
4. The points must be along a line parallel to the wire and a distance r from it, where r satisfies

Bwire =
µ0i

2πr
= Bext ,

or

r =
µ0i

2πBext
=

(1.26 × 10−6 T·m/A)(100A)
2π(5.0 × 10−3 T)

= 4.0 × 10−3 m .



9. Recalling the straight sections discussion in Sample Problem 30-1, we see that the current in the straight
segments colinear with P do not contribute to the field at that point. Using Eq. 30-11 (with φ = θ)
and the right-hand rule, we find that the current in the semicircular arc of radius b contributes µ0iθ/4πb
(out of the page) to the field at P . Also, the current in the large radius arc contributes µ0iθ/4πa (into
the page) to the field there. Thus, the net field at P is


B =
µ0iθ

4π

(
1
b

− 1
a

)
out of the page .



27. We use Eq. 30-15 and the superposition of forces: �F4 = �F14 + �F24 + �F34. With θ = 45◦, the situation is
as shown below:

y

x

1 2
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The components of �F4 are given by

F4x = −F43 − F42 cos θ

= −µ0i
2

2πa
− µ0i

2 cos 45◦

2
√
2πa

= −3µ0i
2

4πa

and

F4y = F41 − F42 sin θ

=
µ0i

2

2πa
− µ0i

2 sin 45◦

2
√
2πa

=
µ0i

2

4πa
.

Thus,

F4 = (F 2
4x + F 2

4y)
1/2 =

[(
−3µ0i

2

4πa

)2

+
(

µ0i
2

4πa

)2
]1/2

=
√
10µ0i

2

4πa
,

and �F4 makes an angle φ with the positive x axis, where

φ = tan−1
(

F4y

F4x

)
= tan−1

(
−1
3

)
= 162◦ .



30. A close look at the path reveals that only currents 1, 3, 6 and 7 are enclosed. Thus, noting the different
current directions described in the problem, we obtain

∮
�B · d�s = µ0(7i − 6i+ 3i+ i) = 5µ0i .



40. It is possible (though tedious) to use Eq. 30-28 and evaluate the contributions (with the intent to sum
them) of all 1200 loops to the field at, say, the center of the solenoid. This would make use of all the
information given in the problem statement, but this is not the method that the student is expected to
use here. Instead, Eq. 30-25 for the ideal solenoid (which does not make use of the coil radius) is the
preferred method:

B = µ0in = µ0i

(
N

�

)

where i = 3.60 A, � = 0.950 m and N = 1200. This yields B = 0.00571 T.



56. (a) By the right-hand rule, �B points into the paper at P (see Fig. 30-6(c)). To find the magnitude
of the field, we use Eq. 30-11 for each semicircle (φ = π rad), and use superposition to obtain the
result:

B =
µ0iπ

4πa
+

µ0iπ

4πb
=

µ0i

4

(
1
a
+
1
b

)
.

(b) The direction of �µ is the same as the �B found in part (a): into the paper. The enclosed area is
A = (πa2 + πb2)/2 which means the magnetic dipole moment has magnitude

|�µ| = π i

2
(
a2 + b2) .


	Main Menu
	Chapter 1 Measurement
	Chapter 2 Motion Along a Straight Line
	Chapter 3 Vectors
	Chapter 4 Motion in Two and Three Dimensions
	Chapter 5 Force and Motion I
	Chapter 6 Force and Motion II
	Chapter 7 Kinetic Energy and Work
	Chapter 8 Potential Energy and Conservation of Energy
	Chapter 9 Systems of Particles
	Chapter 10 Collisions
	Chapter 11 Rotation
	Chapter 12 Rolling, Torque, and Angular Momentum
	Chapter 13 Equilibrium and Elasticity
	Chapter 14 Gravitation
	Chapter 15 Fluids
	Chapter 16 Oscillations
	Chapter 17 Waves—I
	Chapter 18 Waves—II
	Chapter 19 Temperature, Heat, and the First Law of Thermodynamics
	Chapter 20 The Kinetic Theory of Gases
	Chapter 21 Entropy and the Second Law of Thermodynamics
	Chapter 22 Electric Charge
	Chapter 23 Electric Fields
	Chapter 24 Gauss’ Law
	Chapter 25 Electric Potential
	Chapter 26 Capacitance
	Chapter 27 Current and Resistance
	Chapter 28 Circuits
	Chapter 29 Magnetic Fields
	Chapter 30 Magnetic Fields Due to Currents
	30.1 - 30.10
	30.1
	30.2
	30.3
	30.4
	30.5
	30.6
	30.7
	30.8
	30.9
	30.10

