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Work done by a force: When a constant force acts on

a particle that undergoes a straight-line displacement

the work done by the force on the particle is defined tobe the
scalar product of and The unit of work in

SI units is

Work is a scalar quantity; it can be positive or negative,

but it has no direction in space. (See Examples 6.1

1 joule   = 1 newton-meter 11 J   = 1 N #
m2. sS

. FS

 sS

,

 FS

 

W  

5 F is

 

5 

(F  

cosf)s

 F

f

F '

F i 5 F  cosf

S

 

f   = angle between  FS

 and  sS

W   =   FS #  sS =  
Fs cos f
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Kinetic energy: The kinetic energy K of a particle
equals

the amount of work required to accelerate the particle

from rest to speed It is also equal to the amount of work
the particle can do in the process of being brought

to rest. Kinetic energy is a scalar that has no direction in

space; it is always positive or zero. Its units are the same

as the units of work: 1 J  =

1 N#m

  =1 kg

#m

2

>s

2

.

v

.

 

m 2m

vS

vS

Doubling m doubles K .

m m

vS

2vS

Doubling v quadruples K .

  K   =1

2 mv2
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The work–energy theorem: When forces act on a parti-

cle while it undergoes a displacement, the particle’s

kinetic energy changes by an amount equal to the total

work done on the particle by all the forces. This rela-

tionship, called the work–energy theorem, is valid

whether the forces are constant or varying and whether

the particle moves along a straight or curved path. It is

applicable only to bodies that can be treated as
particles. W tot 5 Total work done on

particle along path

K 2 5 
mv22 5 K 1 1 W tot

1

2

K 1 5  mv12

v

2

v1

m

m

1

2

 

W tot   =   K 2   -   K 1
  = ¢K 
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Area 

5 

Work done by

force during dis-placement

 x 1

 x  x 2

F  x 

O

Work done by a varying force or on a curved path: When

a force varies during a straight-line displacement, the

work done by the force is given by an integral, Eq. (6.7).

(See Examples 6.6 and 6.7.) When a particle follows acurved
path, the work done on it by a force is given

by an integral that involves the angle between the

force and the displacement. This expression is valid

even if the force magnitude and the angle vary duringthe
displacement. (See Example 6.8.) f

f

 FS

 

(

=

L

P2

P1

 FS # d l S

W   = LP2

P1

F  cos f dl   = LP2

P1

F Œ dl

W   = L x 2

 x 1

F  x  dx  
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Power: Power is the time rate of doing work. The aver-

age power is the amount of work done in time

divided by that time. The instantaneous power is the

limit of the average power as goes to zero. When aforce acts on
a particle moving with velocity the

instantaneous power (the rate at which the force does

work) is the scalar product of and Like work and

kinetic energy, power is a scalar quantity. The SI unit
of power is (See

 

1 watt   = 1 joule>second 11 W   = 1 J>s2.

vS

. FS

vS

, FS ¢t 

¢t 

¢W Pav

  .

.

.

 

.

.

.

 

t  5 5 s

t  5 0

Work you do on the

box to lift it in 5 s:

W  

5 

100 JYour power output:

5 20 W

P 5  5 W 

t 

100 J

5 s

 

P   =   FS # vS

P   = lim¢t S0

¢W 

¢t =  dW 

dt 

Pav   =  ¢W 

¢t 
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6.3   . A factory worker pushes a 30.0-kg crate a distance
of 4.5 m

along a level floor at constant velocity by pushing horizontally
on

it. The coefficient of kinetic friction between the crate and
the floor

is 0.25. (a) What magnitude of force must the worker apply?(b)
How much work is done on the crate by this force? (c) How

much work is done on the crate by friction? (d) How much work
is

done on the crate by the normal force? By gravity? (e) What is
the

total work done on the crate?6.4   .. Suppose the worker in
Exercise 6.3 pushes downward at an

angle of below the horizontal. (a) What magnitude of force

must the worker apply to move the crate at constant
velocity?

(b) How much work is done on the crate by this force when
thecrate is pushed a distance of 4.5 m? (c) How much work is done
on

the crate by friction during this displacement? (d) How much
work 

is done on the crate by the normal force? By gravity? (e) What
is

the total work done on the crate?

 

30°


	
8/17/2019 Work and kinetic Energy.pdf

8/12

 

6.5  .. A 75.0-kg painter climbs a ladder that is 2.75 m
long lean-

ing against a vertical wall. The ladder makes a angle with
the

wall. (a) How much work does gravity do on the painter? (b)
Does

the answer to part (a) depend on whether the painter climbs at
con-

stant speed or accelerates up the ladder?6.6   .. Two
tugboats pull a disabled supertanker. Each tug exerts a

constant force of one west of north and the

other east of north, as they pull the tanker 0.75 km toward
the

north. What is the total work they do on the
supertanker? 

