
TH
E B

IG
ID

EA

..........

12 d
isco

ve
r!

M
ECH

A
N

ICA
L

EQ
U

ILIBRIU
M

I
t’s g

ood
 w

hen your p
ersonal life is stab

le—
w

hen 
thing

s im
p

ortant to you are in b
alance. It’s also 

nice w
hen the need

s of fam
ily and

 friend
s are in 

harm
ony. Financially, w

e p
refer our exp

enses to b
e 

b
alanced

 
b

y 
earning

s. 
Econom

ists 
are 

concerned
 

w
ith the b

alance b
etw

een the inflow
 and

 outflow
 of 

g
ood

s. These exam
p

les illustrate the id
ea of eq

uilib
-

rium
. In nature w

e see an energ
y eq

uilib
rium

 w
hen 

energ
y rad

iated
 aw

ay from
 Earth is b

alanced
 b

y the 
inp

ut of solar energ
y from

 the sun. W
henever a g

lass 
therm

om
eter acq

uires the sam
e tem

p
erature as the 

ob
ject b

eing
 m

easured
, w

e have therm
al eq

uilib
rium

. 
There are m

any form
s of eq

uilib
rium

. In this chap
ter 

w
e w

ill b
e concerned

 w
ith m

echanical eq
uilib

rium
.

Thing
s in m

echanical eq
uilib

rium
 are stab

le, w
ithout 

chang
es of m

otion. The rocks show
n at rig

ht are in 
m

echanical eq
uilib

rium
. A

n unb
alanced

 external force 
w

ould
 b

e need
ed

 to chang
e their resting

 state.

A
n object in m

echanical 
equilibrium

 is stable, without 
changes in m

otion.

H
ow

 D
o You K

now
 W

hen an O
b

ject 
Is in Eq

uilib
rium

?
1.

Stretch a strong rope betw
een another 

student and yourself.
2.

W
ith the tw

o of you pulling hard on the rope, 
have a third person push dow

n on the center 
of the rope w

ith his or her little finger.
3.

Try to m
ake the rope straight w

hile the 
person continues to push dow

n on the 
center of the rope.

A
nalyze and

 C
onclud

e
1.

O
bserving  D

id the rope rem
ain straight w

ith 
the application of the sm

all dow
nw

ard force 
on the center of the rope?

2.
Predicting   Is there any w

ay to m
ake the rope 

straight as long as som
eone is pushing dow

n 
on the center of the rope?

3.
M

aking G
eneralizations   W

hat do you think 
are the conditions necessary for equilibrium

?
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N
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R
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M
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b
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ctiv
e

s

•  D
istin

g
u

ish
 b

etw
een

 fo
rce an

d
 

n
et fo

rce. (2.1)

•  D
escrib

e th
e eq

u
ilib

riu
m

 ru
le 

an
d

 g
ive exam

p
les. (2.2)

•  D
istin

g
u

ish
 b

etw
een

 su
p

p
o

rt 
fo

rce an
d

 w
eig

h
t. (2.3)

•  G
ive exam

p
les o

f m
o

vin
g

 
o

b
jects th

at are in
 eq

u
ilib

riu
m

. 
(2.4)

•  D
eterm

in
e th

e resu
ltan

t o
f a 

p
air o

f p
arallel o

r n
o

n
-p

arallel 
vecto

rs. (2.5)

d
isco

ver!
M

A
TE

R
IA

LS strong piece of rope
E

X
P

E
C

TE
D O

U
TC

O
M

E Th
e tw

o
 

p
eo

p
le p

u
llin

g
 th

e en
d

s o
f 

th
e ro

p
e w

ill b
e u

n
ab

le to
 

straig
h

ten
 o

u
t th

e d
eflectio

n
 

cau
sed

 b
y th

e th
ird

 p
erso

n
’s 

little fin
g

er.

A
N

A
LY

Z
E A

N
D C

O
N

C
LU

D
E

 N
o

, it d
o

es n
o

t rem
ain

 
straig

h
t. 

Pred
ictio

n
s w

ill vary.

 In
 o

rd
er fo

r an
 o

b
ject to

 
b

e in
 eq

u
ilib

riu
m

, th
e su

m
 

o
f th

e fo
rces o

n
 th

e o
b

ject 
m

u
st eq

u
al zero

 (S
F 5

 0).

1.2.3. Suggest to your students that 
they read the chapters quickly, 
but m

ore than once. Physics is 
learned by going over the sam

e 
m

aterial m
any tim

es. Each tim
e 

it m
akes a little m

ore sense. 
(That‘s also the best way to 
learn a foreign language: total 
im

m
ersion.) So don’t worry 

about understanding things 
quickly. Just keep reading. 
U

nderstanding will com
e!
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2.1 Force
A

 force  is a push or a pull. A
 force of som

e kind is alw
ays required 

to change the state of m
otion of an object. T

he state of m
otion m

ay 
be one of rest or of m

oving uniform
ly along a straight-line path. For 

exam
ple, a hockey puck at rest on ice rem

ains at rest until a force is 
exerted on it. O

nce m
oving, a hockey puck sliding along the ice w

ill 
continue sliding until a force slow

s it dow
n. 

A
 force is needed to 

change an object’s state of m
otion.

N
et Force

 M
ost often, m

ore than one force acts on an object. T
he 

com
bination of all forces acting on an object is called the  net force. 

T
he net force on an object changes its m

otion.
For exam

ple, suppose you pull horizontally on an object w
ith a 

force of 10 pounds. If a friend assists you and also pulls in the sam
e 

direction w
ith a force of 5 pounds, then the net force is the sum

 of 
these forces, or 15 pounds. T

he object m
oves as if it w

ere pulled w
ith 

a single 15-pound force. H
ow

ever, if your friend pulls w
ith a force of 

5 pounds in the opposite direction, then the net force is the differ-
ence of these forces, or 5 pounds tow

ard you. T
he resulting m

otion of 
the object is the sam

e as if it w
ere pulled w

ith a single 5-pound force. 
T

his is show
n in Figure 2.1, w

here instead of pounds, the scientific 
unit of force is used—

the new
ton, abbreviated N

. 2.1.1

W
hen you hold a rock at rest in your hand, you are pushing 

upw
ard on it w

ith as m
uch force as Earth’s gravity pulls dow

n on 
it. If you push harder, it w

ill m
ove upw

ard; if you push w
ith less 

force, it w
ill m

ove dow
nw

ard. B
ut just holding it at rest, as show

n in 
Figure 2.2, m

eans the upw
ard and dow

nw
ard forces on it add to zero. 

T
he net force on the rock is zero.

FIG
U

RE 2.1 !
The net force depends on 
the m

agnitudes and direc-
tions of the applied forces.

"
 FIG

U
RE 2.2 

W
hen the girl holds the rock 

w
ith as m

uch force upw
ard as 

gravity pulls dow
nw

ard, the 
net force on the rock is zero.

The superscript 2.1.1 
refers to a note to the 
text. N

otes are listed in 
A

ppendix G
.
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2.1 Force
K

e
y

 Te
rm

s
fo

rce, n
et fo

rce, vecto
r, vecto

r 
q

u
an

tity, scalar q
u

an
tity

#
 Teach

in
g

 Tip
 W

ith
o

u
t 

excess exp
lan

atio
n

, g
o

 rig
h

t 
in

to
 n

ew
to

n
s as a m

easu
re o

f 
fo

rce (ju
st as yo

u
’ll m

en
tio

n
 

m
eters rath

er th
an

 feet fo
r a 

u
n

it o
f d

istan
ce). If stu

d
en

ts h
ave 

tro
u

b
le w

ith
 n

ew
to

n
s, ju

st tell 
th

em
 it’s scien

tific lan
g

u
ag

e fo
r 

w
h

at th
ey call p

o
u

n
d

s. In
 fact, 

10 N
 5

 2.2 p
o

u
n

d
s.

