4.1

As the ball reaches the top of its path it has no vertical velocity: v, = 0. Also, since the ball
has no horizontal velocity relative to the bus, its horizontal velocity relative to the stationary
person outside the bus is equal to that of the bus. Hence ¥ = (10 m/s)-horizontal.
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4.8
ﬁl‘iﬁ&ﬂtﬂ]]f, there is a rightward external foree of magnitade 3.0k and a leftward external force

of (.50 kN. The net horizontal external force on the truck is then 3.0kN — 0.50 kN = 2.5kN, to
the right, Vertically, the net upward force is 2.5kN + 2.5 kN = 5.0kN, while the net downward
force i also 5.0%N. So the net external force in the vertical direction vanishes.

4.9

Since the 100-N force makes an angle of 45° with the positive z-sxis, its z-component is F, =
(L00N) cos45° = TO.7N, and its y-component is F, = (100N)sin45° = 70.7N. Similarly,
for the 200-N force F, = (200N} cos 30° = 173.2N and F, = (200N)sln30° = 100N. Thus
the components of the net foree F are F, =F_+F, =TM7N+173.2N = 243.9N and
F,=F, +F,, = T0.TN + 100N = 170.7N. The magnitude of the equivalent single force F

ia then
F=/F2+F?=/(243.9N)? + (170.7N)? = 208N,

and F makes an angle  with the positive z-direction, where

F, 170.7N
~ 2439N

tan f =

— 06090,

L

which gives # = +35°,

4.13

The monkey and the dart start their respective motion at the same instant. Note that the
monkey falla vertically o ita horizontal position does not change, Suppose that it takes a time
t for the dart to close the initial horizontal separation hetween itself and the monkey, Now, if
there were no gravity, then the dart would just move along the line-cf-sight. Due to the presence
of gravity, however, the actual trajectory of the dart falls below the original line-of-aight by an
amount 3gt* by the time the dart reaches the same horizontal position as the monkey. The
monkey, meanwhile, also falls vertically from the line-of-sight by exactly the same amount. So
after o time ¢ into the flight the dart and the monkey will be at the same vertical as well us
furrizonial position. This is why the dart will get the monkey.




422

Due to Newton’s Third Law, the net {orees exerted on the two magnets are equal in magnitude
and opposite in direction. The resulting scceleration of each magnet is inversely proportional
to its mass, Since the more massive one (with m = 2.0kg) has an acceleration of (10.0 m/s*)-
north, the 1.0-kg mass must have an acceleration in the opposite direction (ie., due south), of
magnitude (2.0kg/1.0 kg)(10.0m/s?) = 20 m/a?.

4,26

Assuming the acceleration & of the lion of mass m to be horizontal, from ¥ F = mé we know
that & must result from a horizontal force exerted on the lion by the ground. According to
Newton's Third Law the lion must exert a reactive force of the same magnitude on the ground.
The magnitude F, of the horizontal force from the lion is therafore

F, =ma,_ = (170kg){10m/s*) = 1.7 x 10° N = L.TkN.

(Note that, in addition to the horlzontal foree caleulated abeove, the lion also exerts & vertical
ferea on the ground due to his weight.)

4.27
From the diagrem to the right 3 F = F,_ +
F,, = F3 = 120N and EFH =F,4+F, = ¥

Fy = BON. Thus the magnitude of the net force
Fis

F=\(SFp+(3 R
= /(120 N)? + (50 N)?
= 130N

and the angle between F and the positive z-axis is given by

F a0 N
== — ;
tan a 120N 04167,

or f# = 23°. The resulting acceleration & of the gentleman of mase m has a magnitude of
o= F/m=130N/100kg = 1.3 m/s?, and is at 23° N of E.

{Alternatively, you can solve this problem with greater ease if you realize that ﬁl, ﬁ‘, and F
form the three sides of a 512-13 right-angled triangle. This immediately leads to F' = 130N.)

