NEWTON’S THIRD LAW

Conceptual Questions

7.1. If you were to throw the rocks in the opposite direction you wanted to go, you would be pushed by the rocks in
the right direction. Throwing the rocks requires a force to accelerate them (Newton’s second law). So you exert a
force on the rock in one direction and the rock exerts an equal force on you in the opposite direction (Newton’s third
law). This force will cause you to slide along the ice in the opposite direction that you threw the rock. Note that you
will move most efficiently when you use a horizontal force, which means that you throw the rock horizontally.

Sketch Interaction diagram Free-body diagrams
Rock
BgEh I~ System
(P) Normal (R) . [ ) )
F RonP » i N FP onR
Gravity (ﬁ , (FG)ROC](
P =Person R =Rock G/Person
EE = Entire Earth Person Rock

S = Surface

7.2. The paddle, you, and the canoe can be treated as a single object. You can push backward on the water with
the paddle so that the water pushes forward on the paddle. The figure shows how the backward force of the paddle on
the water and the forward force of the water on the paddle are action/reaction pairs. Since you hold the paddle while
sitting in the canoe, the force of the water on the paddle causes the paddle-person-canoe object to move forward. The
vertical force between the canoe and water we label as a normal force here but will later identify as the buoyant force.

Sketch Interaction diagram Free-body diagrams - TTTTTTT S Co
-7 \
-7 1
= L — System t // t ‘:
a § -
— @‘@ - 4 L
Normal N "W on PC 7
Normal d x - L X
" ’ o
Gravity Feconw  f-------- - Fy on PC
HPC on W
W = Water PC = Paddle/canoe
EE = Entire Earth Water Paddle/Canoe
S = Surface
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7-2 Chapter 7

7.3. The rocket forces the exhaust gases down, and the hot gases push up on the rocket. The two forces are a
Newton’s third law pair. The rocket accelerates upward because the force of the exhaust gases on the rocket is greater
than the force of gravity.

Sketch Interaction diagram Free-body diagrams
y y
e — System 1. |
FEG onRr
Flhrust e _(T\
E9) .
\\
Gravity @ Gravity (Folr . EFG) EG
FRonEG
Rocket Exhaust Gases

R = Rocket
EG = Exhaust Gases
EE = Entire Earth

7.4. The player pushes down on the floor, which pushes back up on him. The player accelerates upward because the
force of his push is greater than the force of gravity.

Sketch Interaction diagram Free-body diagrams

9 I— System { N

Normal ~
o = ;

: Fop "
Starts Leaves Gravity @ Gravity pons
ground

Player Surface

P = Player
S = Surface
EE = Entire Earth

7.5. Newton’s third law tells us that the force of the mosquito on the car has the same magnitude as the force of the
car on the mosquito.

7.6. The mosquito has a much smaller mass than the car, so the magnitude of the interaction force between the car
and mosquito, although equal on each, causes the mosquito to have a much larger acceleration. In fact, the
acceleration is usually fatal to the mosquito.

7.7. Newton’s third law tells us that the magnitude of the forces are equal. The acceleration of the truck and car are
determined by the net force on each.

7.8. The force of the wagon on the girl acts on the girl, whereas the force of the girl on the wagon acts on the wagon.
The wagon’s motion is determined by the net force acting on it, so if the girl pulls hard enough to overcome any
other opposing forces acting on the wagon, the wagon will move forward. So try saying, “But, my dear, the net force
on the wagon determines if it will move forward. The forces you mention act on different objects, and so cannot
cancel.”

7.9. The net force on each team determines that team’s motion. The net horizontal force on each team is the
difference between the rope’s pull and friction with the ground. So the team that wins the tug-of-war is not the team
that pulls harder, but the team that is best able to keep from sliding along the ground.
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7.10. This technique will not work because the magnet is part of the cart, not external to it. The forces between the
magnet and cart have the same magnitude but act in the opposite directions. Therefore, although the two objects may
accelerate toward each other, the cart-magnet system as a whole will not move. (Actually, it would be more precise to
say that the center of mass of the cart-magnet system does not move.)

7.11. The scale reads 5 kg. The left-hand mass performs a function no different than the ceiling would if the rope
were attached to the ceiling (i.e., both pull upward with the force required to suspend 5 kg). The force of gravity
acting on the right-hand mass provides the downward force on the spring scale that the spring scale converts to mass
in its display.

7.12. The scale reads 5 kg. The left-hand mass performs a function no different than the wall would if the rope were
attached to the wall (i.e., both pull leftward with the force required to suspend 5 kg). The right-hand mass provides
the rightward force on the spring scale that the spring scale converts to mass and displays.

7.13.
o— x <——e x
TB on A TA onB FH on A
Block B Block A

The figure shows the horizontal forces on blocks B and A using the massless-string approximation in the absence of
friction. The hand must accelerate both blocks A and B, so more force is required to accelerate the greater mass. Thus
the force of the string on B is smaller than the force of the hand on A.

7.14.

TB on A

x ~asif
N
\

- AY
(Fo)a= (kg
\

(Fo)s= (1 ke)g

The pulley will not rotate. As shown in the free-body diagrams above, the force of gravity pulls down equally on
both blocks so the tension forces, which act as if they were a Newton third law pair, pull up equally on each with the
same magnitude force as the force of gravity. The net force on each block is therefore zero, so they do not move and
the pulley does not rotate.

7.15. Block A’s acceleration is greater in case b. In case a, the hanging 10 N must accelerate both the mass of A and its
own mass, leading to a smaller acceleration than case b, where the entire 10 N force accelerates the mass of block A.

Case a Case b
ION =(MA+M10N)a 10N=MAa
10N 10N
a=—— a=——-"
(My+Miyn) My
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Exercises and Problems

Section 7.2 Analyzing Interacting Objects

7.1. Visualize:

Solve: (a) The weight lifter is holding the barbell in dynamic equilibrium as he stands up, so the net force on the
barbell and on the weight lifter must be zero. The barbells have an upward contact force from the weight lifter and
the gravitational force downward. The weight lifter has a downward contact force from the barbells and an upward
one from the surface. Gravity also acts on the weight lifter.

Interaction diagram

System

Push
L
Normal
Gravity
Gravity
BB = Barbells

WL = Weight lifter
S = Surface EE = Entire Earth

(b) The system is the weight lifter and barbell, as indicated in the figure.
()

Free-body diagrams

nwL,

FWL on BB

N N\ (FG)WL/ i
(Fg)sB S~ -7 |V FgponwL

Barbells Weight lifter
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7.2. Visualize:

Sketch

Soccer Bowling
ball (SB ball (BB)

Surface (S)

Earth (E)

Solve: (a) Both the bowling ball and the soccer ball have a normal force from the surface and gravitational force on
them. The interaction forces between the two are equal and opposite.

Interaction diagram

System
Push

Gravity Gravity

SB = Soccer ball
BB = Bowling ball
S = Surface

EE = Entire Earth

(b) The system consists of the soccer ball and bowling ball, as indicated in the figure.

©

Free-body diagrams

// ™

ry y Y

| I

I

i - ”1BBE

| ngp |

| |

| I

I
= g X L 4 I X
Fep onsp Fsg onBB

(Fo) =
S8 (Fo)s
Soccer ball Bowling ball

Assess: Even though the soccer ball bounces back more than the bowling ball, the forces that each exerts on
the other are part of an action/reaction pair, and therefore have equal magnitudes. Each ball’s acceleration due to the
forces on it is determined by Newton’s second law, q = F,,,/m, which depends on the mass. Since the masses of the
balls are different, their accelerations are different.
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7-6 Chapter 7

7.3. Visualize:

Solve: (a) Both the mountain climber and bag of supplies have a normal force from the surface on them, as well as a
gravitational force vertically downward. The rope has gravity acting on it, along with pulls on each end from the
mountain climber and supply bag. The mountain climber experiences static friction with the surface, whereas the bag
experiences kinetic friction with the surface.

Interaction diagram

System
Pull Pull

MC = Mountain climber

R =Rope Su = Supply bag
S = Surface

EE = Entire Earth

(b) The system consists of the mountain climber, rope, and bag of supplies, as indicated in the figure.

©

Free-body diagrams

(ke

Fodsy

Mountain climber Rope Supply bag

Assess: Since the motion is along the surface, it is convenient to choose the x-coordinate axis along the surface. The
free-body diagram of the rope shows pulls that are slightly off the x-axis since the rope is not massless.
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7.4. Visualize:

Car (C) Rabbit (R)

\@& Surface (S)

Entire Earth (EE)

Solve: (a) The car and rabbit both experience a normal force and friction from the floor and a gravitational force
from the Earth. The push that each exerts on the other is a Newton’s third law force pair.

Interaction diagram

System

Push e
.t Friction ’

Normal

Normal
Gravity

C=Car R =Rabbit
S = Surface
EE = Entire Earth

(b) The system consists of the car and stuffed rabbit, as indicated in the figure.

(©
Free-body diagrams

iy y o

I I

I I

. v g i

1 N -

: (r | Foong
e X < ————— X
F RonC (f S)C

(F Gl For
Car Rabbit

7.5. Visualize: Please refer to Figure EX7.5.
Solve: (a) Gravity acts on both blocks. Block A is in contact with the floor and experiences a normal force and friction.

The string tension is the same on both blocks since the rope and pulley are massless and the pulley is frictionless. There are
two third law pair of forces at the surface where the two blocks touch. Block B pushes against Block A with a normal force,
while Block A pushes back against Block B. There is also friction between the two blocks at the surface.

Interaction diagram

System

° Friction e
\Q%m)/

Friction
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7-8 Chapter 7

(b) A string that will not stretch constrains the two blocks to accelerate at the same rate but in opposite directions.

Block A accelerates down the incline with an acceleration equal in magnitude to the acceleration of Block B up the
incline. The system consists of the two blocks, as indicated in the figure above.

©

Free-body diagrams

Block B

(Fa o
3

Assess: The inclined coordinate systems allows the acceleration a to be purely along the x-axis. This is convenient
because it simplifyies the mathematical expression of Newton’s second law.

7.6. Visualize: Please refer to Figure EX7.6.

Solve: (a) For each block, there is a gravitational force due to the Earth, a normal force and kinetic friction due to
the surface, and a tension force due to the rope.

Interaction diagram

Tensiorﬁ\ Tension

System

Normal e

Friction e Friction
Gravity @ Gravity

P = Pulley S = Surface
A = Block A B=BlockB
EE = Entire Earth

(b) The tension in the massless ropes over the frictionless pulley is the same on both blocks. Block A accelerates

down the incline with the same magnitude acceleration that Block B has up the incline. The system consists of the
two blocks, as indicated in the figure.
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©

Free-body diagrams

(Fo)g

(Fg)a
Block A Block B

Assess: The inclined coordinate systems allow the acceleration a to be purely along the x-axis. This is convenient
since then one component of a is zero, simplifying the mathematical expression of Newton’s second law.

