MOTION IN TWO OR THREE DIMENSIONS

3.1. IDENTIFY and SET UP: Use Eq. (3.2), in component form.
EXECUTE: (a) (v,), A _moy S3mollm
At -4 30s-0

v =-1.3m/s
(av)y At -t 3.05s-0
(b) Y ()
V, ) —
@ i), tang =y 135 4 grg6
a # (), 14 mVs
o =360°—42.9°=317°
Vav ), Vav =+ (Vav))zr + (vav)i’
f _ 2 2 _
- vp = (1.4 m/8)2 +(=1.3 m/s)? =1.9 m/s
Figure 3.1

EVALUATE: Our calculation gives that v, is in the 4th quadrant. This corresponds to increasing x and

decreasing y.
3.2. IpeENTIFY: Use Eq. (3.2), written in component form. The distance from the origin is the magnitude of 7.

EXECUTE: (a) x = (v, )A? = (-3.8m/s)(12.05) =—45.6m and y = (v, )Ar = (4.9 m/s)(12.05) = 58.8 m.

(b) r=+/x?+ 37 =/(-45.6 m)? +(58.8 m)> =744 m.

EVALUATE: AF is in the direction of v,,. Therefore, Ax is negative since v,

is negative and Ay is
positive since v,,., is positive.
3.3.  (a) IDENTIFY and SET UP: From 7 we can calculate x and y for any ¢.
Then use Eq. (3.2), in component form.
EXECUTE: 7 =[4.0 cm+ (2.5 cm/s®)¢2]i + (5.0 co/s)gj
At t=0, F=(4.0 cm)i.

At 1=2.0s, 7=(14.0 cm)i +(10.0 cm) J.

Ax 10.0 cm
% =—= =5.0 cm/s.
() At 20s

Ay 10.0 cm
V,,), =—=———=5.0 cm/s.
( av)} At 20s
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¥y
Vav = \I(Vav),?c + (Vav)i =7.1cm/s

(Vay)y _
(VaV X
0 =45°.

tano = 1.00

Figure 3.3a

EVALUATE: Both x and y increase, so v,, is in the 1st quadrant.
(b) IDENTIFY and SET UP: Calculate 7 by taking the time derivative of 7(¢).

EXECUTE: %= % = ([5.0 cm/s )i +(5.0 cm/s) j

~
Il

c v, =0, vy =5.0cm/s; v=5.0 cm/s and 8=90°

1.0s: v, =5.0 cm/s, v, =5.0cm/s; v="7.1cm/s and 8 =45°
t=20s v, =10.0 cm/s, v, =5.0 cnvs; v=11cm/s and 6=27°
(c) The trajectory is a graph of y versus x.

x=4.0 cm+(2.5 cm/s*) %, y = (5.0 co/s)t

For values of ¢ between 0 and 2.0 s, calculate x and y and plot y versus x.

~
Il

.\’I
(cm)

x (cm)

Figure 3.3b

EVALUATE: The sketch shows that the instantaneous velocity at any ¢ is tangent to the trajectory.
3.4. IDENTIFY: Given the position vector of a squirrel, find its velocity components in general, and at a

specific time find its velocity components and the magnitude and direction of its position vector and
velocity.

SET UP: v, = dx/dt and v, = dy/dt; the magnitude of a vector is 4 =, /(Aﬁ + Ai).

EXECUTE: (a) Taking the derivatives gives v, (¢) =0.280 m/s +(0.0720 m/sz)t and
v, ()= (0.0570 m/s*)e.
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(b) Evaluating the position vector at 1 =5.00 s gives x=2.30 m and y =2.375 m, which gives
r=331m.

. . 1.42
() At t=5.00s, v, =+0.64 m/s, v, =1.425 m/s, which gives v=1.56 m/s and tan&= 0_645 so the

direction is 8 =65.8° (counterclockwise from +x-axis)
EVALUATE: The acceleration is not constant, so we cannot use the standard kinematics formulas.
3.5. IpENTIFY and SET UP: Use Eq. (3.8) in component form to calculate (a,,), and (aav)y.

EXECUTE: (a) The velocity vectors at #; =0 and ¢, =30.0 s are shown in Figure 3.5a.

L =0 ty =300s
Figure 3.5a
®) (ay), _Av, vy v, 170 m/s —90 m/s =867 m)s>
At th—4 30.0's
Av, vy, —V -
(@) _BV _VayTvy 40 m/s—110 m/s 33 /s
At th—t 30.0's
(©) _ 2 2 _ 2
a=4/(a )y +(ay); =8.98 m/s
2
a -
angr = Carly 7233 Wsz =0.269
(ay)y —8.67 m/s
o =15°+180°=195°
Figure 3.5b

EVALUATE: The changes in v, and v, are both in the negative x or y direction, so both components of

da,, are in the 3rd quadrant.
3.6. IDENTIFY: Use Eq. (3.8), written in component form.
SETUP: a, =(0.45m/s>)cos31.0°=0.39m/s”, a, = (0.45m/s>)sin31.0° = 0.23m/s”

Av 5 Av,
EXECUTE: (a) a,,, = Ax and v, =2.6 /s +(0.39 m/s")(10.0 s) =6.5m/s. a,,., =T and
t t

v, =—1.8m/s+(0.23m/s*)(10.0 5) = 0.52 m/s.

) v= \/(6.5m/s)2 +(0.52m/s)> =6.52m/s, atan angle of arctan(%} =4.6° above the horizontal.

(¢) The velocity vectors ¥, and v, are sketched in Figure 3.6. The two velocity vectors differ in

magnitude and direction.
EVALUATE: v, is at an angle of 35° below the +x-axis and has magnitude v, =3.2 m/s, so v, >v; and

the direction of ¥, is rotated counterclockwise from the direction of ;.
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Figure 3.6

3.7.  IDENTIFY and SET UP: Use Eqs. (3.4) and (3.12) to find v,, v,, a,, and a, as functions of time. The

magnitude and direction of 7 and @ can be found once we know their components.
EXECUTE: (a) Calculate x and y for # values in the range 0 to 2.0 s and plot y versus x. The results are
given in Figure 3.7a.

&
(m)
3.0
204
10+
t : ! | } x (m)
1.0 2.0 30 5.0
— 10+
—20-T
Figure 3.7a
dx dy
b)v.=—=a v,=—=-20t
(b) v, = i b
dvr dv
= e—= 0 a., = —y = —2
Yoodt Yoodt A

Thus v =i =2 a=-2j
(c) velocity: At t=2.0s, v, =2.4m/s, v, = -2(1.2 m/sz)(2.0 s)=—4.8 m/s

X v=,/vf+vi =54m/s

™ X : v _
“C A tang =22 =485 _ 5 4
v 2.4 m/s

X

o =-63.4°+360°=297°

Figure 3.7b
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acceleration: At ¢=2.0s, a,=0, a,=-2(1.2 m/sz) =-2.4 m/s?

.\:

f‘—\—x a:./a§+a§ =24 m/s’
B

2
a —
a tanﬁz_y=—2'4mfs =—
a, 0
| B =270°

Figure 3.7¢

EVALUATE: (d) @ has a component q in the same

direction as v, so we know that v is increasing (the bird

is speeding up.) a also has a component a;
perpendicular to v, so that the direction of v is
changing; the bird is turning toward the —y-direction
(toward the right)

Figure 3.7d

v is always tangent to the path; v at t=2.0 s shown in part (c) is tangent to the path at this #, conforming
to this general rule. @ is constant and in the —y-direction; the direction of v is turning toward the

—y-direction.

3.8. IDENTIFY: Use the velocity components of a car (given as a function of time) to find the acceleration of
the car as a function of time and to find the magnitude and direction of the car’s velocity and acceleration
at a specific time.

SETUP: a, =dv,/dt and a, =dv /dt; the magnitude of a vector is A=, /(A)f + Ai).
EXECUTE: (a) Taking the derivatives gives a,(t) =(—0.0360 rn/s3)t and a,(1)=0.550 m/s?.
(b) Evaluating the velocity components at 7 =8.00 s gives v, =3.848 m/s and v, =6.40 m/s, which gives

y=7.47 m/s. The direction is tan@ = 6.40
3.848

so 6 =59.0° (counterclockwise from +x-axis).

(c) Evaluating the acceleration components at £ =8.00 s gives a, =—0.288 m/s> and a, =0.550 m/s?,

which gives a =0.621 m/s%. The angle with the +y axis is given by tané = %, so §=27.6°. The

direction is therefore 118° counterclockwise from +x-axis.
EVALUATE: The acceleration is not constant, so we cannot use the standard kinematics formulas.

3.9. IpENTIFY: The book moves in projectile motion once it leaves the table top. Its initial velocity is
horizontal.
SET Up: Take the positive y-direction to be upward. Take the origin of coordinates at the initial position
of the book, at the point where it leaves the table top.
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v = 1.10 m,‘s X-component:
a, =0, v,, =1.10 m/s,

< X t=0.350s
~ y-component:
\ a,=-9.80 m/s’,

\
\ Voy =0,

1. 1=0.350's

Figure 3.9a

Use constant acceleration equations for the x and y components of the motion, with a, =0 and a, =-g.
EXECUTE: (a) y—y,="?

y=Yo=voyt +1a,r* =0+1(-9.80 m/s)(0.350 5)* =—0.600 m. The table top is 0.600 m above the floor.
(b) x—x5="?

X =0 =Vt +3at” = (1.10 m/s)(0.350 5) +0=0.385 m.

(©) v, =vy, +a,t=1.10 m/s (The x-component of the velocity is constant, since a, =0.)

v, =V +a,t = 0+(-9.80 m/s*)(0.350 5) = —3.43 m/s

:

v= v§+vi =3.60 m/s

v _
fang =t = M e
v, 110 m/s
a=-72.2°

Direction of v is 72.2° below the horizontal

Figure 3.9b

(d) The graphs are given in Figure 3.9c.

Figure 3.9¢

EVALUATE: In the x-direction, a, =0 and v, is constant. In the y-direction, a, =—-9.80 m/s? and v, Is

y

downward and increasing in magnitude since a, and v,, are in the same directions. The x and y motions

y
occur independently, connected only by the time. The time it takes the book to fall 0.600 m is the time it
travels horizontally.
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3.10. IDENTIFY: The person moves in projectile motion. She must travel 1.75 m horizontally during the time
she falls 9.00 m vertically.

SETUP: Take +y downward. a, =0, a, =+9.80 m/s?. Vox =Vo» Vo, =0

2(y-¥p) z\/2(9.oo m e

a, 9.80 m/s*

. 2 .
EXECUTE: Time to fall 9.00 m: y —yo = vy, f + %ayt gives ¢ =\/

Speed needed to travel 1.75 m horizontally during this time: x —xy = v, ¢ + %axt2 gives

x—xy 1.75m
t 1.36 s
EVALUATE: If she increases her initial speed she still takes 1.36 s to reach the level of the ledge, but has
traveled horizontally farther than 1.75 m.
3.11. IpENTIFY: Each object moves in projectile motion.

SETUP: Take +y to be downward. For each cricket, a, =0 and a, =+9.80 m/s?. For Chirpy,

Vox = Vo, =0. For Milada, v, =0.950 m/s, v,, =0.

EXECUTE: Milada’s horizontal component of velocity has no effect on her vertical motion. She also
reaches the ground in 3.50 s. x —xg = v, ¢ +%axt2 =(0.950 m/s)(3.50 s)=3.32 m

=1.29 m/s.

Yo =Vox =

EVALUATE: The x and y components of motion are totally separate and are connected only by the fact that
the time is the same for both.

3.12. IDENTIFY: The football moves in projectile motion.
SETUP: Let +y beupward. a, =0, a, =-g. Atthe highest point in the trajectory, v, =0.

. Y 12.0m/% .
EXECUTE: (a) vy, =V, Ta,l. The time ¢ is —2 = —s2 =1.224s, which we round to 1.22 s.
g  9.80m/s
(b) Different constant acceleration equations give different expressions but the same numerical result:
2
121, Yoy _
Egt = Evy()l = g =735m.

(¢) Regardless of how the algebra is done, the time will be twice that found in part (a), which is
2(1.2245)=2.45s.

(d) a, =0, so x—xy =vy,t=(20.0 m/s)(2.455) =49.0 m.

(e) The graphs are sketched in Figure 3.12.

EVALUATE: When the football returns to its original level, v, =20.0 m/s and v, =—12.0 m/s.

V 1 %r I| \I

3.13. IDENTIFY: The car moves in projectile motion. The car travels 21.3 m—1.80 m=19.5 m downward
during the time it travels 61.0 m horizontally.

Figure 3.12

SETUP: Take +y to be downward. a, =0, a, =+9.80 m/s?. Vox =Vo» Vo, =0.
EXECUTE: (a) Use the vertical motion to find the time in the air:
2(y—¥p) =\/2(19.5 m) 05

a, 9.80 m/s*

y—y0=voyt+%ayt2 gives t=\/
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3.14.

3.15.

3.16.

X—XO _ 61.0 m
t 1.995 s
2

(b) v, =30.6m/s since a, =0. vy=v0y+ayt=—19.6m/s. V=,/Vi +v§ =36.3m/s.

EVALUATE: We calculate the final velocity by calculating its x and y components.
IDENTIFY: Knowing the maximum reached by the froghopper and its angle of takeoff, we want to find its
takeoff speed and the horizontal distance it travels while in the air.

=30.6 m/s.

Then x—x, :voxt+%axt2 gives vy =V, =

SET UP: Use coordinates with the origin at the ground and +y upward. a, =0, a, =-9.80 m/s. At the

. . . 2_ .2

maximum height v, = 0. The constant-acceleration formulas vy =V, + 2ay (=) and
— 1 2

Y = Yo =Voyl +5a,t” apply.

