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CHAPTER THREE

Forces

MULTIPLE CHOICE QUESTIONS
Multiple Choice 3.1

Correct Answer (e).
1
M =—M_and R =2R
p 2 E P E

If the acceleration on Earth and the planet
are:

GM, GM,
g = and g, = ——,
R; R,
. . & .
respectively, the ratio = is:
8k
GM,
g _ R MR _[(MR) 1
gE GME Mszg ME (4RE) 8
R2
E
(&1
g 8
-1
gp - 8gE

Multiple Choice 3.2

Correct Answer (d). The gravitational force
between two objects of masses m, and m, at

a distance d is:

F-c54%

and:
2

G=6.67x10"1 N

kg’
o1 Nm® | (12kg)(25kg)
F =(6.67x107"
2 kgz) (1.2m)>

ﬁ;=139x10*=L4xur8N.

Multiple Choice 3.3

Correct Answer (a). The gravitational force
is:

F - G mlmz
g d2

and:
2
G=667x10" N0
kg

dy=R, d,=R+R=2R

E

M. 1 M 1
2R T e Ez=_(Gmc ;:):_F
& 2R, 4 (R) 4
1 9.80 N
W, = Fg’2R =ZF = 1 =245N.

Multiple Choice 3.4

Correct Answer (b). The gravitational force
is:

F-c54%
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and:
N 2
G=667x107" —=
kg
ROrbit = RE+h=6378 + 559 = 6937 km
mHSME 5
2
Wearth — Fg,Earth — (RE) — ROrbit)
WOrbit Fg,orbit mHS ME REanh
(}2Orbit)2
2
Ve _ (@) s
W orit 6378
Multiple Choice 3.5

Correct Answer (a). The acceleration on the
planets are:

GM GM

— 1 _ T
& = 2 and & = 2
7, r.

1 2

respectively, so the ratio & is:

&,
GM,

& _ rzz =A/[2’”12
g GM, My
2

r

The masses of the two planets can be written
as:

M,=pV, = pGnr)
M,=pV, = p(3mr;).

2 4 3y .2
& _ My _pGur)r

So: = i =2
& 5 p(gnrl)rz h
&_r
g n
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Multiple Choice 3.6
Correct Answer (d). From MC 3.5, the ratio

of&is:
g,

<
D‘J‘N

2
& My g _M,

gl er22 gE ]‘4EI/'P2
2
SO MP = gPrP
g &l

M, _ 18:Gn)’ _1_
M gErE2 8

E

Multiple Choice 3.7

Correct Answer (c).

Multiple Choice 3.8

Correct Answer (d).

Multiple Choice 3.9

Correct Answer (d). The force between two
charges g, and ¢, is:

_ ka4,

2
r

F

The force is proportional to 1/ r*. That means
doubling the distance quarters the force. In
this problem, we decrease the distance by 5
times, so the force increases by 5° times. So:

10cm ,

F,=F (1) =3x107N(—2)
r 2cm

2

F,=7.5x10" N,
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Multiple Choice 3.10

Correct Answer (c). The electric force is
proportional to 1/ r*, so if we increase the
distance by a factor of three, the force is
reduced by a factor of 3%, or 9.

Multiple Choice 3.11

Correct Answer (d). The electric force is
proportional to ¢, so if we double the
magnitude of one the charges, the magnitude
of the force between them increases to twice
its former magnitude.

Multiple Choice 3.12 Correct Answer (c).
Easy way: Doubling the distance reduces the
force by a factor of 4. Since F is
proportional to ¢, doubling one of the
charges doubles the force.

Combining these factors effects we
get a factor of:

1 1
(F@)=7

So, the force is reduced by a factor of 2.
Longer way: Let

kq,q
=
1
then
»_Kk2a)e, kg, =%Fl-

2 (2}/‘ )2 27’12

1

Multiple Choice 3.13

Correct Answer (e). The electric force
between two charges is:

9.4
F,=F, =k%'

12

First, we calculate the forces g, and g, exert
on g,. Then, find the x and y components of
the forces, which are the components of the

net force on g,. The forces g, and g, each
exerts on g, are:

Nm?_ (15x10°C)(13x10°C
Fvl2=(9x109 : )( )(_2 . )
(7.5x10" m)
F,=312N
Fiz

10 cm

Figure 1

o Nm®
CZ

(15x107°C)(13x107°C)
(12.5x107m)’

F,=(9x10°—)

F,=112N.

