PROBLEM SOLUTIONS
2000 1bs ) (4.448 Nj
4.1 - € —|2x10* N
- Qg PRI (10

4.2 From v = v, + at, the acceleration given to the football is
o = v-v, _10m/s-0 _ 50 m/s?
t 0.20s

Then, from Newton’s 2™ law, we find

F, =ma, = 050kg 50 m/s> =

43 () ZF, =ma, = 6.0kg 2.0 m/s* =

SF. 12N
(b) ax=—=m:

4.4 (a) Action: The hand exerts a force to the right on the spring. Reaction: The spring exerts an equal
magnitude force to the left on the hand. Action: The wall exerts a force to the left on the spring.
Reaction: The spring exerts an equal magnitude force to the right on the wall. Action: Earth exerts an
downward gravitational force on the spring. Reaction: The spring exerts an equal magnitude

gravitational force upward on the Earth.

(b) Action: The handle exerts a force upward to the right on the wagon. Reaction: The wagon exerts an
equal magnitude force downward to the left on the handle. Action: Earth exerts an upward contact
force on the wagon. Reaction: The wagon exerts an equal magnitude downward contact force on the
Earth. Action: Earth exerts an downward gravitational force on the wagon. Reaction: The wagon

exerts an equal magnitude gravitational force upward on the Earth.

(c) Action: The player exerts a force upward to the left on the ball. Reaction: The ball exerts an equal
magnitude force downward to the right on the player. Action: Earth exerts an downward gravitational
force on the ball. Reaction: The ball exerts an equal magnitude gravitational force upward on the

Earth.

(d) Action: M exerts a gravitational force to the right on m. Reaction: m exerts an equal magnitude

gravitational force to the left on M.



(e) Action: The charge +Q exerts an electrostatic force to the right on the charge —¢g . Reaction: The

charge —¢g exerts an equal magnitude electrostatic force to the left on the charge +Q.

(f) Action: The magnet exerts a force to the right on the iron. Reaction: The iron exerts an equal

magnitude force to the left on the magnet.

The weight of the bag of sugar on Earth is
4.448 N
Wgp = mMgp = 5.00 Ibs [Wj =222N

If g,, is the free-fall acceleration on the surface of the Moon, the ratio of the weight of an object on the
Moon to its weight when on Earth is

Wv _ M8y _ Em

Wg mgg e

SO

()

Wy = Wg k—
Hence, the weight of the bag of sugar on the Moon is

wy = 222N (é] = [3.71N].

On Jupiter, its weight would be

w, = wg (i—zj = 22N 264 =

The mass is the same at all three locations, and is given by

Wi 5.001b 4.448 N/Ib

me T 9.80 m/s? -

8k

5
= 2 TSI N o0 m/s?
m 1.5 x 107 kg

and v = v, + at gives

V-, 80 km/h —0 (0278 m/s) (1 min] -
t = = = 7.4 min
5.0 x 1072 m/s? L 1 km/h J 60 s

a




4.7

4.8

Summing the forces on the plane shown gives

SF. = ma = ION - f = 020kg 2.0 m/s?

From which, f=

(a) The sphere has a larger mass than the feather. Hence, the sphere experiences a larger gravitational

force F, = mg than does the feather.

(b) The time of fall is less for the sphere than for the feather. This is because air resistance affects the

motion of the feather more than that of the sphere.

(¢) Inavacuum, the time of fall is the same for the sphere and the feather. In the absence of air

resistance, both objects have the free-fall acceleration g.

(d) Inavacuum, the total force on the sphere is greater than that on the feather. In the absence of air

resistance, the total force is just the gravitational force, and the sphere weighs more than the feather.

4.9 The vertical acceleration of the salmon as it goes from v,,, = 3.0 m/s (underwater) to v, = 6.0 m/s (after

4.10

moving upward 1.0 m or 2/3 of its body length) is

vZ =} 6.0ms2—3.0ms2
a = 4 Oy = / / 213.5 1’1’1/52
Y 2 Ay 2 1.00 m

Applying Newton’s second law to the vertical leap of this salmon having a mass of 61 kg, we find

XF, = ma, = F —mg=ma,

or

F=ma,+g = 6lkg (13.5 24938 Ezjz 1.4 x 10> N
S S

The acceleration of the bullet is given by



4.11

4.12

20 320m/s’ -0

2 Ax 2 0.82m

v

Then,

(a)

(b)

(c)

(a)

(b)

320 m/s
SF=ma= 50x103kg | —— | =[3.1x10*N
2 0.82m

From the second law, the acceleration of the

boat is

m

o= ZF _2000N - 1800N _ oo rs
1000 kg

The distance moved is

1 1
##Ax = vt + ar = 0+ — 0200 m/s? 10.0s > =[100m

The final velocity is## v=v,+at =0+ 0200 m/s>2 10.0s =|2.00 m/s|.

Choose the positive y-axis in the forward direction. We

resolve the forces into their components as

Force Xx-component y-component

400 N 200 N 346 N

450 N -78.1 N 443 N
Resultant LF. =122 N ZF, =790 N

The magnitude and direction of the resultant force is

2 2 (ZF \ . .
Fp =4 ZF, "+ XF, =799N 6 = tan™! LZFXJ = 8.77° to right of y-axis
v

Thus, | F, = 799 N at 8.77° to the right of the forward direction |

The acceleration is in the same direction as FR and has magnitude

F
a=-R - PN 0.266 m/s?
m 3000 kg



4.13 (a) Atterminal speed, the magnitude of the air resistance force is equal to the weight of the skydiver

Fyrqg = mg . Therefore,

F, mg 65.0 kg 9.80 m/s?

k=% = = =10.211 kg/m

2
v Vierminal 55.0 l'l'l/S

(b) Atthe speed v = % V,orminal » the upward force due to air resistance is less than the downward

gravitational force acting on the skydiver, leaving a net downward force of magnitude

F, = mg — Fy,, . Thus, the skydiver will have a downward acceleration of magnitude

F;let mg — kv? k Vierminal ’
=—=——=g—-| — _—
m m m 2

(0.211 kg/m\[SS 0 m/sj2
9.80 2= . =17.35 2
s - (L240m)(550

N
|

Il

4.14 (a) With the wind force being horizontal, the only vertical force acting on the object is its own weight,

mg. This gives the object a downward acceleration of

2F -m
-y _Zmg _
ay =—=———=-g
m m
The time required to undergo a vertical displacement Ay = —h , starting with initial vertical velocity

v, = 0, is found from Ay = v ¢ + J a t? as

242 or t = |—

—h=0—g 2h
2

(b) The only horizontal force acting on the object is that due to the wind, so £F, = F and the horizontal

. . IF, F
acceleration willbe a, = S
m m

(¢) With v,, = 0, the horizontal displacement the object undergoes while falling a vertical distance % is

givenby Ax = v, 1 + 1 a.1? as

w3 -




4.15

4.16

4.17

(d) The total acceleration of this object while it is falling will be

a:Ja)zc—i-ay :\/F/m2+ —gzz\/F/m2+g2

Starting with v, = 0 and falling 30 m to the ground, the velocity of the ball just before it hits is

v o= =B, +2a,4y = -[0+2 980 m/s> 30m = -24 m/s

On the rebound, the ball has v,

= 0 after a displacement Ay = +20 m . Its velocity as it left the ground

must have been

v, =+ 2 —2a,Ap = +J0 -2 -9.80 m/s> 20m = +20 m/s

Thus, the average acceleration of the ball during the 2.0-ms contact with the ground was

