the object.

2. We want to find the average acceleration of théfcam your velocity
graph. For now, do not use a fit or any statistioals. Look for a
reasonably smooth region of the graph. You musttis same region
for all of the analysis activities here. (We realithe acceleration
values jump around a lot.) Only use values from plortion of the
graph after the cart was released and before thevesa stopped. Use
the Smart Tool to read the velocity and time coordinates for two
typical points that are several seconds apart. &onore accurate
answer, use two points as far apart in time asilplessut still during
the time the cart was speeding up.

Velocity

Time (s) (m/s)

Point 1
Point 2

Calculate the change in velocity between pointsntl 2. Also calculate th

an

e

corresponding change in time (time interval). Devithe change in velocity by the

change in time. This is threserageacceleration. Show your calculations below.

Speeding up
Change in velocity (m/s)

Time interval (s)
Average acceleration

(m/<)

Question 2-1 Is the acceleration positive or negative? Is Winat you expected?
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46 Lab 3 - Velocity & Acceleration

ACTIVITY 2-2:USING STATISTICS AND FIT TO FIND THE AVERAGE ACCELERATION

In Activity 2-1 you found the value of the averaggeeleration for a motion with steadily
increasing velocity from the slope of the veloditpe graph. Thestatistics featurein
the software allows you to find the average (meahye directly from the acceleration-
time graph. Thdit routine allows you to find the line that best fits your aalty-time
graph from Activity 2-1. The equation of this limeludes a value for the slope.

1. Use thestatistics featureto determine the mean value of acceleration. Bect
the portion of the acceleration-time graph for which you wamtfind the mean
value. (Use precisely the same time region thatused in Activity 2-1.)

Average acceleration

2. Use thdit routine to try a linear fit to the velocity-time graply € mx+ L, wherey

is the velocity ana is the time). Selectthe same portion of the velocity-time graph
as before. Record the fit parameters and theaceésted uncertainties:

m: g, b: g,

Question 2-2 What are the physical meanings of the parameteandb? What are
the magnitude and standard error of the averagdeaation?

3. Now use the fit routine to try a quadratic fib tthe positiontime graph
(y= AX + Bx+ C; here y is the position;x is still the time). Remember to use

precisely the same time region that you used inivAgt2-1. Record the fit
parameters and their associated uncertainties:

A: B: C:
UA: UB:— UC:

Question 2-3 What are the physical meanings of the paramétei®8 and C? This
might be a good time to look at the general eguatmf motion in your textbook. What
is the magnitude and standard error of the aveaageleration?
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Lab 3 - Velocity & Acceleration a7

Question 2-4: What is the relative uncertainty in this deteration of the magnitude of
the average acceleration? Justify your answer.

4. List below in Table 2-1 the method, the ac@len found, and its uncertainty for
each method of determining the acceleration.

Method Acceleration a Relative
Uncertainty o./a

End points of velocity & XXXXXXXXXXXXXX
time
Using statistics XXXXXXX XXX XXXX

Using linear fit of velocity

Quaderatic fit of position

Question 2-5: Which method in Table 2-1 do you trust the moBt®lain.

INVESTIGATION 3: SLOWING DOWN AND SPEEDING UP

In this investigation you will look at a cart mogiralong a ramp or other level surface
and slowing downA car being driven down a road and brought td wé®en the brakes
are applied is a good example of this type of nmtibater you will examine the motion
of the cart movingowardthe motion detector argpeeding up

In both cases, we are interested in how velocity arceleration change over time. That
is, we are interested in the shapes of the velticitg and acceleration-time graphs (and
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48 Lab 3 - Velocity & Acceleration

their relationship to each other), as well as tlEtars representing velocity and
acceleration.

You will need the following materials:
* motion detector
* motion cart
e 2-m motion track
o level
» fan unit attachment with batteries

ACTIVITY 3-1:MOVING AWAY AND SLOWING DOWN

In this activity you will look at the velocity anacceleration graphs of the canbving
awayfrom the motion detector arslowing down

1. The cart, ramp, and motion detector should be getsuin Investigation 1. Use four
batteries. The fan, in this case, should be slowlmgn the cart and pushing it back
toward the motion detector.

End
stop -

4 N
R,

Now, when you give the cart a quick push away ftble motion detector with the fan
running, it will slow down after it is released.

