DYNAMICS I: MOTION ALONG A LINE

Conceptual Questions

6.1. (a) Static equilibrium. The barbell is not accelerating and has a velocity of zero.

(b) Dynamic equilibrium. The girder is not accelerating but has a nonzero constant velocity.
(¢) Not in equilibrium. Slowing down means the acceleration is not zero.

(d) Dynamic equilibrium. The plane is not accelerating but has a nonzero constant velocity.
(e) Not in equilibrium. The box slows down with the truck, so has a nonzero acceleration.

6.2. No. The ball is still changing its speed, and just momentarily has zero velocity.

6.3. Kat is closest to the correct statement, which should read “Gravity pulls down on it, but the table pushes it up so
that the net force on the book is zero.”

6.4. No, because the net force is not necessarily in the same direction as the motion. For example, a car using its
brakes to slow its forward motion has a net force opposite its direction of motion.

6.5.

Tension T

Foee=0

net

a=0

Gravity I~:G

Equal. The tension in the cable is equal to the force of gravity, since the net force must be zero in order for the elevator
to move with constant speed.
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6.6.

Tension T

Gravity I-:G

Greater. Since the elevator is slowing down as it moves downward, it has an upward net force, so the tension must be
greater than the gravitational force.

6.7. (a) False. The mass of an object is a measure of its inertia, which is the same regardless of location.

(b) True. The weight of an object is a measurement of how much force an object presses down on a surface with, and
varies depending on location and whether the object is accelerating.

(c) False. Mass and weight describe very different things, as pointed out in parts (a) and (b).

6.8. Yes, the scale shows the astronaut’s weight on the moon, since it shows how hard the astronaut is pressing down
on the surface of the moon. His weight is different on the earth, of course.

6.9. d> b= c> a. The net force on each ball is the gravitational force mg, so the net force on the balls is ranked by mass.

6.10. Correct. There will be a correct amount of salt in the pan balance since a pan balance measures mass, which is
independent of any gravitational force or acceleration present.

6.11. Zero. The passenger’s weight is zero once the box is launched since the passenger is in free fall (ignoring any
air friction). While gravity still pulls the passenger down, a scale placed under his feet would not register any weight
without a support under it.

6.12. The ball filled with lead is more massive. Since the balls are weightless, the astronaut must measure their inertia
(mass) directly. One easy option is to move each ball side to side in turn. More force is required to change the more
massive lead-filled ball’s direction of motion.

6.13. Larger. A free-body diagram for the book is shown in the figure. The normal force of the table on the book is
larger than its weight, since the net force is zero.
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6.14. (a) 2(At). Your constant push FX provides the net force, so the puck accelerates with constant acceleration

a =

Y . . . B
=T From kinematics, with v =G,

Fx
V- aXAt=(E)At.

If the mass is doubled, the time must also be doubled to reach the same speed, so you must push for a time 2(At).

(b) V2(At). From kinematics, with X = Oand v, =0,

oo M Ex\ (a2
d- 2,008 - 2( m)(At)

If m is doubled, then (A l‘)2 must be doubled, which means At is increased by a factor of J2. So you must push for a
time V2(At).

6.15.

e . . . - 1 .
(a) d. Kinetic friction fi, = wn determines the horizontal acceleration a= Z K which slows down the block. From
m

—(,uk mg)
m

the free body diagram, n= Fg = ng. So a= = -, g, which is independent of mass. Note that changing the

mass has no effect on the distance the block slides.
(b) 4d. From kinematics, with %, =0,
2
m
(2% =16~ 2cadnx

= AX= VSX
2u g

Thus Ax« VSX, and we use proportional reasoning:

d AX
—=—" = AXx=4d
& @0

6.16. Yes, the friction force on a crate dropped on a conveyor belt speeds the crate up to the belt’s speed.

a
—

6.17. North. The friction force on the crate is the only horizontal force and is responsible for speeding the crate up
along with the truck. Therefore the friction force points in the same direction as the motion of the crate.
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6-4 Chapter 6

6.18. &.> a, = a,> a4 > a.. The balls all have the same cross-sectional area A. All of the balls have gravity pulling
down, resulting in an acceleration g. The drag force D = %‘A\/2 results in an addition or subtraction to g of imD. For

ball e, the drag force adds to gravity, resulting in a higher acceleration. D = O for balls a and b. The drag force opposes
gravity for balls ¢ and d, and since My > M, a4 > a..

Exercises and Problems

Section 6.1 Equilibrium

6.1. Model: We can assume that the ring is a single massless particle in static equilibrium.
Visualize:

Pictorial representation

lﬁ Known
- - T3;=100 N
T : o
S x 6=30
[’}
Find
B T T,
Ty

Solve: Written in component form, Newton’s first law is
(Fnet)x=EFx= T+ Doy + EX=ON (Fnet)y= EFy= 71-y+ T2y+ Ey=ON

Evaluating the components of the force vectors from the free-body diagram:

hx=-h T2x=ON 7:°>X= ECOS3O°

Fy= ON 7-2y= Iz T3y= -Tsin30°
Using Newton’s first law:

-T+ Reos30°=0N T,-Tsin30°=0N

Rearranging:

T, = T,00830° = (100N )(0.8666) = 867N T = T3sin30° = (100N )(0.5) = S0.0N

Assess: Since Tg acts closer to the x-axis than to the y-axis, it makes sense that T, > T.

6.2. Model: We can assume that the ring is a particle.
Visualize:

Pictorial representation
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This is a static equilibrium problem. We will ignore the weight of the ring, because it is “very light,” so the only three
forces are the tension forces shown in the free-body diagram. Note that the diagram defines the angle 6.

Solve: Because the ring is in equilibrium it must obey F.o = ON. This is a vector equation, so it has both x- and
y-components:

(Fret)x=T300s8 - T, =0ON = Tzcos0 = T,

(Fret)y=T-sin@ =ON= Tsing =T

We have two equations in the two unknowns T3 and 6. Divide the y-equation by the x-equation:

BSN0 _ g - 18N 6 o tan(1.6)= 58
T cos6 T N
Now we can use the x-equation to find
T, 50N
=—%f =—"— =N
37 cost  cos58°

The tension in the third rope is 94 N directed 58° below the horizontal.
6.3. Model: We assume the speaker is a particle in static equilibrium under the influence of three forces: gravity and

the tensions in the two cables.
Visualize:

Pictorial representation

Known

m=20kg —fl T
L,=L,=30m -
d=2.0m M x
Find =

T, T, Fg

Solve: From the lengths of the cables and the distance below the ceiling we can calculate 6 as follows:

sing = 2™ _ 0677 - sin"' 0667 - 41.8
3m
Newton’s first law for this situation is
(Fret)x=2 Fy=Tiy+ Thy=0N=-T,cosd + T,cos6 =ON

(Foet)y=3 Fy= T+ o)+ W, = ON = Tisin6 + sin6 - w=0N

The x-component equation means T; = T,. From the y-component equation:
w _ g _(20kg)@8ms”) 1%N
2sing 2sin6 2sin41.8° 1.333

Assess: It’s to be expected that the two tensions are equal, since the speaker is suspended symmetrically from the two
cables. That the two tensions add to considerably more than the weight of the speaker reflects the relatively large angle
of suspension.

2Tsing = w= Ty = ~147N

6.4. Model: We can assume that the coach and his sled are a particle being towed at a constant velocity by the two
ropes, with friction providing the force that resists the pullers.
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Visualize:

Pictorial representation

y N Known
- ?\ - f=1000N
— o - 1 6=20°
o equal pulls < J < ¥ v=20m/s
=1 - S e
Friction 108 T Find
retards T T,
the sled v

Solve: Since the sled is not accelerating, it is in dynamic equilibrium and Newton’s first law applies:
(Fret)x =2 Fx=Tix+ Tox + fix=0ON (Fnet)y= 2Fy=Thy+ T+ fky=ON
From the free-body diagram:
'ﬁcos(le)+ Tzcos(le)- f —ON Edn(le)— Tzsin(le)mN _ON
2 2 2 2
From the second of these equations 7; = To. Then from the first:

100N 1000N
2T 00810 = 000N = T = _
1008107 = 1= 500810 - 1,970

Assess: The two tensions are equal, as expected, since the two players are pulling at the same angle. The two add up
to only slightly more than 1000 N, which makes sense because the angle at which the two players are pulling is small.

=508N = 510N

6.5. Model: Model the worker as a particle.

Visualize: In equilibrium the net force is zero in both directions. There must be a static friction force to keep her from
sliding off.

Known
6 =20°
Fg=mg=3850N

Find

n= ||

Solve: We only need to examine the y-direction.

(S F), = n- mgeosd = 0= n=mgeos = (850N )(cos20°) = 799N ~ 800N

Assess: A good way to assess solutions like this is to consider what happens in the limitas # — 0 and as 6 — 90. In
the first case N— Y and in the second N— 0O as expected.

Section 6.2 Using Newton’s Second Law

6.6. Solve: (a) Applying Newton’s second law to the diagram,
o _ (Fre)x _20N-40N . o _ _(Fa)y 30N-30N

_ 2
* m 2.0kg Y m 2.0kg -0ms
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(b) Applying Newton’s second law to the diagram,
_(Fr)x _AN-2N _ 5 2 ay=(Fnet)y=3N—1N—2N
m 2kg m 2kg

a, - 0m&?

6.7. Solve: (a) For the diagram on the left, three of the vectors lie along the axes of the tilted coordinate system.
Notice that the angle between the 3 N force and the —y-axis is the same 20° by which the coordinates are tilted. Applying
Newton’s second law,
2. - (Fret)x _ 50N-1.0N-(3.0sin2C°)N
X m 2.0kg
o _(Fa)y 282N - (3000520)N
Y m 2.0kg

(b) For the diagram on the right, the 2-newton force in the first quadrant makes an angle of 15° with the positive
x-axis. The other 2-newton force makes an angle of 15° with the negative y-axis. The accelerations are

=1.49 m&2 ~ 1.5 mA?

- Om&?

a, = (Fret)x _ (20c0s15°) N + (20sin15°) N - 3.0N 0282
m 20kg
F : o _ o
ay=( net)y=1.414N+(ZOsm15)N (2.0cos15°) N _OmA2
m 2.0kg

6.8. Solve: We can use the constant slopes of the three segments of the graph to calculate the three accelerations. For
tbetween 0 sand 2 s,

For tbetween 3 sand 6 s, AV, =0mA, so a,=0 mA&Z. For ¢ between 6 s and 8 s,

aX - & - M =24 rn/gz

At 3s

From Newton’s second law, at t=1 s we have

Fret = ma, = (20kg)(6 m&?) = 12N
At t=4s, aX=Om/SZ, so Fret=0ON. At t=7s,

Fret = may = (20kg)(-40m&%) = -8N

Assess: The magnitudes of the forces look reasonable, given the small mass of the object. The positive and negative
signs are appropriate for an object first speeding up, then slowing down.

