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(b) The baseball reaches its highest point when the vertical component of velocity is
Zero, or

-dl=152sin20°—-32t=0
dt ‘

Solving for ¢ we find

- 152sin20°
t = 3 ~ 1.62 sec.

Substituting this time into the vertical component for r gives the maximum height ;
Ymax = 3 + (15250 20°)(1.62) — 16(1.62)>
~ 452 ft.

That is, the maximum height of the baseball is about 45.2 ft, reached about 1.6 sec
after leaving the bat.

(¢) To find when the baseball lands, we set the vertical component for r equal to 0 and
solve for :

3 + (1525in20°)¢ — 1612 = 0
3+ (51.99) — 16:2 = 0.

The solution values are about r = 3.3 sec and ¢ = —0.06 sec. Substituting the posi-
tive time into the horizontal component for r, we find the range “

R = (152 cos 20° ~ 8.8)(3.3)
~ 442 ft.

Thus, the horizontal range is about 442 ft, and the flight time is about 3.3 sec. n

In Exercises 29 through 31, we consider projectile motion when there is air resistance eh
slowing down the flight.

&OieCtile flights in the following exercises are to be treated as ideal b. How high overhead will the projectile be when it is 5 km
‘ﬁkss stated otherwise. All launch angles are assumed to be measured downrange?

t.hg horizontal. All projectiles are assumed to be launched from ¢. What is the greatest height reached by the projectile?
Onigin over a horizontal surface unless stated otherwise.

4. Throwing a baseball A baseball is thrown from the stands 32 ft
v Travel time A projectile is fired at a speed of 840 m/ sec at an above the field at an angle of 30° up from the horizontal. When
: angle of 60°. How long will it take to get 21 km downrange? and how far away will the ball strike the ground if its initial speed
» Finding muzzle speed Find the muzzle speed of a gun whose is 32 ft/sec?
+ Maximum range is 24.5 km.

!

|
5. Shot put An athlete puts a 16-Ib shot at an angle of 45° to the ; :
Flight time and height A projectile is fired with an initial horizontal from 6.5 ft above the ground at an initial speed of 1 \

. 8peed of 500 m/sec at an angle of elevation of 45°. 44 ft/sec as suggested in the accompanying figure. How long af-
% When and how far away will the projectile strike? ter launch and how far from the inner edge of the stopboard does
the shot land?
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(Continuation of Exercise 5.) Because of its initial elevation, the
shot in Exercise 5 would have gone slightly farther if it had been
launched at a 40° angle. How much farther? Answer in inches.

Firing golf balls A spring gun at ground level fires a golf ball
at an angle of 45°. The ball lands 10 m away.

4. What was the ball’s initial speed?

b. For the same initial speed, find the two firing angles that
make the range 6 m.

. Beaming electrons An electron in a TV tube is beamed hori-

zontally at a speed of 5 X 10° m/sec toward the face of the tube
40 cm away. About how far will the electron drop before it hits?

. Finding golf ball speed Laboratory tests designed to find how

far golf balls of different hardness go when hit with a driver
showed that a 100-compression ball hit with a club-head speed of
100 mph at a launch angle of 9° carried 248.8 yd. What was the
launch speed of the ball? (It was more than 100 mph. At the same
time the club head was moving forward, the compressed ball was
kicking away from the club face, adding to the ball’s forward
speed.)

A human cannonball is to be fired with an initial speed of

v = 80 \/E/ 3 ft/sec. The circus performer (of the right caliber,
naturally) hopes to land on a special cushion located 200 ft down-
range at the same height as the muzzle of the cannon. The circus
is being held in a large room with a flat ceiling 75 ft higher than
the muzzle. Can the performer be fired to the cushion without
striking the ceiling? If so, what should the cannon’s angle of
elevation be?

A golf ball leaves the ground at a 30° angle at a speed of 90 ft/sec.
Will it clear the top of a 30-ft tree that is in the way, 135 ft down
the fairway? Explain.

Elevated green A golf ball is hit with an initial speed of 116 ft/
sec at an angle of elevation of 45° from the tee to a green that is

13. The Green Monster A baseball ‘hit by a Boston Red So

14,

15.

16.

