RECOMMENDED PROBLEMS

CHAPTER 4

OF 210
f_,.-slg'l!"‘

@

@© GENERALPHYSICSA

Physics A - Serway

Aae )
s Mea Jeland) 28Lal Juad il |




Al dlea Jielan) 8Ll Juab il
Sy daalall (8 ol hdll ol (saa

E' A motorist drives south at 20.0 m/s for 3.00 min, then
turns west and travels at 25.0 m/s for 2.00 min, and
finally travels northwest at 30.0 m/s for 1.00 min. For
this 6.00-min trip, find (a) the total vector displace-
ment, (b) the average speed, and (c) the average veloc-
ity. Let the positive x axis point east.
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3. Suppose the position vector for a particle is given as
a function of time by (1) = x(i + :.I(t)j, with x(¢) =
at+ band y(f) = ct®> + d,where a=1.00m/s, b= 1.00 m,
¢ = 0.125 m/s%, and d = 1.00 m. (a) Calculate the aver-
age velocity during the time interval from ¢ = 2.00 s to
t = 4.00 s. (b) Determine the velocity and the speed at
t=2.00s.
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4. The coordinates of an object moving in the xy plane
vary with time according to the equations x =
—5.00 sin wt and y = 4.00 — 5.00 cos wt, where w is a
constant, x and y are in mecters, and ¢ is in scconds.
(a) Determine the components of velocity of the
object at t = 0. (b) Determine the components of
acceleration of the object at t = 0. (c) Write expres-
sions for the position vector, the velocity vector, and
the acceleration vector of the object at any time ¢ > 0.
(d) Describe the path of the object in an xy plot.
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7. The vector position of a particle varies in time accord-

[ing to the expression T = 3.001 — 6.00¢%), where T is
in meters and ¢ is in seconds. (a) Find an expression
for the velocity of the particle as a function of time.
(b) Determine the acceleration of the particle as a
function of time. (¢) Calculate the particle’s position
and velocity at ¢ = 1.00 s.
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A fish swimming in a horizontal plane has veloc-
ity V,= (4.00i+ 1.00j) m/s at a point in the
I} ocean where the position relative to a certain rock
is ¥;= (10.0i — 4.00j) m.  After the fish swims
with constant acceleration for 20.0 s, its velocity 1s
v = (20.0i — 5.00j) m/s. (a) What are the components
of the acceleration of the fish? (b) What is the direc-
tion of its acceleration with respect to unit vector i?
(c) If the fish maintains constant acceleration, where is

it at £ = 25.0 s and in what direction is it moving?
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18. A rock is thrown upward from level ground in such a
way that the maximum height of its flight is equal to
its horizontal range R. (a) At what angle # is the rock
thrown? (b) In terms of its original range R, what is
the range R, the rock can attain if it is launched at
the same speed but at the optimal angle for maximum
range? (c¢) What If? Would your answer to part (a) be
different it the rock 1s thrown with the same speed on a
different planet? Explain.
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19. The speed of a projectile when it reaches its maximum
height is one-half its speed when it is at half its maxi-
mum height. What is the initial projection angle of the
projectile?
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21. A firefighter, a distance d from a burning building,
directs a stream of water from a fire hose at angle 6,
above the horizontal as shown in Figure P4.21. If the
initial speed of the stream is v, at what height /& does
the water strike the building?

Figure P4.21
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A placekicker must kick a football from a point 36.0 m

(about 40 yards) from the goal. Half the crowd hopes

7} the ball will clear the crossbar, which is 3.05 m high.
When kicked, the ball leaves the ground with a speed
of 20.0 m/s at an angle of 53.0° to the horizontal. (a) By
how much does the ball clear or fall short of clearing
the crossbar? (b) Does the ball approach the crossbar
while still rising or while falling?
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25. A playground is on the flat roof of a city school, 6.00 m o
above the street below (Fig. P4.25). The vertical wall N T
of the building is # = 7.00 m high, forming a 1-m-high o
railing around the playground. A ball has fallen to J
the street below, and a passerby returns it by launch- e
ing it at an angle of # = 53.0° above the horizontal at a MB
point d = 24.0 m from the base of the building wall. The
ball takes 2.20 s to reach a point vertically above the
wall. (a) Find the speed at which the ball was launched.
(b) Find the vertical distance by which the ball clears
the wall. (¢) Find the horizontal distance from the wall
to the point on the roof where the ball lands.

