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FARADAY YASASI
31.1 Faraday’s Law of Induction 981

circuit is either suddenly closed or suddenly opened. At the instant the switch is
closed, the galvanometer needle deflects in one direction and then returns to
zero. At the instant the switch is opened, the needle deflects in the opposite direc-
tion and again returns to zero. Finally, the galvanometer reads zero when there is
either a steady current or no current in the primary circuit. The key to under-
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Figure 31.1 (a) When a magnet is moved toward a loop of wire connected to a galvanometer,
the galvanometer deflects as shown, indicating that a current is induced in the loop. (b) When
the magnet is held stationary, there is no induced current in the loop, even when the magnet is
inside the loop. (c) When the magnet is moved away from the loop, the galvanometer deflects in
the opposite direction, indicating that the induced current is opposite that shown in part (a).
Changing the direction of the magnet’s motion changes the direction of the current induced by
that motion.

Figure 31.2 Faraday’s experiment. When the switch in the primary circuit is closed, the gal-
vanometer in the secondary circuit deflects momentarily. The emf induced in the secondary cir-
cuit is caused by the changing magnetic field through the secondary coil.

Michael Faraday (1791 – 1867)
Faraday, a British physicist and
chemist, is often regarded as the
greatest experimental scientist of the
1800s. His many contributions to the
study of electricity include the inven-
tion of the electric motor, electric
generator, and transformer, as well as
the discovery of electromagnetic in-
duction and the laws of electrolysis.
Greatly influenced by religion, he re-
fused to work on the development of
poison gas for the British military.
(By kind permission of the President and
Council of the Royal Society)
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FARADAY YASASI

20.1 FARADAY YASASI

Deneysel gözlemler:

(a) Mıknatıs çubuğu iletken çerçe-
veye yaklaştırdığımızda, çerçevede
bir akım oluşur.

Mıknatıs çubuk hareket etmezse
çerçevede akım oluşmaz. H

(b) Bataryaya bağlı 1. çerçevede
anahtar kapatılıp akım başlatıldı-
ğında, bataryasız 2. çerçevede akım
oluşur.

1. çerçeveden geçen akım sabit ise,
2. çerçevede akım oluşmaz. H

Her iki durumdan çıkan sonuç: Bir çerçeveden içinden geçen manyetik
alan çizgilerinde bir değişme olduğunda akım üretilir.
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FARADAY YASASI

Manyetik akı: Bir A yüzeyini dik kesen manyetik alan çiz-
gileri sayısıdır:

� =

Z

A yüzeyi
B dA cos ✓ (Manyetik akı)

✓ açısı manyetik alan vektörüyle yüzey
normali n̂ arasındaki açıdır. H

Faraday Yasası

İletken çerçeveyle çevrelenmiş bir yüzeyden geçen manyetik
akının zamana göre değişimi, bu çerçevede bir indüksiyon
elektromotor kuvveti oluşturur:

E = �d�
dt
"

Eksi işaretinin anlamı Lenz kuralı ile açıklanır.
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LENZ YASASI31.2 Motional EMF 987

Let us examine the system using energy considerations. Because no battery is
in the circuit, we might wonder about the origin of the induced current and the
electrical energy in the system. We can understand the source of this current and
energy by noting that the applied force does work on the conducting bar, thereby
moving charges through a magnetic field. Their movement through the field
causes the charges to move along the bar with some average drift velocity, and
hence a current is established. Because energy must be conserved, the work done
by the applied force on the bar during some time interval must equal the electrical
energy supplied by the induced emf during that same interval. Furthermore, if the
bar moves with constant speed, the work done on it must equal the energy deliv-
ered to the resistor during this time interval.

As it moves through the uniform magnetic field B, the bar experiences a mag-
netic force FB of magnitude I !B (see Section 29.2). The direction of this force is
opposite the motion of the bar, to the left in Figure 31.9a. Because the bar moves
with constant velocity, the applied force must be equal in magnitude and opposite
in direction to the magnetic force, or to the right in Figure 31.9a. (If FB acted in
the direction of motion, it would cause the bar to accelerate. Such a situation
would violate the principle of conservation of energy.) Using Equation 31.6 and
the fact that we find that the power delivered by the applied force is

(31.7)

From Equation 27.23, we see that this power is equal to the rate at which energy is
delivered to the resistor I 2R, as we would expect. It is also equal to the power 
supplied by the motional emf. This example is a clear demonstration of the con-
version of mechanical energy first to electrical energy and finally to internal en-
ergy in the resistor.

As an airplane flies from Los Angeles to Seattle, it passes through the Earth’s magnetic
field. As a result, a motional emf is developed between the wingtips. Which wingtip is posi-
tively charged?

Quick Quiz 31.2

I!
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Motional emf Induced in a Rotating BarEXAMPLE 31.4
A conducting bar of length ! rotates with a constant angular
speed # about a pivot at one end. A uniform magnetic field B
is directed perpendicular to the plane of rotation, as shown
in Figure 31.10. Find the motional emf induced between the
ends of the bar.