	30.11 - 30.20
	30.11
	30.12
	30.13
	30.14
	30.15
	30.16
	30.17
	30.18
	30.19
	30.20

	30.21 - 30.30
	30.21
	30.22
	30.23
	30.24
	30.25
	30.26
	30.27
	30.28
	30.29
	30.30

	30.31 - 30.40
	30.31
	30.32
	30.33
	30.34
	30.35
	30.36
	30.37
	30.38
	30.39
	30.40

	30.41 - 30.50
	30.41
	30.42
	30.43
	30.44
	30.45
	30.46
	30.47
	30.48
	30.49
	30.50

	30.51 - 30.60
	30.51
	30.52
	30.53
	30.54
	30.55
	30.56
	30.57
	30.58
	30.59
	30.60

	30.61 - 30.70
	30.61
	30.62
	30.63
	30.64
	30.65
	30.66
	30.67
	30.68
	30.69
	30.70

	30.71 - 30.80
	30.71
	30.72
	30.73
	30.74
	30.75
	30.76
	30.77
	30.78
	30.79
	30.80


	Chapter 31 Induction and Inductance
	Chapter 32 Magnetism of Matter: Maxwell’s Equation
	Chapter 33 Electromagnetic Oscillations and Alternating Current
	Chapter 34 Electromagnetic Waves
	Chapter 35 Images
	Chapter 36 Interference
	Chapter 37 Diffraction
	Chapter 38 Special Theory of Relativity
	Chapter 39 Photons and Matter Waves
	Chapter 40 More About Matter Waves
	Chapter 41 All About Atoms
	Chapter 42 Conduction of Electricity in Solids
	Chapter 43 Nuclear Physics
	Chapter 44 Energy from the Nucleus
	Chapter 45 Quarks, Leptons, and the Big Bang
	P30_009.pdf
	Main Menu
	Chapter 1 Measurement
	Chapter 2 Motion Along a Straight Line
	Chapter 3 Vectors
	Chapter 4 Motion in Two and Three Dimensions
	Chapter 5 Force and Motion I
	Chapter 6 Force and Motion II
	Chapter 7 Kinetic Energy and Work
	Chapter 8 Potential Energy and Conservation of Energy
	Chapter 9 Systems of Particles
	Chapter 10 Collisions
	Chapter 11 Rotation
	Chapter 12 Rolling, Torque, and Angular Momentum
	Chapter 13 Equilibrium and Elasticity
	Chapter 14 Gravitation
	Chapter 15 Fluids
	Chapter 16 Oscillations
	Chapter 17 Waves—I
	Chapter 18 Waves—II
	Chapter 19 Temperature, Heat, and the First Law of Thermodynamics
	Chapter 20 The Kinetic Theory of Gases
	Chapter 21 Entropy and the Second Law of Thermodynamics
	Chapter 22 Electric Charge
	Chapter 23 Electric Fields
	Chapter 24 Gauss’ Law
	Chapter 25 Electric Potential
	Chapter 26 Capacitance
	Chapter 27 Current and Resistance
	Chapter 28 Circuits
	Chapter 29 Magnetic Fields
	Chapter 30 Magnetic Fields Due to Currents
	30.1 - 30.10
	30.1
	30.2
	30.3
	30.4
	30.5
	30.6
	30.7
	30.8
	30.9
	30.10

	30.11 - 30.20
	30.11
	30.12
	30.13
	30.14
	30.15
	30.16
	30.17
	30.18
	30.19
	30.20

	30.21 - 30.30
	30.21
	30.22
	30.23
	30.24
	30.25
	30.26
	30.27
	30.28
	30.29
	30.30

	30.31 - 30.40
	30.31
	30.32
	30.33
	30.34
	30.35
	30.36
	30.37
	30.38
	30.39
	30.40

	30.41 - 30.50
	30.41
	30.42
	30.43
	30.44
	30.45
	30.46
	30.47
	30.48
	30.49
	30.50

	30.51 - 30.60
	30.51
	30.52
	30.53
	30.54
	30.55
	30.56
	30.57
	30.58
	30.59
	30.60

	30.61 - 30.70
	30.61
	30.62
	30.63
	30.64
	30.65
	30.66
	30.67
	30.68
	30.69
	30.70

	30.71 - 30.80
	30.71
	30.72
	30.73
	30.74
	30.75
	30.76
	30.77
	30.78
	30.79
	30.80


