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MIKNATISLIK

3

Aynı maddeden yapılmış mıknatıstan büyük olanı daha kuvvetli olacaktır. 

Mıknatıs demir, nikel ve kobaltı çeker 

Mıknatıslık etkisinin olduğu uçlara kutup adı verilir.
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Faraday, 1830'lardan başlayarak, elektrik alanı fikrini geliştirmede 
liderdi. İşte fikir:

Yüklü bir parçacık tüm boşluğa bir 
"alan" yayar

Yüklü başka bir parçacık alanı algılar 

ve ilk parçacığın orada olduğunu 

“bilir”.

+

+
-

aynı 
yükler

farklı 

yükler

F12

F21

F31

F13
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MANYETİK ALAN

Herhangi bir duran ya da hareket eden yüklü parçacığın etrafını bir elektrik alan 
sarmaktadır. Herhangi bir hareketli elektrik yükünün çevresindeki uzay bölgesi 
elektrik alana ek olarak bir de manyetik alan içerir. Herhangi bir manyetik maddeyi 
de saran bir manyetik alan vardır.

Tarihsel olarak, bir manyetik alanı temsil etmek için B harfi kullanılmaktadır.
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MANYETİK ALAN
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N kutbundan S kutbuna doğrudur 

Birbirlerini kesecek şekilde yönelmezler. 

Manyetik alana şiddeti çizgilerin sıklığına bağlıdır. Çizgi sıklığının arttığı yerde 

manyetik alan şiddeti büyük, seyrekleştiği yerde zayıftır. 
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DÜNYA’NIN MANYETIK ALANI
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MANYETİK ALAN

Uzayın bir noktasındaki B manyetik alanını bilmek istiyoruz. O halde orada 
bulunan bir deneme yükünü inceleyebiliriz. Yani bu alana bir deneme yükü koyarsak 
eğer manyetik alan bu yüke bir kuvvet uygulayacaktır. Uyguladığı kuvvet FB şeklinde 
ifade edilir. Deneme yükü v hızı ile hareket eden yüklü bir parçacık olarak alnabilir. 
Şimdilik yükün bulunduğu bölgede hiçbir elektrik alan ya ada yerçekim alanı 
bulunmadığını varsayalım. Bir manyetik alan içerisindeki hareket eden çeşitli yüklü 
parçacıklarin hareketeri ile ilgili deneyeler aşagıdakı sonuçlari vermektedir.

sürati ve q
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MANYETİK KUVVET

908 C H A P T E R  2 9 Magnetic Fields

• The magnetic force exerted on a positive charge is in the direction opposite the
direction of the magnetic force exerted on a negative charge moving in the
same direction (Fig. 29.3b).

• The magnitude of the magnetic force exerted on the moving particle is propor-
tional to sin !, where ! is the angle the particle’s velocity vector makes with the
direction of B.

We can summarize these observations by writing the magnetic force in the
form

(29.1)

where the direction of FB is in the direction of if q is positive, which by defi-
nition of the cross product (see Section 11.2) is perpendicular to both v and B.
We can regard this equation as an operational definition of the magnetic field at
some point in space. That is, the magnetic field is defined in terms of the force
acting on a moving charged particle.

Figure 29.4 reviews the right-hand rule for determining the direction of the
cross product You point the four fingers of your right hand along the direc-
tion of v with the palm facing B and curl them toward B. The extended thumb,
which is at a right angle to the fingers, points in the direction of Becausev ! B.

v ! B.

v ! B

FB " qv ! B

(b)

–

B

FB

v

(a)

+

FB

B

v

θ θ

Figure 29.4 The right-hand rule
for determining the direction of the
magnetic force acting
on a particle with charge q moving
with a velocity v in a magnetic field B.
The direction of is the direc-
tion in which the thumb points. (a) If
q is positive, FB is upward. (b) If q is
negative, FB is downward, antiparallel
to the direction in which the thumb
points.

v ! B

FB " qv ! B

The blue-white arc in this photograph indi-
cates the circular path followed by an elec-
tron beam moving in a magnetic field. The
vessel contains gas at very low pressure, and
the beam is made visible as the electrons
collide with the gas atoms, which then emit
visible light. The magnetic field is pro-
duced by two coils (not shown). The appa-
ratus can be used to measure the ratio e/me
for the electron.