Figure P4.25

10
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29. A student stands ait the ¥

(GP| edge of a cliff and throws \ -
a stone horizontally over : ~
the edge with a speed of \
v, = 18.0 m/s. The cliff is | *
h = 50.0 m above a body | Ul
of water as shown in Fig- - \J
ure P4.29. (a) What are | Y
the coordinates of the ini- ]
tial position of the stone? . !
(b) What are the compo- [k L x
nents of the initial velocity x
of the stone? (¢) What is the Y
appropriate analysis model v
for the vertical motion of Figure P4.29
the stone? (d) What is the
appropriate analysis model for the horizontal motion
of the stone? (e) Write symbolic equations for the x and
y components of the velocity of the stone as a function
of time. (f) Write symbolic equations for the position
of the stone as a function of time. (g) How long after
being released does the stone strike the water below
the cliff? (h) With what speed and angle of impact does
the stone land?

11
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A train slows down as it rounds a sharp horizontal

[ turn, going from 90.0 km/h to 50.0 km/h in the 15.0 s
it takes to round the bend. The radius of the curve is
150 m. Compute the acceleration at the moment the
train speed reaches 50.0 km/h. Assume the train con-
tinues to slow down at this time at the same rate.

12
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42. A ball swings counterclockwise in a vertical circle at
the end of a rope 1.50 m long. When the ball is 36.9°
past the lowest point on its way up, its total acceleration
is (—22.51 + 2(}.2j) m/s. For that instant, (a) sketch a
vector diagram showing the components of its acceler-
ation, (b) determine the magnitude of its radial accel-
eration, and (c) determine the speed and velocity of
the ball.

13
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43. (a) Can a particle moving with instantaneous speed
3.00 m/s on a path with radius of curvature 2.00 m
have an acceleration of magnitude 6.00 m/s?? (b) Can
it have an acceleration of magnitude 4.00 m/s?? In
each case, if the answer is yes, explain how it can hap-
pen; if the answer is no, explain why not.

14
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44. T'he pilot of an airplane notes that the compass indi-
cates a heading due west. The airplane’s speed relative
to the air is 150 km/h. The air is moving in a wind at
30.0 km/h toward the north. Find the velocity of the
airplane relative to the ground.

15
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An airplane maintains a speed of 630 km/h relative
to the air it is flying through as it makes a trip to a
city 750 km away to the north. (a) What time interval is
required for the trip if the plane flies through a head-
wind blowing at 35.0 km/h toward the south? (b) What
time interval is required if there is a tailwind with the
same speed? (¢) What time interval is required if there
is a crosswind blowing at 35.0 km/h to the east relative
to the ground?

16
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47. A police car traveling at 95.0 km/h is traveling west,
chasing a motorist traveling at 80.0 km/h. (a) What is
the velocity of the motorist relative to the police car?
(b) What is the velocity of the police car relative to the
motorist? (c) If they are originally 250 m apart, in what
time interval will the police car overtake the motorist?

17
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A river has a steady speed of 0.500 m/s. A student swims

7] upstream a distance of 1.00 km and swims back to the

starting point. (a) If the student can swim at a speed

of 1.20 m/s in still water, how long does the trip take?

(b) How much time is required in still water for the

same length swim? (c) Intuitively, why does the swim
take longer when there is a current?

18
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51. A river flows with a steady speed v. A student swims
upstream a distance d and then back to the starting
point. The student can swim at speed ¢ in still water,
(a) In terms of d, v, and ¢, what time interval is required
for the round trip? (b) What time interval would be
required if the water were still? (¢) Which time interval
is larger? Explain whether it is always larger.