6.9. Visualize: Assuming the positive direction is to the right, positive forces result in the object accelerating to the right
and negative forces result in the object accelerating to the left. The final segment of zero force is a period of constant speed.
Solve: We have the mass and net force for all the three segments. This means we can use Newton’s second law to
calculate the accelerations. The acceleration from t=0s to t=3s is

F, 4N >
=X -2mAk
X" 'm 20kg
The acceleration from t=3s to t=5sis
F, -2N 2
=X — _=_Tmk
" 'm 20kg

The acceleration from t=55 to 8 s is a, = 0mA®. In particular, a,(at t=65)=0ms&Z.
We can now use one-dimensional kinematics to calculate v at t=6'S as follows:
v=\p+a(t - )+ (k- )
=0+ 2mA%)(39)+ (- TMA?)(2s) = 6mb- 2mk = 4ms
Assess: The positive final velocity makes sense, given the greater magnitude and longer duration of the positive F;.

A velocity of 4 m/s also seems reasonable, given the magnitudes and directions of the forces and the mass involved.
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6.10. Model: We assume that the box is a particle being pulled in a straight line. Since the ice is frictionless, the
tension in the rope is the only horizontal force.
Visualize:

Pictorial representation

.\‘

1 (el X

Solve: (a) Since the box is at rest, @, = 0mA&, and the net force on the box must be zero. Therefore, according to
Newton’s first law, the tension in the rope must be zero.
(b) For this situation again, a, =0 m&2, so Fret = T=0N.
(c) Here, the velocity of the box is irrelevant, since only a change in velocity requires a nonzero net force. Since
a,=50ms%,

Free = T= ma, = (50kg)(5.0mA&?) = 250N

Assess: For parts (a) and (b), the zero acceleration immediately implies that the rope is exerting no horizontal force
on the box. For part (c), the 250 N force (the equivalent of about half the weight of a small person) seems reasonable

to accelerate a box of this mass at 5.0 mA&°2.

6.11. Model: We assume that the box is a point particle that is acted on only by the tension in the rope and the pull of
gravity. Both the forces act along the same vertical line.
Visualize:

Pictorial representation

Y

Solve: (a) Since the box is at rest, a, = OmA&? and the net force on it must be zero:
Fret = T- Fg =ON= T = Fg = mg= (50kg)(9.8 m&?) = 40N
(b) Since the box is rising at a constant speed, again a,,=0 m&%, Frq=ON, and T= Fg = 490N.
(¢) The velocity of the box is irrelevant, since only a change in velocity requires a nonzero net force. Since
a,=50m4?,
Foe = T- Fg = ma, = (50kg)(5.0m4&%) = 250N
= T=250N + w= 250N + 490N = 740N
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(d) The situation is the same as in part (c), except that the rising box is slowing down. Thus a,, = -5.0 m&? and we

have instead
Foet = T - Fg = ma, = (S0kg)(-5.0 m&?) = ~250N
= T=-250N+ Fg =-250N + 490N = 240N
Assess: For parts (a) and (b) the zero accelerations immediately imply that the gravitational force on the box must be

exactly balanced by the upward tension in the rope. For part (c) the tension not only has to support the gravitational
force on the box but must also accelerate it upward, hence, 7 must be greater than Fg. When the box accelerates

downward, the rope need not support the entire gravitational force, hence, T is less than Fg.

6.12. Model: We assume that the block is a point particle that is acted on only the force shown.

Visualize: We apply Newton’s second law in both parts.

Solve: (a) Since the net force is to the right the block is accelerating to the right, so it is speeding up in this case. The
answer is A. (b) The net force, while decreasing, is still to the right, so the block continues to accelerate to the right
and in this case continues to speed up. The answer is A.

Section 6.3 Mass, Weight, and Gravity

6.13. Model: Use the particle model for the woman.
Solve: (a) The woman’s weight on the earth is

Warth = MOearth, = (55 kg)(9.80 m&?) = 540N
(b) Since mass is a measure of the amount of matter, the woman’s mass is the same on Mars as on the earth. Her
weight on Mars is

Wtars = MO ars = (55 kg)(3.76 m&%) = 210N
Assess: The smaller acceleration due to gravity on Mars reveals that objects are less strongly attracted to Mars than to
the earth. Thus the woman’s smaller weight on Mars makes sense.

6.14. Model: We assume that the passenger is a particle subject to two vertical forces: the downward pull of gravity
and the upward push of the elevator floor. We can use one-dimensional kinematics and Equation 6.10.
Visualize:

Pictorial representation

=l

Motionless Accelerating Moving upward
upward at constant speed

() (b) (©
Solve: (a) The weight is
w= rrg(1+a—g) = rrg(1+g) - mg = (60kg)(9.80 &%) = 590N

(b) The elevator speeds up from vy, = 0m& to its cruising speed at v, =10m&. We need its acceleration before we
can find the apparent weight:
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The passenger’s weight is

g1+ ) - 25m8” ) _
w_ny(1+g)_(590N)[1+9_80m2) (S20N)(1.26) = 740N

(¢) The passenger is no longer accelerating since the elevator has reached its cruising speed. Thus, w = mg =590 N
as in part (a).

Assess: The passenger’s weight is the gravitational force on the passenger in parts (a) and (c), since there is no
acceleration. In part (b), the elevator must not only support the gravitational force but must also accelerate him upward,
so it’s reasonable that the floor will have to push up harder on him, increasing his weight.

6.15. Model: We assume that the passenger is a particle acted on by only two vertical forces: the downward pull of
gravity and the upward force of the elevator floor.

Visualize: The graph has three segments corresponding to different conditions: (1) increasing velocity, meaning an
upward acceleration; (2) a period of constant upward velocity; and (3) decreasing velocity, indicating a period of
deceleration (negative acceleration).

Solve: Given the assumptions of our model, we can calculate the acceleration for each segment of the graph and then
apply Equation 6.10. The acceleration for the first segment is

=\4—v0=8mxé—0m/é=4m2
% t-1t 2s-0s
a 4ms° 4
= mg| 1+ | = mg| 1+ ———— | = (75 kg)(9.80 M&?)[ 1+ — | = 1035N
- ny( ' g) mg( +9.80m/52] (7olX ("5m)
For the second segment, a,,=0 m&? and the weight is
2
W= n‘g(hom/s )=rrg=(75kg)(9.80m/§2)=740N

For the third segment,
a - w-% 0mk-8mk
Y -t  10s-6s

_2mk2 2
somd | (75kg)(9.80 m&°)(1- 0.2) = 590N

Assess: As expected, the weight is greater than the gravitational force on the passenger when the elevator is
accelerating upward and lower than normal when the acceleration is downward. When there is no acceleration the
weight is the gravitational force. In all three cases the magnitudes are reasonable, given the mass of the passenger and
the accelerations of the elevator.

- -2mk&°

= W= n’g(h

6.16. Model: We assume the rocket is a particle moving in a vertical straight line under the influence of only two
forces: gravity and its own thrust.
Visualize:

Pictorial representation

y
Known

_ m =200 g = 0.200 kg

} Flhrual a =10 m/s2

8Earth = 9.80 m/s?2

om &Moon = 1.62 m/s2

| Fg }fmd

F

thrust

Solve: (a) Using Newton’s second law and reading the forces from the free-body diagram,

Fivust - F = M= Fippust = MB+ Moy = (0200 kg)(10 M6 + 980 m&?) = 396 N
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Dynamics I: Motion Along a Line 6-11

(b) Likewise, the thrust on the moon is (0.200kg)(10 mA&? +1.62 m&?) = 2.32N.

Assess: The thrust required is smaller on the moon, as it should be, given the moon’s weaker gravitational pull. The
magnitude of a few newtons seems reasonable for a small model rocket.

Section 6.4 Friction

6.17. Model: We assume that the safe is a particle moving only in the x-direction. Since it is sliding during the entire
problem, we can use the model of kinetic friction.

Visualize:
Pictorial representation
s
Known 5
Fp=350N "
Fo=385N : v
m =300 kg S\ I
N Lk
Find 7 ; Q» :
My net =0 kg
Pushes Pulls .
Fg

Solve: The safe is in equilibrium, since it’s not accelerating. Thus we can apply Newton’s first law in the vertical and
horizontal directions:

(Fret)x= S Fx=Fg + Fc - f,=ON = f, = Fg + Fc =350N + 385N = 735N
(Foet)y =3 F,y= n- Fg =ON = n= Fg = mg = (300kg)(9.80m&?) = 294x 10° N

Then, for kinetic friction:

Assess: The value of yy = 0.250is hard to evaluate without knowing the material the floor is made of, but it seems

reasonable.

6.18. Model: We assume that the mule is a particle acted on by two opposing forces in a single line: the farmer’s pull
and friction. The mule will be subject to static friction until (and if?) it begins to move; after that it will be subject to
kinetic friction.

Visualize:

Pictorial representation

Known

Mpyle = 120 kg
Fypun =800 N
pg=0.8

e =0.5

Fid Static friction until
Jfs max mule moves; kinetic

2ot Before moving
friction thereafter =
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Solve: Since the mule does not accelerate in the vertical direction, the free-body diagram shows that n= Fg = nmg.
The maximum friction force is
fore = 10 = (0.8)(120kg)(9.80 m&?) = 940N

The maximum static friction force is greater than the farmer’s maximum pull of 800 N; thus, the farmer will not be
able to budge the mule.
Assess: Maybe the farmer could put something smoother under the mule.

6.19. Model: We will represent the crate as a particle.
Visualize:

Pictorial representation

y y
Direction
of motion

s 5 - T’
FGg F =0 Fs F

net

(a) (b)

Solve: (a) When the belt runs at constant speed, the crate has an acceleration a=0 m& and is in dynamic
equilibrium. Thus F.g = O. It is tempting to think that the belt exerts a friction force on the crate. But if it did, there
would be a net force because there are no other possible horizontal forces to balance a friction force. Because there is
no net force, there cannot be a friction force. The only forces are the upward normal force and the gravitational force
on the crate. (A friction force would have been needed to get the crate moving initially, but no horizontal force is
needed to keep it moving once it is moving with the same constant speed as the belt.)
(b) If the belt accelerates gently, the crate speeds up without slipping on the belt. Because it is accelerating, the crate
must have a net horizontal force. So now there is a friction force, and the force points in the direction of the crate’s
motion. Is it static friction or kinetic friction? Although the crate is moving, there is no motion of the crate relative to
the belt. Thus, it is a static friction force that accelerates the crate so that it moves without slipping on the belt.
(¢) The static friction force has a maximum possible value ( ) gy = Usn The maximum possible acceleration of the
crate is
(1)mex _ usn

m m
If the belt accelerates more rapidly than this, the crate will not be able to keep up and will slip. It is clear from the free-
body diagram that n= Fg = mg. Thus,

e = 159 = (0.5)(9.80 M%) = 49 mk?

Frax =

6.20. Model: Model the cabinet as a particle.
Visualize: In equilibrium the net force is zero.

ol F=200N

J
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Dynamics I: Motion Along a Line 6-13

Solve: The cabinet is in static equilibrium, so the static frictional force must have the same magnitude as Bob’s pulling

force: 200N.

Assess: A possible misconception is that £ = un always. That value is the maximum possible value. If Bob pulled
harder and harder and got up to un= 235N then the cabinet would move. But the static frictional force can easily be
less than this value.