#
 Teach

in
g

 Tip
 In

tro
d

u
ce th

e 
id

ea o
f n

et fo
rce b

y p
lacin

g
 an

 
o

b
ject o

n
 yo

u
r tab

le an
d

 p
u

sh
in

g
 

it. State th
at, n

eg
lectin

g
 frictio

n
, 

if yo
u

 p
u

sh
 it to

 th
e rig

h
t w

ith
 

a fo
rce o

f 10 N
, th

e n
et fo

rce 
is 10 N

. A
sk w

h
at th

e n
et 

fo
rce w

o
u

ld
 b

e if a stu
d

en
t 

sim
u

ltan
eo

u
sly p

u
sh

ed
 it to

 th
e 

left w
ith

 a fo
rce o

f 10 N
. (Zero

) 
W

ith
 a fo

rce o
f 4 N

? (6 N
 to

 
th

e rig
h

t) State th
at th

e b
lo

ck 
w

o
u

ld
 accelerate n

o
 d

ifferen
tly 

if p
u

sh
ed

 w
ith

 tw
o

 fo
rces th

at 
p

ro
d

u
ce a 6-N

 n
et fo

rce, o
r 

p
u

sh
ed

 w
ith

 a sin
g

le ap
p

lied
 6-N

 
fo

rce. Th
e tw

o
 are eq

u
ivalen

t.

#
 Teach

in
g

 Tip
 D

istin
g

u
ish

 
b

etw
een

 n
et fo

rce an
d

 fo
rce w

ith
 

Fig
u

re 2.1.

#
 Teach

in
g

 Tip
 Exp

lain
 th

at 
th

e term
 n

et fo
rce is th

e sam
e 

as resu
ltan

t fo
rce an

d
 is also

 th
e 

sam
e as vecto

r su
m

 o
f all fo

rces.

W
e define force in this section 

as a push or pull. In Chapter 7, 
we’ll extend this definition to 
be an interaction between one 
object and another. For now, 
push or pull is sufficient.
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Tension and W
eight If you tie a string around a 2-pound bag 

of sugar and suspend it from
 a scale, a spring in the scale stretches 

until the scale reads 2 pounds, as show
n in Figure 2.3. T

he stretched 
spring is under a “stretching force” called tension. A

 scale in a science 
lab is likely calibrated to read this 2-pound force as 9 new

tons. B
oth 

pounds and new
tons are units of w

eight, w
hich, in turn, are units of 

force. T
he bag of sugar is attracted to Earth w

ith a gravitational force 
of 2 pounds—

or, equivalently, 9 new
tons. Suspend tw

ice as m
uch 

sugar from
 the scale and the reading w

ill be 18 new
tons.

T
here are tw

o forces acting on the bag of sugar—
tension force 

acting upw
ard and w

eight acting dow
nw

ard. T
he tw

o forces on the 
bag are equal and opposite, and they cancel to zero. T

he net force on 
the bag is zero, and it rem

ains at rest.

Force V
ectors In Figures 2.1 and 2.2, forces are represented by 

arrow
s. W

hen the length of the arrow
 is scaled to represent the 

am
ount (m

agnitude) of the force and the direction of the arrow
 

points in the direction of the force, w
e refer to the arrow

 as a vec-
tor. 2.1.2 A

  vector  is an arrow
 that represents the m

agnitude and 
direction of a quantity. A

  vector quantity  is a quantity that needs 
both m

agnitude and direction for a com
plete description. Force is 

an exam
ple of a vector quantity. B

y contrast, a  scalar quantity  is a 
quantity that can be described by m

agnitude only and has no direc-
tion. T

im
e, area, and volum

e are scalar quantities. (W
e’ll return to 

vectors in C
hapter 5.)

CO
N

CEP
T

CH
ECK

......H
ow

 can you chang
e an ob

ject’s state of m
otion?

b

FIG
U

RE 2.3 !
a. The upw

ard tension in 
the string has the sam

e 
m

agnitude as the w
eight of 

the bag, so the net force 
on the bag is zero. b. B

url 
G

rey, w
ho first introduced 

the author to the concept 
of tension, show

s a 2-lb 
bag producing a tension of 
9 new

tons. (The w
eight is 

actually slightly m
ore than 

2 lb, and the tension slightly 
m

ore than 9 N
.)

FIG
U

RE 2.4 "
This vector, scaled so that 
1 cm

 =
 20 N

, represents a 
force of 60 N

 to the right.

Scalars can be added, 
subtracted, m

ultiplied, 
and divided like ordi-
nary num

bers. W
hen 

2 liters of w
ater are 

added to 3 liters of 
w

ater, the result is 
5 liters. But w

hen som
e-

thing is pulled by tw
o 

forces, one 2 N
 and the 

other 3 N
, the result 

m
ay or m

ay not be 5 N
. 

W
ith vector quantities, 

direction m
atters.

a

0012_C
P

09_S
E

_C
H

02.indd
14

11/15/07
12:00:18

P
M

0012_C
P

09_S
E

_C
H

02.indd
15

1
4 Vector quantities are 
introduced in term

s of force. 
Velocity vectors are postponed 
until Chapter 4. (O

ne step at 
a tim

e!) W
e begin with parallel 

force vectors, the easiest to 
understand. Vectors at an angle 
are discussed in Section 2.5.

 
A

 fo
rce is n

eed
ed

 to
 

ch
an

g
e an

 o
b

ject’s 
state o

f m
o

tio
n

.

T
e

a
c

h
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g
 R

e
s

o
u

r
c

e
s
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W
hen I w

as in high school, m
y counselor advised 

m
e not to enroll in science and m

ath classes, but to 
instead focus on w

hat seem
ed to be m

y gift for art. 
I took this advice. I w

as then interested in draw
ing 

com
ic strips and in boxing, neither of w

hich earned 
m

e m
uch success. After a stint in the U.S. Arm

y, I tried 
m

y luck at sign painting, and the cold Boston w
inters 

drove m
e south to M

iam
i, Florida. There, at age 26, 

I got a job painting billboards and m
et a new

 friend, 
Burl G

rey, a sign painter w
ith an active intellect. Burl, 

like m
e, had never studied physics in high school. But 

he w
as passionate about science in general. H

e shared 
that passion w

ith m
e by asking m

any fascinating 
science questions as w

e painted together.

I rem
em

ber Burl asking m
e questions about the 

tensions in the ropes that held up the scaffold w
e 

stood on. The scaffold w
as sim

ply a heavy horizontal 
plank suspended by a pair of ropes at each end. 
Burl tw

anged the rope nearest his end of the 
scaffold and asked m

e to do the sam
e w

ith m
ine. H

e 
w

as com
paring the tensions in the tw

o ropes—
to 

determ
ine w

hich w
as greater. Burl w

as heavier than I 
w

as, and he guessed that the tension in his rope w
as 

greater. Like a m
ore tightly stretched guitar string, the 

rope w
ith greater tension tw

angs at a higher pitch. 
That Burl’s rope had a higher pitch seem

ed reasonable 
because his rope supported m

ore of the load.

W
hen I w

alked tow
ard Burl to borrow

 one of his 
brushes, he asked if tensions in the ropes had 
changed. D

id tension in his rope increase as I m
oved 

closer? W
e agreed that it should have because even 

m
ore of the load w

as then supported by Burl’s rope. 
H

ow
 about m

y rope? W
ould its tension decrease? W

e 
agreed that it w

ould, for it w
ould be supporting less 

of the total load. I w
as unaw

are at the tim
e that w

e 
w

ere discussing physics.

Burl and I used exaggeration to bolster our reasoning 
(just as physicists do). If w

e both stood at an extrem
e 

end of the scaffold and leaned outw
ard, it w

as easy 
to im

agine the opposite end of the staging rising like 
the end of a seesaw, w

ith the opposite rope going 
lim

p. Then there w
ould be no tension in that rope. 

