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Introduction

Kinematics:

Describes motion while ignoring the external
agents that might have caused or modified the
motion

For now, will consider motion in one dimension
Along a straight line

Motion represents a continuous change in the
position of an object.




Introduction

I Types of Motion

Translational

» An example is a car traveling on a highway.
Rotational

» An example is the Earth’s spin on its axis.
Vibrational

» An example is the back-and-forth movement of a
pendulum.




Introduction

Particle Model
We will use the particle model.

In general, a particle : is a point-like object—that is,
an object with mass but having infinitesimal size.




2.1 Position, Velocity, and Speed

e Position

The object’s position is its
location with respect to a
chosen reference point.

¢ Consider the point to be the
origin of a coordinate
system. Only interested in

The car moves to
the right between
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2.1 Position, Velocity, and Speed

* Position-Time Graph
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2.1 Position, Velocity, and Speed

= Displacement

The displacement of a particle is defined as its change in position in
some time interval.

(Ax > 0 or Xf > x; :motion to the right - +

Ax < 0 or x¢ < x; :motion to the left « —
Ax = Xp — X; ,
Ax = 0 or xf = x; :object returned to

_ itsinitial position,or there was no motion

Displacement is an example of a vector quantity.

(requires the specification of both direction and magnitude)

= Distance
Distance is the length of a path followed by a particle.
Distance is an example of a scalar quantity.

(scalar quantity has a numerical value and no direction.)




2.1 Position, Velocity, and Speed

= Average velocity

The average velocity U, of a particle is defined as the particle’s displacement
Ax divided by the time interval At during which that displacement occurs:
_ Ax Xf — Xj
vx = =
At At
The average velocity has dimensions of length divided by time (L/T)—meters per second in Sl units

(The average velocity of a particle moving in one dimension can be positive or
negative, depending on the sign of the displacement, a vector quantity)

Average speed
The average speed of a particle, is defined as the total distance traveled divided by

the total time interval required to travel that distance:
Total Distance

Average speed =
BE sP Total Time

The Sl unit of average speed is the same as the unit of average velocity

i ’ i = no direction and hence carries no algebraic sign
* (The average speed of a particle, a scalar quantit

Notice the distinction between average velocity and average speed—average velocity is the disp/acement
divided by the time interval, while average speed is the distance divided by the time interval.




2.1 Position, Velocity, and Speed

= Average velocity and Average speed

Example 2.1 Calculating the Average Velocity and Speed

Find the displacement, average velocity, and average speed
of the car in Figure 2.1a between positions ® and ®.

Solution From the position—time graph given in Figure
2.1b, note that xa = 30 m at {4 = 0 s and that xp = —53 m

at tg = 50 s. Using these values along with the definition of

displacement, Equation 2.1, we find that

Ax=xg—x4=-53m—30m= —83m

This result means that the car ends up 83 m in the nega-
tive direction (to the left, in this case) from where it
started. This number has the correct units and is of the
data. A
quick look at Figure 2.1a indicates that this is the correct
answer.

same order of magnitude as the supplied

It is difficult to estimate the average velocity without
completing the calculation, but we expect the units to be

meters per second. Because the car ends up to the left of

where we started taking data, we know the average velocity
must be negative. From Equation 2.2,

x(m)
60 —
40 |- Im 4
B Ax Xp— X NE — Xa @
‘(.lx = = = 90 At
At =1 lg — ia
= C C 0
=58 m—30m  —83m
h0s — 0s 50 s 20
—40 —
= —_ 7 /g
1.7 m/s »

We cannot unambiguously find the average speed of the
car from the data in Table 2.1, because we do not have infor-
mation about the positions of the car between the data
points. If we adopt the assumption that the details of the
car’s position are described by the curve in Figure 2.1b, then
the distance traveled is 22 m (from @ w0 ®) plus 105 m
(from ® to ®) for a total of 127 m. We find the car’s average
speed for this trip by dividing the distance by the total time
(Eq. 2.3):

127 m

Average speed = ———— =

- 2.5m/s
50 s

10




2.2 Instantaneous Velocity and
Speed

Instantaneous Velocity

The limit of the average velocity as the
time interval becomes infinitesimally
short, or as the time interval
approaches zero.

60

dt

v, = 0 (at maxima or minima) particle 4
is momentarily at rest

this limit is called the derivative of x with respect to ¢
The instantaneous velocity indicates
what is happening at every point of
time.

®

The instantaneous velocity is the slope of
the line tangent to the x vs. t curve.

This would be the green line. The light
blue lines show that as At gets smaller,
they approach the green line.