EXECUTE: (a) vi = vgy +2a,(y—y,) gives

v, = I—2ay(y—y0) = \/—2(—9.80 m/s2)(0.587 m) =3.39 m/s. Yoy =Vo siné, so
Vo = oy _ 3.39 m/s
sing, sin58.0°

(b) Use the vertical motion to find the time in the air. When the froghopper has returned to the ground,
vy, ~2(3.39 m/s)
a,  —9.80 m/s’

Then x —xp = vyt + L a,t? = (v, cos 6)r = (4.00 m/s)(cos 58.0°)(0.692 5) =1.47 m.

v
EVALUATE: v, =0 when ¢ = ——2 = _Lm/s =0.346 s. The total time in the air is twice this.

g a,  -9.80 m/s®

IDENTIFY: The ball moves with projectile motion with an initial velocity that is horizontal and has
magnitude v,,. The height 4 of the table and v,, are the same; the acceleration due to gravity changes from

=4.00 m/s.

=0.692s.

y =y =0. y=yy=vo,t +4a,i* gives 1=~

gg =9.80 m/s® on earth to gx on planet X.
SET UP: Let +x be horizontal and in the direction of the initial velocity of the marble and let +y be

upward. vy, =vy, v, =0, a,=0, a,=-g, where g is either gg or gx.

v
EXECUTE: Use the vertical motion to find the time in the air: y—yo=—h. y—yo=vyt +%ayt2 gives

t= f% Then x—xy =vy, ¢+ %axtz gives X —Xg =Vt =V, /2—h X—xo=D on earth and 2.76D on
g g
Planet X. (x —xo)\/g =vyv2h, which is constant, so D,/gg =2.76D,/gx.

__8 _ _ 2
gx = 2.76) =0.131g; =1.28 m/s”.
EVALUATE: On Planet X the acceleration due to gravity is less, it takes the ball longer to reach the floor
and it travels farther horizontally.

IDENTIFY: The shell moves in projectile motion.

SET UP: Let +x be horizontal, along the direction of the shell’s motion, and let +y be upward. a =0,

a =-9.80 m/s®.

EXECUTE: (a) v,, =V, cos &, =(50.0 m/s)cos 60.0°=25.0 m/s,
Vo, =V, sin &, =(50.0 m/s)sin 60.0° =43.3 m/s.

—V,,  0-433m/s
a —9.80 m/s?

¥

Vy

442 s.

(b) At the maximum height v, =0. v, =V, tat gives t =
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)

2a,  2(-9.80 m/s?)
(d) The total time in the air is twice the time to the maximum height, so

X=X, =vl+1a .’ =(25.0 m/s)(8.84 5) =221 m.

(e) At the maximum height, v_=v; =40.0 m/sand v, =0. Atall points in the motion, a_ =0 and
a, =-9.80 n/s”.

Vv, 0—(43.3m/s)’

(© v:=v] +2a (y—y,) gives y—y,= 95.7 m.

2 -
v, sin2a;,

g

EVALUATE: The equation for the horizontal range R derived in the text is R = . This gives
R (50.0 m/s)*sin(120.0°)
9.80 m/s’
3.17. IDENTIFY: The baseball moves in projectile motion. In part (c) first calculate the components of the
velocity at this point and then get the resultant velocity from its components.
SET Up: First find the x- and y-components of the initial velocity. Use coordinates where the
+y-direction is upward, the +x-direction is to the right and the origin is at the point where the baseball

=221 m, which agrees with our result in part (d).

leaves the bat.

Y Vox = Vpc0s & = (30.0 m/s) c0s36.9° =24.0 m/s
________ v Vo, =Vpsind =(30.0 m/s) sin36.9°=18.0 m/s

Vi

Figure 3.17a

Use constant acceleration equations for the x and y motions, with a, =0 and a, =—g.
EXECUTE: (a) y-component (vertical motion):

Y=o =+10.0 m/s, vy, =18.0 m/s, a,=-9.80 m/s*, r=?

Y =Yo=Voy +%ayt2

10.0 m = (18.0 m/s)¢ — (4.90 m/s>)>

(4.90 m/s?)r* —(18.0 m/s)t +10.0 m =0

Apply the quadratic formula: ¢ = ﬁ[l&o + \/(—18.0)2 -4 (4.90)(10.0)} s=(1.837£1.154) s

The ball is at a height of 10.0 above the point where it left the bat at £, =0.683 s and at ¢, =2.99 s. At the

earlier time the ball passes through a height of 10.0 m as its way up and at the later time it passes through
10.0 m on its way down.
(b) v, =vy, =+24.0 m/s, at all times since a, =0.

vy, =gy tayt
71 =0.683s: v, =+18.0 m/s +(-9.80 m/sz)(0.683 s)=+11.3 m/s. (v, is positive means that the ball is

traveling upward at this point.
1, =299s: v, =+18.0 m/s +(-9.80 m/sz)(2.99 s)=-11.3m/s. (v, is negative means that the ball is

traveling downward at this point.)
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©) v, =vy, =240 m/s

Solve for %

vy =7,

a,=-9.80 m/s>, v, =+18.0 m/s

¥ =y =0 (when ball returns to height where motion started),

2 2
vy =V, + Zay(y -%)
v, ==V, =—18.0 m/s (negative, since the baseball must be traveling downward at this point)

Now solve for the magnitude and direction of v.

y —_ 2 2
v, V=4 vy Yy

v =+/(24.0 m/s)? +(=18.0 m/s) =30.0 m/s
v, —18.0 m/s
tangg =—=———
v 24.0 m/s
a=-36.9°, 36.9° below the horizontal

X

Figure 3.17b

The velocity of the ball when it returns to the level where it left the bat has magnitude 30.0 m/s and is
directed at an angle of 36.9° below the horizontal.

EVALUATE: The discussion in parts (a) and (b) explains the significance of two values of # for which
Y=o ==+10.0 m. When the ball returns to its initial height, our results give that its speed is the same as its

initial speed and the angle of its velocity below the horizontal is equal to the angle of its initial velocity
above the horizontal; both of these are general results.

3.18. IDENTIFY: The shot moves in projectile motion.
SET UP: Let +y be upward.

EXECUTE: (a) If air resistance is to be ignored, the components of acceleration are 0 horizontally and
-g=-9.80 m/s’ vertically downward.

(b) The x-component of velocity is constant at v, = (12.0 m/s)cos51.0°=7.55 m/s. The y-component is
Voy = (12.0 m/s) sin51.0°=9.32 m/s at release and

v, =V, —&t=(9.32 m/s) - (9.80 m/s)(2.08 ) =—11.06 m/s when the shot hits.

(©) x—xy =V, =(7.55m/s)(2.08s) =15.7 m.

(d) The initial and final heights are not the same.

(e) With y =0 and v, as found above, Eq. (3.18) gives y; =1.81m.

(f) The graphs are sketched in Figure 3.18.
EVALUATE: When the shot returns to its initial height, v, =—9.32 m/s. The shot continues to accelerate

downward as it travels downward 1.81 m to the ground and the magnitude of v,, at the ground is larger

than 9.32 m/s.
x(1) (m) y(1) (m) v, (m/s) l'}.{_f) (m/s)
20 71.56 10
6 t(s)
10 | 4 7.55 3
2
7.54
t(s t(s)
ol 1 2 3 Yo 1 2 ’ ol 1 2
Figure 3.18
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3.19. IDENTIFY: Take the origin of coordinates at the point where the quarter leaves your hand and take
positive y to be upward. The quarter moves in projectile motion, with a, =0, and a, =-g. It travels

vertically for the time it takes it to travel horizontally 2.1 m.

Vox = Vg Cos = (6.4 m/s) cos60°

5 Vox =3.20 m/s
I 2 Voy =Vosingg = (6.4 m/s) sin60°
Voy =5.54 m/s

21m

Figure 3.19

(a) SET UP: Use the horizontal (x-component) of motion to solve for z, the time the quarter travels

through the air:

t=7? x—xy=2.1m, vy, =32m/s, a,=0

X=X =Vl + %axtz =v,,t, since a, =0

X=Xy 2.1m
3.2 m/s

SET UpP: Now find the vertical displacement of the quarter after this time:

y=yo=" a,=-9.80m/s>, v, =+5.54 m/s, 1=0.656s

EXECUTE: (= =0.656s

Vox

Y=Y +v0yt+%ayt2

EXECUTE:  y - y; =(5.54 m/s)(0.656 s)+1(=9.80 m/s*)(0.656 5)° =3.63m—-2.11m=1.5m.
(b) SETUP: v, =2, 1=0.656, a,=-9.80 m/s”, v, =+5.54 m/s v, =v,, +a,
EXECUTE: v, =5.54 m/s+(~9.80 m/s*)(0.656 s) =—0.89 m/s.

EVALUATE: The minus sign for v, indicates that the y-component of ¥ is downward. At this point the

quarter has passed through the highest point in its path and is on its way down. The horizontal range if it
returned to its original height (it doesn’t!) would be 3.6 m. It reaches its maximum height after traveling
horizontally 1.8 m, so at x —xy =2.1 m it is on its way down.

3.20. IDENTIFY: Use the analysis of Example 3.10.

d .
SET UP: From Example 3.10, t =——— and yg, = (vysinog)t — %gtz.
) CcoS 0!0

EXECUTE: Substituting for ¢ in terms of d in the expression for yg, gives

gd
Vdart =d tanao -~ 5 |
2vy cos” o,

Using the given values for d and ¢, to express this as a function of v,
26.62 m?/s’ j

y=(3.00 m)[0.90— 3
Yo

(a) vy =12.0 m/s gives y=2.14 m.

(b) vy =8.0m/s gives y=1.45m.

(¢) vy =4.0m/s gives y =-2.29 m. In this case, the dart was fired with so slow a speed that it hit the

ground before traveling the 3-meter horizontal distance.

EVALUATE: For (a) and (b) the trajectory of the dart has the shape shown in Figure 3.26 in the textbook.
For (c) the dart moves in a parabola and returns to the ground before it reaches the x-coordinate of the
monkey.
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3.21. IDpENTIFY: Take the origin of coordinates at the roof and let the +y-direction be upward. The rock moves
in projectile motion, with a, =0 and a, =—g. Apply constant acceleration equations for the x and y

components of the motion.
SET UP:

¥ Voy =VgCOSy =25.2 m/s

0

! .
‘l““ Vg, = Vo Singy =16.
Voo | 0y 0S ao 3 m/s
' “n) I
x

l Vﬂ.l

15.0 m

Figure 3.21a

(a) At the maximum height v, =0.

a,=-9.80 m/s*>, v, =0, vy, =+163m/s, y—y,=?

vy =vg, +2a, (=)
v V5, 0—(16.3 m/s)?
2a,  2(-9.80 m/s?)

(b) SET Up: Find the velocity by solving for its x and y components.
Ve =V, =252 m/s (since a, =0)

EXECUTE: y-—y,= =+13.6 m

=9
v, =7 a,

position), vy, =16.3 m/s

=-9.80 m/s, y—yo=—15.0 m (negative because at the ground the rock is below its initial

2 2
vy = VOy +2ay(y_y0)

v, == vgy +2a,(y—yy) (v, is negative because at the ground the rock is traveling downward.)

EXECUTE: v, = —\/(16.3 m/s)? +2(—9.80 m/s>)(—15.0 m) =—23.7 m/s

Then v=\v2 +v2 =/(25.2 m/s)® +(-23.7 ms)? =34.6 ms.

(c) SET Up: Use the vertical motion (y-component) to find the time the rock is in the air:

1=?, v,=-237m/s (from part (b)), a, =-9.80 m/s?, Voy =+16.3 m/s

Vy ~Voy _ =23.7m/s—16.3 m/s
a, -9.80 m/s>

SET UP: Can use this 7 to calculate the horizontal range:
t=4.08s, vy, =252m/s, a, =0, x—x5="?

EXECUTE: x—Xo =V, ¢ +3a,s” =(252 m/s)(4.08 5)+0=103 m

EXECUTE: = =+4.08 s

(d) Graphs of x versus ¢, y versus ¢, v, versus f and v, versus ¢
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Figure 3.21b

EVALUATE: The time it takes the rock to travel vertically to the ground is the time it has to travel
horizontally. With v, = +16.3 m/s the time it takes the rock to return to the level of the roof (y =0) is

1=2vy,/g =3.33s. The time in the air is greater than this because the rock travels an additional 15.0 m to

the ground.
3.22. IpENTIFY: Consider the horizontal and vertical components of the projectile motion. The water travels
45.0 m horizontally in 3.00 s.

SETUP: Let +y beupward. a, =0, a,=-9.80 m/s?. Vox =V €086y, vy, =vysinb.
45.0m

EXECUTE: (a) x—x, =v,.t+La t> gives x—x,=vy(cos @)t and cos@y=———— =0.60
@) x=x =vo.l #3008 0 =Yo(cos &) 0= 25.0m/s)(3.005)

6,=53.1°
(b) At the highest point v, =v;, =(25.0 m/s)cos 53.1°=15.0 m/s, v, =0 and v:,lvf +v§ =15.0m/s. At

all points in the motion, a =9.80 m/s? downward.
(¢) Find y—y, when ¢=3.00s:

¥ =Yg =voyt +1a,r* =(25.0 m/s)(sin53.1°)(3.00 5) +1(~9.80 m/s*)(3.005)* =15.9 m
Ve = Vo, =15.0m/s, v, =vp, +a,r=(25.0m/s)(sin53.1°) — (9.80m/sz)(3.00 s)=-9.41 m/s, and

v= 2 402 =150 mis)? + (-9.41 mis)? =17.7 mis

EVALUATE: The acceleration is the same at all points of the motion. It takes the water

V 20. . . . o
f=——2 = 0.0 m/s =2.04 s to reach its maximum height. When the water reaches the building it has

a,  -9.80 m/s’
passed its maximum height and its vertical component of velocity is downward.
3.23. IpENTIFY and SET UP: The stone moves in projectile motion. Its initial velocity is the same as that of the
balloon. Use constant acceleration equations for the x and y components of its motion. Take +y to be

downward.
EXECUTE: (a) Use the vertical motion of the rock to find the initial height.

t=6.00s, vy, =+20.0 m/s, a, =+9.80 m/s>, y—y, ="

Y =Yo=Voyt +%ayt2 gives y—y, =296 m

(b) In 6.00 s the balloon travels downward a distance y — y, =(20.0 m/s)(6.00 s) =120 m. So, its height
above ground when the rock hits is 296 m—120 m =176 m.

