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Last time

e order of magnitude exercise
e introducing 1-D kinematics

e quantities of motion

e position, displacement, and distance



Overview

e quantities of motion

e speed and velocity

e acceleration



Example from yesterday
Now, the starting position of the car is X;=30m ? the final

position is Xf = —60 m i.
The distance the car travels is d =130 m|.
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The displacement of the car is

Ax = Xi—X
= (—601)—30im

= [oomi]



Speed

We need a measure how fast objects move.

distance
speed = ——
time

If an object goes 100 m in 1 second, its speed is 100 m/s.



Speed

Speed can change with time.

For example, driving. Sometimes you are on the highway going
fast, sometimes you wait at a stoplight.

Instantaneous speed is an object’s speed at any given moment in
time.



Speed

Speed can change with time.

For example, driving. Sometimes you are on the highway going
fast, sometimes you wait at a stoplight.

Instantaneous speed is an object’s speed at any given moment in
time.

Average speed is the average of the object’s speed over a period
of time:

total distance traveled

average speed = —
time interval



Velocity

Driving East at 65 mph is not the same as driving West at 65 mph.
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Velocity

Driving East at 65 mph is not the same as driving West at 65 mph.

There is a quantity that combines the speed and the direction of
motion.

This is the velocity.

Velocity is a vector quantity. Speed is a scalar quantity.

If a car drives in a circle, without speeding up or slowing down, is
its speed constant?

Is its velocity constant?



Velocity

How position changes with time.
Quantities
velocity
average velocity
instantaneous speed

average speed
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How position changes with time.
Quantities
velocity
average velocity
instantaneous speed

average speed
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Velocity

How position changes with time.
Quantities
velocity v (=9%
average velocity Vg = %
instantaneous speed v or | V|

average speed Af

Can velocity be negative?
Can speed be negative?

Units: meters per second, m/s



Average Velocity vs Average Speed Example

The displacement of the car is Ax=20mi.
The distance the car travels is d = 20 m.
The time for the car to move this far is 10 seconds.

What is the average velocity of the car? What is the average speed
of the car?

The car moves to
the right between

positions ® and ®.
®
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Average Velocity vs Average Speed Example

The displacement of the car is Ax=20mi.
The distance the car travels is d = 20 m.
The time for the car to move this far is 10 seconds.

What is the average velocity of the car? What is the average speed
of the car?

The car moves to
the right between

positions ® and ®.
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average velocity Vayg = 4% =|2 m/s i

average speed = % = (same magnitude in this case)




Average Velocity vs Average Speed Example
The displacement of the car is —90 m i
The distance the car travels is d = 130 m.

The time for the car to move A—F is 50 seconds.

Average velocity? Average speed? ®
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Average Velocity vs Average Speed Example
The displacement of the car is —90 m i
The distance the car travels is d = 130 m.

The time for the car to move A—F is 50 seconds.

Average velocity? Average speed? ®
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average velocity Vag = 2% =|—1.8 m/s i

average speed = ﬁ = Not the samel!




Question

Quick Quiz 2.1 Under which of the following conditions is the
magnitude of the average velocity of a particle moving in one
dimension smaller than the average speed over some time interval?

A A particle moves in the +x direction without reversing.
B A particle moves in the —x direction without reversing.

C A particle moves in the +x direction and then reverses the
direction of its motion.

D There are no conditions for which this is true.

1Serway & Jewett, page 24.



Question

Quick Quiz 2.1 Under which of the following conditions is the
magnitude of the average velocity of a particle moving in one
dimension smaller than the average speed over some time interval?

A A particle moves in the +x direction without reversing.
B A particle moves in the —x direction without reversing.

C A particle moves in the +x direction and then reverses the
direction of its motion. <

D There are no conditions for which this is true.

1Serway & Jewett, page 24.



Conceptual Question

If the average velocity of an object is zero in some time
interval, what can you say about the displacement of
the object for that interval?

1Serway & Jewett, page 50.



Acceleration

Speed and velocity can change with time.

Acceleration is the rate of change of velocity with time.

) change in velocity
acceleration =

time interval



Acceleration

Speed and velocity can change with time.

Acceleration is the rate of change of velocity with time.

) change in velocity
acceleration =

time interval

If an object is moving with constant speed in a circular path, is it
accelerating?



Acceleration

Quantities
acceleration a (=97

average acceleration

Acceleration is also a vector quantity.



Acceleration

Quantities
acceleration a (=9)

average acceleration  agyg = %

Acceleration is also a vector quantity.

If the acceleration vector is pointed in the same direction as the
velocity vector (ie. both are positive or both negative), the

particle’s speed is increasing.



Acceleration

Quantities
H = _dv
acceleration a (= oy )
average acceleration agye = 2V
g avg At

Acceleration is also a vector quantity.

If the acceleration vector is pointed in the same direction as the
velocity vector (ie. both are positive or both negative), the
particle’s speed is increasing.

If the acceleration vector is pointed in the opposite direction as
the velocity vector (ie. one is positive the other is negative), the
particle’s speed is decreasing. (It is “decelerating”.)



Summary

e introducing kinematics

e quantities of motion

Homework Walker Physics:

e Ch 2, onward from page 47. Conc. Ques: 1, 3, 9; Probs: 1, 3,
57,9 13

e Ch 2, onward from page 47. Conc. Ques: 13; Probs: 35, 41