17

elevated 45 ft above the tee as shown in the diagram, Aggyy
the pin, 369 ft downrange, does not get in the way, where
ball land in relation to the pin? i

NOT TO SCALE

at a 20° angle from 3 ft above the ground just cleared the ]
of the “Green Monster,” the lefi-field wall in Fenway Pq
wall is 37 ft high and 315 fi from home plate (see the aceq

ing figure). :
a. What was the initial speed of the ball?
b. How long did it take the ball to reach the wall?

Equal-range firing angles Show that a projectile fired at an
gle of a degrees, 0 < a < 90, has the same range as a pro
fired at the same speed at an angle of (90 — a) degrees. (Inm
that take air resistance into account, this symmetry is lost.)

Equal-range firing angles What two angles of elevation W
enable a projectile to reach a target 16 km downrange on the same
level as the gun if the projectile’s initial speed is 400 m/sec?

Range and height versus speed

a. Show that doubling a projectile’s initial speed at a given
launch angle multiplies its range by 4.

b. By about what percentage should you increase the initial
speed to double the height and range?

Shot put In Moscow in 1987, Natalya Lisouskaya set-a womoin
world record by putting an 8 1b 13 oz shot 73 ft 10 in. Assumi

that she launched the shot at a 40° angle to the horizontal from
6.5 ft above the ground, what was the shot initial speed?




18. Height versus time Show that a projectile attains three-quarters

of its maximum height in half the time it takes to reach the maxi-
mum height.

19. Firing from (x,, »o) Derive the equations

¥ =x0 + (vgcos )z,

Y =y + (vpsina)r — %gtz,

(see Equation (5) in the text) by solving the following initial value
problem for a vector r in the plane.

: . d*r
Differential equation: il j

Initial conditions: r(0) = xyi + »oj

% (0) = (vocos )i + (vo sin a)j

20. Flaming arrow Using the firing angle found in Example 3,

find the speed at which the flaming arrow left Rebollo’s bow. See
Figure 13.13.

L. Flaming arrow The cauldron in Example 3 is 12 ft in diameter.
Using Equation (5) and Example 3c, find how long it takes the

flaming arrow to cover the horizontal distance to the rim. How
, high is the arrow at this time?

22, Describe the path of a projectile given by Equations (4) when
a = 90°,
. Model train The accompanying multiflash photograph shows a
model train engine moving at a constant speed on a straight horizon-
. tal track. As the engine moved along, a marble was fired into the air
* by aspring in the engine’s smokestack. The marble, which continued
_ tomove with the same forward speed as the engine, rejoined the en-
. Bine 1 sec after it was fired. Measure the angle the marble’s path
- made with the horizontal and use the information to find how high
- the marble went and how fast the engine was moving.

The figure shows an experiment with two
Marbles. Marble 4 was launched toward marble B with launch
tngle @ and injtia speed vy. At the same instant, marble B was re.
to fall from rest at R tan a units directly above a spot R
downrange from A. The marbles were found to collide
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regardless of the value of V. Was this mere coincidence, or must
this happen? Give reasons for your answer.

gt

- 1Rtana
////
Voo’ = .
f—‘\' |

25. Launching downhill
down an inclined plane

An ideal projectile is launched straight

as shown in the accompanying figure,

a. Show that the greatest downhill range is achieved when the
initial velocity vector bisects angle 4OR.

b. If the projectile were fired uphill instead of down, what

launch angle would maximize its range? Give reasons for
your answer.

1S

26. Hitting a baseball under a wind gust A baseball is hit when it
is 2.5 ft above the ground. It leaves the bat with an initial velocity
of 145 ft/sec at a launch angle of 23°. At the instant the ball is hit,
an instantaneous gust of wind blows against the ball, adding a
component of —14i (fi/sec) to the ball’s initial velocity. A 15-ft-
high fence lies 300 i from home plate in the direction of the flight.
a. Find a vector equation for the path of the baseball.

b. How high does the baseball 80, and when does it reach
maximum height?

¢. Find the range and flight time of the baseball, assuming that
the ball is not caught,

d. When is the baseball 20 ft high? How far (ground distance) is
the baseball from home plate at that height?

¢. Has the batter hit 2 home run? Explain,
Volleyball A volleyball is hit when it is 4 f above the ground

and 12 ft from a 6-f-high net. It leaves the point of impact with

an initial velocity of 35 ft/sec at an angle of 27° and slips by the
opposing team untouched.
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