(¢) The horizontal distance the rock travels in 6.00 s is 90.0 m. The vertical component of the distance

between the rock and the basket is 176 m, so the rock is \/ (176 m)2 +(90 m)2 =198 m from the basket
when it hits the ground.

(d) (i) The basket has no horizontal velocity, so the rock has horizontal velocity 15.0 m/s relative to the

basket. Just before the rock hits the ground, its vertical component of velocity is

v, =Vpy, +a,t =20.0 m/s +(9.80 m/sz)(6.00 s) =78.8 m/s, downward, relative to the ground. The basket is
moving downward at 20.0 my/s, so relative to the basket the rock has a downward component of velocity 58.8 m/s.
(i1) horizontal: 15.0 m/s; vertical: 78.8 m/s

EVALUATE: The rock has a constant horizontal velocity and accelerates downward
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3.24. IDpENTIFY: We want to find the acceleration of the inner ear of a dancer, knowing the rate at which she spins.
1.0s

rev

SETUP: R =0.070 m. For 3.0 rev/s, the period T (time for one revolution) is 7 = =0.333s. The

speed is v=d/T= (27R)/T, and a,q = v*/R.
v _QaRIT)* _47°R _47°(0.070 m) _
R R 7? (0333 5)?

EVALUATE: The acceleration is large and the force on the fluid must be 2.5 times its weight.
3.25. IpENTIFY: Apply Eq. (3.30).
SETUP: T =24h.

EXECUTE: a,, = 25 m/s> =2.5g.

2 6
_ A77(6.38x10 m)z ~0.034 m/s? =3.4x10 7 g.
((24 h)(3600 s/h))

2 6
(b) Solving Eq. (3.30) for the period T with .y =g, T =, /% =5070s =1.4 h.
. S

EVALUATE: a,,, is proportional to 1/T 2, 5o to increase dg,q by a factor of

EXECUTE: (a) a4

=294 requires
3.4x107

24 h

1
V294" 294

3.26. IDENTIFY: Each blade tip moves in a circle of radius R =3.40 m and therefore has radial acceleration

that 7 be multiplied by a factor of =14h

Apaq = VvZ/R.

SET UP: 550 rev/min = 9.17 rev/s, corresponding to a period of 7' = _ =0.109 s.
9.17 rev/s

EXECUTE: (a) v= % =196 m/s.

2
(b) a,g =%=1.13x104 m/s? =1.15x10°g.

2
T°R . .
EVALUATE: a4 = 7 gives the same results for a,,y as in part (b).

3.27. IDENTIFY: For the curved lowest part of the dive, the pilot’s motion is approximately circular. We know
the pilot’s acceleration and the radius of curvature, and from this we want to find the pilot’s speed.
2
SETUP: a,y=55¢2=539 m/s?. 1 mph = 0.4470 m/s. Argg = %

2
EXECUTE: a4 = VE’ $0 v=1/Raypg =+/(350 m)(53.9 m/s?) =140 m/s =310 mph.

EVALUATE: This speed is reasonable for the type of plane flown by a test pilot.
3.28. IDENTIFY: Each planet moves in a circular orbit and therefore has acceleration a,,4 = VvZ/R.

SET UP: The radius of the earth’s orbit is » =1.50x10'! m and its orbital period is
T =365 days=3.16><107 s. For Mercury, r =5.79%10'" m and T =88.0 days = 7.60x10° s.

EXECUTE: (a) v= 2—777 =2.98x10* m/s

2

(b) a,y=—=5.91x10" m/s>.
r

(©) v=4.79x10" m/s, and a,y =3.96x107 m/s>.
EVALUATE: Mercury has a larger orbital velocity and a larger radial acceleration than earth.
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3.29. IDENTIFY: Uniform circular motion.
. . o d|v -
SET UP: Since the magnitude of v is constant, v, = % =0 and the resultant acceleration is equal to
t
the radial component. At each point in the motion the radial component of the acceleration is directed in

toward the center of the circular path and its magnitude is given by V2/R.

2 2
v" (7.00 m/s) 2
=—=-—""""=350m/s", ard.
"R 140m v

(b) The radial acceleration has the same magnitude as in part (a), but now the direction toward the center of

EXECUTE: (a) a

the circle is downward. The acceleration at this point in the motion is 3.50 mv/s?, downward.
(¢) SET UP: The time to make one rotation is the period 7, and the speed v is the distance for one
revolution divided by 7.

27R 27R 27 (140 m
EXECUTE: v= so T= _27( )

T v 7.00 m/s

EVALUATE: The radial acceleration is constant in magnitude since v is constant and is at every point in
the motion directed toward the center of the circular path. The acceleration is perpendicular to v and is
nonzero because the direction of ¥ changes.

=12.6s

2
3.30. IDENTIFY: Each part of his body moves in uniform circular motion, with a4 = 3 The speed in rev/s is

1/T, where T is the period in seconds (time for 1 revolution). The speed v increases with R along the

length of his body but all of him rotates with the same period 7.
SET Up: For his head R =8.84 m and for his feet R =6.84 m.

EXECUTE: (a) v=1/Ra,q =+/(8.84 m)(12.5)(9.80 m/s?) =32.9 m/s

471'2R
(b) Use a4 = . Since his head has a3 =12.5g and R =8.84 m,

T=2r __ 884m | 688, Then his fect have a, ;= R2 4z’ (6. 84m)—94.8m/52 -9.67¢.
trad 12.5(9.80m/s?) 72 (1.688s)

The difference between the acceleration of his head and his feet is 12.5g —-9.67g =2.83g =27.7 m/s>.

1 1
¢) —=—=0.592 rev/s =35.5 rpm
© T 1.69s P

EVALUATE: His feet have speed v=\/Ra,4 = \/(6.84 m)(94.8 m/sz) =255 m/s

3.31. IDENTIFY: Relative velocity problem. The time to walk the length of the moving sidewalk is the length
divided by the velocity of the woman relative to the ground.
SET UpP: Let W stand for the woman, G for the ground and S for the sidewalk. Take the positive direction
to be the direction in which the sidewalk is moving.
The velocities are vy, (woman relative to the ground), vy, (woman relative to the sidewalk), and vg/g

(sidewalk relative to the ground).
Eq (333) becomes Yw/G = VW/s + Vs/G-

distance traveled relative to ground

The time to reach the other end is given by ¢ =
YWiG

EXECUTE: (a) vgg =1.0 m/s

Vg =+1.5 m/s

YwiG =Vwis TVgg =1.5 m/s+1.0 m/s =2.5 m/s.
~350m _350m

= =14s.
VW/G 2.5 m/S
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(b) Vg = 1.0 m/s
Ywis = -1.5m/s
VwiG = Vwss T Vg =—1.5 m/s+1.0 m/s =—-0.5 m/s. (Since vy, now is negative, she must get on the

moving sidewalk at the opposite end from in part (a).)
~—350m _-350m

YwW/G - —0.5 m/s

EVALUATE: Her speed relative to the ground is much greater in part (a) when she walks with the motion
of the sidewalk.
3.32. IDENTIFY: The relative velocities are vy, the velocity of the scooter relative to the flatcar, vg g, the

t =70 s.

scooter relative to the ground and v, the flatcar relative to the ground. vg,g = Vg + Vg g. Carry out the

vector addition by drawing a vector addition diagram.

SETUP: vy =Vgg — VG- Vi 1S to the right, so —vp, is to the left.

EXECUTE: In each case the vector addition diagram gives

(a) 5.0 m/s to the right

(b) 16.0 m/s to the left

(c) 13.0 m/s to the left.

EVALUATE: The scooter has the largest speed relative to the ground when it is moving to the right relative
to the flatcar, since in that case the two velocities vgy and vy, are in the same direction and their

magnitudes add.
3.33. IDENTIFY: Apply the relative velocity relation.
SET UP: The relative velocities are v, the canoe relative to the earth, vy, the velocity of the river

relative to the earth and v, the velocity of the canoe relative to the river.

EXECUTE: ‘_;C/E = l_).C/R + ‘_;R/E and therefore l_;C/R = EC/E - ‘_;R/E The VelOCity Components of ‘_;C/R are

—0.50 m/s +(0.40 m/s)/x/E, east and (0.40 m/s)/\/z, south, for a velocity relative to the river of 0.36 m/s,
at 52.5° south of west.
EVALUATE: The velocity of the canoe relative to the river has a smaller magnitude than the velocity of
the canoe relative to the earth.

3.34. IDENTIFY: Calculate the rower’s speed relative to the shore for each segment of the round trip.
SET UP: The boat’s speed relative to the shore is 6.8 km/h downstream and 1.2 km/h upstream.
EXECUTE: The walker moves a total distance of 3.0 km at a speed of 4.0 km/h, and takes a time of three
fourths of an hour (45.0 min).

The total time the rower takes is 1.5 km + 1.5 km =1.47 h =88.2 min.
6.8 km/h 1.2 km/h

EVALUATE: [t takes the rower longer, even though for half the distance his speed is greater than 4.0 km/h.
The rower spends more time at the slower speed.

3.35. IDENTIFY: Relative velocity problem in two dimensions. His motion relative to the earth (time
displacement) depends on his velocity relative to the earth so we must solve for this velocity.
(a) SET UP: View the motion from above.

N The velocity vectors in the problem are:
W ] E Vayes the velocity of the man relative to the earth
S 1 - vy, the velocity of the water relative to the earth
WIE

Vpyw, the velocity of the man relative to the water

The rule for adding these velocities is

];E_" Ve = Vv P
Vaifw M/E M/W W/E

!

= 800 m—m—=

Figure 3.35a
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The problem tells us that ¥,z has magnitude 2.0 m/s and direction due south. It also tells us that vy
has magnitude 4.2 m/s and direction due east. The vector addition diagram is then as shown in Figure 3.35b.

This diagram shows the vector addition
YME = Ymw T VWE

Vil and also has vy and vy in their
=2.0m/s specified directions. Note that the vector

diagram forms a right triangle.

Figure 3.35b

The Pythagorean theorem applied to the vector addition diagram gives vl%,[/E = Vl%/[/W + v\z,v/E.

vww _ 4.2 m/s
Vwe 2.0 m/s
6 =165°% or ¢ =90°—8 =25°. The velocity of the man relative to the earth has magnitude 4.7 m/s and
direction 25° S of E.

(b) This requires careful thought. To cross the river the man must travel 800 m due east relative to the
earth. The man’s velocity relative to the earth is ¥y;p. But, from the vector addition diagram the eastward

EXECUTE: vy = Vi + Vi =+(4.2 m/s)> +(2.0 m/s)? =47 m/s; tand = =2.10;

component of vyyg equals vyw =4.2 m/s.
x—xy 800 m
v 4.2 m/s

X

Thus ¢ = =190 s.

(c) The southward component of vy equals vy, =2.0 m/s. Therefore, in the 190 s it takes him to cross
the river, the distance south the man travels relative to the earth is

Y=y =v,t =(2.0 m/s)(190 s) =380 m.
EVALUATE: If there were no current he would cross in the same time, (800 m)/(4.2 m/s) =190 s. The

current carries him downstream but doesn’t affect his motion in the perpendicular direction, from bank to bank.
3.36. IDENTIFY: Use the relation that relates the relative velocities.
SET UP: The relative velocities are the water relative to the earth, vy, the boat relative to the water,

vpw, and the boat relative to the earth, vy . Vg is due east, vy, is due south and has magnitude
2.0 m/s. vy =4.2 m/s. Vg =Vgw +Vwie- The velocity addition diagram is given in Figure 3.36.

VW/E _ 2.0 II]/S

EXECUTE: (a) Find the direction of vgy. sinf =
VB/W 4.2 m/s

. 8=28.4° north of east.

(b) Vi =\ —Vaye =442 m/s)? (2.0 m/s)> =3.7 m/s
800 m 800 m

Q) t=——
( ) VB/E 3.7 m/s

EVALUATE: It takes longer to cross the river in this problem than it did in Problem 3.35. In the direction
straight across the river (east) the component of his velocity relative to the earth is lass than 4.2 m/s.

=216s.

Ugfe

v

Figure 3.36
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3.37. IDENTIFY: Relative velocity problem in two dimensions.
(a) SETUP:  vp, is the velocity of the plane relative to the air. The problem states that vp/, has

magnitude 35 m/s and direction south.

v 1s the velocity of the air relative to the earth. The problem states that v, is to the southwest
(45° S of W) and has magnitude 10 m/s.

The relative velocity equation is Vpp = Vpa + V-

=10 m/fs
Figure 3.37a
EXECUTE: (b) (vp/a), =0, (VP/A)y =-35m/s
(Vag)y =—(10 m/s)cos 45°=-7.07 m/s,
(vag), =—(10 m/s)sin 45°=-7.07 m/s

pE)x = (Wpra)s T (Vag), =0-7.07 m/s =—7.1 m/s
(VP/E)y :(VP/A)y +(VA/E)y =-35m/s—7.07 m/s =—42 m/s

© 1 VB/E =4/ (V)3 + (VP/E)i

Vo = (7.1 m/s)? +(~42 m/s)? =43 m/s

tang=pE)y _ 7L 460
(vpg)y, —42

$=9.6% (9.6° west of south)

Figure 3.37b

EVALUATE: The relative velocity addition diagram does not form a right triangle so the vector addition
must be done using components. The wind adds both southward and westward components to the velocity
of the plane relative to the ground.