19
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54. A farm truck moves
due east with a constant
velocity of 9.50 m/s
on a limitless, hori-
zontal stretch of road.
A boy riding on the
back of the truck
throws a can of soda
upward (Fig. P4.54)
and catches the projectile at the same location on the
truck bed, but 16.0 m farther down the road. (a) In
the frame of reference of the truck, at what angle to
the vertical does the boy throw the can? (b) What is the
initial speed of the can relative to the truck? (c) What
is the shape of the can’s trajectory as secen by the boy?
An observer on the ground watches the boy throw the

Figure P4.54

can and catch it. In this observer’s frame of reference,
(d) describe the shape of the can’s path and (e) deter-
mine the initial velocity of the can.

20
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55. A ball on the end of a string is whirled around in a
horizontal circle of radius 0.300 m. The plane of the
circle is 1.20 m above the ground. The string breaks
and the ball lands 2.00 m (horizontally) away from the
point on the ground directly beneath the ball’s loca-
tion when the string breaks. Find the radial accelera-
tion of the ball during its circular motion.

21



Al dlea Jielan) 8Ll Juab il
Aaadluy) daslal) 3 ol i) and sama

60. A basketball player is standing on the floor 10.0 m from
the basket as in Figure P4.60. The height of the basket
is 3.05 m, and he shoots the ball at a 40.0° angle with
the horizontal from a height of 2.00 m. (a) What is the
acceleration of the basketball at the highest point in
its trajectory? (b) At what speed must the player throw
the basketball so that the ball goes through the hoop
without striking the backboard?

10.0 m

Figure P4.60

22
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62. A boy throws a stone horizontally from the top of a cliff
of height h toward the ocean below. The stone strikes
the ocean at distance d from the base of the cliff. In
terms of A, d, and g, find expressions for (a) the time
t at which the stone lands in the ocean, (b) the initial
speed of the stone, (c) the speed of the stone immedi-
ately before it reaches the ocean, and (d) the direction
of the stone’s velocity immediately before it reaches the
ocean.

23
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64. Towns A and B in Figure P4.64 are 80.0 km apart. A
I couple arranges to drive from town A and meet a cou-
ple driving from town B at the lake, L. The two couples

leave simultaneously and drive for 2.50 h in the direc-
tions shown. Car 1 has a speed of 90.0 km/h. If the
cars arrive simultaneously at the lake, what is the speed
of car 27

Figure P4.64

24
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70. A pendulum with a cord of
length r = 1.00 m swings in
a vertical plane (Fig. P4.70). @
When the pendulum is in |
the two horizontal positions '
# = 90.0° and 6 = 2707, its
speed is 5.00 m/s. Find the
magnitude of (a) the radial
acceleration and (b) the
tangential acceleration for
these positions. (c) Draw
vector diagrams to deter-
mine the direction of the
total acceleration for these Figure P4.70
two positions. (d) Calculate
the magnitude and direction of the total acceleration
at these two positions.

25
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A hawk is flying horizontally at 10.0 m/s in a straight
7] line, 200 m above the ground. A mouse it has been car-
rying struggles free from its talons. The hawk continues
on its path at the same speed for 2.00 s before attempt-
ing to retrieve its prey. To accomplish the retrieval, it
dives in a straight line at constant speed and recaptures
the mouse 3.00 m above the ground. (a) Assuming no
air resistance acts on the mouse, find the diving speed
of the hawk. (b) What angle did the hawk make with
the horizontal during its descent? (c) For what time
interval did the mouse experience free fall?

26
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84. A person standing at the top of a hemispherical rock of v,
radius R kicks a ball (initially at rest on the top of the L "'ﬁ\
rock) to give it horizontal velocity V; as shown in Fig- Ut
ure P4.84. (a) What must be its minimum initial speed O - -:. \\\
if the ball is never to hit the rock after it is kicked? [ -,-Qéﬂ \
(b) With this initial speed, how far from the base of the L R _,L_ x _J

rock does the ball hit the ground?
Figure P4.84

27
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86. A projectile is fired up an incline (incline angle ¢)
with an initial speed v; at an angle 6, with respect to the Path of the projectile
horizontal (6, > ¢) as shown in Figure P4.86. (a) Show R

that the projectile travels a distance d up the incline,
where

-
-,
.

