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Sample Problem 4.01 Two-dimensional position vector, rabbit run

A rabbit runs across a parking lot on which a set of

coordinate axes has, strangely enough, been drawn. The co-
ordinates (meters) of the rabbit’s position as functions of

time ¢ (seconds) are given by
x=-031+721+ 28 (4-5)

and y =022 — 9.1¢ + 30. (4-6)

(a) Atr= 15s what is the rabbit’s position vector 7 in unit-
vector notation and in magnitude-angle notation?

X = -o."sl(lS\i_‘L 7.2C1S) +28

: 84.25m

Y: 0.22015)% _ q1015) 230

= -5Fm
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Sample Problem 4.04 Projectile dropped from airplane

In Fig. 4-14, a rescue plane flies at 198 km/h (= 55.0 m/s) and

constant height # = 500 m toward a point directly over a &
victim, where a rescue capsule is to land.

(a) What should be the angle ¢ of the pilot’s line of sight to

the victim when the capsule release is made?

Yonf = 3L Y S
(b) As the capsule reaches the water, what is its velocity v ?
X
Oy = X = uijxk we necd to Pind + VX = Vix const
° kS
Dy - by - wﬁ L.M Vid -0 Do Y-comp of the velaciby - ssmls
- - ‘12_ gt Vg = Wiy _ QY
S500 = i_(q.a\ﬁ - 0-(9.8) (l0.1)
Y- Jol sec. = -99mls
* L= vixt
- 55 10\ 2 VP - 55T _ 993 mis
= 555 Swm
5
W .o/ (55)" 4 (90)°
€ - fon” (5555 - 13 mis
. 500 /
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ss) N
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Sample Problem 4.05 Launched into the air from a water slide

One of the most dramatic videos on the web (but entirely
fictitious) supposedly shows a man sliding along a long wa-
ter slide and then being launched into the air to land in a
water pool. Let’s attach some reasonable numbers to such
a flight to calculate the velocity with which the man would
have hit the water. Figure 4-154 indicates the launch and
landing sites and includes a superimposed coordinate sys-
tem with its origin conveniently located at the launch site.
From the video we take the horizontal flight distance as
D = 20.0 m, the flight time as ¢t = 2.50 s, and the launch an-
gle as 6, = 40.0°. Find the magnitude of the velocity at
launch and at landing.

KEY IDEAS

(1) For projectile motion, we can apply the equations for con-
stant acceleration along the horizontal and vertical axes sepa-
rately. (2) Throughout the flight, the vertical acceleration is
a,=—g=-98 m/s” and the horizontal acceleration is a, = 0.

Calculations: In most projectile problems, the initial chal-
lenge is to figure out where to start. There is nothing wrong
with trying out various equations, to see if we can somehow
get to the velocities. But here is a clue. Because we are going
to apply the constant-acceleration equations separately to
the x and y motions, we should find the horizontal and verti-
cal components of the velocities at launch and at landing.
For each site, we can then combine the velocity components
to get the velocity.

Because we know the horizontal displacement D =
20.0 m, let’s start with the horizontal motion. Since a, = 0,

Water
pool

(a)

Vo . 0, !
o Voy Landing ! v,
u velocity v ’

Vox

(b) (o)

Launch
velocity

Figure 4-15 (@) Launch from a water slide, to land in a water pool.
The velocity at (b) launch and (¢) landing.
STUDENTS-HUB.com
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we know that the horizontal velocity component v, is con-
stant during the flight and thus is always equal to the hori-
zontal component v, at launch. We can relate that compo-
nent, the displacement x — x,. and the flight time 7 = 2.50 s
with Eq. 2-15:

1
X — Xo = ol + 34,82

(4-32)

Substituting a, = 0, this becomes Eq. 4-21. With x — x, = D,
we then write

20 m = v, (2.50s) + %(0)(2.50 s)?
Vor = 8.00 m/s.

