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Chapter 2

Uniformly Accelerated Motion

SPEED is a scalar quantity. If an object takes a time interval ¢ to travel a distance /, then

total distance traveled
time taken

Average speed =

or

/

Vg = =
av
t

Here the distance is the total (along-the-path) length traveled. This is what a car’s odometer reads.

VELOCITY is a vector quantity. If an object undergoes a vector displacement § in a time interval
t, then

vector displacement
time taken

Average velocity =

The direction of the velocity vector is the same as that of the displacement vector. The units of velocity
(and speed) are those of distance divided by time, such as m/s or km/h.

ACCELERATION measures the time rate-of-change of velocity:

change in velocity vector

Average acceleration = -
time taken

L
. YV
aav - t

where V; is the initial velocity, vy is the final velocity, and 7 is the time interval over which the change
occurred. The units of acceleration are those of velocity divided by time. Typical examples are (m/s)/s (or
m/s?) and (km/h)/s (or km/h-s). Notice that acceleration is a vector quantity. It has the direction of
Vs —¥;, the change in velocity. It is nonetheless commonplace to speak of the magnitude of the accel-
eration as just the acceleration, provided there is no ambiguity.

UNIFORMLY ACCELERATED MOTION ALONG A STRAIGHT LINE is an important situa-
tion. In this case, the acceleration vector is constant and lies along the line of the displacement
vector, so that the directions of v and a can be specified with plus and minus signs. If we repre-
sent the displacement by s (positive if in the positive direction, and negative if in the negative
direction), then the motion can be described with the five equations for uniformly accelerated mo-
tion:

13
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14 UNIFORMLY ACCELERATED MOTION [CHAP. 2

§ = Vgt
Y o
/Ua’l’ = 2
Vr — U
a=-"

t
’Q,% = v? + 2as
N vitJr%atz

Often s is replaced by x or y, and sometimes vy and v; are written as v and v, respectively.

DIRECTION IS IMPORTANT, and a positive direction must be chosen when analyzing motion
along a line. Either direction may be chosen as positive. If a displacement, velocity, or accelera-
tion is in the opposite direction, it must be taken as negative.

INSTANTANEOUS VELOCITY is the average velocity evaluated for a time interval that ap-
proaches zero. Thus, if an object undergoes a displacement As in a time At¢, then for that object
the instantaneous velocity is

Y~ lim AS
= 1 —_—
VT AR AL
where the notation means that the ratio As/At is to be evaluated for a time interval At that approaches
zero.

GRAPHICAL INTERPRETATIONS for motion along a straight line (the x-axis) are as follows:

e The instantaneous velocity of an object at a certain time is the slope of the displacement versus time
graph at that time. It can be positive, negative, or zero.

e The instantaneous acceleration of an object at a certain time is the slope of the velocity versus time
graph at that time.

e For constant-velocity motion, the x-versus-f graph is a straight line. For constant-acceleration
motion, the v-versus-f graph is a straight line.

e In general (i.e., one-, two-, or three-dimensional motion) the slope at any moment of the distance-
versus-time graph is the speed.

ACCELERATION DUE TO GRAVITY (g): The acceleration of a body moving only under the
force of gravity is g, the gravitational (or free-fall) acceleration, which is directed vertically down-
ward. On Earth, g =9.81m/s? (i.e., 32.2 ft/s?); the value varies slightly from place to place. On
the Moon, the free-fall acceleration is 1.6 m/s>.

VELOCITY COMPONENTS: Suppose that an object moves with a velocity v at some angle 6
up from the x-axis, as would initially be the case with a ball thrown into the air. That velocity
then has x and y vector components (see Fig. 1-4) of v, and V¥,. The corresponding scalar compo-
nents of the velocity are

vy = v cos 0 and v, = v sin 6
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CHAP. 2] UNIFORMLY ACCELERATED MOTION 15

and these can turn out to be positive or negative numbers, depending on 6. As a rule, if v is in the first
quadrant, v, >0 and v, > 0; if v is in the second quadrant, v, <0 and v, > 0; if V is in the third
quadrant, v, < 0 and v, <0; finally, if ¥ is in the fourth quadrant, v, > 0 and v, < 0. Because these
quantities have signs, and therefore implied directions along known axes, it is common to refer to them
as velocities. The reader will find this usage in many texts, but it is not without pedagogical drawbacks.
Instead, we shall avoid applying the term ‘““velocity” to anything but a vector quantity (written in
boldface with an arrow above) whose direction is explicitly stated. Thus for an object moving with a
velocity v =100 m/s— WEST, the scalar value of the velocity along the x-axis is v, = —100 m/s; and the
(always positive) speed is v = 100 m/s.

PROJECTILE PROBLEMS can be solved easily if air friction can be ignored. One simply con-
siders the motion to consist of two independent parts: horizontal motion with ¢ =0 and
Ur = U; = Vg (i.€., constant speed), and vertical motion with a = g = 9.81 m/s’> downward.

Solved Problems

2.1 Change the speed 0.200 cm/s to units of kilometers per year.

M (0300 (1075 (3600 2) (220 (3654 — 3.1
0.200 - (0.200 /s/> (10 gm) (3600/l’(> (24/61/) (365 y) =63.1 y

2.2 A runner makes one lap around a 200-m track in a time of 25 s. What were the runner’s (@)
average speed and (b) average velocity?

(a) From the definition,

distance traveled 200 m
time taken 25

Average speed = =8.0m/s
(b) Because the run ended at the starting point, the displacement vector from starting pont to end point has
zero length. Since v, = §/1,
0m

‘Vav|_f_0m/s

2.3 An object starts from rest with a constant acceleration of 8.00 m/s® along a straight line. Find (a)
the speed at the end of 5.00 s, (b) the average speed for the 5-s interval, and (c¢) the distance
traveled in the 5.00 s.

We are interested in the motion for the first 5.00 s. Take the direction of motion to be the +x-direction
(that is, s = x). We know that v; =0, 1 =15.00 s, and « = 8.00 m/s’. Because the motion is uniformly
accelerated, the five motion equations apply.

(a) Ve = vy +at = 0+ (8.00 m/s?)(5.00 s) = 40.0 m/s
ix hY 40.
(h) vm,zv" —;Uf“ =0+20O m/s =20.0 m/s

(¢) x=uwut+la =0+1(8.00m/s?)(5.005)> =100m or x=u,¢=(20.0m/s)(5.00s)=100m

av
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