d_—

20,7 cost;sin(0; — &)
; gcasz b

d

Figure P4.86

28
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@A motorist drives south at 20.0 m/s for 3.00 min, then ) |
turns west and travels at 25.0 m/s for 2.00 min, and "M Sty
finally travels northwest at 30.0 m/s for 1.00 min. For
this 6.00-min trip, find (a) the total vector displace- \( ) °~JL

ment, (b) the average spced and (c) the average veloc-
ity. Let the positive x axis point east.
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3. Suppose the position vector for a parncle is given as

w )| 3.buué_‘J W Ayl g0 |
a function of time by ?(¢) = ‘\(t) & )(t)_] with x(f) = >

at+ band y() = ¢ + d, where a=1.00m/s, b= 1.00m, V‘ (t)=x(2)7 _‘}(‘UJ
¢ = 0.125 m/s?, and d = 1.00 m. (a) Calculate the aver-

(205 (yyozmgamieNas u-—*“
“age velocity during the time interval from £ = 2.00 s to .
L= 4.00s. (b) Dctcrmme the velocnv and the speed at 256/ 1 air s "‘:—J"“:QL?‘J‘)‘ “‘J'J"‘.—)l
< 1=2.00s., - \
o i . a= \m/s
| ,i'/zé aVerage Lekecity duting 225, T2 =YS b= \m
) =04 0)5 4 612525107 R C=,\25m /<"
s ()l L an)y = g dz \m
Yiy=. (UxL)i. . 6»12S><&6+I)J -\ st +33 }
AY‘ (5 1+3)> 3“—) S& [.QL-P: 75J) m/s 1
APt  M=2
. *i"he V&/oaz‘ﬁ) and Ho Speed. qJ[ ‘25 |
V= ch_._ 0 (e iJmm W W T A . Ll
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4. The coordinates of an object moving in the xy plane uE f“"—“‘ﬂ' J‘Ul)){._\l AS‘ Ugm.e‘ é

vary with time according to the equations x =

—5.00 sin wtand y = 4.00 — 5.00 cos wt, where w is a 20 ,u»‘éL_J‘ Vb:sﬂﬁ C

, constant, x and y arc in mcters, and { is in scconds.

(a) Determine the components of velocity of the &L,J'; qol)m) L—’.’Z\WQ“S

object-at ¢t = 0. (b) Determine the components of r-
acceleration of the object at t = 0. (c) Write expres- "é )ﬂ 'ZJ e

4G

=3
/——" .
sions for the position vector, the velocity vector, and FIMPJL)I > (0 @

the acceleration vector of the object at any time ¢> 0. X )7 s
- (d) Describe the path of the object in an xy plot.

Xz=SSinwZ)  wal
A= U- SCas(W't)

. (@ vat. t=05.
Uiz %- -Sweoyuwt) j=

| \l; -Swimlg

\5 - fSU/SIﬂ@t)
@Q?;:L t=-05.

Rt S %‘i_‘, = St S\I"(u/‘;)
;?%‘%/t_. | Sweedt)- Ee‘t? afs) (37 573 mid)

P fan] = (sl s 05 ot

—17: f '5w(o$(wz)ln+ Swsinwif )

2= (5l simll)l 4 5w‘r:as&/tJJ )
’ (@) &Ko Path of Keobiet.

_a_circle of radms 5m ano/ ;‘4 nCcn’fef s (0/4)m .
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7. The vector s1u0n of a amclc varies in t:me accord-
po P 3 \ Af.l q))h.é‘a.&,’,)

Bl ing to the expression T = 3.001 — 6.00¢%], where T is
in meters and ¢t is in seconds. (2) Find an expression

for the velocity of the particle as a function of time. o‘"}s Vel as e, M@
(b) Determine the acceleration of the particle as a - .
function of time. (c) Calcul_a;te the particlcs position F‘“—?J /Zl L2 oL @
and velocm, att= 100 s. f-St .—-‘f J z‘=/3,u_c US 5 ol 50 cho )@