B manyetik alanında  

hareket eden yüklü  

parçacığa etki eden 
kuvvet (vektör)

Parçacığın  

yükü 
(sayisal)

Parçacığın  

hızı (vektör)

Manyetik 

Alan (vektör)

Bu hesaplama arkadaşlara vektörel bir özellik göstermektedir.

9Dr. Çağın KAMIŞCIOĞLU, Fizik II, Manyetik Alan -1



STATİK ELEKTRİKHareketli Bir Yüke Etkiyen Manyetik Kuvvet

~F = q
⇣
~v ⇥ ~B

⌘

H

Kuvvet q yüküyle, v hızıyla ve B manyetik alanıyla orantılı.
Kuvvet ±q için zıt yönlerde. H
Büyüklüğü: Vektörel çarpım olduğundan: F = qvB sin ✓ H
Yönü: Sağ-el kuralı: Dört parmak birinci vektör (~v ) yönünde, avuç
içi ikinci vektör (~B) yönünde uzatıldığında, başparmak ~F yönünde. H
Manyetik alan birimi: B = F/(qv sin ✓) ifadesinden:

1
N

C ⇥m/s = 1
N

A ·m = 1 tesla = 1 T

Üniversiteler İçin FİZİK II 19. MANYETİK ALAN 3 / 7
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SAĞ EL KURALI

29.1 The Magnetic Field 907

• The magnitude and direction of FB depend on the velocity of the particle and
on the magnitude and direction of the magnetic field B.

• When a charged particle moves parallel to the magnetic field vector, the mag-
netic force acting on the particle is zero.

• When the particle’s velocity vector makes any angle with the magnetic
field, the magnetic force acts in a direction perpendicular to both v and B; that
is, FB is perpendicular to the plane formed by v and B (Fig. 29.3a).

! " 0

Properties of the magnetic force
on a charge moving in a magnetic
field B

Figure 29.2 (a) Magnetic field pattern surrounding a bar magnet as displayed with iron filings.
(b) Magnetic field pattern between unlike poles of two bar magnets. (c) Magnetic field pattern
between like poles of two bar magnets.

(a) (b) (c)

(a)

B
+ q

v

θ

(b)

B
–

v

v

+

FB

FB

FB

Figure 29.3 The direction of the magnetic force FB acting on a charged particle moving with a
velocity v in the presence of a magnetic field B. (a) The magnetic force is perpendicular to both
v and B. (b) Oppositely directed magnetic forces FB are exerted on two oppositely charged parti-
cles moving at the same velocity in a magnetic field.

908 C H A P T E R  2 9 Magnetic Fields

• The magnetic force exerted on a positive charge is in the direction opposite the
direction of the magnetic force exerted on a negative charge moving in the
same direction (Fig. 29.3b).

• The magnitude of the magnetic force exerted on the moving particle is propor-
tional to sin !, where ! is the angle the particle’s velocity vector makes with the
direction of B.

We can summarize these observations by writing the magnetic force in the
form

(29.1)

where the direction of FB is in the direction of if q is positive, which by defi-
nition of the cross product (see Section 11.2) is perpendicular to both v and B.
We can regard this equation as an operational definition of the magnetic field at
some point in space. That is, the magnetic field is defined in terms of the force
acting on a moving charged particle.

