(D) The velocity is obtained from Eq. 2—11a:
v=1 +at
=3.00m/s + (9.80 m/s?)(1.00s) = 12.8 m/s [at ¢, = 1.005]
= 3.00m/s + (9.80 m/s?)(2.00s) = 22.6 m/s. [at ¢, = 2.00s]
In Example 2-10, when the ball was dropped (u, = 0), the first term (v,) in
these equations was zero, so

v =0+ ar
= (9.80m/s?)(1.00s) = 9.80m/s [at ¢, = 1.00 5]
= (9.80m/s?)(2.00s) = 19.6 m/s. [at t; = 2.005s]

NOTE For both Examples 2-10 and 2-11, the speed increases linearly in time by
9.80 m/s during each second. But the speed of the downwardly thrown ball at any
moment is always 3.00 m/s (its initial speed) higher than that of a dropped ball.

GRS P Ball thrown upward, I. A person throws a ball upward B(v=0)
into the air with an initial velocity of 15.0 m/s. Calculate (a) how high it goes,
and (b) how long the ball is in the air before it comes back to his hand.

APPROACH We are not concerned here with the throwing action, but only with
the motion of the ball after it leaves the thrower’s hand (Fig. 2-22) and until it
comes back to his hand again. Let us choose y to be positive in the upward direc-
tion and negative in the downward direction. (This is a different convention from
that used in Examples 2-10 and 2-11, and so illustrates our options.) The accel-
eration due to gravity will have a negative sign, a = —g = —9.80 m/s’. As the
ball rises, its speed decreases until it reaches the highest point (B in Fig. 2-22),
where its speed is zero for an instant; then it descends, with increasing speed.
SOLUTION (a) We consider the time interval from when the ball leaves the
thrower’s hand until the ball reaches the highest point. To determine the
maximum height, we calculate the position of the ball when its velocity equals
zero (v = 0 at the highest point). At r = 0 (point A in Fig. 2-22) we have
vy =0, v, =150m/s, and a = —9.80m/s’. At time r (maximum height),
v=0a=-980m/s’, and we wish to find y. We use Eq. 2-11c, replacing x
with y: ©* = ¥} + 2ay. We solve this equation for y:
v =) 0— (15.0m/s)
2a 2(—9.80 m/s?)

The ball reaches a height of 11.5 m above the hand.
(b) Now we need to choose a different time interval to calculate how long the
ball is in the air before it returns to his hand. We could do this calculation in
two parts by first determining the time required for the ball to reach its highest
point, and then determining the time it takes to fall back down. However, it is
simpler to consider the time interval for the entire motion from A to B to C  FIGURE 2-22 An object thrown
(Fig. 2-22) in one step and use Eq. 2-11b. We can do this because v (or x) into the air leaves the thrower’s hand
represents position or displacement, and not the total distance traveled. Thus, at  at A, reaches its maximum height at
both points A and C, v = 0. We use Eq.2-11b with @ = —9.80 m/s> and find B-and returns to the original position
| 3 at C. Examples 2-12, 2-13, 2-14,

y =t +sat and 2-15.

0 = (15.0m/s)t + 3(—9.80 m/s?)%
This equation is readily factored (we factor out one 1):

(15.0m/s — 490m/s’t) ¢ = 0.

There are two solutions:
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=11.5m

vy =

t=10 and t = ———— = 3,06s.

The first solution (1 = 0) corresponds to the initial point (A) in Fig. 2-22, when the
ball was first thrown from y = 0. The second solution, ¢ = 3.06s, corresponds
to point C, when the ball has returned to v = (. Thus the ball is in the air 3.065s,
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