- +20 m/s — —24 m/s
a, = Lo N / / = +2.2 x10* m/s2  upward
At 2.0x1073 s

The average resultant force acting on the ball during this time interval must have been

F. =ma, = 050kg +22 x10* m/s? = +1.1 x 10* N

net av

or

Frer = | 1.1 x 10* N upward |

Since the two forces are perpendicular to each other, their resultant is:

Fp = \/180N 4 390N’ = 430N ,at 0 = tan‘l[Mj = 65.2° N of E
180 N
Thus,
F, 430N
a=-=%= = 1.59 m/s?
m 270 kg
or

d=]1.59 m/s? at 65.2° N of E |.

(a) Since the burglar is held in equilibrium, the tension in the

vertical cable equals the burglar’s weight of | 600 N | Now,

consider the junction in the three cables:##

SF, = 0, giving 7, sin37.0° - 600 N = 0




or

I, - éOON
sin 37.0°

= | 997 N in the inclined cable

Also, XF, = 0 which yields T, cos37.0° - 7; = 0, or

T, = 997N co0s37.0° = | 796 N in the horizontal cable

(b)

decreasing the tension in the cable on the right

If the left end of the originally horizontal cable was attached to a point higher up the wall,
the tension in this cable would then have an upward component. This upward component
would support part of the weight of the cat burglar, thus.

4.18

Using the reference axis shown in the sketch at the right, we see that
2F, =T c0s14.0°—~T c0s14.0°=0
and

IF,

= —-T'sin14.0° — Tsin14.0° = -2Tsin14.0°
is

Thus, the magnitude of the resultant force exerted on the tooth by the wire brace

X
4
2 2 . 2 .
R = \/ XF, + EFy = \/O + —2Tsin14.0° ~ = 2T sin14.0°
or

R =2 18.0N sinl4.0° =



4.19 From ¥F. =0, 7] cos30.0° — T, cos 60.0° =
or T,= 173 T, [1]
Then 2F, = 0 becomes

T, sin30.0° + 1.73 7} sin60.0° =150 N =0

which gives 7} = | 75.0 N in the right side cable |.

Finally, Equation [1] above gives

T, = | 130 N in the left side cable |.

4.20 If the hip exerts no force on the leg, the system must be
in equilibrium with the three forces shown in the free-body diagram.

Thus TF. =0 becomes
w, cosa = 110 N cos40° [1]

From 2F, = 0, we find

wysina = 220 N — 110 N sin 40° 2]

Dividing Equation [2] by Equation [1] yields

(220N — 110 N sin40°)
o = tan™! =|61°
L 110 N cos40° J -

Then, from either Equation [1] or [2], W, ={1.7x10* N|.

421 (a) Free-body diagrams of the two blocks are shown at the right.

Note that each block experiences a downward gravitational T,
T
force T | T
F, = 3.50kg 9.80 m/s®> =343N UpperBlock| | Upper Block

m=35kg m=350kg
Also, each has the same upward acceleration as the elevator, \L \L
- l 'FE 'FE

in this case a, = +1.60 m/s? .



4.22

(b)

(2)

Applying Newton’s second law to the lower block:

XF, = ma, = T, - F, = ma,
or T, = F, + ma, = 343N+ 350kg 1.60 m/s> =[39.9N
Next, applying Newton’s second law to the upper block:

XF, = ma, = Iy -1, - F, = ma,

or

T, =T, + F, + ma, = 399N + 343N + 350kg 1.60 m/s> =[79.8 N

Note that the tension is greater in the upper string, and this string will break first as the acceleration of

the system increases. Thus, we wish to find the value of a, when 7} = 85.0 N. Making use of the

general relationships derived in (a) above gives:

L=1+F +ma, = F, + ma, +F, + ma, =2F, +2ma,
or
T, - 2F, 85.0N -2 343N
— g _ — 2
a = = =1(2.34 m/s
Free-body diagrams of the two blocks are shown at the right. T
)
Note that each block experiences a downward gravitational T T T
force F, = mg. UpperBlock| | UpperBlock
ImAss =m mAass =M
Also, each has the same upward acceleration as the elevator,
a, = +a. Tll‘lffz ‘LFS

Applying Newton’s second law to the lower block:
XF, = ma, = T, - F, = ma, or T=mg+ma:
Next, applying Newton’s second law to the upper block:

XF, = ma, = 0L -T,-F =ma,

or

L =7 +F, +ma, = mg+ma +mg+ma=2 mg+ma =

(b) Note that |7; = 27,, so the upper string breaks first| as the acceleration of the system increases.




(c) When the upper string breaks, both blocks will be in free-fall with @ = —g . Then, using the results of

part(a), I, =m g+a =m g—-g :@andle2T2:|§|.

4.23 m = 1.00 kg and Mg = 9-80N

0.200 m

a = tan‘l[
25.0 m

j = 0.458°

Since a, = 0, require that EF;/ =Tsina+Tsina—-mg=0,

giving 2 T'sina = mg., le—250m —>}<—25.0m —>|
a [24

|
or 0.200 m

4.24 The resultant force exerted on the boat by the people is

2[ 600 N cos 30.00] = 1.04 x 103 N in the forward direction

If the boat moves with constant velocity, the total force acting on it must be zero. Hence, the resistive force

exerted on the boat by the water must be

f =|1.04 x 10> N in the rearward direction

4.25 The forces on the bucket are the tension in the rope and the weight of
the bucket, mg = 5.0kg 9.80 m/s?2 = 49 N . Choose the positive
direction upward and use Newton’s second law:

ZFy = ma

y

T -49N = 5.0kg 3.0 m/s2

T =|64N




4.26

4.27

(a) From Newton’s second law, we find the acceleration as

2F,
a, = X = —ION =0.33 m/52
m 30 kg

To find the distance moved, we use

1 1
Av = ol +a =0+~ 033 m/s 3057 =

—_— |
F=10N

(b) Ifthe shopper places her 30 N 3.1 kg child in the cart, the new acceleration will be

SF
a, = —* = 10N _ 30 m/s2
m 33 kg

total

and the new distance traveled in 3.0 s will be

1
A¥' =0+ 030 m/s? 3.0s” =[14m]

(a) The average acceleration is given by

- . - 20.
o = v—vy _ 5.00 m/s — 20.0 m/s _ 375 m/s?
At 4.00 s

The average force is found from Newton’s second law as

F, = ma, = 2000kg -3.75 m/s> =|-7.50 x 10° N |

av av

(b) The distance traveled is:

. 20.
X =, Az =(500 m/S;' 0.0 m/S) 4.00 s :

o}
o



4.28

4.29

Let ml = 10.0 kga m2 = 5.00 kgsand 9 = 40'00'