6.21. Model: We assume that the truck is a particle in equilibrium, and use the model of static friction.
Visualize:

Pictorial representation

n Known

ﬁ x 06=15°
m = 4000 kg
m
- Normal 7
o . 5 Find
SEmIaNG Friction f{ T
Fg

Solve: The truck is not accelerating, so it is in equilibrium, and we can apply Newton’s first law. The normal force
has no component in the x-direction, so we can ignore it here. For the other two forces:

(Fre)x =3 Fx= = (Fg)x=ON= £, = (F5), = mgsin6 = (4000 kg)(9.8 m&°)(sin15°) = 10,145 N ~ 10,000N
Assess: The truck’s weight (mg) is roughly 40,000 N. A friction force that is =25 of the truck’s weight seems

reasonable.

6.22. Model: The car is a particle subject to Newton’s laws and kinematics.
Visualize:

Pictorial representation

=

Gravity Fg Normal 7
Friction fk
<a_-" Known
m = 1500 kg
— 66—+ >8>
X, Vi Xp, Vg Hk =00'50
V=
x;=0 x;=65m
Find
ay v

Solve: Kinetic friction provides a horizontal acceleration which stops the car. From the figure, applying Newton’s first
and second laws gives
2 F, x=~ fk = ma,
>Fy=n-F;=0=n=F; =nyg
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Combining these two equations with f = g N yields
a, = - g=—(0.50)(9.80 m&?) = ~49 ms
Kinematics can be used to determine the initial velocity.
V¥ = ¥+ 2ahx= = -2a,AX
Thus Y = /-2(-49 m&?)(65m-0m) = 25 mk
Assess: The initial speed of 25m/&= 56 mphis a reasonable speed to have initially for a vehicle to leave 65-meter-

long skid marks.

6.23. Model: We treat the train as a particle subject to rolling friction but not to drag (because of its slow speed and
large mass). We can use the one-dimensional kinematic equations. Look up the coefficient of rolling friction in the
table.

Visualize:

Pictorial representation Known
i m = 50,000 kg
- = 0.002
v Srmvay X vo =10 m/s
0 v =0
X0 Voo 1 X1, Vst .
X0 Vos Lo X1, V1. Find
Ax
y
[ ¥
(i T
= 1.
I ® o @ { @ X 4 X
Stops
 F

Solve: The locomotive is not accelerating in the vertical direction, so the free-body diagram shows us that
n= Fg = mg. Thus,
f. = upmg = (0.002)(50,000 kg)(9.80 M%) = 980N

From Newton’s second law for the decelerating locomotive,

Since we’re looking for the distance the train rolls, but we don’t have the time:
2 2
P = 2200 = ax- A8 _ O —(0ME 5 o 15 26416 m
2a, 2(-0.01960 mks°)

Assess: The locomotive’s enormous inertia (mass) and the small coefficient of rolling friction make this long stopping
distance seem reasonable.

Section 6.5 Drag

6.24. Model: We assume that the skydiver is shaped like a box and is a particle. But we will also model the diver as
a cylinder falling end down to use C =08,
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Visualize:

Pictorial representation

y y
N Known
D m=75kg b
Box: 20 cm X 40 cm X 180 cm
. . 5 Find ] %
Vierm
[Fl; Fg
Free-body diagram
./;0 at terminal speed
f——f L
40 cm =

Fpet = 0 when the terminal
speed is reached.

Direction Box model
of fall of the falling
(skydiver) skydiver

The skydiver falls straight down toward the earth’s surface, that is, the direction of fall is vertical. Since the skydiver
falls feet first, the surface perpendicular to the drag has the cross-sectional area 4 =20 cmx40 cm. The physical
conditions needed to use Equation 6.16 for the drag force are satisfied. The terminal speed corresponds to the situation
when the net force acting on the skydiver becomes zero.

Solve: The expression for the magnitude of the drag with v in m/s is

D ~1Cp A/ = 05(0.8)(1.2 kgm>)(0.20x 0.40)V N = 0.038V* N
The gravitational force on the skydiver is Fg = mg=(75kg)(9.8 m&%) = 735N. The mathematical form of the

condition defining dynamical equilibrium for the skydiver and the terminal speed is
Fret=Fg +D=0N

735

0.038

Assess: The result of the above simplified physical modeling approach and subsequent calculation, even if
approximate, shows that the terminal velocity is very high. This result implies that the skydiver will be very badly hurt
at landing if the parachute does not open in time.

= 00383 N= 735N = ON = v, =

6.25. Model: We will represent the tennis ball as a particle. The drag coefficient is 0.5.
Visualize:

Pictorial representation

Known =
e D

/ l R=325cm
Vierm = 26 m/s

i X — X
Find
m =

A=7R? Fg
Falling ball Cross-sectional Free-body diagram

area
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The tennis ball falls straight down toward the earth’s surface. The ball is subject to a net force that is the resultant of
the gravitational and drag force vectors acting vertically, in the downward and upward directions, respectively. Once
the net force acting on the ball becomes zero, the terminal velocity is reached and remains constant for the rest of the
motion.

Solve: The mathematical equation defining the dynamical equilibrium situation for the falling ball is

Fret = Fg + D=0ON
Since only the vertical direction matters, one can write:
>Fy,=ON= Fg=D-F;=0N
When this condition is satisfied, the speed of the ball becomes the constant terminal speed V= Vig,. The magnitudes

of the gravitational and drag forces acting on the ball are:

Fg = mg= m9.80 m&?)
D~ lZ(Cp AZ) = 0.50.5)(1.2 kg/m®)w REVE,m = (0.37)(0.0325 m)?(26 mk&)? = 0.67 N

The condition for dynamic equilibrium becomes:

(9.80 m&2)m- 0.67N = ON = m= 287N

92.80m&2

Assess: The value of the mass of the tennis ball obtained above seems reasonable.

g

6.26. Visualize:

a, (m/s2)

[

0 . 1 - t (sec)

We used the force-versus-time graph to draw the acceleration-versus-time graph. The peak acceleration was calculated
as follows:

Solve: The acceleration is not constant, so we cannot use constant acceleration kinematics. Instead, we use the more
general result that
Ut = \p + area under the acceleration curve from 0 s to ¢

The object starts from rest, so \p=0mA. The area under the acceleration curve between OS and 6s is
l2(45)(2 m/Sz)=4.0m/S We’ve used the fact that the area between 4S and 6S is zero. Thus, at t=6S5,
Vv, =40msk.

6.27. Visualize:

a, (m/s2)

3.0 1
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The acceleration is @, = F,/m so the acceleration-versus-time graph has exactly the same shape as the force-versus-

time graph. The maximum acceleration is &gy = Fra /M= (6N)A2kg) =3 m&°2.

Solve: The acceleration is not constant, so we cannot use constant-acceleration kinematics. Instead, we use the more
general result that
Wt) = v + area under the acceleration curve from 0 s to

The object starts from rest, so V= Omé. The area under the acceleration curve between 0 s and 4 s is a rectangle

(3MA°x 2 5= 6mA) plus a triangle (%x3m132x 2s= 3m/S). Thus Vv, =9mAat t=4s.

6.28. Model: You can model the beam as a particle in static equilibrium.
Visualize:

Pictorial representation

.‘.

Known
m = 1000 kg
Thax = 6000 N

max

Find
T, and T,

Fg

Solve: Using Newton’s first law, the equilibrium equations in vector and component form are:
Fret =T+ T+ Fg=0N
(Fnet)x= hx+ Doy + FGX=ON
(Foet)y=Ty+ T2+ FGy=ON

Using the free-body diagram yields:

-T;sin6; + T,sin6, =0N T, cos6,; + Tcos0, - Fg =ON
The mathematical model is reduced to a simple algebraic system of two equations with two unknowns, T and T5.
Substituting 6y = 20°, 6, =3(", and Fg = mg=9800N, the simultaneous equations become

-Tsin20 + T,sin30° =0ON Tc0s20° + T,c0s30° = 9800 N

You can solve this system of equations by simple substitution. The result is T; = 6397 N = 6400N and T, = 4376 N =
4380N.

Assess: The above approach and result seem reasonable. Intuition indicates there is more tension in the left rope than
in the right rope.

6.29. Model: The plastic ball is represented as a particle in static equilibrium.

© Copyright 2013 Pearson Education, Inc. All rights reserved. This material is protected under all copyright laws as they currently exist. No
portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



6-18 Chapter 6

Visualize:

Pictorial representation

Known
m=1g=0.0010 kg
o - L=60cm 6=20°
T
o Find
Ptes
cee v Feecand T
Fr=0
Fg

Solve: (a) The electric force, like the weight, is a long-range force. So the ball experiences the contact force of the
string’s tension plus two long-range forces. The equilibrium condition is
(Fret)x = T+ (Fgec)x = TSINO - Fye. =ON
(Fret)y =T, +(Fg), = Tcoso - mg=0ON
We can solve the y-equation to get
mg  (0.001kg)(9.8
T ooso cos20P
Substituting this value into the x-equation,
Fyee = TsiNO = (1.04x 10 2 N)sin20° = 0.0036 N
(b) The tension in the string is 0.0104N = 0.010N.

2
M5 _ h0104N

6.30. Model: The piano is in static equilibrium and is to be treated as a particle.
Visualize:

Pictorial representation
y

Known
Ty m =500 kg
’ T, =500 N
0,=15°
. . 0, =25°
Fncl = 0
X Find
0::=15° — 950
h Fg T,

Solve: (a) Based on the free-body diagram, Newton’s second law is
(Fet)x = ON = Ty + To, = T 006, - T cos6,
(Fret)y=ON =T + T\ + T3 + Fg, = - T1sin6; - T,sin6, - ng
Notice how the force components all appear in the second law with plus signs because we are adding forces. The
negative signs appear only when we evaluate the various components. These are two simultaneous equations in the
two unknowns T, and T3. From the x-equation we find
_ hcosf;  (S00N)cos1s

=533N
cos6, c0s25°

7
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(b) Now we can use the y-equation to find

T = [isin6; + Tsin6, + mg = 525x10° N

6.31. Model: We will represent Henry as a particle. His motion is governed by constant-acceleration kinematic
equations.

Solve: (a) Henryundergoes an acceleration from 0 s to 2.0 s, constant velocity motion from 2.0 s to 10.0 s, and another
acceleration as the elevator brakes from 10.0 s to 12.0 s. The weight is the same as the gravitational force during
constant velocity motion, so Henry’s weight W= Fg = mg is 750 N. His weight is /ess than the gravitational force on

him during the initial acceleration, so the acceleration is in a downward direction (negative a). Thus, the elevator’s
initial motion is down.

(b) Because the gravitational force on Henry is 750 N, his mass is m= Fg/g=765kg= 77 kg.

