Selected Problems
From Chapter 4
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The positicon of a particle 1is initially

ri = (3.0m)i + (4.0 m)j, and 10 s later it

18 rf = -(3.0m)1 - (2.0 m)3 (see rig ). What 1s
its average velocity during this time interval
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At t=0, a particle leaves the origin with a wve

of vo
v

(41 + 23) m/s. After 20.0 s its wveloci
(201 - 43) m/s. Find its acceleration

(assumed constant).
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2 stone is thrown L£rom the d
an i1nitial welocaity W = (5. +
maximum height wWwill the stons rias
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ony—axis:

v. =9.0m/s v, =0,a=-g,y="?
Ve, =V% +2ay
0=9.0°-2x9.8y

y:ﬂ:4.1 m
19.6



Q4 A projectile is thrown from a height H with
a speed of 10.0 m/s at an angle of 30 degress
below horizontal as shown in Fig, Find H ,
if the horizontal distance x = 20.0m .

Al 37.7 m U —
Ae 93.0 m QO
A3 45,0 m H

29 20.0 m 5
AS 7.8 m Y = S

onthe x —axis :
v=10.0co0s(30) =8.66 m/s
Ax 20.0

t=—=—-=2.315s
v  8.66

onthe y—axis:

t=2.31s,v, =-10.0sin(30) =-5.00m/s,a=-0,y =—
y =Vt —30t° = —-H =-5.00x2.31-$x9.80x (2.31)*
H=1155+26.14=37.7m




e L stone 13 tlied to the end of a atring and 1s rotated
wlith constant speed around a horizontal circle of
radins 1.0 m. If the magnitude of its accelsration 1=

m 'll

Z2o m/3¥*2, What 13 the period (I) of the motion?
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R=1.0m, a=225 m/s*

2
a:VE:w: JaR =/225x1.02 = /225 =15 m/s
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T =0.42s
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Car A travels with velocicy (30 j) mfs (relative to

the ground) and car B travels with speed of 50 m/s in

a direction making an angle of 37 degrees with +X axis
(relacive to the ground) (see Fig ). What is the wvelocicy
of car A relative to car B 7

Ll

(=401} m/s j
( 401+303) m/=
E"i']i—l:_':'jﬂ m/ = %> Ves
(401 ) m/s ™
(=40i-309) m/s . x

Vac =30 .

Vee =50¢05(37)i +505in(37) j

=401+30}

\7AB :\7AG +\768
:\7AG —\73@
=30 — (40i +30j)
=—-40im/s
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A boat is sailing duse North at a speed of 4.0 m/s with
respect to the water of a river. If the water is
moving due Eastc at a speed of 3.0 m/s relative to the
ground, what is the velocity of the boat relative to
the ground?

Rl 5.0 m/s making an angle 37 degrees =ast of north
RZ 5.0 m/s making an angle 53 degrees east of north
hR3 5.0 mfs sast of norch

R4 1.0 mf3 wesat of souch

ARS 1.0 m/s west

Vew =4.0

VWG==31ﬁ

Ves = Vew + Ve = 4.0]+3.0i

Voo = V42 +3 =16 +9 =+/25 =5.0 m/s

tan'lg = tan'1.33 =53° north of east =37° east of north



*#8 A plane flies 453 km east from city A 1o city 8 in 45.0
min and then 966 km south from city B wocity Cin 1.50 h. For
the total trip, what are the (a) magnitude and (b) direction of
the plane’s displacement, the (c) magnitude and (d) direction
of i1s average velocity, and () its average speed?



&. Our coordinate system has i pointed east and j pointed north. All distances are in
kilometers, times in hours, and speeds in km/h. The first displacement is 7, = 483i and
the second is 7y = —'3'66].

(a) The net displacement is

Fio = Fug + Foe = (483 km)i — (966 km)]

A

which vields |7, |:J{433)’+{—955f =1.08:10° km.
(k) The angle is given by

I." S
[ 298 _ _eaae
483

We observe that the angle can be alternatively expressed as 63.4° south of east, or 26,67
east of south.

ic) Dividing the magnitude of 7, by the total tme (2.25 h) gives

; 4831 — 966]

g = S5 - 215i-429].

with a magnitude 17,,, k= J(215)° +(-429)° =480 km/h.

(d) The direction of ¥,,, is 26.6% east of south, same as in part (b). In magnitude-angle
notation, we would have 15'3,3 = (480 2 —63.47).

ie) Assuming the A trip was a straight one, and similarly for the BC trip, then 17l is the
distance traveled during the AB trip, and 17| is the distance raveled during the BC wrip.
Since the average speed is the total distance divided by the total ume, it equals

483 + 966
225

= 644 km/ h.



*#15 A particle lcaves the origin with an imtial velocity ¥ =
(3.001) m/s and a constant acceleration & = (—1.0w -
0500} ) m/s°. When il reaches its maximum x coordinate, what
are its (a) velocity and (b) position vector? SSMw



15. Constant acceleration in both directions (x and v) allows us to use Table 2-1 for the
motion along each direction. This can be handled individually (for Ax and Av) or wogether
with the unit-vector notation (for Ar). Where units are not shown, SI units are o be
understood.

