Chapter 4 Motion in Two and Three Dimensions

04. We choose a coordinate system with origin at
the clock center and +x rightward (towards the
“3:00" position) and +y upward (towards “12:00").
(a) In unit-vector notation, we have (incm) r; = 10
cmandr, =-10jcm. Thus, Eq. 4-2 gives Ar =r,
—r;=(-10i-10 j)cm. Thus, the magnitude is given
by JAr| = [(=10)*+(-10)]*? = 14 (cm). (b) Theangle
is
6 = tan(—10/-10) = 45° or —135°.
We choose —135° since the desired angle is in the
third quadrant. In terms of the magnitude-angle
notation, one may write Ar =r, — r; = -10i -10] —»
(14/-135°). (¢) In thiscase, ry = —10jcm and r, =
10jcm, and Ar = 20jcm. Thus, |AF | = 20cm. (d)
The angleisgiven by
6 = tan(20/0) = 90°.
(e) In afull-hour sweep, the hand returns to its start-
ing position, and the displacement is zero. (f) The
corresponding angle for a full-hour sweep is aso
zero.
07. Using Eq. 4-3 and Eq. 4-8, we have
_ (-2.0i +8.0]-2.0Kk) - (5.0i —-6.0]+ 2.0k)
Vav =
10
= (-0.7 i +1.407-0.40 k ) mV/s.
09. We apply Eqg. 4-10 and Eg. 4-16. (a) Taking the
derivative of the position vector with respect to
time, we have, in Sl units (m/s),
V = (d/dt)(i+ 4]+ tk) =8tj+k.
(b) Taking another derivative with respect to time
leads to, in Sl units (M/SY),
a =(d/dty(8tj+k)=8].
18. We use Eq. 4-26
Riex = (Vo?/g)sin26h = V?/g = 9.5%/9.80
=9.209 ~ 9.21 (m).
to compare with Powell’s long jump; the difference
from Ryax isonly R=(9.21-8.95) = 0.259 (m).
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 y coordinate of the bal is
given by y = —(*9gt? If t is the time of flight and
y =-=1.20 mindicates the level at which the ball hits
the floor, then

t =/2(~1.20) /(-9.80) = 0.495 (S).
(b) Theinitial (horizontal) velocity of the ball isv =
Voi. Since x = 1.52m is the horizontal position of its
impact point with the floor, we have x = vgt. Thus,
Vo =Xx/t=152/0.495 = 3.07 (m/s).
29. At maximum height, we observe v, = 0 and

denote v, = v (which is also equal to V). In this
notation, we have vp = 5v. Next, we observe vycosé,
= Vx =V, SO that we arrive at an equation (where v =
0 cancels) which can be solved for 6
(5v)coséy = v = 6, = cos (1/5) = 78.5°.
31. The coordinate origin is taken at the end of the
rifle (the initial 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, y = 0. The pro-
jectile motion equations lead to d = vt cosé, and O
= Vot siné, — (¥9)gt>. Eliminating t leads to 2vi’siné,
costh — gd = 0. Using sinéycoséh = (Y2)sin(24), we
obtain
5. 3 . _gd (9.80)(45.7)
Vosin(26,) = gd = sin(2&) = 2 = (460)(460)
which yields sin(26,) = 2.11x10"and consequently
6 = 0.0606°. If the gun is aimed at a point a dis-
tance ¢ above the target, then tané, = ¢/d so that
¢ =dtané = (45.7 m) tan(0.0606°)

