6. (a) Here s a free-body diagram for the box at rest on the plane. The
force of friction 1s a STATIC frictional force, since the box is at rest.
(b) If the box were sliding down the plane, the only change 1s that
the force of friction would be a KINETIC frictional force.
(c) Ifthe box were sliding up the plane, the force of friction would
be a KINETIC frictional force, and it would point down the

plane, in the opposite direction to that shown in the diagram.
Notice that the angle 1s not used in this solution.

16. Consider a free-body diagram for the box, showing force on the box. When -
F, = 23N, the block does not move. Thus in that case, the force of friction Fy
1s static friction, and must be at its maximum value, given by F, = u F.. FP/ -~—
o
Write Newton’s second law in both the x and y directions. The net forcein - T 28 “mg F,
each case must be 0, since the block 1s at rest. J

> F, =F,cos6-F,=0 — F, =F,cos#
Eﬁ.:th@sinH—mg:O — F, +F,smf@=mg

uF +Fsmf=mg — wufF cosf+F smf=mg

F 23N .
m=—2( 1 cosB+sind =————(040c0s28" +sm 28" | =19k
esovsn =2 .}

g



17. (a) Since the two blocks are in contact, they can be treated as a =
) : : o ) s
single object as long as no information 1s needed about internal N P
forces (like the force of one block pushing on the other block). ——
Since there 1s no motion 1n the vertical direction, 1t 15 apparent that F, —
F ! I
H

Fo=(m +m,)g, andso F, = u.F,, = u, (m, +m,)g. Write

a2
1(m._ +m,)g
Newton's second law for the horizontal direction.
S F =F,—-F, =(m+m,)a —

F,—F FE—u(m+m)g 650N—(0_13}(190kg](9.30111;"51)
a= = - = - - — =

m, + i, 4 i, 190kg

=1.657m/s’ ::|1.7‘me:‘

(h) To solve for the contact forces between the blocks, an mndividual block )
must be analyzed. Look at the free-body diagram for the second block. —

]_::‘:l 1s the force of the first block pushing on the second block. Again, it = se— e

1s apparent that F,, =m,g and so F,, = &, F,, = w,m,g. Write Newton’s Fs B I 1 m,g
, , : N2 :
second law for the horizontal direction.

NE=F,-F,=ma —

F, = uym,g +m,a =(0.18)(125kg)(9.80m/s’ ) + (125kg) (1.657m/s" ) =|430N
By Newton’s third law, there will also be a 430 N force to the left on block # 1 due to block # 2.
(c) Ifthe crates are reversed, the acceleration of the system will remain =

the same — the analysis from part (@) still applies. We can also repeat the L...

analysis from part (b) to find the force of one block on the other, if we my
simply change m to i in the free-body diagram and the resulting F

equations. = F, I 1 mg

a=17m/s| Y FE=F,-F,=ma —

F, = umg+ma=(018)(65 kg)(g.SOm;"'s] )+ (65 kg)(l_GS'f‘ m_fs‘? } =

18. (a) Consider the free-body diagram for the crate on the surface. There is
no motion in the y direction and thus no acceleration in the y direction.
Write Newton’s second law for both directions.

N'F =F, —mgcosf@=0 — F_=mgcosf
A N (=} N (=1

Y F, =mgsiné—F, =ma

ma=mgsin&—uF, =mgsinb— umgcost

a=g(sinf-u cosd)

=(9.80m/s" }(sin25.0°—0.19c0s25.0°) = 2.454m/s’ =|2.5m/s’
_ ) 1

(b) Now use Eq. 2-12¢, with an initial velocity of 0, to find the final velocity.

vi-v =2a(x-x) — v :.JEG[: x—x,) :J2(2.454n1f52}[8.1:?1n) =16.3m/s




23, (a) For mg to not move, the tension must be equal to myg, and so myg = F;. For m, to not
move, the tension must be equal to the force of static friction, and so F, = F;. Note that the
normal force on m, 1s equal fo its weight. Use these relationships to solve for m, .

: _ 2.0kg _

mn
mg=F. =F = um — W, =z2—=
s = I 5 My E i 0.40

50kg — m,=|50kg

L=

(#) For my to move with constant velocity, the tension must be equal to mgg . For m, to move
with constant velocity, the tension must be equal to the force of kinetic friction. Note that the
normal force on m, 1s equal fo 1ts weight. Use these relationships to solve for m, .

my 2.0kg -
m3g:-ﬂ:.ﬂkn‘tig — My, =—= 0.30 = G;kg
3

28. We define the positive x direction to be the direction
of motion for each block. See the free-body diagrams.
Write Newton's second law i both dimensions for
both objects. Add the two x-equations to find the
acceleration.

Block A:

TF;_:. =F,—-mgecosd, =0 — F, =m,gcosd,

!

> F,=F-mgsind-F, =ma
Block B:

EI—:E =F g - gcosty =0 — Fp=mgcosdy

> Fp=mygsiné - F,—F =mga
Add the final equations together from both analyses and solve for the acceleration, noting that in
both cases the friction force is found as F, = uF, .

mua=F —m,gsing, —u,m,geost, . mya=mygsmb, — umygcosd, — F

ma+mya=F —m,gsné, —u,m,gcosd, +mygsme; —yngcosd, —F. —

—m, (s 8, + u, cos8, ) +mg(sind — u cos8)

a=g -
| (i, +img)

—(2.0kg)(sin51°+0.30cos51°) +(5.0kg) (sin21°— 0.30cos 21°)
(?.ﬂkg:]

=(9.80m/s’ ][

=|-22m/s*




34 A free-body diagram for the car at one instant of time 1s shown. In the diagram, the -
car 15 coming out of the paper at the reader, and the center of the circular path 1s to N

the right of the car, in the plane of the paper. If the car has its maximum speed, it ﬂ Fs
would be on the verge of slipping, and the force of static friction would be at its

maximum value. The vertical forces (gravity and normal force) are of the same mg
magnitude, because the car 1s not accelerating vertically. We assume that the force
of friction is the force causing the circular motion.