4.39
Consider the deceleration process of the bullet of mass m (= 10g = 0.010kg). Before de-

celeration its initial speed is v, (= 200m/s), and afterwards its final speed v is of course



zero. The average speed v, during the procsss is then v = ‘11_{“& + ) = $v,. The bul-
let’s displacement during the stage, 5 (= 20cm = 0.20m), then satisfies s = v At, where
At = afv,, = 28fy, = 2(0.20m)/{200m/s) = 0.0020s is the time it took for the bullet to
stop inside the block. The change in its apeed, meanwhile, is Av = v — 4, = —v, = —200m/s,
where we chose the direction of motion of the bullet as poaitive. Thua the sverage acceleration
of the bullet is given by o, = Av/At = (—200m/s)/(0.0020s) = —1.0 % 10° m/s*, and the
eorresponding average force F exerted by the block on the bullet s

F_=ma, = [0.010kg)(—1.0 % 10° m/s®) = —1.0kN.

Here once again the minus sign indicates that the force exerted on the bullet was opposite to
ita direction of motion. According to Newtan's Third Law the force exerted by the bullet on
the block s —F = +1.0kN, pointing in the direction of motion of the bullet.

4.49 ‘
Take the initial direction motion of the trooper as positive. Just before landing on the snow,

the initial speed v, of the trooper (of mass m) was v, = 120 mi/h = (120 mi/h)(1609 m,/mi)

144 CHAPTER 4 NEWTON'S THREE LAWS

(1h/3600s) = 5364 m/s. After sinking a depth of 5 = 350t = (3.5#)(0.3048 rn,u"fl:]l =
1.066 8 m, his final speed was w = 0. The average acceleration a, during the deceleration
process satisfies v? —v? = 2a,,8, or a,, = (v¥ —1])/28 = —2 /25, The corresponding average
force exerted on the trooper was then

F. =ma. = _mup __ (0ke)(53.64m/s) _ 1o 108 = —0.12MN.
24 ¥ 25 2({1.066 & m)
The force was negative, meaning that it was directed upward, opposite to the direction of t.]:m
initial motion of the trooper. Note thal we neglected the effect of the weight of the trooper in
the deceleration process sincs it was much less than F,, from the ground,

4.65

Parallel to the incline, the net force exerted on the car is % F, = F, sin# = mgsin#, where
m i the mass of the car and # = 20° is the angle of inclination. Set 3 F, = ma to obtain the
acceleration a of the car down the incline: & = gsin®. The speed v of the car after sliding
down by a distance of s = 20 m is then given by v* = 2as, ar

v = 28 = /2gssind = /2(9.81 m,57)(20 m)(sin 20°) = 12 m/s.




4.66

{a) The tension F.. on the topmost end of the rope is used to support the weight of both Jamey
{1} and Amy (A), who are undergning no acealeration. Thus

F,=m,g+m,g= (100 kg + 50.0 kg)(9.81 m/s?) = 1.47kN.

(b] The middle peint of the rope has oaly the weight of Jamey to support. So the tension there

13
F, =m,g = (100kg + 50.0 kg)(9.81 m/s%) = 981 N,

fe) The net upward foree exerted on the two-people system is £, the tension at the topmost
of the rope; and the net downward force is their total weight, F,, = (m, + m, )g. Taking up
as positive, Newton's Second Law for the two-people system reads

1Y F,=F, - (m, +m,)g=(m, +m,)a,
where a = +9.8m/s*. Solve for F:

F,=(m, +m,)g+a) = (100kg + 50.0kg)(9.8m/5* + 981 m/s?) = 2.9kN.