Figure 1 shows F,, F,, and its x- and

y- components, which are:

F, =F, cos37°=89 N

13,x

13

F, = F,sin37° =67 N.

So:
F, F. =8N

Nety — L13,x

F

Net,y =

F,+F, =312+67~380 N.
>V

Multiple Choice 3.14

Correct Answer (a). The electric force
between two charges is shown in Multiple
Choice 3.13:

9.4
F;2=k 122

12
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Since g, = q, = q,, and they are located on
the corners of a square (see Figure 2):

il

q g3
Rk
Figure 2
So:
n,=r,=da
\/(r +75, \/(a +a’) = V2 a
Therefore:

Multiple Choice 3.15

Correct Answer (d). The strong nuclear
force is the strongest of the four fundamental
forces and holds the protons together in the
nucleus.

Multiple Choice 3.16

Correct Answer (c). The strong nuclear force
is about 100 times larger than the electric
force over the same distance and only acts
over very short distances.

Multiple Choice 3.17

Correct Answer (d). The strong nuclear
force does not get weaker with distance. For
two quarks, it reaches a constant value of
about 10,000 N. The weak force diminishes
with distance.

Multiple Choic 3.18

Correct Answer (b).

Chapter 3

Multiple Choice 3.19

Correct Answer (e). Since the kicker’s foot
is no longer in contact with the ball, it no
longer exerts a force on the ball. The force
exerted by the floor consists of two parts, a
normal force N and a frictional force that
makes the ball rotate. The force of gravity
also acts upon the ball.

Multiple Choice 3.20

Correct Answer (c). The forces T and F are
contact forces. If the muscles were suddenly
cut, the tension would disappear. Similarly,
if the dumbbell were released, the force F
would disappear.

Multiple Choice 3.21

Correct Answer (b). Figure 3 shows the
normal force and the horizontal component
of the applied force F.

N
2 X
Figure 3
According to Figure 3:
N - Fcos6 =0
N = Fcosf.

Multiple Choice 3.22

Correct Answer (b). When you press your
book horizontally against the wall, you
prevent it from falling. So, the friction force
is upward.
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Multiple Choice 3.23

Correct Answer (c). The direction of the
friction force exerted on the truck is to the
west. So, the direction of the friction force
exerted on the box by the truck is due east.
Multiple Choice 3.24

Correct Answer (d). The maximum force of
static friction is:

f;,Max = ‘us N
SinceN = Fcos0:
S = N = 1, F coso.

Multiple Choice 3.25

Correct Answer (c). The component of
weight acting down the incline is mgsin6.
Since the block is stationary, static friction
must balance this force (See Figure 4).

Figure 4

Multiple Choice 3.26

Correct Answer (c). The normal force
exerted by the plane must balance the
component of the weight perpendicular to
the plane. This component is M gcosf. See
Figure 4.

Multiple Choice 3.27

Correct Answer (a). The magnitude of the
force exerted by a spring stretched a distance
x from its equilibrium position is F' = kx. If x
is doubled, then the force must be doubled.

Multiple Choice 3.28

Correct Answer (c).

Since F = kx, if applied force F increases 16
times and k is increased 4 times, x will
change to 4 times the first spring stretch.

Multiple Choice 3.29

Correct Answer (e). Both marbles move
with constant velocities, which imply that
the net force on each marble is zero. This, in
turn, implies that the viscous force on the
first marble is equal to its weight and the
viscous force on the second marble is equal
to the weight. This, in other words, means
that the ratio of the magnitudes of the
viscous forces is equal to the ratio of the
weights and, therefore, equal to the ratio of
the masses. We conclude that the ratio of the
amplitudes of the viscous forces is equal to
the cubic power of the ratio of the diameters:
8. This answer can also be obtained using
the expression for the viscous force Fiis =
6myrv. The ratio of the viscous forces is
equal to:

vis, 1 _ﬁ_ rlvl _l
Fvis,2 ", (21/1)(4‘}1) 8
Multiple Choice 3.30

Correct Answer (b).

Multiple Choice 3.31

Correct Answer (c). The hanging mass M is
in equilibrium, the same as the cross point of
three forces T,T,,7,. Draw free body
diagram, Figure 5:

28
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'||iT3— mg

Figure 5

According to free body diagram of Figure 5,
we have:

2,y 3
T,= w=mg
.=1,

T, = T,cos60° =0
T, = T,/cos 60° = 21/0.5= 42 N

w=T =T, = T,sin60° = 42sin60°
=36 N.