3.38. IDENTIFY: Use the relation that relates the relative velocities.
SET UP: The relative velocities are the velocity of the plane relative to the ground, vp,g, the velocity of

the plane relative to the air, vp/,, and the velocity of the air relative to the ground, v,,;. Vp,g must due
west and v, must be south. v, =80 km/h and vp/, =320 km/h. vp,g =Vpjs +V,,G. The relative

velocity addition diagram is given in Figure 3.38.

EXECUTE: (a) sinf = and @=14°, north of west.

(b) VoG = VA — VA =(320 knvh)® — (80.0 km/h)? =310 k/h,
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EVALUATE: To travel due west the velocity of the plane relative to the air must have a westward
component and also a component that is northward, opposite to the wind direction.

Figure 3.38

3.39. IpENTIFY: The resultant velocity, relative to the ground, is directly southward. This velocity is the sum of
the velocity of the bird relative to the air and the velocity of the air relative to the ground.
SET UP: VB/A = 100 km/h. ‘_;A/G =40 km/h, cast. ‘_;B/G :ﬁB/A +‘_;A/G'

EXECUTE: We want ¥, to be due south. The relative velocity addition diagram is shown in

Figure 3.39.
N
G W
i E
1S
e
b
i
Upic I
¥ Upa
By,
Figure 3.39
(a) sing = YaG _ m ¢=24°, west of south.

vea 100 km/h’

d 500 km
b) Vs =+/Vp/aZ —Vaxsl =91.7km/h, t=—— =————" =55h,
(b) vpig =\vBA" — VaiG veg 917 kmil

EVALUATE: The speed of the bird relative to the ground is less than its speed relative to the air. Part of its
velocity relative to the air is directed to oppose the effect of the wind.
3.40. IDENTIFY: As the runner runs around the track, his speed stays the same but the direction of his velocity
changes so he has acceleration.
Ax A o . .
SETUP: (v,),, = A (a,)y = A—V;‘ (and likewise for the y components). The coordinates of each point
are: A, (=50 m,0); B, (0, +50 m); C, (+50 m, 0); D, (0,—50 m). At each point the velocity is tangent to

the circular path, as shown in Figure 3.40. The components (v,,v,) of the velocity at each point are: 4,
(0, +6.0 m/s); B, (+6.0 m/s, 0); C, (0,—6.0 m/s); D, (—6.0 m/s, 0).
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Figure 3.40

27zr _ 27(50 m)

EXECUTE: (a) 4 to B: The time for one full lap is t = — =52.4s. Ato B is one-quarter lap

\% 6.0 m/s
and takes %(52.4 s)=13.1s. (Vy)a = % = % =3.8m/s; (v)), = i—J; = % =3.8 m/s.
(a,)y = AAV; = % =0.46 m/s>; (a,),, = % = %?sm/s =—0.46 m/s’
) Ato C: t=1(5245)=2625. (v,),, = % = W =38m/s; (v,),, = % =0.
(ay)ay = AAV;‘ =0; (a,)y = % _60 HZZ; S'O WS _ _0.46 m/s>.
(© CtoD: t=1(5249)=13.1s. (v,),, = % = % =-3.8m/s;
V) )ay = % = % =-38m/s. (a,), = ivtx = % =—0.46 m/s%;
(@,)s = % = W =0.46 m/s>.

(d)Atod: Ax=Ay =050 (v )y =(V))qy =0, and Av, =Av, =0 50 (a,), =(a,), =0.

(e) For A to B: v,, = \/(vx)iv + (vy)iV = \/(3.8 m/s)* + (3.8 m/s)* = 5.4 m/s. The speed is constant so the

average speed is 6.0 m/s. The average speed is larger than the magnitude of the average velocity because
the distance traveled is larger than the magnitude of the displacement.
(f) Velocity is a vector, with both magnitude and direction. The magnitude of the velocity is constant but
its direction is changing.
EVALUATE: For this motion the acceleration describes the rate of change of the direction of the velocity,
not the rate of change of the speed.

3.41. IDENTIFY: V¥ _dr and a _

dt dt

SET Up: %(r”)znt"‘l. At t=1.00s, a,=4.00 m/s* and a,=3.00 m/s’. At r=0, x=0 and

y=50.0 m.

EXECUTE: (a) v, = % =2Bt. a, = % =2B, which is independent of . a, =4.00 m/s” gives
t

X

dv

B=200m/s% v, =P —3p2 0 =2 6Dt a, =3.00 m/s> gives D=0.500 m/s>. x=0 at r=0
Yoodt Y dt 7

gives 4=0. y=50.0m at t=0 gives C=50.0 m.

(b) At t=0, v, =0 and v, =0, so $=0. At =0, a,=2B=4.00 m/s* and a, =0, so

@ =(4.00 m/s?)i.

© Copyright 2012 Pearson Education, Inc. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



Motion in Two or Three Dimensions 3-21

(€) At 1=10.0's, v, =2(2.00 m/s*)(10.0 s)=40.0 m/s and v, =3(0.500 m/s*)(10.0 5)* =150 m/s.

v=,lv§ +v§ =155 m/s.

(d) x=(2.00 m/s?)(10.0 5)> =200 m, y=50.0 m+(0.500 m/s*)(10.0 s)* =550 m.

7 =(200 m)i + (550 m);.

EVALUATE: The velocity and acceleration vectors as functions of time are

V()= (2Bt)f + (3Dt2)} and a(t)= (2B)f + (6Dt)}. The acceleration is not constant.
3.42. IpENTIFY: Use Egs. (2.17) and (2.18).

SET UP: At the maximum height v, =0.

a3 Y2 a 4 B
EXECUTE: (a) v, =vy, +—1",v, =vy, +fBt—=t°, and x=vy t+—t",y=vy t+t
x 0x 3 y Oy 2 0x 12 0y 2

2_7;3

(b) Setting v, =0 yields a quadratic in #, 0=y, + [t — %tz, which has as the positive solution

t= —[,B + 4 lﬂz + 2v0y7/] =13.59 s. Using this time in the expression for y(#) gives a maximum height of
v

341 m.

(c) The path of the rocket is sketched in Figure 3.42.

(d) y=0 gives 0= Vot + gtz - %ﬂ and %tz - gt =V, =0. The positive solution is ¢ = 20.73 s. For this ¢,
x=3.85x10* m.

EVALUATE: The graph in part (c) shows the path is not symmetric about the highest point and the time to
return to the ground is less than twice the time to the maximum height.

y(#) (m)

200

100

x(r) (m)
1-10* 2-10* 3-10* 4-10°

=

Figure 3.42

3.43. IDENTIFY: v =dr/dt. This vector will make a 45° angle with both axes when its x- and y-components
are equal.

n
SET UP: ) =n".
dt

EXECUTE: ¥ =2bti +3ct?]. v, =V, gives t=2b/3c.
EVALUATE: Both components of v change with z.
3.44. IDENTIFY: Use the position vector of a dragonfly to determine information about its velocity vector and

acceleration vector.
SET UP: Use the definitions v, =dx/dt, v, =dy/dt, a, =dv./dt, and a, =dv,/dt.
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EXECUTE: (a) Taking derivatives of the position vector gives the components of the velocity vector:
v, (£)=(0.180 m/sz)t, vy(t) =(—0.0450 m/s3)t2. Use these components and the given direction:
0.0450 m/s?)*
tan30.0° _ (0.0450 m/s")r” m/sz) , which gives t=2.31s.
(0.180 m/s”)¢
(b) Taking derivatives of the velocity components gives the acceleration components:
a,=0.180 m/s”, a,(1)=—(0.0900 m/s’)t. At t=231s, a,=0.180 m/s* and a, =-0.208 m/s”, giving
a=0.275 m/s”. The direction is tan@ = %, so 6@ =49.1° clockwise from +x-axis.
EVALUATE: The acceleration is not constant, so we cannot use the standard kinematics formulas.
3.45. IDpENTIFY: Given the velocity components of a plane, when will its velocity be perpendicular to its
acceleration?
SET Up: By definition, a, =dv,/dt, and a, = dv,/dt. When two vectors are perpendicular, their scalar
product is zero.
EXECUTE: Taking the time derivative of the velocity vector gives a(7) = (1.20 m/sz)f +(-2.00 m/s? )}.
When the velocity and acceleration are perpendicular to each other,
v-d=(1.20 m/s?)%¢ + (12.0 m/s — (2.00 m/s>)r)(—2.00 m/s>) = 0. Solving for ¢ gives
(5.44 m?/s*)r =24.0 m?/s®, so r=4.41s.
EVALUATE: There is only one instant at which the velocity and acceleration are perpendicular, so it is not
a general rule.
3.46. IDENTIFY: F =5+ j tﬁ(t)dt and a = d—v
0 dt
SETUP: At =0, x,=0 and y,=0.
. : = _ _ﬁz: Y2 1% ‘o ~ PR
EXECUTE: (a) Integrating, r =| at ?t i+ Et J. Differentiating, @ =(-28¢)i + ¥ j.
(b) The positive time at which x =0 is given by = 3o/ . At this time, the y-coordinate is
2
_Yp_ 3ay _ 324 m/s)(4.03m/s ) —90m
2 25 2(1.6 m/s”)
EVALUATE: The acceleration is not constant.
3.47. IDENTIFY: Once the rocket leaves the incline it moves in projectile motion. The acceleration along the

incline determines the initial velocity and initial position for the projectile motion.
SET Up: For motion along the incline let +x be directed up the incline. v)zc = vgx +2a,(x—xy) gives

V= \/2(1.25 m/s2)(200 m) =22.36 m/s. When the projectile motion begins the rocket has v, =22.36 m/s
at 35.0° above the horizontal and is at a vertical height of (200.0 m) sin35.0°=114.7 m. For the
projectile motion let +x be horizontal to the right and let +y be upward. Let y =0 at the ground. Then
Yo =114.7m, vy, =vyc0835.0°=18.32 m/s, vy, =v,sin35.0°=12.83 m/s, a, =0, a, =-9.80 m/s?. Let
x=0 at point 4, so x, =(200.0 m)cos35.0°=163.8 m.

EXECUTE: (a) At the maximum height v, =0. v)z, = vgy +2a,(y—y,) gives

Vi =5, 0—(12.83 m/s)>
2a, 2(-9.80 m/s?)

above ground is 123 m.
(b) The time in the air can be calculated from the vertical component of the projectile motion:

Y=Yo= =840 m and y=114.7 m+8.40 m =123 m. The maximum height

y—yo=—1147m, v, =12.83 m/s, a,=-9.80 m/s>. Y= Yo =Vout +%ayt2 gives

(4.90 m/s?)r? — (12.83 m/s)t —114.7 m. The quadratic formula gives

© Copyright 2012 Pearson Education, Inc. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



Motion in Two or Three Dimensions 3-23

t= 9—;0(12.83 +/(12.83)2 +4(4.90)(114.7) | s. The positive root is 7 =6.32 s. Then

X—Xg= voxt+%axt2 =(18.32 m/s)(6.325)=115.8 m and x=163.8 m+115.8 m =280 m. The horizontal

range of the rocket is 280 m.
EVALUATE: The expressions for / and R derived in Example 3.8 do not apply here. They are only for a
projectile fired on level ground.

3.48. IDENTIFY: The person moves in projectile motion. Use the results in Example 3.8 to determine how T, &
and D depend on g and set up a ratio.

2v,sin gy, vg sin’ o

SET Up: From Example 3.8, the time in the air is ¢ = , the maximum height is 4 =

g 2g
2 .
. . . vy sin2ar
and the horizontal range (called D in the problem) is D = ————. The person has the same vjand ¢,

on Mars as on the earth.

EXECUTE: g =2v,sin¢,, which is constant, so tggr =tygm- M = (g—EJtE = (g—Eth =2.641.

_ vg sin’ o

hg , which is constant, so hggg =gy vy = {g—E] hg =2.64hg. Dg = vg sin2¢,, which is

M

constant, so DEgE = DMgM . DM = [g_E] DE = 264DE
&M
EVALUATE: All three quantities are proportional to 1/g so all increase by the same factor of

3.49. IDENTIFY: The range for a projectile that lands at the same height from which it was launched is

g sin 2«

g
SET UP: The maximum range is for o =45°.
EXECUTE: Assuming o =45° and R=50m, v, =./gR =22 m/s.
EVALUATE: We have assumed that debris was launched at all angles, including the angle of 45° that

gives maximum range.

3.50. IDpENTIFY: The velocity has a horizontal tangential component and a vertical component. The vertical
o . _ Vi
component of acceleration is zero and the horizontal component is a4 = IS

R=

SET UP: Let +y be upward and +x be in the direction of the tangential velocity at the instant we are
considering.
EXECUTE: (a) The bird’s tangential velocity can be found from

_ circumference _ 27(6.00 m)

Vv, = =
¥ time of rotation 5.00s
Thus its velocity consists of the components v, =7.54 m/s and v, =3.00 m/s. The speed relative to the

ground is then v=1/v§ +v§ =8.11 m/s.

(b) The bird’s speed is constant, so its acceleration is strictly centripetal—entirely in the horizontal
v (7.54 m/s)?

=7.54 m/s.

direction, toward the center of its spiral path—and has magnitude a4 =—* .00 =9.48 m/s”.
r .00 m
(c) Using the vertical and horizontal velocity components 6 = tan™! %ﬂm/}/s =21.7°
. s

EVALUATE: The angle between the bird’s velocity and the horizontal remains constant as the bird rises.
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3.51.  IDENTIFY: Take +y to be downward. Both objects have the same vertical motion, with vy, and
a, =+g. Use constant acceleration equations for the x and y components of the motion.

SET UP: Use the vertical motion to find the time in the air:
oy =0, a, =9.80 m/sz, y=yy=25m, t=".

