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DOĞRU AKIM DEVRELERİ

Bu bölümde birbirine bağlanmış bataryalar, dirençler ve kondansatörlerden oluşan 

basit devrelerin işleyişini inceleyeceğiz. İşleyişi inceleyebilmek için analizde bazı 

kurallar kullanacağız; bunlar Kirchhoff Kuralları olarak da bilinmektedir. 

Bu kurallar enerji ve yükün korunumu kanunlarından çıkmaktadırlar. Böylece 

analiz basitleşmektedir.
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EMK KAYNAĞI

Bir batarya veya herhangi bir elektriksel enerji sağlayan aygıta elektromotor kuvvet 
kaynağı veya emk kaynağı denilmektedir.

Eğer bataryanın iç direnci ihmal edilirse a ve 
b noktalari arasındaki potansiyel farkı 
bataryanın emk’sına (𝓔) eşittir. ∆V=𝓔
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One of the truly remarkable features of superconductors is that once a current
is set up in them, it persists without any applied potential difference (because R ! 0).
Steady currents have been observed to persist in superconducting loops for several
years with no apparent decay!

An important and useful application of superconductivity is in the develop-
ment of superconducting magnets, in which the magnitudes of the magnetic field
are about ten times greater than those produced by the best normal electromag-
nets. Such superconducting magnets are being considered as a means of storing en-
ergy. Superconducting magnets are currently used in medical magnetic resonance
imaging (MRI) units, which produce high-quality images of internal organs without
the need for excessive exposure of patients to x-rays or other harmful radiation.

For further information on superconductivity, see Section 43.8.

ELECTRICAL ENERGY AND POWER
If a battery is used to establish an electric current in a conductor, the chemical en-
ergy stored in the battery is continuously transformed into kinetic energy of the
charge carriers. In the conductor, this kinetic energy is quickly lost as a result of
collisions between the charge carriers and the atoms making up the conductor,
and this leads to an increase in the temperature of the conductor. In other words,
the chemical energy stored in the battery is continuously transformed to internal
energy associated with the temperature of the conductor.

Consider a simple circuit consisting of a battery whose terminals are con-
nected to a resistor, as shown in Figure 27.14. (Resistors are designated by the sym-
bol .) Now imagine following a positive quantity of charge "Q that is
moving clockwise around the circuit from point a through the battery and resistor
back to point a. Points a and d are grounded (ground is designated by the symbol

); that is, we take the electric potential at these two points to be zero. As the
charge moves from a to b through the battery, its electric potential energy U

increases by an amount "V "Q (where "V is the potential difference between b and
a), while the chemical potential energy in the battery decreases by the same
amount. (Recall from Eq. 25.9 that However, as the charge moves
from c to d through the resistor, it loses this electric potential energy as it collides
with atoms in the resistor, thereby producing internal energy. If we neglect the re-
sistance of the connecting wires, no loss in energy occurs for paths bc and da.
When the charge arrives at point a, it must have the same electric potential energy
(zero) that it had at the start.5 Note that because charge cannot build up at any
point, the current is the same everywhere in the circuit.

The rate at which the charge "Q loses potential energy in going through the
resistor is

where I is the current in the circuit. In contrast, the charge regains this energy
when it passes through the battery. Because the rate at which the charge loses en-
ergy equals the power delivered to the resistor (which appears as internal en-
ergy), we have
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Figure 27.14 A circuit consisting
of a resistor of resistance R and a
battery having a potential differ-
ence "V across its terminals. Posi-
tive charge flows in the clockwise
direction. Points a and d are
grounded.

5 Note that once the current reaches its steady-state value, there is no change in the kinetic energy of
the charge carriers creating the current.

(28.1)

From this expression, note that ! is equivalent to the open-circuit voltage—that
is, the terminal voltage when the current is zero. The emf is the voltage labeled on a
battery—for example, the emf of a D cell is 1.5 V. The actual potential difference
between the terminals of the battery depends on the current through the battery,
as described by Equation 28.1.