Applying the second law to each object gives 3
ma =mg =T [1] Tﬁ=—m1§ f?
and Tlom = my lﬁ’
T

mya =T — m, gsin @ 2]

A

-

3

=Y

i,

-

3

v

Adding these equations yields

(‘m, — m,sin@)
m1a+m2a=m1g—\K+\R—m2g or azkw
my + m,

SO

(10.0 kg — 5.00 kg sin40.0°)
a =

15.0 kg J 9.80 m/s2 =

Then, Equation [1] yields

T=m g-a = 10.0kg [ 9.80 —4.43 m/s’ | =[537N]|

(a) The resultant external force acting on this system, consisting of all three blocks having a total mass of
6.0 kg, is 42 N directed horizontally toward the right. Thus, the acceleration produced is

_IF _ 42N
m  6.0kg

a = | 7.0 m/s? horizontally to the right

(b) Draw a free body diagram of the 3.0-kg block and apply Newton’s second law to the horizontal forces
acting on this block:

LF, =ma, = 42N-T = 3.0kg 7.0 m/s? ,and therefore T =

X

(¢) The force accelerating the 2.0-kg block is the force exerted on it by the 1.0-kg block. Therefore, this

force is givenby:  F = ma = 2.0kg 7.0 m/s? ,or

F = | 14 N horizontally to the right |.




4.30 The acceleration of the mass down the incline is given by

1 1
Av = vyt + Sar, or 080m =0+ a 0.50s
This gives
2 0.80 N
a4 ="——"F =64 m/s
0.50 s

Thus, the net force directed down the inclineis ¥ = ma = 2.0kg 6.4 m/s? = .

4.31 (a) Assuming frictionless pulleys, the tension is uniform through T
the entire length of the rope. Thus, the tension at the point

where the rope attaches to the leg is the same as that at the

8.00-kg block. Part (a) of the sketch at the right gives a free-
body diagram of the suspended block. Recognizing that the
block has zero acceleration, Newton’s second law gives

ZFy:T—mg:O (@) (b)

or

T =mg= 800kg 9.80 m/s? =

(b) Part (b) of the sketch above gives a free-body diagram of the pulley near the foot. Here, F is the
magnitude of the force the foot exerts on the pulley. By Newton’s third law, this is the same as the

magnitude of the force the pulley exerts on the foot. Applying the second law gives:

SF, =T +Tc0s70.0° - F = ma, =0

or
F=T1+c0s70.0° = 784N 1+ cos70.0° =|[105N
432 (a) A n A ns

‘Hil ‘(_— ﬁ ”12
|| booPL

l mlé l mzé

"




(b)

(©)

(d)

(©

¢

(2

Note that the blocks move on a horizontal surface with @, = 0. Thus, the net vertical force acting on

each block and on the combined system of both blocks is zero. The net horizontal force acting on the

combined system consisting of both m; and m, is ZF, = F = P+ P = .
Looking at just m,, ZF, = 0 as explained above, while XF, = |F' — P|.

Looking at just m, , we again have XF,, = 0, while ZF, =

Form: 3F, =ma, = [F-P=mgd.

For m,: XF, = ma, = P = mya|.

Substituting the second of the equations found in (e) above into the first gives the following:

ma=F —-P =F —ma or my +m, a=F and |a:F/m1+m2|

Then substituting this result into the second equation from (¢), we have

( F 3 ([ m 3

P:mza:mzka or P:LmszszF

Realize that applying the force to m, rather than m; would have the effect of interchanging the roles

of m; and m, . We may easily find the results for that case by simply interchanging the labels

m; and m, in the results found in (f) above. This gives a = F, / my + m;  (the same result as in the

()

first case) and |P = L—J F
my, + m,

We see that

|the contact force, P, is larger in this case because m; > m,|.

4.33 Taking the downward direction as positive, applying Newton’s second law to the falling person yields

XF, = mg - f = ma,,or

a, = g -

[~
—
S
S
Z
—



434 (a)

(b)

(c)

2 _ 2
Then, v, =V

v, = %, +2a, Ay =\/0+2 8.6 m/s? 30m =[23 m/s|

, +2a, Ay gives the velocity just before hitting the net as

First i t isting of the t lock i a

irst, consider a system consisting of the two blocks combined, 3

with mass m; + m, . For this system, the only external horizontal B A
m, m,

force is the tension in cord A pulling to the right. The tension in 2 1

cord B is a force one part of our system exerts on another part of

our system, and is therefore an internal force.

Applying Newton’s second law to this system (including only external forces, as we should) gives

2F. = ma = T, = m +m, a

(1]

Now, consider a system consisting of only m, . For this system, the tension in cord B is an external
force since it is a force exerted on block 2 by block 1 (which is not part of this system). Applying
Newton’s second law to this system gives

2F, = ma = Ty = mya

(2]

Comparing equations [1] and [2], and realizing that the acceleration is the same in both cases (see Part

(b) below), it is clear that:

|Cord A exerts a larger force on block 1 than cord B exerts on block 2

Since cord B connecting the two blocks is taut and unstretchable, the two blocks stay a fixed distance
apart, and the velocities of the two blocks must be equal at all times. Thus, the rates at which the

velocities of the two blocks change in time are equal, or the

|the two blocks must have equal accelerations|.

'Yes. Block 1 exerts a forward force on Cord B, so Newton’s third law tells us that Cord B exerts a force

of equal magnitude in the backward direction on Block 1.




4.35

4.36

(a) When the acceleration is upward, the total upward force must exceed the total downward force

w=mg= 1500kg 9.80 m/s? =147 x10* N

(b) When the velocity is constant, the acceleration is zero. The total upward force 7 and the total

downward force w must be | equal in magnitude |.

(c) Ifthe acceleration is directed downward, the total downward force must exceed the total upward

force T.

(d) XF, = ma = T

14
oS
|
3
S
U
~
Il

(©) y - y

® ZF, = ma = T

,T<w.

mg + ma, = 1500kg 9.80 m/s> +0 =|1.47 x 10* N

mg + ma, = 1500 kg 9.80 m/s> —1.50 m/s> =|1.25 x 10* N

mg + ma, = 1500kg 9.80 m/s> +2.50 m/s> =|1.85x10* N

Note that if the cord connecting the two blocks has a fixed length, the accelerations of the blocks must have

equal magnitudes, even though they differ in directions. Also, observe from the diagrams, we choose the

positive direction for each block to be in its direction of motion.

(First consider the block moving along the horizontal. The only force in

the direction of movement is 7. Thus,

2F. = ma

X X

= T = 500kg a [1]
Next consider the block which moves vertically. The forces on it are the

tension 7'and its weight, 98.0 N. LF, = ma, =

98.0N—-T = 10.0kg a [2]

Equations [1] and [2] can be solved simultaneously to give:

=l

500kg —>

(@)

ﬂl

b

10.0 kg

lmg=98.0 N

(b)



98.0 N
98.0N - 5.00kg a = 10.0k or = = [6.53 m/s?
ga g a “ = T50kg

and
T = 500kg 6.53 m/s? =[32.7N
4.37
Trailer Car
300 kg 1000 kg
Rear/ |3,

A
_)
F

Choose the +x direction to be horizontal and forward with the +y vertical and upward. The common

acceleration of the car and trailer then has components of @, = +2.15 m/s? and a, =0.