EXECUTE: y—y,=vy,! +%ayt2 gives 1 =2.259 s.

During this time the dart must travel 90 m, so the horizontal component of its velocity must be
- 70
Vo, =20 = D 3 s,
t 225s
EVALUATE: Both objects hit the ground at the same time. The dart hits the monkey for any muzzle
velocity greater than 31 m/s.

3.52. IDENTIFY: The person moves in projectile motion. Her vertical motion determines her time in the air.
SETUP: Take +y upward. vy, =15.0 m/s, vy, =+10.0 m/s, a, =0, a, =-9.80 m/s?.

EXECUTE: (a) Use the vertical motion to find the time in the air: y -y, =v,/ +%a yt2 with

Y=y =-30.0m gives —30.0 m=(10.0 m/s)z — (4.90 m/s*)z>. The quadratic formula gives

t (+10.0 + \/(—10.0)2 - 4(4.9)(—30)) s. The positive solution is ¢ =3.70 s. During this time she

T 2(4.9)
travels a horizontal distance x —xg = vt +%axt2 =(15.0 m/s)(3.70 s) =55.5 m. She will land 55.5 m south

of the point where she drops from the helicopter and this is where the mats should have been placed.
(b) The x-t, y-t, v, -t and v, -7 graphs are sketched in Figure 3.52.

EVALUATE: If she had dropped from rest at a height of 30.0 m it would have taken her
}2 0. . . . o .
t= ﬁ =2.47 s. She is in the air longer than this because she has an initial vertical component of
. s

velocity that is upward.

Figure 3.52

3.53. IDENTIFY: The cannister moves in projectile motion. Its initial velocity is horizontal. Apply constant
acceleration equations for the x and y components of motion.

SET UP:
Take the origin of coordinates at the point
where the canister is released. Take +y to be
upward. The initial velocity of the canister is
the velocity of the plane, 64.0 m/s in the
+x-direction.

Figure 3.53
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Use the vertical motion to find the time of fall:

t=?2, v,=0, a,=-9.80 m/s>, ¥=y9=-90.0 m (When the canister reaches the ground it is 90.0 m

y
below the origin.)
Y=Y = voyt+%ayt2
2(y =) :\/2(—90.0 ™ e

a -9.80 m/s*

y

SET UP: Then use the horizontal component of the motion to calculate how far the canister falls in this
time:

x=x9=7, a,—0, vy, =64.0m/s

EXECUTE: x—Xx,=vyt+ %aﬂ =(64.0 m/s)(4.286 s)+0=274 m.

EXECUTE: Since voy:O, t=\/

EVALUATE: The time it takes the cannister to fall 90.0 m, starting from rest, is the time it travels
horizontally at constant speed.
3.54. IDENTIFY: The shell moves as a projectile. To just clear the top of the cliff, the shell must have
Y=Y =25.0 m when it has x—x,=60.0 m.
SETUP: Let +y beupward. a, =0, a, =-g. vy, =vycos43°, v, =v;sin43°.
60.0 m
(v cos43°) '

vertical motion: y—y, =v, +%ayt2 gives 25.0m = (v, sin 43.0°) ¢ + %(—9.80m/s2) .

EXECUTE: (a) horizontal motion: x—xy =v,t so =

Solving these two simultaneous equations for v, and ¢ gives vy =32.6 m/s and t=2.51s.

(b) v, when shell reaches cliff:

vy =V, +a,t =(32.6 m/s) sin 43.0°—(9.80 m/s?)(2.51 ) =—2.4 m/s

The shell is traveling downward when it reaches the cliff, so it lands right at the edge of the cliff.

v
EVALUATE: The shell reaches its maximum height at ¢ = — W =227 s, which confirms that at

a

y
t=2.51s it has passed its maximum height and is on its way down when it strikes the edge of the cliff.
3.55. IDENTIFY: The suitcase moves in projectile motion. The initial velocity of the suitcase equals the velocity

of the airplane.
SETUP: Take +y to be upward. a, =0, a,=-g.

EXECUTE: Use the vertical motion to find the time it takes the suitcase to reach the ground:
Vo, =vp $in23°, a, =-9.80 m/s’, y—yy =—114 m, 1= y—y, =vt+1a r* gives 1=9.60 s.
The distance the suitcase travels horizontally is x —xy = vy, = (v, c0s23.0°)t =795 m.
EVALUATE: An object released from rest at a height of 114 m strikes the ground at

t= /M =4.82 s. The suitcase is in the air much longer than this since it initially has an upward
-8

component of velocity.

3.56. IDENTIFY: The equipment moves in projectile motion. The distance D is the horizontal range of the
equipment plus the distance the ship moves while the equipment is in the air.
SET UP: For the motion of the equipment take +x to be to the right and +y to be upward. Then a, =0,

a, =-9.80 m/s?, Vox =V €080 =7.50 m/s and v, =v,sina =13.0 m/s. When the equipment lands in
the front of the ship, y —y, =-8.75m.

. - - - e time § - _ L, 2 g
EXECUTE: Use the vertical motion of the equipment to find its time in the air: y —y, =v, yt5a,t” gives

‘= 9—20(13 0%+(-13.0) + 4(4.90)(8.75)) s. The positive root is #=3.21 s. The horizontal range of the
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3.57.

3.58.

3.59.

equipment is x —x, = vy, + %axt2 =(7.50 m/s)(3.21 s) =24.1 m. In 3.21 s the ship moves a horizontal
distance (0.450 m/s)(3.21s)=1.44m, so D=24.1m+1.44 m=25.5m.

2 .
. 2 . .
EVALUATE: The equation R = NS from Example 3.8 can’t be used because the starting and ending
g

points of the projectile motion are at different heights.

IDENTIFY: Find the horizontal distance a rocket moves if it has a non-constant horizontal acceleration but
a constant vertical acceleration of g downward.

SET UP: The vertical motion is g downward, so we can use the constant acceleration formulas for that
component of the motion. We must use integration for the horizontal motion because the acceleration is not

2(y =)

ay

constant. Solving for ¢ in the kinematics formula for y gives ¢ = . In the horizontal direction we

t t
must use v,(¢) =vy, + Io a,()dt’ and x—x, = J.o v.(t)dr .

20r=yp) _ \/ 26300m) _ 5 4oy

a, 9.80 m/s?

EXECUTE: Use vertical motion to find z. ¢t = \/

In the horizontal direction we have
v.(t)=vy, + j(; a (¢')dr’ = vy, +(0.800 m/s*)r* =12.0 m/s +(0.800 m/s?)z%. Integrating v, (¢) gives

x—xo =(12.0 m/s)t +(0.2667 m/s*)r>. At t=2.474s, x—x;=29.69 m+4.04m=33.7m,

EVALUATE: The vertical part of the motion is familiar projectile motion, but the horizontal part is not.
IDENTIFY: While the hay falls 150 m with an initial upward velocity and with a downward acceleration of
g, it must travel a horizontal distance (the target variable) with constant horizontal velocity.

SET UP: Use coordinates with +y upward and +x horizontal. The bale has initial velocity components

Vox = Vo080 = (75 m/s)cos55°=43.0 m/s and v,, =v,siney = (75 m/s)sin55°=61.4 m/s. y, =150 m
and y = 0. The equation y —y, = vy, + %ayt2 applies to the vertical motion and a similar equation to the

horizontal motion.

EXECUTE: Use the vertical motion to find #: y — o = v,/ + %ayt2 gives

—150 m=(61.4 m/s)t —(4.90 m/sz)tz. The quadratic formula gives ¢ =6.27 £ 8.36 s. The physical value
is the positive one, and ¢ =14.6 s. Then x—xg = vyt +%axt2 =(43.0 m/s)(14.6 s) =630 m.

EVALUATE: If the airplane maintains constant velocity after it releases the bales, it will also travel
horizontally 630 m during the time it takes the bales to fall to the ground, so the airplane will be directly
over the impact spot when the bales land.

IDENTIFY: Projectile motion problem.

Y Take the origin of coordinates at the point
where the ball leaves the bat, and take +y to be

~ upward.

b Vox = Vo COS O

N Voy =VOSin0,’0,

188 m but we don’t know vy,.

Figure 3.59
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Write down the equation for the horizontal displacement when the ball hits the ground and the
corresponding equation for the vertical displacement. The time ¢ is the same for both components, so this
will give us two equations in two unknowns (v, and t).

(a) SET UP: y-component:
a, =-9.80 m/s?, y=yo=-0.9m, v, =v,sin45°

Y=Y zvoyt—i-%aytz

EXECUTE:  —0.9 m = (vsin45°)t +1(=9.80 m/s*)¢*
SET UP: x-component:

a, =0, x—xy=188m, v,, =v,cos45°

X—Xy= voxt-i—%axtz

x—xy 188 m

EXECUTE: ¢=

Voy  Vpcos45°

Put the expression for ¢ from the x-component motion into the y-component equation and solve for v,.
(Note that sin45° =co0s45°.)

2
0.9 m= (vysin4s?)| —S5 M| _ (4,90 mys?y| L8 M_
vy cos45° Vo cos45°

2
188 m

4.90m/s2[ j =188 m+0.9 m=188.9 m

vy cos45°

o\2 2 2
Vo cos45° )" _ 4.90 m/s vy = 188 m f4.90 m/s —42.8 /s
188 m 188.9 m cos45° 188.9 m
(b) Use the horizontal motion to find the time it takes the ball to reach the fence:

SET UP: x-component:
x—=xy=116m, a,=0, vy, =v,cos45°=(42.8 m/s) cos45°=30.3 m/s, t="?

X—Xy= voxt+%axt2

_x—xy ll6om

EXECUTE: ¢ =——=383s

Voy 303 m/s
SET Up: Find the vertical displacement of the ball at this #:
y-component:

y=yo=2 a,=-9.80m/s’, vy, =v,sin45°=30.3m/s, =383
Y=Y zvoyt+%ayt2
EXECUTE:  y -y, =(30.35)(3.83 5)+2 (9.80 m/s*)(3.83 5)°

Y=o =116.0 m—71.9 m=+44.1 m, above the point where the ball was hit. The height of the ball above

the ground is 44.1 m+0.90 m =45.0 m. It’s height then above the top of the fence is
450 m-3.0 m=42.0 m.
EVALUATE: With vy =42.8 m/s, v, =30.3 m/s and it takes the ball 6.18 s to return to the height where

it was hit and only slightly longer to reach a point 0.9 m below this height. # = (188 m)/(v,cos45°) gives
t=6.21s, which agrees with this estimate. The ball reaches its maximum height approximately
(188 m)/2=94 m from home plate, so at the fence the ball is not far past its maximum height of 47.6 m,

so a height of 45.0 m at the fence is reasonable.
3.60. IDENTIFY: The water moves in projectile motion.
SETUP: Let xj =y, =0 and take +y to be positive. a, =0, a, =-g.
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EXECUTE: The equations of motions are y = (v, sin &) ¢ — % gt2 and x = (v, cos &) t. When the water
goes in the tank for the minimum velocity, y =2D and x =6D. When the water goes in the tank for the

maximum velocity, y=2D and x=7D. In both cases, sin &= cos &= V2/2.

V2

To reach the minimum distance: 6D = gvot, and 2D = TVOt -5 gtz. Solving the first equation for ¢

6D2

Yo

. 6
gives 1=

2
2 . Substituting this into the second equation gives 2D =6D — % g[ J . Solving this

Yo

for v, gives v, =34/gD.

V2

To reach the maximum distance: 7D = %vot, and 2D = TV()t - % gtz. Solving the first equation for ¢

gives t =

2
2 o . . . D~/2 . .
\/_. Substituting this into the second equation gives 2D =7D — % g [iJ . Solving this
VO VO

for v, gives vy =+/49gD/5 =3.13,/gD, which, as expected, is larger than the previous result.

EVALUATE: A launch speed of v, = J6/ gD =2.45,/gD is required for a horizontal range of 6D. The

minimum speed required is greater than this, because the water must be at a height of at least 2D when it
reaches the front of the tank.
3.61. IDENTIFY: The equations for # and R from Example 3.8 can be used.
2.2 2
= V()Slzﬂ and R= M. If the projectile is launched straight up, of =90°.
4 g
W2
EXECUTE: (a) h= 2—0 and vy =+/2gh.
4

SETUP: £

8ghsin’ o

=4hsin® o).
2g

(b) Calculate ¢, that gives a maximum height of # when v, =2/2gh. h=

sinay =1 and o) =30.0°.

2. o
© RZ(Z«/Zgh) sin60.0 —6.93h
g

2 .
2h 2h 2
EVALUATE: 0 = — so R= sz( %)
g Sin 0{0 Sin 0(0

0y =90°, R=0 andfor ¢y =0°, h=0 and R=0. For oy =45°, R=4h.
3.62. IDENTIFY: To clear the bar the ball must have a height of 10.0 ft when it has a horizontal displacement of
36.0 ft. The ball moves as a projectile. When v is very large, the ball reaches the goal posts in a very short

. Fora given ¢, R increases when / increases. For

time and the acceleration due to gravity causes negligible downward displacement.
SETUP: 36.0 t=10.97 m; 10.0 ft=3.048 m. Let +x be to the right and +y be upward, so a, =0,

a,=-g, Vox =08, and v,, =v,sina,.

EXECUTE: (a) The ball cannot be aimed lower than directly at the bar. tan¢, = % and o =15.5°.

(b) x—x, =v0xt+%axt2 gives (=210 XN hen Y= =v0yt+%ay12 gives
Vox VOCOSOZO
. X=X 1 x—xp)° 1 x—xp)°

Y=o =(vpsingy) | —2— |-= %=(x—x0)tanao——g%.