Multiple Choice 3.32

Correct Answer (d). The hanging mass M is
in equilibrium, same as the cross point of
three forces T,T,,7,. Draw free body
diagram, Figure 6:

Chapter 3

Figure 6

According to free body diagram of Figure 6,
we have:

xi= T, - T, =0
y:ﬁ TZ,y+ l,V_I;=O

I,= w=mg
I,=T,,

T, cos 60° - T, c0s30° = 0

T = Tzcos30°/cos60° =41(1.73) = 71N.

CONCEPTUAL QUESTIONS
Conceptual Question 3.1

(a)

(A) Two forces: the weight and the
tension

(B) The weight and the normal to the
bowl (along the radius)

(C) The weight and the normal to the
bowl (vertical, in this case)

(D) The weight and the normal force
due to the table

(E) The weight, the normal due to the
incline, and the tension (no friction)

(b) The free body diagrams need to be
drawn.

(¢) In case (B) of part (a), the object is not
in static equilibrium.

Copyright © 2017 Nelson Education Limited
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Conceptual Question 3.2

It is the influence of gravity. You have your
head down, helping to push more blood to
your head, thus more oxygen to your brain.
When you stand rapidly, the blood is not
supplied as before; it rushes out, which is the
influence of gravity pull.

Conceptual Question 3.3

Both forces are contact forces, that is,
contact is required for a force to be exerted.
This is in contrast to a force like gravity,
which can act over a distance, with no
contact. The main difference between the
normal force and the spring force is that the
normal force is a constant force, whereas the
spring force varies with distance.

Conceptual Question 3.4
Correct Answer (A).

Conceptual Question 3.5

The weight of the body part can be
neglected if it is perfectly balanced by
another force.

Conceptual Question 3.6

If you turn the adjustable inclined plane up,
increasing the inclined angle, the mass on
the plane starts to move down in a specific
inclined angle. If you increase the inclined
angle more, the mass moves down the
inclined plane. So, at the angle that it starts
to move, the total force parallel to the
inclined plane acting on the object is zero.
Thus, you may calculate the normal force on
the object by the inclined plane. Its
magnitude is equal to the magnitude of the
perpendicular component of the weight.
Then you can find the maximum force of
friction, which is equal to the coefficient of
static friction times the normal force. The
maximum force of friction should be equal
to the magnitude of the parallel component
of the weight.

Conceptual Question 3.7

The magnitude of the normal force on the
book is equal to the force you exert on the
book. Since you prevent the book falling
down, the friction from the surface of the
wall is upward, in the direction against
gravity.

Conceptual Question 3.8

It is easier for you if you pull the sled since,
when you pull it at angle 6, the vertical
component of your force is upward and
reduces the magnitude of the normal force.
The magnitude of the normal force, in this
case, will be less than the weight of your
sister plus the sled. So, having less normal
force gives less force of friction. This is in
contrast to when you push it. Since the push
will increase the normal force, so does it the
friction.

Conceptual Question 3.9

With the force of gravity, weight decreases
with the distance from the surface of Earth.
Therefore, you should buy the gold at a
higher altitude. Since Calgary is at a higher
altitude than Halifax, you should buy gold in
Calgary and sell it in Halifax. Since the mass
is the same everywhere, it does not make
any difference where you buy your gold by
mass, whether in Montreal or Toronto.

Conceptual Question 3.10

Doubling the distance reduces the force by a
factor of 4. So, at 2R, the gravitational force
on him would be one fourth (a quarter) of
his weight (gravitational force) on Earth. So,
the gravitational force on him at 4R would
be one fourth of the gravitational force at 2R
and one sixteenth of that on the surface of
Earth.

30
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ANALYTICAL PROBLEMS

Problem 3.1

The distance between the sphere centres is
r=0.5m+0.5m=1.0m. The gravitational
force between them is:

(6.67 x 10'11 )(15 kg)(15 kg)
Gmm
F=—-=
r (1.0 m)’
=1.50x10N.

If the surface of spheres are separated by
2.0 m, then:

r=0.5m+2.0m+0.5m=3.0m.

The gravitational force between them is
now:

(6.67 x 10'11 )(15 kg)(15 kg)
Gmm
F=—-=
r (3.0 m)’
=1.68x10°N.
Problem 3.2

Take the radius of the Earth:
R, =6.37x10°m

The acceleration of gravity is:

N 2
-11 24
G, (667X107 5)(6.00x10%)
g= =

R} (6.37x106m)
- 9.862.