@ sz a'r r 12 ] ms] -
@ P W - ;'n;m"/g, "

@ Pat 115 {n ..6\;)m
I _t I#:1 _

A = E ® «.
3 ~
¢
I\
N L) o .
(Y o
o
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-A. fish swunmmg in a’ hotizontal plane has \eloc—( 47+ 'J ) S G (S5 132-:-!:1.4‘
%lt}' V. = (4.001 + 100_[) m/s at a point in the (gf. J Yo ege\GoMq.Jl,

ocean whcrc the’ posmon relative to a certain rock W
is ¥;=(10. 0i - -4.00j) m.  After the fish swims luﬁ WS OUL&JLAJ 4-5-"2"“"‘" o
w:th constant acceleration for 20.0 s, its velocity is ~>_{206 ..gé)

¥ = (20.01 - 5.00j) m/s. (a) Whatare the components 2 S‘_Jli_il:z sy @
' of the accclcranon of the fish? (b) What is the direc-

° )
tion of its acceleration with respect to unit vector i? e MMLU-““ oL=Ul L ®
(c) 1f the fish maintains constant acceleration, where ist= 24 A.uL,u s i UL 2 /5 :fb @
S s
r

itat ¢t = 25.0 sand in what direction 1?m?1ng3 o
,-(‘h-HJ)m/s r=U0¢ -4y ) m & . - S AT P

: ‘f =208 _o-: c,nf‘fqn't (/f‘_,(zal.-Sj)M/S .
@ yvral = (200-$3)=065 1) + 200 -

ot sty OB <205

@x 120244208 =5 @x=, B0 m/

=Sz | 4 Z0ay _.b(' 3--,3“\/5
O ’f 2§s ;=77 -

/)X:V,,,'t +4 a,'t" - Xp 102 9%98 + Ly x 9gt ~> m
DYz Vigt 4 /29Tt SFey = 25 4 eask g = 8tz 7277

N Y‘lt_ - (35027;-_72.7»3‘-).. m?
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18, A rock N thrown upward from Jevel ground in such atd L ad 'Y
way that the maximum height of its flight is equal to
its horizontal range R. (a) At what angle 6 is the mrk J‘b‘,{J ‘/\95“ ‘-’J~9"UJ‘J49®
thrown? () In wims of s original range R, what s q(,JIM
the range R, the rock can attain if it is launched at 03, w151 Qm"x O
the same speed but at the optimal angle for maximum : IR
range’ (¢) What If? Would your answer to part (a) be é’fvw Ll o .39 @
dafferent if the rock is thrown with the same speed on a
differgpt planct? Explain.

@ R=W
y? $n20, <= Vi, " gin@ =) lV/}.‘(osg z y) sing
s 23 % %

‘ iané—v = &= 75,9
fb-\ rﬂuxsrqn} G
R - vt R x*x 47 —> (1
- snlzx 75:9¢) 3

: V. Su\ 2 X4S
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R:R max 547

@ax = 2,125 R']
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19. The speed of a projectile when it reaches its max

e

@il Juad il

AL I AV

mum :\s“"""'.?‘it

height is one-half its speed when it is at half its maxi- 0 s M,og borasals — (g,

mum height. What is the initial Projection angle of the

Pf(:iccﬁle? Qt mqs(ﬁgfjh
Vop = Vg; =299
| v /2350
ot haffmax heish
Yy vg-23y
(e300
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21. A firefighter, a distance d from a burning building,
directs a stream of water from a fire bose at angle 6;
above the horizontal as shown in Figure P4.21. If the
mmal specd of t_he strcam is u;, at what height h does

Flgure P4.21
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A placekicker must kick a football from a point 36.0 m
il (2bout 40 yards) from the goal. Half the crowd hopes
Il the ball will clear the crossbar, which is 3.05 m high.
When kicked, the ball leaves the ground with a speed
0f 20.0 m/s at an angle of 53.0° to the horizontal. (a) By
how much does the ball clear or fall short of clearing
the crossbar? (b) Does the ball approach the crossbar 2y
. while still rising or while falling? _ . MBS o i
dz24m Uy -gomls €55 i1y 0y st o b giids @
@ y=vutssqt SN —
2