Figure 28.2b is a graphical representation of the changes in electric potential
as the circuit is traversed in the clockwise direction. By inspecting Figure 28.2a, we
see that the terminal voltage "V must equal the potential difference across the ex-
ternal resistance R , often called the load resistance. The load resistor might be a
simple resistive circuit element, as in Figure 28.1, or it could be the resistance of
some electrical device (such as a toaster, an electric heater, or a lightbulb) con-
nected to the battery (or, in the case of household devices, to the wall outlet). The
resistor represents a load on the battery because the battery must supply energy to
operate the device. The potential difference across the load resistance is 
Combining this expression with Equation 28.1, we see that

(28.2)

Solving for the current gives

(28.3)

This equation shows that the current in this simple circuit depends on both the
load resistance R external to the battery and the internal resistance r. If R is much
greater than r, as it is in many real-world circuits, we can neglect r.

If we multiply Equation 28.2 by the current I, we obtain

(28.4)

This equation indicates that, because power (see Eq. 27.22), the total
power output I! of the battery is delivered to the external load resistance in the
amount I 2R and to the internal resistance in the amount I 2r. Again, if then
most of the power delivered by the battery is transferred to the load resistance.

r V R ,

! # I "V

I! # I 2R $ I 2r

I #
!

R $ r

! # IR $ Ir

"V # IR .

"V # ! % Ir
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Terminal Voltage of a BatteryEXAMPLE 28.1
(b) Calculate the power delivered to the load resistor, the

power delivered to the internal resistance of the battery, and
the power delivered by the battery.

Solution The power delivered to the load resistor is

The power delivered to the internal resistance is

Hence, the power delivered by the battery is the sum of these
quantities, or 47.1 W. You should check this result, using the
expression ! # I!.

0.772 W!r # I 2r # (3.93 A)2 (0.05 &) #

46.3 W!R # I 2R # (3.93 A)2 (3.00 &) #

A battery has an emf of 12.0 V and an internal resistance of
0.05 &. Its terminals are connected to a load resistance of
3.00 &. (a) Find the current in the circuit and the terminal
voltage of the battery.

Solution Using first Equation 28.3 and then Equation
28.1, we obtain

To check this result, we can calculate the voltage across the
load resistance R :

"V # IR # (3.93 A)(3.00 &) # 11.8 V

11.8 V"V # ! % Ir # 12.0 V % (3.93 A)(0.05 &) #

3.93 A I #
!

R $ r
#

12.0 V
3.05 &

#

a c
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Figure 28.2 (a) Circuit diagram
of a source of emf ! (in this case, a
battery), of internal resistance r,
connected to an external resistor of
resistance R . (b) Graphical repre-
sentation showing how the electric
potential changes as the circuit in
part (a) is traversed clockwise.

Eğer bataryanın iç direnci ihmal edilmezse a 
ve b noktalari arasındaki potansiyel farkı 

∆V=𝓔-Ir

Üreteçler piller direnci olan malzemelerden 
 imal edilir. Bu nedenle kendilerine özgü 

 dirençleri vardir.
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ÜRETEÇ

Bir pil, uçları arasında potansiyel bir fark oluşturmak için kimyasal reaksiyonlar kullanır. 
El fenerinde veya bir devrede bir ampulün yanması, suyu kaldıran kişinin suyun kürek 
çarkından akmasına neden olduğu şekilde akımın akmasına neden olur.
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DOĞRU AKIM DEVRELERİ
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AKIM

Devredeki pil çoğu zaman güç kaynağı, batarya,  

pil, üreteç gibi isimler alır. Devre tamamlandığinda 

bir akım oluşur. Yönü pozitif kutuptan negatife 

 doğrudr.

Birimler: 1 A = 1 amper = 1 C/s

A alanı

Iort =
ΔQ
Δt

Bir  ∆t zaman aralığında bu 
alandan  geçen yuk miktarı ∆Q 
ise ortalama akım bu iki değerin 
oranına eşittir.

I = limΔt→0
ΔQ
Δt

= dQ
dt

Y ü k ü n a k ı ş h ı z ı z a m a n l a 
değ iş i rse akım da zamanla 
değişir. Bu durumda  ani akım 
tanımlanır.

1.AKIM
1.1.AKIM NEDİR?

Belirli bir bölgede net bir yük akışı var ise akım vardır deriz. Bu durum iki koşulun 
sağlanmasını gerektirir  Net bir yük taşınmalıdır. Yük bir yöne doğru taşınmalıdır.

