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Chapter 2

Describing Motion:
Kinematics in One
Dimension




Objectives

« Express the motion of an object using
narrative, mathematical, and graphical
representations.

* Design an experimental investigation of
the motion of an object.

* Analyze experimental data describing the
motion of an object and express the
results of the analysis using narrative,
mathematical, and graphical
representations



Units of Chapter 2
‘Reference Frames and Displacement

*Average Velocity
‘Instantaneous Velocity
*Acceleration

‘Motion at Constant Acceleration
*Solving Problems

Falling Objects

Graphical Analysis of Linear Motion



2-1 Reference Frames and Displacement

Any measurement of position, distance, or
speed must be made with respect to a
reference frame.

For example, if you are sitting on a train and someone
walks down the aisle, their speed with respect to the
train is a few miles per hour, at most. Their speed with
respect to the ground is much higher.
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2-1 Reference Frames and Displacement

We make a distinction between distance and
displacement.

Displacement (blue line) is how far the object is
from its starting point, regardless of how it got
there.

Distance traveled (dashed line) is measured

along the actual path. y
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2-1 Reference Frames and Displacement

The displacement is written:

Left:

Displacement is positive.

Y

X1 %

Right:

Displacement is negative.
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2-2 Average Velocity

Speed: how far an object travels in a given time
interval

distance traveled
average speed = — (2-1)
time elapsed

Velocity includes directional information:

displacement

average velocity = time elapsed



2-3 Instantaneous Velocity

The instantaneous velocity is the average
velocity, in the limit as the time interval becomes

infinitesimally short.

_ lim X
v Arlglo At (2-3)

These graphs show (a)
constant velocity and (b)
varying velocity.
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2-4 Acceleration
Acceleration is the rate of change of velocity.

change of velocity

average acceleration = :
time elapsed

t] = 0 .
v, =0 Accelerauo:n
a =15 kl?/h
at 1t =10s
V = 15 km/h
at t = 20s

vV = 30 km/h

at t=t2 = .08
V=V, = 75km/h

——  ——
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2-4 Acceleration

Acceleration is a vector, although in one-
dimensional motion we only need the sign.

The previous image shows positive
acceleration; here is negative acceleration:

Acceleration

at tl = {
Vi = 150m/s a=-2.0m/s?

at t2 = 5.0s
V, = 5.0m/s
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2-4 Acceleration

There is a difference between negative
acceleration and deceleration:

Negative acceleration is acceleration in the
negative direction as defined by the coordinate
system.

Deceleration occurs when the acceleration is
opposite in direction to the velocity.
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2-4 Acceleration

The instantaneous acceleration is the average
acceleration, in the limit as the time interval
becomes infinitesimally short.

o Av
a = lim
At—0 At

(2-3)



2-5 Motion at Constant Acceleration

The average velocity of an object during a time
interval tis
X — Xy X — Xy

v = -
[_fo t

The acceleration, assumed constant, is

VUV — V)
[

a =



2-5 Motion at Constant Acceleration

In addition, as the velocity Is increasing at a
constant rate, we know that

_ YT

2

Combining these last three equations, we find:

X = Xy T vyt + %atz (2-9)



2-5 Motion at Constant Acceleration

We can also combine these equations so as to
eliminate ¢t:

vt =5 + 2a(x — xp) (2-10)

We now have all the equations we need to solve
constant-acceleratlon problems

.’I) = ’Uo + at (2-11a)
x= xO —|— vot + 3 at2 (2-11b)
'02= vo + Za(x - xo) (2-11c)

':-A;-i:?ﬁ: v + ’Uo .

- ‘.fiié'?fﬁ‘:?ffff: -

(2-11d)
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2-6 Solving Problems

1. Read the whole problem and make sure you
understand it.... Then read it again.

2 Write down the known (given) quantities, and
then the unknown ones that you need to find.

3. Draw a diagram and choose coordinate axes.

4. What physics applies here? Plan an approach
to a solution.

a = 2.00 m/s? a = 2.00 m/s?




2-6 Solving Problems

5. Which equations relate the known and
unknown quantities? Are they valid in this
situation? Solve algebraically for the unknown
quantities, and check that your result is sensible
(correct dimensions).

6. Calculate the solution and round it to the
appropriate number of significant figures.

7. Look at the result — is it reasonable? Does it
agree with a rough estimate?

8. Check the units.



Example Problem 1

A bike accelerates from rest to a velocity of
+5.0 m/s over a displacement of 50.0 m.
Determine the acceleration of the bike
assuming it is constant.



Example Problem 2

A race car accelerates from 18 m/s to 48.0
m/s in 3 seconds. Assuming constant
acceleration, determine the acceleration of
the car and the displacement.



AP 1

* You are asked to experimentally
determine the acceleration of a skier
traveling down a snow-cov- ered hill of
uniform slope as accurately as possible.
Which combination of equipment and

equa- tion would be most useful in your
endeavor?