Prediction 3-1 If you give the cart a short push away from thetion detector and
release it, will the acceleration be positive, riiega or zero_after it is released The
positive direction is to the right above as seenthr®y motion detector. Enter your
prediction for this situation in Table 3-1 belovicach cell refers to a different scenario
for the direction and motion of the object. Dosthiefore coming to lab. Your TA will
check this at the beginning of lab.
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Lab 3 - Velocity & Acceleration 49

Table 3-1 General rule for sign of Acceleration

Is acceleration positive,
Scenario negative or zero?

Prediction Observation

Object is moving away and speeding up.

(Did in Activity 2-1.) positive

Object is moving away and slowing down,

Object is moving toward and speeding up

Object is moving toward and slowing dowp.

=)

Prediction 3-2 Sketch below your predictions for the velocitype¢ and acceleration-
time graphs for the case where the cart is mowwayaand slowing down (step 2 above).
Do this before coming to lab. Your TA will chedkig at the beginning of lab.

PREDICTION

Velocity (m/s)

%
+

Ac

0 1 2 Time(s) 3 4 5

Now you will test your predictions.
2. Open the experiment fileD3.A3-1 Slowing Down.

3. Turn the fan unit onBegin graphing with the back of the cart around 20 cm away
from the sensor. When you begin to hear the clioks the motion detector, give
the cart a gentle push away from the detector aoitlcomes to a stop near the end of
the ramp. Be sure that your hand is not between the carttaeddetecta) Stop the
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50 Lab 3 - Velocity & Acceleration

cart—do not let it return toward the motion detaetnd turn the fan unit off
immediately to save the batteries

You may have to try a few times to get a good Ron’t forget tochange the axe#
this will make your graphs easier to read.

Leave your data so that the graphspesistently displayed on the screen
4. Print out one set of graphs for your group and includerthn your report. Label
your graphs with Moving Away and Slowing Dovwwand note on the graph:
* an A at the time where you started pushing.
» a B at the time where you stopped pushing.
» a C the time region where only the force of theifaacting on the cart.
* aD at the time where the cart stopped moving

Question 3-1 Did the shapes of your velocity and acceleragosphs agree with your
predictions? How can you tell the sign of the aeedlon from a velocity-time graph?

Question 3-2 What is the sign of the acceleration (which @adeés its direction)? Fill in
the corresponding cell in Table 3-1. Is it whatiywredicted? How doedowing down
while moving away from the detector result in this sign of accelers2 Hint:
Remember that acceleration is thée of changef velocity with respect to time. Look at
how the velocity is changing.)

Prediction 3-3 Based on your observations so far in this l@b,rf the rest of the
predictioncells in Table 3-1. Do not do before coming to. la

ACTIVITY 3-2:MOVING TOWARD AND SPEEDING UP

Prediction 3-4 Suppose now that you start with the cart atféineend of the ramp, and
let the fan push itoward the motion detector. Sketch your predictions fa velocity-
time and acceleration-time graphs on the axeddhatv. Do before coming to lab.
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Lab 3 - Velocity & Acceleration 51

PREDICTION

Velocity (m/s)

%)
+

Acl

0 1 2 Time(s) 3 4 5

Test your predictions.

1. First, clear any previous graphs. Graph the cart moviogard the detector and
speeding up Do not let the cart hit the motion detector. Turn the fan unit on,
start taking data and when you see the light on the motion detectbeasgdo not
push) the cart from rest from the far end of thepa Be sure that your hand is not
between the cart and the detector.) Stop thewh#n it reaches the 0.5-m line, and
turn the fan unit off immediately.

2. Print out one set of graphs for your group. Label thgregphs as Moving Toward
and Speeding Up

Question 3-3 How does your velocity graph show that the ea&$ movingiowardthe
detector?
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52 Lab 3 - Velocity & Acceleration

Question 3-4 During the time that the cart was speeding siphé acceleration positive
or negative? Fill in the correspondinfservationcell in Table 3-1. Does this agree with
your prediction from Table 3-1? Explain hapeeding upwvhile movingtoward the
detector results in this sign of acceleratidting: Look at how the velocity is changing.)

Question 3-5 When an object is speeding up, what must bedihection of the
acceleration relative to the direction of objectslocity? Are they in the same or
different directions? Explain.