(c¢) The apparent weight during vertical motion is given by

During the interval Os=< t< 25, the elevator’s acceleration is

600N 2
=gl o0 -1|=-1.
a g(750N ) 9% m&

At t=2s, Henry’s position is

W= Yo+ VOAQ)+%3(A1;))2 _ 12a(mb)2 __3%2m
and his velocity is
Vi=\W+aAlh=aAth=-392mk
During the interval 2s= t<10s, a= 0mA&®. This means Henry travels with a constant velocity W = -3.92 mA. At
t=10s he is at position
Yo=Y+ VA =-353m
and he has a velocity W = \j = -3.92mA. During the interval 10s< t<12.0s, the elevator’s acceleration is

900N )
~ o ON 1)L 196mss
4 g(?SON ) *

The upward acceleration vector slows the elevator and Henry feels heavier than normal. At t=120s Henry is at
position

¥5= Yo+ vu(AL)+ lZcT‘J(Al“Z)‘2 =-392m
Thus Henry has traveled distance 39.2m=~39m.

6.32. Model: We’ll assume Zach is a particle moving under the effect of two forces acting in a single vertical line:
gravity and the supporting force of the elevator.
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Visualize:

Pictorial representation

.‘.

Ty
‘]
Known y
vo=-10m/s
Vos To v =0 n

B 1h=0

a t1=30s
m =80 kg
Find Fa

w

Vi

Solve: (a) Before the elevator starts braking, Zach is not accelerating. His weight is

2
W= ny(1+£—§)=rrg(1+0n;/é )=ng=(80kg)(9.80m/52)=784N

Zach’s weight is 7.8x 107 N.
(b) Using the definition of acceleration,
a—ﬂ/— v-% 0-(-100ms
At -ty 30s

3.33mk?
- W= n*g(1+g) _ (80kg)(9.80 m,sz)[nm) _ (784N)(1+ 0.340) = 1050N

= 3.33mk?

Now Zach’s weight is 1.05x10° N = 1.1kN.
Assess: While the elevator is braking, it not only must support the gravitational force on Zach but must also push
upward on him to decelerate him, so his weight is greater than the gravitational force.

6.33. Model: We can assume the foot is a single particle in equilibrium under the combined effects of gravity, the
tensions in the upper and lower sections of the traction rope, and the opposing traction force of the leg itself. We can
also treat the hanging mass as a particle in equilibrium. Since the pulleys are frictionless, the tension is the same
everywhere in the rope. Because all pulleys are in equilibrium, their net force is zero. So they do not contribute to T.
Visualize:

Pictorial representation

Known
T Known ”TI';;“ = ki )
o = rom part a
Hanging m=6kg Fraction . 5
mass " ;
. Find
Find -
oEa (Folou ;
Fg

(a) (b)
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Dynamics I: Motion Along a Line 6-21

Solve: (a) From the free-body diagram for the mass, the tension in the rope is
T=Fg = mg=(6kg)(9.80m&?) = 58.8N =~ 59N

(b) Using Newton’s first law for the vertical direction on the pulley attached to the foot,
(Fret)y =2 Fy=Tsing - Tsin15° — (Fg Jgoor = ON

N 2
_ ging = 1SN15 ;(FG Jhoo =sin15°+”*%@tg= 0.259+%= 0,259+ 0,667 = 0.926

=0 =sn"0926=67.8 ~ 68
(¢) Using Newton’s first law for the horizontal direction,
(Fret)x = Fy = TcosO + Toos15° - Fasion = ON
= Firaction = 10056 + Tcos15° = T(cos6/7.8° + cos15°%)
= (58.8N)(0.3778+ 0.9659) = (58.8N)(1.344) = 79N

Assess: Since the tension in the upper segment of the rope must support the foot and counteract the downward pull of
the lower segment of the rope, it makes sense that its angle is larger (a more direct upward pull). The magnitude of the
traction force, roughly one-tenth of the gravitational force on a human body, seems reasonable.

6.34. Model: We can assume the person is a particle moving in a straight line under the influence of the combined

decelerating forces of the air bag and seat belt or, in the absence of restraints, the dashboard or windshield.
Visualize:

Pictorial representation

Known y
m = 60 kg
i Xp=0m n

vo= 15 m/s P

: | 7 V= 0 m/s ¢ 5

0 (@)x;=1m

X0, Vos 1o X, Vit (b) x; =0.005 m [::G

Find
F

Solve: (a) In order to use Newton’s second law for the passenger, we’ll need the acceleration. Since we don’t have
the stopping time:

¥-§  Om®° - (15mk)°
2(% - %) 2(1m-0m)
= Fre = F = ma= (60kg)(-1125m&%) = -6750N

The net force is 6750 N to the left.
(b) Using the same approach as in part (a),

2 &2 2
K-v% _ (GOkg)Om /62 - (15mk)
204 - %) 2(0.005m)
The net force is 1,350,000 N to the left.
(c) The passenger’s weight is mg = (60kg)(9.8 m&?) = 588 N. The force in part (a) is 11.5 times the passenger’s

weight. The force in part (b) is 2300 times the passenger’s weight.
Assess: An acceleration of 11.5g is well within the capability of the human body to withstand. A force of 2300 times
the passenger’s weight, on the other hand, would surely be catastrophic.

=-1125mk?

¥ =16 + 2a(x - )= a=

=-1,350000N

6.35. Visualize: All the motion is in the horizontal (i.e., x )direction. Acceleration is the second derivative of position.
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Solve: The first derivative is v= %t( = (62 -6t) mk. The second derivative is a= %tv = (12t- 6) mA&%. Apply

Newton’s second law: F = na=(20kg)((12t- 6) m&2). Plug in the two values for ¢.

(@)
Flos = (20kg)(12(0's)- 6) m&%) = -12N
(b)
Fhs = (20kg)(12(1s)- 6) m&%) = 12N
Assess: The net force changed direction between t=0s and t=1s.

6.36. Visualize: We’ll use sz = V|2 + 2aAs to find the acceleration of the balls, which will be inversely proportional
to the mass of the balls. AS=15cm and =0 in each case.

. 1 1
Solve: Newton’s second law relates mass, acceleration, and net force: a= F—. If we graph a vs. — then the slope
m m

of the straight line should be the size of the piston’s force.

Accel. vs. 1/m
y=59.121x — 4.9267, R* = 0.9929

350
300
250
200
150 4
100
50
0 T T T T T

Accel (m/sz)

1/mass (1/kg)

We see that the linear fit is very good. The slope is 59.12N = 59 N; this is the size of the piston’s force.

Assess: We are glad to see that the intercept of our line looks very small, even though we don’t have a ball the inverse
of whose mass is zero.

6.37. Model: The ball is represented as a particle that obeys constant-acceleration kinematic equations.
Visualize:

Pictorial representation

Stops
Known
y Yo= 0 Vo= 0
4 p=0 .
a ;
y2»valy { @ Max height m =50 g=0.050 kg y
=2 Fuir =2N
& yj=1m =3 A 7
o 2 Fulr -~
yviti | @ Topoftube @ =-98m/sz2 Qe Fo
! i v,=0
b s @ X
R Find ,
Yoo To 0 @} ""— a Py
Starts

4 While in tube

Solve: This is a two-part problem. During part 1 the ball accelerates upward in the tube. During part 2 the ball
undergoes free fall (a=-g). The initial velocity for part 2 is the final velocity of part 1, as the ball emerges from the
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tube. The free-body diagram for part 1 shows two forces: the air pressure force and the gravitational force. We need
only the y-component of Newton’s second law:

=(Fnet)y=Fa'r—FG =i_ _ ZN
m m m g 0.05kg

We can use kinematics to find the velocity W as the ball leaves the tube:

V=\B+2a(%- %) = V=y2a% =12302m&2)(1m)=7.77mk

For part 2, free-fall kinematics V22 = \42 -29(y5- ) gives

% 31Tm

Z):

a

y=a

~9.80m&? = 30.2 m&?

Yo-Y¥=

6.38. Model: Modelthe rocket as a particle. Assume the mass of the rocket is constant so the acceleration is constant.
Assume the rocket starts from rest. Neglect air resistance.

Visualize: We’'ll use Vf =\ + 2aAy to find the speed of the rocket. The net force is Fypyygt — M-

Solve:
(@) Ay=h, v=0 a=Fg/m

=\ + 2any~ Z(LWS;; ”Q)h

»<h>=»f=,/2(5%-g)h

95N 2

v= (2| ———-98mk° |(85m) = 54msk
J (035kg ]( )

Assess: This 54 m/s speed seems reasonable for a model rocket.

Some of our assumptions would not be good approximations for large fast rockets that go very high: air resistance

wouldn’t be negligible, and the fuel expended reduces the mass of the rocket which increases the acceleration. At very

high altitudes (where air resistance no longer has an effect) even g decreases slightly.

For v as a function of h we have:

(b) For h=85m

6.39. Model: We will represent the bullet as a particle.

Visualize:
Known
xp=0 vy=400m/s
Pictorial representation =0
i m=10g=0.010 kg
) 4QD OD x;=0.12m
. . x n=0
0 .
X0s Vos o XLV Find
K o n
Stops
® { ® ® ®
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Solve: (a) We have enough information to use kinematics to find the acceleration of the bullet as it stops. Then we
can relate the acceleration to the force with Newton’s second law. (Note that the barrel length is not relevant to the
problem.) The kinematic equation is

% (400ms)
g +2aAx=a=-—0 =" __G67x10° mk?
=6 2Ax 2(0.12m)
Notice that a is negative, in agreement with the vector & in the motion diagram. Turning to forces, the wood exerts
two forces on the bullet. First, an upward normal force that keeps the bullet from “falling” through the wood. Second,

a retarding frictional force f that stops the bullet. The only horizontal force is f,, which points to the left and thus
has a negative x-component. The x-component of Newton’s second law is
(Fret)x = - fi = ma= f, = —ma=-(0.01kg)(-6.67x10° m&?) = 6670N ~ 6700N
Notice how the signs worked together to give a positive value of the magnitude of the force.
(b) The time to stop is found from W =\ + @At as follows:

At= ‘%= 6.00x10% s = 600 us
(©

v, (m/s)

400

200

T y t(us)
0 300 600

Using the above kinematic equation, we can find the velocity as a function of z. For example at t= 60us,

v, = 400mé + (- 6.667x 10° mA?)(60x 10°° 5) = 360ms

6.40. Model: Represent the rocket as a particle that follows Newton’s second law.
Visualize:

Pictorial representation

v

Flhrusl
T Fncl

Solve: (a) The y-component of Newton’s second law is

(Fret)y  Fnue =M 30x10°N 2 2
a,=as= P p= = 20,000kg_9'80m/S =52mk
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(b) At 5000 m the acceleration has increased because the rocket mass has decreased. Solving the equation of part (a)
for m gives

Fitvust 3.0x10°N
- - =1.9x10% k
Bom = v g 6Om& :o80mer o 9

The mass of fuel burned is Mg = Myiia - Moo m = 1-0x 10° kg.

6.41. Model: Model the object as a particle. Neglect air resistance.
Visualize: We’ll use W = V6 + 2aAx to find the speed of the object. Since V=0, v =/2a,L.

We’ll also use Newton’s second law in both directions in order to find a,.