That is a component of the launch velocity, but we need
the magnitude of the full vector, as shown in Fig. 4-15b,
where the components form the legs of a right triangle and
the full vector forms the hypotenuse. We can then apply a
trig definition to find the magnitude of the full velocity at
launch:

cosb, = ﬂ,
Vo
and so
Vo 8.00m/s
o= cos 6, "~ cos 40°

= 1044 m/s = 10.4 m/s. (Answer)

Now let’s go after the magnitude v of the landing veloc-
ity. We already know the horizontal component, which does
not change from its initial value of 8.00 m/s. To find the verti-
cal component v, and because we know the elapsed time ¢ =
2.50 s and the vertical acceleration a, = —9.8 m/s?, let’s
rewrite Eq.2-11 as '

Vy = Voy + ayt
and then (from Fig. 4-15b) as
vy = vy sin 6y + ayt. (4-33)
Substituting @, = — g, this becomes Eq.4-23. We can then write
v, = (10.44 m/s) sin (40.0°) — (9.8 m/s?)(2.50 s)
= —17.78 m/s.

Now that we know both components of the landing velocity,
we use Eq. 3-6 to find the velocity magnitude:

v="Vvi+ 2

= V(8.00 m/s)? + (—17.78 m/s)?

= 19.49 m/s = 19.5 m/s.
Uploaded By: Tala zalloum
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7 In a particle accelerator, the position vector of a particle is
initially estimated as 7 = 6.01 — 7.0j + 3.0k and after 10 s, it is

] )
~ estimated tobe 7 = ~3.01 +9.0) — 3.0k . all in meters. In unit vec- }/ alvg = r-
tor notation, what is the average velocity of the particle? — —
bt
— - - ~
N =6L-7J 3k
V<

. (33,497 -3k)-(dU -7J +2k)

afle o s -
—_ -~ = L
o o= =30 .93 -3k

L& -

(&)

+

= -9, +160 _ o8

tO

- ~\
:(-O-QL/ + I.6;!\-O.A1<) m/s

\

¥ ,/IF/.al/cv/ = /
-

2
vV (o), (Ls)? + (0.6)%

.93 m/g

— 14 A proton initially has V = 40i - 2.0 + 3.0k and then
4.0s later has V = =2.0i — 2.0 + 5.0k (in meters per second). For
that 4.0 s, what are (a) the proton’s average acceleration d,,, in unit-

__ vector notation, (b) the magnitude of d,,,, and (c) the angle f)etwccn
E,w and the positive direction of the x axis?

-

= Dy

L

aA avg
7

[

- ~ -~ ~
afles 4 see i (=24 -2 + 5K )-(47-21 +32K)
V. --20 -23 ¢Sk G o
2 -~ P ’\
s ~Eb +0J + 2F
[
:{—\.S‘T,_A‘_Q.Sk'\m,/s?'

=7 s

-/
J(1.5) & (o€)?

- LS8 m/s?

o 12 b o
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22 A small ball rolls horizontally off the edge of a tabletop that

~is 1.50 m high. It strikes the floor at a point 1.52 m horizontally ~
from the table edge. (a) How long is the ball in the air2-(b)-What,is b
~its speed at the instant it leaves the table? N
h: t.Sm
N\
O-') D_‘-/\ = [/;l‘ A _Lni‘—z \
2 ]
-\.S : o0 si(-q.sz\’rz 1.52 m

Y- o.8< Secc

vi (0.55)

v
N
N

20

Vl'_—; .?7/4 m/s .

o

~ at speed 25.0 m/s and at angle 6, =
40.0° above the horizontal (Fig. 4-

32  You throw a ball toward a wall

| at®

ay Dx - it

L/ = -+

2
22 (25 cos o)t o

26). The wall is distance d = 22.0 m

+

from the release point of the ball.
+ LS Sec

(a) How far above the release point

does the ball hit the wall? What are Do - ik L

2

the (b) horizontal and (c) vertical ~ Figure 426 Problem 32.

-
D - (95 < uo) (11S) L (-qR) fl.::\l
Dy (2 ) A t

components of its velocity as it hits
the wall? (d) When it hits, has it passed the highest point on its S P

trajectory?

S uly =y at
3 Y

4+

= 25 si.Mo0 C-q.8) (1.S)
- €

d) no, I/). may = QO
= 1.8 mis

vP iy at

= X—=

= 2S5 cos Yo

- 19.5 m)s
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Sample Problem 4.06 Top gun pilots in turns

“Top gun™ pilots have long worried about taking a turn too
tightly. As a pilot’s body undergoes centripetal acceleration,
with the head toward the center of curvature, the blood pres-
sure in the brain decreases, leading to loss of brain function.