Section 7.3 Newton’s Third Law

7.7. Model: We will model the astronaut and the chair as particles. The astronaut and the chair will be denoted by
A and C, respectively, and they are separate systems. The launch pad is a part of the environment.
Visualize:

Pictorial representation Free-body diagrams

Y y
Komown B on C
m =80 kg oo a
on
Find =" 0 C .
= A T =
n 5 = (Fg)
Aon€ Foa nAonC{ o
y
y N
Known Ngon C
m = 80 kg Ncon A
a=10m/s2 |
1
Find ! C
T x| X
I NAonC A N | ﬁ
7L ) Fola o (Fg)e
AN Faonc

Solve: (a) Newton’s second law for the astronaut is
SFona)y =Ncona —~(FG)a =maan =ON = nc gy p =(Fg)a =mpag
By Newton’s third law, the astronaut’s force on the chair is
a onC = C on A = Mag = (80 kg)(9.8 m/s*) =7.8x10> N
(b) Newton’s second law for the astronaut is:

2FnA)y =ncona —(FG)a =mpan = noon p =(FG)a +mpay =my(g+ay)
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7-10 Chapter 7

By Newton’s third law, the astronaut’s force on the chair is
M onC = Con A = Ma(g +ay) = (80 kg)(9.8 m/s* +10 m/s?) =1.6x10° N

Assess: This is a reasonable value because the astronaut’s acceleration is greater than g.

7.8. Visualize: Please refer to Figure EX7.8.

y y
"B aif -
//”’ 55\‘\\\ Tgona
//
\ 4 b4 L 2 X
(fv)B 7-'A on B
s (Fg)
(Fols G)A
Block B Block A

Solve: Since the ropes are massless we can treat the tension force they transmit as a Newton’s third law force pair on
the blocks. The connection shown in Figure EX7.8 has the same effect as a frictionless pulley on these massless
ropes. The blocks are in equilibrium as the mass of A is increased until block B slides, which occurs when the static
friction on B is at its maximum value. Applying Newton’s first law to the vertical forces on block B gives
ng = (Fg)g = mgg. The static friction force on B is thus

(fs)B = Ushg = Usmpg.
Applying Newton’s first law to the horizontal forces on B gives (f,)g =T, ., g, @0d the same analysis of the vertical
forces on A gives Ty .\ o = (Fg)a =mag. Since Ty o n=Tgona, WEhave (f)p =myg, SO

ugngg =mag = my = ugng = (0.60)(20 kg) =12 kg

7.9. Model: Model the car and the truck as particles denoted by the symbols C and T, respectively. Denote the
surface of the ground by the symbol S.
Visualize:

Pictorial representation

y y
3 iy
= _— n )
to | oo—0 B < I ) Fcont N
S P e = T |

Known TonC : (Fg)e SonC - !
s | (Fo)ry !
me = 1000 kg : ol
mp= 2000 kg ! l
Feons=4500N N i
Find

FConT FTonC

Solve: (a) The x-component of Newton’s second law for the car gives
2(Fon c)x =Fsonc = Fronc =mcac
The x-component of Newton’s second law for the truck gives
2(Fon1)x =Fcont =mrar
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Using ac =ar =a and F o, ¢ = Fc on 1, WO 8C1

1 1
(FCOHS_FCOI’IT)( )=aand (FCOI‘[T)( )=a
me m
Combining these two equations,

(FCOHS_FCOnT)(L)=(FConT)(L) = FConT(L'FL):(FCOnS)(L)
m, n m, m,

C T c It C
Foont = (Fean )| —2— | = (4500 N)[ ——200KE ) _3000 N
Mme + my 1000 kg + 2000 kg

(b) Due to Newton’s third law, F .~ =3000 N.

7.10. Model: The blocks are to be modeled as particles and denoted as 1, 2, and 3. The surface is frictionless and

along with the earth it is a part of the environment. The three blocks are our three systems of interest.
Visualize:

Pictorial representation

Known
y -
| my =1kg
m,=2kg
my=3kg
FAonl=12N
12N
' 1 2 3 Find
* F20n3
F20n1
y
y ¥
e ]
| iy A |
: lﬁQ :
- ! I,
1 n :2 3 :F20n3
=T >—1 — —— X X
FZonl i (ﬁG)l FAon] F*:’nz iFlonZ
150 ISR i 22 .
Y (Fg)s3

The force applied on block 1is F, | =12 N. The acceleration for all the blocks is the same and is denoted by a.

Solve: (a) Newton’s second law for the three blocks along the x-direction is
2FonDx =Faont = Fron1=ma, Z(Fon2)y =Flon2 = Fyona =maa, X(Fon3)x =Fron3 =ma
Summing these three equations and using Newton’s third law (F, .| =F ., and 5 o, 5 = F5 o 3), WE g6t
Fooni=(m+my+m)a = (12N)=(lkg+2kg+3kg)a = a=2m/s

Using this value of a, the force equation for block 3 gives

Fy o3 =mya=(3kg)2 m/s’) =6 N
(b) Substituting into the force equation on block 1,

12N-F,,,=(1kg)2m/s’) = F,,,;=10N

Assess: Because all three blocks are pushed forward by a force of 12 N, the value of 10 N for the force that the 2 kg

block exerts on the 1 kg block seems reasonable.
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7.11. Model: We treat the two objects of interest, the block (B) and steel cable (C), like particles. The motion of
these objects is governed by the constant-acceleration kinematic equations. The horizontal component of the external

force is 100 N.
Visualize:

Pictorial representation

’ Kown.,
’ - mg =20 kg
Fex g Fext (Fex)x=100N
ol o 5.  wouso0
, L —— . X%=20m
Ve =4.0m/s
Xo: Vox: o X, Ve b Ix
Find
e

Block

Solve: Using vZ =v3_ +2a,(x; - x,), We find
(4.0 m/s)* = 0 m%/s? +2a,(2.0 m) = a_ = 4.0 m/s’
From the free-body diagram on the block:
S(Fong)e =(Feonp) =mpa, = (Feonp)y =(20 kg)(4.0 m/s?) =80 N
Also, according to Newton’s third law (£ . ), = (Fc on ) = 80 N. Applying Newton’s second law to the cable gives

SFon )y = (Fox)s = (Faon©)y =mca, = 100N-80 N=mc(4.0 m/s>) = mc=5.0kg

Section 7.4 Ropes and Pulleys

7.12. Model: The man (M) and the block (B) are interacting with each other through a rope. We will assume the
pulley to be frictionless, which implies that the tension in the rope is the same on both sides of the pulley. The system

is the man and the block.
Visualize:

Pictorial representation

T asif !
o (CTTTTTTTT SR
I(HOL TR onM \ : R «/,I?,
VE 60 kg ______ | n RonB
mg =100 kg M ¢ 4 B -
Find R
T Y (Fom
YFos
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Solve: Clearly the entire system remains in equilibrium since my > m,,;. The block would move downward but it is
already on the ground. From the free-body diagrams, we can write Newton’s second law in the vertical direction as
2Fonm)y =Tronm ~(FeIm =0N = Tg oy = (Fg)m = (60 kg)(9.8 m/s*) =590 N

Since the tension is the same on both sides, T . g =Ty onr =7 =590 N.

7.13. Model: The two ropes and the two blocks (A and B) will be treated as particles.
Visualize:

Free-body diagrams

y

Block A Block B
] [—«: ‘Tl onB
l/
i
=% |
(FG)A TI on A :
\\ :
\ I
\ ! \
\ | 1
I | |
y ] y
Rope 1 / i Rope 2 J
/ ! /
- : "
Taon1 1/ ! Tgon2 ./
|
i
|
| X
(Fg)
7-‘IOWC\'

Solve: (a) The two blocks and two ropes form a combined system of total mass M = 2.5 kg. This combined system
is accelerating upward at g = 3.0 m/s> under the influence of a force F and the gravitational force —Mg j. Newton’s
second law applied to the combined system gives

(Fpet)y=F-Mg=Ma = F=M(a+g)=(25kg)3.0m/s’ +9.8m/s’)=32N

(b) The ropes are not massless. We must consider both the blocks and the ropes as systems. The force F acts only on
block A because it does not contact the other objects. We can proceed to apply the y-component of Newton’s second

law to each system, starting at the top. Each object accelerates upward at 4 = 3.0 m/s2. For block A,
(Fhetona)y =F=mpg=Tiona =mpaa = Tiogna=F-mpy(a+g)=19N
(¢) Applying Newton’s second law to rope 1 gives
(Freton )y =Taon1=™M& ~Tgon1 =ma
where fA on1 and fl on A &€ an action/reaction pair. But, because the rope has mass, the two tension forces TA onl
and TB on 1 are not the same. The tension at the lower end of rope 1, where it connects to B, is
Tgon1=Taon1 —m(a+g)=16N
(d) We can continue to repeat this procedure, noting from Newton’s third law that
Bions=Tson1 34 oy =T on2
Newton’s second law applied to block B is
(FrctonB)y =TionB Mg ~Thong=mga = Thong=Tionp—mpla+g)=32N

7.14. Model: Together the carp (C) and the trout (T) make up the system that will be represented through the
particle model. The fishing rod line (R) is assumed to be massless.
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Visualize:
Pictorial representation
60N y
T,
~ X

1 Foe

1 T

|

|

i Carp

i

| y

I

|

i .
Known | T
me=15kg oo
mp=3.0kg —
T,=60N (Fe)r
Find

Trout

Tl (FG)T (F(")(‘ T’7
Solve: Jimmy’s pull 7, = 60 N is larger than the total weight of the fish, so they accelerate upward. They are tied

together, so each fish has the same acceleration a. Applying Newton’s second law along the y-direction for the carp
and the trout gives

2(Foy c)y=D-T-(Fg)c =mca = > (Fon 1)y =T - (Fg)r =mra
Adding these two equations gives
2= Fg)e - (Fg)r _ 60N -(1.5kg)(9.8 m/s?) - (3.0 kg)(9.8 m/s?)
(mc +my) 1.5kg+3.0 kg
Substituting this value of acceleration back into the force equation for the trout, we find that
T, =mp(a+g) = (3.0 kg)(3.533 m/s> +9.8 m/s*) =40 N
(Fg)p =mrg =(3.0ke)(9.8 m/s?) =29 N = (Fg)c =mcg =(1.5kg)(9.8 m/s*) =15 N
Thus, 7, > T} > (Fg)t > (Fg)c-

=3.533 m/s?

7.15. Model: The block of ice (I) is a particle and so is the rope (R) because it is not massless. We must therefore
consider both the block of ice and the rope as objects in the system.