=0.0484 m=4.84 cm.
Solution 2. Owing to the equal height of firing
point and target, the falling height h from the point-
ed spot is h = (49)gt? with t being the flight time.
Wehave t=45.7/460 = 9.934x1072(s)
and h = (9)gt” = 0.0484 (m).
32. The initia velocity is horizontal so that vo, = 0
and Vo, = Vo = 161 km/h = 44.72 m/s. (@) With the
origin at the initial point (where the ball leaves the
pitcher’s hand), the y coordinate of the ball is given
by y = —(*9)gt?, and the x coordinate is given by x =
Vot. From the latter equation, we have a simple pro-
portionality between horizontal distance and time,
which means the time to travel half the total dis-
tance is half the total time. Specificaly, if x = 18.3/
2 m, thent = (18.3/2)/44.7 = 0.205 (). (b) And the
time to travel the next 18.3/2 m must also be 0.205
S. It can be useful to write the horizontal equation as
X = Vpt in order that this result can be seen more
clearly. (c) From y = —(¥%)gt?, we see that the ball
has reached the height of (¥4)(9.80)(0.205)? = 0.205
(m) at the moment the ball is halfway to the batter.
(d) The ball’s height when it reaches the batter is
—(¥4)(9.80) (0.409)? = —0.820(m), which, when sub-
tracted from the previous result, impliesit has fallen
another 0.615 m. Since the value of y is not simply
proportional to t, we do not expect equal time-
intervals to correspond to equal height-changes; in a
physical sense, thisis due to the fact that the initial
y-velocity for the first half of the motion is not the
same as the “initial” y-velocity for the second half
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of the motion.
37. 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 impact point between
bat and ball. The Hint given in the problem is
important, since it provides us with enough infor-
mation to find v, directly from Eq. 4-26. (a) We
want to know how high the ball is from the ground
when itisat x = 97.5m, which requires knowing the
initial velocity. Using the range information and &,
=45°, we use Eq. 4-26 to solve for vp:
v, :\/ R :\/9.80x97.5 _324(miy).
sin26, 1

Thus, Eq. 4-21 tellsusthe timeit is over the fence:
X 95 4069

Vo C0sf, 32.4xcos45°
At this moment, the ball is at a height (above the
ground) of

Y = Yo+ (VoSinéy)t — (¥9)gt? = 9.88 m,

which implies it does indeed clear the 7.32 m high
fence. (b) At t = 4.265s, the center of the ball is
9.88 — 7.32 = 2.56 (m) above the fence.
44. The magnitude of the acceleration is

V2 (10m/s)®
R 25m
47. The magnitude of centripetal acceleration (a=
vr) and its direction (towards the center of the
circle) form the basis of this problem. (a) If a
passenger at this location experiences a = 1.83 m/s”
east, then the center of the circle is east of this
location. And the distance is r = v¥/a = (3.66%)/
(1.83) = 7.32 (m). (b) Thus, relative to the center,
the passenger at that moment is located 7.32 m
toward the west. (c) If the direction of a experi-
enced by the passenger is now south— indicating
that the center of the merry-go-round is south of
him, then relative to the center, the passenger at that

moment is located 7.32 m toward the north.

59. Relative to the car the velocity of the snow-
flakes has a vertical component of 8.0m/s and a
horizontal component of 50km/h = 13.9m/s. The

angle #from the vertical isfound from

tand = wy/v, = 13.9/8.0 = 1.74,
which yields 6= 60°.
69.AP Since v,” = Vo’ — 2gAy, and v, = 0 at the tar-
get, we obtain vo, = [2(9.80)(5.00)]Y% = 9.90 (m/s).
(&) Since vp Sinéy = oy, With vo = 12.0 m/s, we find
6 =55.6°. (b) Now, v, = Vo, — gt givest = 9.90/
9.80 = 1.01 (9). Thus, x = (vocosép)t = 6.85 m. (C)
The velocity at the target has only the v, compo-
nent, which is equal to vgy = Vocoséh = 6.78 m/s.
7T7AP. With vo = 30.0 m/sand R=20.0 m, Eq. 4-26
gives sin2é, = gR/vy> = 0.218 . Because sind =

t

=4.0m/s?.

sin(180°-#), there are two roots of the above eq.:
26, = sin"%(0.218) = 12.58° and 167.4°,
which correspond to the two possible launch angles
that will hit the target (in the absence of air friction
and related effects). (a) The smallest angleis & =
6.29°. (b) The greatest angle is and & = 83.7°.
An alternative approach to this problem in terms of
Eq. 4-25 (with y = 0 and sec’d = 1+tan’6) is possi-
ble — and leads to a quadratic equation for tané,
with the roots providing these two possible &
values.
85.AP We use a coordinate system with +x eastward
and +y upward. (a) We note that 123° is the angle
between the initial position and later position
vectors, so that the angle from +x to the later
position vector is 40° + 123° = 163°. In unit-vector
notation, the position vectors are
F, =360 cos40°i+360sin40°] =276i+231],
F, =790 cos163°i+790sin163°] =-755i+231],
respectively (in meters). Consequently, we plug into
Eqg. 4-3
AF = (-755-276) i + (231-231) ] =—(1031 m)i.
Thus, the magnitude of the displacement Ar is |Ar| =
1031 m. (b) The direction of Ar is—i, or westward.
88.AP Eq. 4-34 describes an inverse proportionality
between r and a, so that a large acceleration results
from a small radius. Thus, an upper limit for a cor-
responds to a lower limit for r.  (a) The minimum
turning radius of the train is given by
Vi (216km/h)? 5o 103 .
ana  0.50x9.80m/s?
(b) The speed of the train must be reduced to no
more than

