Acceleration

Changes in Velocity

A train’s instantaneous velocity is 0 km/h just before it
starts moving. This increases until the train reaches its top
speed of 300 km/h. The train’s velocity changes again as it
comes to the next station. The velocity falls back to 0 km/h.

Acceleration is the rate of change of velocity with
respect to time.

The rate of change of velocity is called acceleration. The
average acceleration is calculated by dividing the change
in an object’s velocity by the time interval in which the
change occurs.
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Acceleration has units of length divided by time squared.

You might think of m/s* as meters per second per second.

Acceleration has direction and magnitude.

Acceleration has a direction. Acceleration in the direction
of motion increases velocity. Acceleration against the
direction of motion decreases velocity. Picture pushing a
swing. The swing goes faster if you push in the direction of

motion. It slows if you push against the direction of motion.

-| The slope and shape of the graph describe the
object’s motion.

Velocity describes an object’s change in position over time.
Acceleration describes its change in velocity over time.
Look at the velocity-time graph at the right. A positive
slope indicates that velocity is increasing. A slope of 0
indicates that the velocity is not changing. A negative slope
indicates that the velocity is decreasing.

30 CHAPTER 2

acceleration

Bullet trains can travel at speeds of
about 300 km/h.

Velocity-Time Graph of a Train
B
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The graph shows velocity of a train as
it goes between two stations. Displace-
ment is in the positive direction. This is
because the train starts at a velocity of
zero and then has a positive velocity
until it drops back to zero.

The instantaneous acceleration of
the train is equal to the slope at each
point. Acceleration is positive when
the slope is positive. This is shown
at A. Acceleration is zero when the
slope is 0. This is shown at B. The
acceleration is negative when the
slope is negative. This is shown at C.
The train slows down.



l_i_«\_ﬂs can be positive or negative.

A negative acceleration does not always indicate a decrease in
speed. Suppose an object is moving down. The acceleration
downward will simply increase the object’s speed.

An object speeds up when velocity and acceleration are in
the same direction. An object slows down when velocity and

acceleration are in opposite directions. Q] Critical Thinking

1. Infer A bird is gliding down-
ward at constant velocity when an

direction was the acceleration?

| SAMPLE PROBLEM

A bus is moving at 9.0 m/s. It slows with an acceleration
of —1.8 m/s*. How long does it take to come to a stop?

ST

SOLUTION
1 ANALYZE Determine what information is given and unknown.
Given: v;= 9.0 m/s ve=0m/s gy = ~1.8 m/s?
Unknown: At = ?
2 SOLVE Find Av.

Av = v, -y, = (0 m/s) - (9.0 m/s) = -9.0 m/s

Rearrange the average acceleration equation to solve for the
time interval.
— Av
aavg i Tt

= Av _ =D.0m/s
ot = aavg 3 -1.8 m/s?

MOTION IN ONE DIMENSION

Signs of Initial Velocity and Acceleration updraft slows its motion. In what

v, LSO Motion

- speed up
- - speed up
+ - slow down
- + slow down
ks 0 continue at constant velocity
- 0 continue at constant velocity
0 + speed up from rest (forward)
e, - speed up from rest (backward)
0 0 remain at rest
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SAMPLE PROBLEM (continued)

take to come to a stop?

PRACTICE | A. A bus is moving at 9.0 m/s. A dog runs in front of the bus.
The bus slows with an acceleration of —4.1 m/s2. How long did it

Given:

Unknown:

Motion with constant acceleration

At the right is a photo of a ball falling from rest. Notice that
positions at the top are close together. The distance traveled in
each 0.1 s interval increases as the ball continues to fall. The
change in displacement is increasing. Velocity is therefore
increasing.

Look at the graph below. The change in velocity is constant.
This indicates that the acceleration is constant.

Velocity Versus Time of a Falling Ball
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Displacement depends on acceleration, initial velocity,
and time.

The graph shows the initial velocity and the final velocity. It
also shows the time between them. We don’t know the
distance fallen but can calculate it. We know that average
velocity is equal to displacement divided by the time interval.

- Ax
vavg = At

Assume the acceleration is constant. The average velocity is
the average of the initial and final velocity. These points are
marked on the graph.

i
Uavg ET |
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This photo shows motion of a ball
dropping. The time between images
is0.1s.

[J] Critical Thinking

2. Interpreting Graphics What is
the ball’s velocity after 0.20 s?




You need to find an expression for displacement under
constant acceleration. Set the two expressions for V. €qual.
Ax Ui £k Uf ,

AL T2
Ax = %(vr. +v)At

Assume the acceleration is constant. The displacement of an

object is equal to the average velocity multiplied by the times
elapsed.

SAMPLE PROBLEM

A racecar is moving at 42 m/s. It uses its brakes and a parachute
to come to a stop with a constant negative acceleration.
This takes 5.5 s. Find the distance the car travels during braking,

SOLUTION
1 ANALYZE Determine what information is given and unknown.
Given: v;=42 m/s V= Om/s Ar=535s
Unknown: d = ?
2 SOLVE Use the equation for distance traveled under constant acceleration.
Ax = %- (v, +v)At
Ax= % (42 m/s + 0 m/s)(5.5 s)
Note that the answer is rounded to 2 significant figures. This is
because the initial velocities and time only have 2 significant
figures. '
PRACTICE

A. A car accelerates from rest to a speed of 6.6 m/s in
6.5 s. Find the distance the car travels during this time.

Given:

Unknown:

Final velocity depends on initial velocity, acceleration,
and time.

Suppose you don’t know the final velocity. You do know the
initial velocity. You also know the constant acceleration and the
time interval. You can still find the displacement.

MOTION IN ONE DIMENSION

33




	30
	pages_30_33
	32
	33