Figure 29.4 reviews the right-hand rule for determining the direction of the
cross product You point the four fingers of your right hand along the direc-
tion of v with the palm facing B and curl them toward B. The extended thumb,
which is at a right angle to the fingers, points in the direction of Becausev ! B.
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FB " qv ! B
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Figure 29.4 The right-hand rule
for determining the direction of the
magnetic force acting
on a particle with charge q moving
with a velocity v in a magnetic field B.
The direction of is the direc-
tion in which the thumb points. (a) If
q is positive, FB is upward. (b) If q is
negative, FB is downward, antiparallel
to the direction in which the thumb
points.

v ! B

FB " qv ! B

The blue-white arc in this photograph indi-
cates the circular path followed by an elec-
tron beam moving in a magnetic field. The
vessel contains gas at very low pressure, and
the beam is made visible as the electrons
collide with the gas atoms, which then emit
visible light. The magnetic field is pro-
duced by two coils (not shown). The appa-
ratus can be used to measure the ratio e/me
for the electron.

yük pozitif
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SAĞ EL KURALI
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the beam is made visible as the electrons
collide with the gas atoms, which then emit
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29.1 The Magnetic Field 907

• The magnitude and direction of FB depend on the velocity of the particle and
on the magnitude and direction of the magnetic field B.

• When a charged particle moves parallel to the magnetic field vector, the mag-
netic force acting on the particle is zero.

• When the particle’s velocity vector makes any angle with the magnetic
field, the magnetic force acts in a direction perpendicular to both v and B; that
is, FB is perpendicular to the plane formed by v and B (Fig. 29.3a).

! " 0

Properties of the magnetic force
on a charge moving in a magnetic
field B

Figure 29.2 (a) Magnetic field pattern surrounding a bar magnet as displayed with iron filings.
(b) Magnetic field pattern between unlike poles of two bar magnets. (c) Magnetic field pattern
between like poles of two bar magnets.
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Figure 29.3 The direction of the magnetic force FB acting on a charged particle moving with a
velocity v in the presence of a magnetic field B. (a) The magnetic force is perpendicular to both
v and B. (b) Oppositely directed magnetic forces FB are exerted on two oppositely charged parti-
cles moving at the same velocity in a magnetic field.

yük negatif
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MANYETİK ALAN

13Dr. Çağın KAMIŞCIOĞLU, Fizik II, Manyetik Alan -1



MANYETİK KUVVET

FB= |q|vBsin𝜃

bağıntısi  ile verilir. Burada 𝜃, v ile B arasındaki açıdır. Bu eşitlikten v, B’ye paralel 
ya da antiparalel olduğunda (𝜃=0 veya 𝜃=180) F’ nin sıfır olduğunu görürüz. Öte 
yandan v’ B’ye dik olduğunda (𝜃=90) kuvvet maksimum değerini alır.

𝜃=0
𝜃=180

𝜃=90

B
B

B

v

v

v
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ELEKTRIK VE MANYETIK ALAN
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ELEKTRIK VE MANYETIK ALANElektrik alan “birim yüke etkiyen kuvvet" olarak da düşünülebilir. H

Elektrik alan birimi: newton/coulomb (N/C) . H

~F = q ~E tanımına göre:

• Konulan q yükü pozitif ise, ~E ile ~F aynı yönde,

• q yükü negatif ise, ~E ile ~F zıt yönde olurlar.

Basit kural:

Pozitif yükler daima elektrik alan yönünde gitmek isterler,
negatif yükler ters yönde.

Üniversiteler İçin FİZİK II 14. ELEKTRİK ALAN 12 / 18

Hareketli Bir Yüke Etkiyen Manyetik Kuvvet

~F = q
⇣
~v ⇥ ~B

⌘

H

Kuvvet q yüküyle, v hızıyla ve B manyetik alanıyla orantılı.
Kuvvet ±q için zıt yönlerde. H
Büyüklüğü: Vektörel çarpım olduğundan: F = qvB sin ✓ H
Yönü: Sağ-el kuralı: Dört parmak birinci vektör (~v ) yönünde, avuç
içi ikinci vektör (~B) yönünde uzatıldığında, başparmak ~F yönünde. H
Manyetik alan birimi: B = F/(qv sin ✓) ifadesinden:

1
N

C ⇥m/s = 1
N

A ·m = 1 tesla = 1 T

Üniversiteler İçin FİZİK II 19. MANYETİK ALAN 3 / 7

Elektrik Kuvveti

Manyetik Kuvvet
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BIR ÖRNEK
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910 C H A P T E R  2 9 Magnetic Fields

