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Ch. 2: Motion in One

Dimension

Part 1
Kinematics: describes motion in terms of space and time, ignoring

external agents that cause or modify that motion.
Motion: continuous change in position.

Position, Velocity, and Speed

position or location in space at any time, with respect to a chosen
reference point considered the origin of a coordinate system, (a
reference point) O

A car is moving back and forth along the x axis, Figure 2.1a. The
car 1s 30 m to the right of the reference position x = 0. We record
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the car’s position every 10 s, pictorially, graphically, and tabular.
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The displacement: Ax change in the position in some time interval.
Initial position x;, final position x¢
AX = Xt - Xj

— = going right —
X ¢ X always!

Jl . . > X — = going left «
0 (initial) (final)

vy =-10m/s vg=-10m's

Distance d is the length of a path followed by a particle.

The displacement is a vector which has direction. Distance d is
scaler always positive.

The average velocity v, = displacement Ax divided by the time
interval At of the displacement:

-V _Ax Unit: meter/second (m/s)

For example,

Between A and B in Figure 2.1b

Ax 52-30
At  10-0
Slope of line between A and B

V=V, = 22m/s= 0

X,avg

Average velocity = the slope of the line joining the two points
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The average speed of a particle, is a scalar quantity,

total distance .
Average speed =V = d = _ (scalar has no direction)
At total time

You travel from point A to point

B and then back along the line < -
from B to A. A S — > B

. | [ T » X
What is %(0) X(t,)

(a) your total displacement?
(b) your distance traveled?

The displacement is zero: Ax = x¢ - xi=0

The distance is twice the length: d =2AB

For example, suppose it takes you 45.0 s to travel 100 m down a
long straight hallway toward your departure gate at an airport. At
the 100 m mark, you realize you

missed the rest room, and you X(55)=75m léSnr\\. 100m
return back 25.0 m along the ' > =1
same hallway, taking 10.0 s to x(0)=0

make the return trip.

x(45) )

Ax +75.0

g = =1.36m/s
At 55.0

Average velocity = v

The average speed for your trip is

total distance_ d ~ +125
total time At 55.0

V. =V=

avg

=2.27m/s

ID:elil ) PA| Calculating the Average Velocity and Speed

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

From the position—time graph given in Figure
2.1b, note that xo =30 m at rza =0 s and that xF = - 53 m
atte= 50s

Table 2.1
. Position of the Car at
\\.\@} Various Times
\\\ Position f{ s} x{m)
\ & i a0
0 ‘-@ B 10 52
’ © 20) 38
20 N © 30 0
® ® 40 —87
—40 \'\ P ® 50 —53
60 | | | .
0 10 20 30 40 50
ib)
Fig.2.1
- AX X, —X X.—X —53-30 -83m
y=—=—"1T1—_F A = =-1.7 m/s

At t -t t—t, 50-0  50s
FromAtoB d*=22m + FromB to F d=105 m

— total distance d +127

average speed=v = _ =2.5m/s
total time At  50s

Instantaneous Velocity and Speed

Needed the velocity of a particle at some instant of time. If the
point B moves toward point A. The line between the points
becomes steeper and steeper, and as the two points become
extremely close together, the line becomes a tangent line to the
curve.
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The instantaneous velocity = the slope the tangent line at A

Dr. Khaled

The blue line between
positions @& and

approaches the green

= velocity of the car at the moment the car was at A.

The instantaneous velocity vy is equal to the

derivative of x with respect to ¢,

bt

tangent ling
s

tangent line as point B is
moved closer to point @.

The instantaneous speed = is defined as the
magnitude of its instantaneous velocity. It is
a scalar positive quantity.