AP 1 Sample Problem 2

Superman sees a child slip and fall off a building
so he quickly calculates (he is very good at
physics) a straight line path that will intercept the
child’s path. He knows he must accelerate at
exactly 13 m/s? along the straight path for 3.0
seconds in order to make the catch and save the
day. (a) What distance does he travel during this
time and (b) what is his final velocity at the
moment he catches the child?



(A)
(B)
©)

(D)

AP 1 Sample Problem 2

equipment equation
tape measure, stopwatch x=x,tv t+lat’
photo gates, stopwatch v2=vy2 +2a (x—x,)
radar gun, tape measure v. =v ,tat

Vy, TV
photo gates, radar gun p.= o

* 2



AP Sample Problem 3

Runner A is 40 m east of a flag pole and is
moving west at 3 m/s. Runner B is 30 m
west of a flag pole and moving east at 2 m/s.
Where will they meet in reference to the flag
pole”?

If runner B is also accelerating at 0.5 m/s? to
the east, what will be their new meeting
point?



Ap 1 sample problem 3

« A pirate captain in her ship spies her first mate in a
dinghy five kilometers away. The pirate captain sails her
ship toward the dinghy at a rate of eight kilometers per
hour. The first mate rows his dinghy toward
the pirate ship at a rate of two kilometers per hour.

« When the captain initially spies the first mate at a
distance of five kilometers, her parrot, Polly, begins flying
back and forth between the two at a rate of 40 kilometers
per hour. How far does Polly fly in total if she continues
her back-and-forth journey until the pirate ship meets the
dinghy?



LAB NOTEBOOK

* Rules
— No pencil
— No whiteout (any big mistakes are crossed
once and a short explanation is written beside

it)
— No removing pages

— Anyone with similar background in physics
should be able to follow and repeat your work



First page

 Name
e Course name
« School name

 Date notebook was started — date
completed



Table of contents

Title of lab Page # Title of lab Page #



Layout
Lab title Date
Lab objective (if given)
Equipment list and set up: Very detailed.

How much did you use? How exactly was
it set up? Include labeled diagrams

Procedure: Very clear. Step by step (each
step should be short)

Raw data: The data as you take it down
during the experiment. Clear labels.



Layout

* Analysis: The math you are using (explain
If needed.) Graphs. Linearization. Finding
slope. This is followed by a written
explanation of what you found and what
the data tells you.

» Conclusion: A short summary of what you
discovered/learned.
— Error analysis: min. of two sources of possible

error. What you would change if you were to
do the lab again.




2-7 Falling Objects

Near the surface of the Earth, all objects
experience approximately the same acceleration

due to gravity.

This is one of the most
common examples of motion
with constant acceleration.

_ \
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2-7 Falling Objects
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In the absence of air
resistance, all objects
fall with the same
acceleration, although
this may be hard to tell
by testing in an
environment where
there is air resistance.

(b)
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Acceleration

2-7 Falling Objects

p L y=0

y1=4.90m
(After 1.00 s)

¢ y»,=19.6 m
(After 2.00 s)

The acceleration due to
T i gravity at the Earth’s

(After 3.00 s) ] ]
Viy surface is approximately

9.80 m/s?.
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Position, x (m)

2-8 Graphical Analysis of Linear Motion

50+

407 i}?lx; This is a graph of x vs. t
s0f T i?_?_fl for an object moving with
- 10! constant velocity. The

. i i velocity is the slope of the
. o x-t curve.

0 1.0 20 30 40 5.0
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Velocity, v (m/s)

2-8 Graphical Analysis of Linear Motion

On the left we have a graph of velocity vs. time
for an object with varying velocity; on the right
we have the resulting x vs. t curve. The
instantaneous velocity is tangent to the curve at

each point.

300 —
5.0 ~
E 2001
=
10.0 .5
'Z2 100
5.0 =
0 1 | | | | | Lol | | |
0 50 100 150 200 250 300 0 50 100 150 200 250 300
(a) Time, 7 (s) (b) Time, 7 (s)
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Velocity, v (m/s)

Velocity, v (m/s)
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2-8 Graphical Analysis of Linear Motion

(a)

Time, 7 ()

(b)
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The displacement, Xx,
Is the area beneath
the v vs. t curve.



Summary of Chapter 2

« Kinematics is the description of how objects
move with respect to a defined reference frame.

* Displacement is the change in position of an
object.

* Average speed is the distance traveled divided
by the time it took; average velocity is the
displacement divided by the time.

* Instantaneous velocity is the limit as the time
becomes infinitesimally short.



Summary of Chapter 2

* Average acceleration is the change in velocity
divided by the time.

 Instantaneous acceleration is the limit as the
time interval becomes infinitesimally small.

* The equations of motion for constant
acceleration are given in the text; there are four,
each one of which requires a different set of
quantities.

* Objects falling (or having been projected) near
the surface of the Earth experience a gravitational
acceleration of 9.80 m/s?.