W
e then reasoned the tension in m

y rope w
ould 

gradually decrease as I w
alked tow

ard Burl. It w
as fun 

posing such questions and seeing if w
e could answ

er 
them

.

A question that w
e couldn’t answ

er w
as w

hether 
or not the decrease of tension in m

y rope w
hen I 

w
alked aw

ay from
 it w

ould be exactly com
pensated 

by a tension increase in Burl’s rope. For exam
ple, 

if the tension in m
y rope underw

ent a decrease of 
50 new

tons, w
ould Burl’s rope gain 50 new

tons? 
(W

e talked pounds back then, but here w
e use the 

scientific unit of force, the new
ton—

abbreviated N
.) 

W
ould the gain be exactly 50 N

? And if so, w
ould this 

be a grand coincidence? I didn’t know
 the answ

ers 
until m

ore than a year later, w
hen Burl’s stim

ulation 
resulted in m

y leaving full-tim
e painting and going to 

college to learn m
ore about science. 2.1.3

At college I learned that any object at rest, such as the 
sign-painting scaffold that supported us, experiences 
no net force. It is said to be in equilibrium

. That is, all 
the forces that act on it balance to zero (�F

�
0).

So the sum
 of the upw

ard forces supplied by the 
supporting ropes do indeed add up to the dow

nw
ard 

forces of our w
eights plus the w

eight of the scaffold. 
A 50-N

 loss in one w
ould be accom

panied by a 50-N
 

gain in the other.

I tell this true story to m
ake the point that one’s 

thinking is very different w
hen there is a rule to guide 

it. N
ow

 w
hen I look at any m

otionless object, I know
 

im
m

ediately that all the forces acting on it cancel 
out. W

e view
 nature differently w

hen w
e know

 its 
rules. It m

akes nature seem
 sim

pler and easier to 
understand. W

ithout the rules of physics, w
e tend to 

be superstitious and see m
agic w

here there is none. 
Q

uite w
onderfully, everything is beautifully connected 

to everything else by a surprisingly sm
all num

ber of 
rules. The rules of nature are w

hat the study of physics 
is about.

P
e
rso

n
a
l E

ssa
y
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O
f particular interest to m

e 
in Chapter 2 is this Personal 
Essay, which relates to events 
that inspired m

e to pursue a 
life in physics—

m
y m

eeting with 
influential Burl Grey on the 
sign-painting stages of M

iam
i, 

Florida (and Jacque Fresco, also 
in M

iam
i). Relative tensions in 

supporting cables is what first 
caught m

y interest in physics, 
and I hope to instill the sam

e 
interest in your students.
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2.2 M
echanical Equilibrium

M
echanical equilibrium

  is a state w
herein no physical changes 

occur; it is a state of steadiness. W
henever the net force on an object 

is zero, the object is said to be in m
echanical equilibrium

—
this is 

know
n as the  equilibrium

 rule. 2.2
You can express the equilib-

rium
 rule m

athem
atically as

Q
F

�
0

T
he sym

bol !
 stands for “the sum

 of” and F stands for “forces.” 
(Please don’t be intim

idated by the expression �
F

�
0,  w

hich is phys-
ics shorthand that says a lot in so little space—

that all the forces acting 
on som

ething add vectorially to zero.) For a suspended object at rest, 
like the bag of sugar m

entioned earlier, the rule states that the forces 
acting upw

ard on the object m
ust be balanced by other forces acting 

dow
nw

ard to m
ake the vector sum

 equal zero. (Vector quantities take 
direction into account, so if upw

ard forces are positive, dow
nw

ard 
ones are negative, and w

hen sum
m

ed they equal zero.)

In Figure 2.5 w
e see the forces of interest to B

url and Paul on 
their sign-painting scaffold. T

he sum
 of the upw

ard tensions is equal 
to the sum

 of their w
eights plus the w

eight of the scaffold. N
ote how

 
the m

agnitudes of the tw
o upw

ard vectors equal the m
agnitude of 

the three dow
nw

ard vectors. N
et force on the scaffold is zero, so w

e 
say it is in m

echanical equilibrium
.

CO
N

CEP
T

CH
ECK

......H
ow

 can you exp
ress the eq

uilib
rium

 rule 
m

athem
atically?

th
in

k
!

C
onsider the gym

nast 
above hanging from

 the 
rings. If she hangs w

ith 
her w

eight evenly divided 
betw

een the tw
o rings, 

how
 w

ould scale readings 
in both supporting ropes 
com

pare w
ith her w

eight? 
Suppose she hangs w

ith 
slightly m

ore of her 
w

eight supported by the 
left ring. H

ow
 w

ould a 
scale on the right read?
Answ

er: 2.2

If you look carefully at 
bridges and other struc-
tures around you, you’ll 
see evidence of Q

F
�

0.

FIG
U

RE 2.5 !
The sum

 of the upw
ard vectors equals the 

sum
 of the dow

nw
ard vectors. �F

�
0,  and 

the scaffold is in equilibrium
.
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2.2  M
echanical 

Equilibrium
K

e
y

 Te
rm

s
m

ech
an

ical eq
u

ilib
riu

m
, 

eq
u

ilib
riu

m
 ru

le

You can find m
ore on the 

equilibrium
 rule in the 

Concept-Developm
ent Practice 

Book. (N
ot using the Practice 

Book is like teaching swim
m

ing 
away from

 water. This is an 
im

portant book—
m

y m
ost 

im
aginative and pedagogically 

useful tool for student 
learning!)

 
Y

o
u

 can
 exp

ress th
e 

eq
u

ilib
riu

m
 ru

le 
m

ath
em

atically as S
F = 0.

T
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2.3 Support Force
C

onsider a book lying at rest on a table, as show
n in Figure 2.6a. T

he 
book is in equilibrium

. W
hat forces act on the book? O

ne is the force 
due to gravity—

the w
eight of the book. Since the book is in equilib-

rium
, there m

ust be another force acting on it to produce a net force 
of zero—

an upw
ard force opposite to the force of gravity.

W
here is the upw

ard force com
ing from

? It is com
ing from

 the 
table that supports the book. W

e call this the  support force —
the

upw
ard force that balances the w

eight of an object on a surface. A
 

support force is often called the norm
al force. 2.3.1

For an object 
at rest on a horizontal surface, the support force m

ust equal the 
object’s w

eight. So in this case, the support force m
ust equal the 

w
eight of the book. W

e say the upw
ard support force is positive and 

the dow
nw

ard w
eight is negative. T

he tw
o forces add m

athem
atically 

to zero. So the net force on the book is zero. A
nother w

ay to say the 
sam

e thing is �
F

�
0.

To better understand that the table pushes up on the book, com
-

pare the case of com
pressing a spring, show

n in Figure 2.6b. If you 
push the spring dow

n, you can feel the spring pushing up on your 
hand. Sim

ilarly, the book lying on the table com
presses atom

s in the 
table, w

hich behave like m
icroscopic springs. T

he w
eight of the book 

squeezes dow
nw

ard on the atom
s, and they squeeze upw

ard on the 
book. T

he com
pressed atom

s produce the support force.
W

hen you step on a bathroom
 scale, tw

o forces act on the scale, 
as show

n in Figure 2.7. O
ne force is the dow

nw
ard pull of gravity, 

your w
eight, and the other is the upw

ard support force of the floor. 
T

hese forces com
press a m

echanism
 (in effect, a spring) that is cali-

brated to show
 your w

eight. So the scale show
s the support force. 

W
hen you’re standing on a bathroom

 scale at rest, the support force 
and your w

eight have the sam
e m

agnitude. 2.3.2

CO
N

CEP
T

CH
ECK

......For an ob
ject at rest on a horizontal surface, w

hat is 
the sup

p
ort force eq

ual to?

a
b

FIG
U

RE 2.6 !
a.The table pushes up on 
the book w

ith as m
uch force 

as the dow
nw

ard w
eight 

of the book. b. The spring 
pushes up on your hand 
w

ith as m
uch force as you 

push dow
n on the spring.