F=F - m1-'1/{r' =uF, =umg —

v=.Jure = \/[0.65][SD.UIn)(Q.SOmfs] ) =22.57m/s = 23m/s

Notice that the result is | independent of the car’s mass |

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.

N'F=F,+mg=ma=mv/r — F, :m['vj;'rr—g}
o - iy |

We see from this expression that for a high speed, the normal force is positive, meaning the
passengers are i 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.

Vi fr-g=0 = v =g =/(9.80m/s")(7.6m) =[8.6m/s

47. (a) See the free-body diagram for the pilot in the jet at the bottom of the
loop. We have g, = v fr =6g.

([ 1m/s )

[[_'Lzﬂohng'hﬂ
.

a .. 3.61\'1:1;“11,.'} B
6.0g 6.0(9.80m/s" ) -

(5) The net force must be centripetal, to make the pilot go in a circle. Write Newton’s second
law for the vertical direction, with up as positive. The normal force is the apparent weight.

1-';,!:':6.03 — r=

ZF1 =F,-mg= mv'?;"r
The centripetal acceleration 1s to be v’ f'lr =6.0g.

F, =mg+mv'[r="Tmg =7(78 kg) (9.801:1_./‘53 )=5350N =

(c) See the free-body diagram for the pilot at the top of the loop. Notice that
the normal force is down, because the pilot is upside down. Write Newton's
second law in the vertical direction, with down as positive.

ZFl =F, +mg:mv'?fr: 6mg — F,=>5mg=|3800N



54. If the masses are in line and both have the same frequency of
rotation, then they will always stay i line. Consider a free- F E.,
body diagram for both masses, from a side view, at the fi‘m | F
instant that they are to the left of the post. Note that the same B My "

g

tension that pulls nward on mass 2 pulls outward on mass 1,
by Newton’s third law. Also notice that since there 1s no Mg m,g
vertical acceleration, the normal force on each mass is equal
to 1ts weight. Write Newton’s second law for the horizontal
direction for both masses, noting that they are in uniform ecircular motion.

NE —F —F —ma =m. v SNE —-fF - 2 f
/_.FR_-\ - FTA FTE - r”.—ia.ﬂl - 'FHA 1).-""?_‘31 Fa FP_E - FTB - WJEG 'FHB Vg 3." iII]5_‘,

rey | { 2mr

i ]
The speeds can be expressed in terms of the frequency as follows: v = | f— : =2mf.

7 sec J\1rev,
Fp=myvi /[ =my (2.&’?“3}”);/:]'3 =4z mgr, f*

F,=F_ +m 1Aj;' =dam, [ +m (Lﬂ,tf} fr =4z 7 (myr, +mgry)

A free-body diagram of Tarzan at the bottom of his swing 1s shown. The upward
tension force 1s created by his pulling down on the vine. Write Newton’s second law g [
in the vertical direction. Since he 1s moving in a circle, his acceleration will be '
centripetal, and points upward when he 1s at the bottom.

('F' B .?Pi'g} r mg
m
The maximum speed will be obtained with the maximum tension.

(Fo, —mg)r  [(1350 N—(78kg)(9.80m/s*))5.2 m

m =" ?é ke -

EF:F: —mg =ma = m1—'3,’(3' — v=

80. Since mass m 1s dangling, the tension in the cord must be equal to the weight of mass m, and so
F. =mg. That same tension 1s in the other end of the cord, maintamning the circular motion of mass

M, andso F, = F, = Ma, = MV’ ,.f"r. Equate the expressions for tension and solve for the velocity.

M\-'],.f'rr':n.tg — v=|mgR/M




82. Consider the free-body diagram for a person in the “Rotor-ride.” F, 1s the T

normal force of contact between the rider and the wall, and Fh 15 the statie \"_*—a__f—”/
frictional force between the back of the rider and the wall. Write Newton’s [Ffl
second law for the vertical forces, noting that there is no vertical acceleration.
Y F =F -mg=0 — F =mg _F,
If we assume that the static friction force 15 a maximum, then me

F,=uF,=mg — F,=mgflu_. S~
But the normal force must be the force causing the centripetal motion — it 1s the
only force pointing to the center of rotation. Thus F, = F, =m v'/r. Using v =27r/T . we have

4 mr , .
F.= e Equate the two expressions for the normal force and solve for the coefficient of
friction. Note that since there are 0.50 rev per sec, the period is 2.0 sec.
A m eT? 9.80m/s )(2.0s :
F=2"Mr_m _, ,-%& | i J20) 17
' T 7} odgy 47 (5.5m)

Any larger value of the coefficient of friction would mean that the normal force could be smaller to
achieve the same frictional force, and so the period could be longer or the eylinder radius smaller.

There 1s no force pushing outward on the riders. Rather, the wall pushes against the riders. so by
Newton’s third law, the riders push against the wall. This gives the sensation of being pressed into
the wall.




