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REPRESENTING POSITION

The position (x) of an
object describes its location
relative to some origin or
other reference point.

Position to
right of origin

Position
above origin

Position to
left of origin

y

y<0
»

Position
below origin



1. DISPLACEMENT, TIME, AND AVERAGE VELOCITY

The displacement is the change in an object’s
position:
Ax = x5 — X4 (m)

The average velocity is the displacement, Ax,
divided by the time interval, At, during which the

displacement occurs:

_X2—=X1 %




Example 2.1: A car is moving in a straight road, its initial position attime t; = 1sisx; = 19 m
and its final position at time t, = 4 s is x, = 277 m. (a) find the displacement travelled by the car?
(b) find its average velocity?

Positionat#; = 1.0 s Position at t, = 4.0 s
START i i FINISH
| ip - E N e
®
. ‘ |
| Displacement from f; tot, |
| ' x-axis L J—x
O f-: ¥ — 19 m Xy — 2??’_“1
i Ax = (x, — x;) =258 m >

(a) Diséltacemeni:

Ax =X, —x1 =277 —19 =258 m

(b) Average velocity:

X2—X1 277-19 258
= =—=+86m/s
tr—t1 4—-1 3 T /

Remark 1: The velocity is positive when the car moves to the right (the position increases).

vav—x




Ede le 2.2: A caris moving in a straight road, its initial position at time t; =16 s is x;
= 277 m and its final position at time t; = 25 s is x, = 19 m. (a) find the displacement travelled
by the car? (b) find its average velocity?

Position at t, = 25.0 s Position at t; = 16.0 s
. FINISH
|

(a) Dlsplacemeni

Ax =x, —x1 =19 - 277 = —-258 m

(b) Average velocity:

xXp—x1 19-277 -258
Vv = = = ——=-29m/s
av=xX o, —ty 25—-16 9 /

Remark 2: The velocity is negative when the car moves to the left (the position decreases).




2. INSTANTANEOUS VELOCITY

The instantaneous velocity is the velocity at a specific instant of time or
specific point along the path.

dx
Vy = dt (m/s)

Example 2.3: Suppose the position of the car at any time t is given by
the equation

x = 20m + (5 m/s?)t?
(a) find the car’s displacement betweent; =1.0sand t, = 2.0s?
(b) find its average velocity during that interval?

(c) find its instantaneous velocity att = 1.0sandatt =2.0s ?



x = 20 + 5t
(a) displacement:
t; =1.0s: x; =20+ 5(1)?=25m
t, =2.0s: X, =20+ 5(2)’=40m
AX =X, — X1 =40—-25=+4+15m

(b) average velocity:
v Xz X1 40-25
av—x — t,—t4 2-1

=15 (m/s)

. . d
(c) instantaneous velocity: @ (a) =0 and %t (bt") =nxbt* 1 whereaandb are constants

X _0+2x5t21=10t

dt
v, =10t
t{; =1.0s: v, =10Xx1=10m/s
t, =2.0s: v, =10X 2 =20m/s



The slope is determined
by the rise and the run for
x (m) this segment of the graph.

The slope of an object’s position-versus-time
graph is the object’s instantaneous velocity at

that point in the motion. 600 -
i 300 |
v, = slope = — == =100 m/s AR  Ax =300 m
run 3 o !
Example 2.4: Here is a position graph of an : (43
1 . i T T T T —Ii(S
object: 0 2 4 6 8 10
(a) what is the object’s velocity at t = 1.5 5?
rise 20-0 (i)
V, =—— = = +10m/s
run 2-—-1 20 A
(b) what is the object’s velocity at t = 3.0 S?
_rise  0-20 10 10 -
VxZtun  4-2 m/s
0 f : l — 1 (S)




3. AVERAGE ACCELERATION

Average acceleration is the change in the velocity, Av,, divided by the
fime interval, At:

_ Vax—Vix _ Avy 2
Aay—x = t,—t; At (m/s )

Example 2.5:
A car accelerates along a straight road from rest to 60 km/h in 5 seconds.
What is the magnitude of the average acceleration?

At rest: V1, = 0m/s

Vax = (60 k:l) (10121?1m) (3630 s) =16.7m/s

__ U2x—Vi1x __ 16.7-0 _ 3 34 m/SZ

A, _ = —
av—x thr—t4 5-0




INSTANTANEOUS ACCELERATION

_ dvy

X dx

Example 2.6:

Suppose the velocity of a car at any time 1 is given by the equation
v, = 60 m/s + (0.5 m/s3)t?

