9. (I1I) A skier moves down a 27° slope at constant speed. What
can you say about the coefficient of friction, pg? Assume
the speed is low enough that air resistance can be ignored.

9. Since the skier is moving at a constant speed, the net force on the skier must
be 0. See the free-body diagram, and write Newton’s second law for both
the x and y directions.

mgsinf = F, = u F, = umgcostl —

M =tanf =tan27° =051

14. (II) Police investigators, examining the scene of an accident
mvolving two cars, measure 72-m-long skid marks of one of
the cars, which nearly came to a stop before colliding. The
coefficient of kinetic friction between rubber and the pave-
ment is about (.80. Estimate the initial speed of that car . iy .,
assuming a level road.

14. Assume that kinetic friction is the net force causing the deceleration. See the
free-body diagram for the car, assuming that the right is the positive direction,
and the direction of motion of the skidding car. There is no acceleration in the

vertical direction, and so F, = mg . Applying Newton’s second law to the x

direction gives the following.
ze_F_r' =ma — —WF,=-gmg=ma — a=-[g
Use Eqg. 2-12c¢ to determine the initial speed of the car, with the final speed of the car being zero.

1}1—1»‘; = Za(x—xﬂ) —

v, = \/pl ~2a(x-x,)=J0-2(-g,g)(x-x,) = JZ(G.SG)[Q.EDmXSE )(72 m) =|34m/s




. (II) Two blocks made of different materials connected together 54

by a thin cord, slide down a plane ramp inclined at an angle 6
to the horizontal as shown in Fig. 5-34 (block B is above
block A). The masses of the blocks are m, and myp, and the
coefficients of friction are pa and pug. If my = mpg = 5.0 kg,
and ps = 020 and pp = 0.30, deter-
mine (a) the acceleration of the
blocks and (b) the tension in the \ Mg
cord, for an angle 6 = 32° 7 &

m

£

FIGURE 5-34 \9
Problems 20 and 21.

(b) Solve one of the equations for the tension force.
m,a=m,gsinf—umgcost-F. —

F.

T

=m, (gsinf— u,gcosf@—a)

= (5.0kg)[ (9.80m/s)(sin32°~ 0.20c0s32°) - 3.1155m/s | = [2.1N

Since the upper block has a higher coefficient of friction, that
block will *“drag behind™ the lower block. Thus there will be
tension in the cord, and the blocks will have the same
acceleration. From the free-body diagrams for each block, we
write Newton’s second law for both the x and y directions for
each block, and then combine those equations to find the

acceleration and tension.
(a) Block A:

sz =F,-mgcosf=0 — F , =m,gcosl

F,=mg sin &) - Foo—Fr=ma
ma=m,gsinf—u F,, —F =mgsinf—um,gcost—F,
Block B:
ZF;_B =Fg,—-mygcosf=0 — F,=m,gcost
ZF;.E =m,gsinfl— F,, + F, =mya
mya =mygsin® — w.F .+ F =m,gsinf — ym,gcost+ F,

Add the final equations together from both analyses and solve for the acceleration.
m,a=m,gsinf -y m,gcost—F, ; ma=mygsinf — gym,gcost + F,
m,a+mga=m,gsinf—um, gcost—F +m,gsinf— yumgcos+F —

{mi (sin€ — u, cos @)+ my (sin 6 — casﬁ)}
a=g|—
(m, +my)
ay| (5.0kg)(sin32°-0.20c0s327)+ (5.0kg )(sin32° - 0.30cos 32°
- (o s0myst) 0% )+ (50ke)( )
(10.0kg)

=3.1155m/s" = |3.1m/s’




40. (II) At what minimum speed must a roller coaster be
traveling when upside down
at the top of a circle
(Fig. 5-42) so that the
passengers do not fall out?
Assume a radius of curva-
ture of 7.6 m.

FIGURE 5-42
Problem 40.

40. At the top of a circle, a free-body diagram for the passengers would be as
shown, assuming the passengers are upside down. Then the car’s normal
force would be pushing DOWN on the passengers, as shown in the diagram.
We assume no safety devices are present. Choose the positive direction to
be down, and write Newton’s second law for the passengers.

ZF:FN +mg=ma=mvz/r — F =m(v2/r—g]

We see from this expression that for a high speed, the normal force is positive, meaning the
passengers are in contact with the car. But as the speed decreases, the normal force also decreases. If
the normal force becomes 0, the passengers are no longer in contact with the car — they are in free
fall. The limiting condition is as follows.

vilin/r—g=[.'l — vm=\/E=\/[9.Bﬂm/s:)[T.ﬁm)= 8.6m/s




54. (II) Two blocks, with masses m and mp, are connected to
each other and to a central post by cords as shown in
Fig. 5-46. They rotate about the post at frequency f
(revolutions per second) on a [rictionless horizontal surface
at distances r, and rg from the post. Derive an algebraic
expression for the tension in each segment of the cord

(assumed massless).