VoCosdy ) 27 yycos” oy 27 vycos” o
_ 2
v():(x Xg) g _ 10.97 m 9.80 m/s 122 ms
costy \ 2[(x—xy)tanoyy —(y—y,)] c€0s45.0° | 2[10.97 m—3.048 m]
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vg sin 2¢
4
The ball reaches the highest point in its trajectory when x —x, = R/2, so when it reaches the goal posts it is

EVALUATE: With the v, in part (b) the horizontal range of the ball is R = =152 m=499 ft.

on its way down.

3.63. IDENTIFY: From the figure in the text, we can read off the maximum height and maximum horizontal
distance reached by the grasshopper. Knowing its acceleration is g downward, we can find its initial speed
and the height of the cliff (the target variables).

SET UP:  Use coordinates with the origin at the ground and +y upward. a, =0, a,=-9.80 m/s%. The

constant-acceleration kinematics formulas vﬁ = vgy +2a,, (y—y) and x —x5 = vy, + %axt2 apply.
EXECUTE: (a) v, =0 when y —y, =0.0674 m. vj =1, +2a, (y—y,) gives
Voy =24, (¥ = ¥p) =\/—2 (—9.80 m/s%)(0.0674 m) =1.15 m/s. Voy = Vosing so

= Yoy _1.15m/s
0 singg, sin50.0°

=1.50 m/s.

(b) Use the horizontal motion to find the time in the air. The grasshopper travels horizontally

Yo __*¥7X ___qy 105, Find the vertical

. X
x=xp=1.06m. x—x5=vy,f+ %axt2 gives t =
Vox  Vpc€0s50.0°

displacement of the grasshopper at £ =1.10 s:
¥ =y =vout + Ta = (115 m/s)(1.10 ) + 1 (<9.80 m/s)(1.10 5)* = — 4.66 m. The height of the cliff is

4.66 m.
EVALUATE: The grasshopper’s maximum height (6.74 cm) is physically reasonable, so its takeoff speed

2 .
. 2 .
of 1.50 m/s must also be reasonable. Note that the equation R = W% 4oes not apply here since the
g

launch point is not at the same level as the landing point.

3.64. IDENTIFY: We know the initial height, the angle of projection, the horizontal range, and the acceleration
(g downward) of the object and want to find its initial speed.
SET Up: Use coordinates with the origin at the ground and +y upward. The shot put has y, =2.00 m,

Vox = Vo COSQ, Vo, =Vysineg, a, =0 and a, =-9.80 m/s”. The constant-acceleration kinematics
formula x —xy = vy, ¢ + %axt2 applies. Also 1 mph = 0.4470 m/s.

EXECUTE: x —x( = vyt + L1a,r* gives 23.11m = (v5c0s40.0°) ¢ and vyt =30.17 m.

¥ =yo=vo,t +1a,r* gives 0=2.00 m+ (v)sin40.0°) ¢ — (4.90 m/s®) £*. Use vyt =30.17 m and solve

for ¢. This gives ¢ =2.09 s. Then v, = % =14.4 m/s = 32.2 mph.
.09 s

EVALUATE: At a speed of about 32 mph, the object leaves the athlete’s hand with a speed around half of
freeway speed for a car. Also, since the initial and final heights are not the same, the equation

2 .
R= Yo sin2ay does not apply.
g

3.65. IDENTIFY: The snowball moves in projectile motion. In part (a) the vertical motion determines the time in
the air. In part (c), find the height of the snowball above the ground after it has traveled horizontally 4.0 m.

SETUP: Let +y be downward. a, =0, a, =+9.80 m/s?. Vox = Vpc086, =5.36 m/s,
Voy =V Singo =4.50 m/s.
EXECUTE: (a) Use the vertical motion to find the time in the air: y -y, =vy, 7+ %ayt2 with

y—yp=14.0m gives 14.0 m=(4.50 m/s) t + (4.9 m/sz) 1%. The quadratic formula gives
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t= ﬁ (—4.50 + \/(4.50)2 —4(4.9)(—14.0) | s. The positive root is ¢t =1.29 s. Then
x—=xo =Vt +La,t’ = (536 m/s)(1.29 5)=6.91 m.

(b) The x-£, y-t, vt and v,-t graphs are sketched in Figure 3.65.

— Xy _ 4.0 m

=————=0.746 s. In this time the snowball travels downward
5.36 m/s

. X
(€) x—xp =Vt +%axz‘2 gives t =

Vox

adistance y -y, =vy,! +%ayt2 =6.08 m and is therefore 14.0 m—6.08 m=7.9 m above the ground. The

snowball passes well above the man and doesn’t hit him.
EVALUATE: If the snowball had been released from rest at a height of 14.0 m it would have reached the

ground in ¢ = % =1.69 s. The snowball reaches the ground in a shorter time than this because of
. s
its initial downward component of velocity.
x ¥ v Vy
0 "o "o o ‘

Figure 3.65

3.66. IDENTIFY: Mary Belle moves in projectile motion.
SETUP: Let +y beupward. a, =0, a, =-g.

EXECUTE: (a)Eq.(3.27) with x=82m, y=6.1m and ¢ =>53° gives v, =13.8 m/s.

(b) When she reached Joe Bob, ¢ = 82m 0.9874s. v, =vy, =831m/s and
vy €0s53°

v, =vp, ta,t=+1.34m/s. v=84m/s, atanangle of 9.16°.

(c) The graph of v, (¢) is a horizontal line. The other graphs are sketched in Figure 3.66.

(d) Use Eq. (3.27), which becomes y =(1.327) x—(0.071115 m™") x>. Setting y =—8.6 m gives
x=23.8 m as the positive solution.

x(1) (m) y{f) (m) V_\.U) (m/s)

10| 15|
6 9

(s)

1(s) = t(s) t
0| 0.250.50.75 1 0| 02505075 1 0] 02505075 1

Figure 3.66

3.67. (a) IDENTIFY: Projectile motion.

Take the origin of coordinates at the top of
the ramp and take +y to be upward.

The problem specifies that the object is
displaced 40.0 m to the right when it is
15.0 m below the origin.

15.0m \

40.0 m

Figure 3.67
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We don’t know ¢, the time in the air, and we don’t know v,. Write down the equations for the horizontal
and vertical displacements. Combine these two equations to eliminate one unknown.
SET UP: y-component:
y=yp=-150m, a,=-9.80 m/s>, vy, =v,sin53.0°
y=yo=vp,t+1a,r’
EXECUTE: —15.0 m = (v,sin53.0°) £ — (4.90 m/s%) >
SET UP: x-component:
x—x9=40.0m, a,=0, vy, =v,c0s53.0°
X=Xy = voxl+%axl2
EXECUTE: 40.0 m = (vyt)c0s53.0°
40.0 m

The second equation says vyt = ————— =66.47 m.
c0s53.0°

Use this to replace vyt in the first equation:

~15.0 m = (66.47 m) sin53° — (4.90 m/s) 1>

t:\/(66.46 m)sin53 2+15.0 m :\/ 68.08 m2 37
4.90 m/s 4.90 m/s
Now that we have ¢ we can use the x-component equation to solve for vy:

_ 400m 40.0 m
t c0s53.0° (3.727 s) cos53.0°

Vo =17.8 mfs.

EVALUATE: Using these values of v, and inthe y =y, =v,, + %ayt2 equation verifies that

y=yy=-15.0m.
(b) IDENTIFY: v, =(17.8 m/s)/2=8.9 m/s

This is less than the speed required to make it to the other side, so he lands in the river.
Use the vertical motion to find the time it takes him to reach the water:
SETUP: y—y,=-100m; v, =+v,sin53.0°=7.11m/s; a,=-9.80 m/s’

y=Yo=vo,t+La,t* gives —100=7.11¢—4.90

EXECUTE: 4.90/*—7.111=100=0 and ¢= ﬁ(m 1+ \/(7.1 1)% — 4 (4.90)(—100)

t=0.726 s£4.57s so t=5.30s.
The horizontal distance he travels in this time is
X —Xg = Vot =(v9c0853.0°) ¢ =(5.36 m/s)(5.30 s) =28.4 m.

He lands in the river a horizontal distance of 28.4 m from his launch point.

EVALUATE: He has half the minimum speed and makes it only about halfway across.
3.68. IDENTIFY: The rock moves in projectile motion.

SETUP: Let +y beupward. a, =0, a, =-g. Eqgs. (3.22) and (3.23) give v, and v,.

EXECUTE: Combining Egs. 3.25, 3.22 and 3.23 gives

vi= vg cos? o + (vysineg — gt)? = vg (sin’ oy + cos? o) — 2vysinapgt + (g

V= vg - Zg(vo sin ot — %gtzJ = vg —2gy, where Eq. (3.21) has been used to eliminate ¢ in favor of y. For
the case of a rock thrown from the roof of a building of height 4, the speed at the ground is found by
substituting y =—# into the above expression, yielding v = \/vg +2gh, which is independent of ¢,.

EVALUATE: This result, as will be seen in the chapter dealing with conservation of energy (Chapter 7), is
valid for any y, positive, negative or zero, as long as vg —2gy>0.
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3.69. IDENTIFY and SET UP: Take +y to be upward. The rocket moves with projectile motion, with
Voy =+40.0 m/s and v, =30.0 m/s relative to the ground. The vertical motion of the rocket is unaffected
by its horizontal velocity.
EXECUTE: (a) v, =0 (at maximum height), v), =+40.0 m/s, a,=-9.80 m/s’, y—y,=?
vi =v§y +2a, (y—yy) gives y—y,=81.6m
(b) Both the cart and the rocket have the same constant horizontal velocity, so both travel the same
horizontal distance while the rocket is in the air and the rocket lands in the cart.
(¢) Use the vertical motion of the rocket to find the time it is in the air.
vo, =40 m/s, a,=-9.80 m/s>, v, =—40m/s, t=?
v, =Vy, ta,t gives t=8.164s
Then x—xy =vy¢ =(30.0 m/s)(8.164 s) =245 m.
(d) Relative to the ground the rocket has initial velocity components v,, =30.0 m/s and v, =40.0 m/s,
so it is traveling at 53.1° above the horizontal.
(e) () ¥
X
Figure 3.69a
Relative to the cart, the rocket travels straight up and then straight down.
(i1) ¥
A
Figure 3.69b
Relative to the ground the rocket travels in a parabola.
EVALUATE: Both the cart and rocket have the same constant horizontal velocity. The rocket lands in
the cart.
3.70. IDENTIFY: The ball moves in projectile motion.

SET UP: The woman and ball travel for the same time and must travel the same horizontal distance, so for
the ball v, =6.00 m/s.

EXECUTE: (a) vy, =Vycos6,. cosé, = Yoy _ 600 m/s and 6, =72.5°. The ball is in the air for 5.55s and

VO 20.0 Hl/s
she runs a distance of (6.00 m/s)(5.55s) =33.3 m.
(b) Relative to the ground the ball moves in a parabola. The ball and the runner have the same horizontal
component of velocity, so relative to the runner the ball has only vertical motion. The trajectories as seen
by each observer are sketched in Figure 3.70.
EVALUATE: The ball could be thrown with a different speed, so long as the angle at which it was thrown
was adjusted to keep v, =6.00 m/s.
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y ¥

Viewed by person at Viewed by the runner
rest on ground

Figure 3.70
3.71.  IDENTIFY: The boulder moves in projectile motion.
SETUP: Take +y downward. vy, =vy, a,=0, a,=0, a,=+9.80 m/s?,
EXECUTE: (a) Use the vertical motion to find the time for the boulder to reach the level of the lake:

. . 2(y— 2(2
y—,Vo=V0yt+%ay’2 with y—y,=+20 m gives t=\/ =) =\/ (20m) _ 5 02's. The rock must

a, 9.80 m/s”

x—xy 100 m
t 2.02s
(b) In going from the edge of the cliff to the plain, the boulder travels downward a distance of

Yoy =45m, t:JZ(y—yo):\/Z(%m)

a, 9.80 m/s?

The rock lands 150 m—100 m =50 m beyond the foot of the dam.

EVALUATE: The boulder passes over the dam 2.02 s after it leaves the cliff and then travels an additional 1.01

s before landing on the plain. If the boulder has an initial speed that is less than 49 my/s, then it lands in the lake.
3.72. IDENTIFY: The bagels move in projectile motion. Find Henrietta’s location when the bagels reach the

ground, and require the bagels to have this horizontal range.

SETUP: Let +y be downward and let x, =y, =0. a, =0, a, =+g. When the bagels reach the ground,

y=38.0m.
EXECUTE: (a) When she catches the bagels, Henrietta has been jogging for 9.00 s plus the time for the

travel horizontally 100 m during this time. x — x, = v, + %axt2 gives vy =V, = =49.5m/s

=3.03 s and x—xy = vy, =(49.5 m/s)(3.03 ) =150 m.

. 1 1
bagels to fall 38.0 m from rest. Get the time to fall: y = Egt2, 380 m= 5 (9.80 m/sz) ¢* and t=2.78s.

So, she has been jogging for 9.00s+2.78 s =11.78s. During this time she has gone
x=vt=(3.05m/s)(11.78 s) =35.9 m. Bruce must throw the bagels so they travel 35.9 m horizontally in
2.78 s. This gives x=vt. 35.9m=v(2.78 s) and v=12.9 m/s.

(b) 35.9 m from the building.

EVALUATE: If v>12.9 m/s the bagels land in front of her and if v<12.9 m/s they land behind her.
There is a range of velocities greater than 12.9 m/s for which she would catch the bagels in the air, at some
height above the sidewalk.

3.73. IDENTIFY: The shell moves in projectile motion. To find the horizontal distance between the tanks we
must find the horizontal velocity of one tank relative to the other. Take +y to be upward.

(a) SET Up: The vertical motion of the shell is unaffected by the horizontal motion of the tank. Use the
vertical motion of the shell to find the time the shell is in the air:

Vo, =Vosina=43.4 /s, a,=-9.80 m/s?, y—yo =0 (returns to initial height), 1 =?
EXECUTE: y-—y, :voyz‘+%ayt2 gives t=8.86s
SET UP: Consider the motion of one tank relative to the other.