Visualize:
Pictorial representation Known
, . my=10kg
L Fext mp=500g

. / L=2m

ag =a;=a=2.0m/s?

e
L Find
(FR on l)x (cht)x
y y
ny
F, -
_____ TonR Fex\
B o e g ~ > x
= (For
- FR onl
(Fo) |
on ice block on rope
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Solve: (a) The force £, acts only on the rope. Since the rope and the ice block move together, they have the same
acceleration. Also because the rope has mass, F,,, on the front end of the rope is not the same as Fj  p that acts on
the rear end of the rope. Applying Newton’s second law along the x-axis to the ice block and the rope gives
S(Fon 1) = (P on 1) =mpa = (10 kg)(2.0 m/s?) =20 N
(b) Applying Newton’s second law to the rope gives
SFon ) = Fox)x = (FonR)x =@ = (Fi)y = (Fr on1)x + Mga =20 N +(0.500 kg)(2.0 m/s”) =21 N

7.16. Model: The hanging block and the rail car are objects in the systems.
Visualize:

Pictorial representation

Known
Mpock = 2000 kg

Find
T,=T;=T
y
Pulley cart
7 I
y —a x
/ T;
N Fre=0

(FG)block

Solve: The mass of the rope is very small in comparison to the 2000-kg block, so we assume a massless rope. In this case,
the forces 7;and 7} act as if they are an action/reaction pair. The hanging block is in static equilibrium, with 7 & =0N,
S0 Ti = iy g = (2000 kg)(9.8 m/s?) =19,600 N. The rail car with the pulley is also in static equilibrium, so
T, + Ty = T; = 0 N. Notice how the tension force in the cable pulls both the top and bottom of the pulley to the right.

Now, 7; =T, =19,600 N by Newton’s third law. Also, the cable tensionis 7, =T, =T. Thus, T = %Tl’ =9800 N.

7.17. Visualize:

y Yy
/ TT
- 7-'T on B
L x X
Tg on Tﬂ For (Fo)
Top half (T) Bottom half (B)
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Solve: The rope is treated as two 1.0-kg interacting objects. At the midpoint of the rope, the rope has a tension

TsonT =Tt on g = T- Apply Newton’s first law to the bottom half of the rope to find 7.

(Fa)y =0=T~(Fg)g = T =mpg=(1.0kg)9.8m/s*)=9.8N

Assess: 9.8 N is half the gravitational force on the whole rope. This is reasonable since the top half is holding up the
bottom half of the rope against gravity.

7.18. Model: The cat and dog are modeled as two blocks in the pictorial representation below. The rope is assumed
to be massless. The two points (knots) where the blocks are attached to the rope and the two hanging blocks form a
system. These four objects are treated at particles, form the system, and are in static equilibrium.

Visualize:

Pictorial representation

Known
m;=2.0kg
1 3 my=4.0kg
0, 2 05 6, =20°

Find
0; Tj

Solve: (a) We consider both the two hanging blocks and the two knots. The blocks are in static equilibrium with

F

"ot =0 N. Note that there are three action/reaction pairs. For Block 1 and Block 2, F,, =0 N and we have
Ty=(Foh =mg, T5=(F5);=mg
By Newton’s third law:
Ty =Ty=mg, Ts=T5=mg
The knots are also in equilibrium. Newton’s law applied to the left knot is
(Fhe)x =To =T1c0s6 =ON = (F,e), =Tisin - T, = T;sin6 —mg =0N
The y-equation gives T; = m,g/sin6,. Substitute this into the x-equation to find

mgcost, mg
T, =7 e
sinf, tan 6,
Newton’s law applied to the right knot is

(Fre)x =Tscost3 -1, =ON = (F), =Tsin0; ~T5 = T3sinf; - myg =0 N
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These can be combined just like the equations for the left knot to give

, mpgcosly  m,g

T
2 sinf;

tan 05

But the forces Tz and Tz’ are an action/reaction pair, so T, = 7. Therefore,

mg
tan g,

m&
tan 0y

m

= tanf;="2tanf, = 0, =tan"'[2tan(20°)] = 36°

We can now use the y-equation for the right knot to find T, = m,g/sinfy = 67 N.

7.19. (a) Visualize: The upper magnet is labeled U and the lower magnet L. Each magnet exerts a long-range
magnetic force on the other. Each magnet and the table exert a contact force (normal force) on each other. In
addition, the table experiences a normal force due to the surface.

Interaction diagram

System

Pull

Gravity

U = Upper magnet
L = Lower magnet
T =Table

S = Surface

EE = Entire Earth

Gravity

Gravity

Known
(Fg)7=20.0N
(Fou=2.0N
(Fg)L=20N
FyonL=3Fg)L

Ve B ¥
s onT
n
TonU —3
FUonL

———————— 2, M, onT e
% —"_ x )
Foo Nz N T 7 on LYV (FGL |
GU |VF 1 = on |
LonU NyonT - |
! (Fo)r !
Upper : Table Lower !
| 1

(b) Solve: Each object is in static equilibrium with F  =0. Start with the lower magnet. Because

FyonL =3(Fg)L =6.0 N, equilibrium requires ny . ; =4.0 N. For the upper magnet, F{ & =F;,,.=60N
because these are an action/reaction pair. Equilibrium for the upper magnet requires n;  ; = 8.0 N. For the table,

the action/reaction pairs are n; 1 =ny ., =4.0N and ny 1

=nroyu =8.0N. The table’s gravitational force is

(Fg)r=20N, 80 ng 1 =24 N for the table to be in equilibrium. Summarizing, we have

Upper magnet Table Lower magnet

(Fg)u =20N (Fg)r=20N (Fg)L =20N

nronu =8.0N Nyont =8-0N nponr =40N

FLony=6.0N N ont =40N Fyon =6.0N
ngont =24 N
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Assess: The result ng 1 =24 N makes sense. The combined gravitational force on the table and two magnets is

24 N. Because the table is in equilibrium, the upward normal force of the surface has to exactly balance the total
gravitational force on the table and magnets.

7.20. Model: The astronaut and the satellite, the two objects in our system, will be treated as particles.
Visualize:

Pictorial representation

= = Known

my=80kg mg=640kg
Xoa=Xs=0 7=0

Voa =Vos =0
FA(mS:FSonA:lOON
1=050s 1£,=60.0s

T T T T T X
X235 Vass I 0 XA Viar Xaa:Vaas I Find

Xis5 Viss 1 XoA T Xos

Solve: The astronaut and the satellite accelerate in opposite directions for 0.50 s. The force on the satellite and the

force on the astronaut are an action/reaction pair, so both have a magnitude of 100 N. Newton’s second law for the

satellite along the x-direction gives

Faons _ —(100 N)
mg 640 kg

=-0.156 m/s’

2(Fons)y =Faons =msag => ag=

Newton’s second law for the astronaut along the x-direction is

FSonA =FAonS =100N
my mpy 80 kg

=1.25 m/s?

2Fona)s =Fsona=maay = ap=
Let us first calculate the positions and velocities of the astronaut and the satellite at £ =0.50 s under the
accelerations g, and qg:
Xia =Xoa +Voa(h —1p) +Lan (h —19)* =0m+0m+1(1.25 m/s?)(0.50 s - 0.00 5)* = 0.156 m
Xis = Xos +Vos(t; —fo) + Tag(t —19)* = 0m+ 0 m +1(<0.156 m/s*)(0.50 s - 0.00 5)* = ~0.020 m
Via =Voa +ap(t —1o) =0m/s +(1.25 m/s?)(0.50 s — 0.00 s) = 0.625 m/s
Vig = Vos + ag(f; —ty) =0m/s +(-0.156 m/sz)(O.S s —0.00 s) =-0.078 m/s

With x,, and x as initial positions, v, and g as initial velocities, and zero accelerations, we can now obtain
the new positions at (¢, —7,) =59.5 s:

Xop =Xa +Va(ty — 1) =0.156 m + (0.625 m/s)(59.5 s) =37.34 m

Xyg = Xig + Vig(ty —1;) =—0.02 m + (—0.078 m/s)(59.5 s) = —4.66 m
Thus the astronaut and the satellite are x,, - x,5 = (37.34 m) — (-4.66 m) = 42 m apart.

7.21. Model: The block (B) and the steel cable (C), the two objects in the system, are modeled as particles and their
motion is determined by the constant-acceleration kinematic equations.

© 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.



Newton’s Third Law 7-19

Visualize:
Pictorial representation
Known
mg =20 kg
(Fod= 100N

ext ext
]T}\E// RN X =Vor= 1o =0
; 1 x  Vie=40m/s

t=20s

Find

(Fexl).\' - (FB on C)

FBonC

Block Cabhle

Solve: Using v, =v,, +a,(t —1)),
40nm/s=0m/s+a,(20s-0.0s) = a,=20 m/s’
Newton’s second law along the x-direction for the block gives
S (Fon8)x = (Fe on B)x = Mpa, = (20 kg)(2.0 m/s?) =40 N
(Fly), acts on the right end of the cable and (Fg on )y 2Cts on the left end. According to Newton’s third law,
(Fsonc)x =(Feonp)y =40 N. The difference in the horizontal component of the tension between the two ends of

the cable is thus
(Fext)x _(FBonC)x =100 N-40 N=60 N

7.22. Model: The gliders and spring form the system and are modeled as particles. Because the spring is
compressed, it may be modeled as a rigid rod, so the three objects are constrained to have the same acceleration.
Visualize:

Pictorial representation

— System ~ Known
External force — o @ ° Fo=60N
’ my =0.40 kg
mpg =0.60 kg
| B
S mg, =0.20 kg
Gravity Gravity Find

FSponA7FSponB

F SponB
(Folp

Glider B

Glider A
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Solve: By Newton’s third law, we know the action/reaction forces are of equal magnitude but point in the opposite
direction, so they cancel when considering the entire system. Using Newton’s second law in the x-direction, the
acceleration of the system is

Fo, 6.0N

= =5.0m/s’
mp +mgy +mg  0.40 kg+0.20 kg+0.60 kg

E(F)x=F;3xt=(mA+mSp+mB)a = as=

Applying Newton’s second law to glider A gives
S(F)s = Fo = Fpon a)x =maa = (Fsponn)x = Foxy =M@ =6.0N = (040 kg)(5.0m/s?) = 40N
Applying Newton’s second law to glider B gives
S(F), = (Fspon)y = mpa = (0.60 kg)(5.0 m/s*) =3.0N
Applying Newton’s second law to the spring in the y-direction, and using the fact that ( Fsp onA)y =( FSp on B)y by
symmetry, we find
E(F)y = (ﬁSponA)y + (FSponB)y - (FG)Sp =0 = 2(FSpon B)y = mSp(9'8 m/s2)
(Fspona)y = Fsponn)y = 3(0.20 kg)(9.8 m/s”) =0.98 N
Adding the x- and y-components in quadrature gives the total force exerted by the spring on each block:
glider At Fgy op o =J(4.0N)? + (098 N)? =4.IN

glider B:  Fyy on p =y(3:0N)” +(0.98N)? =32 N

Assess: The result seems reasonable because more force is exerted on glider A by the spring than on glider B, as
expected. The force exerted on glider A by the spring is, by Newton’s third law, the force that must accelerate the
spring + glider B, whereas the force exerted by the spring on glider B only has to accelerate glider B.