FIG
U

RE 2.7 !
The upw

ard support force 
is as m

uch as the dow
nw

ard 
pull of gravity. W

eight

Support
Force

W
hat is the net force on a bathroom

 scale w
hen a 110-pound person stands 

on it?
Answ

er: 2.3.1

Suppose you stand on tw
o bathroom

 scales w
ith 

your w
eight evenly distributed betw

een the tw
o 

scales. W
hat is the reading on each of the scales? 

W
hat happens w

hen you stand w
ith m

ore of your 
w

eight on one foot than the other?
Answ

er: 2.3.2

th
in

k
!
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2.3  Support Force
K

e
y

 Te
rm

su
p

p
o

rt fo
rce

If you have a pair of bathroom
 

scales, a student standing with 
one foot on each will confirm

 
that the two weight readings 
add up to the student’s weight. 
Do not ask a student who m

ay 
be self-conscious about his or 
her weight to try this! (During 
m

y elem
entary school years, the 

m
ost stressful day of the year 

was the day the school nurse 
had us stand on a scale while 
she called out the weight to the 
teacher. This fear continued 
until I reached 100 lb. in high 
school. I overcam

e it at the 
age of 16 by winning the N

ew 
England A

m
ateur A

thletic 
A

ssociation silver m
edal for 

boxing in the 112-lb. class. A
 

long reach for a tall skinny body 
turned out to be an advantage!)

"
 Teach

in
g

 Tip
 Th

e n
o

rm
al 

fo
rce o

n
 an

 o
b

ject o
n

 an
 in

clin
ed

 
p

lan
e is p

erp
en

d
icu

lar to
 th

e 
p

lan
e, b

u
t n

o
t o

p
p

o
site th

e 
vertical fo

rce o
f g

ravity.

 
Fo

r an
 o

b
ject at rest 

o
n

 a h
o

rizo
n

tal 
su

rface, th
e su

p
p

o
rt fo

rce m
u

st 
eq

u
al th

e o
b

ject’s w
eig

h
t.

T
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2.4 Equilibrium
 for M

oving O
bjects

W
hen an object isn’t m

oving, it’s in equilibrium
. T

he forces on it 
add up to zero. B

ut the state of rest is only one form
 of equilibrium

. 
A

n object m
oving at constant speed in a straight-line path is also 

in a state of equilibrium
. O

nce in m
otion, if there is no net force to 

change the state of m
otion, it’s in equilibrium

.
Equilibrium

 is a state of no change. A
 hockey puck sliding along 

slippery ice or a bow
ling ball rolling at constant velocity is in equilib-

rium
—

until either experiences a non-zero net force. W
hether at rest 

or steadily m
oving in a straight-line path, the sum

 of the forces on 
both is zero: �

F
�

0.
Interestingly, an object under the influence of only one force can-

not be in equilibrium
. N

et force in that case is not zero. O
nly w

hen 
there is no force at all, or w

hen tw
o or m

ore forces com
bine to zero, 

can an object be in equilibrium
. W

e can test w
hether or not som

ething 
is in equilibrium

 by noting w
hether or not it undergoes changes in 

m
otion.

Figure 2.8 show
s a desk being pushed horizontally across a fac-

tory floor. If the desk m
oves steadily at constant speed, w

ithout 
change in its m

otion, it is in equilibrium
. T

his tells us that m
ore than 

one horizontal force acts on the desk—
likely the force of friction 

betw
een the bottom

 of the desk and the floor. Friction is a contact 
force betw

een objects that slide or tend to slide against each other 
(m

ore about friction in C
hapter 6). T

he fact that the net force on the 
desk equals zero m

eans that the force of friction m
ust be equal in 

m
agnitude and opposite in direction to our pushing force.

O
bjects at rest are said to be in static equilibrium

; objects 
m

oving at constant speed in a straight-line path are said to be 
in dynam

ic equilibrium
. B

oth of these situations are exam
ples of 

m
echanical equilibrium

. A
s m

entioned at the beginning of this chap-
ter, there are other types of equilibrium

. In C
hapter 11 w

e’ll discuss 
another type of m

echanical equilibrium
—

rotational equilibrium
. 

T
hen in C

hapter 21 w
hen w

e study heat, w
e’ll discuss therm

al equi-
librium

, w
here tem

perature doesn’t change.

th
in

k
!

A
n airplane flies horizon-

tally at constant speed 
in a straight-line direc-
tion. Its state of m

otion 
is unchanging. In other 
w

ords, it is in equilibrium
. 

Tw
o horizontal forces act 

on the plane. O
ne is the 

thrust of the propeller 
that pulls it forw

ard. The 
other is the force of air 
resistance (air friction) 
that acts in the opposite 
direction. W

hich force is 
greater? Answ

er: 2.4

Types of equilibrium
 

include static (at rest) 
and dynam

ic (m
oving 

at constant speed in a 
straight-line path).

FIG
U

RE 2.8 !
W

hen the push on the desk is 
as m

uch as the force of friction 
betw

een the desk and the floor, 
the net force is zero and the desk 
slides at an unchanging speed.
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2.4 Equilibrium
 for 

M
oving O

bjects
!

 Teach
in

g
 Tip

 M
en

tio
n

 th
at 

if yo
u

’re in
 th

e car o
f a sm

o
o

th
ly 

m
o

vin
g

 train
 an

d
 yo

u
 b

alan
ce 

a d
eck o

f card
s o

n
 a tab

le, th
ey 

are in
 eq

u
ilib

riu
m

 w
h

eth
er th

e 
train

 is in
 m

o
tio

n
 o

r n
o

t. If th
ere 

is n
o

 ch
an

g
e in

 m
o

tio
n

 (i.e., 
acceleratio

n
), th

e card
s “d

o
n

’t 
kn

o
w

 th
e d

ifferen
ce.”

!
 Teach

in
g

 Tip
 D

rag
 a b

lo
ck 

at co
n

stan
t velo

city acro
ss yo

u
r 

lectu
re tab

le. A
ckn

o
w

led
g

e th
e 

fo
rce o

f frictio
n

, an
d

 h
o

w
 it m

u
st 

exactly co
u

n
ter yo

u
r p

u
llin

g
 

fo
rce. Sh

o
w

 th
e p

u
llin

g
 fo

rce 
w

ith
 a sp

rin
g

 b
alan

ce. N
o

w
, 

sin
ce th

e b
lo

ck m
o

ves w
ith

o
u

t 
ch

an
g

in
g

 sp
eed

, ask fo
r th

e 
m

ag
n

itu
d

e o
f th

e frictio
n

 fo
rce. 

It m
u

st b
e eq

u
al an

d
 o

p
p

o
site to

 
th

e fo
rce in

d
icated

 b
y th

e scale 
read

in
g

. So
 th

e n
et fo

rce is zero
. 

W
h

ile slid
in

g
, th

e b
lo

ck is in
 

d
yn

am
ic eq

u
ilib

riu
m

. Th
at is, 

S
F 5

 0.
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T
he equilibrium

 rule, �
F

�
0,  provides a reasoned w

ay to view
 

all things at rest—
balanced rocks, objects in your room

, or the steel 
beam

s in bridges. W
hatever their configuration, if at rest, all acting 

forces alw
ays balance to zero. T

he sam
e is true of objects that m

ove 
steadily, not speeding up, slow

ing dow
n, or changing direction. For 

such m
oving things, all acting forces also balance to zero. T

he equi-
librium

 rule is one that allow
s you to see m

ore than m
eets the eye 

of the casual observer. It’s good to know
 the rule for the stability of 

things in our everyday w
orld. Physics is everyw

here.

CO
N

CEP
T

CH
ECK

......H
ow

 are static and
 d

ynam
ic eq

uilib
rium

 d
ifferent?