MAGNETIC FORCE ACTING ON A
CURRENT-CARRYING CONDUCTOR

If a magnetic force is exerted on a single charged particle when the particle moves
through a magnetic field, it should not surprise you that a current-carrying wire
also experiences a force when placed in a magnetic field. This follows from the
fact that the current is a collection of many charged particles in motion; hence,
the resultant force exerted by the field on the wire is the vector sum of the individ-
ual forces exerted on all the charged particles making up the current. The force
exerted on the particles is transmitted to the wire when the particles collide with
the atoms making up the wire.

Before we continue our discussion, some explanation of the notation used in
this book is in order. To indicate the direction of B in illustrations, we sometimes
present perspective views, such as those in Figures 29.5, 29.6a, and 29.7. In flat il-

29.2

12.3

TABLE 29.1 Some Approximate Magnetic Field Magnitudes

Source of Field Field Magnitude (T)

Strong superconducting laboratory magnet 30
Strong conventional laboratory magnet 2
Medical MRI unit 1.5
Bar magnet 10!2

Surface of the Sun 10!2

Surface of the Earth 0.5 " 10!4

Inside human brain (due to nerve impulses) 10!13

An Electron Moving in a Magnetic FieldEXAMPLE 29.1

in the negative z direction.

3.1 " 1016 m/s2a #
FB

me
#

2.8 " 10!14 N
9.11 " 10!31 kg

#
An electron in a television picture tube moves toward the
front of the tube with a speed of 8.0 " 106 m/s along the x
axis (Fig. 29.5). Surrounding the neck of the tube are coils of
wire that create a magnetic field of magnitude 0.025 T, di-
rected at an angle of 60° to the x axis and lying in the xy
plane. Calculate the magnetic force on and acceleration of
the electron.

Solution Using Equation 29.2, we can find the magnitude
of the magnetic force:

Because is in the positive z direction (from the right-
hand rule) and the charge is negative, FB is in the negative z
direction.

The mass of the electron is 9.11 " 10!31 kg, and so its ac-
celeration is

v ! B

2.8 " 10!14 N  #

 # (1.6 " 10!19 C)(8.0 " 106 m/s)(0.025 T )(sin 60$)

FB # ! q !vB sin % 

z

B

v

y

x

FB

60°

–e

Figure 29.5 The magnetic force FB acting on the electron is in
the negative z direction when v and B lie in the xy plane.
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YÜKLÜ PARÇACIĞIN DÜZGÜN BİR MANYETIK ALANDA HAREKETI

Düzgün bir manyetik alan içerisindeki hareket eden pozitif yüklü bir parçacık ele alalim, 

parcacığın hız vektörü başlangiçta alana dik olsun. Manyetik alan sayfanin içine doğru 
29.4 Motion of a Charged Particle in a Uniform Magnetic Field 919

keep the charge moving in a circle:

(29.13)

That is, the radius of the path is proportional to the linear momentum mv of the
particle and inversely proportional to the magnitude of the charge on the particle
and to the magnitude of the magnetic field. The angular speed of the particle
(from Eq. 10.10) is

(29.14)

The period of the motion (the time that the particle takes to complete one revolu-
tion) is equal to the circumference of the circle divided by the linear speed of the
particle:

(29.15)

These results show that the angular speed of the particle and the period of the cir-
cular motion do not depend on the linear speed of the particle or on the radius of
the orbit. The angular speed ! is often referred to as the cyclotron frequency be-
cause charged particles circulate at this angular speed in the type of accelerator
called a cyclotron, which is discussed in Section 29.5.