If the instantaneous velocity is + 25 m/s along a given line

The speed or the instantaneous = + 25 m/s

The instantaneous velocity of - 25 m/s along the same line,

The speed or the instantaneous speed = + 25 m/s
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IDeNn PR Average and Instantaneous Velocity

A particle moves along the x-axis. Its position varies with time
according to the expression x(¢) = - 4¢ + 2t 2,
where x is in meters and 7 is in seconds. o
The position—time graph for this motion is #
shown in Figure 2.4. Notice that the particle
moves in the negative x direction for the first -

second of motion, is momentarily at rest at v

the moment £ =1 s, and moves in the

positive x direction at times ¢ > 1 s.

(A) Determine the displacement of the
particle in the time intervals t=0tor=1s
andfr=1stor=3s.

AX(A —B)=x, —x, =x(1)—x(0) = -4(1)+2(1)* |-[-4(0) +2(0)]=—2m
DXy, =X, =%, =X(3)—x(1) =] —4(3)+2(3)" |-[-4(1) +2(1)]=+6+2=+8m

Or simply from the graph one can obtain the same answers.

(B) Calculate the average velocity during these two time intervals.

- A -2

vi(A—B) =2 "2 _om/s
At 1

- A +8

vx(B—>D):—X:—: +4m/s
At 3-1

(C) Find the instantaneous velocity of the particle at r = 2.5 s.
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By measuring the slope of tangent line at # = 2.5 s in Figure 2.4, we
find that

10—(-4) 14
From the graph, the slope = =—~r~+bm/s
SHapT P38 15 23 /
From the equation
vX(C):% =[-4+4t]_ =[-4+4(2.5)]=+6m/s
t=2.5

Analysis Model: Particle under Constant Velocity

Any entity moving under constant velocity can be used as a model.
The entity may be a car, a person, or a plane; which are modeled as
a particle.

The particle velocity is constant, hence the instantaneous velocity
= the average velocity, and

- Ax X —X
Vi =V =—=
Attt
Taking x; at t;=0, tr=t:
X, X,
0 =v, =>X =X +Vt (for constant vy)

IDElnl) PR Modeling a Runner as a Particle

A kinesiologist is studying the biomechanics of the human body.
(Kinesiology is the study of the movement of the human body.
Notice the connection to the word kinematics.) She determines the
velocity of an experimental subject while he runs along a straight
line at a constant rate. The kinesiologist starts the stopwatch at the
moment the runner passes a given point and stops it after the runner
has passed another point 20 m away. The time interval indicated on
the stopwatch is 4.0 s.

(A) What 1s the runner’s velocity?
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Runner is moving at a constant rate or constant velocity.
v = Ax _x,—x, _20-0
At t -t 40
(B) If the runner continues his motion after the stopwatch is
stopped, what is his position after 10 s have passed?

Let the runner’s position at t = 10 s be x;

=5.0m/s

Ax=x.—x =X, —0=vAt=5.0x10=50m =x,=50m

If the Speed Constant: Speed = avg. Speed
For example,

Consider a particle moving at a constant speed of 5.0 m/s in a
circular path of radius 10.0 m. Calculate the time interval required
to complete one trip around the circle.

21(10.0m
vov=d o a2d2 ( ):62'87:12.65
At \Y, Y, 5.0 5.00
Acceleration
- Av V., —V

X xf Xi

Average acceleration: a, = =
At t -t

Units: SI system is m/s.
Instantaneous acceleration:
. Av_ dv
a =lim—=—
6t—0 At dt
Velocity and acceleration are in the same
direction, the object is speeding up, when

they are opposite, the object is slowing down.
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: dx dv.  dx
Since: v, =— = a =—*=—
dt dt dt
The instantaneous acceleration (Figure
2.6b) can be obtained from the velocity—

time graph.

At any time, the acceleration equals the The acceleration at any time
. equals the slope of the line
slope of the line tangent to the v, versus ¢ tangent to the curve of ,

versus fat that time.

curve.
Positive values of acceleration correspond to
those points in Figure 2.6a where the velocity

is increasing in the positive x direction. The

acceleration reaches a maximum at time 74, when the slope of the
velocity—time graph is a maximum. The acceleration then goes to
zero at time g, when the velocity is a maximum.