2.5 Vectors
Look at Figure 2.9. W

hen gym
nast N

ellie N
ew

ton is suspended by a 
single vertical strand of rope (Figure 2.9a), the tension in the rope 
is 300 N

, her w
eight. If she hangs by tw

o vertical strands of rope 
(Figure 2.9b), the tension in each is 150 N

, half her w
eight. R

ope ten-
sions pull her upw

ard and gravity pulls her dow
nw

ard. In the figures, 
w

e see that the vectors representing rope tensions and w
eight balance 

out. �
F

�
0, and she is in equilibrium

.

!
 FIG

U
RE 2.9

a. The tension in the rope is 
300 N

, equal to N
ellie’s w

eight. 
b. The tension in each rope 
is now

 150 N
, half of N

ellie’s 
w

eight. In each case, �
F

�
0.

a
b

I w
as only a scalar until 

you cam
e along and 

gave m
e direction!
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O

b
jects at rest are 

said
 to

 b
e in

 static 
eq

u
ilib

riu
m

; o
b

jects m
o

vin
g

 at 
co

n
stan

t sp
eed

 in
 a straig

h
t-lin

e 
p

ath
 are said

 to
 b

e in
 d

yn
am

ic 
eq

u
ilib

riu
m

.

T
e

a
c

h
in

g
 R

e
s

o
u

r
c

e
s
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W

orkbook
• Presentation
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• Interactive Textbook

2.5 V
ectors

K
e

y
 Te

rm
resu

ltan
t

This is the m
ost challenging 

part of the chapter. Take your 
tim

e with the parallelogram
 

rule. W
hen you draw the 

parallelogram
s, take care to 

draw opposite sides parallel. 
Graphic art types will learn 
this easily, but those without 
an eye for graphics m

ay be 
seriously challenged. A

gain, the 
Concept-Developm

ent Practice 
Book offers several ram

ps to 
understanding.

CO
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CEP
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In the special case of tw
o perpendicular vectors that are equal 

in m
agnitude, the parallelogram

 is a square. Since for any square the 
length of a diagonal is p

2,  or 1.414, tim
es one of the sides, the resul-

tant is p
2

 tim
es one of the vectors. For exam

ple, the resultant of tw
o 

equal vectors of m
agnitude 100 acting at a right angle to each other 

is 141.4.

N
ow

 consider the vectors show
n below

, w
hich represent the ten-

sions of the ropes in Figure 2.10. N
otice that the tension vectors form

 
a parallelogram

 in w
hich the resultant R

 is vertical.

FIG
U

RE 2.10 !
W

hen the ropes are at an 
angle to each other, you 
need to use the parallelo-
gram

 rule to determ
ine 

their tension.

C
om

bining vectors is quite sim
ple w

hen they are parallel. If they 
are in the sam

e direction, they add. If they are in opposite directions, 
they subtract. T

he sum
 of tw

o or m
ore vectors is called their  resultant. 

B
ut w

hat about vectors that act at an angle to each other? C
onsider 

N
ellie hanging by a pair of ropes, as show

n in Figure 2.10. To find the 
resultant of nonparallel vectors, w

e use the parallelogram
 rule. 2.5

The Parallelogram
 Rule

To find the resultant of tw
o non-

parallel vectors, construct a parallelogram
 w

herein the tw
o vec-

tors are adjacent sides. T
he diagonal of the parallelogram

 show
s 

the resultant. C
onsider tw

o vectors at right angles to each other, as 
show

n below
. T

he constructed parallelogram
 in this special case is a 

rectangle. T
he diagonal is the resultant R

.
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2
0  If you want to cover vectors 
extensively, continue to 
A

ppendix D and dem
onstrate 

a sailboat sailing into the 
wind. This is a fascinating and 
powerful dem

onstration of 
vector resolution. Do this with a 
sailcart, preferably 
on an air track.
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a
b

c

!
 FIG

U
RE 2.12

A
s the angle betw

een the ropes 
increases, tension increases so that the 
resultant (dashed-line vector) rem

ains 
at 300 N

 upw
ard, w

hich is required to 
support 300-N

 N
ellie.

FIG
U

RE 2.11 "
a. N

ellie’s w
eight is 

show
n by the dow

nw
ard 

vertical vector. A
n equal 

and opposite vector is 
needed for equilibrium

, 
show

n by the dashed 
vector. b. This dashed 
vector is the diagonal 
of the parallelogram

 
defined by the dotted 
lines.c. B

oth rope ten-
sions are show

n by the 
constructed vectors.

A
pplying the Parallelogram

 Rule
 W

hen N
ellie N

ew
ton is 

suspended at rest from
 the tw

o non-vertical ropes show
n in Figure 

2.10, is the rope tension greater or less than tension in the verti-
cal ropes? N

ote there are three forces acting on N
ellie: a tension in 

the left rope, a tension in the right rope, and her w
eight. Figure 2.11 

show
s a step-by-step solution. B

ecause N
ellie is suspended in equilib-

rium
, the resultant of rope tensions m

ust have the sam
e m

agnitude as 
her w

eight. U
sing the parallelogram

 rule, w
e find that the tension in 

each rope is m
ore than half her w

eight.
In Figure 2.12, the ropes are at a greater angle from

 the verti-
cal. N

ote that the tensions in both ropes are appreciably greater. 
A

s the angle betw
een the supporting ropes increases, the tension 

increases. In term
s of the parallelogram

, as the angle increases, the 
vector lengths increase in order for the diagonal to rem

ain the sam
e. 

R
em

em
ber, the upw

ard diagonal m
ust be equal and opposite to 

N
ellie’s w

eight. If it isn’t, she w
on’t be in equilibrium

. B
y m

easuring 
the vectors, you’ll see that for this particular angle the tension in each 
rope is tw

ice her w
eight.
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 Set u
p

 a p
air o

f scales th
at 

su
p

p
o

rt a h
eavy w

eig
h

t as 
sh

o
w

n
 (a 1-kg

 m
ass is fin

e).  
Sh

o
w

 th
at as th

e su
p

p
o

rtin
g

 
an

g
le in

creases, th
e ten

sio
n

 
also

 in
creases.

#
 Teach

in
g

 Tip
 If yo

u
 d

o
n

’t 
u

se a p
air o

f scales, h
ave so

m
e 

stu
d

en
ts tie a strin

g
 to

 each
 o

f 
th

eir fo
refin

g
ers an

d
 su

sp
en

d
 a 

w
eig

h
t fro

m
 th

e m
id

d
le. W

h
en

 
th

e strin
g

s are vertical, h
alf th

e 
w

eig
h

t is felt in
 each

 fin
g

er. 
Strin

g
 ten

sio
n

 is th
en

 h
alf m

g
. 

A
sk h

o
w

 th
e ten

sio
n

 varies as 
fin

g
ers are b

ro
u

g
h

t ap
art so

 a 
g

reater an
g

le exists b
etw

een
 

each
 strin

g
.

#
 Teach

in
g

 Tip
 Exp

lain
 w

h
y th

e 
ten

sio
n

 in
creases w

ith
 in

creasin
g

 
an

g
le—

th
at th

e resu
ltan

t o
f 

ten
sio

n
s in

 each
 stran

d
 m

u
st 

co
m

b
in

e to
 a vecto

r eq
u

al an
d

 
o

p
p

o
site o

f th
e w

eig
h

t vecto
r.

#
 Teach

in
g

 Tip
 R

evisit th
e 

D
isco

ver! activity o
n

 p
ag

e 12. 
Po

in
t o

u
t th

at it is im
p

o
ssib

le to
 

m
ake a ro

p
e p

erfectly straig
h

t b
y 

p
u

llin
g

 o
n

 its en
d

s. Sin
ce all ro

p
es 

h
ave w

eig
h

t, it is n
ecessary th

at 
th

ere b
e an

 u
p

w
ard

 co
m

p
o

n
en

t 
o

f th
e ten

sio
n

 to
 b

alan
ce th

e 
d

o
w

n
w

ard
 p

u
ll o

f g
ravity.