There are several warning signs. When the centripetal
acceleration is 2g or 3g, the pilot feels heavy. At about 4g,
the pilot’s vision switches to black and white and narrows to
“tunnel vision.” If that acceleration is sustained or in-
creased, vision ceases and, soon after, the pilot is uncon-
scious—a condition known as g-LOC for “g-induced loss of
consciousness.”

What is the magnitude of the acceleration, in g units, of
a pilot whose aircraft enters a horizontal circular turn with a
velocity of ¥, = (4001 + 500j) m/s and 24.0 s later leaves the
turn with a velocity of ¥, = (—400i — 500j) m/s?
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Sample Problem 4.08 Relative motion, two dime!

~ In Fig. 4-20a, a plane moves due east while the pilot points
the plane somewhat south of east, toward a steady wind that
- blows to the northeast. The plane has velocity V. relative

to the wind, with an airspeed (speed relative to the wind)
- of 215 km/h, directed at angle 6 south of east. The wind

has velocity Vy relative to the ground with speed
65.0 kn/h, directed 20.0° east of north. What is the magni-

 tude of the velocity Vp; of the plane relative to the ground,
and what is 6?

oo A 3. scaund

Seam® : wind

P Pllob

VPG . toword eask

5
Upw i 1S km/h , € South of east

-
Ve vPw
> . 2
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(V713
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A UPe o "
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Ve = VPw \ VwG
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VPw = 21S CoSP b 4 215 Sinfd
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Lecture problems:

"7 Ina particle accelerator, the position vector of a particle is
initially estimated as 7 = 6.01 — 7.0j + 3.0k and after 10 s, it is

__ estimatedtobe 7 = =3.01 + 9.0j — 3.0k , all in meters. In unit vec-

tor notation, what is the average velocity of the particle?

— =y
Vavg = _DC
— -

= -~

N-60-770+3k

S ('g’b\-rqrf\—B’l;}-‘/o/L —77+3k\

afle o s :-
= - - -~
r\. = -3ba.ql\ “Bk

@ - o

= -9, +t6d oK

tO

— ~
=(-0.97 + 1.60-0.6Kk ) m/s

L4 “;aVCP/ = /
-

vV (o), (16)F . (06

= 1.93 m/<

— 14 A proton initially has v =4.0i - 2.0j + 3.0k and then
4.0 later has v = =2.01 = 2.0j + 5.0k (in meters per second). For
~ that 4.0's, what are (a) the proton’s average acceleration d,, in unit-
vector notation, (b) the magnitude of @,,,, and (c) the angle Eetwecn

a,,, and the positive direction of the x axis?
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- \ - \ ~\
(=28 - 27 + 5K )-(47 -27 42K )
Yy 0O

-_

~ A\
s _~8b 0T + 9%

<~

(15T ,» 0-Sk ) m/st

b e Ia.cul_g! =

7

/
\/ (l-gjz + (‘O.S)l

- .S8 m/s?

S 18 Lt Y-

1RO =\ = 162" wis Y+




J

22 A small ball rolls horizontally off the edge of a tabletop that ~

is 1.50 m high. It strikes the floor at a point 1.52 m horizontally ~

from the table edge. (a) How long is the ball in the air2-(b)What,is

its speed at the instant it leaves the table?

h: LLSm.
o) Dy - vk o i_af—l
-\.S : o .\a_ (-a]) +?2 | \.52 m
b - 0.3 _— Y- 0.8 sce.

o

b) Dx = vt _t‘.J}__aw“’-

vi (0.55S) +0O

v
N
u

t/; ,276 m/s

\

32  You throw a ball toward a wall

at speed 25.0 m/s and at angle 6, =

a) Dx = vt JZ_az\'—1

22 =(25costo)t + O

40.0° above the horizontal (Fig. 4-
26). The wall is distance d = 22.0 m

from the release point of the ball.
F = tiS secc.

(a) How far above the release point
does the ball hit the wall? What are

Figure 4-26 Problem 32.