———— My
/.-""' ff'# ’:ﬂ; et ™~
| f.: b : T
\ ~ s /
L ~N— = Fd
S -~
~_ -

54.

FIGURE 5-46 Problem 54.

If the masses are in line and both have the same frequency of \

rotation, then they will always stay in line. Consider a free- i':\_B - - IHNA
body diagram for both masses, from a side view, at the - | Fs F;,
instant that they are to the left of the post. Note that the same Mg - my [
tension that pulls inward on mass 2 pulls outward on mass [,

by Newton’s third law. Also notice that since there is no m,g Imhg

vertical acceleration, the normal force on each mass is equal i
to its weight. Write Newton’s second law for the horizontal
direction for both masses, noting that they are in uniform circular motion.

ZFM = FFA - FFB =ma, =m, U_;,/rﬁ. ZFRB = Em = Mgdy = My v];/‘rEI

rev \[ 27ar
The speeds can be expressed in terms of the frequency as follows: v = { f —]( | ): 2mrf .
sec rev

Frg =my V;/ra = My (ZErﬂf)z/rEl = 4j'rlm3rﬂfl

Fry=Fygtm, Vj./"l = 4ﬂmnrﬁf1 +mﬁ.(2ﬁ"}.f)l/rﬁ. =47 f~ (mﬁ."}. +mE|rB]




55. (II) Tarzan plans to cross a gorge by swinging in an arc from
a hanging vine (Fig. 5-47). If his arms are capable of
exerting a force of 1350 N on the rope, what is the maximum
speed he can tolerate at the
lowest point of his swing? His
mass is 78kg and the vine is
5.2 m long.

FIGURE 5-47
Problem 55.

55.] A free-body diagram of Tarzan at the bottom of his swing is shown. The upward

tension force is created by his pulling down on the vine. Write Newton’s second law
in the vertical direction. Since he is moving in a circle, his acceleration will be
centripetal, and points upward when he is at the bottom.

5 F.—mg)r
ZF=FT—mg=ma=mv‘/r — v= —( L g)
m
The maximum speed will be obtained with the maximum tension.

; :J(Em —mg)r _ (1350 N - (78kg)(9.80m/s*))5.2 m
. " 78kg

=6.2m/s




57. (III) The position of a particle moving in the xy plane is
given by ¥ = 2.0cos(3.0rad/st)i + 2.0sin (3.0rad/st)j,
where r 1s in meters and ¢ is in seconds. (a) Show that this
represents circular motion of radius 2.0m centered at the
origin. (b) Determine the velocity and acceleration vectors as
functions of time. (¢) Determine the speed and magnitude of
the acceleration. (d) Show that a = v*/r. (e) Show that the
acceleration vector always points toward the center of the
circle.

57. (a) We are given that x = (2.!1] m) cos{B.ﬂ rad/s r) and y = (2.{] m) sin [B.Dradfs r) . Square both

components and add them together.

x4y = [(2.1] m] c05[3.l}rad/s r)]z + [(2.[} m) sin [3.[}rad/s r)]

2

-

= [l'l.li'.'rn)n1 [cc«sz [S.Drad/s r) + sin” (3.[] rad/s r)] = (2.{] m]
This is the equation of a circle, x4+ }’1 = rl, with a radius of 2.0 m.

(b) |V =(-6.0m/s)sin(3.0rad/s )i+ (6.0m/s)cos(3.0rad/s )]

a= (—IEm/s! }cns(ll}rad/s r)i+ (—ISm/"s:)sin [3.{] rad/s r)]

(c) v= ,.[Jv_?'_ + Vf_ = \/[(—6.{] m/s) sin (S.Gradfs 1‘)]2 +[[6.Dm/s)cns(3.ﬂ racl/s .f)]2 = (6.0 m/s

a =..|||a.f +a_f_ = \/[(—lﬁmfsl)-:ﬂs(lﬂrad/s r)T +[(—18m/33)5in(3.ﬂrad/s I)] = ISm/s'?

(d) izwzlgm/f —a
r 2.0m

(e) a= (—]Sm/sz)cos(?:.ﬂradfs :)i+ [—lSm/sI)sin(S.Drad/s .f)]
- (—Q.Df53){Z.Dmccrs(ll}rad/s t)i+2.0msin(3.0rad/s ;)j] = (9.0/s*)(~F)

We see that the acceleration vector is directed oppositely of the position vector. Since the
position vector points outward from the center of the circle, the acceleration vector points
toward the center of the circle.




80. A flat puck (mass M) is revolved in a circle on a frictionless 80. Since mass m is dangling, the tension in the cord must be equal to the weight of mass m. and so

ar rhncrkcy table top, and is hCI,d in this orbit by a light cord F, =mg. That same tension is in the other end of the cord, maintaining the circular motion of mass
which is connected to a dangling mass (mass m) through a

central hole as shown in Fig. 5-48. Show that the speed of

the puck is given by v = VmgR/M. Mvz/r=mg — v=|JmgR/M

M,andso F.=F =Ma, =M v’ / r. Equate the expressions for tension and solve for the velocity.