Dr. Ç
ağı

n KAMIŞCIOĞ
LU 

FIZIK II
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DİRENÇ

Biliyoruz ki dirençler devrede akımı sınırlamakla görevlidir.
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Kapalı ve seri bir elektrik devresinde, bir üreteç, bir direnç ve bir motor bulunsun. Motorun, zıt 
e.m.k.'i  ε' ile  gösterelim ( Şekil 03 ) 
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Devredeki motor  üreteç ile hareket ettirilerek motor’dan mekanik güç elde edilmektedir. Enerjinin  

korunumunu bu kapalı devreye uygularsak 
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   I         (06) 
R

= ∑
∑

ε

 

Questions 861

The SI unit of resistance is volts per ampere, which is defined to be 1 ohm
(!); that is, 1 ! " 1 V/A. If the resistance is independent of the applied potential
difference, the conductor obeys Ohm’s law.

In a classical model of electrical conduction in metals, the electrons are
treated as molecules of a gas. In the absence of an electric field, the average veloc-
ity of the electrons is zero. When an electric field is applied, the electrons move
(on the average) with a drift velocity vd that is opposite the electric field and
given by the expression

(27.14)

where # is the average time between electron–atom collisions, me is the mass of the
electron, and q is its charge. According to this model, the resistivity of the metal is

(27.17)

where n is the number of free electrons per unit volume.
The resistivity of a conductor varies approximately linearly with temperature

according to the expression

(27.19)

where $ is the temperature coefficient of resistivity and %0 is the resistivity at
some reference temperature T0 .

If a potential difference &V is maintained across a resistor, the power, or rate
at which energy is supplied to the resistor, is

(27.22)

Because the potential difference across a resistor is given by &V " IR , we can ex-
press the power delivered to a resistor in the form

(27.23)

The electrical energy supplied to a resistor appears in the form of internal energy
in the resistor.

! " I 
2R "

(&V )2

R

! " I &V

% " %0[1 ' $(T ( T0)]

% "
me

nq2#

vd "
qE
me

 #

QUESTIONS

7. In the water analogy of an electric circuit, what corre-
sponds to the power supply, resistor, charge, and poten-
tial difference?

8. Why might a “good” electrical conductor also be a “good”
thermal conductor?

9. On the basis of the atomic theory of matter, explain why
the resistance of a material should increase as its tempera-
ture increases.

10. How does the resistance for copper and silicon change
with temperature? Why are the behaviors of these two ma-
terials different?

11. Explain how a current can persist in a superconductor in
the absence of any applied voltage.

12. What single experimental requirement makes supercon-
ducting devices expensive to operate? In principle, can
this limitation be overcome?

1. Newspaper articles often contain statements such as 
“10 000 volts of electricity surged through the victim’s
body.” What is wrong with this statement?

2. What is the difference between resistance and resistivity?
3. Two wires A and B of circular cross-section are made of

the same metal and have equal lengths, but the resistance
of wire A is three times greater than that of wire B. What
is the ratio of their cross-sectional areas? How do their
radii compare?

4. What is required in order to maintain a steady current in
a conductor?

5. Do all conductors obey Ohm’s law? Give examples to jus-
tify your answer.

6. When the voltage across a certain conductor is doubled,
the current is observed to increase by a factor of three.
What can you conclude about the conductor?

Devrede dirençler ısınır?

Direncin üzerinde harcanan güç
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DİRENÇ-SERİ872 C H A P T E R  2 8 Direct Current Circuits

equals IR1 and the voltage drop from b to c equals IR2 , the voltage drop from a to
c is

Therefore, we can replace the two resistors in series with a single resistor having an
equivalent resistance Req , where

(28.5)

The resistance Req is equivalent to the series combination in the sense
that the circuit current is unchanged when R eq replaces 

The equivalent resistance of three or more resistors connected in series is

(28.6)

This relationship indicates that the equivalent resistance of a series connec-
tion of resistors is always greater than any individual resistance.

If a piece of wire is used to connect points b and c in Figure 28.4b, does the brightness of
bulb R1 increase, decrease, or stay the same? What happens to the brightness of bulb R2 ?