The blue line between

positions @ and

approaches the green

tangent line as point ® is

. moved closer to point ®.

“The slope of a graph of physical data

represents the ratio of change in the quantity
represented on the vertical axis to the change
in the quantity represented by the horizontal
axis.




2.2 Instantaneous Velocity and
Speed

= [nstantaneous Speed

The instantaneous speed is the magnitude of the instantaneous
velocity.

The instantaneous speed has no direction associated with it and
hence carries no algebraic sign.

we use the word velocity to designate instantaneous velocity. When it
is average velocity we are interested in, we shall always use the
adjective average.




2.2 Instantaneous Velocity and
Speed

Example 2.3 Average and Instantaneous Velocity l?}{ m)
A particle moves along the x axis.
. . . . Q
Its position varies with time |
ccording to the expression x =4t 6 g \ ®
.. . Slope =4 m/s
+ 22 where xis in meters and tis 1 |
. B " \
in seconds. The position—time Slope = -2 m/s

Figure . Note that the particle

graph for this motion is shown in 9 /
®
/

moves in the negative xdirection ! / “s)
for the first second of motion, is 9

momentarily at rest at the

moment £=1s, and moves in the 0 l 9 3 4

positive xdirection attimes t Figure 2.4 (Example 2.3) Position—time graph for a particle
> 1s having an x coordinate that varies in time according to the
] expression x = — 4/ + 92,




2.2 Instantaneous Velocity and
Speed

Example 2.3 Average and Instantaneous Velocity

(A) Determine the displacement of the particle in the time
intervals t=0tot=1sand¢t=1stot= 3s.

Solution During the first time interval, the slope is nega-
tive and hence the average velocity is negative. Thus, we
know that the displacement between @ and must be a
negative number having units of meters. Similarly, we expect
the displacement between ® and © to be positive.

In the first time interval, we set f;= {a =0 and
(= tg = I s. Using Equation 2.1, with x = — 47 + 212 we
obtain for the displacement between t = O and ¢ = 1 s,

Axp—p = X — x; = xg = Xp
= [—4(1) + 2(1)2] = [—4(0) + 2(0)?]

= —2m

To calculate the displacement during the second time inter-
val (1 = 1stot =3s),wesetl; =g = lsand{, =1p=3s:
&"X\B—"D = »X‘f_ Xt' = XD - .YB
= [—4(3) + 2(3)%] — [—4(1) + 2(1)?]
= +8m

These displacements can also be read directly from the posi-
tion—time graph.




2.2 Instantaneous Velocity and
Speed

Example 2.3 Average and Instantaneous Velocity
(B) Calculate the average velocity during these two time in-
tervals.

Solution In the first time interval, Al(={— (;=
(g — tp = 1 s. Therefore, using Equation 2.2 and the dis-
placement calculated in (a), we find that

_  Axpa—»p —2m
Elx{A—:-B} - Af — l.‘i

= —2m/s

In the second time interval, At = 2 s: therefore,

Axg_p 8m

Ux(B— D) Al = 9 s = +4m/s

These values are the same as the slopes of the lines joining
these points in Figure 2.4.




2.2 Instantaneous Velocity and
Speed

Example 2.3 Average and Instantaneous Velocity
(C) Find the instantaneous velocity of the particle at t = 2.5 s.

Solution We can guess that this instantaneous velocity must
be of the same order of magnitude as our previous results,
that is, a few meters per second. By measuring the slope of
the green line at 7 = 2.5 s in Figure 2.4, we find that

v, = +6m/s

3 Simply to make it easier to read, we write the expression as
x = —4{+ 22 rather than as x = (—4.00 m/s)t + (2.00 m/s?) (%%,
When an equation summarizes measurements, consider its coeffi-
cients to have as many significant digits as other data quoted in a
problem. Consider its coefficients to have the units required for di-
mensional consistency. When we start our clocks at { = 0, we usually
do not mean to limit the precision to a single digit. Consider any
zero value in this book to have as many significant figures as you
need. 16




Lecture Summary

= After a particle moves along the x axis from some initial position
x; to some final position x, its displacement is
Ax = xp — X;
= The average velocity of a particle during some time interval is the
displacement Ax divided by the time interval At during which that
displacement occus:
Ax Xf— X
VT At T T At
= The average speed of a particle is equal to the ratio of the total

distance it travels to the total time interval during which it travels
that distance:

Total Distance

Average speed =
g€ P Total Time




Lecture Summary

* The instantaneous velocity of a particle is defined as:

b Ax  dx
T NS0 AE  de

The instantaneous speed of a particleis equal to the magnitude of its
instantaneous velocity.
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