To find F in the middle of the rope, we just have to realize that here B is responsible only

for the upward acceleration of Jamey, rather than both Jamev and Amy. Thus we eliminate
s, from the equation above and oblain

F.=m,(g+a) = (100kg) (9.8 m/s® + 9.81 m/s?) = 20kN,

4.67 .
In the figure shown to the right the angle In question is

denoted as #. The pom-pom of mass m has ne vertical
arcoleration and a horizontal acceleration of a. Thus the |
net vertical force exerted on it must vanish:

Y F, = Froosl - Fyy =0,

|

I

y I
where F,, = mg and Fy is the tension in the string; while | T

the net horizontal force satisfies |
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Rewrite the equation for ¥ F, as F, cosd = F,, = mg, s ) I
which we now use to divide both sides of the equation for AP0 [ -
3 F,. This yields

FTEIIII':I & i e 8

B e —

Fpeosd my 9 i"Ill'w.-

or tanf! = a/g. For a = Av/At = (268m/s)/6.8s =
3.04m/s?, :

=3[ BY -1 d'—'g*IT"I“E).—z:a“
g = tan (g)—tﬁ-ﬂ (E.Hlmg‘aﬂ :




4.87

(a} and (b) Free-body diagrams for the three masses are shown -
to the right. Since m, > m,, m, will move down, m, will move Fn |
up, while m, will move to the right. Taking up to be pesitive
and dencting the common magnitude of the acceleration for all

three masses as @, then Newton's Second Law reads 'I |
1Y F,=F,-mg=m(-a)=-ma g
ML E ‘
for m,;
:EF:.'l:FT:_FT::”J':E i =
Fr Fr

for v, ; and

fTEFpa = F,, —m,g=m.a

for m,. Adding up the last two equations and then subtracting l: h
ji

from the result the first equation enables us to eliminate F, and
F.,. The result Ia m, g —m, g = (m, +m, =m, ja, which yields
:i.
m, — kg — 2k it
e m, -, )y= kg B g=ly.
™, +m, +m, kg 4+ 2kg+ 2kg 4 e
TisE r

Now plug in the result of a into the equalion lor e, Lo fod £ -

3 ;
Fo,=mg—ma=mg—-mg=-[4kg)(9.8Lm/s*}) =03 x 10* N = 0.03 kN

4 4
and plug in the result of a into tha equation for my, to find F,:

By =g+ mya=m,q+ %mag = %[2 kg)(9.81m/s%) = 0.2 x 10PN = 0.02kN

4.96

To drag the garbage can of weight F,, et a uniform speed (Le., with zero acceleration), vou must
apply a force F which is equal to its kinetic friction with the road: F = F,=pwF,=pF,
F,.. Bo as the weight of the can (F,) increases from 100N to 150N the carresponding foree
should also inerease by the same proportion, from 40N to F', where F' /40N = 150 N/100 N.

So /M =G0 N.

— —— __ —_ m—

4,102

I":irst,_ find the acceleration of the bottle. Since the bottle
kinetie friction on the hottle is down the

_ [I{:E mass 1) slides up the incline, the
incline. Perpendicular to the incline the acceleration

of the bottle is zero: o, = 0. So +2 3P, = F, ~F, o8 =ma, =0 where § = 20°
I Jd. = W = '

Parallel to the incline w2 F =—F
the directiona of bath F, and the
first equation above gives I =F
equation, vields —F,, sin §=P. = —mgsind—u, myoosd = ma
Suppose that the bottle can slide up the incline by & displacement
from v, (= 2.0m/s) to v (= 1.0m/s), then v* — 42 = Za s , and sn

weinf—F, = ma,, where the minus signs indicate that
component of gravitational force are down the incline, The
w 088 = mygcosé, which, when substitutad into the second
12 OF @y = —g(sin f+p, cosd).
of 8, , while its speed decreases

ai=ui—u3= L'z—'tlf
2a, —2g(sing + p, cosd)
(1.0m/s)? — (2.0m/s)?
—2(0.81 m,s?) [ain 20° + 0.4{cos 202}
=(.2m,