Vo- 1o Xo Known
h =12m
L =100 m
0 =sin"' h/L
= 0.07
m =75kg
r vy =0m/s

Find

Vi

Solve:
(a)
> Fy = n-mgoosf = 0= n= mgeoso
EFx=nwn9_ f[(:’mx
MgsinG — wyn= may
MgEiNG — y Mgoost = e,
Cancel the m.
ay = 9g(sinf -y cos)

Now put this back in to the equation for W.

v = J2a,L = Jz[g(sno - 1,0080)] L = JZg(h— w2 - 1)
(b) For h=12m, L=100m, wu. =007 we have

= \/2(9.8m/52)( (12m- 0.07)/ (100 m)? - (12my?) - 9949 mé~ 99 mé

Assess: Sam’s mass was extra unneeded information because m cancels out of the equation for V. Any skier,

regardless of their mass, would achieve the same speed at the bottom of the same hill with the same .

6.42. Model: We assume that Sam is a particle moving in a straight horizontal line under the influence of two forces:
the thrust of his jet skis and the resisting force of friction on the skis. We can use one-dimensional kinematics.
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Visualize:
Pictorial representation Known
m="75kg
Flhrus( =200N
- - my =0.10
/ﬁ@ a, /% a, /% X=0m
=+ D [ e ¢ Yo=0mss
! T T 5
0 0 to=0s 1,=10s
X0s Vs I X1, V.1 Xo, Vo, [ .
0- Vo fo 1LV 22V2, Iy Find
V1
X5 — X
y y
ag a i i
Start i Stops S Fihrust Jx
o © { { [ { { [ S G ——p————— X —-———————————— X
[ Fg | Fg
Accelerating Coasting

Solve: (a) The friction force of the snow can be found from the free-body diagram and Newton’s first law, since
there’s no acceleration in the vertical direction:

n=Fg = mg=(75kg)(9.80m&?) = 735N = £, = w,n=(0.10)(735N) = 73.5N
Then, from Newton’s second law:

Fimust = fi _ 200N -735N

=1.687 m&?
75kg

(Fret)x = Fivust = T = Mag=> g =

From kinematics:
= W+ aot = 0mk+ (1.687 m&2)(10s) = 16.9

(b) During the acceleration, Sam travels to
X = X+ Vol +12a0t12 =12(1.687 m&2)(10s)? = 84m

After the skis run out of fuel, Sam’s acceleration can again be found from Newton’s second law:

(Fnet)x=—ﬁ<=—73.5N:>a|=FL’;t=_73_'5;=_0_98m/52

Since we don’t know how much time it takes Sam to stop:
- _Om*A” - (169 mk)y’
2a 2(-0.98 m&?)

The total distance traveled is (X — %)+ X =145m+84m=229m.

\/22=\42+Za1(x2—x1)=>x2—x1= =145m

Assess: A top speed of 16.9 m/s (roughly 40 mph) seems quite reasonable for this acceleration, and a coasting distance
of nearly 150 m also seems possible, starting from a high speed, given that we’re neglecting air resistance.

6.43. Model: We assume Sam is a particle moving in a straight line down the slope under the influence of gravity,
the thrust of his jet skis, and the resisting force of friction on the snow.
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Visualize:

Pictorial representation
Known

m=75kg
h=50m
0=10°

Flhrusl =200N
X9g=0m
tp=0s
vo=0m/s

v, =40 m/s

0

Xos Vo» o

Find
I

X1,V

o -
¥

Solve: From the height of the slope and its angle, we can calculate its length:
—sing = x - xp= b = O
X% 170" 5ne " Sno’

=288m

Since Sam is not accelerating in the y-direction, we can use Newton’s first law to calculate the normal force:
(Fret)y =2 F,=n-Fg cosd = ON = n= Fg coso = mgeoso = (75kg)(9.80 m&2)(cos10°) = 724N
One-dimensional kinematics gives us Sam’s acceleration:

¥ =6+ 2a,(x- x) = a, = K-\6 _(40ms)-om’*

- - 2.78m/s?
204 - %) 2288 m) e

Then, from Newton’s second law and the equation fi = w1
(Fret)x = 2 Fx = Fg SN0 + Fyus = fi = may

_ mgsing + Fyp —ma_ (75kg) (.80 m&?)(sin10°) + 200N - (75 kg)(2.78 m&?
N n N 724N

Assess: This coefficient seems a bit high for skis on snow, but not impossible.

) 0,165

= Uk

6.44. Model: We assume the suitcase is a particle accelerating horizontally under the influence of friction only.
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Visualize:
Pictorial representation

- 5 Ve ® ® ]
Vo V|
%

X0» Vos Lo X1,V

Known )
m=10kg p,=0.5 "
vo=0m/s =03 =
vy =2.0m/s S
[ e —1

Find
X1~ Xo =

Fg

Solve: Because the conveyor belt is already moving, friction drags your suitcase to the right. It will accelerate until it
matches the speed of the belt. We need to know the horizontal acceleration. Since there’s no acceleration in the vertical
direction, we can apply Newton’s first law to find the normal force:

n=Fg = mg=(10kg)(9.80 m&%)= 980N
The suitcase is accelerating, so we use ( to find the friction force

f = wemg = (0.3)(98.0N) = 294N

We can find the horizontal acceleration from Newton’s second law:

(Fr)y=SFy= fo = ma— a=tc 24N _

TR o 2
m  10kg M ms

From one of the kinematic equations:

¥ -6 _ (20mk)* - (Omk)y
2a 2(2.94 m&?)

The suitcase travels 0.68 m before catching up with the belt and riding smoothly.

Assess: If we imagine throwing a suitcase at a speed of 2.0 m/s onto a motionless surface, 0.68 m seems a reasonable

distance for it to slide before stopping.

=068m

¥ =16+ 2a(x% - x0)= X - X =

6.45. Model: The box of shingles is a particle subject to Newton’s laws and kinematics.
Visualize:

Pictorial representation

Normal 7
Friction fi

Gravity Fg
i Vi Known
a m=2.5kg
™ x=0m x;=50m
= 0.55
\t 't ve=0m/s
Find

a,v;
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Solve: Newton’s laws can be used in the coordinate system in which the direction of motion of the box of shingles
defines the +x-axis. The angle that FG makes with the —y-axis is 25°.
CF)y=Fssin25 - f, =ma

(S F), = n- Fgcos25° = 0= n= F5cos25°
We have used the observation that the shingles do not leap off the roof, so the acceleration in the y-direction is zero.
Combining these equations with fi = wn and Fg = Mg yields

nmgsin25° — w, mgeos25° = ma
= a=(sin25° - 1;,00s25°)g = -0.743 m&?

where the minus sign indicates the acceleration is directed up the incline. The required initial speed to have the box
come to rest after 5.0 m is found from kinematics.

V= ¥+ 2ahx= ¥ = -2(-0.743mA%)(5.0m)= v = 27 mk
Assess: To give the shingles an initial speed of 2.7 m/s requires a strong, determined push, but is not beyond

reasonable.

6.46. Model: We will model the box as a particle, and use the models of kinetic and static friction.
Visualize:

Pictorial representation

Pushing force F,

=\ [ T
/@/ 0O0———O

Friction £, f.
Normal 7

¢ Gravity F, (J

The pushing force is along the +x-axis, but the force of friction acts along the —x-axis. A component of the gravitational
force on the box acts along the —x-axis as well. The box will move up if the pushing force is at least equal to the sum
of the friction force and the component of the gravitational force in the x-direction.
Solve: Let’s determine how much pushing force you would need to keep the box moving up the ramp at steady speed.
Newton’s second law for the box in dynamic equilibrium is
(Fret)x =2 Fx =N+ (Fg )x+ (i) x+ (Fousn)x =ON =g sinf — f + Fy gy = ON
(Fret)y =2 Fy=ny+ (Fg)y+ (), + (Fauen)y = n-mgcosd + ON+ON = ON
The x-component equation and the model of kinetic friction yield:
Foush = Mg sind + fi = mg sind + wn
Let us obtain n from the y-component equation as Nn= nMYcosH, and substitute it in the above equation to get
Foush = Mg SiN + w, mg cosd = my(Sing + wy coso)
= (100 kg)(9.80 m&%)(sin 20° + 0.60 cos20°) = 888N

The force is less than your maximum pushing force of 1000 N. That is, once in motion, the box could be kept moving
up the ramp. However, if you stop on the ramp and want to start the box from rest, the model of static friction applies.
The analysis is the same except that the coefficient of static friction is used and we use the maximum value of the force
of static friction. Therefore, we have

Foush = MO(SinG + g c0s6)) = (100 kg)(9.80 m&?)(sin 20° + 0.90 cos20°) = 160N
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Since you can push with a force of only 1000 N, you can’t get the box started. The big static friction force and the
weight are too much to overcome.

6.47. Model: We assume that the plane is a particle accelerating in a straight line under the influence of two forces:
the thrust of its engines and the rolling friction of the wheels on the runway. We can use one-dimensional kinematics.
Visualize:

Pictorial representation Known
m =175,000 kg
vo=0 v, =82m/s
% tp=0 1, =35s
0 xp=0

Xo» Vos 1o X,V -
in

Flhrusl

a = =
y fl F thrust
V @@ L @ & * 4 X

Starts Takeoff

Solve: We can use the definition of acceleration to find a, and then apply Newton’s second law. We obtain:

(Foet) =3 Fx= Fyust = = M= Fppge = fr+ma
For rubber rolling on concrete, u, = 0.02 (Table 6.1), and since the runway is horizontal, n= Fg = mg. Thus:

Firust = urFg + ma=u.mg+ ma= n(ﬂrg+ a)
= (75,000 kg)[(0.02)(9.8 m&?) + 2.34 m&>]= 190,000 N

Assess: It’s hard to evaluate such an enormous thrust, but comparison with the plane’s mass suggests that 190,000 N
is enough to produce the required acceleration.

6.48. Model: We will represent the wood block as a particle, and use the model of kinetic friction and kinematics.
Assume w sin 0 > £, so it does not hang up at the top.
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Visualize:

Pictorial representation

ay for uphill slide

Kuown , for downhill slide o
0=30° m=2kg
x=0 vy=10m/s i 850
=0 =0 h = x,sin
2
Find 0
h=x;sinf and |v,| X0 Vs o and x5, v, 1)
=+ L]
%o ] Stops
L L]
[ ]
Up . ®
Ve . ,
a
= Down

Vv

The block ends where it starts, so X = Xy = 0m. We expect V to be negative, because the block will be moving in the
—x-direction, so we’ll want to take || as the final speed. Because of friction, we expect to find [wl< W,
Solve: (a) The friction force is opposite to V, so fi points down the slope during the first half of the motion and up

the slope during the second half. Fg and n are the only other forces. Newton’s second law for the upward motion is

(Foet)x _ —FSin6 - i _ —mgsing - f

A= m m
> (Foe)y n-Fgoos8 n-ngcosh
a,=0ms” = P P pe

The friction model is fi, = w N First solve the y-equation to give N= mgcose. Use this in the friction model to get
f = W Mgooss. Now substitute this result for £ into the x-equation:

g - —MSIN0 - n‘:k”g‘m" _ —g(Sind + , C0s6) = —(9.8 ME)SN30° + 0.2000530°) = —6.60 MA?