7.23. Model: Sled A, sled B, and the dog (D) are treated like particles in the model. The rope is considered to be
massless.

Visualize:

Pictorial representation Known

my =100 kg
A I B 2 my = 80 kg

v % pi=0.10
T,=150N
Find
T,

A
.];/; Tl on A
> X X
N .
Fo)a
Sled A Sled B

Solve: The acceleration constraint is (ay, ), = (ag), = a,. Newton’s second law applied to sled A gives
E(ﬁon A)y =npy—(Fg)a=0N = n, =(Fg)p =mpg
S(Fon a)x =Tion & = fa = mpdy
Using £, = wn,, the x-equation yields
Tiona —Mip =maa, = 150 N=(0.10)(100 kg)(9.8 m/s?) = (100 kg)a, = a, =0.52 m/s’
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Newton’s second law applied to sled B gives
S(Fonp)y =np = (Fg)p=0N = ny=(Fg)p =mpg
E(FonB)x =T, -TonB — fB = Mpa,
Tionp @nd T, . 5 act as if they are an action/reaction pair, so T, 5 =150 N. Using f; = w1z =(0.10)(80 kg)
(9.8 m/s?) =78.4 N, we find
T, -150 N-78.4 N = (80 kg)(0.52 m/s*>) = T, =270N
Thus the tension T, = 2.7 x 10% N.

7.24. Model: Consider an element of the rope dm = pdy, where p = m/L is the mass density of the rope. Model

this element as a particle.
Visualize:

Pictorial representation

T(y)

—+ Ndm=dyp

Fo)

Solve: The rope is stationary, so Newton’s second law applied to the particle gives
2Ea)y =T -F5(»)=0 = T(y)=Fz(»)
The force F;(y) due to gravity is the weight of the rope below the point y, which is

Fg(») = ypg =y(m/L)g
Inserting this into the expression above gives the tension: T'(y) = ymg/L.

Assess: The result seems reasonable because 7(y) = 0 at the bottom of the rope (v = 0) and 7(y) = mg at the top of the
rope (y=1L).

7.25. Model: The coffee mug (M) is the only object in the system, and it will be treated as a particle. The model of
friction and the constant-acceleration kinematic equations will also be used.
Visualize:

Pictorial representation

Known
Y xp=0

Vor = 20 m/s
x=50m v, =0
Sﬁ@s X =050 p =030

J T
Xos Vo Lo X1y Ve m=0.50 kg

QU

Find
2
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Solve: The mug and the car have the same velocity. If the mug does not slip, their accelerations will also be the
same. Using v =2 +2a,(x - x,), We get
0 m?%/s% = (20 m/s)? +2a,(50 m) = a, = —4.0 m/s*

The static force needed to stop the mug is

(Foot)x ==/, =ma, = (0.5 kg)(-4.0 m/s>)=-2.0N = f, =2.0 N
The maximum force of static friction is

(fmax = Hsn = usFg = ugmg = (0.50)(0.50 kg)(9.8 m/s*) =2.5 N
Since (f,)max < (fi)max» the mug does not slide.

7.26. Model: For car tires on dry concrete, the coefficient y of static friction is typically about 0.80 (see Table 6.1).

Visualize: The car and the ground are denoted by C and S, respectively.
Pictorial representation

Front-wheel drive car

-
FanQ

Solve: The car presses down against the ground with both the drive wheels (assumed to be the front wheels F,
although this is not critical) and the nondrive wheels. For this car, two-thirds of the gravitational force rests on the

front wheels. Physically, force FS on ¢ I8 @ static friction force, so its maximum value is ( Fs on Omax = (/5 ) max = Hsh-

The maximum acceleration of the car on the ground (or concrete surface) occurs when the static friction reaches this
maximum possible value:
2
(Fg on max = F)max = Uty = U (FG)p = us(%mg) = (0.80)(%)(1500 kg)(9.8 m/s*) = 7840 N
Use this force in Newton’s second law to find the acceleration:
~ (Fsonc)max _ 7840 N

Ay = = =5.2 m/s?
max m 1500 kg

7.277. Model: The starship and the shuttlecraft will be denoted as M and m, respectively, and both will be treated as
particles. We will also use the constant-acceleration kinematic equations.
Visualize:

Pictorial representation

Meet at time # Known B by
R R Xmo=0  vp=0 . -
dy dp, =0 T S
Xpmo= 10,000 m 7 N \ X
vo=0 a1 7
”? —20X106kg FmonM FM()nm
M= 2.
- - : my=2.0 X 104 kg
0 M1 VM4 Fipactor=4-0 X 104N Starship Shuttlecraft
Mo Vmos I X1, Vit D Xm0 Vo, To

Solve: (a) The tractor beam is some kind of long-range force FM onm- Regardless of what kind of force it is, by

Newton’s third law there must be a reaction force Fm on M On the starship. As a result, both the shuttlecraft and the
starship move toward each other (rather than the starship remaining at rest as it pulls the shuttlecraft in). However,
the very different masses of the two crafts means that the distances they each move will also be very different. The
pictorial representation shows that they meet at time ¢ when x,,, = x,;. There’s only one force on each craft, so
Newton’s second law is very simple. Furthermore, because the forces are an action/reaction pair,

Fronm = FmonM = Firactor beam = 4.0x10* N

The accelerations of the two craft are
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F, 4 F - 4
monM=4.0><106 N=0.020m/52 and a, = Monm= 4.0)(12) N
M 2.0x10° kg m 2.0x10" kg
Acceleration g is negative because the force and acceleration vectors point in the negative x-direction. Now we

=-2.0 m/s’

Ay =

have a constant-acceleration problem in kinematics. At a later time ¢, the positions of the crafts are
1 2_1 2
Xmi = Xmo + VMol —lo) + 3ap(t —1p)” = Fapt

1 2 1 2
Xml = Xm0 + Vmo(f) =19) + 3 (1) = 1)) = X0 + S Ayl

The craft meet when x;, =x,,,, $0

ml>
%aMtf = Xm0 +%amtlz = = Zomp | Zmo _ |2(10,000 n;) =99.5s
ay = A ay+|ag | 2.02 m/s

Knowing ¢, we can now find the starship’s position as it meets the shuttlecraft:

XML = %aMtlz =99 m
The starship moves 99 m as it pulls in the shuttlecraft from 10 km away.
7.28. Model: We shall only consider horizontal forces. The head and the baseball are the two objects in our system

and are treated as particles. We will also use the constant-acceleration kinematic equations.
Visualize:

Pictorial represenation

y y Known
vgo=30 m/s
o -2 I 5 vgr=0m/s
: BO HonB | _---—"""~~ 77 “~FBonH m=0.14 kg
— - N .
® x X t=15%x1073s
’ Find
Racehall Head Fgont Frions
Solve: (a) The ball experiences an average acceleration of
Vg1 =V -30m/s
ap=-B1_"B0 _ =-20,000 m/s>

t 1.5x107 s
Insert this into Newton’s second law to find the force on the baseball:
FyonB =mpag = (0.14 kg)(-20,000 m/s?| = 2800 N
(b) By Newton’s third law, the magnitude of the force exerted by the ball on the head is the same as that exerted by
the head on the ball. Thus, £ ., =2800 N.

(c) Because 2800 N < 6000 N, the ball will not fracture your forehead, but will fracture your cheekbone because
2800 N> 1300 N.
Assess: A 90 mph fastball travels at (90 mph)(1609.3 m/mile)(1 h/3600s) = 40 m/s, so it will not fracture your

forehead, but it will fracture your cheekbone. This explains why baseball helmets protect the cheekbone.

7.29. Model: The rock (R) and Bob (b) are the two objects in our system, and will be treated as particles. We will
also use the constant-acceleration kinematic equations.

Visualize:
Pictorial representation
Known ¥
mp =75 kg ‘ Releases
> VOR> [
g =500 g *0Rr> VOR 10 3 .
Vor =V =0
ViR =30 m/s

X —X=Ax=1.0m

Find

Fg onr and v,

© 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.



7-24 Chapter 7

Solve: (a) Bob exerts a forward force FB onr O the rock to accelerate it forward. The rock’s acceleration is

calculated as follows:
2
ViR =Vor +2aorAx = ag = IR S 450 mis?

The force is calculated from Newton’s second law:
Fg onr =mpag =(0.500 kg)(450 m/sz) =225N

Bob exerts a force of 2.3x10% N on the rock.
(b) Because Bob pushes on the rock, the rock pushes back on Bob with a force Fy ., 5. Forces Fy  pand Fy o
are an action/reaction pair, S0 Fy . g = Fg g =225 N. The force causes Bob to accelerate backward with an

acceleration of
(FnetonB)x FRonB=_225N

ag = =
mg mg 75 kg

This is a rather large acceleration, but it lasts only until Bob releases the rock. We can determine the time interval by
returning to the kinematics of the rock:

=-3.0 m/s’

VIR =Vor + arAt =agAt = At= HR 00667 s
ar
At the end of this interval, Bob’s velocity is
VlB = VOB + aBAt = aBAt =-0.20 m/s

Thus his recoil speed is 0.20 m/s.

7.30. Model: The boy (B) and the crate (C) are the two objects in our system, and they will be treated in the particle
model. We will also use the static and kinetic friction models.
Visualize:

Pictorial representation

Boy Crate

Known

mp =50kg
MsB = 0.8
g =0.4
Msc = 0.5

b =02
Find
mec

| 1
= % - fic |
FC onB : ka :
X X
ch d FB on C
(Fos (Fo)e

Solve: The fact that the boy’s feet occasionally slip means that the maximum force of static friction must exist
between the boy’s feet and the sidewalk. Thatis, f.; = ugng. Also fi - = wcne.
Newton’s second law applied to the crate gives

2(Fnc)y=nc—(Fg)c=0N = nc=mcg

SFnc)y=Faonc—fic=0N = Fgqnc = fic = tkelic = cMcg
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Newton’s second law for the boy is
> (Fon B)y =7 — (FfG)g=0N = ng=mpg
2Fonp)r=Js—Feonp=0N = Fcop=/fip=Upip = UpMpg

Feonp @0d F , ¢ are an action/reaction pair, so

g _ (0.8)(50 kg)

=2x10% kg
Hkc 0.2)

FeconB=FBonc = MUpMBg=MWcMcg = Mc=

7.31. Model: Assume package A and package B are particles. Use the model of kinetic friction and the constant-
acceleration kinematic equations.
Visualize:

Pictorial representation

y Known
B / mp=5.0kg mg=10kg
0=20° s = 0.20
X Vie Mg =0.15

X0 Vo 10

Xp=vo=tr=0 x;=20m

T~x Find

h

Package B Package A

Solve: Package B has a smaller coefficient of friction, so its acceleration down the ramp is greater than that of
package A. It will therefore push against package A and, by Newton’s third law, package A will push back on B. The
acceleration constraint is g A =dp =a.