Now consider two resistors connected in parallel, as shown in Figure 28.5.
When the current I reaches point a in Figure 28.5b, called a junction, it splits into
two parts, with I1 going through R1 and I2 going through R2 . A junction is any
point in a circuit where a current can split ( just as your group might split up and
leave the arena through several doors, as described earlier.) This split results in
less current in each individual resistor than the current leaving the battery. Be-
cause charge must be conserved, the current I that enters point a must equal the
total current leaving that point:

I ! I1 " I2

Quick Quiz 28.1

R eq ! R 1 " R 2 " R 3 " ###

R 1 " R 2 .
R 1 " R 2

R eq ! R 1 " R 2

$V ! IR 1 " IR 2 ! I(R 1 " R 2)

+ –

(a) (b)

I

R1 R2

I

∆V
+ –

a b c

Battery

R1 R2

(c)

Req

I

∆V
+ –

a c

Figure 28.4 (a) A series connection of two resistors R1 and R2 . The current in R1 is the same
as that in R2 . (b) Circuit diagram for the two-resistor circuit. (c) The resistors replaced with a sin-
gle resistor having an equivalent resistance R eq ! R 1 " R 2 .

A series connection of three light-
bulbs, all rated at 120 V but having
power ratings of 60 W, 75 W, and
200 W. Why are the intensities of
the bulbs different? Which bulb
has the greatest resistance? How
would their relative intensities dif-
fer if they were connected in paral-
lel?
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DİRENÇ-PARALEL 28.2 Resistors in Series and in Parallel 873

As can be seen from Figure 28.5, both resistors are connected directly across
the terminals of the battery. Thus,

when resistors are connected in parallel, the potential differences across them
are the same.

Because the potential differences across the resistors are the same, the expression
gives

From this result, we see that the equivalent resistance of two resistors in parallel is
given by

(28.7)

or

An extension of this analysis to three or more resistors in parallel gives

(28.8)
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Figure 28.5 (a) A parallel connection of two resistors R1 and R2 . The potential difference
across R1 is the same as that across R2 . (b) Circuit diagram for the two-resistor circuit. (c) The
resistors replaced with a single resistor having an equivalent resistance R eq ! (R 1 

%1 " R 2 

%1 )%1.

Straws in series

Straws in parallel

The equivalent resistance of
several resistors in parallel

QuickLab
Tape one pair of drinking straws end
to end, and tape a second pair side by
side. Which pair is easier to blow
through? What would happen if you
were comparing three straws taped
end to end with three taped side by
side?
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QuickLab
Tape one pair of drinking straws end
to end, and tape a second pair side by
side. Which pair is easier to blow
through? What would happen if you
were comparing three straws taped
end to end with three taped side by
side?
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Example of Resistors in series and parallel—combinations

Follow Example 26.1, find I through each resistor.

V=I.R
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1.DÜĞÜM KURALI (YÜK KORUNUMU)
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Kirchoff’s Rules I—junctions

• Kirchoff’s Rules: (1) Junction rule and (2) Loop rule can be used
to find current and voltages for any circuit.

Note:(1) Junction rule = conservation of charge

(2) You may ASSUME the direction of the current; if your final anwer is then the
actual current flows in the opposite direction.
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• Kirchoff’s Rules: (1) Junction rule and (2) Loop rule can be used
to find current and voltages for any circuit.

Note:(1) Junction rule = conservation of charge

(2) You may ASSUME the direction of the current; if your final anwer is then the
actual current flows in the opposite direction.

Kirchhoff’s first rule is a statement of conservation of electric charge. All cur-
rent that enters a given point in a circuit must leave that point because charge can-
not build up at a point. If we apply this rule to the junction shown in Figure
28.11a, we obtain

Figure 28.11b represents a mechanical analog of this situation, in which water
flows through a branched pipe having no leaks. The flow rate into the pipe equals
the total flow rate out of the two branches on the right.

Kirchhoff’s second rule follows from the law of conservation of energy. Let us
imagine moving a charge around the loop. When the charge returns to the start-
ing point, the charge–circuit system must have the same energy as when the
charge started from it. The sum of the increases in energy in some circuit ele-
ments must equal the sum of the decreases in energy in other elements. The po-
tential energy decreases whenever the charge moves through a potential drop !IR
across a resistor or whenever it moves in the reverse direction through a source of
emf. The potential energy increases whenever the charge passes through a battery
from the negative terminal to the positive terminal. Kirchhoff’s second rule ap-
plies only for circuits in which an electric potential is defined at each point; this
criterion may not be satisfied if changing electromagnetic fields are present, as we
shall see in Chapter 31.