14°

14°1.80   * 106 N,

30.0°
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 6.18   . A 4.80-kg watermelon is dropped from rest
from the roof 

of a 25.0-m-tall building and feels no appreciable air
resistance.

(a) Calculate the work done by gravity on the watermelon
during

its displacement from the roof to the ground. (b) Just before
it

strikes the ground, what is the watermelon’s (i) kinetic energy
and

(ii) speed? (c) Which of the answers in parts (a) and (b) would
be

different  if there were appreciable air resistance?

6.19   .. Use the work–energy theorem to solve each of
these prob-

lems. You can use Newton’s laws to check your answers.
Neglect

air resistance in all cases. (a) A branch falls from the top of
a

95.0-m-tall redwood tree, starting from rest. How fast is it
movingwhen it reaches the ground? (b) A volcano ejects a boulder
directly

upward 525 m into the air. How fast was the boulder moving
just

as it left the volcano? (c) A skier moving at encounters a

long, rough horizontal patch of snow having coefficient of
kinetic

friction 0.220 with her skis. How far does she travel on this
patchbefore stopping? (d) Suppose the rough patch in part (c) was
only

2.90 m long? How fast would the skier be moving when she

reached the end of the patch? (e) At the base of a frictionless
icy

hill that rises at above the horizontal, a toboggan has a
speed

of toward the hill. How high vertically above the base

will it go before stopping?

12.0 m>s25.0°

5.00 m>s
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6.24   .. A soccer ball with mass 0.420 kg is initially
moving with

speed A soccer player kicks the ball, exerting a constant

force of magnitude 40.0 N in the same direction as the
ball’s

motion. Over what distance must the player’s foot be in
contact

with the ball to increase the ball’s speed to

6.25   . A 12-pack of Omni-Cola (mass 4.30 kg) is initially
at rest ona horizontal floor. It is then pushed in a straight line
for 1.20 m by a

trained dog that exerts a horizontal force with magnitude 36.0
N.

Use the work–energy theorem to find the final speed of the

12-pack if (a) there is no friction between the 12-pack and
thefloor, and (b) the coefficient of kinetic friction between the
12-pack 

and the floor is 0.30.

 

6.00 m>s?

2.00 m>s.
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6.32   .. To stretch a spring 3.00 cm from its unstretched
length,

12.0 J of work must be done. (a) What is the force constant
of 

this spring? (b) What magnitude force is needed to stretch
the

spring 3.00 cm from its unstretched length? (c) How much
work must be done to compress this spring 4.00 cm from its

unstretched length, and what force is needed to compress it
this

distance?

6.33  .

Three identical 6.40-kg masses are hungby three identical
springs, as shown in Fig. E6.33.

Each spring has a force constant of

and was 12.0 cm long before any masses were

attached to it. (a) Draw a free-body diagram of 

each mass. (b) How long is each spring whenhanging as shown?
( Hint: First isolate only the

bottom mass. Then treat the bottom two masses

as a system. Finally, treat all three masses as a

system.)

7.80 kN>m

 

Figure E6.33


	
8/17/2019 Work and kinetic Energy.pdf

12/12

6.52   .. A 20.0-kg rock is sliding on a rough, horizontal
surface at

and eventually stops due to friction. The coefficient
of 

kinetic friction between the rock and the surface is 0.200.
What

average power is produced by friction as the rock stops?

6.53  .

A tandem (two-person) bicycle team must overcome aforce of 165 N
to maintain a speed of Find the power

required per rider, assuming that each contributes equally.
Express

your answer in watts and in horsepower.

6.54   .. When its 75-kW (100-hp) engine is generating full
power,

a small single-engine airplane with mass 700 kg gains altitude
at arate of What fraction of 

the engine power is being used to make the airplane climb?
(The

remainder is used to overcome the effects of air resistance and
of 

inefficiencies in the propeller and engine.)

6.55   .. Working Like a Horse. Your job is to lift 30-kg
crates a

vertical distance of 0.90 m from the ground onto the bed of a
truck.

(a) How many crates would you have to load onto the truck in

1 minute for the average power output you use to lift the crates
to

equal 0.50 hp? (b) How many crates for an average power
output

of 100 W?

2.5 m>s  1150 m>min, or 500 ft>min2.

9.00 m>s.

8.00 m>s 
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