N

At 9800 km above the Earth’s surface, the
gravitational acceleration is:

Chapter 3

GM

E

(R, +9.8x10°)’

2
R
=9.86x|—E —
R.+9.8x10

m
=1.53—..
SZ

g=

Problem 3.3

The gravitational force between the spheres
is:

Gmm

2
r

F= =0.50N.

Solving for the mass m, we get:

, Fr’
m=""_
G
2
Fr* [(0.5N)(2.00m)
TG T Nm’
6.67x10"" —
kg
=1.73x10°kg.
Problem 3.4
(a) Known:

M, =6.00x10"kg, M _=7.40x10"kg,
and R, = 3.84x10° m

_GM M,
EM Rz
(6.67x10" uN

e )(6 00x10*kg)(7.40x10* kg)

(3.84x10°m)?
=2.00x10% N.

(b) £, = byE - EnbyM =0

= F

mbyE = FmbyM

Copyright © 2017 Nelson Education Limited
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mM, B mM,,

G

lelE RriM

ME = RlzlE

M, R
R M . 24
- =\/ ] =\/600x1022kg .00
R . M, 7.40x10~ kg

= R .= 9.00R

and:

R .+ R, =R, =384x10°m
9.00R_,+R  =3.84x10"m
R, =3.84x10"m
R .= 9.00(3.84x10"m)=3.45x10°m.

Problem 3.5

The ratio of the Sun and Earth’s
gravitational force on the Moon is:

GM M,
2 2
F‘SM - RSM = MS REM
FEM GME MM MERSZM
RZ
EM

Fy  (2.0x10"kg)(3.84x10°m)’
F (6.0x10kg)(1.5x 10" ' m)’

EM

Lo
F

EM
Or we can calculate the gravitational force
of Sun and Earth on the Moon separately
and then find the ratio of them. We
calculated the force of Earth on the Moon in

the previous problem. The force of the Sun
on the Moon is:

M. M
FSM =G— 2 .
Ry
2
(6.67x107" II(Iglz)(Z.OO x10% kg)(7.40 x 10% kg)

(1.5x10" m)>
=44x10° N.

So, the ratio of these two forces are:

Fy,  44x10° N
= =22.
F, 2.00x10* N

EM

Problem 3.6

The ratio of the Sun and the Moon’s
gravitational force on a person on Earth is:

GM m
2 2
Sm — RSE = MS RME
2
F GM,, m M, R,

Mm
2
RME

RSE = RSM +RME
=3.84x10°m+1.5x10"m
=1.50384x10"m

F,  (2.0x10"kg)(3.84x10° m)*
F,, (7.40x10%kg)(1.50384x10" m)’

Mm

F.
—Sm_ _ 1.77x10%
F

Mm

So, the Sun’s gravitational force is larger
than the Moon’s gravitational force on a
person on Earth and on Earth itself.

32
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Problem 3.7

The acceleration of gravity is:

GM,
8o = :
R,
R = %
Ma gMa
2
(6.67x10™" Nni )(6.40 x 10%kg)
kg
R =
m
3.62 —
SZ
R, =3.43x10° m.
Problem 3.8

The maximum force of gravity happens
when they are closest to each other, touching
each other. So:

R= Rbi+Rbo
=28x10"m+11x107m
=13.8x10"m=1.38x10"m.

The gravitational force between the balls is

F= ngzmbo
(6.67x107" thgn; )(0.380kg)(7.0kg)
= (1.38x10"m)?
F=93x10"N.
Problem 3.9

(a) The net gravitation force on m, is:

F =F31_F32

3,Net

Chapter 3

Gmm Gm

1 m2

%)

_ 3
F},Net - r2 ’
31 3

Y

ry=ry=d,/2=06m/2=03m

31 3

3,Net

F. =Gﬂ23(m1 -m,)
r.

31
. Nm?_ 75.0kg
— X 7)
kg’ 7 (0.3m)
x (750kg —300kg)=2.50x10"°N

F. =(6.67x10

3,Net

F, .. =2.50x10"N.