(a) The velocity of the particle at any ume ¢ 15 given by ¥ =¥, + ar, where v, 1s the
imitial velocity and & 1s the {constant) acceleranon. The x component 18 Vy = Vou + d,d =
300 — .00, “and the ¥ COMPONEnt 1s v, = Vi, + ad = —0.500¢ since vy, = 0. When the
particle reaches its maximum x coordinate at § = fw, we must have v, = 0. Therefore, 3.00
— 100 = 0 or = 3.00 5. The v component of the velocity at this time 1s

vy = 0 — 0.500(3.00) = —1.50 m/s;

this 1s the only nonzero component of ¥ at fuw

(b) Since it started at the origin, the coordinates of the particle at any tme ¢ are given by
F=W 0+ Ldrt. At =1, this becomes

7 =(3.00i )(3.00) +%|:—J.DDT— 0.50)(3.00)° = (4501 — 2.25 i m.



=20 A small ball rolls horizontally off the edge of a tabletop
that is 1.20 m high. It strikes the floor at a point 1.52 m honi-

zontally from the table edge. (a) How long is the ball in the
air’? (b) What s i1s speed at the instant it leaves the table?



20, We adopt the positive direction choices used in the textbook so that equations such as
Eq. 4-22 are directly applicable.

(a) With the origin at the initial point (edge of table), the v coordinate of the ball is given
by v=— %grz . If 1 is the time of flight and v = —1.20 m indicates the level at which the

ball hits the floor, then

JE(—].HD}
I= = (J.495s%.
80

(b) The initial (horizontal) velocity of the ball is v =y, i.Since x = 1.52 m is the
horizontal position of its impact point with the floor, we have x = vaf. Thus,

V, = 2o ﬂ =307 m/s.
- 0495



*23 A certain airplane has a speed of 290.0 km/h and is div-
ing al an angle of & = 30,07 below the horizontal when the
pilol releases a radar decoy (Fig. 4-34), The horizontal dis-
tance between the release point and the point where the

dt:n:r}, strikes the ground s 4 = 700 m. (a) How long is the de-
coy in the air? (b) How high was the release point?

Fig. 4-34 Problem 23,



23. We adopt the positive direction choices used in the textbook so that equations such as
Eq. 4-22 are directly applicable. The coordinate origin is at ground level directly below
the release point. We write & = —30.0" since the angle shown in the figure is measured

clockwise from horizontal. We note that the inital speed of the decov is the plane’s speed
at the moment of release: vp = 290 km/h, which we convert to ST units: (2900 1000/ 36040

= 80.6 mv/'s.
(a) We use Eq. 4-12 1o solve for the time:

Av=(v,cosd,)f = 1= _ 700 -=10.0 s.
(BO.6)cos(—30.0%)

(b) And we use Eq. 4-22 1o solve for the inital height vq:

V=¥, =(¥, 5.i|'|£:'|‘,],}r—%gir2 — ﬂ—_"Ir1,:,=[—4'D'.3H]ﬂ.ﬂ}—%[Q.EﬂH]D.D}:

—

which vields vy = 897 m.



*+31 A nifle that shools bullcts al 460 m's 1s 10 be aamed

al a target 45.7 m awav. If the center of the target is level with
the rifle, how high above the target must the rifle barrel be

pointed so that the bullet hits dead center?



31. We adopt the positive direction choices used in the textbook so that equatons such as
Eq. 4-22 are directly applicable. The coordinate origin is at the end of the rifle (the inital
point for the bullet as it begins projectile motion in the sense of § 4-5), and we let & be
the firing angle. If the target is a distance d away, then its coordinates are x = d, v = 0.

The projectile moton equations lead w & = wf cos & and ﬂ=1',:,fsjllﬂu—§gr:.
Eliminating ¢ leads to EL',E sing, cosé,—gd =0. Using siné, EDEEU=%SiIII:_EED] . We

obtain

gd _(9.80)(45.7)
V2 (460)°

Vo sin (26,)=gd = sin(26,)=

which yields sin(24,)=2.1 1310~ and consequently & = 0.0606°. If the gun is aimed at a
point a distance ¢ above the target, then tan &, = ¢{d so that

f=drand, =457 an(0.0606%) =0.04584 m = 4.84 cm.



*46 A centnipelal-acceleration addict rides in umform ¢ir-
cular motion with period 7" = 2.0s and radius r = 3.00m. Al
1, his acceleration is @ = (6.00m/s%)i + (—4.00m/s?)). At that
instant, what are the values of (a) ¥-# and (b) 7 X &7



46. (a) During constant-speed circular motion, the velocity vector is perpendicular to the
acceleration vector at every instant. Thus, v . a =0.

(b) The acceleration in this vector, at every instant, points towards the center of the circle,
whereas the position vector points from the center of the circle to the object in motion.

Thus, the angle between 7 and a is 1802 at every instant,so r % a =0.



*o62 Afler flying for 15 min in a wind blowing 42 km/h at an
angle of 2(F south of east, an airplane pilot is over a town that
is 35 km due north of the starting point. What is the speed of
the airplane relative 10 the air?



62. Velocities are taken to be constant; thus, the velocity of the plane relative to the
ground is Vg =(55 km)/(1/4 hour) j= (220 km/h)j. In addition,

7, =42(cos20° —sin20°))= (39 km/h)i—(14 km/h)j.
Using Vpg =Vp, +V, .. we have

Voy = Vpg — V4o = —(39 km/h)i+ (234 km/h)j.

which implies [v,, =237 km/h, or 240 km/h (to two significant figures.)
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