FIGURE 5-48 Problem 80.

83. A device for training astronauts and jet fighter pilots 1is
designed to rotate the trainee in a horizontal circle of radius
11.0m. If the force felt by the trainee is 7.45 times her own
weight, how fast is she rotating? Express your answer in
both m/s and rev/s.

83. The force is a centripetal force, and is of magnitude 7.45mg. Use Eq. 5-3 for centripetal force.

2

F=m—=745mg — v=1l745rg = \/?.45(1 1.0m)(9.80m/s”) = 28.34m/s = 28.3m/s
r

(2834 m/s)x —=¥ — ~[0.410rev/s

277(11.0m)




87. A small mass m is set on the surface of a sphere, Fig. 5-51.
If the coefficient of static

i : 87. The mass would start sliding when the static frictional force was not
friction is pug = 0.70, at

i
] m large enough to counteract the component of gravity that will be
what anglc’ ‘f’ would the : Y pulling the mass along the curved surface. See the free-body diagram,
mass start sliding? ' b and assume that the static frictional force is a maximum. We also
: “51’ assume the block has no speed, so the radial force must be 0.
:,’ ZFmdial =F,-mgcos¢p — F,=mgcosg
0 ZFm@cmim =mgsing—F,. — F,_=mgsing
L F, = uF,=umgcos¢p=mgsing — W =tang —
FIGURE 5-51 g=tan"' 4 =tan"'0.70 =

Problem 87. . e

93. A small bead of mass m is constrained to slide without
friction inside a circular vertical hoop of radius r which
rotates about a vertical axis
(Fig. 5-54) at a frequency f.
(a) Determine the angle @

93. (a) Because there is no friction between the bead and the hoop, the
hoop can only exert a normal force on the bead. See the free-body
diagram for the bead at the instant shown in the textbook figure. Note

1

. . i that the bead moves in a horizontal circle, parallel to the floor. Thus

Wheir? t.he bead W}ll be in : the centripetal force is horizontal, and the net vertical force must be 0.
equilibrium—that is, where ' Write Newton’s second law for both the horizontal and vertical
it will have no tendency to : directions, and use those equations to determine the angle #. We also
move up or down along the | use the fact that the speed and the frequency are related to each other,
hoop. (b) If f = 2.00rev/s 3 | by v =27 frsiné. mg
and r = 22.0cm, what is 7 , f: mg
(¢) Can the bead ride as r‘-,“é;—: y Zﬁmml =F,cos0-mg=0 — F, =
high as the center of the : 7 / ’ i ’0?561
circle (6 =90°)? Explain. gl ; e B e iy 4n’f*r’sin® @

o ' rsiné rsin@

FIGURE 5-54
Problem 93.



4;?1_1 2.2 - 2 H
F, sinf = "8 sin@=m Jr sin — 6 =|cos™ _fE -
' cos rsin @ Az fr
9.80m/s’
(b) 6 =cos™ ,g — =cos™' - ln!s =|73.6°
ar fr 47 (2.00Hz) (0.220m)

(c) IEI the bead cannot ride as high as the center of the circle. If the bead were located there, the
normal force of the wire on the bead would point horizontally. There would be no force to
counteract the bead’s weight, and so it would have to slip back down below the horizontal to

would

balance the force of gravity. From a mathematical standpoint, the expression PPy
T fr

have to be equal to 0 and that could only happen if the frequency or the radius were infinitely

large.



100. A ball of mass m = 1.0 kg at the end of a thin cord of length
r = 0.80m revolves in a vertical circle about point O, as
shown in Fig. 5-56. During the time we observe it, the only
forces acting on the ball are gravity and the tension in the
cord, The motion is circular but not uniform because of the
force of gravity. The ball increases in speed as it descends and
decelerates as it rises on the other side of the circle. At the
moment the cord makes an angle 6 = 30° below the
horizontal. the ball’s
speed is 6.0m/s. At
this point, determine
the tangential accel-
eration, the radial
acceleration, and the
tension in the cord.
Fr. Take 6 increasing
downward as shown.

v’ v (6.0 rn,/s)1 _

100. The radial acceleration is g, =—, and so @, =— =
r r 0.80m

The tension force has no tangential component, and so the tangential force is seen from the diagram

FIGURE 5-56
Problem 100.

riISm/s2 :

tobe F  =mgcosd.

F, =mgcost=ma,  — amg=gcnsﬁ'=(9.8ﬂm/sz)c053ﬂ°= B.Sm/s.2

tang

The tension force can be found from the net radial force.
v
F,=F, —-mgsinf=m— —
r

F, = m[gsinfﬂ+ £]= (1.0kg)((9-80m/s*)sin30°+ 45m/s*) = [SON
r

Note that the answer has 2 significant figures.