. ) Dy = vit o Lal?
the (b) horizontal and (c) vertical z

k3
components of its velocity as it hits D, (25 swwue)(118) o LCar)(1:18)
the wall? (d) When it hits, has it passed the highest point on its e (0.8 .

trajectory? -

D) vy vy o oar

d) no, Vg may =O. = 25 smMe 4 (-3.3) (1.5)

- 4.8 mis

VPy - Viy o at

= 2S cos 4o

= 9.5 ml)s
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— 58 A rotating fan completes 1100 revolutions every minute. = L =
— Consider the tip of a blade, at a_radius of 0.15 m. (a) Through what min &osee

distance does the tip move in one revolution? What are (b) the

tip’s speed and (c) the magnitude of its acceleration? (d) What is

the period of the motion?

s /= _2(31Y)( ©.15)

a) D - 2 ttr o.of%Y
=2(3.4) (0.15) = 17.u4 m /s
= O0.A4Y2m >

C) a=

b) vV = 21 '

T - (12.44)"

’ & V=1 —_ L =| ©.05Y sec o-1§
= ¢ 18.33

2 QU .\ wm /st

- 60 A centripetal-acceleration addict rides in uniform circular e
/ / j\

- motion with period T = 2.0 s and radius r = 3.50 m. At , his accel- Y —
~ eration is @ = (6,00 m/s)i + (—4.00 m/s%)]. At that instant, what / / @ {
~ are the values of (a) v+ and (b) ¥ X a? i N /
R 4
a) .o = V.o cos Qo
=0 \\
> = ) S
L r X o = T xOo sn0O \ /
= 0




| KO A 200 m wide river flows due east at a uniform speed of 2.5

m/s. A boat with a speed of 8.0 m/s relative to the water leaves

the south bank pointed in a direction 30° west of north. What are

the (a) magnitude and (b) direction of the boat’s velocity rela-

tive to the ground? (c) How long does the boat take to cross the

river?
=) N
- - V bw |
= 40U 4 KQTI) \(| >
o Y g
= 2sy 4+ (-4 3£.)0L
= -1.s L + £.9)
I — )
J (1.8) + (6.9)
= 7m/s
!'O.V\f S -J'q —_— /\ '@: 7'2’
.S

Q) v=0D_
4

] = 200 > +- 29 sce.

-+




Dicaussion brobleme:

5 A train at a constant 60.0 km/h moves east for 40.0 min, then in

~ a direction 50.0° east of due north for 20.0 min, and then west for
_ 50.0 min. What are the (a) magnitude and (b) angle of its average

AN

velocity during this trip?

a) D - vt D
4 bl —_ ~ =
-(£o) (4Yo0) . - Ho L
So _;-?_ = 0 sin SO 2 ces SO ‘:\
- 4490 m -.-\ et - So ‘:
3 v
D, = t+a
- - -~ -~
= (£0)(20) ~f = -y
So = MOy, (20 SwSeb 420 2s8s3) 4 (-Sol)
= 2o m =5 '2? ~ 12.2 3 m
- —
D3 - (La) (Sa) Voug = _DC
(&o) Y
o\ ~
2 S m =_S5S.3b L1212
LR

~

B tem /7 ) . 675"

(2.2 . 74) kmlh

AN /

11 A particle that is moving in an xy plane has a position vector

given by 7 = (3.007 — 6.001)i + (7.00 — 8.00r")], where 7 is meas-
ured in meters and 7 is measured in seconds. For t = 3.00 s, in unit-

vector notation, find (a) 7 ,(b) Vv ,and (c) @ . (d) Find the angle be-
tween the positive direction of the x axis and a line that is tangent

to the path of the particle atr = 3.00 s.

Q) = (3£ 68)] . (T -24%].

- 3 -
FCra3) = (3(3) - )l o ( 7-3¢3)") 3

:((3":—0"”:‘\) m.

B) U = (#°.6)T . (-328)3

Teraa) 2 (a3 e)l o (3203507

(750 - 8643) mus.

~

C) a =(18t) T « (-94)3

Acts3) : (e o (-95¢33)3

(54T - 844 d) mist

d) © - m‘ﬂ\

o)

= -35°




15 From the origin, a particle starts at + = 0 s with a velocity

Vv = 7.01 m/s and moves in the xy plane with a constant accelera-
— tion of @ = (—9.01 + 3.0j) m/s’. At the time the particle reaches