In justifying our claim that Kirchhoff’s second rule is a statement of conserva-
tion of energy, we imagined carrying a charge around a loop. When applying this
rule, we imagine traveling around the loop and consider changes in electric potential,
rather than the changes in potential energy described in the previous paragraph.
You should note the following sign conventions when using the second rule:

• Because charges move from the high-potential end of a resistor to the low-
potential end, if a resistor is traversed in the direction of the current, the
change in potential "V across the resistor is !IR (Fig. 28.12a).

• If a resistor is traversed in the direction opposite the current, the change in po-
tential "V across the resistor is # IR (Fig. 28.12b).

• If a source of emf (assumed to have zero internal resistance) is traversed in the
direction of the emf (from ! to #), the change in potential "V is #$ (Fig.
28.12c). The emf of the battery increases the electric potential as we move
through it in this direction.

• If a source of emf (assumed to have zero internal resistance) is traversed in the
direction opposite the emf (from # to !), the change in potential "V is !$
(Fig. 28.12d). In this case the emf of the battery reduces the electric potential as
we move through it.

Limitations exist on the numbers of times you can usefully apply Kirchhoff’s
rules in analyzing a given circuit. You can use the junction rule as often as you
need, so long as each time you write an equation you include in it a current that
has not been used in a preceding junction-rule equation. In general, the number
of times you can use the junction rule is one fewer than the number of junction

I1 % I2 # I3

878 C H A P T E R  2 8 Direct Current Circuits

2. The sum of the potential differences across all elements around any closed
circuit loop must be zero:

(28.10)&
closed
loop

 "V % 0

QuickLab
Draw an arbitrarily shaped closed
loop that does not cross over itself.
Label five points on the loop a, b, c, d,
and e, and assign a random number
to each point. Now start at a and
work your way around the loop, cal-
culating the difference between each
pair of adjacent numbers. Some of
these differences will be positive, and
some will be negative. Add the differ-
ences together, making sure you accu-
rately keep track of the algebraic
signs. What is the sum of the differ-
ences all the way around the loop?

Gustav Kirchhoff (1824– 1887)
Kirchhoff, a professor at Heidelberg,
Germany, and Robert Bunsen in-
vented the spectroscope and founded
the science of spectroscopy, which
we shall study in Chapter 40. They
discovered the elements cesium and
rubidium and invented astronomical
spectroscopy. Kirchhoff formulated
another Kirchhoff’s rule, namely, “a
cool substance will absorb light of the
same wavelengths that it emits when
hot.” (AIP ESVA/W. F. Meggers Collection)
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2. POTANSİYEL FARK KURALI (ENERJI KORUNUMU)

Kapalı bir devrede  devre elemanlarının uçları  

arasındaki potansiyel farkın toplamı uretecin  

potansiyelini verir. 

Kapalı bir devrede  tum devre elemanlarının 
uçları  arasındaki potansiyel farkın toplamı 
sifirdir.

V=IR

(-IR1)+ (-IR1)+(Vs) =0

(IR1)+ (IR1)=(Vs) 

Döngü

akım yönünde 

+dan - ye

akım yönünde 

+dan - ye

akım yönünde 

-den + ya
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2. POTANSİYEL FARK KURALI (ENERJI KORUNUMU)

Copyright © 2008 Pearson Education Inc., publishing as Pearson Addison-Wesley

Kirchoff’s Rules - convention for potentials in loop equation.

Think of direction of current as
direction of water flow in a

water fall, which flows from
high gravitational potential to

low gravitational potential

Takip yönü  
- den +ya

Takip yönü  
+ dan - ye

Takip yönü  
- den +ya

Takip yönü  
+ dan - ye

+V -V +IR -IR
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Example of Resistors in series and parallel—combinations

Follow Example 26.1, find I through each resistor.

Copyright © 2008 Pearson Education Inc., publishing as Pearson Addison-Wesley

Example of Resistors in series and parallel—combinations

Follow Example 26.1, find I through each resistor.

I=2A 

V=IR 

V=(2A)R1

Reş=R1+R2 

V=IR 

V=(1.6A)(R1+R2)
(2A)R1=(1.6A)(R1+3Ω) 

R1=12Ω :)
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WEB

16. Two resistors connected in series have an equivalent re-
sistance of 690 !. When they are connected in parallel,
their equivalent resistance is 150 !. Find the resistance
of each resistor.