	Chapter 31 Induction and Inductance
	Chapter 32 Magnetism of Matter: Maxwell’s Equation
	Chapter 33 Electromagnetic Oscillations and Alternating Current
	Chapter 34 Electromagnetic Waves
	Chapter 35 Images
	Chapter 36 Interference
	Chapter 37 Diffraction
	Chapter 38 Special Theory of Relativity
	Chapter 39 Photons and Matter Waves
	Chapter 40 More About Matter Waves
	Chapter 41 All About Atoms
	Chapter 42 Conduction of Electricity in Solids
	Chapter 43 Nuclear Physics
	Chapter 44 Energy from the Nucleus
	Chapter 45 Quarks, Leptons, and the Big Bang

	P30_027.pdf
	Main Menu
	Chapter 1 Measurement
	Chapter 2 Motion Along a Straight Line
	Chapter 3 Vectors
	Chapter 4 Motion in Two and Three Dimensions
	Chapter 5 Force and Motion I
	Chapter 6 Force and Motion II
	Chapter 7 Kinetic Energy and Work
	Chapter 8 Potential Energy and Conservation of Energy
	Chapter 9 Systems of Particles
	Chapter 10 Collisions
	Chapter 11 Rotation
	Chapter 12 Rolling, Torque, and Angular Momentum
	Chapter 13 Equilibrium and Elasticity
	Chapter 14 Gravitation
	Chapter 15 Fluids
	Chapter 16 Oscillations
	Chapter 17 Waves—I
	Chapter 18 Waves—II
	Chapter 19 Temperature, Heat, and the First Law of Thermodynamics
	Chapter 20 The Kinetic Theory of Gases
	Chapter 21 Entropy and the Second Law of Thermodynamics
	Chapter 22 Electric Charge
	Chapter 23 Electric Fields
	Chapter 24 Gauss’ Law
	Chapter 25 Electric Potential
	Chapter 26 Capacitance
	Chapter 27 Current and Resistance
	Chapter 28 Circuits
	Chapter 29 Magnetic Fields
	Chapter 30 Magnetic Fields Due to Currents
	30.1 - 30.10
	30.1
	30.2
	30.3
	30.4
	30.5
	30.6
	30.7
	30.8
	30.9
	30.10

	30.11 - 30.20
	30.11
	30.12
	30.13
	30.14
	30.15
	30.16
	30.17
	30.18
	30.19
	30.20

	30.21 - 30.30
	30.21
	30.22
	30.23
	30.24
	30.25
	30.26
	30.27
	30.28
	30.29
	30.30

	30.31 - 30.40
	30.31
	30.32
	30.33
	30.34
	30.35
	30.36
	30.37
	30.38
	30.39
	30.40

	30.41 - 30.50
	30.41
	30.42
	30.43
	30.44
	30.45
	30.46
	30.47
	30.48
	30.49
	30.50

	30.51 - 30.60
	30.51
	30.52
	30.53
	30.54
	30.55
	30.56
	30.57
	30.58
	30.59
	30.60

	30.61 - 30.70
	30.61
	30.62
	30.63
	30.64
	30.65
	30.66
	30.67
	30.68
	30.69
	30.70

	30.71 - 30.80
	30.71
	30.72
	30.73
	30.74
	30.75
	30.76
	30.77
	30.78
	30.79
	30.80


	Chapter 31 Induction and Inductance
	Chapter 32 Magnetism of Matter: Maxwell’s Equation
	Chapter 33 Electromagnetic Oscillations and Alternating Current
	Chapter 34 Electromagnetic Waves
	Chapter 35 Images
	Chapter 36 Interference
	Chapter 37 Diffraction
	Chapter 38 Special Theory of Relativity
	Chapter 39 Photons and Matter Waves
	Chapter 40 More About Matter Waves
	Chapter 41 All About Atoms
	Chapter 42 Conduction of Electricity in Solids
	Chapter 43 Nuclear Physics
	Chapter 44 Energy from the Nucleus
	Chapter 45 Quarks, Leptons, and the Big Bang