Kinematics now gives

¥-§ 0mP4°-(10mk)*
24 2(-6.60ms%)
The block’s height is then h= %sing = (7.6 m)sin30° = 3.8 m.
(b) For the return trip, fi points up the slope, so the x-component of the second law is
(Foet)x -FgsSn6+ fi,  —ngsing + f
ay=a = = =
m m m
Note the sign change. The y-equation and the friction model are unchanged, so we have

a =-9g(Sin6 - uy, cosf) = -3.20 mA®

W =16+ 2a0(% - X0)= X = 7.6m

The kinematics for the return trip are

V= + 28106 X)= Vo = [-2a% =\ 2A-320mA)(-7.6 m) = ~7.0m%

Notice that we used the negative square root because V is a velocity with the vector pointing in the —x-direction.
The final speed is |vl= 7.0 mA.
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6.49. Model: We will model the sled and friend as a particle, and use the model of kinetic friction because the sled is
in motion.
Visualize:

Pictorial representation

Pulling force F'Pu” o P
pul
.f?’ o
DETTA0 : C L
CANA NN
Gravity IFG \
Normal 7 -
Lo Fg
Friction fi

The net force on the sled is zero (note the constant speed of the sled). That means the component of the pulling force
along the +x-direction is equal to the magnitude of the kinetic force of friction in the —x-direction. Also note that
(Fret)y = ON, since the sled is not moving along the y-axis.

Solve: Newton’s second law is

(Fnet))(:EFx: nx+(FG)X+(ﬁ()x"'(FpuII)x:ON"'ON_ ﬁ< + Fpu|[C036 =0N

(Foet)y =3 Fyy= ny+ (F6 )y + (fi)y+ (Fot )y = n= mg+ ON + FoyySind = ON
The x-component equation using the kinetic friction model f = N reduces to

wn= Fpull cosf
The y-component equation gives
n=mnmg- Fpull sing

We see that the normal force is smaller than the gravitational force because Fy; has a component in a direction

opposite to the direction of the gravitational force. In other words, Fy is partly lifting the sled. From the

x-component equation, ( can now be obtained as

i Fourcoso (75N)(cos30°)

- A 4 _____012
mg— FouiSiné  (60kg)(9.80 m&“) - (75N)(sin30°)

Assess: A quick glance at the various uy values in Table 6.1 suggests that a value of 0.12 for p is reasonable.

6.50. Model: Model the small box as a particle and use the model of static friction. The acceleration of the small box
must be the same as the acceleration of the large box in order for it not to slip.

Visualize: First use Newton’s second law in both directions on the small box. The force that is responsible for the
small box’s acceleration is the static friction force. We use this to determine &,¢. Then we use Newton’s second law

on the the two-box system.
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Known

Box m=5.0kg

Sled M = 10 kg
us=0.5

Find
T

max

Solve:

(a)

Pictorial representation

Tension force T,

! : Rope
{//\ \‘A A } /
Normal N Norr-‘nal ﬂ
Gravity (FG)schme Friction {k
Gravity (FG)bOX

oy
Bﬂ
H

(FLG )sled+hox

Box-sled system

3 Fy=n-mg=0=n=nmg

EFX= f;:nﬁx

( fs)rmx = U= UsMg = MBpgy

Fyex = Usg

Now consider the two-box system.

SFy=Toax = (M + Mang,

Put these together to arrive at

Tmax = (M + m)#sg

(b) Insert the known values for M and m, and look up ug for wood on wood in the table.
Trex = (10kg+ 5kg)(0.5)(9.8 m&?) = 73.5N = 74N

Assess: Check the reasonableness of our answer by examining the dependence of T on ug: if the small box were

glued to the large box (ug — ) then one could pull on the rope with any tension desired; if the friction between the

two boxes were zero then one could not pull at all without causing the small box to slip. We expect a similar dependence

ong.

6.51. Model: Model the steel cabinet as a particle. It touches the truck’s bed, so only the steel bed can exert contact
forces on the cabinet. As long as the cabinet does not slide, the acceleration a of the cabinet is equal to the acceleration

of the truck.

Visualize: First use Newton’s second law in both directions on the cabinet. The force that is responsible for the small
box’s acceleration is the static friction force. We use this to determine a.
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Pictorial representation

Known

x=0 1=0
x vo=15m/s

s =0.80

v =0

Find
y X=X = X

Gravity Fg Friction K
Normal 7 Fg

Ve ® ® L { Sl S

Motion of the truck
Solve:
(a)
>F,=n-mg=0=n=nyg
2F. =2 f,=ma,
~()max = —usN=—usmg = ma,
ay =~k
Now use the kinematic equation V¥ = \§ + 2aAx where AX= G, and 4 = 0.
K-6_ % _ %
2ay B 2(‘.“59) B Z(Msg)
(b) Insert the known value for W and look up ug for steel on steel in the table.
o _(5me?
" 2(080)9.8 M)

Ohyin =

=1435m=14m

Assess: Check the reasonableness of our answer by examining the dependence of T, on ug: if the cabinet were

glued to the truck (ug — ) then one could stop in an arbitrarily small distance without the cabinet slipping; if the

friction between the cabinet and truck were zero then df;,, = and there is no minimum stopping distance without

causing the cabinet to slip.

6.52. Model: Model the block as a particle.

Visualize: First use Newton’s second law in both directions on the block. The force that is responsible for the small

box’s acceleration is the kinetic friction force. We use this to determine a,.

Friction f; Normal 7 -
Gravity Fg
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Solve:
> Fy=n-nmg=0=n=nyg
EFX=_ ﬁ( = M8,
=(#) = —wcn=-wmg = may

ax=-wg
Now use the kinematic equation \42 = \/(2) + 2aAx where V=0 and Ax is the sliding distance.

VG = ~28,Ax = 21, 9)AX = 21 gAX

This says that a graph of \/g vs. AX would be a straight line with a slope of 2y g.

Speed squared vs. distance
y=4.8217x + 0.0174, R* = 0.9967

8_
7_
6_
5_
4
3

P

Speed squared (m/s)~

14
0 T T T
0 0.5 1 1.5

Distance (m)

We see that the linear fit is very good and that the slope is 4.82 2.

slope _ 482m&°
29 2(9.8mk&°)

Assess: Our answer for wood on smooth metal is higher than we expected because the table gives u for wood on

2u,g= 482 Mm% =y = - 0246~025

wood as 0.20. We expected the intercept of our graph to be small; in fact, we included (0,0) in the data table. The mass
of the block canceled out and so was unnecessary information.

6.53. Model: The antiques (mass= ) in the back of your pickup (mass= M) will be treated as a particle. The

antiques touch the truck’s steel bed, so only the steel bed can exert contact forces on the antiques. The pickup-antiques
system will also be treated as a particle, and the contact force on this particle will be due to the road.
Visualize:
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Pictorial representation

Known

x=0 =0
Vo =25 m/s

v =0
x;=55m

Find
Memin

=

<~

Normal 7 Normal N (EG)PA
Friction f Friction f

Gravity (F, Gravity (F,

y( G)A y( G)PA Pickup-Antiques system
Yy
n
Stops i
Ve L & L @0 ——————— X
d a a a
Motion of the pickup (FG)A
Antiques

Solve: (a) We will find the smallest coefficient of friction that allows the truck to stop in 55 m, then compare that to
the known coefficients for rubber on concrete. For the pickup-antiques system, with mass m+ M, Newton’s second

law is

(Fret)x=2 Fx= N+ (Fg )pa)x+ (F)y=ON+ON - f=(m+ M)a, = (m+ M)a
(Fret)y =2 Fy= Ny +((Fg)pa)y + (), =N-(m+ M)g+ON=0N

The model of static friction is f = uN, where u is the coefficient of friction between the tires and the road. These
equations can be combined to yield a=-ug. Since constant-acceleration kinematics gives \42 = Vg +2a(x + xp), we
find

V-6 % @me?

T2x-x0) ™ 2g00- %) (DQ8mEANEEM)

The truck cannot stop if u is smaller than this. But both the static and kinetic coefficients of friction, 1.00 and 0.80

a

respectively (see Table 6.1), are larger. So the truck can stop.
(b) The analysis of the pickup-antiques system applies to the antiques, and it gives the same value of 0.58 for .

This value is smaller than the given coefficient of static friction (ug = 0.60) between the antiques and the truck bed.

Therefore, the antiques will not slide as the truck is stopped over a distance of 55 m.

Assess: The analysis of parts (a) and (b) are the same because mass cancels out of the calculations. According to the
California Highway Patrol Web site, the stopping distance (with zero reaction time) for a passenger vehicle traveling
at 25 m/s or 82 ft/s is approximately 43 m. This is smaller than the 55 m over which you are asked to stop the truck.

6.54. Model: The box will be treated as a particle. Because the box slides down a vertical wood wall, we will also
use the model of kinetic friction.
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Visualize:

F push

45° on

Solve: The normal force due to the wall, which is perpendicular to the wall, is here to the right. The box slides down
the wall at constant speed, so @= 0 and the box is in dynamic equilibrium. Thus, Fnet = 0. Newton’s second law for
this equilibrium situation is
(Fret)x=ON =n- Foush 0s45°
(Fret)y=0N = fi + Fyy sy SIN45° - Fg = fi + FynSiN45° - g
The friction force is fi, = N Using the x-equation to get an expression for n, we see that fi = yy Foush 00s45°.
Substituting this into the y-equation and using Table 6.1 to find w, = 0.20 gives,
i Foush ©0845° + FoypnSin45° — mg= ON

g _ (20kg)(9.80m&%)

_ i, _ 23N
= s T 00845+ Sn45 | 0.2000545° + Snd5°

6.55. Model: Use the particle model for the block and the model of static friction.
Visualize:

F

: All forces
push

except friction

30° n

Solve: The block is initially at rest, so initially the friction force is static friction. If the 12 N push is too strong, the
box will begin to move up the wall. If it is too weak, the box will begin to slide down the wall. And if the pushing force
is within the proper range, the box will remain stuck in place. First, let’s evaluate the sum of all the forces except
friction:

2 Fx=n- Fy400830° = ON = n= F ¢, 00s30°
3 Fy= FousnSiN30° - Fg = Foueq Sin30° - mg = (12N)sin30° - (1 kg)(9.8 m&%) = -3.8N

In the first equation we utilized the fact that any motion is parallel to the wall, so a, =0 m&2. These three forces add
upto —3.8) N. This means the static friction force will be able to prevent the box from moving if f,=+38 / N. Using

the x-equation and the friction model we get
(K)rex = = psFusn ©0830° = 5.2N
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where we used ug = 0.5 for wood on wood. The static friction force £ needed to keep the box from moving is less

than ( £)u- Thus the box will stay at rest.

6.56. Visualize: The book is in static equilibrium so the net force is zero. The maximum static frictional force the
person can exert will determine the heaviest book he can hold.

Solve: Consider the free-body diagram below. The force of the fingers on the book is the reaction force to the normal
force of the book on the fingers, so is exactly equal and opposite the normal force on the fingers.