Z X

T
- : x “7' ¢
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27387 Logaes
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25. A playground is on the flat roof of a city school, 6.00 m
above the strect below (Fig. P4.25). The vertical wall
of the building is 2 = 7.00 m high, forming a 1-m-high
railing around the playground. A ball has fallen to
the street below, and a passerby returns it by launch-
ing it at an angle of § = 53.0° above the horizontal ata
point d= 24.0 m from the base of the building wall. The
ball takes 2.20 s to reach a point vertically above the Figure P4.25

wall. (a) Find the speed at which the ball was launched. <155//%«11_(’/ W Z ng TR L PRI ,{5)
2 ~s

. (b) Find the vertical distance by which the ball clears 2 _/SJLA/
the wall. () Find the horizontal "distance from the wall Jb\"{r' w> \@ﬁul =Yy 2 ﬁ
to the pomt on the roof where the ball lands. /&/ /-~ (.rdl E ,.:VI AP
W 1o
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29. A studenl stands at the
Bl cdge of a cliff and throws
a stone horizontally over
the edge with a speed of
= 18.0 m/s. The cliff is

h = 50.0 m above a body
of water as shown in Fig-
ure P4.29. (a) What are
the coordinates of the ini-
tial position of the stone?
(b) What are- the compo-,
nents of the initial velocity
of the stone? (¢) What is the
appropriate anaJysxs model
for the vertical motion of
the stone? (d) What is the
appropriate analysm model for the horizontal motion
of the stone? {(e) Write symbolic equations for the xand

y components of the »elocxt} of the stone as a function
of time. (f) Write symbolic equations for the position
of the stone as a function of time. (g) How long after
being released does the stone strike the water below
the cliff? (h) With whatspeed and angle of impact does

~ the stone la

(04403 ) o WP Bosa

@ % JBm/! V/g- Re(d
@ Ffree Falin® ond Cov\s“—qn‘f
@

o Hee inftinl Valoeity .
@fo t/,(, 4q_‘.£_ - q:u(‘.

<

Figure P4.29
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-A train slows down as it rounds a sharp horizontal
-tum, going from 90. 0 km/h to 50.0 km/h in the 15.0 s

it takes to round the bend. The radius of the curve is
150 m. Compute the acceleration at the moment the
train speed reaches 50.0 km/h. Assume the train con-
tinues o slow.down at this time at the same rate.

. (/;,»:60 km/h 1nlSs  R-ISom

N do a(loov-

t/ f 5’ X Iooa = /; 38m /5 S -1 o Wl

@ q{_ DY 25 /J’ 23 -
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e
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'/ 42. A ball swings counterclockwise in a vertical circle at
the end of a rope 1.50 m long. When the ball is 36.9°

"past the lowest point on its way up, its total acceleration 3q g
E (—22.5i + 2(1)) 2j) m/s2. Forythzt instant, (a) sketch a gi ; (4 /2"/5 *
vector diagram showing the components of its acceler- 53

.ation, (b) determine the magnitude of its radial accel-
eration, and (¢) determine the speed and velocity of 2.5 M/_{"'
the ball.

O r;/ym 0}19;!;:: Q}z"obqaewy%",r:!@

| .,,.WQ_,_[:-ZZ.S Vg 20,97 ) m /st
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43. (@) Can a particle moving with instantaneous speed
3.00 m/s on a path with radius of curvature 2.00 m
have an acceleration of magnitude 6.00 m/s* (b) Can
it have an acceleration of magnitude 4.00 m/s?? In
each case, if the answer is yes, explain how it can hap-
pen; if the answer is no, prlam why not,

Y /s fro q/,.,,f.n 3»1[( mbdqr/ X pen>S «gd@ @
e wmb “’U"’L.A”uL—JD @
Qezv/ - 9 .sm/c

/
T oW,

%“M | yes o’>q_.;
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D e - v N e
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44. The pilot of an airplane notes that the compass md:Jﬁ-”‘{’ "‘—J W’J ‘: > "v
shall rfozm/,rm" Sl a5

cates a heading due west. The airplane’s spced relative

to the air is 150 km/h. The air is moving in a wind at ,a.y-lu' oy Y
30.0 km/h toward the north. Find the velocity of the 4-"‘0 3 0&4“}‘"5}

airplanc rclative to the ground.