	P30_030.pdf
	Main Menu
	Chapter 1 Measurement
	Chapter 2 Motion Along a Straight Line
	Chapter 3 Vectors
	Chapter 4 Motion in Two and Three Dimensions
	Chapter 5 Force and Motion I
	Chapter 6 Force and Motion II
	Chapter 7 Kinetic Energy and Work
	Chapter 8 Potential Energy and Conservation of Energy
	Chapter 9 Systems of Particles
	Chapter 10 Collisions
	Chapter 11 Rotation
	Chapter 12 Rolling, Torque, and Angular Momentum
	Chapter 13 Equilibrium and Elasticity
	Chapter 14 Gravitation
	Chapter 15 Fluids
	Chapter 16 Oscillations
	Chapter 17 Waves—I
	Chapter 18 Waves—II
	Chapter 19 Temperature, Heat, and the First Law of Thermodynamics
	Chapter 20 The Kinetic Theory of Gases
	Chapter 21 Entropy and the Second Law of Thermodynamics
	Chapter 22 Electric Charge
	Chapter 23 Electric Fields
	Chapter 24 Gauss’ Law
	Chapter 25 Electric Potential
	Chapter 26 Capacitance
	Chapter 27 Current and Resistance
	Chapter 28 Circuits
	Chapter 29 Magnetic Fields
	Chapter 30 Magnetic Fields Due to Currents
	30.1 - 30.10
	30.1
	30.2
	30.3
	30.4
	30.5
	30.6
	30.7
	30.8
	30.9
	30.10

	30.11 - 30.20
	30.11
	30.12
	30.13
	30.14
	30.15
	30.16
	30.17
	30.18
	30.19
	30.20

	30.21 - 30.30
	30.21
	30.22
	30.23
	30.24
	30.25
	30.26
	30.27
	30.28
	30.29
	30.30

	30.31 - 30.40
	30.31
	30.32
	30.33
	30.34
	30.35
	30.36
	30.37
	30.38
	30.39
	30.40

	30.41 - 30.50
	30.41
	30.42
	30.43
	30.44
	30.45
	30.46
	30.47
	30.48
	30.49
	30.50

	30.51 - 30.60
	30.51
	30.52
	30.53
	30.54
	30.55
	30.56
	30.57
	30.58
	30.59
	30.60

	30.61 - 30.70
	30.61
	30.62
	30.63
	30.64
	30.65
	30.66
	30.67
	30.68
	30.69
	30.70

	30.71 - 30.80
	30.71
	30.72
	30.73
	30.74
	30.75
	30.76
	30.77
	30.78
	30.79
	30.80


	Chapter 31 Induction and Inductance
	Chapter 32 Magnetism of Matter: Maxwell’s Equation
	Chapter 33 Electromagnetic Oscillations and Alternating Current
	Chapter 34 Electromagnetic Waves
	Chapter 35 Images
	Chapter 36 Interference
	Chapter 37 Diffraction
	Chapter 38 Special Theory of Relativity
	Chapter 39 Photons and Matter Waves
	Chapter 40 More About Matter Waves
	Chapter 41 All About Atoms
	Chapter 42 Conduction of Electricity in Solids
	Chapter 43 Nuclear Physics
	Chapter 44 Energy from the Nucleus
	Chapter 45 Quarks, Leptons, and the Big Bang

	P30_040.pdf
	Main Menu
	Chapter 1 Measurement
	Chapter 2 Motion Along a Straight Line
	Chapter 3 Vectors
	Chapter 4 Motion in Two and Three Dimensions
	Chapter 5 Force and Motion I
	Chapter 6 Force and Motion II
	Chapter 7 Kinetic Energy and Work
	Chapter 8 Potential Energy and Conservation of Energy
	Chapter 9 Systems of Particles
	Chapter 10 Collisions
	Chapter 11 Rotation
	Chapter 12 Rolling, Torque, and Angular Momentum
	Chapter 13 Equilibrium and Elasticity
	Chapter 14 Gravitation
	Chapter 15 Fluids
	Chapter 16 Oscillations
	Chapter 17 Waves—I
	Chapter 18 Waves—II
	Chapter 19 Temperature, Heat, and the First Law of Thermodynamics
	Chapter 20 The Kinetic Theory of Gases
	Chapter 21 Entropy and the Second Law of Thermodynamics
	Chapter 22 Electric Charge
	Chapter 23 Electric Fields
	Chapter 24 Gauss’ Law
	Chapter 25 Electric Potential
	Chapter 26 Capacitance
	Chapter 27 Current and Resistance
	Chapter 28 Circuits
	Chapter 29 Magnetic Fields
	Chapter 30 Magnetic Fields Due to Currents
	30.1 - 30.10
	30.1
	30.2
	30.3
	30.4
	30.5
	30.6
	30.7
	30.8
	30.9
	30.10

	30.11 - 30.20
	30.11
	30.12
	30.13
	30.14
	30.15
	30.16
	30.17
	30.18
	30.19
	30.20