3,Net

(b)
F},th = L5 F32_0
F31 = F32
Gmm, _ G mym,
2 2
7"31 }"32
mo_m
2 T T2
r31 }"32
n_ |m
31 ml
oo 3963
° 750
1, =0.63r,,
Also:
= a’12 =0.6 m

r, +0.63r, = 1.63r,, = 0.6 m
r, =0.6/1.63m =037 m

r,, = 0.63(0.37m)=0.23m
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Problem 3.10

—oM, (M M, My |
Fa Rz RéM

le

F, =(6.67x10""'—)(7.40x10"kg)

2.0x10*kg
(1.5x10"'m)?

6.0><1024kg
(3.84><108m)2

x( )

F,, =2.38x10" N

Problem 3.11

The distance halfway between Earth and the
Moon is:

r=d,, /2=3.84x10°'m/2=1.92x10°m

The net gravitational force on Apollo
exerted by Earth and the Moon is:

F..=F. . -F

Net,A AbyE Aby M
FNt = G MEzjuA _ G MM2MA
¢ R
EA
M,
F = —(M -M,)
Nm® , 3.01x10%k
F =(6.67x10™" )28 )
¢ kg™ " (1.92x10°m)
x(6.0x10* kg —7.40x10%kg)
=3.23x10*N
Problem 3.12

According to Newton’s third law, the force
is equal in magnitude and opposite in
direction on each charge. The magnitude of
the force is given by:

kg,
2
r
9N
(9%10 o )(1.00x107°C)(1.00x107°C)
(1.00 m)’
=9.00x107°N.
Problem 3.13

The electron and proton have the same
magnitude of charge, that is, e =1.6x107°C.
The magnitude of the electric force between
the two is:

=ki=100N

I"

Rearranging and plugging in numbers:

(9% 10° Nm

(1 60x 10 1"c)

1.00N
r=1.52x10""m.

2
=r

Problem 3.14

The electric force between two charges is:

kq,q,

F= IS

So, the distance between them is given by:

2o k4.4,
'

Nm

(9% 109

R=

0.78 N

R=0.84 m.

Problem 3.15

The electric force between two identical
charges is:

34
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So, the charge is given by:

=3.65x10"°C = 3.65 uC.

Problem 3.16

Both the electric and gravitational force
have the same l/r2 dependence; so, the
r*will cancel out when we take the ratio of
the two forces. Also, the electric force
between two protons or two electrons is the
same because protons and electrons have the
same amount of charge. The ratio of the
electric force to the gravitational force for
two masses with the same charge can be
written as:

2
ke
5 2
Ly 2 ke
F  Gmm, Gmm
g 1772
r2

(a) Two protons

m=m,=m_ = 1.67x107"kg, so:

_E=_=_(i)2
F  Gmm G m
p P
Nm2
9
F 20 exi0c ;
= 27
F, 6'67x10_“Nmz 1.67x10% kg
g
=1.24x10%
F
—£ - 1.24x10%.
F,

(b) Two electrons

m =m,=m_=9.11x10""kg, so:

Chapter 3

ke*
£= S ke®
F, Gmm, Gmm
}"2
F ke®
—E-—-—(—)
F Gmm
Nm?
9
£ 0 a exioc ;
=31
F, 6'67“0_111;1:112 9.11x10'kg
=4.17x10%
F
—£ - 417x10%

g

(¢) A proton m =m =1.67x 10"kg and an
electron m = m_=9.11x10""kg, so:

TE_ _k e
Fg Gmpme G mm,
Nm?
9%10°
£ c’
o se7x10 N
kg
«( (1.6x107°C)*
(1.67x107"kg)(9.11x107'kg)
=2.27x10%
F,

—£ = 227x10%.
F

g
The ratio is largest for the force between
two electrons. The electric force will be
the same in all three cases, but the
gravitational force will be smallest when
the product of the masses is smallest;
that is, in the force between two
electrons.

Problem 3.17

The electron and proton have the same
magnitude of charge; that is, e = 1.6 X
10°C. The electric force between two
charges is:

Copyright © 2017 Nelson Education Limited
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_kq,q,

F e

So, the ratio between two electric forces is:

kq,q, kee
2 2 2
B__ & K R
F, kqyq, kee R
R’ R’

Problem 3.18

4

13
! x Fisin3o Fasin30
qx
/w\ 3
Ficos30 [ ;—; —

i X,

The forces Fand F, are of the same
magnitude but have different directions. As
can be seen in Figure 7, above, the
x-components of the forces cancel and the
y-components add. The resultant FR is
simply twice either component; that is:
FR = 2F cos30° = 2F, cos30°

kq,q
=

Nm’
F =(9x10’ o )

5 (2x107°C)(4x107°C)
(4x107m)’
=45%x10°N

Problem 3.19

The magnitude of the force will be the same
but the direction will be in the opposite
direction. The force will be 7.79 x 10~ N in
the negative y-direction.