(a) The net force on the car is horizontal and given by

IF, =F-T=m,a = 1000kg 2.15 m/s? = |2.15 x 103 Nforward|

X car car—x

(b) The net force on the trailer is also horizontal and given by

SF, = +T = m, a4, = 300kg 2.15 m/s> = |645N forward
X trailer ratier—x

(c) Consider the free-body diagrams of the car and trailer. The only horizontal force acting on the trailer

is T = 645 N forward , and this is exerted on the trailer by the car. Newton’s third law then states

that the force the trailer exerts on the car is | 645 N toward the rear |.




4.38

(d) The road exerts two forces on the car. These are F" and n, shown in the free-body diagram of the car.

From part (a),

F=T+215x103 N = 645N +2.15x10° N = +2.80 x 10> N

Also, XF, =n,-w,=m

car

car@y = 0,80 n, =w, =m,g=980x10"N

The resultant force exerted on the car by the road is then

R, = F? +n? = \/2.80x103N2 + 9.80x 103N~ =1.02 x 104N

at @ = tan”! [n_;j = tan~! 3.51 = 74.1° above the horizontal and forward. Newton’s third law

then states that the resultant force exerted on the road by the car is

1.02 x 10* N at 74.1° below the horizontal and rearward

First, consider the 3.00-kg rising mass. The forces on it are the tension, 7, T_)
T

and its weight, 29.4 N. With the upward direction as positive, the second

Rising
law becomes + Mass N

my =3.00kg
T -294N = 3.00kg a [1]

The forces on the falling 5.00-kg mass are its weight and T, and its lwl =294N

acceleration has the same magnitude as that of the rising mass. Choosing

the positive direction down for this mass, gives

490N -T = 5.00kg a [2]

(a) Solving Equation (2) for a and substituting into [1] gives

(3.00 kg
15,00 kg

and the tension is T =|36.8N

T -294N = 490N -T or 1.60 T = 58.8 N

(b) Equation (2) then gives the acceleration as

49.0N - 36.8 N
= = [2.44 m/s?
S oke

(c) Consider the 3.00-kg mass. We have

1 1
Ay = oyl + S a? = 0+ 244 m/s? 1.00s *=122m

3

Falling
Mass

my = 5.00 kg

lwz = 490N



4.39 When the block is on the verge of moving, the static friction force has a magnitude f, = f; = un.

Since equilibrium still exists and the applied force is 75 N, we have

SF,=75N-f =0 or fi =75N

max

In this case, the normal force is just the weight of the crate, or n = mg. Thus, the coefficient of static
friction is

#S — f; max — fg max — 75N

n mg 20kg 9.80 m/s?

0.38

After motion exists, the friction force is that of kinetic friction, f, = wn.

Since the crate moves with constant velocity when the applied force is 60 N, we find that

ZF, = 60N — f, = 0 or f, = 60 N. Therefore, the coefficient of kinetic friction is

L 60 N
W == === =10.31
k n mg 20kg 9.80 m/s? -

4.40 (a) The static friction force attempting to prevent motion may reach a maximum value of

Js

This exceeds the force attempting to move the system, w, = m,g = 39 N . Hence, the system

= Ky = Hmg = 0.50 10 kg 9.80 m/sz =49 N

max

remains at rest and the acceleration is a = @

(b) Once motion begins, the friction force retarding the motion is

fo = = mg = 030 10kg 9.80 m/s> =29N
This is less than the force trying to move the system, w, = m,g . Hence, the system gains speed at the

rate

F,  mg-mmg |40kg-030 10kg |9.80 m/s? -
“ 0 ke 710 kg

Myo1a1 my + m,

4.41 (a) Since the crate has constant velocity, a, = a, = 0.

Applying Newton’s second law:
ZF, = Fcos20.0° - f, = ma, =0 or S = 300N cos20.0° = 282 N

and



LF, =n—-Fsin20.0°-w =0 or n= 300N sin20.0°+ 1000 N =1.10 x 10> N

The coefficient of friction is then

/i 282 N
U/ 2 B N YT
e = T 110x10° N

(b) Inthiscase, £F, = n+ Fsin20.0° —w = 0,s0 n = w — F'sin20.0° = 897 N

The friction force now becomes f, = gn = 0.256 897N = 230N

[w)
Therefore, XF, = Fc0s20.0° - f, = ma, = LEJ a, and the acceleration is
g

Feos200°~ f, g [ 300 N c0s20.0° — 230 N| 9.80 m/s? Ty

a =
w 1000 N

- . ~12.
442 (@) a, =2 Yor _ 600 mjs —12.0 mfs _ s

t 5.00 s

(b) From Newton’s second law, XF, = —f, = ma,, or f, = —ma,.

The normal force exerted on the puck by the ice is n = mg, so the coefficient of friction is

-m —1.20 2
R s [XF5)

n m 9.80 m/s?

v, + Vo, |, _ (6.00 m/s +12.0 m/s 3
© Av= o o= (o 500s - [45.0m]

2

4.43 When the load on the verge of sliding forward on the | Mioad B

bed of the slowing truck, the rearward directed static fs Y
D

friction force has its maximum value B >
oF

fs max TH = M M08

Since slipping is not yet occurring, this single horizontal force must give the load an acceleration equal to

that the truck.

Thus, ZF;C = ma, = —H Mg = Matruck or Upyck = —H 8-



(a) [Ifslipping is to be avoided, the maximum allowable rearward acceleration of the truck is seen to be

Ayer = —H,g,and v2 = v} + 2a, Ax gives the minimum stopping distance as
0-v3 Vi
Ax = 0x _ _0x
2 Liryck max 2/uvg
12.0 m/s °
If vp, = 12 m/s and g, = 0.500, then Ax : =

min " 20,500 9.80 m)s?

(b) Examining the calculation of Part (a) shows that | neither mass is necessary |

4.44 (a) The free-body diagram of the crate is shown at the right. Since the crate has no na a
ﬁ
vertical acceleration «a, = 0 , we see that
Y m
XF, = ma, = n—-—mg =0 or n=mg | ];
The only horizontal force present is the friction force exerted on the crate by r
=m
the truck bed. Thus, 8 8
XF, = ma, = f =ma

If the crate is not to slip (i.e., the static case is to prevail), it is necessary that the required friction

force not exceed the maximum possible static friction force, f;

e = M- From this, we find the

maximum allowable acceleration as:

A ,
a = me _ Toma MM S 0350 9.80 mfs =

m m m m

(b) Once slipping has started, the kinetic friction case prevails and f = f, = gn . The acceleration of

the crate in this case will be

a= L A BT 0320 9.80 m/s? - [3.14 m/5?]

m m m



4.45 (a) The acceleration of the system is found from

1, 1 2 2
Ay:voyt+5at ,0r1.00m20+5a 1.20 s — T 5
>_ > —
which gives a = 1.39 m/s? T“ e TT
. . . Tl ™ =2 my a
Using the free body diagram of m, , the second law gives -« 1T ]
tmlg tng

5.00kg 9.80 m/s2 —T = 5.00kg 1.39 m/s? or
T=421N

Then applying the second law to the horizontal motion of m,
421N - f = 10.0kg 1.39 m/s? orf =282N

Since n = myg = 98.0 N, we have

/282N
M= = ogon - L028]

4.46 (a) Since the puck is on a horizontal surface, the normal force is vertical.