If a charged particle moves in a uniform magnetic field with its velocity at
some arbitrary angle with respect to B, its path is a helix. For example, if the field
is directed in the x direction, as shown in Figure 29.18, there is no component of
force in the x direction. As a result, and the x component of velocity re-
mains constant. However, the magnetic force causes the components vy
and vz to change in time, and the resulting motion is a helix whose axis is parallel
to the magnetic field. The projection of the path onto the yz plane (viewed along
the x axis) is a circle. (The projections of the path onto the xy and xz planes are si-
nusoids!) Equations 29.13 to 29.15 still apply provided that v is replaced by 
v! " "vy 

2 # vz 

2.

qv ! B
ax " 0,

T "
2$r

v
"
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"
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qB

! "
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+

× × × × ×
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×
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FB
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FB

Figure 29.17 When the velocity
of a charged particle is perpendicu-
lar to a uniform magnetic field, the
particle moves in a circular path in
a plane perpendicular to B. The
magnetic force FB acting on the
charge is always directed toward
the center of the circle.

Figure 29.18 A charged particle
having a velocity vector that has a
component parallel to a uniform
magnetic field moves in a helical
path.

Helical
path

B

x
+qz

y

+

A Proton Moving Perpendicular to a Uniform Magnetic FieldEXAMPLE 29.6
Exercise If an electron moves in a direction perpendicular
to the same magnetic field with this same linear speed, what
is the radius of its circular orbit?

Answer 7.6 & 10'5 m.

A proton is moving in a circular orbit of radius 14 cm in a
uniform 0.35-T magnetic field perpendicular to the velocity
of the proton. Find the linear speed of the proton.

Solution From Equation 29.13, we have

4.7 & 106 m/s"

v "
qBr
mp

"
(1.60 & 10'19 C)(0.35 T )(14 & 10'2 m)

1.67 & 10'27 kg

Görüldüğü üzere 

parçacık manyetik alana  

dik  bir düzlemde çembersel 

bir hareket yapacaktir.
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• The magnetic force exerted on a positive charge is in the direction opposite the
direction of the magnetic force exerted on a negative charge moving in the
same direction (Fig. 29.3b).

• The magnitude of the magnetic force exerted on the moving particle is propor-
tional to sin !, where ! is the angle the particle’s velocity vector makes with the
direction of B.

We can summarize these observations by writing the magnetic force in the
form

(29.1)

where the direction of FB is in the direction of if q is positive, which by defi-
nition of the cross product (see Section 11.2) is perpendicular to both v and B.
We can regard this equation as an operational definition of the magnetic field at
some point in space. That is, the magnetic field is defined in terms of the force
acting on a moving charged particle.

Figure 29.4 reviews the right-hand rule for determining the direction of the
cross product You point the four fingers of your right hand along the direc-
tion of v with the palm facing B and curl them toward B. The extended thumb,
which is at a right angle to the fingers, points in the direction of Becausev ! B.

v ! B.

v ! B

FB " qv ! B

(b)

–

B

FB

v

(a)

+

FB

B

v

θ θ

Figure 29.4 The right-hand rule
for determining the direction of the
magnetic force acting
on a particle with charge q moving
with a velocity v in a magnetic field B.
The direction of is the direc-
tion in which the thumb points. (a) If
q is positive, FB is upward. (b) If q is
negative, FB is downward, antiparallel
to the direction in which the thumb
points.

v ! B

FB " qv ! B

The blue-white arc in this photograph indi-
cates the circular path followed by an elec-
tron beam moving in a magnetic field. The
vessel contains gas at very low pressure, and
the beam is made visible as the electrons
collide with the gas atoms, which then emit
visible light. The magnetic field is pro-
duced by two coils (not shown). The appa-
ratus can be used to measure the ratio e/me
for the electron.

sağ el kuralı
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Parçacık manyetik kuvvet etkisi altında dairesel bir hareket 

yapmaktadir. O halde bu manyetik kuvveti merkezcil kuvvete 

eşitleyebiliriz. 
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keep the charge moving in a circle:

(29.13)

That is, the radius of the path is proportional to the linear momentum mv of the
particle and inversely proportional to the magnitude of the charge on the particle
and to the magnitude of the magnetic field. The angular speed of the particle
(from Eq. 10.10) is

(29.14)

The period of the motion (the time that the particle takes to complete one revolu-
tion) is equal to the circumference of the circle divided by the linear speed of the
particle:

(29.15)

These results show that the angular speed of the particle and the period of the cir-
cular motion do not depend on the linear speed of the particle or on the radius of
the orbit. The angular speed ! is often referred to as the cyclotron frequency be-
cause charged particles circulate at this angular speed in the type of accelerator
called a cyclotron, which is discussed in Section 29.5.