Friction f{ Friction f,
/ R
Force of fingers on book F Force of fingers on book F
Weight w

The maximal static friction force will be equal to £z = usn=(0.80)(6.0N) = 4.8N. The frictional force is exerted
on both sides of the book. Considering the forces in the y-direction, we have that the weight supported by the maximal
frictional force is

W= fmex + Gmax = 2 max = 26N
Assess: Note that the force on both sides of the book are exactly equal also because the book is in equilibrium.

6.57. Model: We will model the skier along with the wooden skis as a particle of mass m. The snow exerts a contact
force and the wind exerts a drag force on the skier. We will therefore use the models of kinetic friction and drag.
Assume the skier is a cylinder end-forward so that C = 0.8.

Visualize:

Pictorial representation

Known

m = 80 kg

0 =40°

= 0.06
A=04mX 1.8m

Find
Vierm Normal r GmVi[y FG
Kinetic friction fi ~  ceeeeeecdeeee X

We choose a coordinate system such that the skier’s motion is along the +x-direction. While the forces of kinetic
friction fi and drag D act along the —x-direction opposing the motion of the skier, the gravitational force on the skier

has a component in the +x-direction. At the terminal speed, the net force on the skier is zero as the forces along the +x-
direction cancel out the forces along the —x-direction.
Solve: Newton’s second law and the models of kinetic friction and drag are

. 1
(Fret)x =3 Fy = +(Fg )y + (£ )y + (D), = mgsiné — £, —ECpAV2= ma, =ON

(Fnet)y=2Fy= n,+ (FG )y= n- ngcoso =0N
fi = men
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These three equations can be combined together as follows:
(1/2)Cp AV = mgsing — fi = Mgsing - w.n=ngysiné — w, MYcoss

. 12
sing — w, cos

lszA
Using uy, = 0.06 and A=1.8mx0.40m=0.72m?, we find

=>Vterm=(ng

12
=37ms

Vierm =

(80kg)(9.8 m/SZ)[ sin40° — 0.06c0s40° J

1(08)(1.2kgMm*)(0.72 m?)
Assess: A terminal speed of 37 m/s corresponds to a speed of =~ 82 mph. This speed is reasonable but high due to the

steep slope angle of 40° and a small coefficient of friction.

6.58. Model: The ball is a particle experiencing a drag force and traveling at twice its terminal velocity.
Visualize:

| Iy

Fg Fg

D

Shot straight up Shot straight down

Solve: (a) An object falling at greater than its terminal velocity will slow down to its terminal velocity. Thus the drag
force is greater than the force of gravity, as shown in the free-body diagrams. When the ball is shot straight up,

(S F)y=ma=-(F; + D)= —(rrg+12CpAv2) = -mg_%cpA(z\/m)Z=

1 2mg\ _ _
- 5CoA 4| =~ ()= -5

Thus @=-5g, where the minus sign indicates the downward direction. We have used Equations 6.16 for the drag
force and 6.19 for the terminal velocity.
(b) When the ball is shot straight down,
1 1
(SF)y=1m8= D~ Fg =2 Co Ay’ ~ =5 Co A 4278 - g~ 35
2 2 CpA
Thus a=3g, this time directed upward.
(©
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The ball will slow down to its terminal velocity, slowing quickly at first, and more slowly as it gets closer to the terminal
velocity because the drag force decreases as the ball slows.

6.59. Model: We will model the sculpture as a particle of mass m. The ropes that support the sculpture will be assumed

to have zero mass.
Visualize:

Pictorial representation

Ty X300

Tension f, Tension fz 60°

Gravity I?G

Solve: Newton’s first law in component form is
(Fret)x =2 Fy=Tiy+ Dy + Fgy=-T8in30° + T,sin60° + ON = ON
(Fret)y=2Fy =T+ T, + Fgy = -Tcos30° + T,00860° - Fg = ON

Using the x-component equation to obtain an expression for T and substituting into the y-component equation yields:

Fg 5001bs
T2~ 60 Yoes30) ——g ~20bs
S cos60°
sin30°
Substituting this value of T, back into the x-component equation,
sin6? sin6lr
=T =250Ibs =4331bs
BRETE sin30°

We will now find a rope size for a tension force of 433 Ibs, that is, the diameter of a rope with a safety rating of
433 Ibs. Since the cross-sectional area of the rope is }‘n d?, we have

12

=0.371inch

4| A4331bs)
(4000 lbs/nch?)

Any diameter larger than 0.371 inch will ensure a safety rating of at least 433 Ibs. The rope size corresponding to a
diameter of 3/8 of an inch will therefore be appropriate.

Assess: If only a single rope were used to hang the sculpture, the rope would have to support a gravitational force of
500 1bs. The diameter of the rope for a safety rating of 500 lbs is 0.399 inches, and the rope size jumps from a diameter
of 3/8 to 4/8 of an inch. Also note that the gravitational force on the sculpture is distributed in the two ropes. It is the
sum of the y-components of the tensions in the ropes that will equal the gravitational force on the sculpture.

6.60. Model: We will model the skier as a particle, and use the model of kinetic friction.
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Visualize:

Pictorial representation y

Gravity Fg
Normal n
Kinetic friction fi

Fo

Solve: Your best strategy, if it’s possible, is to travel at a very slow constant speed (a= 080 Frg = 0). Alternatively,
you want the smallest positive &,. A negative 8, would cause you to slow and stop. Let’s find the value of ) that
gives Fog = 0.
Newton’s second law for the skier and the model of kinetic friction are

(Fret)x =2 Fy=ny+ (Fg )y + (£ )+ (D) = O+ mgeing - fi, - Dcosg = ON

(Fret)y =2 Fy=n,+(Fg),+(f),+ (D), =n-mgoos + ON - Dsing = ON
fi = wen
The x- and y-component equations are
fi, = +nmgsing — Dcost n= ngeosd + Dsing
From the model of kinetic friction,
_ f _ mosing - Doosy _ 82kg(9.8mA”)sin1S - (SON)eos1S® _ 1y
k= ™ rgoost + Dsing 82 kg(9.8 mA&2)cos15 + (SON)sin15°

Yellow wax with g, = 0.20 is perfect.

6.61. Model: The astronaut is a particle oscillating on a spring.

Solve: (a) The position versus time function x(¢) can be used to find the velocity versus time function Ut) = % We

have
Ut = gt{ (0.30 m)sin((r radk)t)} = (0.30r mk)cos((x radk)t)
This can then be used to find the acceleration a(t) = %t/

)= %t" - (03072 m&2)sin(( rad&)D)

Newton’s second law yields a general expression for the force on the astronaut.

Fret () = ma(t) = (75 kg)(0.30r 2 m&?)sin(( radk)t)
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Evaluating this at t=1.0s gives Frg(1.05)=0N, since sin(z)="0.
(b) Evaluating at t=1.5s,

Fre = -22.57% N gn(%) - 22x12N

Assess: The force of 220 N is only one-third of the astronaut’s weight on earth, so is easy for her to withstand.

6.62. Solve: Using a, = EX’ we express Newton’s second law as a differential equation, which we then use to solve

for V.

o, F, . ct
Fromm = dbg =X o= ol

Integrating from the initial to final conditions for each variable of integration,

% ct ct?
fdvx=7n£tdt: Y~ V0x=?n

\/OX

Thus V, =V, + —
X Ox 2m

6.63. Model: Model the object as a particle. The acceleration is not constant so we can’t use the kinematic equations.
All the motion is in the x-direction.

Visualize: Divide F' by m to get a and then integrate twice. The constants of integration are both zero because of the
initial conditions.

Solve:
(a)
o Fod1 B Fol i BN, v _Fof . £
Vi(t)= [ayat= (1 T)dt- m(t 2T]+v0 (t zr)
R, T?\_FRT
%)= m(T 2T)_m2
(b)
Crva o BN\ Fo(E_ LY, _R(f_E
X(O)= [yt mf[t zr)dt' m(Z 6T]+)b_ m(Z 6T]
_R(T?_T\_RT
X(1)= m(Z 6T]_m3

Assess: It seems reasonable that the velocity after time 7 would increase with 7 and that the position at time 7 would
increase with T2.

6.64. Model: Model the object as a particle. The acceleration is not constant so we can’t use the kinematic equations.
All the motion is in the x-direction.

Visualize: Divide F by m to get a and then integrate twice. The constants of integration are both zero because of the
initial conditions.

Solve:

a(-x-fo@em)
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(@)
V(0= [adt= %f[ e_;] dt= % (- T)[ e_;} +C

The constant of integration is not zero. 0)=0=C = Fo D)
m

t

vx<t>=in<;(-r>[e'T

t
+®(T)=®(T)[1-e‘T
m m

~

(b) After a very long time the decaying exponential term is close to zero so v, (t) = Fo T.
m

Assess: It seems reasonable that the velocity after time 7 would increase with 7 and that the position at time 7 would

increase with T2.

6.65. Model: Use the linear model of drag. Assume the microorganisms are swimming in water at 20°C.
Visualize: The viscosity of water is n = 1.0x 1073 N-s/m? at 20°C.
Solve:
(a)
2 F = Fyop—D=0= Fyop = 6mRY

For a paramecium

Forop = 67(1.0x 1073 N - s/m?)(50x 1076 m)(0.0010 m&) = 9.4x 10" N
For an E. coli bacterium

Foyop = 67(1.0x 1073 N-s?)(1.0x 10" m)(30x 1076 m&) = 5.7x 1073 N

(b)
a- Fprop=Fprop= Forop
m pV 0 ﬂﬂ RZ
3
For a paramecium
10
2= 9.4xA1r(T N —18m&2
(TCKDkg/fn3)§n(50x 10°m)?
For an E. coli bacterium
13
2 57x10°"° N ~135m&2

(1(Il)kg/f‘n3)gn (1.0x 106 m)?

Assess: The two accelerations are within a factor of two of each other.
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6.66. Model: Use the linear model of drag.
Visualize: The viscosity of air is n = 20x 107> N -s/m? at 25°C. The density of dust is p = 2700 kg/f‘n3.

Solve:
(a) At terminal speed the net force is zero.

> Fy=D-mg=0= &mRvigy, = Mg

Yo = 6mR
(b)
v PV o479 _piRg
®m6mR 6mR 6y
(2700 kg/m®)4(25x 1076 m)?(9.8 m&?)

LA _ 018375 mé
6(20x 105 N-shr)
Ay 300m .

At-D _ _16335- 27

o Q1B me oS 27 min

Assess: 27 min sounds like a long time, but isn’t too surprising for dust 300 m in the air.

6.67. Solve: (a) A 1.0 kg block is pulled across a level surface by a string, starting from rest. The string has a tension
of 20 N, and the block’s coefficient of kinetic friction is 0.50. How long does it take the block to move
1.0 m?

