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1. POTANSİYEL ENERJİ

Kütle Çekim Potansiyel Enerjisi Esneklik Potansiyel Enerjisi

Potansiyel Enerji, parçacıklardan oluşan bir sistemde parçacıklarin konumlarından  dolayı 
sahip olduğu enerji olarak tanımlanabilir. Bu durumu biraz daha açiklamak için birbirine 
kuvvet uygulayan iki yada daha çok cisimden oluşan bir sistmemi tanıtmalıyız.Sistemin 
düzenlenişi değişirse, sistemin potansiyel enerjisi de değişir. Sistem birbirne kuvvet 
uygulayan sadece iki parçacikatn oluşmuşsa, bu parçacıklardan biri üzerine etkiyen 
kuvvetin yaptığı iş, parcacığın kinetik enerjisi ile sistemin diğer biçımlerdeki enerjisi 
arasında bir enerji dönüşümüne neden olur.
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KUVVET ÇEŞİTLERİ

❑ Korunumlu Kuvvetler 

Bir kuvvetin, herhangi iki nokta 
arasında hareket eden bir parçacık 
üzerinde yaptığı iş, parcacığın 
aldığı yoldan bağımsız ise kuvvet 
korunumludur.

❑ Korunumsuz Kuvvetler 

Bir kuvvet, kinetik ve potansiyel 
e n e r j i l e r i n t o p l a m ı o l a r a k 
t a n ı m l a d ı ğ ı m ı z E m e k a n i k 
enerjisinde bir değişime neden olur 
ise, bu kuvvet korunumsuzdur. 
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KUVVET ÇEŞİTLERİ

❑ Korunumlu Kuvvetler 
■ Güçle ilgili iş ve enerji geri 

kazanılabilir 
■ Örnekler: Yerçekimi, Yay kuvveti, 

EM kuvvetleri 
❑ Korunumsuz Kuvvetler 

■ Kuvvetler genellikle yayarlar ve 
buna karşı yapılan çalışmalar 
kolayca geri kazanılamaz 

■ Örnekler: Kinetik sürtünme, hava 
sürtünme kuvvetleri, normal 
kuvvetler, gerginlik kuvvetleri,
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nates of the object and hence is independent of the path. Furthermore, Wg is zero
when the object moves over any closed path (where 

For the case of the object–spring system, the work Ws done by the spring force
is given by (Eq. 8.3). Again, we see that the spring force is con-
servative because Ws depends only on the initial and final x coordinates of the ob-
ject and is zero for any closed path. 

We can associate a potential energy with any conservative force and can do this
only for conservative forces. In the previous section, the potential energy associated
with the gravitational force was defined as In general, the work Wc done
on an object by a conservative force is equal to the initial value of the potential en-
ergy associated with the object minus the final value:

(8.5)

This equation should look familiar to you. It is the general form of the equation
for work done by the gravitational force (Eq. 8.2) and that for the work done by
the spring force (Eq. 8.3).

Nonconservative Forces

A force is nonconservative if it causes a change in mechanical energy E,
which we define as the sum of kinetic and potential energies. For example, if a
book is sent sliding on a horizontal surface that is not frictionless, the force of ki-
netic friction reduces the book’s kinetic energy. As the book slows down, its kinetic
energy decreases. As a result of the frictional force, the temperatures of the book
and surface increase. The type of energy associated with temperature is internal en-
ergy, which we will study in detail in Chapter 20. Experience tells us that this inter-
nal energy cannot be transferred back to the kinetic energy of the book. In other
words, the energy transformation is not reversible. Because the force of kinetic
friction changes the mechanical energy of a system, it is a nonconservative force. 

From the work–kinetic energy theorem, we see that the work done by a con-
servative force on an object causes a change in the kinetic energy of the object.
The change in kinetic energy depends only on the initial and final positions of the
object, and not on the path connecting these points. Let us compare this to the
sliding book example, in which the nonconservative force of friction is acting be-
tween the book and the surface. According to Equation 7.17a, the change in ki-
netic energy of the book due to friction is , where d is the length
of the path over which the friction force acts. Imagine that the book slides from A
to B over the straight-line path of length d in Figure 8.3. The change in kinetic en-
ergy is . Now, suppose the book slides over the semicircular path from A to B.
In this case, the path is longer and, as a result, the change in kinetic energy is
greater in magnitude than that in the straight-line case. For this particular path,
the change in kinetic energy is , since d is the diameter of the semicircle.
Thus, we see that for a nonconservative force, the change in kinetic energy de-
pends on the path followed between the initial and final points. If a potential en-
ergy is involved, then the change in the total mechanical energy depends on the
path followed. We shall return to this point in Section 8.5.