Newton’s second law applied to each package gives

2(FonA)x =Fgona +(FG)asingd - fyx =mpa

Fgon A +Magsingd — wa (mygcosl) =mya

2(FonB)x ==Fpon B~ fis + (F5)psinb = mpa

—F) onB — Wi (MmpgcosO) + mpgsind = mpa
where we have used 1, = m, cos8g and ng = mp cos Og. Adding the two force equations, and using F, | p = Fg on a
because they are an action/reaction pair, we get

(amp + wpmp)(gcost) [(020)(5.0 kg) +(0.15)(10 kg)](9.8 m/sz)cos(20°)
mpy + mpg 5.0kg+10kg

=1.82 m/s?

a=gsinf -

Finally, using x; = x, +vy(;, —y) + %a(tl - 10)2, we find

20m=0m+0m+1(182m/s’)(f-0s) = f= \/2(2.0 m)/(1.82m/s?) =1.5 s

7.32. Model: The two blocks form a system of interacting objects. We shall treat them as particles.
Visualize: Please refer to Figure P7.32.
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Known

(wr, =0.20

(g =0.10

mp =1.0kg

mg =2.0kg

Find
TRonL=TLonr=T

(ﬁG)R

Left-hand block (L) Right-hand block (R)
Solve: It is possible that the left-hand block (Block L) is accelerating down the slope faster than the right-hand block
(Block R), causing the string to be slack (zero tension). If that were the case, we would get a zero or negative answer
for the tension in the string. Newton’s first law applied in the y-direction on Block L yields

» Fr), =0=ny —(Fg)pcos(20°) = ny =mygcos(20°)
Therefore
(fi)r = (g ) my g cos(20°) = (0.20)(1.0 kg)(9.80 m/sz)cos(20°) =1.84 N
A similar analysis of the forces in the y-direction on Block R gives (£, )z =1.84 N as well. Using Newton’s second
law in the x-direction for Block L gives
CF)y=ma=Tg oo —(fi)L + Fe)Lsin(20°) = mpa=Tg o1 —1.84 N + m gsin(20°)
For Block R,
CFR), =mpa=(F5)gsin(20°)-1.84 N-T; ;g = mpa =mpgsin(20°)-1.84 N-T; .. r
Solving these two equations in the two unknowns a and 7} g =Tg o, =7, We obtain g =2.12 m/s® and
T=0.61N.

Assess: The tension in the string is positive, and is about 1/3 of the kinetic friction force on each of the blocks,
which is reasonable.
7.33. Model: The two blocks (1 and 2) form the system of interest and will be treated as particles. The ropes are

assumed to be massless, and the model of kinetic friction will be used.
Visualize:
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Pictorial representation
Known
Toui=20N
= 0.40
m;=1.0kg

Tout my=2.0kg

Find
Tropc a

8%

m;=1.0kg

T,
> X

I
el

rope

4
-

=h,

(Fo)

b
my=2.0kg 1 ;
772 ’ I
/
!

’
4 -

£
Fro 4
Pl / Toun

S2bot n'y
(Fg)

Solve: (a) The separate free-body diagrams for the two blocks show that there are two action/reaction pairs. Notice how
block 1 both pushes down on block 2(force 7 )and exerts a retarding friction force £, p 0N the top surface of block 2.

Block 1 is in static equilibrium (¢, = 0 m/s>) but block 2 is accelerating to the right. Newton’s second law for block 1 is
=0N = Trope =h

(Fnet on l)x = fl - Trope

(Fnetonl)y =m-mg=0N = n=mg
Although block 1 is stationary, there is a kinetic force of friction because there is motion between block 1 and block 2.
The friction model means f, = u,n, = u,m,g. Substitute this result into the x-equation to get the tension in the rope:

Trope = /i = My g = (0.40)(1.0 kg)(9.8 m/s?) =3.9 N

net on 2)x _ Tpull _f2 top _f2 bot

a . =a=
ny ny

(Fheton2)y _ my—nj—myg
ny

(b) Newton’s second law for block 2 is
(F,

a, =0 m/s® =
my
Forces 7, and jj; are an action/reaction pair, so n| = n; = m;g. Substituting into the y-equation gives n, = (m, + m,)g.

This is not surprising because the combined weight of both objects presses down on the surface. The kinetic friction

on the bottom surface of block 2 is then
J2vot = Mychy = Wy (my +my)g

The forces fland fz op AT€ an action/reaction pair, so Sorvot = J1 = Wmg- Inserting these friction results into the

ull = U g =ty (my +my)g

x-equation gives
a= (Fneton2)x _ Tp
my my
_ 20N -(0.40)(1.0 kg)(9.8 m/s) - (0.40)(1.0 kg+ 2.0 kg)(9.8 m/s>) —22 s’
2.0kg '

7.34. Model: The 3-kg and 4-kg blocks constitute the system and are to be treated as particles. The models of

kinetic and static friction and the constant-acceleration kinematic equations will be used.
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Visualize:
Pictorial representation

Known

F F my=3.0kg
== — -0k
- - s (Block on block) = 0.60
3 2 4y (Block on floor) = 0.20
T

. Xg=Voy=1p=0
x;=50m

X0 Vox To X Vi 1

Find
t; without sliding

Solve: The minimum time will be achieved when static friction is at its maximum possible value. Newton’s second
law for the 4-kg block is

SFon )y =My on 4= (Fg)a=0N = nyg, 4 =(Fg)y = myg = (4.0 kg)(9.8 m/s’) =39.2 N
Jsa = (f)max = UsM3 on 4 = (0.60)(39.2 N) =23.5 N
Newton’s second law for the 3-kg block is
S(Fon3)y=m—n4on3—(F5)3=0N = ny=ny,, 3+ (F5); =392 N+(3.0kg)(9.8 m/s?) = 68.6 N
Friction forces fand f;,are an action/reaction pair. Thus
2Fns)y=fa-ha=mas = fu—wny=ma; = 23.5N-(0.20)(68.6 N) = (3.0 kg)as
ay=3.27 m/s?
Since block 3 does not slip, this is also the acceleration of block 4. The time is calculated as follows:

X1 —Xo +V0X(t1 —to) +%a(t1 —to)2 = 50m= 0m+0m+%(3.27 m/Sz)(tl -0 5)2 = tl =1.8s

7.35. Model: Blocks 1 and 2 make up the system of interest and will be treated as particles. Assume a massless
rope and frictionless pulley.
Visualize:
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Pictorial representation
y
m;=1.0kg S
. n Fnel
Ty |--.
Known y : o—
; Voo o\
m;=1.0kg J Vi
m,=2.0k a ‘n ! !
2 g aj -7 (Fg) I I
= 0.30 ” e ! |
Tou=20N ! a, Sasif v
i /
my S Tpu]] | J 7 ,'
Find \ my=2.0kg| h
X N / I
o o g ;
a, Sso . ny, 8/ |
\\ ,I
Acceleration constraint A 7 /
N 7 o
a=a=—a \ ' /
2 1 ! i / Tpu],
7 Z '
2 - o 4
bE3 o=
(1‘;', ) Fncl
G2

Solve: The blocks accelerate with the same magnitude but in opposite directions. Thus the acceleration constraint is
a, = a = —a,,where a will have a positive value. There are two real action/reaction pairs. The two tension forces will act as if
they are action/reaction pairs because we are assuming a massless rope and a frictionless pulley. Make sure you understand
why the friction forces point in the directions shown in the free-body diagrams, especially force fl’ exerted on block 2 by block

1. We have quite a few pieces of information to include. First, Newton’s second law applied to blocks 1 and 2 gives
(Fnet on l)x = fl - Tl = W - Tl =ma, = -ma

(Fnetonl)y =m-mg=0N = nm=mg
cton2)x = Tput =\ = fo =T = Tyun = /i = tiny =T = myay = mya

(Fy,
r r
cton2)y =M —m—myg=0N = ny=n+mg

(£,
We’ve already used the kinetic friction model in both x-equations. Next, Newton’s third law gives
nm=n=mg fi=fi=wm=wmg TL=T,b=T
Knowing [, we can now use the y-equation of block 2 to find p,. Substitute all these pieces into the two

x-equations, and we end up with two equations with two unknowns:
wemg =T =-ma Ty =T - wemg — w(my +my)g = mya
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Subtract the first equation from the second to get
Toun =y (3my +my) g = (my +my)a

Toun = i Brmy +my)g 20 N - (0.30)[3(1.0 kg) + 2.0 kg] (9.8 m/s?)
my + my 1.0kg+2.0kg

=1.8 m/s?

7.36. Model: Blocks 1 and 2 make up the system of interest and will be treated as particles. We shall use the kinetic
friction model.

Visualize:
y X
i T
S T . ~ Find
Y T
(Fo)a (ﬁG)B
Block A Block B

Notice that the coordinate system of for block B is rotated so that the motion in the positive x-direction is consistent
between the two free-body diagrams.
Solve: The blocks are constrained to have the same magnitude acceleration. Applying Newton’s second law to block B gives

2(F),=-T+(Fg)g=ma = T-mg=-ma
Applying Newton’s second law in both the x-and y-directions to the block A gives
2(F),=n-(Fg)a=0 = n=Mg
S(F),=T=Ma = T=Ma
Using the first equation to eliminate the acceleration a gives the tension:
mMg
m+M

Assess: The result is positive, as it should be for our choice of coordinate system. Consider m = 0. In this case,
T=0, as expected. For ;[ M, the tension is independent of the mass of the hanging block because its acceleration

T=Ma=M(g-T/m) = T=

will be g, as we can see by solving for the acceleration:

T
=——+g=g- —gformd M
¢ m £=8 m+M & "
7.37. Model: The sled (S) and the box (B) will be treated in the particle model, and the model of friction will be
used. Refer to Table 6.1 for the required friction coefficients.