D
e
m

o
n

stra
tio

n
D

e
m

o
n

stra
tio

n
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In Figure 2.13, w
e see N

ellie hanging by ropes at different angles 
from

 the vertical. W
hich rope has the greater tension? B

y the paral-
lelogram

 rule, w
e see that the right rope bears m

ost of the load and 
has the greater tension.

If you understand this physics, you w
ill understand w

hy a verti-
cal clothesline can support your w

eight w
hile a horizontal clothesline 

cannot. T
he tension in the horizontal clothesline is m

uch greater 
than the tension in the vertical clothesline, and so the horizontal 
one breaks.

CO
N

CEP
T

CH
ECK

......H
ow

 can you find
 the resultant of tw

o vectors?

FIG
U

RE 2.14 !
You can safely hang from

 a 
clothesline hanging vertically, 
but you’ll break the clothesline 
if it is strung horizontally.

FIG
U

RE 2.13 !
H

ere the ropes supporting 
N

ellie have different angles. 
N

ote that tension is unequal 
in the tw

o ropes.

th
in

k
!

Tw
o sets of sw

ings are show
n at 

right. If the children on the sw
ings 

are of equal w
eights, the ropes of 

w
hich sw

ing are m
ore likely 

to break? 
Answ

er: 2.5.1

C
onsider w

hat w
ould happen if you suspended a 10-N

 object m
idw

ay along 
a very tight, horizontally stretched guitar string. Is it possible for the string to 
rem

ain horizontal w
ithout a slight sag at the point of suspension? 

Answ
er: 2.5.2
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2
2

!
 Teach

in
g

 Tip
 H

ere’s a n
ice 

exam
p

le to
 p

o
se to

 stu
d

en
ts: 

N
o

b
o

d
y can

 b
reak a g

u
itar strin

g
 

b
y p

u
llin

g
 o

n
 its en

d
s. B

u
t if it is 

stru
n

g
 tig

h
tly o

n
 a g

u
itar, a slig

h
t 

fo
rce to

 th
e sid

e easily sn
ap

s it.

!
 Teach

in
g

 Tip
 Th

e 
p

arallelo
g

ram
 ru

le is u
sefu

l 
kn

o
w

led
g

e fo
r p

re-trig
 o

r p
o

st-
trig

 stu
d

en
ts.

 
To

 fin
d

 th
e resu

ltan
t 

o
f tw

o
 vecto

rs, 
co

n
stru

ct a p
arallelo

g
ram

 
w

h
erein

 th
e tw

o
 vecto

rs are 
ad

jacen
t sid

es. Th
e d

iag
o

n
al o

f 
th

e p
arallelo

g
ram

 sh
o

w
s th

e 
resu

ltan
t.

T
e

a
c

h
in

g
 R

e
s

o
u

r
c

e
s
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W
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• Concept-D

evelopm
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• Problem

-Solving Exercises 
in Physics 1-1

• Laboratory M
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• Transparency 2
• Presentation
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• Interactive Textbook
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ext-Tim
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uestion 2-2

C
O

N
C
EP

T
CH

ECK

......

C
O

N
C
EP

T
CH

ECK

......

0012_cp09te_C
H

02.indd   22
0012_cp09te_C

H
02.indd   22

1/30/08   10:45:45 A
M

1/30/08   10:45:45 A
M



11/15/07
12:00:35

P
M

C
H

A
PTER 2 

 M
EC

H
A

N
IC

A
L EQ

U
ILIBRIU

M
  23

REV
IEW

C
H

A
PTER 2 

 M
EC

H
A

N
IC

A
L EQ

U
ILIBRIU

M
  23

Co
n
ce

p
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m
m

a
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•
•
•

•
•

•

•
 A

 force is needed to change an object’s 
state of m

otion.

•
 

You can express the equilibrium
 rule 

m
athem

atically as �
F

�
0.

•
 For an object at rest on a horizontal 
surface, the support force m

ust equal the 
object’s w

eight.

•
 O

bjects at rest are said to be in static 
equilibrium

; objects m
oving at constant 

speed in a straight-line path are said to be 
in dynam

ic equilibrium
.

•
 

To find the resultant of tw
o nonparallel 

vectors, construct a parallelogram
 w

here-
in the tw

o vectors are adjacent sides. T
he 

diagonal of the parallelogram
 show

s the 
resultant.

K
e
y Te

rm
s 

•
•

•
•

•
•

force (p. 13)

net force (p. 13)

vector (p. 14)

vector quantity
(p. 14)

scalar quantity (p. 14)

m
echanical 
equilibrium

 (p. 16)

equilibrium
 rule

(p.16)

support force (p. 17)

resultant (p. 20)

2.2
 

In the first case, the reading on each scale 
w

ill be half her w
eight. In the second case, 

w
hen m

ore of her w
eight is supported 

by the left ring, the reading on the right 
reduces to less than half her w

eight. B
ut in 

both cases, the sum
 of the scale readings 

equals her w
eight.

2.3.1 
Z

ero, as the scale is at rest. T
he scale reads 

the support force (w
hich has the sam

e 
m

agnitude as w
eight), not the net force.

2.3.2 
In the first case, the reading on each scale 
is half your w

eight. (T
he sum

 of the scale 
readings balances your w

eight, and the net 
force on you is zero.) In the second case, if 
you lean m

ore on one scale than the other, 
m

ore than half your w
eight w

ill be read on 
that scale but less than half on the other. In 
this w

ay they add up to your w
eight.

2.4
 

N
either, for both forces have the sam

e strength. 
C

all the thrust positive. T
hen the air resistance 

isnegative. Since the plane is in equilibrium
, 

the tw
o forces com

bine to equal zero.

2.5.1 
T

he tension is greater in the ropes hang-
ing at an angle. T

he angled ropes are m
ore 

likely to break than the vertical ropes.

2.5.2 
N

o w
ay! If the 10-N

 load is to hang in 
equilibrium

, there m
ust be a supporting 

10-N
 upw

ard resultant. T
he tension in 

each half of the guitar string m
ust form

 
a parallelogram

 w
ith a vertically upw

ard 
10-N

 resultant. For a slight sag, the sides of 
the parallelogram

 are very, very long and 
the tension force is very large. To approach 
no sag is to approach an infinite tension. 

 th
in

k
!

A
n
sw

e
rs

For:
Visit:
W

eb Code:
 –

Self-Assessm
ent

 
PHSchool.com
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R

EV
IEW

!
 Teach

in
g

 Tip
 H

o
w

 m
u

ch
 

w
o

rk to
 assig

n
 to

 yo
u

r stu
d

en
ts? 

A
t least en

o
u

g
h

 to
 keep

 th
em

 
en

g
ag

ed
. B

u
t n

o
t so

 m
u

ch
 as 

to
 o

verlo
ad

 th
em

 an
d

 m
ake 

yo
u

r co
u

rse a ch
o

re. Th
e C

h
eck 

C
o

n
cep

ts p
ro

b
lem

s are a review
 

o
f stu

d
en

t read
in

g
, an

d
 an

sw
ers 

can
 b

e p
icked

 fro
m

 th
e ch

ap
ter. 

A
ll stu

d
en

ts sh
o

u
ld

 b
e su

ccessfu
l 

w
ith

 C
h

eck C
o

n
cep

ts. C
ritical 

th
in

kin
g

, rath
er th

an
 recall, is 

called
 fo

r in
 th

e Th
in

k an
d

 R
an

k 
p

ro
b

lem
s (a n

ew
 featu

re in
 th

is 
ed

itio
n

). Likew
ise w

ith
 th

e Th
in

k 
an

d
 Exp

lain
 an

d
 Th

in
k an

d
 So

lve 
p

ro
b

lem
s. 