With a, = 0, we see that

XF, = ma, = n—mg =0 or n=mg

Once the puck leaves the stick, the only horizontal force is a friction force in the negative x-direction
(to oppose the motion of the puck). The acceleration of the puck is

m m m m

(b) Then v2 =13, + 2a, Ax gives the horizontal displacement of the puck before coming to rest as

2 2 2 2
Vi Vo _ 9-vg | v

Ax = =
2a, 2 g 2u8

4.47 (a) The crate does not accelerate perpendicular to the incline. Thus,
LF, =ma, =0 = n=F+mgcosd
The net force tending to move the crate down the incline is

XF, = mgsin@ — f,, where Js is the force of static friction

between the crate and the incline. If the crate is in equilibrium,

then mgsin@ — f, = 0 so Jy = Fysind




But, we also know f;, < pun = p, F + mgcosf

Therefore, we may write mgsin® < yu, F + mgcos@ or,
(sin@ ) [sin35 0° ]
F>m —cos@| = 3.00kg 9.80 m/s? | ——— —c0s35.0°| = |32.1IN
g~ ] g 1 (0300

4.48 (a)  Find the normal force n on the 25.0 kg box:
ZF,=n+ 80.0N sin25.0°-245 N =0

orn=211N

Now find the friction force, f; as

S =mn=10300 211N =634N
From the second law, we have LF, = ma, or
80.0 N co0s25.0° —63.4N= 25.0kg a

which yields @ = | 0.366 m/s? |.

(b)  When the box is on the incline,

ZF, = n+ 80.0N sin25.0° - 245N cos10.0° = 0

giving n = 207 N
The friction force is f* = gn = 0.300 207N = 62.2 N

The net force parallel to the incline is then

ZF. = 80.0 N co0s25.0° — 245N sinl10.0° —62.2 N=-32.3 N

X

Thus,

SF,  -32.3N

X

m  25.0kg

a= = —1.29 m/s? or | 1.29 m/s? down the incline




4.49

(a) The object will fall so that ma = mg — bv, or a =

m

where the downward direction is taken as positive.

Equilibrium a = 0 isreached when

mg  50kg 9.80 m/s?

b 15 kg/s

Vv =

Vierminal =

- [F ]

mg — bv

n
A _a
m
I
I, =mg

(b) Ifthe initial velocity is less than 33 m/s, then @ >0 and 33 m/s is the largest velocity attained by the

object. On the other hand, if the initial velocity is greater than 33 m/s, then a <0 and 33 m/s is the

smallest velocity attained by the object. Note also that if the initial velocity is 33 m/s, then @ = 0 and

the object continues falling with a constant speed of 33 m/s.

4.50 (a) The force of friction is found as " = yn = u, mg

Choose the positive direction of the x-axis in the direction of motion and apply Newton’s second law.

We have

XF, = —f = ma, or a, =

S
— = HE
m

From v = v} + 2a Ax ,with v =0, v, = 50.0 km/h = 13.9 m/s, we find

0= 139m/s’ +2 —ug Ax or
With g, = 0.100, this gives

13.9 m/s

Ax = =198.6
2 0.100 9.80 m/s?

(b) With g = 0.600, Equation (1) above gives

13.9 m/s °

Ax = =|16.4
2 0.600 9.80 m/s2

Ax =

13.9 m/s °
218

[1]



1 1
451 (@ Ax=vyyt+ 5 2 =0+ 5% 12 gives:

ax:zAx :22.00r121 :

£ 1.50 s

(b) Considering forces parallel to the incline, Newton’s second law yields

SF, = 29.4N sin30.0° — f, = 3.00kg 1.78 m/s

X
or f, =9.37N
Perpendicular to the plane, we have equilibrium, so

LF, =n—- 294N c0s30.0° =0 or n=255N

Then,

S 93IN_
He ™ 255N

n

(¢) From part (b) above, f, = |9.37N

(d) Finally, v> = v} + 2a, Ax gives

v=JV +2a_ Ax =\/0+2 1.78 m/s’ 2.00m =[2.67 m/s]

4.52 (b) When the minimum force F is used, the block tends to slide down

the incline so the friction force, f's is directed up the incline. Wty

While the block is in equilibrium, we have

IF, = Fcos60.0° + f, — 19.6 N sin60.0° = 0
(1]
_130.0°

and

LF, = n - Fsin60.0° - 19.6 N ¢c0s60.0° = 0 [2]

w=mg=294N



For minimum F (impending motion), I = 1 = un= 0300n

[3]

Equation [2] gives n = 0.866F + 9.80 N
[4]
(a) Equation [3] becomes: S, = 0.300 0.866F +9.80 N = 0.260 F +2.94 N, so
Equation [1] gives  0.500F + 0.260F +2.94 N - 17.0N =0 or F =|185N|.

(b) Finally, Equation (4) gives the normal force n=0.866 185N +9.80 N=25.8 N |,

4.53 b) First, taking downward as positive, apply Newton’s second law to the
12.0 kg block:

XF, = 120kg g-T = 12.0kg a

— 2 _
T = 12.0kg 9.80 m/s? —a [1] nos | |,
For the 7.00 kg block, we have l
XF, =0 = =n= 686N cos37.0°=548N w=118N

and

f=pn= 0250 548N =13.7N

Taking up the incline as the positive direction and applying Newton’s second law to the 7.00-kg block
gives 2F, =T — f — 68.6 Nsin37.0°= 7.00kg a, or

7.00kg a = T —13.7N - 413N )

Substituting Equation [1] into [2] yields

7.00 kg+12.0 kg @ = 62.7N ora =



4.54 (a) Both objects start from rest and have accelerations of the same magnitude, a. This magnitude can be

determined by applying Ay = Vol + %ayt2 to the motion of m; :

2 Ay 21.00m
a=— _ — = 0.125 m/s?

r 4.00s
(b) Consider the free-body diagram of m, and apply Newton’s 2nd law: T 2
XF,=ma, = T-mg=m +a @

or ¢ mlg

T=m g+a = 400kg 9.80 m/s2 +0.125 m/s> =[39.7N

(c) Considering the free-body diagram of m, :
IF,=ma, = n-m,gcosd=0 or n =m,gcosé .
SO n = 9.00kg 9.80 m/s? cos40.0° = 67.6 N.