CONSERVATIVE FORCES AND POTENTIAL ENERGY
In the preceding section we found that the work done on a particle by a conserva-
tive force does not depend on the path taken by the particle. The work depends
only on the particle’s initial and final coordinates. As a consequence, we can de-
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Figure 8.3 The loss in mechani-
cal energy due to the force of ki-
netic friction depends on the path
taken as the book is moved from A
to B. The loss in mechanical energy
is greater along the red path than
along the blue path. 
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KORUNUMLU KUVVET -> KÜTLE-YAY
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KORUNUMSUZ KUVVET -> SÜRTÜNME
■ Sürtünme kuvveti, nesnenin kinetik enerjisini 

sıcaklıkla ilişkili bir enerji türüne dönüştürür 
■ Nesneler hareketten öncekinden daha sıcaktır.

■ Mavi yol kırmızı 
yoldan daha kısa 

■ Gereken iş mavi 
yolda kırmızı 
yoldan daha az 

■ Sürtünme yola 
bağlıdır ve bu 
yüzden korunumlu 
olmayan bir 
kuvvettir.
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nates of the object and hence is independent of the path. Furthermore, Wg is zero
when the object moves over any closed path (where 

For the case of the object–spring system, the work Ws done by the spring force
is given by (Eq. 8.3). Again, we see that the spring force is con-
servative because Ws depends only on the initial and final x coordinates of the ob-
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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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KİNETİK ENERJİ

Bir varlığın kinetik enerjiye sahip olduğunu 
anlamak çok kolaydır. Eğer bir varlık, hareket 
ediyorsa kinetik enerjiye sahip demektir. 
Örneğin, hareket hâlinde olan bir kamyon, 
koşan bir köpek, hareketli dönme dolap, akan 
bir nehir ve rüzgâr kinetik enerjiye sahiptir.  

*Bir cismin sürati arttıkça kinetik enerjisi 
de artar. 
*Kinetik enerji cismin kütlesine ve süratine 
bağlıdır.

2

2
1 mvKE =
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İŞ-KİNETİK ENERJİ TEOREMİ
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GENİŞLETİLMİŞ İŞ-KİNETİK ENERJİ TEOREMİ

22

2
1

2
1

if mvmvW −=
KW

KKW if

Δ=

−=

■ İş-enerji teoremi potansiyel enerjiyi 
içerecek şekilde genişletilebilir:

( ) ( )nc f i f iW KE KE PE PE= − + −
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KORUNUMLU KUVVET VE POTANSİYEL ENERJİ

Bölüm 8: Potansiyel Enerji ve Enerjinin Korunumu, Hazırlayan: Dr. H.Sarı Güncel: Temmuz 2008 
http://eng.ankara.edu.tr/~hsari 
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ii) Kapalı bir yol boyunca 
korunumlu kuvvetin parcacık 
üzerinde yaptığı iş sıfırdır. 

 
 
 

 
 
 
 
 
 

 
8-3 Korunumlu Kuvvetler ve Potansiyel Enerji 
 
Korunumlu bir kuvvetin bir parçacık üzerine yaptığı iş, parçacığın aldığı yola bağlı değildir, 
yalnızca parçacığın ilk ve son konumuna bağlıdır.  Sonuç olarak öyle bir U potansiyel enerji 
fonksiyonu tanımlanabilir ki korunumlu kuvvet tarafından yapılan iş sistemin potansiyel 
enerjisindeki azalmaya eşit olsun. 
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8-4 Mekanik Enerjinin Korunumu 
 
Bir sistemin toplam mekanik enerjisi, kinetik ve potansiyel enerjilerinin toplamı olarak 
tanımlanır. 

