196 cChapter 3 Kinetics of Particles

Sample Problem 3/19

A tennis player strikes the tennis ball with her racket when the ball is at the
uppermost point of its trajectory as shown. The horizontal velocity of the ball
just before impact with the racket is v; = 50 ft/sec and just after impact its veloc-
ity is vy = 70 ft/sec directed at the 15° angle as shown. If the 4-o0z ball is in con-

tact with the racket for 0.02 sec, determine the magnitude of the average force R

exerted by the racket on the ball. Also determine the angle 8 made by R with the
horizontal.

Solution. We construct the impulse-momentum diagrams for the ball as follows:
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We can now solve for the impact forces as

R, =457
R,=17281b

We note that the impact force R, = 7.28 1b is considerably larger than the
0.25-1b weight of the ball. Thus, the weight mg, a nonimpulsive force, could have
been neglected as small in comparison with R,. Had we neglected the weight, the
computed value of R, would have been 7.03 Ib.

We now determine the magnitude and direction of R as

R=JR2+R2= /4572 + 7282 = 4621b Ans.
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Linear Impulse and Linear Momentum
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Sample Problem 3/20

A 2-lb particle moves in the vertical y-z plane (z up, y horizontal) under the
action of its weight and a force F which varies with time. The linear momentum
of the particle in pound-seconds is given by the expression G = %(L‘2 + 3)j —
%(t3 — 4)Kk, where ¢ is the time in seconds. Determine F and its magnitude for the
instant when ¢ = 2 sec.

Solution. The weight expressed as a vector is —2k Ib. Thus, the force-momentum
equation becomes
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For ¢ = 2 sec, F =2k + 3(2)j — 222k = 6j — 6k 1b Ans.
Thus, F=J62+62=6/2Db Ans.
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Helpful Hint

(@ Don’t forget that XF includes all ex-
ternal forces acting on the particle,
including the weight.