IF, =ma, = mygsin@-T - f, =m, +a

X X

Then f, = m, gsinf—a —T,or
i = 9.00kg [ 9.80 m/s> sin40.0° - 0.125 m/s> | -39.7N = 159N

The coefficient of kinetic friction is

S 159N
o= = e = 023

4.55

+y
A

Nground= W2 =85.01b
22.0° 22.0°

Free-Body Diagram of Person Free-Body Diagram of Crutch Tip



From the free-body diagram of the person, XF, = F;sin 22.0° — F,sin 22.0° = 0, which gives
or f =F, =F

Then, XF, = 2F cos22.0° + 85.0 Ibs — 170 lbs = 0 yields F = 45.8 1b

(a) Now consider the free-body diagram of a crutch tip.

F, = f - 4581bsin22.0° =0,

or
f=1721b
SF, = n,, — 45.81b c0s22.0° = 0,

which gives n,, = 42.5 1b

For minimum coefficient of friction, the crutch tip will be on the verge of slipping, so

f = fs max = :usntip

1721
and gy, = — = =10.404
Hy 42.51b

ntip

(b) As found above, the compression force in each crutch is

456 (b) The acceleration of the ball is found from
2
2 2 20.0 m/s © -0
a=Y "% _ / =133 m/s?
2 Ay 2 1.50 m

From the second law, EFy =F-w-= ma, , so

F=w+ma, =147N+ 0.150kg 133 m/s? =|21.5N

<l



4.57 ‘)

T, a
P *
- m, rf’l ", T; m, :
2

. f ~
l ;m_ké l'mlg l 1)

(b) Note that the suspended block on the left, m, , is heavier than that on the right, m, . Thus, if the

system overcomes friction and moves, the center block will move right to left with each block’s

acceleration being |in the directions shown above| .

First, consider the center block, m, , which has no vertical acceleration. Then,
F,=n-mg=0 or n=mg= 1.00kg 9.80 m/s> =9.80N

This means the friction force is:

f=pmn= 0350 980N =343N

Assuming the cords do not stretch, the speeds of the three blocks must always be equal. Thus, the

magnitudes of the blocks’ accelerations must have a common value, a.

2] = [ar] = faz] = a

Taking the indicated direction of the acceleration as the positive direction of motion for each block,

we apply Newton’s second law to each block as follows

For my : myg — 1T, = mya or I,=my g—a = 400kg g—-a
For m, : -7, - f =ma or I, -7, = 1.00kg a +3.43N
For m, : T, - myg = mya or T, =m g+a = 200kg g+a

Substituting equations [1] and [3] into equation [2], and solving for « yields the following:

400kg g-a - 2.00kg g+a = 1.00kg a +3.43N

4.00kg —2.00 kg 9.80 m/s2 —3.43N

- =12.31 2
¢ 4.00 kg + 2.00 kg +1.00 kg




(c) Using this result in equations [1] and [3] gives the tensions in the two cords as:

T, = 400kg g—-a = 400kg 9.80 —2.31 m/s> = [30.0N

and

T,= 200kg g+a = 2.00kg 9.80 +231 m/s® =[242N

(e) From the final calculation in part (b), observe that if the friction force had a value of zero (rather than

3.53 N), the acceleration of the system would increase in magnitude. Then, observe from equations

[1] and [3] that this would mean |T1 would decrease| while |T2 would increase|

4.58  The sketch at the right gives an edge view of the sail (heavy

line) as seen from above. The velocity of the wind, v is north

wind >
directed to the east and the force the wind exerts on the sail

is perpendicular to the sail. The magnitude of this force is

N -
sazl LSSO J ‘Vwind
m/s L
where [v.,,. | is the component of the wind velocity perpendicular to
the sail.

When the sail is oriented at 30° from the north-south line and the wind speed is v,;,;, = 17 knots,

we have

( N )=
F;'ail = LSSO m_/s) ‘Vwind

ksso m/s {(7 M:ﬁo 514 m/s) 5300} — 42 x10° N

The eastward component of this force will be counterbalanced by the force of the water on the keel of the

boat. Before the sailboat has significant speed (that is, before the drag force develops), its acceleration is

provided by the northward component of Fiail . Thus, the initial acceleration is

Fisail 4.2 x 103 N sin30°




4.59 (a) The horizontal component of the resultant force exerted on the light by the

cables is

R . =2ZF = 60.0N cos45.0° - 60.0 N cos45.0°=0

X X

The resultant y component is:

R, = XF, = 60.0 N sin45.0° + 60.0 N sin45.0° = 849 N | tx

Hence, the resultant force is | 84.9 N vertically upward |.

(b) The forces on the traffic light are the weight, directed downward, and the 84.9 N vertically upward

force exerted by the cables. Since the light is in equilibrium, the resultant of these forces must be zero.

Thus, w = [§49N].

4.60 (a) For the suspended block, EFy =T - 50.0 N = 0, so the tension in the rope is 7 = 50.0 N . Then,

considering the horizontal forces on the 100-N block, we find

SF, =T - f, =0,0r f, =T = [50.0N]

(b) Ifthe system is on the verge of slipping, f, = f,

s o = Hyn - Therefore,

the minimum acceptable coefficient of friction is

S 500N
“o= = Toon =~ L05%)

(¢) If g, = 0.250, then the friction force acting on the 100-N block is

Je = n = 0250 100N = 250N

Since the system is to move with constant velocity, the net horizontal force on the 100-N block must

be zero,or XF, = T — f, = T — 25.0 N = 0. The required tension in the rope is 7' = 25.0 N .

Now, considering the forces acting on the suspended block when it moves with constant velocity,

XF, = T —w = 0, giving the required weight of this block as w = 7' = | 25.0 N |.



4.61

4.62

4.63

4.64

On the level surface, the normal force exerted on the sled by the ice equals the total weight, or n = 600 N.

Thus, the friction force is

f=umn= 0050 600N =30N

Hence, Newton’s second law yields F, = —f = ma,, or
- - - 30N 9.80 m/s?
a, e A / = —0.49 m/s?
m  wlg 600 N

The distance the sled travels on the level surface before coming to rest is

V-2 0- 7.0 m/s’
Ax = =X X = =50 m
2a, 2 —0.49 m/s?

Consider the vertical forces acting on the block:

ZLF, = 85.0N sin55.0° -392N -n = ma, =0,

so the normal force is n=696N-392N=304N

Now, consider the horizontal forces:

YF. = 85.0N c0s55.0°— f; = ma, = 4.00 kg 6.00 m/s?

x
or

Jr = 85.0N c0s55.0°-24.0N = 248N

. e e e i 24.8 N
The coefficient of kinetic friction is then == = =10.814|.
o=k =

A

4.00 kg

55_0°>/'ng= 392N

850N

(a) The force that accelerates the box is | the friction force | between the box and the truck bed.

(b) The maximum acceleration the truck can have before the box slides is found by considering the

maximum static friction force the truck bed can exert on the box:

A

Thus, from Newton’s second law,

:ﬂsn:ﬂsmg

max

f M, Mg
=S mx _ 75 = = 0.300 9.80 2 =294 2

m

Let m; = 5.00 kg, m, = 4.00 kg, and m; = 3.00 kg . Let 7, be the tension in the string between

m; and m, , and T, the tension in the string between m, and m; .

(a) We may apply Newton’s second law to each of the masses.