E=K+U 
E: sistemin toplam mekanik enerjisi 
K: Kinetik enerji 
U: Potansiyel enerji 
 
Eğer sistemin enerjisi korunuyor ise ilk (Ei) ve son (Es) mekanik enerji birbirine eşit olacaktır. 

 
Ei=Es 

 
Ei: İlk toplam mekanik enerji 
Es: Son toplam mekanik enerji 
 

Ki+Ui=Ks+Us 
 
 
Örnek 8.2 Şekilde görülen m kütleli bir top h kadar yükseklikten bırakılmıştır. 

a)  Hava direncini ihmal ederek, yerden bir y-yükseklikte iken topun süratini 
bulunuz. 

b) Top ilk h yüksekliğinden bırakıldığı anda bir vi ilk süratine sahip ise, topun 
y-deki süratini hesaplayınız. 

Çözüm:         
 

a) Top durgun olarak bırakıldığı için Ki=0, Ui=mgh 
Toplam mekanik enerji korunduğundan Ei=Es 
                   Ki+Ui=Ks+Us 
                  0+mgh=(½)mvs

2+mgy 

Korunumlu bir kuvvetin bir parçacık uzerine yaptığı iş,parçacığin aldığı yola bağlı 
değildir.Yalnızca parçacığın ilk ve son konumuna bağlıdır.

Cismin kinetik enerjisi ile 
potansiyel enerjisinin 
toplamı sabit ve mekanik 
enerjisine eşittir.
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of mechanical energy. For the case of an object in free fall, this principle tells us
that any increase (or decrease) in potential energy is accompanied by an equal de-
crease (or increase) in kinetic energy. Note that the total mechanical energy of
a system remains constant in any isolated system of objects that interact
only through conservative forces.

Because the total mechanical energy E of a system is defined as the sum of the
kinetic and potential energies, we can write

(8.9)

We can state the principle of conservation of energy as and so we have

(8.10)

It is important to note that Equation 8.10 is valid only when no energy is
added to or removed from the system. Furthermore, there must be no nonconser-
vative forces doing work within the system.

Consider the carnival Ring-the-Bell event illustrated at the beginning of the
chapter. The participant is trying to convert the initial kinetic energy of the ham-
mer into gravitational potential energy associated with a weight that slides on a
vertical track. If the hammer has sufficient kinetic energy, the weight is lifted high
enough to reach the bell at the top of the track. To maximize the hammer’s ki-
netic energy, the player must swing the heavy hammer as rapidly as possible. The
fast-moving hammer does work on the pivoted target, which in turn does work on
the weight. Of course, greasing the track (so as to minimize energy loss due to fric-
tion) would also help but is probably not allowed!

If more than one conservative force acts on an object within a system, a poten-
tial energy function is associated with each force. In such a case, we can apply the
principle of conservation of mechanical energy for the system as

(8.11)

where the number of terms in the sums equals the number of conservative forces
present. For example, if an object connected to a spring oscillates vertically, two
conservative forces act on the object: the spring force and the gravitational force.

Ki ! "Ui # Kf ! "Uf

Ki ! Ui # Kf ! Uf

Ei # Ef ,

E ! K ! U Total mechanical energy

The mechanical energy of an
isolated system remains constant

QuickLab
Dangle a shoe from its lace and use it
as a pendulum. Hold it to the side, re-
lease it, and note how high it swings
at the end of its arc. How does this
height compare with its initial height?
You may want to check Question 8.3
as part of your investigation.

Twin Falls on the Island of Kauai, Hawaii. The gravitational po-
tential energy of the water–Earth system when the water is at
the top of the falls is converted to kinetic energy once that wa-
ter begins falling. How did the water get to the top of the cliff?
In other words, what was the original source of the gravita-
tional potential energy when the water was at the top? (Hint:
This same source powers nearly everything on the planet.)
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KORUNUMSUZ KUVVET
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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.

Ki $ #Wother ! fk  d " Kf

%Kfriction " ! fk  d

(max )d " 1
2 mvxf 

2 ! 1
2 mvxi 

2! fkd "
vxf 

2 ! vxi 

2 " 2ax  d

1
2 mvf 

2
 .

1
2 mvi 

2,

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.

d
vi

fk

vf

(a)

n

F

mg
d

vf

(b)

n

F

mg
d

vf

fk

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
14
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