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KİNETİK ENERJİ

kinetik enerji  =  ½  ×  kütle  ×  sürat2

Ek  =  ½mv2

Kinetik enerji (KE or Ek) nesnenin hızı nedeniyle sahip 
olduğu enerjisidir.

● kinetik enerji joule cinsinden ölçülür (J) 
● kütle kilogram cinsinden ölçülür (kg) 
● sürat hız, saniye başına metre cinsinden ölçülür (ms-1). 
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İŞ-KİNETİK ENERJİ TEOREMİ

İş yapıldığında, enerji aktarılır. Bu 
enerji:
● yerçekimi potansiyeli enerjisi - örn. Bir 

nesne yerçekimi alanı içinde yükseklik 
değiştirdiğinde

● kinetik enerji - örneğin Bir nesne hızını 
değiştirdiğinde

● ışık enerjisi - örneğin Bir ampul 
açıldığında

● ısı ve ses - örneğin Bir araba keskin bir 
şekilde frenlediğinde.

Enerjinin korunumu yasası der ki:

Enerji yaratılamaz veya yok edilemez; sadece başka bir 
forma dönüştürülebilir.
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A 186-foot-tall (56.6-meter) H-2B rocket fires into the sky 
from Tanegashima Space Center, Japan. Credit: JAXA

https://spaceflightnow.com/2020/05/20/final-h-2b-
rocket-launch- sends-japanese-supply-ship-toward-
space-station/

https://spaceflightnow.com/2020/05/20/final-h-2b-rocket-launch-


İŞ-KİNETİK ENERJİ TEOREMİ

7.4 Kinetic Energy and the Work — Kinetic Energy Theorem 195

Kinetic energy is a scalar quantity and has the same units as work. For exam-
ple, a 2.0-kg object moving with a speed of 4.0 m/s has a kinetic energy of 16 J.
Table 7.1 lists the kinetic energies for various objects.

It is often convenient to write Equation 7.13 in the form

(7.15)

That is, 
Equation 7.15 is an important result known as the work–kinetic energy the-

orem. It is important to note that when we use this theorem, we must include all
of the forces that do work on the particle in the calculation of the net work done.
From this theorem, we see that the speed of a particle increases if the net work
done on it is positive because the final kinetic energy is greater than the initial ki-
netic energy. The particle’s speed decreases if the net work done is negative be-
cause the final kinetic energy is less than the initial kinetic energy.

The work–kinetic energy theorem as expressed by Equation 7.15 allows us to
think of kinetic energy as the work a particle can do in coming to rest, or the
amount of energy stored in the particle. For example, suppose a hammer (our
particle) is on the verge of striking a nail, as shown in Figure 7.14. The moving
hammer has kinetic energy and so can do work on the nail. The work done on the
nail is equal to Fd, where F is the average force exerted on the nail by the hammer
and d is the distance the nail is driven into the wall.4

We derived the work–kinetic energy theorem under the assumption of a con-
stant net force, but it also is valid when the force varies. To see this, suppose the
net force acting on a particle in the x direction is !Fx . We can apply Newton’s sec-
ond law, !Fx " max , and use Equation 7.8 to express the net work done as

If the resultant force varies with x, the acceleration and speed also depend on x.
Because we normally consider acceleration as a function of t, we now use the fol-
lowing chain rule to express a in a slightly different way:

Substituting this expression for a into the above equation for !W gives

(7.16)

The limits of the integration were changed from x values to v values because the
variable was changed from x to v. Thus, we conclude that the net work done on a
particle by the net force acting on it is equal to the change in the kinetic energy of
the particle. This is true whether or not the net force is constant.
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Work–kinetic energy theorem

5.4

4 Note that because the nail and the hammer are systems of particles rather than single particles, part of
the hammer’s kinetic energy goes into warming the hammer and the nail upon impact. Also, as the nail
moves into the wall in response to the impact, the large frictional force between the nail and the wood
results in the continuous transformation of the kinetic energy of the nail into further temperature in-
creases in the nail and the wood, as well as in deformation of the wall. Energy associated with tempera-
ture changes is called internal energy and will be studied in detail in Chapter 20.

Figure 7.14 The moving ham-
mer has kinetic energy and thus
can do work on the nail, driving it
into the wall.

7.4 Kinetic Energy and the Work — Kinetic Energy Theorem 195

Kinetic energy is a scalar quantity and has the same units as work. For exam-
ple, a 2.0-kg object moving with a speed of 4.0 m/s has a kinetic energy of 16 J.
Table 7.1 lists the kinetic energies for various objects.

It is often convenient to write Equation 7.13 in the form

(7.15)

That is, 
Equation 7.15 is an important result known as the work–kinetic energy the-

orem. It is important to note that when we use this theorem, we must include all
of the forces that do work on the particle in the calculation of the net work done.
From this theorem, we see that the speed of a particle increases if the net work
done on it is positive because the final kinetic energy is greater than the initial ki-
netic energy. The particle’s speed decreases if the net work done is negative be-
cause the final kinetic energy is less than the initial kinetic energy.