Visualize:

Pictorial representation

Box

Known

mg=20kg

6=20°

mg=10kg

s (wood on wood) = 0.50
Hy (sled on snow) = 0.12

Find
I

max

Acceleration constraint

ag=ag=a

(Fa)s
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In the sled’s free-body diagram png is the normal (contact) force on the sled due to the snow. Similarly £, 4is the

force of kinetic friction on the sled due to snow.
Solve: Newton’s second law on the box in the y-direction is

ngon g — (FG)pcos(20°)=0N = ng.,5=010kg)9.8 m/s>)cos(20°) = 92.1 N
The static friction force ./75 on g @ccelerates the box. The maximum acceleration occurs when static friction reaches its
maximum possible value.
(fs)max = Ushs on g = (0.50)(92.1 N) =46.1 N
Newton’s second law along the x-direction thus gives the maximum acceleration
Ssonp - (Fg)psin(20°) =mga = 46.1 N - (10 kg)(9.8 m/s*)sin(20°) = (10 kg)a = a =1.25 m/s*
Newton’s second law for the sled along the y-direction is
ng = ngons — (Fg)scos(20°) =0 N
ng =N on s + Mgg €05(20°) = (92.1 N) + (20 kg)(9.8 m/sz)cos(20°) =2763N
Therefore, the force of friction on the sled by the snow is
Jrs = (W )ng =(0.06)(276.3 N) =16.6 N
Newton’s second law along the x-direction is
Toun = wssin(20°) = fis = fgon's = Mga

The friction force f5 = because these are an action/reaction pair. We’re using the maximum acceleration,

fS on B
so the maximum tension is

T — (20 kg)(9.8 m/s?)sin(20°) =16.6 N —46.1 N = (20 kg)(1.25 m/s*) =160 N

7.38. Model: The masses m and M are to be treated in the particle model. We will also assume a massless rope and
frictionless pulley, and use the constant-acceleration kinematic equations for m and M.
Visualize:

Pictorial representation

y ;
Known 2
)’0=v0y=[0=0 TR on m ’—'—(is_if_'_—‘ T
ylz—],()m oo ~~aa RonM
t1=60s x x
M =100 kg =

(FG)m 3

Folm

Find
m Block m Block M

. Usi 2
Solve: Using y; =y, + vy, (t — 1)) + Tam (1 — 1),

(-1.0m)=0m+0m +%aM(6.0 s-0s) = ay; = -0.0556 m/s’
Newton’s second law for m and M gives
2Fonm)y =TRonm — (F)m =may  2(Fonm)y = TR on M — (FG)m = May
The acceleration constraint is g,, = —a,,. Also, the tensions are an pseudo-action/reaction pair, $0 Ty o = TR on M-
With these, the second-law equations become
Tr onm — Mg = May

TR on M — Mg = —may
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Subtracting the second from the first gives
-Mg + mg = May, + may,

m=M gtam

g~ am
9.8 m/s> —0.556 m/s>
9.8 m/s” +0.556 m/s>

Assess: Note that ¢ | = —a), =0.0556 m/s2. For such a small acceleration, the 1% mass difference seems reasonable.

= (100 kg) =99 kg

7.39. Model: Use the particle model for the block of mass M and the two massless pulleys. Additionally, the rope is
massless and the pulleys are frictionless. The block is kept in place by an applied force F,
Visualize:

Pictorial representation

T,
Known
M=10.2kg
T Ts  Find
T, Ts F
T, T; T,
F
y
T,
y y ¢
T, &
® X x X
T
i
F 7 T
G \ Yl
Mass M Small pulley Large pulley

Solve: Since there is no friction on the pulleys, T, = 7; = 7;. Newton’s second law for mass M gives
T,-F5=0N = T;=Mg=(10.2kg)9.8 m/s*) =100 N
Newton’s second law for the small pulley is
,+T,-T,=0N = T, =T3=%=50N=TS=F
Newton’s second law for the large pulley is
T,-T,-T;-T;=0N = T,=T,+T;+T5s=150N
7.40. Model: Assume the particle model for s, m,,and m;,and the model of kinetic friction. Assume the ropes to

be massless, and the pulleys to be frictionless and massless.
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Visualize:

Pictorial representation

T, T,
Uiy Known
T m; =1.0kg
2 my=2.0kg
mz =3.0kg
3 i (block and table) = 0.30
Find
a
y
y
. ~ T
7, P ’
x X /// ¢ X
(Fo) -
L Y (Fg)s
ms

Solve: Newton’s second law for m, gives T, - (Fg); = mya;. Newton’s second law for m, gives
2Fm)y=ny = (FG),=0N = ny=myg
2Foam) =D~ fia-T=ma, = T,-wn, -1y =ma,
Newton’s second law for m, gives T, —(Fg); = mya;. Since my, m,, and my move together, g =a, = -a;=a.
The equations for the three masses thus become
Li=(Fgh=ma T—wm-Ti=ma T,-(Fg); =-ma
Subtracting the third equation from the sum of the first two equations yields:
—(Fg ) — Wy + (Fg )3 = —mg — wemyg + myg = (my + my + mz)a

_ Mg — WMy + m3g -1.0 kg - (0.30)(2.0 kg) + 3.0 kg (9.8 m/s?) = 2.3 m/s>
(my +my +my) 1.0kg +2.0kg +3.0kg

a

7.41. Model: Assume the particle model for the two blocks, and the model of kinetic and static friction.
Visualize:

Pictorial representation

Known Coordinates
M=20kg 6=20° Y form
=080  p=0.50
a,=ay=a

Coordinates

for M
Find EW 5
m a
12 Y (Fo)m
X
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Solve: (a) If the mass m is too small, the hanging 2.0 kg mass will pull it up the slope. We want to find the smallest
mass that will stick as a result of friction. The smallest mass will be the one for which the force of static friction is at
its maximum possible value: So =) max = Ush- As long as the mass m is stuck, both blocks are at rest with

F

"ot =0 N. In this situation, Newton’s second law for the hanging mass M gives

(Fpet)y =-Ty+Mg=0N = T, =Mg=(2.0kg)(9.8 m/s*)=19.6 N
For the smaller mass m,
(Fre)x =Ty — fs—mgsin0 =0 N (F), =n-mgcost = n=mgcost

For a massless string and frictionless pulley, forces 7.

*and T, act as if they are an action/reaction pair. Thus 7 = 7;,.Mass

m is a minimum when f; = (f; = ugn = ugmg cos . Substituting these expressions into the x-equation for m gives

)max
Ty — ugmg cosd —mgsing =0 N
e Iy, _ 19.6 N _1s
(ugcosO +sinB)g  [(0.80)cos(20°) +sin(20°)](9.8 m/s?)
or 1.8 kg to two significant figures.
(b) Because u, < ug the 1.8 kg block will begin to slide up the ramp and the 2.0 kg mass will begin to fall if

3kg

the block is nudged ever so slightly. In this case, the net force and the acceleration are not zero. Notice how, in the
pictorial representation, we chose different coordinate systems for the two masses. The magnitudes of the
accelerations are the same because the blocks are tied together. Thus, the acceleration constraint is a = ay; =a,
where a will have a positive value. Newton’s second law for block M gives
(Fpet)x =T + Mg = May, = Ma
For block m we have
(Fpet)y =T - fix —mgsin@ =T — wmg cosO — mgsinf = ma,, = ma
In writing these equations, we used Newton’s third law to obtain 7 =7, = T. Also, notice that the x-equation and
the friction model for block m don’t change, except for y, becoming u, , so we already know the expression for £,
from part (a). Notice that the tension in the string is not the gravitational force Mg. We have two equations with the
two unknowns 7"and a:
Mg-T=Ma T -(ucost +sinf)mg =ma
Adding the two equations to eliminate 7" gives
Mg — (wy cosO +sin0)mg = Ma + ma
M - (w cosB +sinf)m
M+m
2.0 kg-[(0.50)cos(20°) + sin(20°)](1.83 kg)
2.0kg+1.83 kg

= (9.8 m/s?) 1.3 m/s”

7.42. Model: Assume the particle model for the two blocks and use the friction model.

Visualize:
Pictorial representation
y
. y Block m n -
Coordinates

Known y form i

m=4.0kg 6=35° ~~

M=2.0kg x Coordinates

(ay)= —(ay)y=a for M

Ty=Ty,=T R
a 1 a Y Folm
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Solve: (a) The slope is frictionless, so the blocks stay in place only if held. Once m is released, the blocks will move
one way or the other. As long as m is held, the blocks are in static equilibrium with Fnet =0 N. In this case,
Newton’s second law for the hanging block M is
(Frstonm)y =Ty ~Mg=ON = T, =Mg=19.6N
Because the string is massless and the pulley is frictionless, 7, =T, = T = 20 N (to two significant figures).
(b) The free-body diagram shows box m after it is released. Whether it moves up or down the slope depends on
whether the acceleration a is positive or negative. The acceleration constraint is (a,,), - (ay )y=a Newton’s second
law for each system gives
(Fhetonm)y =T —mgsin€ =m(ay,), =ma  (Fietonm), =T - Mg =M(ay), =-Ma

We have two equations in two unknowns. Subtract the second from the first to eliminate 7
M -msinf  2.0kg-(4.0kg)sin(35°)

M+m ° 2.0 kg+4.0kg -
Since @ <0 m/s?, the box accelerates down the slope.
(¢) It is now straightforward to compute 7 = Mg — Ma = 21 N. Notice how the tension is /arger than when the blocks

-0.48 m/s’

-mgsin@+Mg=m+M)a = a=

were motionless.

7.43. Model: Use the particle model for the book (B) and the coffee cup (C), the models of kinetic and static
friction, and the constant-acceleration kinematic equations.
Visualize:

Pictorial representation Known

mg=10kg 6=20°
mc=500g vy, =3.0m/s
tg=xy=0

v, =0

me=0.50 e =0.20
ac=ag=a

Find

X1

Y Fo)

Fo)s

Coffee cup Stationary book

Solve: (a) Using v2 =3 +2a(x; - x,), We find

0 m?/s* =(3.0 m/s)? +2a(x)) = ax, =-4.5 m?/s?
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To find x,, we must first find a. Newton’s second law applied to the book and the coffee cup gives
D(Fon B)y =g —(F5)gcos(20°)=0N = ng=(1.0kg)(9.8 m/sz)cos(20°) =921IN
2(Fon )y =T = fi = (F5)psin(20°) =mpag  3(Fyn ), =T = (Fg)c = meac
The last two equations can be rewritten, using a¢ = ag = a, as
=T - wng —mpgsin(20°) =mga T - mcg =mca
Adding the two equations gives
a(mg +mg) = -g[mc + mgsin(20°)] - w, (9.21 N)
(1.5 kg)a = —(9.8 m/s?)[0.500 kg + (1.0 kg)sin20°] - (0.20)(9.21 N) = a=-6.73 m/s’
Using this value for a, we can now find x, as follows:
45 m?%/s? _-45 m?%/s?

X = =
‘ a ~6.73 m/s>
(b) The maximum static friction force is ().« = Ut = (0.50)(9.21 N) =4.60 N. We'll see if the force f,needed

=0.67m

to keep the book in place is larger or smaller than (f,),,... When the cup is at rest, the string tension is 7 = mg.
Newton’s first law for the book is
S(Fonp)y =S =T —wgsin(20°) = f, - mcg — mpgsin(20°) =0
fi =(Mc +Mgsin20°)g =8.25N

Because f, > (f, the book slides back down.