— et et 0P/ Bl BHL 25— 10
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PIEY, s‘.dU
-'\n an*plane maintains a speed of 630 km/h relative Y7 QIZL- a»_-u./ ok
to the air it is flying through as it makes a trip to a_ ” T
city 750 km away to the north. (a) What time interval is p,,o_?y d-f,«uﬂ//u'ul-‘o sl WJ"\J’AI‘J"’G)

required for the trip if the plane flies through a head-’ kmy * = up by ige [f, Iga I, U
wind blowing at 35.0 km/h toward the south? (b) What 2! uisr 2 “oh W/ gl @

time interval is required if there is a tailwind with the 2, cowiolbir 17 11 11 11 21 oy 6
same speed? (c) What time interval is required if there

is a crosswind blowing at 35.0 km/h to the east relative

to the ground?

%‘;g;z; /(',.',/),_ff?'f”"f'",'._"'5;_"730'_;;,’,, =y
@ Find? ot v“_.. $Skm/i ()
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47. A police car t.ravcl'mg at 95.0 km/h is traveling west, -
chasing a motorist traveling at 80.0 km/h. (2) What is L; qsk“/ J—"ﬂ—l¢~r:' sk 1.:.11
the velocity of the motorist relative to the police car?

(b) What is the velocity of the police car relative to the w&;’u 5 art Ol » UJ
motorist? (c) If they are originally 250 m apart, in what ik
time interval w1ll the pohcc car overtake the motorm?

R )2 | 1S wLyda\,—a‘L@

t/@ Skl wec] A& ar /lo,h...g,—-uﬁ L @

P U‘z;”‘lk—\l)|h“ O"(f&
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A river has a steady speed of 0.500 m/s. A student swims . Y1 km ) A Aol
Bl upstream a distance of 1.00 km and swims back to the Ly, 152 g1 kmd ¢ - -

1 3 - (1 v >, » - [}
starting point. (a) If the student can swim at a speed )[/fﬂ./l g }2’7/&' "M}Q‘n-/d( 150 (R (

of 1.20 m/s in still water, how long does the trip take?
(b) How much time is required in still water for the ) M“p, r&

same length swim? (c) Intuitively, why does the swim

take longcrwhen there is a current? Stk 2D b U’U-l/)") //) aw U;MU',}U
‘//E —,507/{ A= /00d/)7 KA . /U),ﬁ)(fd,/'wsdoul A | l)(

l/;; Zm/;
W A e TE FY
..... _..z-:-i ig_@:_ - 5888 TP SR Y.
RN R NG 77
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G g )
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51. A river flows with a steady speed v. A student swims

upstream 'av distance d and then back to the starting UJ’ e 2 4o
point. The student can swim at speed c in still water. (Y 22 av Vas = p7aurai

- (a) Interms of 4, u,and ¢, what time interval is required

f
‘ . v { - ' s - r -
for the round trip? (b) What time interval would be &-/-‘_‘,’ ‘.’f“" ai ;)".’ o
required if the water were still? () Which time interval

3 =gl I
is larger? Explain whether it is always larger. 353/’ L ‘éJ’ SK. ot
e G ena— Vel i gog o O

SYaiosiispl O
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SR S S SN 4. 9. W 2
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54. A farm truck moves
due east with a constant
velocity of 9.50 m/s
on a limitless, hori-
zontal stretch of road.
A boy riding on the
back of ~thé' truck
throws a can of soda
upward (Fig. P4.54)
and catches the projectile at the same location on the
truck bed, but 16.0 m farther down the road. (a) In
the frame of reference of the truck, at what angle to
the vertical does the boy throw the can? (b) What is the
initial speed of the can relative to the truck? (¢) What
is the shape of the can's trajectory as scen by the boy?