T
e

a
c

h
in

g
 R

e
s

o
u

r
c

e
s

•  TeacherEX
PR

ESS

•  V
irtual Physics Lab 1
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Ch
e
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 Co
n
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p
ts 

•
•

•
•

•
•

Section 2.1
 1.  W

hat is the difference betw
een force and 

net force on an object?

 2.  W
hat is the net force on a box that is be-

ing pulled to the right w
ith a force of 40 N

 
and pulled to the left w

ith a force of 30 N
?

 3.  W
hat nam

e is given to the stretching 
force that occurs in a spring or rope
being pulled?

 4.  W
hat tw

o quantities are necessary to 
determ

ine a vector quantity?

 5.  H
ow

 does a vector quantity differ from
 a 

scalar quantity?

 6.  G
ive an exam

ple of a vector quantity. 
G

ive an exam
ple of a scalar quantity.

Section 2.2
 7.  H

ow
 m

uch tension is in a rope that 
holds up a 20-N

 bag of apples at rest?

 8.  W
hat does �

F
�

0
 m

ean?

 9.  W
hat is the net force on an object 

at rest?

 10. W
hen you do pull-ups and you hang at rest, 

how
 m

uch of your w
eight is supported by 

each arm
?

Section 2.3
 11. W

hat is the angle betw
een a support force 

and the surface on object rests upon?

 12. W
hat tw

o forces com
press a spring inside a 

w
eighing scale w

hen you w
eigh yourself?

 13. W
hen you are at rest and supported by a 

pair of w
eighing scales, how

 does the sum
 

of the scale readings com
pare w

ith your 
w

eight?

Section 2.4
 14. C

an an object be m
oving and still be in 

equilibrium
? D

efend your answ
er.

 15. If you push a crate across a factory floor at 
constant speed in a constant direction, w

hat 
is the m

agnitude of the force of friction on 
the crate com

pared w
ith your push? 

 16. D
istinguish betw

een static equilibrium
 and 

dynam
ic equilibrium

.

Section 2.5
 17. A

ccording to the parallelogram
 rule for tw

o 
vectors, w

hat does the diagonal of a con-
structed parallelogram

 represent?

 18. C
onsider the suspension of N

ellie in Figure 
2.11. N

am
e the three forces that act on her. 

W
hat is your evidence that they cancel to 

zero?

 19. C
onsider N

ellie in Figure 2.12. W
hat chang-

es in rope tension occur w
hen the ropes 

m
ake a greater angle w

ith the vertical?

 20. W
hen N

ellie hangs from
 ropes at different 

angles, as show
n in Figure 2.13, how

 does 
the vector resultant of the tw

o rope tensions 
com

pare w
ith her w

eight?
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A
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 Co
n
ce

p
ts

 
1.  Force is a push or a pull; 

net force is the com
bination

 
of all acting forces.

 
2.  N

et force is 10 N
 to the 

right.

 
3.  Tension

 
4.  M

agnitude and direction

 
5.  V

ector quantity needs 
both m

agnitude and direction
 

for its description. Scalar 
quantity is described by 
m

agnitude only, a num
ber.

 
6.  Force is a vector quantity; 

tim
e, area, and volum

e are 
scalar quantities.

 
7.  20 N

 
8.  It m

eans that the vector 
sum

 of all the forces that act 
on an object in equilibrium

 
equal zero.

 
9.  Zero, as the rule S

F 5
 0 

states

 10.  Each arm
 supports half 

your w
eight.

 11.  90°; support force is 
perpendicular (norm

al) to the 
surface.

 12.  Y
our dow

nw
ard push due 

to gravity and the upw
ard

 
force of the floor

 13.  The sum
 of the readings 

w
ill equal your w

eight w
hen

 
you are at rest

 14.  Y
es—

if it m
oves at 

constant speed in a straight 
line. Then S

F 5
 0.

 15.  Both forces are equal in
 

m
agnitude, but in opposite 

directions. Thus, the net force 
is zero.

 16.  O
bjects at rest are in static 

equilibrium
; objects m

oving at 
constant speed in a straight-
line path are in dynam

ic 
equilibrium

.
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Th
in

k
 a

n
d
 R

a
n
k
 
•

•
•
•

•
•

R
ank each of the follow

ing sets of scenarios in 
order of the quantity or property involved. List 
them

 from
 left to right. If scenarios have equal 

rankings, then separate them
 w

ith an equal sign. 
(e.g., A

 =
 B

)

 21. B
locks A

 and B
 are supported by the table. 

B
lock C

 is partly supported by the table and 
partly by the rope. R

ank the support forces 
provided by the table from

 greatest to least.

 22. In the diagram
 below

, identical blocks are 
suspended by ropes, each rope having a 
scale to m

easure the tension (stretching 
force) in the rope. R

ank the scale readings 
from

 greatest to least. 

23. B
url and Paul stand on their sign-painting 

scaffold. Tension in the left rope is m
easured 

by a scale. R
ank the tensions in that rope 

from
 greatest to least.

 24. Percy does gym
nastics, suspended by one 

rope in A
 and by tw

o ropes in positions B
, 

C
, and D

. R
ank the tensions in the ropes 

from
 greatest to least.

Th
in

k
 a

n
d
 Ex

p
la

in
 
•

•
•

•
•

•

 25. A
 cat lies on the floor. C

an you say that no 
force acts on the cat? O

r is it correct to say 
that no net force acts on the cat? Explain.

 26. C
onsider tw

o forces, one having a m
agni-

tude of 20 N
 and the other a m

agnitude of 
12 N

. W
hat is the m

axim
um

 net force pos-
sible for these tw

o forces? T
he m

inim
um

 ?

 27. W
hen a box of chocolate bars is in m

echani-
cal equilibrium

, w
hat can be correctly said 

about all the forces that act on it? M
ust the 

net force necessarily be zero?

 28. Faina says that an object cannot be in 
m

echanical equilibrium
 w

hen only a single 
force acts on it. D

o you agree or disagree?

 29. Phyllis Physics hangs at rest 
from

 the ends of the rope, as 
show

n at right. H
ow

 does the 
reading on the scale com

pare 
to her w

eight?
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 17.  The diagonal is the 
resultant, or the sum

 of the 
tw

o vectors.

 18.  D
ow

nw
ard force is 

w
eight. Tw

o upw
ard forces 

are tensions in ropes. Being
 

at rest (in equilibrium
) is 

evidence that S
F 5

 0.

 19.  Rope tensions increase.
 20.  Resultant of both rope 

tensions is equal in m
agnitude 

and opposite in direction to
 

the vector representing her 
w

eight. 

Th
in

k
 a

n
d
 R

a
n
k

 21.  A
 5

 B 5
 C

 22.  B 5
 D

, C, A

 23.  C, D
, A

 5
 B

 24.  D
, A

, C, B

Th
in

k
 a

n
d
 Ex

p
la

in
 25.  Correct to say no net 

force, as both gravity and
 

support of the floor act on
 

cat.

 26.  M
axim

um
 resultant 

occurs w
hen forces are 

parallel in sam
e direction: 

32 N
. The m

inim
um

 occurs 
w

hen they oppose each
 

other: 8 N
.

 27.  The sum
 of all forces (i.e., 

the net force) m
ust equal 

zero. Y
es; in m

echanical 
equilibrium

, S
F 5

 0.

 28.  A
gree; if only a single 

nonzero force acts on an
 

object, it w
ill not be in

 
m

echanical equilibrium
. 

There m
ust be one or m

ore 
additional forces to produce 
zero net force for equilibrium

.

 29.  Scale reads half her 
w

eight. So, S
F 5

 upw
ard pull 

of left rope 1
 upw

ard pull of 
right rope 2

 w
eight 5

 0.
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A
SSESS

(continued)

26  30. H
arry the painter sw

ings year after year 
from

 his bosun’s chair. H
is w

eight is 500 N
 

and the rope, unknow
n to him

, has a break-
ing point of 300 N

. W
hy doesn’t the rope 

break w
hen he is supported as show

n at the 
left? O

ne day H
arry is painting near a flag-

pole, and, for a change, he ties the free end 
of the rope to the flagpole instead of to his 
chair as show

n at the right. W
hy did H

arry 
end up taking his vacation early? 