)max >

7.44. Model: Use the particle model for the cable car and the counterweight. Assume a massless cable.
Visualize:

Pictorial representation

Known
ooz .
6,=30° 6,=20° Cable car mass
x; = —200 m/sin 30° my =2000 kg
=—400 m o
([l 1 ).x = (02).\' =a

x  Counterweight mass
my = 1800 kg

Find

Fg v XYy

O (),

Car m, Weight m,

Solve: (a) Notice the separate coordinate systems for the cable car (object 1) and the counterweight (object 2).
Forces 7, and 7, act as if they are an action/reaction pair. The braking force FB works with the cable tension Tl to

allow the cable car to descend at a constant speed. Constant speed means dynamic equilibrium, so Fnet =N for both

systems. Newton’s second law applied to the cable car gives
(F,

net on l)x

=T +Fg-mgsin€ =0N  (Feon1), =m—-mgcosty=0N
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Newton’s second law applied to the counterweight gives

(Freton2)x =mpgsind, =T, =0 N (Fe¢ on2)y =1, —mpgcost, =0 N
From the x-equation for the counterweight, T, = m,gsin6,. Because we can neglect the pulley’s friction and the
cable is assumed to be massless, 7; = 7,. Thus the x-equation for the cable car then becomes

Fy =mgsinf, -1, =mgsinf) - mygsin6, =3770 N =3.8 kN
(b) If the brakes fail, then F; =0 N. The car will accelerate down the hill on one side while the counterweight
accelerates up the hill on the other side. Both will have negative accelerations because of the direction of the
acceleration vectors. The constraint is g, = a,, = a, where a will have a negative value. Using 7; =T, =T, the two
x-equations are
(Freton Dx =T —mgsin€ =may, =ma  (Fueqon2)y = mpgsinby —T =myay, = mya

Note that the y-equations aren’t needed in this problem. Add the two equations to eliminate T

__msinG, —m,sin6, g =-0.991 m/s’

-mgsin@; + mygsinf =(my+my)a =
nmy +m2

Now we have a problem in kinematics. The speed at the bottom is calculated as follows:

V2 =@ +2a(x - xg) = 2ax, = v =+[2ax =+/2(~0.991 m/s2)(-400 m) = 28 m/s
Assess: A speed of approximately 60 mph as the cable car travels a distance of 2000 m along a frictionless slope of
30° is reasonable.

7.45. Model: Assume the cable mass is negligible compared to the car mass and that the pulley is frictionless. Use
the particle model for the two cars.
Visualize: Please refer to Figure P7.45.

Pictorial representation
Known

M, = My, = 1500 kg
g = 0.020

(Fo)a (Fo)o

Ascending (A) Descending (D)

Solve: (a) The cars are moving at constant speed, so they are in dynamic equilibrium. Consider the descending car
D. We can find the rolling friction force on car D, and then find the cable tension by applying Newton’s first law. In
the y-direction for car D,

(Fret)y =0=np - (Fg)p cos(35°)
np = mpgcos(35°)
So the rolling friction force on car D is

(fr)p = MR7p = Ugmpg cos(35°)
Applying Newton’s first law to car D in the x-direction gives
(Fuet)x =Ta onp + (/r)p — (F5)psin(35°) =0
Thus,
Ta onD =mpgsin(35°) — ugmpg cos(35°)
= (1500 kg)(9.80 m/s?)[sin(35°) = (0.020)cos(35%)]
=82x10°N
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(b) Similarly, we find that for car A, (f3)s = ugmagcos(35°). In the x-direction for car A,

(Fnet)x = Tmotor + TD onA ~ (fR)A - (FG)A sin(35°) =0
T

motor

=my gsin(35°) + ugmy g cos(35°) — mpgsin(35°) + ug mpg cos(35°)
Here, we have used T, . p =Tp oo a- f We alsouse m, =mp, then
Totor = 2Up 5 € €08(35%) = 4.8 x10% N.
Assess: Careful examination of the free-body diagrams for cars D and A yields the observation that 7 =2(Fg)a

in order for the cars to be in dynamic equilibrium. It is a tribute to the design that the motor must only provide such a
small force compared to the tension in the cable connecting the two cars.

7.46. Model: The painter and the chair are treated as a single object and represented as a particle. We assume that
the rope is massless and that the pulley is massless and frictionless.
Visualize:

Pictorial representation

Known F F
=70k | I
t mp g .
a

mc=10kg

— o2 -
a=0.20 m/s Fg
Find
F

Solve: If the painter pulls down on the rope with force F, Newton’s third law requires the rope to pull up on the
painter with force F. This is just the tension in the rope. With our model of the rope and pulley, the same tension
force F" also pulls up on the painter’s chair. Newton’s second law for (painter + chair) gives

2F - Fy = (mp +m)a
F = (%)[(mp +mg)a+ (mp + m:)g] = %(’"p +me)a+g)
- (%)(70 kg +10 kg)(0.20 m/s> + 9.8 m/s>) = 4.0 x 10> N

Assess: A force of 400 N, which is approximately one-half the total gravitational force, is reasonable since the
upward acceleration is small.

7.47. Model: Model Jorge as a particle and use the friction model.
Visualize:

Fa)

Jorge Rope
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Solve: If the Jorge pulls on the rope with force F, Newton’s third law requires the rope to pull up on Jorge with force
F. This is just the tension in the rope (i.e., F = T). With our model of the rope and pulley, the same tension pulls at
Jorge’s waist where the rope is tied. Applying Newton’s second law to Jorge in the y-direction gives
2(F),=n-F;=0 = n=F;=mg
From the friction model, we have f, = u n=u,mg. Using this in the equation below, which is derived by using
Newton’s second law applied in the x-direction, gives
SF),=F+T-f.=ma
2F — u,mg, =ma

2F
a="—-ug
m

7.48. Model: Use the particle model for the tightrope walker and the rope. The rope is assumed to be massless, so
the tension in the rope is uniform.
Visualize:

Pictorial representation

Known
0=10°
a=8.0m/s2
m=170kg

Walker in
crouched position

Walker

Solve: Newton’s second law applied to the tightrope walker gives
Fronw -Fg=ma = Fyonw=m(a+g)=(70kg)®.0 m/s* +9.8 m/s*) =1.25x10° N

Newton’s second law applied to the rope gives

Fyonr  FrRonw 1.25x10° N

F =Tsinf +T'sinf - F =0N T= = = =3.6x10° N
2(Fonr)y WonR 2sin(10°)  2sin(10°)  2sin(10°)
Weused Fy g = Fr on w D€cCause they are an action/reaction pair.
7.49. Model: Use the particle model for the wedge and the block.
Visualize:
Pictorial representation
y y Y
Known ﬁl
my m, @
Find F: X
F for no slip ) -
irom? Y (Fo),

Wedge

The block will not slip relative to the wedge if they both have the same horizontal acceleration a. Note that »,  ,

and g, , form a third law pair, s0 n; ., 5 =71y o 1-
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Solve: Newton’s second law applied to block m, in the y-direction gives

m
E(Fon2)y=n10n2C059_(FG)2=0N = Mon2= 22

cos6
Combining this equation with the x-component of Newton’s second law yields:
. n sin@
E(Fon z)x =M on 2511’19 =ma = da =_lon2>7 7 gtan@
o)

Newton’s second law applied to the wedge gives
S(Fon1)x =F =1y gn 15in6 = mya

F =ma+ny ,,15in0 = ma + mya = (my + my)a = (my + m,)g tano

7.50. Model: Treat the basketball player (P) as a particle, and use the constant-acceleration kinematic equations.
Visualize:

Pictorial representation

Y2, Vo I

(Fo)p
Y Viyp 4 Y i

Yo: Yoy lo @3
: 1 1@ 151

/l R [
i/ a g _________

(fG)P Player off floor

Player while jumping

Knowni
Yo=Vvoy,=1p=0
¥1=60cm

v, =140 cm
m=100 kg

Find

Viy 4o

Solve: (a) While in the process of jumping, the basketball player is pressing down on the floor as he straightens his
legs. He exerts a force F, on the floor. The player experiences a gravitational force (F)p as well as a normal
force from the floor i, . . The floor experiences the force F, . exerted by the player.

(b) The player standing at rest exerts a force ﬁp onp O the floor. The normal force 7, p is the reaction force to

Fp onF- BUt ng 0 p = Fp o ps SO F.. =0N. When the basketball player accelerates upward by straightening his

net
legs, his speed has to increase from zero to Viys which is the speed with which he leaves the floor. Thus, according
to Newton’s second law, there must be a net upward force on him during this time. This can be true only if
g on p > (Fg)p. In other words, the player presses on the floor with a force F, - larger than the gravitational force
on him, which is equal to his weight. The reaction force 7, , then exceeds his weight and accelerates him upward
until his feet leave the floor.

(¢) The height of 80 cm =0.80 m is sufficient to determine the speed vlywith which he leaves the floor. Once his
feet are off the floor, he is simply in free fall, with g, = —g. From kinematics,

Vi, = vy +2a1(y, - ) = 0m’/s’ =] +2(-)(0.80m) = v, =+/(2¢)(0.80 m) =3.96 m/s
The basketball player reaches vy, = 4.0 m/s by accelerating from rest through a distance of 0.60 m.
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(d) Assuming g to be constant during the jump, we find

2 2
Vi 3.96 m/s
vlzy =v§y +2ay(y1-»9)=0 m?/s? +2ay(y)-0m) = aq, =ﬁ=ﬁ=l3 m/s?
‘1 .

() The scale reads the value of np  ,,which is the force exerted by the scale on the player. Before jumping,
MEonp —(F)p =ON = 1o p = (Fg)p = mg = (100 kg)(9.8 m/s”) =980 N
While accelerating upward,
Nponp —Mg=May => Np,,p=Mmay+mg =mg(1+a—0) =(980 N)(l+%) =23kN
g .

After leaving the scale, np ,p =0 N because there is no contact with the scale.

7.51. A 1.0 kg wood block is placed on top of a 2.0 kg wood block. A horizontal rope pulls the 2.0 kg block across a
frictionless floor with a force of 21.0 N. Does the 1.0 kg block on top slide?
Visualize:

Pictorial representation

Known
m, . m;=1.0kg
Toun m,=2.0kg
My fr— ue=0.5 m

Ty =210N

Find
fs

my

Solve: The 1.0 kg block is accelerated by static friction. It moves smoothly with the lower block if £, < () It

slides if the force that would be needed to keep it in place exceeds (f, Begin by assuming that the blocks move

dmax -
together with a common acceleration a. Newton’s second law gives

Top block:  J(Fy, 1)y = fs =mya

Bottom block:  Y(Fyp )y =Ty = fs = mya
Adding these two equations gives T, = (m +m,)a, or a=(21.0 N)/(1.0 kg +2.0 kg) = 7.0 m/s?. The static friction
force needed to accelerate the top block at 7.0 m/s? is

fuma = (1.0 kg)(7.0 m/s?) =7.0 N

To find the maximum possible static friction force (f,),.« = 4, the y-equation of Newton’s second law for the top
block shows that 7, = m;g. Thus

() max = Usmg = (0.50)(1.0 kg)(9.8 m/s*) = 4.9 N
Because 7.0 N > 4.9 N, static friction is not sufficient to accelerate the top block, so it slides.