4.65

for m1: ma =T —mg (1]

(—m] + m, +m3\\

for m, :

(2.00 kg

Adding these equations yields m, + m, + my a = —m; + m, + my; g,soa = L
m

(b) From Equation[1], 7, =m, a+g = 5.00kg 11.4 m/s? =|57.2N |, and
from Equation [3], 7, = m; g —a = 3.00kg 8.17 m/s? =|245N

When an object of mass m is on this frictionless incline, the only force acting parallel to the incline is the

parallel component of weight, mg sin € directed down the incline. The acceleration is then

7 .
a=—= mgsin6 _ gsin@ = 9.80 m/s? sin35.0° = 5.62 m/s? (directed down the incline)

m m

(a) Taking up the incline as positive, the time for the sled projected up the incline to come to rest is given

- 0 - 5.00
by t = L0 - MS _ 0,890 s
a ~5.62 m/s?

The distance the sled travels up the incline in this time is

v+, 0 + 5.00 m/s
As =y e = (P20 (LR g g0~ (323 m]

(b) The time required for the first sled to return to the bottom of the incline is the same as the time needed

to go up, that is, ¢ = 0.890 s. In this time, the second sled must travel down the entire 10.0 m length

1
of the incline. The needed initial velocity is found from AS =Vt + E at’® as

~10. -5.62 m/s*> 0.890 s
yy = A @ Z100m / = -8.74 m/s
t 2 0.890 s 2

or | 8.74 m/s down the incline |.

o, +m )8 T (120ke



4.66

4.67

Before she enters the water, the diver is in free-fall with an acceleration of 9.80 m/s? downward. Taking

downward as the positive direction, her velocity when she reaches the water is given by

v=% +2a Ay =J0+2 980 m/s> 10.0m =140 m/s

This is also her initial velocity for the 2.00 s after hitting the water. Her average acceleration during this

2.00 s interval is

- 0—- 14.0 m/s
a,, = v Yo = / = -7.00 l'I'l/S2
t 2.00 s

Continuing to take downward as the positive direction, the average upward force by the water is found as

XF, =F, +mg =ma,, or

av !

Fy=ma,-g = 700kg | -7.00 m/s> —9.80 m/s> | =—1.18 x 10° N

or

F, =|1.18 x 103 N upward |

(a)  Free-body diagrams for the two blocks are given at the right.

5
The coefficient of kinetic friction for aluminum on steel is L» ny

4, = 0.47 while that for copper on steel is g, = 0.36 . Since

a, = 0 for each block,

— — o
n, = w; and n, = w, cos30.0°.

fi = mn =047 19.6 N = 921N

fy = ton, = 0.36 58.8 N c0s30.0° = 18.3 N

For the aluminum block:

XF, =ma, = T —-fi=m+a or T = f +ma

giving T =92IN+ 2.00kg a [1]

For the copper block:

LF, =ma, = 588N sin30.0°-7 -183N = 6.00kg a
or 1I.LIN-T7 = 6.00kg a [2]
Substituting Equation [1] into Equation [2] gives
11.IN-921N - 2.00kg a = 6.00kg a



or
a =8N oo m/s2
8.00 kg

(b) From Equation [1] above, T =921N+ 2.00kg 0.232 m/s2 =|9.68N |.

4.68 In the vertical direction, we have

SF, = Tcos4.0° —mg =0,0or T = —25
Y cos 4.0°

In the horizontal direction, the second law becomes:

IF, = Tsin4.0° = ma, so - @ mm -

g = ISA0% o an4.00 = [0.69 m/s? mg

m

4.69 Figure 1 is a free-body diagram for the system consisting of
both blocks. The friction forces are

A= =y mg o and fo = g myg

For this system, the tension in the connecting rope is an T T
internal force and is not included in second law calculations. ’ mn1 mnz 50N
1 2
The second law gives =% *ﬂui T, ¢ mai
SF, =50N-f-f,= m +m, a
which reduces to
50N
= - Mg (1]
my + m,
Figure 2 gives a free-body diagram of m; alone. For this
system, the tension is an external force and must be included in
the second law. We find: EFx =T - fl = mya,or -~
a
—_—
T=m a+ug [2] 1; .

If the surface is frictionless, 1, = 0. Then, Equation [1] gives

> Vng
50N 50N !

my +m2




and Equation [2] yields T= 10kg 1.7 m/s2 +0 = -

(b) If 1, = 0.10, Equation [1] gives the acceleration as

S0N
a=-——- 0.10 9.80 m/s> =|0.69 m/s?
30 kg /
while Equation (2) gives the tension as

T= 10kg [0.69 m/s> + 0.10 9.80 m/s> | =

470  (a)

(b) In general, the static friction force is less than the maximum value of £ = un . Itis

equal to this maximum value only when the coin is on the verge of slipping, or at the critical angle 6,

.|For@ <6, f=< = pen|.

S max

(c) Recognize that when the y axis is chosen perpendicular to the incline as shown above, a,, = 0 and

we find ZF, = n—mgcost = ma, =0 or n = mgcosé
Also, when static conditions still prevail, but the coin is on the verge of slipping, we have

a, =0, =6, andf = f, e = M = Hmg COS 6.. Then, Newton’s second law becomes

2F, =mgsiné, — ymgcosé, =ma, =0

and

,uS%g\cos 6, = %g\sin 0, yielding u, = sinfe _

cos 6,

(d) Once the coin starts to slide, kinetic conditions prevail and the friction force is



f =f, =n=p,mgcosd
At 8 = 0, < 6., the coin slides with constant velocity, and a, = 0 again. Under these conditions,

Newton’s second law gives

XF, = mgsinf. — yymgcosd. = ma, =0

and
,uk%g cos @, = »1& sin &,
yielding

i’
cos &

471 (a) When the pole exerts a force downward and toward the rear on the lakebed, the
lakebed exerts an oppositely directed force of equal magnitude, F, on the end of the

pole.

As the boat floats on the surface of the lake, its vertical acceleration is a, = 0.

Thus, Newton’s second law gives the magnitude of the buoyant force, Fy, as

LF, = Fy + Fcos@ —mg =0

and, with @ = 35.0°,
Fy =mg - Fcos@ = 370kg 9.80 m/s2 — 240 N cos35.0°

or

Fy = 3.43 x10° N = [3.43 kN]

(b) Applying Newton’s second law to the horizontal motion of the boat gives

, - 240 N sin35.0° — 47.5N
IF, = Fsin@ — Faag = ma, or a, = = 0.244 m/s?
370 kg

After an elapsed time ¢ = 0.450s, v, = v,, + a,t gives the velocity of the boat as

v, = 0.857 m/s + 0.244 m/s> 0.450s = [0.967 m/s

(c) Ifangle fincreased while the magnitude of F remained constant, the vertical component of this force

would decrease. |The buoyant force would have to increase| to support more of the weight of the

boat and its contents. At the same time, the horizontal component of F would increase, which would

|increase the acceleration| of the boat.