Figure P4.54

An observer on the ground watches the boy throw the |

can and catch it. In this observer's frame of reference,
(d) describe the shape of the can’s path and (e) deter-
mine the initial velocity of the can.
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55. A ball on the end of a string is whirled around in a2 ~ . (350 wr2M s
horizontal circle of radius 0.300 m. The plane of the M g

circle is 1.20 m above the ground. The string breaks SN fr LI v |

and the ball lands 2.00 m (horizontally) away from the )

point on the ground directly beneath the ball’s loca-
tion when the string breaks. Find the radial accelera-
tion of the ball during its circular motion.

Xz2m - Qg sbam .. I-2

o= V/,t-..l/i%i't.,. e S
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60. A baskeiball playcns standing on the floor 10.0 m from
the basket as in Figure P4.60. The height of the basket
*"'is 3.05 m, and he shoots the ball at a 40.0° angle with
- the horizontal from a height of 2.00 m. (a) What is the
acceleration of the basketball at the highest point in
its trajectory? (b) At what speed must the player throw
" the basketball so that the ball goes through the hoop

- without striking the backboard? .

B:zw

X=Cm %zrzﬁsm
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Figure P4.60
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62. A boy throws a stone horizontally from the top of a cliff
of height 4 toward the ocean below. The stone strikes
the ocean at distance d from the base of the cliff. In
terms of h, d, and g, find expressions for (a) the time
t at which the stone lands in the ocean, (b) the initial
speed of the stone, (c) the speed of the stone immedi-
ately before it reaches the ocean, and (d) the direction
of the stone’s velocity immediately before it reaches the

ocean.
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64. Towns A and B.in Flgure P4. 64 are 80.0 km apart. A

- couple arranges to drive from town A and meet a cou- 1
ple @mug from town B at the lake, L. The two couples
leave simultaneously and drive for 2.50 h in the direc-
tions shawn. Car 1 has a speed of 90.0 km/h. If the
cars arrive simultaneously at the lake, what is the speed i ]
of car 2 ) iqure M‘_‘:’ 0
spao‘ L. onm /1. A E B il s A TS e
5,7“d2- . e onm/ A a/L,,_,JLq;f 2].9 2,8/ w,Jtu.u(f,nU,

| ib;._ég 172 (333K
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70. A pendulum with a cord of
length 7 = 1.00 m swings in
a vertical plane (Fig. P4.70).
When the pendulum is in
the two horizontal positions
6 = 90.0° and 8 = 270", its
speed is 5.00 m/s. Find the
magnitude of (a) the radial
acceleration and (b) the
tangential acceleration for
these positions. () Draw
vector diagrams to deter-

" mine the direction of the
total acceleration for these
two positions. (d) Calculate
the magnitude and direction of the total acceleration
at these two positions.

Figure P4.70
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A hawk is flying horizontally at 10.0 m/s in a straight
Bl line, 200 m above the ground. A mouse it has been car-

rving struggles free from its talons. The hawk continues
on its path at the same speed for 2.00 s before attempt-

ing to retrieve its prey. To accomplish the retrieval, it du/

dives in a straight line at constant speed and recaptures

the mouse 3.00 m above the ground. (a) Assuming no

-air resistance act$ on the'mouse, find the diving speed

of the hawk >(b) What angle did the hawk make with

o the horizontal during its descent? (¢) For what time
mterval did the mouse cxpcm_ncc frce f411?
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84. A person standing at the top of 2 hemispherical rock of
radius R kicks a ball (initially ar rest on the top of the
rock) to give it horizontal velocity ¥; as shown in Fig-
ure P4.84. (a) What must be its minimum initial speed
if the ball is never to hit the rock after it is kicked?
(b) With this initial speed, how far from the base of the
rock does the ball hit the ground? . "

Figure P4.84
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86. A projectile is fired up an incline (incline angle ¢)
with an initial speed v, at an angle 6, with respect to the
horizontal (6, > ¢) as shown in Figure P4.86. (a) Show

that the projectile travels a distance d up the incline,
where

Pal uf the projeciile

2v? cosb, sin(@ - ¢)
gcos®

d =

Figure P4.86
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