EXECUTE: Relative to tank #1 the shell has a constant horizontal velocity v,cosa =246.2 m/s. Relative

to the ground the horizontal velocity component is 246.2 m/s+15.0 m/s =261.2 m/s. Relative to tank #2
the shell has horizontal velocity component 261.2 m/s —35.0 m/s =226.2 m/s. The distance between the
tanks when the shell was fired is the (226.2 m/s)(8.86 s) = 2000 m that the shell travels relative to tank #2

during the 8.86 s that the shell is in the air.
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3.74.

3.75.

3.76.

(b) The tanks are initially 2000 m apart. In 8.86 s tank #1 travels 133 m and tank #2 travels 310 m, in the
same direction. Therefore, their separation increases by 310 m—133 m =177 m. So, the separation
becomes 2180 m (rounding to 3 significant figures).

EVALUATE: The retreating tank has greater speed than the approaching tank, so they move farther apart
while the shell is in the air. We can also calculate the separation in part (b) as the relative speed of the
tanks times the time the shell is in the air: (35.0 m/s —15.0 m/s)(8.86 s) =177 m.

IDENTIFY: The object moves with constant acceleration in both the horizontal and vertical directions.
SET UP: Let +y be downward and let +x be the direction in which the firecracker is thrown.

EXECUTE: The firecracker’s falling time can be found from the vertical motion: ¢ = /%
g

The firecracker’s horizontal position at any time ¢ (taking the student’s position as x=0)is x=vf— %atz.

x =0 when cracker hits the ground, so ¢ =2v/a. Combining this with the expression for the falling time

_2v_ [2h 27
gives Yo |22 and & =V—2g.

a g a

EVALUATE: When / is smaller, the time in the air is smaller and either v must be smaller or ¢ must be
larger.
IDENTIFY: The original firecracker moves as a projectile. At its maximum height its velocity is
horizontal. The velocity v,,; of fragment A relative to the ground is related to the velocity v, of the
original firecracker relative to the ground and the velocity v, of the fragment relative to the original
firecracker by v, =Var + VG- Fragment B obeys a similar equation.
SET UP: Let +x be along the direction of the horizontal motion of the firecracker before it explodes and
let +y be upward. Fragment 4 moves at 53.0° above the +x direction and fragment B moves at 53.0°
below the +x direction. Before it explodes the firecracker has a, =0 and a, =—-9.80 m/s?.
EXECUTE: The horizontal component of the firecracker’s velocity relative to the ground is constant (since
a,=0), 50 vgg_, =(25.0 m/s) cos30.0°=21.65 m/s. At the time of the explosion, vg,_, =0. For
fragment 4, vop_, =(20.0 m/s) c0s53.0°=12.0 m/s and v, =(20.0 m/s)sin53.0°=16.0 m/s.
vA/G—x = VA/F—x + VF/G—)C =12.0 IT]/S + 2165 lTI/S =33.7 H]/S. vA/G—y = VA/F—y + VF/G—y = 160 H]/S.

VA/G-y _ 16.0 m/s
Va/G—y 33.7m/s

Vap-y =—16.0 m/s. The fragments move at 25.4° above and 25.4° below the horizontal.

tanay, = and ¢ =25.4°. The calculation for fragment B is the same, except

EVALUATE: As the initial velocity of the firecracker increases the angle with the horizontal for the
fragments, as measured from the ground, decreases.
IDENTIFY: The velocity vy, of the rocket relative to the ground is related to the velocity vg,; of the

secondary rocket relative to the ground and the velocity vg of the secondary rocket relative to the rocket
by V56 =Vsr +VR/G-

SET UP: Let +y be upward and let y =0 at the ground. Let +x be in the direction of the horizontal
component of the secondary rocket’s motion. After it is launched the secondary rocket has a, =0 and

a, = -9.80 m/sz, relative to the ground.

EXECUTE: (a) (i) vgp. =(12.0 m/s)cos 53.0°=7.22 m/s and vgjp_, =(12.0 m/s) sin53.0°=9.58 my/s.

(i) vr/gx =0 and vy, =8.50 m/s. vg/G., =Vgroy +VR/Gr =722 /s and

V8/Gay = Vs/Ry T VR/Gy = 9-58 m/s +8.50 m/s =18.1 my/s.

VS/G-y _ 18.1 m/s
vS/G-X 7.22 m/S

(b) VS/G =\/(VS/G-X)2 +(Vs/G_y)2 =19.5 m/s. tanao = and 0!0 =68.3°.
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(c) Relative to the ground the secondary rocket has y, =145 m, v,, =+18.1m/s, a, =-9.80 m/s? and

v, =0 (at the maximum height). vﬁ = vgy +2a, (y—yp) gives

v; V5,  0—(18.1m/s)’

2a,  2(-9.80 m/s?)

Y=Yo= =16.7m. y=145m+16.7 m=162 m.

—Voy —18.1m/s
a,  -9.80 m/s®
after it is launched. At this time the primary rocket has height 145 m + (8.50 m/s)(1.85 s) =161 m, so is at

A%
Y =1.85s

EVALUATE: The secondary rocket reaches its maximum height in time ¢ =

nearly the same height as the secondary rocket. The secondary rocket first moves upward from the primary
rocket but then loses vertical velocity due to the acceleration of gravity.
3.77. IDENTIFY: The grenade moves in projectile motion. 110 km/h =30.6 m/s. The horizontal range R of the

grenade must be 15.8 m plus the distance d that the enemy’s car travels while the grenade is in the air.
SETUP: For the grenade take +y upward, so a, =0, a, =—g. Let v, be the magnitude of the velocity

of the grenade relative to the hero. v, =v,c0s45°, vy, =v,sin45°. 90 km/h =25 m/s; The enemy’s car
is traveling away from the hero’s car with a relative velocity of v, =30.6 m/s —25 m/s =5.6 m/s.

2%y _ 2vpsinds° _V2vgng

EXECUTE: y—y0=v0yl+%ayt2 with y—y, =0 gives t=— d=vt
a, g
2 2 . 4 ] 4 o 2 . 2 2
R=v0xt=v0(cos45°)t=M=v—0. R=d+15.8 m gives that V—O=mv0 +15.8 m.
g g g g

vg —\/Evrelvo —(15.8 m) g=0. vg —7.92v, —154.8 = 0. The quadratic formula gives

vy =17.0 m/s = 61.2 kmv/h. The grenade has velocity of magnitude 61.2 km/h relative to the hero. Relative
to the hero the velocity of the grenade has components v, =v,cos45°=43.3 km/h and

Vo, =Vpsin45°=43.3 kim/h. Relative to the earth the velocity of the grenade has components

Vey =43.3 km/h +90 km/h = 133.3 kmv/h and vg, =43.3 km/h. The magnitude of the velocity relative to

the earth is vg =, [véx + véy =140 kmv/h.

. . .. 2vysin45°  2(17. in45°
EVALUATE: The time the grenade is in the air is ¢ = Yo $in 45 = (17.0 m/s) sin43

g 9.80 m/s*
this time the grenade travels a horizontal distance x —x, =(133.3 km/h)(2.45 s)(1 h/3600 s)=90.7 m,

relative to the earth, and the enemy’s car travels a horizontal distance
X —xo =(110 km/h)(2.45 s)(1 h/3600 s) = 74.9 m, relative to the earth. The grenade has traveled 15.8 m

farther.
3.78. IDENTIFY: All velocities are constant, so the distance traveled is d =vggt, where vgp is the magnitude

=2.45s. During

of the velocity of the boat relative to the earth. The relative velocities vy, vy (boat relative to the
water) and vy, (water relative to the earth) are related by vgp =Vgw + V-

SETUP: Let +x be eastand let +y be north. vy p_, =+30.0 m/min and vy_, =0.

vg/w =100.0 m/min. The direction of vy, is the direction in which the boat is pointed or aimed.
EXECUTE: (a) vgpy_, =+100.0 m/min and vgy_, =0. vgp_y =Vgw_y +VyE—y =30.0 m/min and
VB/E—y = VB/W—y + Vw/E—y =100.0 m/min. The time to cross the river is

_Y=Yo _ 400.0 m
vB/E—y 1000 m/mln

east of point B, which is 45.0 m east of point C. The distance you will have traveled is
J(400.0 m)® +(120.0 m)? =418 m.

t

=4.00 min. x—xg =(30.0 m/min)(4.00 min) =120.0 m. You will land 120.0 m
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- L 75.0 m
(b) vg,w is directed at angle ¢ east of north, where tang=———— and ¢ =10.6°.
400.0 m
vgw—y = (100.0 m/min) sin10.6° =18.4 m/min and vg,y_,, =(100.0 m/min) cos10.6°=98.3 m/min.
VB/E—x = VB/W—x T VW/E—x = 18.4 m/min +30.0 m/min = 48.4 m/min.
. Y=o 400.0 m .
VR/E—y =Vp/w—yp T Vwip_, =98.3 m/min. ¢= = =4.07 min.
BBy = "BW=y T Wi~y Vg, 98.3 m/min
X — Xy =(48.4 m/min)(4.07 min) =197 m. You will land 197 m downstream from B, so 122 m
downstream from C.
(c) (i) If you reach point C, then vy is directed at 10.6° east of north, which is 79.4° north of east. We
don’t know the magnitude of vy and the direction of vy . In part (a) we found that if we aim the boat
due north we will land east of C, so to land at C we must aim the boat west of north. Let vy, be at an
angle ¢ of north of west. The relative velocity addition diagram is sketched in Figure 3.78. The law of
sines says sing = M sind = (Mjsin 79.4° and €=17.15°. Then
VW/E Vp/w 100.0 m/min
@=180°—-79.4°-17.15°=83.5°. The boat will head 83.5° north of west, so 6.5° west of north.
VB/E—x = VB/W—x T VW/E—x = —(100.0 m/min) cos83.5°+30.0 m/min =18.7 m/min.
VB/E—y = VBw—y T Vw/E—y = (100.0 m/min) sin83.5°=99.4 m/min. Note that these two components do give
the direction of v to be 79.4° north of east, as required. (ii) The time to cross the river is
- 400. e .
r=2"20 - 000 m =4.02 min. (iii) You travel from A4 to C, a distance of
VBE-y 994 m/min
J(400.0 m)? +(75.0 m)> =407 m. (iv) vy =/ (V) + (ge_,)* =101 m/min. Note that
v/t =406 m, the distance traveled (apart from a small difference due to rounding).
EVALUATE: You cross the river in the shortest time when you head toward point B, as in part (a), even
though you travel farther than in part (c).
‘?w_f'E
Figure 3.78
3.79. IDENTIFY: v, =dx/dt, v, =dy/dt, a,=dv,/dt and a,=dv,/dt.

d(sinwt) d(coswt)

SET Up: =wcos(wt) and —wsin(wt).

EXECUTE: (a) The path is sketched in Figure 3.79.
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(b) To find the velocity components, take the derivative of x and y with respect to time:
v, = Ro(1—-coswt), and v, = Rwsinwt. To find the acceleration components, take the derivative of v,

and v, with respect to time: a, = R’ sin wt, and a, = R’ cos wt.

(¢) The particle is at rest (v, =v, =0) every period, namely at ¢ =0,27/@, 47/ @,.... At that time,

x=0, 27zR, 47R,...; and y=0. The acceleration is a = R&’ in the +y-direction.

1/2
(d) No, since a = [(Ra)2 sin a)t)2 + (Ra)2 cos a)t)z} =Rw’. The magnitude of the acceleration is the same

as for uniform circular motion.
EVALUATE: The velocity is tangent to the path. v, is always positive; v, changes sign during the

motion.

Figure 3.79

3.80. IDENTIFY: At the highest point in the trajectory the velocity of the projectile relative to the earth is
horizontal. The velocity vpy of the projectile relative to the earth, the velocity vy of a fragment relative
to the projectile, and the velocity vy of a fragment relative to the earth are related by v = Vgp + Vpss-

SET UP: Let +x be along the horizontal component of the projectile motion. Let the speed of each
fragment relative to the projectile be v. Call the fragments 1 and 2, where fragment 1 travels in the +x
direction and fragment 2 is in the —x-direction, and let the speeds just after the explosion of the two

fragments relative to the earth be v; and v,. Let v, be the speed of the projectile just before the
explosion.
EXECUTE:  Vgg_, =Vgp_y T Vp/p—y giVes v =V, +v and —v, =v, —v. Both fragments start from the

same height with zero vertical component of velocity relative to the earth, so they both fall for the same
time ¢, and this is also the same time as it took for the projectile to travel a horizontal distance D, so
vpt =D. Since fragment 2 lands at 4 it travels a horizontal distance D as it falls and v, =D.

—Vy =+v, —v gives v=v, +v, and vt =vyt+v,t =2D. Then vt =v,¢+vt =3D. This fragment lands a

horizontal distance 3D from the point of explosion and hence 4D from 4.
EVALUATE: Fragment 1, that is ejected in the direction of the motion of the projectile travels with greater
speed relative to the earth than the fragment that travels in the opposite direction.

3.81. IDENTIFY: Relative velocity problem. The plane’s motion relative to the earth is determined by its
velocity relative to the earth.
SET UP: Select a coordinate system where +y is north and +x is east.

The velocity vectors in the problem are:
vpp, the velocity of the plane relative to the earth.

Vpsa» the velocity of the plane relative to the air (the magnitude vp,, is the airspeed of the plane and the
direction of vp,, is the compass course set by the pilot).
Vg, the velocity of the air relative to the earth (the wind velocity).

The rule for combining relative velocities gives vpp =Vp/a + V-
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(a) We are given the following information about the relative velocities:
vpsa has magnitude 220 km/h and its direction is west. In our coordinates it has components

(VP/A)X =-220 km/h and (VP/A)y =0.