Question 3-8 There is one more possible combination of vé&oand acceleration
directions for the cart: movingpward the detector andlowing down Think about your
prediction from Table 3-1 to see if you want to i@ it. Explain why the acceleration
should have this direction and this sign in terrhghe sign of the velocity and how the
velocity is changing.

ACTIVITY 3-3:MOVING TOWARD AND SLOWING DOWN

1. Clear any previous graphs. Graph the motiorthef cartmoving towardthe
detector andlowing down

2. Print out one set for you group. Indicate the releyaotions of the data label as
“Moving Toward and Slowing Dovn

3. Based on your results in this lab, fill in tiest of Table 3-1.
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Lab 3 - Velocity & Acceleration 53

ACTIVITY 3-4: REVERSING DIRECTION

In this activity you will look at what happens whéme cart slows down, reverses its
direction and then speeds up in the opposite decHow does the velocity change with
time? What is the cart’s acceleration?

The setup should be as shown below-the same asb&loe fan unit should have all
four batteries installed.

- - End

) .
I

Diraction of puzgh

Prediction 3-5: Imagine that you start the fan and give the agoushaway from the
motion detector. It moves away, slows down, reweidieection, and then moves back
toward the detector. For each part of the motaovey from the detector, at the turning
point, and toward the detectefindicate in the table below whether the velocihd a
acceleration will be positive, zero, or negati@o before coming to lab.

Moving At the turning Moving
away point toward

Velocity

Acceleration

On the axes that follow sketch your predictionshef velocity-time and acceleration-time
graphs of this entire motion.
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54 Lab 3 - Velocity & Acceleration

PREDICTION

Velocity (m/s)

%)
+

Acl

0 1 2 Time(s) 3 4 5

Test your predictions.

1. Set up to graph velocity and acceleration. (¢bauld still be using the experiment
file LO3.A3-1 Slowing Dowr)

2. Turn on the fan unit, andegin graphing with the back of the cart around 20 cm
from the sensor. When you begin to hear the clioks the motion detector, give
the cart a gentle push away from the detector abithtravels at least 1 m, slows
down, and then reverses its direction and movearbihe detector. Stop the cart and
then stop taking dataPysh and stop the cart with your hand on its sResure that
your hand is not between the cart and the detéctor.

Stop the cart at least 20 cm from the motion deteahd turn off the fan unit
immediately.

You may have to try a few times to get a good rouiipd Don’t forget to change the
scales if this will make your graphs clearer.

3. Print one set of graphs for your group after you obsagood round trip.
4. Labelbothyour prediction graph and your final printed grapth:

» A at the time when the cart started being pushed.

» B at the time when the push ended (where your heththe cart).

» C at the time when the cart reached its turningitpand was about to reverse
direction).

* D at the time when you stopped the cart.

Question 3-7 Did the cart “stop” at its turning point®ifit: Look at the velocity graph.
What was the velocity of the cart at its turningint®) Does this agree with your
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Lab 3 - Velocity & Acceleration 55

prediction? How much time did it spend at the tagnpoint velocity before it started
back toward the detector?

Question 3-8 According to your acceleration graph, what ie ticceleration at the
instant the cart reaches its turning point? Is dsifive, negative, or zero? Is it
significantly different from the acceleration dugithe rest of the motion? Does this agree
with your prediction?

Question 3-9 What is different about the acceleration while tart is going away from
the motion detector and back towards it? Explaendifference.

ACTIVITY 3-5:SIGN OF PUSH AND STOP
Find and mark on your acceleration graphs for Aiti8-4 the time intervals when you
pushed the cart to start it moving and when yoppsd it.

Question 3-10 What is the sign of the acceleration for eackthete intervals? Explain
why the acceleration has this sign in each case.

Pushing:
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56 Lab 3 - Velocity & Acceleration

Stopping:

You throw a ball up into the air. It moves upwanehches its highest
point, and then moves back down toward your hakssuming that

upward is the positive direction, indicate in tlable that follows

whether the velocity and acceleration is positzexo, or negative
during each of the three parts of the motion.

Moving up | At highest | Moving
after release point down

\ Velocity

Acceleration

Question 3-11: In what ways is the motion of the ball similarthe@ motion of the cart that
you just observed? What causes the ball to aateler
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