Introduction to Kinematics (Constant Velocity and Acceleration)
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Introduction

To trace mation of an object, we have to know how it moves with respect to time. Namely, it is
expected to record the change of motion in terms of elapsed time. The motion of an object can be
described by the displacement, velocity, and acceleration. Each of them has a dimension [L],
[L][T™Y, and [L][T™], respectively; namely, each unit has to be m, m/s, and m/s™.

Displacement indicates the direction and distance from the initial and the final points. Ve ocity is
the change of a displacement in a certain timeinterval. Acceleration is a change of velocity in
certain time. Thus, a constant accel eration creates a constant increase of the velocity and a
constant velocity creates a constant change of the displacement. This can befound in daily life
experiences such as traveling with a car.

On the other hand, the most common constant acceleration in nature is known as gravitational
acceleration. Objects on the Earth fall toward the center of the Earth with an acce eration, 9.81
m/s’. This depicts that a falling object obtains velocity, 9.81 nvs, each second. The procedure of
the experiment to obtain gravitational acceleration is following: Under a constant acceleration,
the average velocity, V, is (final velocity + initial velocity) divided by 2. That is:

VitV
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Making theinitial velocity zero, we obtain the average velocity as only final velocity divided by 2.
Another expression of the average velocity is distance (or height) divided by time:
g="
t
From these equations, the average velocity is eliminated and we have:

V=

Vi _h
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Thus, thefinal velocity can be solved as
2h
vV, =—

t
Therefore, the accel eration reaching the final velocity is the final velocity divided by the time,

L namely,

_2h
T
The acceleration, a, from the free-fall experiment is supposed to be the gravitational acceleration,
g, 9.81 m/s’

Objectives:
* Tolearn qualitative description of motion (constant velocity and accel eration)
+ Toverify the gravitational acceleration as 9.81 /s’ (constant falling accel eration)




Procedur e

@ Set up the following experimentation as

shown:

@ Start up DataStudio and select the motion
sensor. [Click a channel, A or B, in the interface of the picture only ONCE although there
ar e two connections.] Open two graphs of velocity vs. time and acceleration vs. time.
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Conceptual note:

The above pictureillustrates an ideal case and you would most likely
obtain the following graph: Does it make sense? Explain what happened
to the velocity after reaching the peak.

An example of actual data




Print this out!

Check with your instructor to seeif you obtained the proper graphs with DataStudio. One best
graph is enough to share with other partners. [Do NOT modify any data. Use every data point if it
physically makes sense.]

What is acceleration? How do the velocity and acceler ation change with respect to time?
What isthe meaning of constant acceleration according to the graph?

2. A constant velocity

Motion sensor

Procedure:
@ Usethe same set up as previously.

® Mimic a situation when you haveto drive at
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Conceptual note: An example of actual data

The above pictureillustrates an ideal case and you would most likely obtain Va
the following graph: Does it make sense? Explain what happened to the
velocity before and after reaching the plateau.




Print this out!

Check with your instructor to seeif you obtained the proper graphs with DataStudio. One best
graph is enough to share with other partners. [Do NOT modify any data. Use every data point if it

physically makes sense.]

OWhat isthe relationship between velocity and acceler ation? ®@How do you describe these
two graphs? ®How do you instruct your friends how to make a constant speed with a cart?

3. Gravitational acceleration g:

Procedure:

@ Set up the pieces of equipment as shown in thefigure:

The photo gate works as follows:

Photo Gate
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@ Start up DataStudio. Click the digital channels 1 to select the photo
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gate. Do the same for the digital channel 2. Click the “table” for the
display. Then, the data source has to be“ Time Between Any Gates’

as shown below:
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® Measurethefall distance, h, with a meter stick, which is between two photo gates (between
infrared beams).



@ Thefall timeis obtained from the photo gate. Theinitial placeto drop must be as close to the
photo gate as possible because the initial velocity is assumed as zero. Thisisvery important to

obtain an accurateresult. Thetipsarefollowing:

Qo
Oo

your partnersto click gtart.
® The elapsed time is what you record in the data table as shown:

® According to the introduction of this lab, we can assume that the acceleration is
constant. Using the average velocities, we have the final velocity as v, =22,
2h

2 - The acceleration,

Therefore, the acceleration reaching the final velocity isa =

has to be the gravitational acceleration, g, 9.81 m/s’.

Do not get confused with a and g. Thea is the acceleration measured by the
experiment, which is supposed to be close to the constant falling acceeration, g,
gravitational acceleration.

Make the object interrupt the infrared and the light will be turned on.

Just lift the object right above the beam. After making sure the light turned off, tell
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Hints:

object would block the photo gate before dropping.

If you obtained the accel eration greater than 9.81 m/s?, you would likely make an initial velocity by
releasing the object higher than it should have been. If you obtained it |ess than the accepted value, the

1 2 3 4 5 6
Fall distance, | Fall time, t Thefinal t* (Usethe The acceleration % Error
h (by photogate) | velocity atthe | 2 a=2h |Column 5-9.81
(m) - distance valuein t 981 *100 %
. ap”sed (Columns 1+ 2) column 2. '
Times. x D )
0.700
0.800
0.900
1.000
1.100

*v=(y +v,)r2; thus, v, =2v since V, iszero.

Question: How does the error depend on the fall distance? (The more distance, the more % error, or
opposite? Discuss the reasons.) How do you describe your experiment in terms of the data distribution?

(See section 6 in thefirst l1ab.)




» Plot agraph using columns 2 and 1. (Note that falling distance, h, isiny -axisand timeis
inX-axis.)

Questions:
» According to column 3 above, isit a uniformly accelerated, or a non-uniformly
accelerated motion?

» Aretheresults of the accel eration close to the accepted values by referring to the column
5?7 What are the possible causes of errors?

» From the above graph, how does the falling distance vary with time? Isit linearly
proportional ?




» Thetheory of the following analysis:

The acceleration formulaisgivenas a =

2h
t2

. Solving for h, we have h = a%; . Compareit with

alineequation, y =bx. Thevalues, &, and h correspond to x and y axes, respectively.

Therefore, plotting a graph using columns 4 and 1 gives you the slope, which is the acceleration,
a. You obtain it with the linear fit line program in DataStudio. The slope is supposed to be the
gravitational acceleration, g = 9.81 m/s’. [Note: The data shown below are only for the

explanation purpose. Please do not compare your results with these.]

® Restart DataStudio to have opening screen. Click *“Enter Data.” =

F% DataStidio)
File Edit Experiment Window Display Help
[T Summary ‘ ¢ New Data ‘ &< Import ... | @ Calculate |
_! [l Grapiid|
e 51-I[66 [7 3 ol g 0us -| | 21 &/ &) @l &£ - e | ] Al
A Editable Data 0.0025 1
Data
T ¥ T 0
IFor column 4| IFor column 1 0.0020
T data I data |
[ | I |
| L | 0.0015
! I} |
' i |
| it | 0.0010 |
! it [
: | : | 5.0000e-4 -|
| |
! i [
beeeeab=s=== 0000
-

® Click “Fit” in the panel, then select “Linear Fit.”

¢ @ Typethe datain the
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& @ Thelinear fit line and its information will
be displayed as shown. [The data used in the

From the slope of the linear fit line, how well does your result agree with the expected value (9.81
m/s’) also in terms of the uncertainty? [What is (are) the advantage(s) of this “ averaging” method?]
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