27. We adopt the positive direction choices used in the textbook so that equations such as
Eq. 4-22 are directly applicable. The coordinate origin is at ground level directly below
the release point. We write 0 = –30.0° since the angle shown in the figure is measured
clockwise from horizontal. We note that the initial speed of the decoy is the plane’s speed
at the moment of release: v0 = 290 km/h, which we convert to SI units: (290)(1000/3600)
= 80.6 m/s.
(a) We use Eq. 4-12 to solve for the time:
x  (v0 cos  0 ) t

 t

700 m
 10.0 s.
(80.6 m/s) cos (30.0)

(b) And we use Eq. 4-22 to solve for the initial height y0:

1
1
y  y0  (v0 sin  0 ) t  gt 2  0  y0  (40.3 m/s)(10.0 s)  (9.80 m/s 2 )(10.0 s) 2
2
2
which yields y0 = 897 m.
28. (a) Using the same coordinate system assumed in Eq. 4-22, we solve for y = h:
h  y0  v0 sin  0t 

1 2
gt
2

which yields h = 51.8 m for y0 = 0, v0 = 42.0 m/s, 0 = 60.0°, and t = 5.50 s.
(b) The horizontal motion is steady, so vx = v0x = v0 cos 0, but the vertical component of
velocity varies according to Eq. 4-23. Thus, the speed at impact is
v

 v0 cos 0 

2

  v0 sin  0  gt   27.4 m/s.
2

(c) We use Eq. 4-24 with vy = 0 and y = H:

bv sin g
H
0

0

2g

2

 67.5 m.

67. THINK In this problem we have a stone whirled in a horizontal circle. After the
string breaks, the stone undergoes projectile motion.
EXPRESS The stone moves in a circular path (top view shown below left) initially, but
undergoes projectile motion after the string breaks (side view shown below right). Since
a  v 2 / R , to calculate the centripetal acceleration of the stone, we need to know its

speed during its circular motion (this is also its initial speed when it flies off). We use the
kinematic equations of projectile motion (discussed in §4-6) to find that speed.

(top view)

(side view)

Taking the +y direction to be upward and placing the origin at the point where the stone
leaves its circular orbit, then the coordinates of the stone during its motion as a projectile
are given by x = v0t and y   21 gt 2 (since v0y = 0). It hits the ground at x = 10 m and
y   2.0 m .
ANALYZE Formally solving the y-component equation for the time, we obtain
t  2 y / g , which we substitute into the first equation:
v0  x 

b g

g
 10 m
2y



9.8 m / s2
 15.7 m / s.
2 2.0 m

b

g

Therefore, the magnitude of the centripetal acceleration is
v 2 15.7 m/s 
a 0 
 160 m/s 2 .
R
1.5 m
2

gx 2
. The equation implies
 2 yR
that the greater the centripetal acceleration, the greater the initial speed of the projectile,
and the greater the distance traveled by the stone. This is precisely what we expect.

LEARN The above equations can be combined to give a 

74. Velocities are taken to be constant; thus, the velocity of the plane relative to the

ground is vPG  (55 km)/(1/4 hour) ˆj= (220 km/h)jˆ . In addition,

ˆ
v AG  (42 km/h)(cos 20 ˆi  sin 20 ˆj)  (39 km/h)iˆ  (14 km/h)j.




Using vPG  vPA  v AG , we have




ˆ
vPA  vPG  v AG  (39 km/h)iˆ  (234 km/h)j.

which implies | vPA | 237 km/h , or 240 km/h (to two significant figures.)

75. THINK This problem deals with relative motion in two dimensions. Raindrops
appear to fall vertically by an observer on a moving train.

EXPRESS Since the raindrops fall vertically
relative to the train, the horizontal component
of the velocity of a raindrop, vh = 30 m/s, must
be the same as the speed of the train, i.e.,
vh  vtrain (see figure).

On the other hand, if vv is the vertical component of the velocity and  is the angle
between the direction of motion and the vertical, then tan  = vh/vv. Knowing vv and vh
allows us to determine the speed of the raindrops.
ANALYZE With   70  , we find the vertical component of the velocity to be

vv = vh/tan  = (30 m/s)/tan 70° = 10.9 m/s.
Therefore, the speed of a raindrop is
v  vh2  vv2  ( 30 m / s) 2  (10.9 m / s) 2  32 m / s .

LEARN As long as the horizontal component of the velocity of the raindrops coincides
with the speed of the train, the passenger on board will see the rain falling perfectly
vertically.

