NOTE The time 1 = 2.45s for the whole trip is double the time to reach
the highest point, calculated in (a). That is, the time to go up equals the time to
come back down to the same level, but only in the absence of air resistance.

(¢) The total distance traveled in the x direction is found by applying
Eq.2-11b with x, = 0,a, = 0, v, = 16.0m/s:

X = vl = (16.0m/s)(2.45s) = 392 m,

(d) At the highest point, there is no vertical component to the velocity. There
is only the horizontal component (which remains constant throughout the
flight),so » = v, = v,c0837.0° = 16.0m/s.

(e) The acceleration vector is the same at the highest point as it is throughout
the flight, which is 9.80 m/s* downward.

NOTE We treated the football as if it were a particle, ignoring its rotation. We
also ignored air resistance, which is considerable on a rotating football, so our
results are not very accurate.

EXERCISE D Two balls are thrown in the air at different angles, but each reaches the
same height. Which ball remains in the air longer: the one thrown at the steeper angle
or the one thrown at a shallower angle?

CONCEPTUAL EXAMPLE 3-6 | Where does the apple land? A child sits
upright in a wagon which is moving to the right at constant speed as shown in
Fig. 3-23. The child extends her hand and throws an apple straight upward
(from her own point of view, Fig. 3-23a), while the wagon continues to travel
forward at constant speed. If air resistance is neglected, will the apple land
(a) behind the wagon, (b) in the wagon, or (¢) in front of the wagon?

RESPONSE The child throws the apple straight up from her own reference
frame with initial velocity v, (Fig. 3-23a). But when viewed by someone on
the ground, the apple also has an initial horizontal component of velocity
equal to the speed of the wagon, v,,. Thus, to a person on the ground, the
apple will follow the path of a projectile as shown in Fig. 3-23b. The apple
experiences no horizontal acceleration, so v, will stay constant and equal to
the speed of the wagon. As the apple follows its arc, the wagon will be directly
under the apple at all times because they have the same horizontal velocity.
When the apple comes down, it will drop right into the outstretched hand of
the child. The answer is (b).

CONCEPTUAL EXAMPLE 3-7 | The wrong strategy. A boy on a small

hill aims his water-balloon slingshot horizontally, straight at a second boy
hanging from a tree branch a distance  away, Fig. 3-24. At the instant the
water balloon is released, the second boy lets go and falls from the tree, hoping
to avoid being hit. Show that he made the wrong move. (He hadn’t studied
physics yet.) Ignore air resistance.

RESPONSE Both the water balloon and the boy in the tree start lalling at the
same instant, and in a time f they each fall the same vertical distance v = gr’,
much like Fig. 3-19. In the time it takes the water balloon to travel the hori-
zontal distance d, the balloon will have the same vy position as the falling boy.
Splat. If the boy had stayed in the tree, he would have avoided the humiliation.

Time up = time down
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FIGURE 3-23 Example 3-6.

FIGURE 3-24 Example 3-7.

SECTION 3-6 Solving Problems Involving Projectile Motion