the maximum x coordinate, what is its (a) velocity and (b) position

vector?
X-axis :- S -axis:-
vP® - ui* . 2ed vP - vi o at
0 = (7)" 4 (2)(-9)(d) Ve - 0 . (3)(aT7)
d= 27 m = 2.31 mis
V‘tP: l/; J.ﬂ[' qu = l/;l.e_ 2adl
2
0 = T-l- ('Q)‘I' (23‘) z 0+ 1(3)4
t- 0.7/ sce. ad = 0.83m.
@) vB = C2313) mls
b‘) f: = (2712 + 0‘733) m.
20 In Fig. 4-23, particle A moves y
along the line y = 30m with a 3mls
constant velocity Vv of magnitude ;;)
3.0 m/s and parallel to the x axis. 4
At the instant particle A passes
the y axis, particle B leaves the e«
origin with a zero initial speed :
and a constant acceleration a@ of .
magnitude 0.40 m/s>. What angle 6 y
between a@ and the positive direc-  © X
tion of the y axis would result in a Figure 4-23 Problem 20.
collision?
Particle A - Y- 30m
V = 3m/s const
—
A =0 _5 wnoacc
Yi = o
e - &
kA
BX - ik . Lot
D +~ a
2
X E = 175 = vik él_ n<l-2
P SR 5 xP - 3¢
i
Pacticle B :- Vi =o
a -—-0.4 s Const
L =o
S — o

2
g9 9y - ik L (a cc.\e\'\'z
T2

>€ . i—(o& Cosg ) 2

= o.2 CasS'vP “'2

AX = vk o Xz_'n{:z
Xe = ! Ca 5‘\“\’@\4-1
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XAS = Xxof
3 - o2l
t = 5
S
368 - 9ol
30 = 0.7 cos@
30 - o2 cos@15 \'
%'mf’}
2 =-_co _ 2 - _Cosl S Qeos & + 3Cas€ _2 zo
o S’w—fé’ 3 \ . CQ;# -
Cos€ :Zl._ s €=65
- go.d ~is
27 gA certain airplane has a speed  [~Jg
of 290.0 km/h and is diving at an

- angle of 6 = 30.0° below the hori-
zontal when the pilot releases a
radar decoy (Fig. 4-24). The hori-

- zontal distance between the re-

lease point and the point where the

decoy strikes the ground is d = - |

~ 700 m. (a) How long is the decoy in :l
the air? (b) How high was the re-

Figure 4-24 Problem 27.

lease point?

a) d - vt « %al’z
60 = B30.4 <os 30t 4 O

t- lo sce.

b dy - vit .L-anl-l
Ay = R0.6 s\w 30 (10) 4 L C’Cl-‘x)(toj2

“d-. -393 m

d= 963m .




LS.

56 An Earth satellite moves in a circular jorbit 750 km above
Earth’s surface with a period of 98.0 mifi. What are the (a)

speed and (b) magnitude of the centripetal acceleration of the
satellite?

2
4. 32N 10 ke = U=, )
5T Ny

a)pu—fé%l«

= /32)[1:3*_750

= 7029 LIS Km

V- 217 Ru

T

= 927214)[ 7.09 v1a)

.6

2
- 27 &X10 _km/h

2

hY g = WV
N

- (27 KXIOBJZ

§. 3% X3

= 9.9 km/h?

67 A boy whirls a stone in a horizontal circle of radius 1.5 m and
at height 2.0 m above level ground. The string breaks, and the stone

‘/'u,)\;bﬁ,l,_d’?(—\

o050 s

flies off horizontally and strikes the ground after traveling a hori- - B ~ o
zontal distance of 10 m. What is the magnitude of the centripetal e 5 < et osfo WIS
acceleration of the stone during the circular motion? N
J N
A P N
X=Wv+ + Lat N
2 N
0 = vit +O — 1o =unt \r-C_,Jl.auL'ua.s_,—u \
sy as \‘
X

Ny = vk 4 é_o.l'?'
2 - 0 +%deﬁ

st = ©0.83 sce

£ 10 = vi(0.63) s Vi = 15.9 mis.
- a =
R
x
-(15.9) = = 148 m/s?
\.S




- e

77 Snow is falling vertically at a_constant speed of 8.0 m/s. At ;cs
-~ what angle from the vertical do the snowflakes appear to be falling
_ as viewed by the driver of a car traveling on a straight, level road

with a speed of 50 km/h? -

VSS = Bmls —>5 (verkically down ward ) \l'

Veg = \3.9m/s 5 ( ts Hae ("\3\:\{-) S
\sc =
* Vsq = Vsc Veg Vsj Uuu__mq‘_. \'_HITA\}A_Q*
Vse = Veg Vsg / 5|:,..J|'4_ L aJI.u LV;Q
- Vco
]
fan €= 139 — €= 6o NG WU S 193

8 Oyl S, =