Solution Consider a segment of the bar of length dr hav-
ing a velocity v. According to Equation 31.5, the magnitude
of the emf induced in this segment is

Because every segment of the bar is moving perpendicular 
to B, an emf of the same form is generated across 
each. Summing the emfs induced across all segments, which
are in series, gives the total emf between the ends of 
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Figure 31.9 (a) A conducting
bar sliding with a velocity v along
two conducting rails under the ac-
tion of an applied force Fapp . The
magnetic force FB opposes the mo-
tion, and a counterclockwise cur-
rent I is induced in the loop. 
(b) The equivalent circuit diagram
for the setup shown in part (a).
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Figure 31.10 A conducting bar rotating around a pivot at one
end in a uniform magnetic field that is perpendicular to the plane of
rotation. A motional emf is induced across the ends of the bar.

Lenz Kuralı

İndüksiyon emk sının oluşturacağı akım, manyetik akıdaki
değişime karşı koyacak yönde olur. H

(a) Mıknatıs yaklaşırken, çerçeveden
geçen manyetik akı artmakta.
Çerçevedeki akımın B0 manyetik
alanı, bu artışa karşı koyacak yönde
olmalı ki artan akıyı azaltabilsin. H
Sağ-el kuralına göre, I 0 akımı göste-
rilen yönde olmalıdır.
Mıknatıs uzaklaşırken tersi olur. H

(b) Bataryaya bağlı çerçevedeki I
akımı artıyorsa, onun B manye-
tik alanına karşı koyacak yönde B0

alanı oluşmalıdır. H
O halde, ikinci çerçevede ters
yönde I 0 akımı oluşur.
I akımı azalırken tersi olur.

Üniversiteler İçin FİZİK II 21. FARADAY YASASI – İNDÜKSİYON 5 / 15

Dr. Çağın KAMIŞCIOĞLU, Fizik II, Faraday Yasası



LENZ YASASI

31.3 Lenz’s Law 991

vanometer indicates a clockwise (viewed from above) current in the solenoid. Is the person
inserting the magnet or pulling it out?

Application of Lenz’s LawCONCEPTUAL EXAMPLE 31.6
rection produces a magnetic field that is directed right to left
and so counteracts the decrease in the field produced by the
solenoid.

A metal ring is placed near a solenoid, as shown in Figure
31.15a. Find the direction of the induced current in the ring
(a) at the instant the switch in the circuit containing the sole-
noid is thrown closed, (b) after the switch has been closed
for several seconds, and (c) at the instant the switch is thrown
open.

Solution (a) At the instant the switch is thrown closed, the
situation changes from one in which no magnetic flux passes
through the ring to one in which flux passes through in the
direction shown in Figure 31.15b. To counteract this change
in the flux, the current induced in the ring must set up a
magnetic field directed from left to right in Figure 31.15b.
This requires a current directed as shown.

(b) After the switch has been closed for several seconds,
no change in the magnetic flux through the loop occurs;
hence, the induced current in the ring is zero.

(c) Opening the switch changes the situation from one in
which magnetic flux passes through the ring to one in which
there is no magnetic flux. The direction of the induced cur-
rent is as shown in Figure 31.15c because current in this di-

ε
(c)

(a) (b)
ε εSwitch

Figure 31.15

A Loop Moving Through a Magnetic FieldCONCEPTUAL EXAMPLE 31.7
netic force experienced by charges in the right side of the
loop. When the loop is entirely in the field, the change in
magnetic flux is zero, and hence the motional emf vanishes.
This happens because, once the left side of the loop enters
the field, the motional emf induced in it cancels the motional
emf present in the right side of the loop. As the right side of
the loop leaves the field, the flux inward begins to decrease, a
clockwise current is induced, and the induced emf is B!v. As
soon as the left side leaves the field, the emf decreases to
zero.

(c) The external force that must be applied to the loop to
maintain this motion is plotted in Figure 31.16d. Before the
loop enters the field, no magnetic force acts on it; hence, the
applied force must be zero if v is constant. When the right
side of the loop enters the field, the applied force necessary
to maintain constant speed must be equal in magnitude and
opposite in direction to the magnetic force exerted on that
side: When the loop is entirely in
the field, the flux through the loop is not changing with
time. Hence, the net emf induced in the loop is zero, and the
current also is zero. Therefore, no external force is needed to
maintain the motion. Finally, as the right side leaves the field,
the applied force must be equal in magnitude and opposite

FB ! "I!B ! "B2!2v/R .

A rectangular metallic loop of dimensions ! and w and resis-
tance R moves with constant speed v to the right, as shown in
Figure 31.16a, passing through a uniform magnetic field B
directed into the page and extending a distance 3w along the
x axis. Defining x as the position of the right side of the loop
along the x axis, plot as functions of x (a) the magnetic flux
through the area enclosed by the loop, (b) the induced mo-
tional emf, and (c) the external applied force necessary to
counter the magnetic force and keep v constant.

Solution (a) Figure 31.16b shows the flux through the
area enclosed by the loop as a function x . Before the loop en-
ters the field, the flux is zero. As the loop enters the field, the
flux increases linearly with position until the left edge of the
loop is just inside the field. Finally, the flux through the loop
decreases linearly to zero as the loop leaves the field.

(b) Before the loop enters the field, no motional emf is
induced in it because no field is present (Fig. 31.16c). As 
the right side of the loop enters the field, the magnetic 
flux directed into the page increases. Hence, according to
Lenz’s law, the induced current is counterclockwise because
it must produce a magnetic field directed out of the page.
The motional emf "B!v (from Eq. 31.5) arises from the mag-
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