4.106

(a) The force of friction which retards the motion of each crate is givenby F, =y F =4 F
~ where F, .h the weight of each crate. With ane crate in Place, o force of EDD;;IJ E:n c;&se“iltl
to mave nj_thnut acceleration. So F, = 200N for one crate. With hoth crates in place, F', |
danhbled (since the second cne alse produces an identical retarding force of F, = .!E' 51 2
we noed 400N in order Lo pull both at a constant spead, i i

(k) Since g, is unchanged but F, in doubled to F =2F,, F =

~ F o= ™
2(200N) = 400N. So again & 400-N pulling force is needed, S ST =

4.113

Let the tension in the upper rope be F_, and that in the lower one be F, . The lower mass
(L) is subject to two forces: F,, upward; and F,,, = m,g, downward. Here m; = 10kg.
Inesmuch as a, =0 +{13F, =F, —F, =m., =0,z0

F, =F,, =m,g=(10kg)(3.81m/s") = 98N.
Similarly, for the upper mase (U) +132 F, = Fyy — Fyy — Fypy =m0, =0, 50

F

T

L= Fy + Py =myeg + Fyy = (10kg){9.81m/e*) + 98N = 2.0 x 10° N = 0.20kN.

4118 :
Let the tension in each of the two lower cables be F.. Then each cable is pulling the steel beam

upward with a vertical force of F, sin 70.0°. Balance of foree in the vertical direction for the
beam {whosa weight is dennted as F, ) then requires that +7 Y. F. =2F sin70.0°-F, =0;

e e o SO g
T~ 2gin70.0° 2&n700° i

{As far us the horizontal direction is concerned, you can easily check that the net force is already
zero, as long sa the tension in the two cables are the same and both cables make the same angle

with the horizontal beam.)

4.127
Follow the analysis of the previous problem. For the point on the wire just below the feet of

the tightrope walker
+1y_F,=2F, snf-F,,

where F,_ is the tension in the wire, F\, = 533.8N ia her weight, and @ = 3.0°. Hence

F 533.8N S R,
= = = =31x10°N = 3.1kN.
= S 2(gin 5.0°) S




4.1.4

A fly has only & negligible mass compared with any of the three massss in question. For the
tiny fly to upset the balance the system must already be on the verge of moving even before it
lands on the 80.0-kg mass. Thie means that the difference in the tensions exerted by the ropes
on the 75.0-kg mass in the middle, AF, = (80.0kg — 10.0kg)g = —(T0.0kg)g, is balanced by
the maximum static friction F, (max) exerted on the mass:

F,(max) = p,(76.0kg)g = AF, = (T0.0kglg,

which yields
(T0.0kglg
== _)g33.
= (T.0k)g
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4.137

Denote the smaller sphere with subscript 1
and the larger one with 2. The various forces
exerted on the two spheres are shown to the
right. First, determine the angle 8. In the
right-angled triangle GOE GO =r, 1, =
10.00em 4+ 20.00em = 30.0cm, and EOQ =
55.98¢cm —r, —r, = 55.08ecm — 10.00cm —
20.00cm = 2598cm. Thus from cos® =
EO/GO = 25.98cm/30.0cm = 0.866 we got
# = 30.0°,

Now apply 5°F = 0 for the smaller sphere
(whose weight is F,,, ):

{ IE'F-H = Fpy — Fyycostl =0,

+1Y F,=F,snd-F, =0.

Solve for Fy, and Fpp: Fyy = Fy, /sinf = (1.02kg)(9.81 m/5%)/ sin 30.0° = 200N; F,, =
F,,cosd = (20.0N)(cos 30.0°) = LT3N,

Now balance the forces on the larger sphere (of weight F,,. )
2N F,=Fycobf-F =0,
1) F,=F, = F,smé-F,, =0.

So K, = Ky, cosf = (20.0N)(e0s 30.0°) = 173N and F,, = F,, + Fppsinf = F,, +
F,, = (2.04 kg + 1.02 ke){9.81 m/s%) = 30.0N,