The work–kinetic energy theorem as expressed by Equation 7.15 allows us to
think of kinetic energy as the work a particle can do in coming to rest, or the
amount of energy stored in the particle. For example, suppose a hammer (our
particle) is on the verge of striking a nail, as shown in Figure 7.14. The moving
hammer has kinetic energy and so can do work on the nail. The work done on the
nail is equal to Fd, where F is the average force exerted on the nail by the hammer
and d is the distance the nail is driven into the wall.4

We derived the work–kinetic energy theorem under the assumption of a con-
stant net force, but it also is valid when the force varies. To see this, suppose the
net force acting on a particle in the x direction is !Fx . We can apply Newton’s sec-
ond law, !Fx " max , and use Equation 7.8 to express the net work done as

If the resultant force varies with x, the acceleration and speed also depend on x.
Because we normally consider acceleration as a function of t, we now use the fol-
lowing chain rule to express a in a slightly different way:

Substituting this expression for a into the above equation for !W gives

(7.16)

The limits of the integration were changed from x values to v values because the
variable was changed from x to v. Thus, we conclude that the net work done on a
particle by the net force acting on it is equal to the change in the kinetic energy of
the particle. This is true whether or not the net force is constant.

!W " 1
2 mv  f 

2 # 1
2 mv  i 

2

!W " !xf

xi

mv 
dv
dx

 dx " !vf

vi

mv dv

a "
dv
dt

"
dv
dx

 
dx
dt

" v 
dv
dx

!W " !xf

xi
"!Fx #dx " !xf

xi

max dx

Ki $ !W " Kf .

!W " Kf # Ki " %K

The net work done on a particle
equals the change in its kinetic
energy

Work–kinetic energy theorem

5.4

4 Note that because the nail and the hammer are systems of particles rather than single particles, part of
the hammer’s kinetic energy goes into warming the hammer and the nail upon impact. Also, as the nail
moves into the wall in response to the impact, the large frictional force between the nail and the wood
results in the continuous transformation of the kinetic energy of the nail into further temperature in-
creases in the nail and the wood, as well as in deformation of the wall. Energy associated with tempera-
ture changes is called internal energy and will be studied in detail in Chapter 20.

Figure 7.14 The moving ham-
mer has kinetic energy and thus
can do work on the nail, driving it
into the wall.

Dr. Çağın KAMIŞCIOĞLU, Fizik I, İş-Kinetik Enerji II 5



SÜRTÜNMEYİ İÇEREN DURUMLAR

196 C H A P T E R  7 Work and Kinetic Energy

Situations Involving Kinetic Friction

One way to include frictional forces in analyzing the motion of an object sliding
on a horizontal surface is to describe the kinetic energy lost because of friction.
Suppose a book moving on a horizontal surface is given an initial horizontal veloc-
ity vi and slides a distance d before reaching a final velocity vf as shown in Figure
7.15. The external force that causes the book to undergo an acceleration in the
negative x direction is the force of kinetic friction fk acting to the left, opposite the
motion. The initial kinetic energy of the book is and its final kinetic energy
is Applying Newton’s second law to the book can show this. Because the
only force acting on the book in the x direction is the friction force, Newton’s sec-
ond law gives ! fk " max . Multiplying both sides of this expression by d and using
Equation 2.12 in the form for motion under constant accelera-
tion give or

(7.17a)

This result specifies that the amount by which the force of kinetic friction changes
the kinetic energy of the book is equal to ! fkd. Part of this lost kinetic energy goes
into warming up the book, and the rest goes into warming up the surface over
which the book slides. In effect, the quantity ! fkd is equal to the work done by ki-
netic friction on the book plus the work done by kinetic friction on the surface.
(We shall study the relationship between temperature and energy in Part III of this
text.) When friction—as well as other forces—acts on an object, the work–kinetic
energy theorem reads

(7.17b)

Here, #Wother represents the sum of the amounts of work done on the object by
forces other than kinetic friction.
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Figure 7.15 A book sliding to
the right on a horizontal surface
slows down in the presence of a
force of kinetic friction acting to
the left. The initial velocity of the
book is vi , and its final velocity is
vf . The normal force and the force
of gravity are not included in the
diagram because they are perpen-
dicular to the direction of motion
and therefore do not influence the
book’s velocity.

Loss in kinetic energy due to
friction

A Block Pulled on a Frictionless SurfaceEXAMPLE 7.7
Solution We have made a drawing of this situation in Fig-
ure 7.16a. We could apply the equations of kinematics to de-
termine the answer, but let us use the energy approach for

A 6.0-kg block initially at rest is pulled to the right along a
horizontal, frictionless surface by a constant horizontal force
of 12 N. Find the speed of the block after it has moved 3.0 m.
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Figure 7.16 A block pulled to the right by a
constant horizontal force. (a) Frictionless surface. 
(b) Rough surface.

Can frictional forces ever increase an object’s kinetic energy?

Quick Quiz 7.5
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GÜÇ

Güç, işin yapıldığı hızdır veya enerjinin aktarıldığı hızdır.

● Güç watt (W) cinsinden ölçülür 
● Yapılan iş veya transfer edilen enerji joule cinsinden 

ölçülür (J) 
● Zaman saniye cinsinden ölçülür. 

Güç = yapılan iş / geçen zaman
P  =  W / t
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GÜÇ

Dr. Çağın KAMIŞCIOĞLU, Fizik I, İş-Kinetik Enerji II 9



KAYNAKLAR

1.Fen ve Mühendislik için Fizik Cilt-2, R.A.Serway,R.J.Beichner,5.Baskıdan çeviri, (ÇE) K. Çolakoğlu, 
Palme Yayıncılık. 

2. Üniversite Fiziği Cilt-I, H.D. Young ve R.A.Freedman, (Çeviri Editörü: Prof. Dr. Hilmi Ünlü) 12. Baskı, 
Pearson Education Yayıncılık 2009, Ankara. 

10Dr. Çağın KAMIŞCIOĞLU, Fizik I, İş-Kinetik Enerji II