Problem 3.20

Singly charged ions each carry one unit of
electronic charge (e =1.60x107"° C), so the
force between these ions is:

kq,q
F=F=—%*
2
(9x10° Né‘; )(1.60x107°C)(1.60x107°C)
(2.82x 10-“’m)2
=2.90x10"N.
Problem 3.21

The forces }7’31 and F}zare two forces exerted
on g,by two other charges, ¢, and ¢,, and are
given by:

F=k1L
,,

F = Ox10° Nmz) (6.60x107°C)(6.75x107°C)
. C? (5.00 m)

=1.60x10°N

Nm®_ (5.40x107°C)(6.75x107°C)
(4.00 m)’

F, =(9x10°—~-)

CZ
=2.05x10*N.

- El
20w 27 8 ]
-

Figure 8

36

Copyright © 2017 Nelson Education Limited



As Figure 8 shows, ﬁ;l makes an angle 0
with horizontal:

0 - tan-t 00
4.00

) = 36.9°.
m

Now, calculate the components of ﬁ; *

F. =1.60x10*Nxc0s36.9°=1.28x10* N

31, x

F = 1.60x10* N'xsin36.9°=9.61x10° N

31,

FR =F, -F

x 7 3Lx 32

FR, =128x10°N=-2.05x10"N
=-7.70x10" N

FR =F, =961x10" N

According to Figure 9, which shows the x-
and y-components of FR, we get:

Figure 9

FR = 1/(FR5+FR§_)

= J(=7.70x 10N>+ (9.61x 10N’
=1.23x10°* N

9.61x10°N
-7.70x107°N

=tan™' (-1.24) = -51°=129°.

et PR
@ =tan (—FR)—tan ( )

Chapter 3

Problem 3.22

The forces }7’31 and F}zare two forces exerted
on g,by two other charges, ¢, and ¢,, and are
given by:

!
F=ki1L
r
To have a zero resultant force on negative
charge ¢q, requires that it is positioned
between two positive charges, as Figure 10,
below, shows.

Lerne Feoog

0= BEN
. <> &
I-: . " . .
Figure 10
Thus:

ryth, = 40m

and:

Copyright © 2017 Nelson Education Limited
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Substituting it into the top equation gives:

rt %rn =4.0m

r, = 1.5m
r, =2.5m.

Problem 3.23
The force between two charges is:

F=ki1L,
r

Therefore:

4,9,
2

Up

2
’ Ncnzl N10™C)(45x10°°C)

F;2=k

(9%10

(4 m)’
—253N
0,4,

2
4

F;4=k

h

)10 C)(25%107°C)

Nm?
2

9%10°

(5m)’
=0.90N

2
(9x10° I\IC—TI;)(IO“C)(lzs x10°°C)

(JI(4 m)*+(5m)’] )’
=2.74 N.

These are the magnitudes of the three forces
acting on the charge ¢,, as shown in Figure
11. We now evaluate the components of the
resultant force along the wvertical and

horizontal axes.

A T
‘\' s
+ '::l 4 T N !:lll A
" II-'.:.'
Figure 11
5
Fnet,x= 14_F;3X\/H

=0.9—2.74><i= -1.24 N

Ja

4
_E2+E3X

Ja1

25342 74x— = 082N

N

F

net,y

The magnitude of the net force and its
direction are given by:

net, y

F = \/ij’x +F2 =4221=1.48N

tan(6)=ﬂ=0.66
~1.24
0 =213.5°

Problem 3.24

Take the crate and the person on it as one
object with a mass equal to the sum of the
mass of crate and the mass of person. The
normal force of the floor on the object is
given as:

N

crate (mcrate + mperson )g

=(45kg+75kg)(9.8m/s*)=1176 N.

38
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And the normal force on the person exerted
by the crate is:

m
N =(M 008 = (75kg)(9.8s—2)

person

=735N.

Problem 3.25

35 7

.1-. ;
Figure 12

, |w, =mgsin35°
w

wy=mgcos35°

In the y-direction:
3F =0
F,-mgcos35°=0
F, = mgcos35°

m o
=(5.8kg)(9.8 S—z)(cos35 )
=46.6N.

Problem 3.26

(a) The weight of the man is W = mg; that
is, =170 (kg) x 9.8 (m/s*) = 687 N.