7.52. A 1.0 kg wood block is placed behind a 2.0 kg wood block on a horizontal table. The coefficients of kinetic
friction with the table are 0.30 for the 1.0 kg block and 0.50 for the 2.0 kg block. The 1.0 kg block is pushed forward,
against the 2.0 block, and released with a speed of 2.0 m/s. How far do the blocks travel before stopping?
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Visualize:

Pictorial representation

m a y -
my 2 % ] ‘_”2
1
0 - o o I
X0s Voxs Lo X1, Vi [ F20nl: i
%—x ———p——— X
Known fl . h Fion2
X=0 vy, =20m/s v, =0 (Fo)
m;=10kg my,=2.0kg \ (1;)
5
1y =030  p,=0.50 i ¢
L my

Find
X1

Solve: The 2.0 kg block in front has a larger coefficient of friction. Thus the 1.0 kg block pushes against the rear of
the 2.0 kg block and, in reaction, the 2.0 kg block pushes back against the 1.0 kg block. There’s no vertical
acceleration, so n =mg and n, = m,g, leading to £, = uym;g and £, = u,m,g. Applying Newton’s second law
along the x-axis gives

Tkgblock:  3(Fon 1)y ==Fyon1= /1 ==Faon1 = thiimg = mya

2 kgblock:  F(Fon2)x =Fion2 = J2=Fyon1 =~ Hamag = mya
where we used a4, =a, =a. Also, F  ,=F,  because they are an third-law action/reaction pair. Adding these

two equations gives

=(uymy + tymy) g = (my +my)a
geo Wiy + Uiy g (0.30)(1.0 kg) + (0.50)(2.0 kg) ©.8 m/sz) — _4.25 m/s?
my + m, 1.0kg+2.0 kg

We can now use constant-acceleration kinematics to find
ey (2.0m/s)’

2 2
vi, =0=v5. +2a(x—x)) = x5 = = =047 m
1x O0x 1 0 1 2 2(_425 m/sz)
7.53. Model: Treat the ball of clay and the block as particles.
Visualize:
Pictorial representation
o 5 y
o "o o
T T X i X : P4
(ve)o, (vBo: fo o (vp)ys 1 ﬁB on C Fcon
Known Clay Block

mc=100g mp=900g 1,=0
(ve)o=10m/s  (vg)g=0 £, =0.010s

Find

)1 = (o)

Solve: (a) Forces FC onp and FB on C &€ an action/reaction pair, s0 F . = Fc o, - NOte that gy = a. because
the clay is decelerating while the block is accelerating. Newton’s second law applied in the x-direction gives
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Clay:  X(Fonc)x ==Fponc =mcac

Block: E(Fon B)x = FConB =FBonc = MBaB
Equating the two expressions for fj; .~ gives

ac = -8 dp
mc
Turning to kinematics, the velocity of each after As is
(ve)r = (ve)o +acAt
(vg); = (vg)g + agAt = agAt

But (v.), = (vg), because the clay and the block are moving together after Az has elapsed. Equating these two

expressions gives (v.), + acAt = agAt, from which we find

(vc)o
ac =ag - —=—
c=dB T,
We can now equate the two expressions for g.:
_mg - vedo = - (ve)o/Ar_ (10 m/s)/(0.010 s) 100 m/s?
me At 1+ mg/mc 1+(900 g)/100 g

Then ac = -9ag =-900 m/s2. With the acceleration now known, we can use either kinematic equation to find
(ve)y = (vg)y = (100 m/52)(0.010 s) = 1.0 m/s
(b) Fe .5 =mpag =(0.90 kg)(100 m/sz) =90 N.

() Fgonc = meac =(0.10 kg)(900 m/s?) =90 N.
Assess: The two forces are of equal magnitude, as expected from Newton’s third law.

7.54. Model: Use the particle model for the two blocks. Assume a massless rope and massless, frictionless pulleys.
Visualize:

Pictorial representation

y EES———
y y
a Known

m m n T ra

0 1 3 1 s T U T

. T 55 -
Find > N N
Block 1 a
Acceleration constraint (Fo)
1 =

=Tl (Fg)a

Block 2

Note that for every meter block 1 moves forward, one meter is provided to block 2. So each rope on i, has to be
lengthened by one-half meter. Thus, the acceleration constraint is g, = —%al,

Solve: Newton’s second law applied to block 1 gives T =mya,. Newton’s second law applied to block 2 gives
2T - (Fg), = mya,. Combining these two equations gives
2m
2ma)) -myg =my(-%a) = a(dm+my)=2mg = a -8
4m1 + m2

where we have used a, = —%al.

Assess: If m; =0 kg, then a, =-g. This is what is expected for a freely falling object.
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7.55. Model: Use the particle model for the two blocks. Assume a massless rope and massless, frictionless pulleys.
Visualize:
Pictorial representation

y Known
Block 2 | ‘72 mp= 1.0 kg
i my=2.0kg
0= )—= E Find
5(24 @ X
Frictionless
Acceleration constraint
a;=—2a, 0w '7 X

Block 1 =

For every one meter that the 1.0-kg block goes down, each rope on the 2.0-kg block will be shortened by one-half
meter. Thus, the acceleration constraint is a; =-2a,.

Solve: Newton’s second law applied to the two blocks gives
2T =myay T = (Fg )y = may
Since @ = -2a,, the above equations become

2T =mya, T —myg = my(-2a,)
a
m272+m1(2a2)=m1g

2mg  2(1.0 kg)(9.8 m/s*)
my +4m; (2.0 kg +4.0 kg)

Assess: If m, =0 kg, then 4, =0 m/s?, which is expected.

=3.3 m/s?

7.56. Model: The hamster of mass m and the wedge with mass M will be treated as objects 1 and 2, respectively.
They will be treated as particles.
Visualize:

Pictorial representation

Hamster m

,__—m Known
m=200g
M=3800g
M 9= 40°
Scale (s) | Find

n, , when hamster does
not move and then when
he slides down.

ﬁ]’ fl on2

\ (ﬁo)z

The scale is denoted by the letter s.
Solve: (a) The reading of the scale is the magnitude of the force 7, that the scale exerts upward. There are two

action/reaction pairs. Initially the hamster of mass m is stuck in place and is in static equilibrium with ﬁnet =0 N.

Because of the shape of the blocks, it is not clear whether the scale has to exert a horizontal friction force /78 on 2 1O

prevent horizontal motion. We’ve included one just in case. Newton’s second law for the hamster is
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(Fnetonl)x =mgSin6_f20r11 =0N = f20n1 =mgsin®
(Freton1)y =m —mgcosf =0 N = n =mgcost
For the wedge, we see from Newton’s third law that n| = n =mgcos@ and that £, = f,.. ,=mgsin6. Using
these equations, Newton’s second law for the wedge is
(Freton 2)x = J1on 2080 + fi on 2 —nysinf = mgsinfcosO + f; ,, » —mgcosfsinf =0N = f. ->=0N
(Fheton 2)y =My = 11€080 = fi o sin6 — Mg = n, — mgcos® 0 — mgsin®0 - Mg =0 N

ny = mg(cos” 0 +sin”0) + Mg = (M +m)g = (0.800 kg + 0.200 kg)(9.8 m/s?) =9.8 N
First we find that f, , =0 N, so no horizontal static friction is needed to prevent motion. More interesting, the
scale reading is (M +m)g which is the total gravitational force resting on the scale. This is the expected result.
(b) Now suppose that the hamster is accelerating down the wedge. The total mass is still A7 + m, but is the reading
still (M +m)g? The frictional forces between the systems 1 and 2 have now vanished, and system 1 now has an

acceleration. However, the acceleration is along the hamster’s x-axis, so a, =0 m/s”. The hamster’s y-equation is still
(Freton1)y =m —mgcosd =0N = m =mgcosb
We still have nj = n; = mgcos@, so the y-equation for block 2 (with ay, =0 m/sz) is
(Fheton2)y =My —njcost — Mg =n, — mgcos®6 — Mg =0 N
ny, =mgcos’ 6 + Mg = (M +mcos’0)g =9.0 N

Assess: The scale reads less than it did when the hamster was at rest. This makes sense if you consider the limit
6 — 90°, in which case cos® — 0. If the face of the wedge is vertical, then the hamster is simply in free fall and can

have no effect on the scale (at least until impact!). So for g =90° we expect the scale to record Mg only, and that is
indeed what the expression for 5, gives.

7.57. Model: The hanging masses m,, m,, and m, are modeled as particles. Pulleys A and B are massless and

frictionless. The strings are massless.
Visualize:

Pictorial representation

Known
m;=25kg
my,=15kg
my=4.0kg
Find

ay, ay, as
Ty Ty

my m Pulley A
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Solve: (a) The length of the string over pulley B is constant. Therefore,
OB=y3)+(-ya)=Lp = ya=2yg-y3-Lg
The length of the string over pulley A is constant. Thus,
a=1)+a=-y) =Ly =2y -1~
22yg-y3=Lg)=m-y2=Ly = 2y3+y;+y = constant
This constraint implies that
2D Dy dny
dt dt dt
Also by differentiation, 2a; ytay, +a;, =0 m/s’.

=0m/s=2v;, +v,, +v,

(b) Applying Newton’s second law to the masses m;, m,, m, and pulley A gives
TB—M3g=M3a3y TA—m2g=m2a2y TA—m1g=m1a1y TB_ZTA=0N
The pulley equation is zero because the pulley is massless. These four equations plus the acceleration constraint
consitute five equations with five unknowns (two tensions and three accelerations). To solve for T, , multiply the
my equation by 2, substitute 27 =47, , then divide each of the mass equations by the mass. This gives the three
equations
AT\ /m; - 2g = 2a3y

T\lmy -g=ay,

Tpa/my - g = ay,
If these three equations are added, the right side adds to zero because of the acceleration constraint. Thus

4g

(4/"’13 + 1/m2 + 1/m2)

(4/m3 +1/m2 +1/m2)TA—4g=0 = TA=

(¢) Using numerical values, we find 7, =18.97 N. Then
ay, =Tp/m-g=-22 /s’
ayy, =Tp/my—g =29 m/s’
ay, = 2Ty/my - g = -0.32 m/s’
(d) ms =my +m,, so it appears at first as if ;n, should hang in equilibrium. For this to be so, tension 7;; would need to

equal m,g. However, T;is not (m, +m,)g because masses mand m,are accelerating rather than hanging at rest.

Consequently, tension Ty is not able to balance the weight of ;.
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