17. In Figures 28.4 and 28.5, let !, let 
and let the battery have a terminal voltage of

33.0 V. (a) In the parallel circuit shown in Figure 28.5,
which resistor uses more power? (b) Verify that the sum
of the power (I 2R) used by each resistor equals the
power supplied by the battery (I "V ). (c) In the series
circuit, which resistor uses more power? (d) Verify that
the sum of the power (I 2R) used by each resistor equals

22.0 !,
R 2 #R 1 # 11.0

15. Calculate the power delivered to each resistor in the cir-
cuit shown in Figure P28.15.

10. Four copper wires of equal length are connected in se-
ries. Their cross-sectional areas are 1.00 cm2, 2.00 cm2,
3.00 cm2, and 5.00 cm2. If a voltage of 120 V is applied
to the arrangement, what is the voltage across the 
2.00-cm2 wire?

11. Three 100-! resistors are connected as shown in Figure
P28.11. The maximum power that can safely be deliv-
ered to any one resistor is 25.0 W. (a) What is the maxi-
mum voltage that can be applied to the terminals a and
b? (b) For the voltage determined in part (a), what is

of this value. All he has in his toolbox are a 500-! resis-
tor and two 250-! resistors. How can he obtain the de-
sired resistance using the resistors he has on hand?

8. A lightbulb marked “75 W [at] 120 V” is screwed into a
socket at one end of a long extension cord in which
each of the two conductors has a resistance of 0.800 !.
The other end of the extension cord is plugged into a
120-V outlet. Draw a circuit diagram, and find the actual
power delivered to the bulb in this circuit.

9. Consider the circuit shown in Figure P28.9. Find (a) the
current in the 20.0-! resistor and (b) the potential dif-
ference between points a and b.

the power delivered to each resistor? What is the total
power delivered?

12. Using only three resistors—2.00 !, 3.00 !, and 
4.00 !—find 17 resistance values that can be obtained
with various combinations of one or more resistors. Tab-
ulate the combinations in order of increasing resistance.

13. The current in a circuit is tripled by connecting a 500-!
resistor in parallel with the resistance of the circuit. De-
termine the resistance of the circuit in the absence of
the 500-! resistor.

14. The power delivered to the top part of the circuit shown
in Figure P28.14 does not depend on whether the switch
is opened or closed. If R # 1.00 !, what is R $? Neglect
the internal resistance of the voltage source.

9.00 Ω4.00 Ω

10.0 Ω

7.00 Ω

ba

2.00 Ω

18.0 V
3.00 Ω

4.00 Ω

1.00 Ω

ε

S R ′

R

R ′

a

100 Ω

100 Ω

100 Ω

b

20.0 Ω

a 10.0 Ω

10.0 Ω 25.0 V

5.00 Ω

b

5.00 Ω
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Reş=4Ω + 4,11Ω + 9Ω=17,11Ω
V=IReş 

34V=(I anakol).17,11Ω 

(I anakol)=1,98A
896 C H A P T E R  2 8 Direct Current Circuits

WEB

16. Two resistors connected in series have an equivalent re-
sistance of 690 !. When they are connected in parallel,
their equivalent resistance is 150 !. Find the resistance
of each resistor.

17. In Figures 28.4 and 28.5, let !, let 
and let the battery have a terminal voltage of

33.0 V. (a) In the parallel circuit shown in Figure 28.5,
which resistor uses more power? (b) Verify that the sum
of the power (I 2R) used by each resistor equals the
power supplied by the battery (I "V ). (c) In the series
circuit, which resistor uses more power? (d) Verify that
the sum of the power (I 2R) used by each resistor equals

22.0 !,
R 2 #R 1 # 11.0

15. Calculate the power delivered to each resistor in the cir-
cuit shown in Figure P28.15.

10. Four copper wires of equal length are connected in se-
ries. Their cross-sectional areas are 1.00 cm2, 2.00 cm2,
3.00 cm2, and 5.00 cm2. If a voltage of 120 V is applied
to the arrangement, what is the voltage across the 
2.00-cm2 wire?

11. Three 100-! resistors are connected as shown in Figure
P28.11. The maximum power that can safely be deliv-
ered to any one resistor is 25.0 W. (a) What is the maxi-
mum voltage that can be applied to the terminals a and
b? (b) For the voltage determined in part (a), what is

of this value. All he has in his toolbox are a 500-! resis-
tor and two 250-! resistors. How can he obtain the de-
sired resistance using the resistors he has on hand?