31. H
ow

 m
any significant forces act on a your 

physics book w
hen it is at rest on a table? 

Identify the forces.

 32. W
hy doesn’t the support force that acts on 

a book resting on a table cause the book to 
rise from

 the table?

 33. N
icole stands on a bathroom

 scale and 
reads her w

eight. D
oes the reading change if 

she stands on one foot instead of both feet? 
D

efend your answ
er.

 34. Justin sets a hockey puck sliding across the 
ice at a constant speed. Is the puck in equi-
librium

? W
hy or w

hy not?

 35. A
lyssa pulls horizontally on a crate w

ith a 
force of 200 N

, and it slides across the floor 
at a constant speed in a straight line. H

ow
 

m
uch friction is acting on the crate?

 36. C
onsider a heavy refrigerator at rest on a 

kitchen floor. W
hen A

nthony and D
aniel 

start to lift it, does the support force on the 
refrigerator provided by the floor increase, 
decrease, or rem

ain unchanged? W
hat hap-

pens to the support force on A
nthony’s and 

D
aniel’s feet?

 37. Sneezlee is supported by 
tw

o thin w
ires. Is the ten-

sion in each w
ire less than, 

equal to, or m
ore than half 

his w
eight? U

se the paral-
lelogram

 rule to defend 
your answ

er. 

 38. Sneezlee’s w
ire 

supports are repo-
sitioned as show

n. 
H

ow
 does the ten-

sion in each w
ire 

com
pare w

ith the 
tension of the previ-
ous question? 

 39. If a picture fram
e w

ere supported by a pair 
of vertical w

ires, tension in each w
ire w

ould 
be half the w

eight of the fram
e. W

hen the 
fram

e is supported by w
ires at an angle, as 

show
n below

, how
 does the tension in each 

w
ire com

pare w
ith that of vertical w

ires? 
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 30.  A
t left, H

arry is supported
 

by tw
o strands of rope that 

share his w
eight (like Phyllis 

in Q
uestion 29). So each

 
strand supports 250 N

, below
 

the breaking point. A
t right, 

H
arry is supported by just one 

strand, w
hich requires tension

 
of 500 N

. This is above the 
breaking point of the rope, 
w

hich breaks and changes his 
vacation plans.

 31.  Tw
o forces—

w
eight and

 
support force

 32.  The book doesn’t rise 
because the net force on it 
is zero: w

eight 2
 support 

force 5
 0.

 33.  N
o; the reading is the 

sam
e. Pressure against the 

scale is less on one foot, but 
not the w

eight.

 34.  Y
es, it is in dynam

ic 
equilibrium

; it is not 
undergoing a change in its 
m

otion. 

 35.  200 N
; constant speed in

 
a straight line, so S

F 5
 0 5

 
force of pulling 2

 friction.

 36.  Support force on the 
refrigerator decreases as it’s 
lifted. W

hen entirely lifted
 

from
 the floor, the support 

force provided by the floor is 
zero, and the support force 
on the m

en’s feet increases 
as the load transfers from

 the 
floor to them

.

 37.  If perfectly vertical, then
 

tension in each w
ire is half 

of Sneezlee’s w
eight. But the 

w
ires are only nearly vertical, 

so tension in each is greater 
than half the w

eight.

 38.  G
reater tension, as a 

parallelogram
 w

ould show
. 

(Interestingly, a 60° angle 
results in tension equal to the 
w

eight. If angle exceeds 60°, 
tension in the w

ire exceeds 
the w

eight.)

 39.  Tension in each w
ire is 

greater than half the w
eight 

of the picture.
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 40. A
 m

onkey hangs by a strand of rope and 
holds onto the zoo cage as show

n. Since her 
arm

 holding the cage is horizontal, only the 
rope supports her w

eight. H
ow

 does the ten-
sion in the rope com

pare w
ith her w

eight?

  41. W
hy can’t the strong m

an pull hard enough 
to m

ake the chain perfectly straight? 

Th
in

k
 a

n
d
 So

lv
e
 •

•
•

•
•
•

 42. Tw
o vertical chains are used to hold up 

a 1000-N
 log. O

ne chain has a tension of 
400 N

. Find the tension in the other chain. 

 43. Lucy Lightw
eight stands w

ith one foot on 
one bathroom

 scale and her other foot on a 
second bathroom

 scale. Each scale reads 
300 N

. W
hat is Lucy’s w

eight? 

 44. H
arry H

eavyw
eight, w

ho w
eighs 1200 N

,  
stands on a pair of bathroom

 scales so that 
one scale reads tw

ice as m
uch as the other. 

W
hat are the scale readings?

 45. T
he sketch show

s a painter’s staging in 
m

echanical equilibrium
. T

he person in the 
m

iddle w
eighs 250 N

, and the tensions in 
both ropes are 200 N

. W
hat is the w

eight of 
the staging?

 47.  A
 staging that w

eighs 300 N
 supports tw

o 
painters, one 250 N

 and the other 300 N
. T

he 
reading in the left scale is 400 N

. W
hat is the 

reading in the right scale?

 47.  Tw
o children push on a heavy crate that 

rests on a basem
ent floor. O

ne pushes hori-
zontally w

ith a force of 150 N
 and the other 

pushes in the sam
e direction w

ith a force of 
180 N

. T
he crate rem

ains stationary. Show
 

that the force of friction betw
een the crate 

and the floor is 330 N
.

 48. Tw
o children push on a crate. T

hey find that 
w

hen they push together horizontally w
ith 

forces of 155 N
 and 187 N

, respectively, the 
crate slides across the floor at a constant 
speed. Show

 that the force of friction be-
tw

een the crate and the floor is 342 N
.

M
ore Problem

-Solving Practice
A

ppendix F

200 N
200 N

250 N
W

 = ?

400 N

300 N
300 N

250 N

?
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 40.  Tension in the rope is 
greater than her w

eight.

 41.  Chain tensions on both
 

sides of the book m
ust form

 a 
parallelogram

 w
ith a resultant 

that equals the w
eight of the 

book. This can only occur if 
each side of the chain m

akes 
an angle to the horizontal.

Th
in

k
 a

n
d
 So

lv
e

 42. From
 S

F 5
 0, total upw

ard
 

 
 

tensions 5
 w

eight of log. 
400 N

 1
 tension in other 

chain 5
 1000 N

. Tension in
 

other chain 5
 1000 N

 2
 

400 N
 5

 600 N
.

 43.  If each scale reads 300 N
, 

Lucy’s total w
eight 5

 600 N
.

 44.  800 N
 on one, 400 N

 on
 

the other

 45. S
F 5

 0, upw
ard forces are 

400 N
, and dow

nw
ard forces 

are 250 N
 1

 w
eight of staging. 

So staging w
eighs 150 N

.

 46.  S
F 5

 0, upw
ard forces are 

400 N
 1

 tension in right scale, 
and dow

nw
ard forces are 

250 N
 1

 300 N
 1

 300 N
 5

 
850 N

. Reading on the right 
scale is 450 N

.

 47.  From
 S

F 5
 0, S

forces in
 

one direction 5
 S

forces in
 

opposite direction. So, 
150 N

 1
 180 N

 5
 force of 

friction 5
 330 N

 in opposite 
direction to the children’s 
pushes.

 48.  Crate m
oves at constant 

speed in a straight line, so
 

 
 

S
F 5

 0. S
forces in one 

 
 

direction 5
 S

forces in opposite 
 

 
direction. So, 155 N

 1
 187 N

 5
 

 
 

force of friction 5
 342 N

 in
 

opposite direction to the 
children’s pushes.

T
e

a
c

h
in

g
 R

e
s

o
u

r
c

e
s
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