Find the instantaneous acceleration at times {=1.0 s and t=3.0 s?

=% _04+2x0.5¢21

Ax = ax
a, =t
Whent =1.0s:
a,= 1.0 m/s?
When t = 3.0 s:

a,= 3.0 m/s?



| 4. MOTION WITH CONSTANT ACCELERATION

Motion diagrams for three carts. Each cart is shown at 1.0 s time intervals, and
each has a (different) constant acceleration.

Positions of the carts at 1.0 s intervals

| 10m/s 1.0m/s 1.0m/s 1.0m/s 1.0m/s 1.0m/s

a, =0, —t el el e—
Vix=1.0m/s osll 18 25‘ 35 458 55
' [* —" " e W W Wy

5 1.0m/s 12m/s  14m/s | 1.6m/s 1.8m/s 2.0 m/s
Vi, =1.0m/s ’ ' Y ’ '
=, - - sl Sl

|
a,= -0.2m/s?,

Vix = 2|.0 m/s

1.8m/s 16m/s | 14m/s  12m/s 1.0m/s
— —_— —_— —

M 24 Z’,g

0 1 2 3 4 5 7 8 x(m)

20m/s




KINEMATIC EQUATIONS

Where:

Includes
Equation Quantities
Uy = Uy T Gyt (1) t Uy dy
_ 1 2
X =xg+ Vgt +5a,° (2 ) t x a,
2_ .. 2
Ux = Upx +2ﬂx(x - Iﬂ){ 3) X Uy dy

initial velocity
final velocity

ty

Constant x-acceleration: a -t graph
1s a horizontal line (slope = 0).

g, e o —— ——



Example 2.7:

An object starts from rest and uniformly accelerates at a rate of 2
m/s? for 5 seconds. What is the object’s final velocity?

V, =Vg, +tat=0+2x5=10m/s
Example 2.8: :

A car is traveling at 24.0 m/s when the driver suddenly applies the
brakes, causing the car to slow down with constant acceleration.
The car comes to a stop in 4 s. What is the acceleration of the car?

V, = Vg, + at
0=24+4a

a=—6.0m/s?



Example 2.9:

A car accelerates from 5.0 m/s to 21 m/s at a constant rate of 3.0 m/SZ.

How far does it travel while accelerating?

v2 = v, + 2a(x — xq)

212 =52+ 2 x 3 X Ax

_ 21%-52

c = 69.3 m

Ax

Example 2.10:

If a car moves with initial velocity 40 m/s and constant acceleration 12 m/S2

for a total time of 10s , what total distance does it travel?
1 .2
X = Xp +v0xt+5at

Ax =40 X 10 + 2 X 12 X (10)*= 1000 m



5. FREELY FALLING OBJECTS

If no forces act on an object other than the gravitational force,
we say that the object is in free fall.

For example, a stone dropped from the edge of a cliff—if air
resistance can be ignored, the stone is in free fall. Or a ball
thrown upward—if air resistance is ignored, the ball is in free
fall.

An object in free fall has constant downward acceleration,
denoted by the symbol (J ) .

Free fall is an example of motion with constant acceleration.



The g is the magnitude of a vector, it is always positive number.
— — 2
Afreefall — —8 = —9.8 m/s

Example 2.11:

A ball is thrown upward at a velocity of 19.6 m/s. What is its velocity after 3.0 s?
Vy =V, — 8t =19.6-9.8xX3=-9.8m/s

Example 2.12:

A stone is dropped from rest from the top of a tall building, After 3.00 s of free-
fall. What is the displacement y of the stone?

Ay = vo,t —5gt2 =0 -2 x9.8% (3)2 = —44.1m

Remark 3: The sign of velocity and displacement is —ve when the object moves
downward and is +ve when the object moves upward.




Example 2.13:

A stone is thrown upward vertically with initial velocity 10 m/s.
Calculate the maximum height that the stone can be reached?

At maximum height the final velocity is zero,

vf,=v(2,y—2gAy
0% =10%-2x%x9.8x Ay
__0-100

Ay = “oc T 5.1m

Remark 4: If the object is thrown upward , then , it reaches to
maximum height at final velocity equals zero.