If a charged particle moves in a uniform magnetic field with its velocity at
some arbitrary angle with respect to B, its path is a helix. For example, if the field
is directed in the x direction, as shown in Figure 29.18, there is no component of
force in the x direction. As a result, and the x component of velocity re-
mains constant. However, the magnetic force causes the components vy
and vz to change in time, and the resulting motion is a helix whose axis is parallel
to the magnetic field. The projection of the path onto the yz plane (viewed along
the x axis) is a circle. (The projections of the path onto the xy and xz planes are si-
nusoids!) Equations 29.13 to 29.15 still apply provided that v is replaced by 
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Figure 29.17 When the velocity
of a charged particle is perpendicu-
lar to a uniform magnetic field, the
particle moves in a circular path in
a plane perpendicular to B. The
magnetic force FB acting on the
charge is always directed toward
the center of the circle.

Figure 29.18 A charged particle
having a velocity vector that has a
component parallel to a uniform
magnetic field moves in a helical
path.
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A Proton Moving Perpendicular to a Uniform Magnetic FieldEXAMPLE 29.6
Exercise If an electron moves in a direction perpendicular
to the same magnetic field with this same linear speed, what
is the radius of its circular orbit?

Answer 7.6 & 10'5 m.

A proton is moving in a circular orbit of radius 14 cm in a
uniform 0.35-T magnetic field perpendicular to the velocity
of the proton. Find the linear speed of the proton.

Solution From Equation 29.13, we have

4.7 & 106 m/s"

v "
qBr
mp

"
(1.60 & 10'19 C)(0.35 T )(14 & 10'2 m)

1.67 & 10'27 kg

yörüngenin yariçapı

😉
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cause charged particles circulate at this angular speed in the type of accelerator
called a cyclotron, which is discussed in Section 29.5.
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some arbitrary angle with respect to B, its path is a helix. For example, if the field
is directed in the x direction, as shown in Figure 29.18, there is no component of
force in the x direction. As a result, and the x component of velocity re-
mains constant. However, the magnetic force causes the components vy
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A Proton Moving Perpendicular to a Uniform Magnetic FieldEXAMPLE 29.6
Exercise If an electron moves in a direction perpendicular
to the same magnetic field with this same linear speed, what
is the radius of its circular orbit?

Answer 7.6 & 10'5 m.

A proton is moving in a circular orbit of radius 14 cm in a
uniform 0.35-T magnetic field perpendicular to the velocity
of the proton. Find the linear speed of the proton.

Solution From Equation 29.13, we have
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the orbit. The angular speed ! is often referred to as the cyclotron frequency be-
cause charged particles circulate at this angular speed in the type of accelerator
called a cyclotron, which is discussed in Section 29.5.

If a charged particle moves in a uniform magnetic field with its velocity at
some arbitrary angle with respect to B, its path is a helix. For example, if the field
is directed in the x direction, as shown in Figure 29.18, there is no component of
force in the x direction. As a result, and the x component of velocity re-
mains constant. However, the magnetic force causes the components vy
and vz to change in time, and the resulting motion is a helix whose axis is parallel
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Exercise If an electron moves in a direction perpendicular
to the same magnetic field with this same linear speed, what
is the radius of its circular orbit?

Answer 7.6 & 10'5 m.

A proton is moving in a circular orbit of radius 14 cm in a
uniform 0.35-T magnetic field perpendicular to the velocity
of the proton. Find the linear speed of the proton.

Solution From Equation 29.13, we have
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That is, the radius of the path is proportional to the linear momentum mv of the
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These results show that the angular speed of the particle and the period of the cir-
cular motion do not depend on the linear speed of the particle or on the radius of
the orbit. The angular speed ! is often referred to as the cyclotron frequency be-
cause charged particles circulate at this angular speed in the type of accelerator
called a cyclotron, which is discussed in Section 29.5.