The acceleration is negative when the velocity is decreasing in the
positive x direction, and it reaches its most negative value at time tc.

Conceptual Example 2.5 I

Graphical Relationships
Between X, vx, and ax

-

.. . II@ II@ i:@ II@ i@ ,®
The position of an object | ] i N
Vi | I | [
moving along the x axis varies : - i N
. . . . | | | | | L
with time as in Figure 2.7a. ” — ” el

Graph the velocity versus time i
and the acceleration versus time i
for the object. - #@ 7

The velocity at any
instant is the slope of the

tangent to the x -r graph at that instant. Between ¢ = 0 and 7=ta, the

Figure 2.8 (Conceptual Example 2.5) (a) Position—time graph
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slope of the x —¢ graph increases uniformly, and so the velocity
increases linearly, as shown in Figure 2.7b.

Between 74 and g, the slope is constant, and so the velocity remains
constant. At fp, the slope of is zero, so the velocity is zero at that
instant.

Between #p and zg, the slope and thus the velocity are negative and
decrease uniformly in this interval. In the interval g to g, the slope
is still negative, and at fr it goes to zero.

Finally, after tr, the slope of the x - graph is zero, meaning that the
object is at rest for ¢ >t .

The acceleration is constant and positive between 0 and #a,

where the slope of the v, - graph is positive. It is zero between #a
and g and for ¢ >fr because the slope of the v, — graph is zero at
these times. It is negative between g and #g because the slope of the
vy -t graph 1s negative during this interval.

& PXL Average and Instantaneous Acceleration

u x ':: m ?g]'

The velocity of a particle moving 10
along the x-axis varies time 50 |®

according to the expression o0
vx = (40 - 5t %) m/s, where ¢ is in .

seconds.
] [(s)

(A) Find the average acceleration in
the time interval t=0to r = 2.0 s.

Because the slope of the entire v,-t

—10

—20

—30
0 1 2 3 1

curve 1s negative, we expect the acceleration to be negative.
v, =| 40-5t,* | =[ 40-5(0)" |=+40m/s

10
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v, =[40-5t} | =] 40-5(2)" |=+20m/s

- JAY —V 20—

PP k.- 0 40=—10m/sz
At t -t 2-0

(B) Determine the acceleration at t = 2.0 s.

2 =lim®e o Ys ke ti= 1= 2.0 4= 1Az
A—0 At dX
v, =40-5(t+At)’ = 40—5t" —10t —10tAt —5(At)*
v, =40-5¢t°
a, =lim Y Vi —im —10tAt — S(AY = Iim(—lOt—SAt):—lot m/s’

At—0 At At—0 At At—0
—a (2.0)=-20m/s’

Simply use derivative:

a, = av, =-10t=-10(2.0)=-20.0m/s’
dt
Motion Diagrams

This car moves at
constant velocity (zero
acceleration).

This car has a constant
acceleration in the
direction of its velocity.

This car has a
constant acceleration
in the direction
opposite its velocity.

Motion diagrams describe the velocity and acceleration while an
object is in motion.

In Figure 2.9a, the car moves through the same displacement in
each time interval. Therefore, the car 1s moving with constant

K

11
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positive velocity and zero acceleration. We could model the car as
a particle moving with constant velocity.

In Figure 2.9b, the velocity vector increases in time, the car is
moving with a positive velocity and a positive acceleration. The
velocity and acceleration are in the same direction. The car is
speeding up. In Figure 2.9¢, we can tell that the car slows as it
moves to the right because its displacement between adjacent
images decreases with time. In this case, the car moves to the right
with a constant negative acceleration. The velocity vector
decreases in time and eventually reaches zero. From this diagram,
we see that the acceleration and velocity vectors are not in the same
direction.
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