V = T = V1000 m=050x9.80m/s? = 22ms.
112. We apply Eqg. 4-35 to solve for speed v and Eq.
4-34 to find acceleration a. (@) Since the radius of
Earth is 6.37x10° m, the radius of the satellite orbit
is (6.37x10°+640x10%) = 7.01x10° (m). Therefore,
the speed of the satelliteis
v =2z | T=27(7.01x10° m)/(98.0x60 )
= 7.49x10° mi/s.
(b) The magnitude of the accelerationis
a=v?/r = (7.49x10%?%(7.01x10°%) = 8.00 (M/S").
116.AP The radius of Earth may be found in Appen-
dix C. (a) The speed of an object at Earth's equator
isv = 2zR/T, where R is the radius of Earth (6.37x
10° m) and T is the length of aday (8.64x10%s):
Vv = 272(6.37x10°m)/(8.64x10"s) = 463/s.
The magnitude of the acceleration is given by
a=v?/r = (463)%/(6.37x10°) = 0.034 (M/).
(b) If T is the period, then v = 22R/T is the speed
and the magnitude of the acceleration is
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T = 27JR/ a = 27,/(6.37x10°) / 9.80
=5.1x10° () = 84 (min).

118.AP When the escalator is stalled the speed of
the person is v, = //t, where ¢ is the length of the
escalator and t is the time the person takes to walk
up it. This is v, = (15m)/(90s) = 0.167m/s. The
escalator moves at Ve = (15m)/(60s) = 0.250m/s.
The speed of the person walking up the moving
escalator isv = Vp + Ve = 0.167m/s + 0.250m/s =
0.417 m/s and the time taken to move the length of
the escalator is

t=¢/v=(15m)/(0.417 m/s) = 36 s.

If the various times given are independent of the
escalator length, then the answer does not depend
on that length either. In terms of ¢ (in meters) and
the speed (in meters per second) of the person
walking on the stalled escalator is ¢/90, the speed of
the moving escalator is ¢/60, and the speed of the
person waking on the moving escalator is v =
2/90+¢/60 = ¢/36 = 0.0278¢. The time taken ist =
£Iv = 01(0.0278¢) = 36 (s) and is independent of 2.
132AP. Using the same coordinate system assumed
in Eqg. 4-25, we rearrange that equation to solve for
theinitial speed:

Vg = — g
%" cos, | 2(xtan b, - y)

which yields v, = 23 ft/s for g = 32 ft/s?, x = 13 ft, y
= 3ft, and & = 55°.

( jyang@mail.ntou.edu.tw, Thanks.)

Thus,

Ex.1, Pb. 4-22 & Ex.2, Ph. 4-128.
kinematics, ; mechanics,
; initia
; landing, / ;
; trgjectory, [/
; time of flight,

; centripetal
, reference frame, ( )

, ramp, ; high jump,
shotput, ; free-throw line, ; dunk shot,
pirate, ; sprinter ; roller coaster,

Ferris wheel, ; merry-go-round, ; “Top
gun”, ; dogfight,

; dynamics,
;parabola, ; projectile motion,
velocity, ; launching, /
the equation of the path,
horizontal range,
uniform circular motion,
acceleration,
relative motion,

4
r=r(t)
o (Vo, &) (VoCOSEh, VoSinby)
) a=0& v) a = -9

Vy = VoCOSth, Vy = VeSinéy — gt, (Ay > 0: up)

X — Xo = VoCOSth t, Y — Yo = Vesinéy t — (Y2)gt?,
2
g x

= 12 9= f =
V= (teno)x 2(vo cosby)? ore
Yo=0 )
Ve Ve
R=-2sn(26) 6 =45, Rum=—"
g g
° \V; (
r) T=2m/v(orv=2a/T),
(
‘J
H R (a). (
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