(b) Newton’s second law for the block is

_Foedx _T-f _ T-uyen mlsz_(Fnet)y_”—FG_”-”Q

S m  m  0m S m  m m

where we have incorporated the friction model into the first equation. The second equation gives N= mg. Sub-stituting

a,=a

ay=0

this into the first equation gives
_T-wyrmg 20N-49N

=15.1mk&?
m 1.0kg S1ms

a

Constant acceleration kinematics gives

1 1 ’ZX [21.0m

6.68. Solve: (a) A 15,000 N truck starts from rest and moves down a 15° hill with the engine providing a 12,000 N
force in the direction of the motion. Assume the frictional force between the truck and the road is very small. If the hill
is 50 m long, what will be the speed of the truck at the bottom of the hill?

(b) Newton’s second law is

S>Fy=n,+Fg + f,+E,=ma,=0
>F=ne+ Fgy+ fr+ Ex=ma, = 0N+ F5sind + ON +12,000N = na
_ nmgsing +12,000N  (15000N)sin15°+12,000N
m (15000N.8 m4%)

where we have calculated the mass of the truck from the gravitational force on it. Using the constant-acceleration

104 m&2

=a

kinematic equation \/3 - Vg = 2ax,

V2 = 2a,x= 2104 mA&%)(50m) = v, = 322 mék

6.69. Solve: (a) A driver traveling at 40 m/s in her 1500 kg auto slams on the brakes and skids to rest. How far does
the auto slide before coming to rest?
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(b)

Pictorial representation Known y

Xp=0m 1,=0s

s vo =40 m/s i
5@55 . m=08 m=1500kg _

Find ———— X
Ax

X1Vt

(c) Newton’s second law is
> F,=n,+(Fg),=n-mg=nra,=0N > F,=-080n=nm,

The y-component equation gives n= g = (1500 kg)(9.8 m&?). Substituting this into the x-component equation yields
(1500 kg)a, = —~0.80(1500 kg)(9.8 m&?) = a, = (-0.80)(9.8 M%) = —7.8 m&?
Using the constant-acceleration kinematic equation \/,2 = Vg + 2aAx, we find

AX:_§=_ (40 mk)?

————— - =102m
2 2-7.8mk%)
6.70. Solve: (a) A 20.0 kg wooden crate is being pulled up a 20° wooden incline by a rope that is connected to an

electric motor. The crate’s acceleration is measured to be 20mA&Z. The coefficient of kinetic friction between the
crate and the incline is 0.20. Find the tension 7 in the rope.

(b)

Llectne motor

Tensam T .l.-' -~ I
e
I/r"' - )
\-'(-‘ __.-"‘___/ = Noemal &
e, —- "-,,,",‘i,.. Fo, Kimetic frictson #
X .

(c) Newton’s second law for this problem in the component form is
(Fret)x = 3 Fy = T— 0.20n- (20 kg)(9.80 m&?)sin 207 = (20 kg)(2.0 mi?)
(Foer)y = 3 F, = n— (20kg)(9.80 m&?)cos20° = ON

Solving the y-component equation, n=18418N. Substituting this value for n in the x-component equation yields
T=144N.

6.71. Solve: (a) You wish to pull a 20 kg wooden crate across a wood floor (y = 0.20) by pulling on a rope attached
to the crate. Your pull is 100 N at an angle of 30° above the horizontal. What will be the acceleration of the crate?
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(b)

Pull P

S Normal /z
Gravity F Friction fi Fg

(¢) Newton’s equations and the model of kinetic friction are
SFy=n¢+ P+ (Fg )+ fr=0N+(100N)cos30° + ON - f, = 100N)cos30° - £, = ma,
>Fy=ny+P,+(F5),+ f,=n+(100N)sin30° - mg-ON = ma, = ON
fe = wen
From the y-component equation, n="150N. From the x-component equation and using the model of kinetic friction
with Uy = 020,
(100N)cos30° - (0.20)(150N) = (20kg)a, = a, = 2.8 Mk’

6.72. Model: The acceleration of the block is not constant before it gets to L; it increases until L and is then constant
(with increasing V).

Visualize: Since the coefficient of friction is a function of the roughness of the two surfaces, it is understandable that
it could be a function of X and not t

Solve:

(a) Use the chain rule.

(b)

The constant of integration C is zero because v, =0 at x=0.

Vi(X) = \/2 F

0 x4 upg ﬁ—x
m (2L
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vx(L)=\/2 f—g/-ﬂlog[é—z- L” JZ[%Log(g)] - \/L(Z—:f-#og)

Assess: Check dependencies; we expect V,(L) to increase with L and decrease with increasing m, ug, and g.

6.73. Model: We will model the shuttle as a particle and assume the elastic cord to be massless. We will also use the
model of kinetic friction for the motion of the shuttle along the square steel rail.
Visualize:

Pictorial representation

Known Tension T

m = 0.80 kg
T=20N

0 =45°
= 0.60

Find
a

X

Kinetic friction f
Normal 7

Gravity E(‘.

Solve: The upward tension component Ty, = Tsin45°=141N is larger than the gravitational force on the shuttle.

Consequently, the elastic cord pulls the shuttle up against the rail and the rail’s normal force pushes downward.
Newton’s second law in component form is

(Fre)x =3 Fy= T+ (fi)g + (M) + (Fg )y = Tcosd5 - f + ON+ON = g, = ma,
(Fnet)y=EFy= Ty+(fk)y+(n)y+(FG)y= TSin45°+ON—n—rry= fmy=ON

The model of kinetic friction is fi, = N We use the y-component equation to get an expression for n and hence f.
Substituting into the x-component equation and using the value of u; in Table 6.1 gives us
Toos45 - w (Tsin45° - ng)
day =
m
_ (20N)cos45° - (0.60)[+(20N)sin45° - (0.800 kg)(9.80 m&?)]
0.800kg

Assess: The x-component of the tension force is 14.1 N. On the other hand, the net force on the shuttle in the
x-direction is A, = (0.800 kg)(13.0 m/SZ) =10.4N. This value for ma is reasonable since a part of the 14.1 N tension

force is used up to overcome the force of kinetic friction.

=13 mk?

6.74. Model: Assume the ball is a particle on a slope, and that the slope increases as the x-displacement increases.
Assume that there is no friction and that the ball is being accelerated to the right so that it remains at rest on the slope.
Visualize: Although the ball is on a slope, it is accelerating to the right. Thus we’ll use a coordinate system with
horizontal and vertical axes.
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Pictorial representation

n
Normal n—" 9
Gravity fo .
y fG
Solve: Newton’s second law is
> F,=nsing = ma, > Fy=ncost - Fg = ma, = ON

Combining the two equations, we get
Fe .
ma, = —5_sind = ngtan6 = a, = gtand
X~ oso mg x=d
The curve is described by y= X Its slope a position x is tang, which is also the derivative of the curve. Hence,
%{y= ang = 2x= a, = (2x)g
(b) The acceleration at x=0.20m is a, = (2)(0.20)(9.8 mA&?) = 3.9 mA&2.

6.75. Visualize:

D
D
——-—e———x m X
Fg Fg
At launch At time 7 later

Solve: (a) The horizontal velocity as a function of time is determined by the horizontal net force. Newton’s second
law as the x-direction gives

(Fret)y = Ma, = —Dcost = —bvoosh = —bv,

Note that D points opposite to V, so the angle 6 with the x-axis is the same for both vectors, and the x components
of both vectors have the same C0Sf term. As the particle changes direction as it falls, the evolution of the horizontal
motion depends only on the horizontal component of the velocity.
Thus

av,

mEX =-bv,

© Copyright 2013 Pearson Education, Inc. All rights reserved. This material is protected under all copyright laws as they currently exist. No
portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



Dynamics I: Motion Along a Line 6-49

v () bt
Separating and integrating, —X=2—=(dt
[wml

In(v"—(t) __b t
Vo m
Solving,

bt _GmRt

V®=ve M=ye m

(b) The time to reach Wt)= 12 v is found by solving for the time when

_emRt
VA= m
2‘/0 voé
Hence
te min(2)
"~ emR
With 17 =1.0x103 Ns/m?, R=20x102m, and m=0033kg, we get t=61s.
emR

v=(1.1x102 5_1)VX. This is a small fraction of the velocity,

Assess: The magnitude of the acceleration is a, =

so a time of about one minute to slow to half the initial speed is reasonable.

6.76. Visualize:

D
D
Fo  Fa
At launch At time ¢ later
. . av, (v, [ dx dv
Solve: (a) Using the chainrule, a, = e LEJ k =v,—

(b) The horizontal motion is determined by using Newton’s second law in the horizontal direction. Using the free-
body diagram at a later time ¢,

(Fret)x = ma, = —Dcoso = -bveost = -bv,

Note that since D points opposite to V, the angle 6 with the x-axis is the same for both vectors, and the
x-components of both vectors have the same cosé term. Thus

av,
ma, = WXEX =-bv,
v, (X) bx(t)
Separating and integrating, f de=—F7f ax
Y %

= ()=~ 2 (D %)
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Solving with X =0,

b 6mR
vX(x)=v0—F7x=v0— :7 X

(c) The marble stops after traveling a distance d when V,(d) = Q.

Hence Vo= % d
m

™

emR

Using v =10cm, R = 0.50cm, m=1.0x 1073 kg, and using 1 = 1.0x10"3 Ns/m,
_ (1.0x10°%kg)0Q10mE)

 61(1.0x 103 Nsm?)(5.0x 103 m)

Assess: The equation for d indicates that a marble with a faster initial velocity travels a farther distance.

Tm

6.77. Model: We will model the object as a particle, and use the model of drag.
Visualize:

Pictorial representation

Cross section

area A
Known
Vo, Mass = m
d 1=0
Cross section area = A
X Find
Vox Vx V.
to t 2
y
5 n
Drag D
D
———— X
\ | /
\_/\ "
e Normal 7 ,_?
Gravity Fg G

Solve: (a) We cannot use the constant-acceleration kinematic equations since the drag force causes the acceleration to
change with time. Instead, we must use 8, = dV,/dt and integrate to find V,. Newton’s second law for the object is

1 av,
(Foehy =3 Fx= D= =5 Cp A = may = m-—
This can be written
adv, CpA
—X ="t
vV 2m
We can integrate this from the start (VOx att=0) to the end (v, att).
fVX%=CL4 Cps 1, 1 _CpA,
Vox V; 2mJo V, Vo 2m
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Solving for v, gives

B Vox
%=1 Co Avet2m
+ Lo AWK

(b) Using A= (1.6m)(1.4m)=2.24m?, Wy = 20mA, and m=1500kg, we get

, 20ms 20 / 1 \(20ms )
X (035)(12kg/fn3)(2.24m2)t(20m/é) 1+ 0006272t 0006272L Ve )
2x 1500

where ¢ is in seconds. We can now obtain the time ¢ for v=10ms:

[ 1 \(20ms ) (
t= k0006272)L10m,s‘1J - 159'44\

When Vv, =5m, then t=480s.

20
—O )‘1%5

(c) If the only force acting on the object was kinetic friction with, say, w, = 0.05 that force would be (0.05)
(1500 kg) (9.8 m&?) = 735N. The drag force at an average speed of 10 m/s is D=%‘(2.24)(10)2 N =56N. We

conclude that it is not reasonable to neglect the kinetic friction force.

© Copyright 2013 Pearson Education, Inc. All rights reserved. This material is protected under all copyright laws as they currently exist. No

portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.