8. A lightbulb marked “75 W [at] 120 V” is screwed into a
socket at one end of a long extension cord in which
each of the two conductors has a resistance of 0.800 !.
The other end of the extension cord is plugged into a
120-V outlet. Draw a circuit diagram, and find the actual
power delivered to the bulb in this circuit.

9. Consider the circuit shown in Figure P28.9. Find (a) the
current in the 20.0-! resistor and (b) the potential dif-
ference between points a and b.

the power delivered to each resistor? What is the total
power delivered?

12. Using only three resistors—2.00 !, 3.00 !, and 
4.00 !—find 17 resistance values that can be obtained
with various combinations of one or more resistors. Tab-
ulate the combinations in order of increasing resistance.

13. The current in a circuit is tripled by connecting a 500-!
resistor in parallel with the resistance of the circuit. De-
termine the resistance of the circuit in the absence of
the 500-! resistor.

14. The power delivered to the top part of the circuit shown
in Figure P28.14 does not depend on whether the switch
is opened or closed. If R # 1.00 !, what is R $? Neglect
the internal resistance of the voltage source.

9.00 Ω4.00 Ω

10.0 Ω

7.00 Ω

ba

2.00 Ω

18.0 V
3.00 Ω

4.00 Ω

1.00 Ω

ε

S R ′

R

R ′

a

100 Ω

100 Ω

100 Ω

b

20.0 Ω

a 10.0 Ω

10.0 Ω 25.0 V

5.00 Ω

b

5.00 Ω

Figure P28.6

Figure P28.9

Figure P28.11

Figure P28.14

Figure P28.15

17Dr. Çağın KAMIŞCIOĞLU, Fizik II, Doğru Akım Devreleri-1



ÖRNEKLER
896 C H A P T E R  2 8 Direct Current Circuits

WEB

16. Two resistors connected in series have an equivalent re-
sistance of 690 !. When they are connected in parallel,
their equivalent resistance is 150 !. Find the resistance
of each resistor.

17. In Figures 28.4 and 28.5, let !, let 
and let the battery have a terminal voltage of

33.0 V. (a) In the parallel circuit shown in Figure 28.5,
which resistor uses more power? (b) Verify that the sum
of the power (I 2R) used by each resistor equals the
power supplied by the battery (I "V ). (c) In the series
circuit, which resistor uses more power? (d) Verify that
the sum of the power (I 2R) used by each resistor equals

22.0 !,
R 2 #R 1 # 11.0

15. Calculate the power delivered to each resistor in the cir-
cuit shown in Figure P28.15.

10. Four copper wires of equal length are connected in se-
ries. Their cross-sectional areas are 1.00 cm2, 2.00 cm2,
3.00 cm2, and 5.00 cm2. If a voltage of 120 V is applied
to the arrangement, what is the voltage across the 
2.00-cm2 wire?

11. Three 100-! resistors are connected as shown in Figure
P28.11. The maximum power that can safely be deliv-
ered to any one resistor is 25.0 W. (a) What is the maxi-
mum voltage that can be applied to the terminals a and
b? (b) For the voltage determined in part (a), what is

of this value. All he has in his toolbox are a 500-! resis-
tor and two 250-! resistors. How can he obtain the de-
sired resistance using the resistors he has on hand?

8. A lightbulb marked “75 W [at] 120 V” is screwed into a
socket at one end of a long extension cord in which
each of the two conductors has a resistance of 0.800 !.
The other end of the extension cord is plugged into a
120-V outlet. Draw a circuit diagram, and find the actual
power delivered to the bulb in this circuit.

9. Consider the circuit shown in Figure P28.9. Find (a) the
current in the 20.0-! resistor and (b) the potential dif-
ference between points a and b.

the power delivered to each resistor? What is the total
power delivered?

12. Using only three resistors—2.00 !, 3.00 !, and 
4.00 !—find 17 resistance values that can be obtained
with various combinations of one or more resistors. Tab-
ulate the combinations in order of increasing resistance.

13. The current in a circuit is tripled by connecting a 500-!
resistor in parallel with the resistance of the circuit. De-
termine the resistance of the circuit in the absence of
the 500-! resistor.

