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Uniform Motion (Constant Speed)

= If you drive your car at a
perfectly steady 60 km/hr, this
means you change your position |
by 60 km for every time interval
of 1 hour

= Uniform motion is when equal
displacements occur during any
successive equal-time intervals

Riding steadily over level ground is a
good example of uniform motion.
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-+ The displacements between
successiv mes are the
same. Dots are equally
spaced. v, is constant.
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Chapter 2 Goal: To learn how to solve problems about
motion in a straight line.

Slide 2-2

Uniform Motion (Constant Speed)

= For uniform motion, thex  Position graph is a

position-versus-time straight line. The slope
of the line is v,

graph is a straight line . “TAx
= The average velocity is g /
the slope of the position- ~ JAx— Equal

versus-time graph
= The Sl units of velocity
are m/s

displacements

f

Ax Ay . .
Vavg = E or E = slope of the position-versus-time graph

Some Vocabulary

* The distance an object travels is a scalar
quantity (no direction given, always positive)
= The displacement of an object is a vector
quantity, equal to the final position minus the
initial position

= An object’s speed vis scalar quantity (no
direction given, always positive)

= Velocity is a vector quantity that includes
direction

= In one dimension, the direction of velocity is
specified by the + or - sign



Instantaneous Velocity

= An object that is speeding up or slowing down is not in
uniform motion

= In this case, the position-versus-time graph is not a straight
line

= We can determine the average speed v,,, between any two
times separated by time interval At by finding the slope of the
straight-line connection between the two points

= The instantaneous velocity is the is the object’s velocity at a
single instant of time t

= The average velocity v,,, = As/At becomes a better and better
approximation to the instantaneous velocity as At gets smaller

and smaller As ds
v,=lim —=—
a0 At dt

Instantaneous Velocity
(b) 3000 frames per second

he The high-speed movie The highly magnified
11 .-shows dots that are section of the graph
stant- “ nearly equally spaced. near point 2 is very

nearly a straight line.
y The slope of this line is
.a good approximation
=" to the instantaneous
velocity at time #,. The
slope is the instant-
aneous velocity in the
limit Ar —9.
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Instantaneous Velocity

= As At continues to get smaller, the average velocity
Vavg = AS/At reaches a constant or limiting value

= The instantaneous velocity at time t is the average velocity
during a time interval At centered on t, as At approaches zero

= In calculus, this is called the derivative of s with respect to t
= Graphically, As/At is the slope of a straight line

= In the limit At > 0, the straight line is tangent to the curve
= The instantaneous velocity at time t is the slope of the line
that is tangent to the position-versus-time graph at time t

v, = slope of the position-versus-time graph at time ¢
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Instantaneous Velocity

(a) 30 frames per second

The slope of this
average velocity
and 3, but it is nc

(b) 3000
line is the The hi
between 1 .-shows
ot the instant- nearly

aneous velocity at time f,.
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Instantaneous Velocity

(¢) The limiting case

The instantaneous
velocity at time ¢, is
the slope of the line
tangent to the position
graph at that point.

on HuL Side ..

gli is “the derivative ”a‘f x with
dt respect o

+.

* 1T the Function ’<[f:§ is of
'H\_q_ _POrM: X: C ‘t'\ R

- I

W\I\L\!\ (S8 MV\a( n

are Comshurdy

don o ot
A€

i
d+

X s A COI\}?"G’\'}-,

thn dx .o



Example = S, ¢ ‘H’\k oS/ Fon
sl o fros iR
O'F 0N DL’jec-}' IS = 211: 5 wfﬂ\
‘(Z TN S'LCO'\A_i.
(a) \I\”'\D\‘l' s Vs ?
D) What is Ha veloct
of < oL)ac—f at 4= 35 !

Vemdx -d (27226
At dt
(@ V=44

(L) w=@B)s 43 {12 %7

Motion with Constant Acceleration
= The Sl units of acceleration are (m/s)/s, or m/s2
= |t is the rate of change of velocity, and measures how
quickly or slowly an object’s velocity changes
= The average acceleration during a time interval At is
_ Ay,
avg = AT
= Graphically, a,,q is the slope of a straight-line velocity-
versus-time graph

a

= If acceleration is constant, the acceleration a, is the same as

aavg

= Acceleration, like velocity, is a vector quantity and has both

magnitude and direction

The Kinematic Equations of Constant
Acceleration

= Suppose we know an object’s velocity to be vj; at an initial
timet;

= We also know the object has a constant acceleration of a,
over the time interval At = t;— t;

= We can then find the object’s velocity at the later time t; as

Ve =V, +a, At
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Acceleration 1(s) Viarsche M/S) Fyw (mis)
- . 0.0 0.0 0.0
= Imagine a competition betweena 05 02
Volkswagen Beetle and a Porsche 1.2 10 04
to see which can achieve a velocity 0.3 15 0.6

of 30 m/s in the shortest time 04 0 08

= The table shows the velocity of

each car, and the figure shows the o Pocachie rearhics 3 n

velocity-versus-time graphs v, (k) o

= Both cars achieved every ] g A Tas = 100

velocity between 0 and 30 m/s, SO . L

neither is faster

= But for the Porsche, the rate at

which the velocity changed was o £ . - -
Av, _30mss SIOPE = Gpuesepesvg — 5.0 (mis)is

= = 5.0 (m/s)) '
Al 60s (m/s)s

At=50s
“SI0pe = Gy ay = 2.0 (m/s)is

t(s)

(a) Motion at constant velocity (b) Motion at constant acceleration

a, @, Horizontal line
\
E

Zero |
\ 3
0+ 1 [ ——

T'he acceleration is constant.

Straight line

Horizontal line

i .

The velocity is constant. T'he slope is @,

The Kinematic Equations of Constant
Acceleration

(a) Acceleration

= Suppose we know an object’s
position to be s; at an initial time t; @7 X

Constant acceleration a,

= It’s constant acceleration a is 0
shown in graph (a) :

= The velocity-versus-time graph is
shown in graph (b)

() Velocity | "y 3 wiangle of height @ Ar
= The final position s¢is s;plusthe v, 4 conant stope = a,
area under the curve of v between \ ]

t;and t;:

se=s + v, At+3a,(An? O i




The Kinematic Equations of Constant
Acceleration

= Suppose we know an object’s velocity to be v;s at an initial
position s;

= We also know the object has a constant acceleration of a
while it travels a total displacement of As = s;—;

= We can then find the object’s velocity at the final position S

2_,,2
Vo = v, + 2a,As

The Kinematic Equations of Constant
Acceleration

Vi = Vi T ay At
s¢= 8 + vig At + 3a, (A1)
vZ =2+ 2a,As
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