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Lightning Review

1. Motion in one dimension:
displacement: depends only on x;— x.
average velocity: displacement over time interval
instantaneous velocity: same as above for a very small
time interval
average acceleration: velocity change over time interval
instantaneous acceleration: same as above for a very small
time interval



Review: Displacement vs path
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Average Acceleration

» Changing velocity (non-uniform) means an
dacceleration Is present

» AVErdge aceelerationtis the rate oif change of
the velocity,

» Averade acceleration is a vector quantity (i.e.
described by both magnitude and direction)



Average Acceleration

When the sign of the velocity and the
dcceleration are the same (either positive or
negative), then the speed IS Increasing

When the sign of the velocity and the

dcceleration are opposite, the speed is
decreasing

Units

SI Meters per second squared (m/s?)

CGS Centimeters per second squared (cm/s?)

US Customary. Feet per second squared (ft/s?)




Instantaneous and Uniform
Acceleration

Instantaneeus acceleration is the limit offthe
dverage acceleration as the time interval goes
to zero

When the instantaneous accelerations are
always the same, the acceleration will be
uniform

The instantaneous accelerations will all be equal to
the average acceleration



Graphical Interpretation of;
Acceleration

AVErage atCelerationisithe
slope of the line connecting
the initial and final Velocities
on a velocity-time graph

Instantaneeus acceleration
IS the slope of the tangent
to the curve of the velocity-
time graph




Example 1: Motion Diagrams

Uniform velocity (shown by red arrows maintaining
the same size)

Acceleration equals zero



Example 2:

Velocity and acceleration are in the same direction

Acceleration Is uniform (blue arrows maintain the same
length)

Velocity is increasing (red arrows are getting longer)



Example 3:

Acceleration and velocity are in 6pposite directions

Acceleration Is uniform (blue arrows maintain the same
length)

Velocity Is decreasing (red arrows are getting shorter)



NEAT OBSERVATION: the area under a velocity versus time graph (between the
curve and the time axis) gives the displacement in a given interval of time.

Why is that? For the constant velocity:

v=g = Ax=v At
X At X

Divide the graph into small rectangular shapes

A

v, (m/s)

Area = ESi = E(Vx)i Atl- = EAXZ' = Axtotal

t (sec)
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This whole area determines displacement!



Example: Speedometer readings are obtained and graphed as a car comes to
a stop along a straight-line path. How far does the car move between t = 0

and t = 16 seconds?
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a reversal of direction, the 20
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area between the curve
and the time axis will
represent the distance
traveled.

The rectangular portion has an area of Lw = (20 m/s)(4 s) = 80 m.
The triangular portion has an area of Y2bh = %2(8 s) (20 m/s) = 80 m.

Thus, the total area is 160 m. This is the distance traveled by the car.
13



One-dimensional Metion With Constant
Acceleration

Ifr acceleration IS uniform (I-€. ):

thus:

Shows velocity: as a function of acceleration and time



One-dimensional Motion With Constant
Acceleration

Used in situations with uniform acceleration

/
N

Velocity changes
uniformly!!!




Notes on the eguations

Gives displacement as a function off velocity and time

Gives displacement as a function of time, velocity.
and acceleration

Gives velocity as a function off acceleration and
displacement



Example: The graph shows speedometer readings as a car comes to a stop.
What is the magnitude of the acceleration att = 7.0 s?
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The slope of the graph att = 7.0 sec is
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SUmMMmaReiKREMatiCieqUatIoONS

[/.\:183y <8 Equations for Motion in a Straight Line
Under Constant Acceleration

Equation Information Given by Equation

v=vy t at Velocity as a function of time
Ax = -;—(vo == Displacement as a function of velocity and time

Ax = vot + %at2 Displacement as a function of time

v? = yy? + 2a Ax Velocity as a function of displacement

Note: Motion is along the x axis. At ¢t = 0, the velocity of the particle is v.
© 2003 Thomson - Brooks/Cole




Free Fall

» All'objec

'S moving under the influence of

only gravity are said to be in free fall

p All"ebjects falling nEar the earth s SUiace
ialilwithrarconstant acceleration

» [his acceleration Is called the acceleration
due to gravity, and indicated by g



Acceleration due to Gravity

Symbolized by g
g = 9.8 m/s? (can use g = 10 m/s? for estimates)

d is always directed downward
toward the center of the earth



Free Fall - an Object Dropped

Initial velocity: is zero .

Frame: et Uprbe positive m
Use the kinematic eguations \ /
Generally' use V. instead —,

(0)

of X since vertical
d — g




Free Fall -- an Object Thrown
Downward

d=(

With upward being positive,
acceleration will be negative, g
= -9.8 m/s2 m

Initial velocity = 0 \/

With upward being positive,
initial velocity will be negative




Free Fall -- object thrown upward

» Initial velocity is
Upward, So positive

» [he instantaneous
velocity at the
maximum heignt IS
Zero

» d = g everywhere in

the motion

glisialways dewnRward,
REFative

\
VvV =

0



Example: A penny is dropped from the observation deck of the Empire State
Building 369 m above the ground. With what velocity does it strike the ground?
Ignore air resistance.

Given: Solution:
y

vy = 0 m/s,
a, = -9.8 m/s?,

Use: X
Ay = -369 m l -

y
369 m

Find:
Vy=? '
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Example continued:

How long does it take for the penny to strike the ground?

Given: v, = 0 m/s, a, = -9.8 m/s?, Ay = -369 m Unknown: At
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Thrown upward

TThe motion may be symmetrical
then t,, = tioun
then v: = -V

TThe motion may: not be symmetrical

Break the motion into various parts
generally up and down
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Position vs. time

¥

Yelocity vs. time