14. The power delivered to the top part of the circuit shown
in Figure P28.14 does not depend on whether the switch
is opened or closed. If R # 1.00 !, what is R $? Neglect
the internal resistance of the voltage source.

9.00 Ω4.00 Ω

10.0 Ω

7.00 Ω

ba

2.00 Ω

18.0 V
3.00 Ω

4.00 Ω

1.00 Ω

ε

S R ′

R

R ′

a

100 Ω

100 Ω

100 Ω

b

20.0 Ω

a 10.0 Ω

10.0 Ω 25.0 V

5.00 Ω

b

5.00 Ω

Figure P28.6

Figure P28.9

Figure P28.11

Figure P28.14

Figure P28.15

896 C H A P T E R  2 8 Direct Current Circuits

WEB

16. Two resistors connected in series have an equivalent re-
sistance of 690 !. When they are connected in parallel,
their equivalent resistance is 150 !. Find the resistance
of each resistor.

17. In Figures 28.4 and 28.5, let !, let 
and let the battery have a terminal voltage of

33.0 V. (a) In the parallel circuit shown in Figure 28.5,
which resistor uses more power? (b) Verify that the sum
of the power (I 2R) used by each resistor equals the
power supplied by the battery (I "V ). (c) In the series
circuit, which resistor uses more power? (d) Verify that
the sum of the power (I 2R) used by each resistor equals

22.0 !,
R 2 #R 1 # 11.0

15. Calculate the power delivered to each resistor in the cir-
cuit shown in Figure P28.15.

10. Four copper wires of equal length are connected in se-
ries. Their cross-sectional areas are 1.00 cm2, 2.00 cm2,
3.00 cm2, and 5.00 cm2. If a voltage of 120 V is applied
to the arrangement, what is the voltage across the 
2.00-cm2 wire?

11. Three 100-! resistors are connected as shown in Figure
P28.11. The maximum power that can safely be deliv-
ered to any one resistor is 25.0 W. (a) What is the maxi-
mum voltage that can be applied to the terminals a and
b? (b) For the voltage determined in part (a), what is

of this value. All he has in his toolbox are a 500-! resis-
tor and two 250-! resistors. How can he obtain the de-
sired resistance using the resistors he has on hand?

8. A lightbulb marked “75 W [at] 120 V” is screwed into a
socket at one end of a long extension cord in which
each of the two conductors has a resistance of 0.800 !.
The other end of the extension cord is plugged into a
120-V outlet. Draw a circuit diagram, and find the actual
power delivered to the bulb in this circuit.

9. Consider the circuit shown in Figure P28.9. Find (a) the
current in the 20.0-! resistor and (b) the potential dif-
ference between points a and b.

the power delivered to each resistor? What is the total
power delivered?

12. Using only three resistors—2.00 !, 3.00 !, and 
4.00 !—find 17 resistance values that can be obtained
with various combinations of one or more resistors. Tab-
ulate the combinations in order of increasing resistance.

13. The current in a circuit is tripled by connecting a 500-!
resistor in parallel with the resistance of the circuit. De-
termine the resistance of the circuit in the absence of
the 500-! resistor.

14. The power delivered to the top part of the circuit shown
in Figure P28.14 does not depend on whether the switch
is opened or closed. If R # 1.00 !, what is R $? Neglect
the internal resistance of the voltage source.

9.00 Ω4.00 Ω

10.0 Ω

7.00 Ω

ba

2.00 Ω

18.0 V
3.00 Ω

4.00 Ω

1.00 Ω

ε

S R ′

R

R ′

a

100 Ω

100 Ω

100 Ω

b

20.0 Ω

a 10.0 Ω

10.0 Ω 25.0 V

5.00 Ω

b

5.00 Ω

Figure P28.6

Figure P28.9

Figure P28.11

Figure P28.14

Figure P28.15

I1

I2

I1

I2

I I

I=I1 +I2

d md m

Vab=Vad +Vdm+Vmb 

Vab=I(4Ω)+I(Reş)+I(9Ω) 

34V=1,98A.(4Ω)+Vdm+1,98A.(9Ω) 

Vdm = 8.26V

Vdm = 8.26V 

V=IR 

8.26V=I1.(7Ω) 

8.26V=I2.(10Ω) 

I1=1.18A 

I2=0.8A 18Dr. Çağın KAMIŞCIOĞLU, Fizik II, Doğru Akım Devreleri-1
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