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for Constant Acceleration

In discussing the equations of kinematics, it will be convenient to assume that the ob-
ject is located at the origin Xo = 0 m when 7y = 0 5. With this assumption, the displace-
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Figure 2.7 Here, an acceleration of
—5.0 m/s? means the velocity we20s
decreases by 5.0 m/s during each @=‘ I ——
second of elapsed time.




[image: image2.png]ment AX = x — X, becomes Ax = x. Furthermore, it is customary to dispense with the
use of boldface symbols for the displacement, velocity, and acceleration vectors in the
equations that follow. We will, however, continue to convey the directions of these vectors
with plus or minus signs.

Consider an object that has an initial velocity of v, at time ¢, = 0 s and moves for a
time ¢ with a constant acceleration a. For a complete description of the motion, it is also
necessary to know the final velocity and displacement at time . The final velocity o can
be obtained directly from Equation 2.

o

a=a= or v=v,+a (constant acceleration) 24)

t

The displacement x at time 7 can be obtained from Equation 2.2, if a value for the aver-
age velocity @ can be obtained. Considering the assumption that xo = 0 m at f, = 0's,
we have

T="—"0== o x=7r 2




[image: image3.png]Because the acceleration is constant, the velocity increases at a constant rate. Thus, the
average velocity T is midway between the initial and final velocities:

D=1, +v)  (constant acceleration) 2.6)

Equation 2.6, like Equation 2.4, applies only if the acceleration is constant and cannot be
used when the acceleration is changing. The displacement at time 7 can now be deter-
mined as

=79t =10, +v)r (constantacceleration) @7

Notice in Equations 2.4 (v = v, + a) and 2.7 [x = Xv, + 0)] that there are five
Kinematic variables:

1. x = displacement 4. , = initial velocity at time 7, = 0's

2. a =a = acceleration (constant) 5. = time elapsed since 7 = 0's

3. v = final velocity at time 7
Each of the two equations contains four of these variables, so if three of them are known,

the fourth variable can always be found. Example 5 illustrates how Equations 2.4 and 2.7
are used to describe the motion of an object.




[image: image4.png]Example 5 The Displacement of a Speedboat Figure 2.18 (a) An accelerating
¥ speedboat. (b) The boat's displacement
The speedboat in Figure 2.8 has a constant acceleration of +2.0 m/s2. If the initial velocity of  x can be determined if the boat’s
the boat is +6.0 m/s, find its displacement after 8.0 seconds. acceleration, initial velocity, and time
of travel are known. (© Onne van der
Wal/Corbis Images)
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[image: image5.png]Reasoning Numerical values for the three known variables are listed in the data table be-
low. We wish to determine the displacement x of the speedboat, so it is an unknown vari-
able. Therefore, we have placed a question mark in the displacement column of the data
table.

Speedboat Data
x a v vy t
? | +20m/2 +60m/s | 805

We can use x = 3(0, + o)t to find the displacement of the boat if a value for the
final velocity v can be found. To find the final velocity, it is necessary to use the
value given for the acceleration, because it tells us how the velocity changes, according to
v =10,+ at.

Solution The final velocity is
v =10+ ar=60m/s + (2.0m/s))8.05) = +2 m/s 2.4
The displacement of the boat can now be obtained:
x =3y + v)r =16.0m/s + 22 m/s)8.05) = [+110m @.7)

A calculator would give the answer as 112 m, but this number must be rounded to 110 m,
since the data are accurate to only two significant figures.

The solution to Example 5 involved two steps: finding the final velocity v and then
calculating the displacement x. Tt would be helpful if we could find an equation that al-
lows us to determine the displacement in a single step. Using Example 5 as a guide, we
can obtain such an equation by substituting the final velocity v from Equation 2.4 (0 =
v, + at) into Equation 2.7 [x = (v, + o)]:





[image: image6.png]x =30y + )t = 3 + [0 + at]) = 1Quyt + at?)

x=7vyt +3ar>  (constantacceleration) (2.8)

You can verify that Equation 2.8 gives the displacement of the speedboat directly without
the intermediate step of determining the final velocity. The first term (v 1) on the right
side of this equation represents the displacement that would result if the acceleration were
zero and the velocity remained constant at its initial value of v, . The second term (3ar®)
gives the additional displacement that arises because the velocity changes (a is not zero)
to values that are different from its initial value. We now turn to another example of ac-
celerated motion.




[image: image7.png]Example 6 Catapulting a Jet

Figure 2.9 (a) A plane is being v
launched from an aircraft carrier.

(b) During the launch, a catapult
accelerates the jet down the flight deck.
(© George Hall/Corbis Images)

A jet s taking off from the deck of an aircraft carrier, as Figure 2.9 shows. Starting from rest,
the jet is catapulted with a constant acceleration of +31 m/s? along a straight line and reaches
a velocity of +62 m/s. Find the displacement of the jet.





[image: image8.png]Reasoning The data are as follows:

Jet Data

x a v v, t

? +31 m/s? +62m/s Om/s

The initial velocity v is zero, since the jet starts from rest. The displacement x of the aircraft
can be obtained from x = 1(v, + V)1, if we can determine the time 7 during which the plane
is being accelerated. But 7 is controlled by the value of the acceleration. With larger accelera-
tions, the jet reaches its final velocity in shorter times, as can be seen by solving Equation 2.4
(=10, + ar)forr.

Solution Solving Equation 2.4 for r, we find

— v,

Since the time is now known, the displacement can be found by using Equation 2.7:

x=13(vy + v)r=10m/s + 62m/s)2.05) = [ +62 m @7

Problem solving insight
“Implied data” are important. For instance,
in Example 6 the phrase “starting from
rest” means that the initial velocity is zero
(@) = 0mis).
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