= PROBLEM SOLVING

Choice of time interval

m Solving Problems Involving Projectile Motion

We now work through several Examples of projectile motion quantitatively. We
use the kinematic equations (2-11a through 2-11c¢) separately for the vertical and
horizontal components of the motion. These equations are shown separately for
the x and y components of the motion in Table 3-1, for the general case of two-
dimensional motion at constant acceleration. Note that x and y are the respective
displacements, that v, and », are the components of the velocity, and that
a, and a, are the componcnt:s of the acceleration, each of which is constant.
The subscript 0 means “at ¢ = 0."

TABLE 3-1 General Kinematic Equations for Constant Acceleration
in Two Dimensions

x component (horizontal) ¥ component (vertical)

Uy = Uy + @yt (Eq.2-11a) Uy = Uy + ayt
xX=xg+ gl + llar, P2 (Eq.2-11b) Y=+ Ul + %a_.,.r2
vy = viy + 2a.(x — xo) (Eq.2-11c) 'b‘i = '!.-‘i.;, + Za_,.(_v - W)

We can simplify these equations for the case of projectile motion because we
can set a, = 0. See Table 3-2, which assumes y is positive upward, so a, = —g
= —9.80 m/s’. Note that if 6 is chosen relative to the +x axis, as in Fig. 3-20, then

U = Y;cos b, and Uy = ysindl,

In doing Problems involving projectile motion, we must consider a time interval for
which our chosen object is in the air, influenced only by gravity. We do not consider
the throwing (or projecting) process, nor the time after the object lands or is caught,
because then other influences act on the object, and we can no longer set a = g.

TABLE 3-2 Kinematic Equations for Projectile Motion
(y positive upward; a, = 0,a, = —g = =9.80m/s%)

Horizontal Motion Vertical Motion®

(ay = 0, v, = constant) (ay= —g = constant)
vy = Uy (Eq.2-11a) vy, = vy ~ 8t

X =Xxpgt+ vyl (Fqg—] 1b) Y=h aF 'L‘}.[il - %gfz

(Eq.2-11c) v} = v — 28(y — w)

“If y is taken positive downward, the minus {— } signs in front of g become + signs.
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Our approach to solving problems in Section 2-6 also
applies here. Solving problems involving projectile
motion can require creativity, and cannot be done just
by following some rules. Certainly you must avoid just
plugging numbers into equations that seem to “work.”

1. As always. read carefully: choose the object (or
objects) you are going to analyze.

2. Draw a careful diagram showing what is happening
to the object.

3. Choose an origin and an xv coordinate system.

4. Decide on the time interval, which for projectile
motion can only include motion under the effect of
gravity alone, not throwing or landing. The time
interval must be the same for the x and y analyses. The
x and y motions are connected by the common time.

5. Examine the horizontal (x) and vertical (v) motions
separately. If you are given the initial velocity, you
may want to resolve it into its x and y components.

6. List the known and unknown quantities, choosing
a, =0 and a, = —g or +g, where g = 9.80m/s’,
and using the + or — sign, depending on whether
you choose v positive down or up. Remember that
v, never changes throughout the trajectory, and
that v, = 0 at the highest point of any trajectory
that returns downward. The velocity just before
landing is generally not zero.

7. Think for a minute before jumping into the equations.
A little planning goes a long way. Apply the relevant
equations (Table 3-2), combining equations il
necessary. You may need to combine components of
a vector to get magnitude and direction (Egs. 3—4).
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