(b) The normal force acting on the man is
equal and opposite to his weight.

(¢) The man will read 687 N in principle.
However, if the scale is not calibrated
properly to zero, the weight might be off
by the error in calibration. Moreover, the
scale has a certain accuracy that may be
greater than 1 N, which in turn means
that there will be a round-off error.

Chapter 3

Problem 3.27

The force of static friction is equal to your
applied force. So:

f = F, =100N.

PP

No, since we do not know the maximum
force of static friction.

Problem 3.28
F 8
15 bl.'l.."
4 > x
yi
Figure 13

Figure 13 shows the free body diagram of
the refrigerator.

N-w=0= N=w=mg

@) f o = 4N = umg
m
Sosias = (055)67ke)(9.85) = 361N

" F, =276 N<f . =36IN

Ap

No, the person does not move the
refrigerator.

(b) The largest push before it begins to
move is:

Fy = fove = 361N,

App

Copyright © 2017 Nelson Education Limited
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Problem 3.29

Figure 14 shows the person’s free body
diagram of the climber. The climber is
stationary, so:

Figure 14

(a) In the y-direction:

=N-w, =N -mgcos36°=0

net, y

N = mgcos36° = (64kg)(9.8 =) cos 36°
S
=5.07x10°N.
(b) In the x-direction:

Fnct,x = f - Wx = f; - mgSin36° =0

S

f = mgsin36° = (64kg)(9.8?)sin36°
=3.7x10° N.
(¢) The maximum static frictional force is:
e = 4N = (0.86)(7.07x10° N)
Sonax =436 N

The actual frictional force is much less
than this.

Problem 3.30

If you draw a free body diagram of the sea
lion on inclined plane, it is similar to the free
body diagram of the previous problem,
Figure 14 in Problem 3.29, except the
inclined angle is 40°. So:

(@ F, =N-w =N- mgcos40° =0
N = mgcos40°
- (480kg)(9.8?2)cos40°
=3.6x10°N
(b) F .= f-w =f -mgsind0°=0

f = mgsin36° = (480kg)(9.8?2)sin36°

=3.0x10° N
© fonten = N = (0.96)(3.6x10°N)
o s A
=35x10° N
Problem 3.31

Its free body diagram is similar to Figure 13
in Problem 3.28.

N-w=0= N=w=mg

](s,Max = ‘usN = Msmg
m
Sorax = (0.34)(45.5kg)(9.8s—2)

S =152 N

= fomm =152 N

App, Min

Problem 3.32

Two forces are exerted on a mass on spring,
weight and spring force, so:

F - w=0.

First, we calculate the spring coefficient:

kx-mg=0

40
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(4.40kg)(9.8892)

2.50x107m

=1.72><103E
m

So, for new mass, the stretch is:

P
X
m
(6.80kg)(9.8s—2)
1.72x10° N
m
=3.87x107 m =3.87 cm.

Problem 3.33

When you stretched a spring by applying a
force, the spring applies the same amount of
force on you in the opposite direction; so:

F, =F=kx
pp s

a2 _ KXy X,
App, 1 kxl 1

Fyp2  (15.0418.0)x10”m
27.0N 15.0x10”m

=(27.0N)(22)=59.4 N

FApp, 2

AF = F F,_ =594 N-270N

App.2 T Appl
AF = FApp’2 —FApp’1 =324 N.
Problem 3.34

The chandelier is in static equilibrium

soY, F = 0. There are no forces to consider in
the x-direction. In the y-direction, there are
two forces, the weight and the tension on the
chain. Figure 15 shows the free body
diagram:

Chapter 3

L —mE

Figure 15

2 =0

T-w=T-mg=0
m
T =(11kg)(9.8—) =109 N
s

Problem 3.35

The climber is in static equilibrium,

soY, F = 0. There are no forces to consider in
the x-direction. In the y-direction, there are
two forces: the weight of the climber and the
tension on the rope. Its free body diagram is
similar to Figure 15 in Problem 3.34.

EQ=0

T-w=T-mg=0
m
T =(85kg)(9.8—) =833 N
S

Problem 3.36

The weight W of the climber is 76.0 kg. The
free body diagram for the climber is shown
in Figure 16. Since the climber is in static
equilibrium:

L=z

Figure 16

Copyright © 2017 Nelson Education Limited
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SF=0
so Y F =0and 3 F =0.