From the displacement of the plane relative to the earth after 0.500 h, we find that v has components in

our coordinate system of

120 km

=-— =-240 km/h t

(Vp/E)x 0500 h (west)
20 km

(VP/E )y = —m =-40 km/h (SOllth)

With this information the diagram corresponding to the velocity addition equation is shown in
Figure 3.81a.

Vpl/A

11\;//
VPlE

Figure 3.81a

We are asked to find v, 5, so solve for this vector:

Vp/E =Vp/A TVAE 8IVES VoAE =Vpg —Vp/a-

EXECUTE: The x-component of this equation gives

am)x =pe)y — (Wpja )y =—240 kivh — (220 km/h) =20 km/h.
The y-component of this equation gives

(vae)y =(pE)y —(Vpja ), =—40 km/h.

Now that we have the components of v,,; we can find its magnitude and direction.

5
: N vak =y )t + (e )}
( F\,l'E ] E,
MK vasE =+(=20 kmvh)? + (—40 km/h)? =44.7 kivh
: tang=20Kh 5 60 - 6340
| (\'Alrl_ ) 20 km/h
e ¥ The direction of the wind velocity is 63.4° S of W,
VAl S or 26.6°W of S.

Figure 3.81b

EVALUATE: The plane heads west. It goes farther west than it would without wind and also travels south,
so the wind velocity has components west and south.

(b) SET UP: The rule for combining the relative velocities is still ¥p; =Vp/a + V45, but some of these
velocities have different values than in part (a).
vp/x has magnitude 220 km/h but its direction is to be found.

v has magnitude 40 km/h and its direction is due south.

The direction of vp; is west; its magnitude is not given.

© Copyright 2012 Pearson Education, Inc. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



Motion in Two or Three Dimensions 3-39

3.82.

3.83.

The vector diagram for vp; =Vpjs +Va: and the specified directions for the vectors is shown in
Figure 3.81c.

Figure 3.81c

The vector addition diagram forms a right triangle.
vae _ 40 km/h

vpa 220 km/h
The pilot should set her course 10.5° north of west.

EVALUATE: The velocity of the plane relative to the air must have a northward component to counteract
the wind and a westward component in order to travel west.

IDENTIFY: Use the relation that relates the relative velocities.

SET UP: The relative velocities are the raindrop relative to the earth, vy, the raindrop relative to the

EXECUTE: sing= =0.1818; ¢=10.5°.

train, vg,p, and the train relative to the earth, ¥y p. Vpp =Vt + V. Vo 1S due east and has
magnitude 12.0 m/s. vy, is 30.0° west of vertical. vy, is vertical. The relative velocity addition
diagram is given in Figure 3.82.
EXECUTE: (a) vy is vertical and has zero horizontal component. The horizontal component of vy is
—VE, S0 is 12.0 m/s westward.
V1/E 12.0 m/s V1/E 12.0 m/s

(b) v = = - =

tan30.0°  tan30.0° sin30.0° sin30.0°

EVALUATE: The speed of the raindrop relative to the train is greater than its speed relative to the earth,
because of the motion of the train.

=20.8 m/s. vgp = =24.0 mis.

' 4 .'I N
/ 4
— S
Upfr /30.0°) -
UrfE
,:5!)
Urfp

Figure 3.82

IDENTIFY: Relative velocity problem.
SET UP: The three relative velocities are:
¥v;,G» Juan relative to the ground. This velocity is due north and has magnitude v, =8.00 my/s.

Vp/g, the ball relative to the ground. This vector is 37.0° east of north and has magnitude
VB/G = 12.00 m/s.

v, the ball relative to Juan. We are asked to find the magnitude and direction of this vector.
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3.84.

3.85.

The relative velocity addition equation is Vg, = Vg, + Vg, SO Vg =VpiG —Vi/G-

The relative velocity addition diagram does not form a right triangle so we must do the vector addition
using components.
Take +y to be north and +x to be east.

EXECUTE: vpjj, =+Vg,gsin37.0°=7.222 m/s
vB/Jy = +VB/G c0s37.0°— Vg = 1.584 m/s
These two components give vg; =7.39 m/s at 12.4° north of east.

EVALUATE: Since Juan is running due north, the ball’s eastward component of velocity relative to him is
the same as its eastward component relative to the earth. The northward component of velocity for Juan
and the ball are in the same direction, so the component for the ball relative to Juan is the difference in
their components of velocity relative to the ground.

IDENTIFY: Both the bolt and the elevator move vertically with constant acceleration.

SET UP: Let +y be upward and let y =0 at the initial position of the floor of the elevator, so y, for the

bolt is 3.00 m.
EXECUTE: (a) The position of the bolt is 3.00 m+ (2.50 m/s) ¢t —(1/2)(9.80 m/sz) ¢* and the position of

the floor is (2.50 m/s)z. Equating the two, 3.00 m = (4.90 m/s?) r*. Therefore, 7 =0.782s.

(b) The velocity of the bolt is 2.50 m/s —(9.80 m/sz)(0.782 s)=-5.17 m/s relative to earth, therefore,

relative to an observer in the elevator v=-5.17 m/s —2.50 m/s =—7.67 m/s.
(c) As calculated in part (b), the speed relative to earth is 5.17 m/s.
(d) Relative to earth, the distance the bolt traveled is

(2.50 m/s) £ — (1/2)(9.80 m/s?) % = (2.50 m/s)(0.782 s) — (4.90 m/s?)(0.782 s)* =—1.04 m.
EVALUATE: As viewed by an observer in the elevator, the bolt has Voy = 0 and a, = -9.80 m/sz, S0 in
0.782 s it falls —1 (9.80 m/s?)(0.782 5)* =—3.00 m.

IDENTIFY: In an earth frame the elevator accelerates upward at 4.00 m/s? and the bolt accelerates
downward at 9.80 m/s. Relative to the elevator the bolt has a downward acceleration of

4.00 m/s”> +9.80 m/s® =13.80 m/s’. In either frame, that of the earth or that of the elevator, the bolt has
constant acceleration and the constant acceleration equations can be used.
SET UP: Let +y be upward. The bolt travels 3.00 m downward relative to the elevator.

EXECUTE: (a) In the frame of the elevator, Voy = 0, y=—»9=-3.00m, a,= —13.8 m/s’.

200-y0) _ \/2(‘3'00 ™) _ 0,659 s.

a, ~13.8 m/s?

y—yozvoyt+%ayt2 gives t=\/

(b) v, =vy, +a,t. vy, =0 and r=0.659 s. (i) a,=-13.8 m/s> and v, =-9.09 m/s. The bolt has speed

9.09 m/s when it reaches the floor of the elevator. (ii) a,=-9.80 m/s> and v, = —6.46 m/s. In this frame
the bolt has speed 6.46 m/s when it reaches the floor of the elevator.
(© y—yo=vot+La i’ vy, =0 and t=0.659s. (i) a, =—-13.8 m/s* and

Yy=Yo= % (-13.8 m/sz)(0.659 s)2 =-3.00 m. The bolt falls 3.00 m, which is correctly the
distance between the floor and roof of the elevator. (ii) a,, =-9.80 m/s? and

y=¥0="1(-9.80 m/s?)(0.659 5)* =—2.13 m. The bolt falls 2.13 m.

EVALUATE: In the earth’s frame the bolt falls 2.13 m and the elevator rises
%(4.00 m/sz)(0.659 s)2 =0.87 m during the time that the bolt travels from the ceiling to the floor of the

elevator.
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3.86. IDENTIFY: We need to use relative velocities.
SET UP: If B is moving relative to M and M is moving relative to E, the velocity of B relative to E is

VB/E = VBM FVME:
EXECUTE: Let +x be east and +y be north. We have vy, =2.50 m/s, vgp, =—4.33 m/s, vyg, =0,
and vyyg, =6.00 m/s. Therefore vy, = Vg + Ve =2.50 m/s and

VBEy = VBMy T VMEy = —4.33 m/s +6.00 m/s =+1.67 m/s. The magnitude is

VeE = J(z.so m/s)? +(1.67 m/s)> =3.01 m/s, and the direction is tan& = %, which gives

6 =33.7° north of east.
EVALUATE: Since Mia is moving, the velocity of the ball relative to her is different from its velocity
relative to the ground or relative to Alice.

3.87. IDENTIFY: The arrow moves in projectile motion.
SET UP: Use coordinates for which the axes are horizontal and vertical. Let € be the angle of the slope
and let ¢ be the angle of projection relative to the sloping ground.

EXECUTE: The horizontal distance x in terms of the angles is

tan @ = tan(6 + @) — [ﬁj !

2v§ cos? @+9) .
Denote the dimensionless quantity gx/ 2v§ by [; in this case

~(9.80 m/s?)(60.0 m)cos30.0°

B =0.2486.
2(32.0 m/s)?
The above relation can then be written, on multiplying both sides by the product cosé&cos (8 + @),
sin@cos (6 + @) =sin (6 + @) COSH—M,
cos (0 +9)

. . Pcosd . .

and so sin(@+ @) cos@ —cos(@+ @) sinf = TQ)) . The term on the left is sin((6 + ¢@)—6) =sing, so
cos (60 +

the result of this combination is sin¢@cos(€+ ¢) = fcosb.
Although this can be done numerically (by iteration, trial-and-error, or other methods), the expansion
sinacosb = %(sin(a +b)+sin(a — b)) allows the angle ¢ to be isolated; specifically, then

%(sin(Z(I) + 60) +sin(—0)) = Bcos O, with the net result that sin(2¢ + 6) =2 cosf +sin 6.

(a) For 8=30° and S as found above, ¢ =19.3° and the angle above the horizontal is 8+ ¢ = 49.3°.

For level ground, using £ =0.2871, gives ¢ =17.5°.

(b) For 8=-30°, the same f as with #=30° may be used (cos30°=cos(—30°)), giving ¢ =13.0° and

o+6=-17.0°

EVALUATE: For €=0 the result becomes sin(2¢)=24= gx/vg. This is equivalent to the expression

_ vg sin(2¢))
4

3.88. IDENTIFY: Write an expression for the square of the distance (Dz) from the origin to the particle,

R derived in Example 3.8.

expressed as a function of time. Then take the derivative of D? with respect to ¢, and solve for the value of
¢t when this derivative is zero. If the discriminant is zero or negative, the distance D will never decrease.

SETUP: D? =x?+ 2, with x(r) and y(¢) given by Egs. (3.20) and (3.21).

EXECUTE: Following this process, sin™'/8/9 = 70.5°.

EVALUATE: We know that if the object is thrown straight up it moves away from P and then returns, so
we are not surprised that the projectile angle must be less than some maximum value for the distance to
always increase with time.
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3.89.

3.90.

IDENTIFY: Apply the relative velocity relation.
SET UP: Let voyy be the speed of the canoe relative to water and vy, be the speed of the water relative

to the ground.
EXECUTE: (a) Taking all units to be in km and h, we have three equations. We know that heading
upstream Vo — Vg = 2. We know that heading downstream for a time ¢, (voyw + vy g)t =5. We also

know that for the bottle vy, (¢ +1)=3. Solving these three equations for vy, =x, verw =2+,
therefore (2+x+x)t=5 or (2+2x)t=5. Also t=3/x—1, so (2+2x)(§—1J:5 or 2x2 +x—6=0.
X

The positive solution is x = vy, =1.5 km/h.

EVALUATE: When they head upstream, their speed relative to the ground is

3.5 kmv/h —1.5 km/h = 2.0 km/h. When they head downstream, their speed relative to the ground is

3.5 kmv/h +1.5 km/h = 5.0 km/h. The bottle is moving downstream at 1.5 km/s relative to the earth, so they
are able to overtake it.

IDENTIFY: The rocket has two periods of constant acceleration motion.

SETUP: Let +y be upward. During the free-fall phase, a, =0 and a, =—g. After the engines turn on,

a, =(3.00g)c0s30.0° and a, =(3.002)sin30.0°. Let ¢ be the total time since the rocket was dropped and

let T be the time the rocket falls before the engine starts.

EXECUTE: (i) The diagram is given in Figure 3.90 a.

(ii) The x-position of the plane is (236 m/s)¢ and the x-position of the rocket is

(236 m/s)t +(1/2)(3.00)(9.80 m/sz)cos?aoc’(t - T)z. The graphs of these two equations are sketched in
Figure 3.90 b.

(iii) If we take y =0 to be the altitude of the airliner, then

y(t)= —1/2gT2 —gT(t—T)+1/2(3.00)(9.80 m/s?)(sin 30°)(¢t— T)? for the rocket. The airliner has constant y.

The graphs are sketched in Figure 3.90b.
In each of the Figures 3.90a—c, the rocket is dropped at # =0 and the time 7 when the motor is turned on is

indicated.
By setting y =0 for the rocket, we can solve for ¢ in terms of 7:

0=—(4.90 m/s>)T? - (9.80 m/s>)T (¢t —T) + (7.35 m/s>)(¢ — T)*. Using the quadratic formula for the

~(9.80 m/s?)T + \/(9.80 m/s>T)? + (4)(7.35 m/s>)(4.9)T?
2(7.35 m/s?)
=1000 m, we find

variable x=¢t—T we find x=¢t-T

i

t=2.72T. Now, using the condition that x,

rocket — Xplane

(236 m/s)t + (12.7 m/s>)(t = T)> — (236 m/s)t =1000 m, or (1.72T)* =78.6s>. Therefore T=5.15s.

EVALUATE: During the free-fall phase the rocket and airliner have the same x coordinate but the rocket
moves downward from the airliner. After the engines fire, the rocket starts to move upward and its
horizontal component of velocity starts to exceed that of the airliner.

Rocket

Airliner }
Airliner _)I 1000 “"'|'<_ . t
Airliner T Rocket
- t
Rocket T
(@ (b) (@
Figure 3. 90
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