If a charged particle moves in a uniform magnetic field with its velocity at
some arbitrary angle with respect to B, its path is a helix. For example, if the field
is directed in the x direction, as shown in Figure 29.18, there is no component of
force in the x direction. As a result, and the x component of velocity re-
mains constant. However, the magnetic force causes the components vy
and vz to change in time, and the resulting motion is a helix whose axis is parallel
to the magnetic field. The projection of the path onto the yz plane (viewed along
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A Proton Moving Perpendicular to a Uniform Magnetic FieldEXAMPLE 29.6
Exercise If an electron moves in a direction perpendicular
to the same magnetic field with this same linear speed, what
is the radius of its circular orbit?

Answer 7.6 & 10'5 m.

A proton is moving in a circular orbit of radius 14 cm in a
uniform 0.35-T magnetic field perpendicular to the velocity
of the proton. Find the linear speed of the proton.

Solution From Equation 29.13, we have
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(1.60 & 10'19 C)(0.35 T )(14 & 10'2 m)
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hareketin periyoduhareketin acısal hizi
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keep the charge moving in a circle:
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That is, the radius of the path is proportional to the linear momentum mv of the
particle and inversely proportional to the magnitude of the charge on the particle
and to the magnitude of the magnetic field. The angular speed of the particle
(from Eq. 10.10) is

(29.14)

The period of the motion (the time that the particle takes to complete one revolu-
tion) is equal to the circumference of the circle divided by the linear speed of the
particle:
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These results show that the angular speed of the particle and the period of the cir-
cular motion do not depend on the linear speed of the particle or on the radius of
the orbit. The angular speed ! is often referred to as the cyclotron frequency be-
cause charged particles circulate at this angular speed in the type of accelerator
called a cyclotron, which is discussed in Section 29.5.

If a charged particle moves in a uniform magnetic field with its velocity at
some arbitrary angle with respect to B, its path is a helix. For example, if the field
is directed in the x direction, as shown in Figure 29.18, there is no component of
force in the x direction. As a result, and the x component of velocity re-
mains constant. However, the magnetic force causes the components vy
and vz to change in time, and the resulting motion is a helix whose axis is parallel
to the magnetic field. The projection of the path onto the yz plane (viewed along
the x axis) is a circle. (The projections of the path onto the xy and xz planes are si-
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A Proton Moving Perpendicular to a Uniform Magnetic FieldEXAMPLE 29.6
Exercise If an electron moves in a direction perpendicular
to the same magnetic field with this same linear speed, what
is the radius of its circular orbit?
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A proton is moving in a circular orbit of radius 14 cm in a
uniform 0.35-T magnetic field perpendicular to the velocity
of the proton. Find the linear speed of the proton.

Solution From Equation 29.13, we have
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cular motion do not depend on the linear speed of the particle or on the radius of
the orbit. The angular speed ! is often referred to as the cyclotron frequency be-
cause charged particles circulate at this angular speed in the type of accelerator
called a cyclotron, which is discussed in Section 29.5.

If a charged particle moves in a uniform magnetic field with its velocity at
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is directed in the x direction, as shown in Figure 29.18, there is no component of
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A Proton Moving Perpendicular to a Uniform Magnetic FieldEXAMPLE 29.6
Exercise If an electron moves in a direction perpendicular
to the same magnetic field with this same linear speed, what
is the radius of its circular orbit?

Answer 7.6 & 10'5 m.

A proton is moving in a circular orbit of radius 14 cm in a
uniform 0.35-T magnetic field perpendicular to the velocity
of the proton. Find the linear speed of the proton.

Solution From Equation 29.13, we have

4.7 & 106 m/s"

v "
qBr
mp

"
(1.60 & 10'19 C)(0.35 T )(14 & 10'2 m)

1.67 & 10'27 kg

B=2𝜋m/qT= 6.56x10-2 T
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