472 (a)

(b) Applying Newton’s second law to the rope yields
2F, = ma, = F-T=ma o T=F-ma [1]
Then, applying Newton’s second law to the block, we find
2F, = ma, =>T=ma or F-ma=ma

which gives

F

a=—-"
my, + m,

(c) Substituting the acceleration found above back into equation [1] gives the tension at the left end of the

rope as

(F ) Lmy+m = m)

r=F-ma=F-m|———|=F
Lmb+m, my, + m,

or

[ m, )

Ty am)”

(d) From the result of (c) above, we see that as m, approaches zero, T approaches F. Thus,

|the tension in a cord of negligible mass is constant along its length|.

4.73  Choose the positive x axis to be down the incline and the y
axis perpendicular to this as shown in the free-body
diagram of the toy. The acceleration of the toy then has
components of

A +30.0
a, =0, and a, = Avy _ #300 mjs +5.00 m/s?

At 6.00 s

Applying the second law to the toy gives:



(a) ZF, = mgsin6 = ma, = sin@ = ma,/mg =a./g,

and

(5.00 -
0 = sin~ L J—51n‘1L980$?22J

(b) ZFy:T—mgcosezma =0,or

y
T = mgcos@ = 0.100kg 9.80 m/s? cos30.7° =|0.843 N
4.74  The sketch at the right gives the free-body diagram of the person. The \ XY

scale simply reads the magnitude of the normal force exerted on the
student by the seat. From Newton’s second law, we obtain

XF, = ma,=0 = n—-mgcos30.0°=0

or

n =mgcosd = 2001b cos30.0° =|173 Ib

4.75 The acceleration the car has as it is coming to a stop is

22 0- 35mfs’
a = v V() = / =—O.61 1’1’1/32
2 Ax 2 1000 m

Thus, the magnitude of the total retarding force acting on the car is

([ 8820N )
F = mla = UII (550 mysr) 061wl =[5:510°N]

4.766 (a) In the vertical direction, we have
IF, = 8000 N sin65.0° - w = ma, = 0
S0 w= 8000N sin65.0° = |7.25 x103 N
(b) Along the horizontal, Newton’s second law yields

SF, = 8000 N cos65.0° = ma, = {K} a
g

or

g[ 8000N c0s65.0°]  9.80 m/s> 8 000N cos65.0°
e = w - 7.25x 103> N -




4.77 Since the board is in equilibrium, XF, = 0 and we see that

the normal forces must have the same magnitudes on both sides
of the board. Also, if the minimum normal forces (compression

forces) are being applied, the board is on the verge of slipping

Bl
==
Y—>
K "“i)
Bl

and the friction force on each sideis /"= f; = un

The board is also in equilibrium in the vertical direction,

SO

w
EFJ'}:zf—W:O, OerE w=955N

The minimum compression force needed is then

foow 95.5N
n=-+ = = =[720N
T2 " 2066 - L2ON]

4.78 Consider the two free-body
diagrams, one of the penguin
alone
and one of the combined system
consisting of penguin

plus sled.

The normal force exerted on the

penguin by the sled is

no=w =mg

and the normal force exerted on the combined system by the ground is

= Wstal

= Mytal8 = 130 N

The penguin is accelerated forward by the static friction force exerted on it by the sled. When the penguin

is on the verge of slipping, this acceleration is

f1 max _ MKy
m m

_ 5 g:*g)z g = €.700 .80 m/s> )= 6.86 m/s?



Since the penguin does not slip on the sled, the combined system must have the same acceleration as the

penguin. Applying Newton’s second law to this system gives

( Wiorar )
z“Er = F_f2 =m or F = f2 +mtotal Amax = M Wiotal +L t;ta )amax

total Ymax

which yields
( 130N )
F= 0100 130N +| —— | 6.86 2 =1104 N
L9.80 m/szJ m/s

4.79 First, we will compute the needed accelerations:

(1) Before it starts to move:

ay:O

(2) During the first 0.80 s:

V., —V, —
TV 1.2 m/s - 0 15 m/s?
7 t 0.80 s

(3) While moving at constant velocity:

ay:O

(4) During the last 1.5 s:

V., —V —
g =W TNy 0212 mis g0 e
7 t 1.5s

The spring scale reads the normal force the scale exerts on the man. Applying Newton’s second law to the

vertical motion of the man gives:

XF, =n—-mg=ma, or n=mg+a,

(a) When a, =0,
n= 72kg 9.80 m/s2 +0 =|7.1 x 102N

(b) When a, = 1.5 m/s?,

y

n= 72kg 9.80 m/s? + 1.5 m/s® =
(c) Whena, =0,

n= 72kg 9.80 m/s2 +0 =|7.1x 102N |



(d) When a, = -0.80 m/s? ,

n= 72kg 9.80 m/s® —0.80 m/s? =

4.80 The friction force exerted on the mug by the moving tablecloth is the only horizontal force the mug

experiences during this process. Thus, the horizontal acceleration of the mug will be

0.100 N
Qe = S _ = 0.500 m/s?
E m 0.200 kg

mug

The cloth and the mug both start from rest (v, = 0)attime ¢ = 0. Then, at time ¢ > 0, the horizontal
displacements of the mug and cloth are given by Ax = vt + % a.t? as:
- 1 2 2 _ 2 42
AX,e = 0+1 0500 m/s? 2 = 0.250 m/s> ¢
and

Axloth = 0+% 300 l'l'l/S2 t2 = 150 m/s2 t2

C

In order for the edge of the cloth to slip under the mug, it is necessary that Ax,,, = Ax,,, + 0.300 m, or

1.50 m/s?2 2 = 0.250 m/s?2 2 + 0.300 m

The elapsed time when this occurs is

‘= \/ 0.300 m = 0.490s

1.50 — 0.250 m/s?

At this time, the mug has moved a distance of

AY,,, = 0.250 m/s? 0.490s > = 6.00 x 102 m =



4. 81

4.82

(a)

(b)

Consider the first free-body diagram

in which Chris and the

chair treated as a combined system. The
weight of this system is

w,

ol = 480 N, and its mass is

w
Mgt = —f;m’ = 49.0 kg

Taking upward as positive, the
acceleration of this system is found

from Newton’s second law as

ZF;) =2T - Wiotal = Mhotal 4y
Thus
Wiota1= 320 N + 160 N Wehris= 320 N
2 250 N - 480N
a, = = +0.408 m/s?
Y 49.0 kg
or

|O.408 m/s? upward

The downward force that Chris exerts on the chair has the same magnitude as the upward normal
force exerted on Chris by the chair. This is found from the free-body diagram of Chris alone as
LF, =T +n = Wepys = Moy 4,
o)
n= My Ay + Wepyg = T
Hence,

320N )

_{ 2 _
"= 550 mis?) 0.408 m/s?> +320N - 250 N = [83.3N|

Let R represent the horizontal force of air resistance. Since the

helicopter and bucket move at constant velocity, a, = a, = 0.

The second law then gives:

Also,

mg

XF, =T c0s40.0°~mg =0 or c0s40.0°

SF =Tsin40.0°~R=0 = R=Tsin40.0°




Thus,

mg H 2 3
R=| ————— [sin40.0°= 620 kg 9.80 m/s® tan40.0°=|5.10x10° N
(] g .80 m/ [510-10° N