The x-component gives:

T, cos18.5° - T cosll1®°=0.

The y-component gives:

T,sinl8.5°+ T sinl1°-w=0
m
w=mg=(76.0kg)(9.8—) =745 N.
s

Solving these two equations in two
unknowns gives:

T, =148x10° N
T, =1.43x10° N.

Problem 3.37
Case (a):

Figure 17a

Case (b): In this case, there are two contact
forces between block A and B: one parallel
to the incline f , =/, and one
perpendicular to the inclineN,, = N,,. N,,
is a normal force exerted on A by B and an
equal and opposite normal force N, exerted
on B by A.

Figure 17b

Case (c): This case is similar to case (a).

Problem 3.38
Block A:

Figure 18a

Block B: In this case, N,,and N, are two
contact (normal) forces that blocks A and B
exerts on each other. They are equal
magnitude and in opposite directions.

42
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Figure 18b

Block C:

Figure 18¢
Problem 3.39
¥
A7 4V
] "ll:l{
A
N.i::-!
X
—iy—

Wy =MH

.I!l II! i T fl.l-ll:'."l

Figure 19

Chapter 3

In this case, N, and N, are two contact
(normal) forces acting on the magnet and the
box. They are an interaction pair and are
equal and in opposite directions. Note that,
when the magnet exerts magnetic force Fj,
on the box, the box also exerts magnetic
force on the magnet (interaction pair).

Problem 3.40

Figure 3.47 shows a rock climber climbing
up Devil’s Tower in Wyoming.

2 e Pl o

Figure 3.47

The forces on the climber are her weight, her
fingers pulling inward and up against the
rock, and the force exerted by the climber’s
legs on the rock. The woman cannot be
considered a simple point object in this case.
Her hands pull inward, producing an
outward normal force exerted by the rock.
She supports her weight primarily by having
her legs at a large angle, so that they can
push outward on the rock. The outward
component of force increases the normal
force exerted by the rock wall. This, in turn,
increases the frictional force, which is
parallel to the wall and upward. This
supports most of her weight. The frictional
force f , produced by her hands can also
support some of the weight. In the first force
diagram below, note that the normal forces
N, and Nexerted by the wall on the woman

Copyright © 2017 Nelson Education Limited
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are out on the hands and in on the legs. The
four upward forces represent static frictional
forces, which we label f b and f | .The
second diagram, Figure 20b, shows a
simplified free body diagram.

I
.-'5_|| .lr L

2.0t

Ny, q—t—J_} N,
;'l. ;" ‘t‘
P

N,
I; il
Figure 20a
¥

]

g

N

:_--f':

e

Figure 20b

Problem 3.41

Figure 21 shows the free body diagram for
the picture.

Figure 21

Since the picture is in equilibrium, the net
force on it is zero. Therefore:

F =T -T =0
X 2,x

net,x |

F. =T +T, —w=0.
sV

net,y Ly

From the first equation (the x-component of
the net force), we get:

F. =T cos45°- T2’c0s45°=0

net,x

T=T

1 2,°

Substituting in the second equation and
solving it gives:

F = T sin45°+ T, sin45°—w =0

net,

F = T sin45°+ T, sin45°-w =0

net,

2T sind5°=w =mg

1= 3eind
2sin45°
m
(4.0kg)(9.88—2)
T (25in45°)
=277N
I,=T,=277N.
Problem 3.42

The free body diagram for each arm is
similar to that of Figure 4.51 in Example
4.29 in the textbook.

The force balance for each arm can
be written as:

and the force balance for the bar is:

2F-W_ =0.

bar

44
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Combining the two equations, we find the
expression for the tension on the shoulder:

T=F_+W_/2
Using the Table 4.1, we can estimate the

tension:

T=46x9.8+100x9.8/2=535N

Problem 3.43

Each hand pulls down the bar with a force
Fhang. The cable attached to the bar provides
a tension T, such that:

Physics for the Life Sciences 3rd Edition Al mang Sol uti ons Manual

Chapter 3

On the other hand, the system is assumed to
be in equilibrium and, therefore, the tension
has to be balanced by the weight of the
arms, trunk, and head:

T=W

arms+trunk+head

Combining the two equations, we find:

F /2

hand — arms+trunk+head )

Using Table 4.1, we can determine the
weight of arms, trunk and head:

hand

=233 N.

F,,, =98 x(2x70x0.065+70x0.48+70x0.07) /2

Copyright © 2017 Nelson Education Limited
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