	30.21 - 30.30
	30.21
	30.22
	30.23
	30.24
	30.25
	30.26
	30.27
	30.28
	30.29
	30.30

	30.31 - 30.40
	30.31
	30.32
	30.33
	30.34
	30.35
	30.36
	30.37
	30.38
	30.39
	30.40

	30.41 - 30.50
	30.41
	30.42
	30.43
	30.44
	30.45
	30.46
	30.47
	30.48
	30.49
	30.50

	30.51 - 30.60
	30.51
	30.52
	30.53
	30.54
	30.55
	30.56
	30.57
	30.58
	30.59
	30.60

	30.61 - 30.70
	30.61
	30.62
	30.63
	30.64
	30.65
	30.66
	30.67
	30.68
	30.69
	30.70

	30.71 - 30.80
	30.71
	30.72
	30.73
	30.74
	30.75
	30.76
	30.77
	30.78
	30.79
	30.80


	Chapter 31 Induction and Inductance
	Chapter 32 Magnetism of Matter: Maxwell’s Equation
	Chapter 33 Electromagnetic Oscillations and Alternating Current
	Chapter 34 Electromagnetic Waves
	Chapter 35 Images
	Chapter 36 Interference
	Chapter 37 Diffraction
	Chapter 38 Special Theory of Relativity
	Chapter 39 Photons and Matter Waves
	Chapter 40 More About Matter Waves
	Chapter 41 All About Atoms
	Chapter 42 Conduction of Electricity in Solids
	Chapter 43 Nuclear Physics
	Chapter 44 Energy from the Nucleus
	Chapter 45 Quarks, Leptons, and the Big Bang

	P30_056.pdf
	Main Menu
	Chapter 1 Measurement
	Chapter 2 Motion Along a Straight Line
	Chapter 3 Vectors
	Chapter 4 Motion in Two and Three Dimensions
	Chapter 5 Force and Motion I
	Chapter 6 Force and Motion II
	Chapter 7 Kinetic Energy and Work
	Chapter 8 Potential Energy and Conservation of Energy
	Chapter 9 Systems of Particles
	Chapter 10 Collisions
	Chapter 11 Rotation
	Chapter 12 Rolling, Torque, and Angular Momentum
	Chapter 13 Equilibrium and Elasticity
	Chapter 14 Gravitation
	Chapter 15 Fluids
	Chapter 16 Oscillations
	Chapter 17 Waves—I
	Chapter 18 Waves—II
	Chapter 19 Temperature, Heat, and the First Law of Thermodynamics
	Chapter 20 The Kinetic Theory of Gases
	Chapter 21 Entropy and the Second Law of Thermodynamics
	Chapter 22 Electric Charge
	Chapter 23 Electric Fields
	Chapter 24 Gauss’ Law
	Chapter 25 Electric Potential
	Chapter 26 Capacitance
	Chapter 27 Current and Resistance
	Chapter 28 Circuits
	Chapter 29 Magnetic Fields
	Chapter 30 Magnetic Fields Due to Currents
	30.1 - 30.10
	30.1
	30.2
	30.3
	30.4
	30.5
	30.6
	30.7
	30.8
	30.9
	30.10

	30.11 - 30.20
	30.11
	30.12
	30.13
	30.14
	30.15
	30.16
	30.17
	30.18
	30.19
	30.20

	30.21 - 30.30
	30.21
	30.22
	30.23
	30.24
	30.25
	30.26
	30.27
	30.28
	30.29
	30.30

	30.31 - 30.40
	30.31
	30.32
	30.33
	30.34
	30.35
	30.36
	30.37
	30.38
	30.39
	30.40

	30.41 - 30.50
	30.41
	30.42
	30.43
	30.44
	30.45
	30.46
	30.47
	30.48
	30.49
	30.50

	30.51 - 30.60
	30.51
	30.52
	30.53
	30.54
	30.55
	30.56
	30.57
	30.58
	30.59
	30.60

	30.61 - 30.70
	30.61
	30.62
	30.63
	30.64
	30.65
	30.66
	30.67
	30.68
	30.69
	30.70

	30.71 - 30.80
	30.71
	30.72
	30.73
	30.74
	30.75
	30.76
	30.77
	30.78
	30.79
	30.80


	Chapter 31 Induction and Inductance
	Chapter 32 Magnetism of Matter: Maxwell’s Equation
	Chapter 33 Electromagnetic Oscillations and Alternating Current
	Chapter 34 Electromagnetic Waves
	Chapter 35 Images
	Chapter 36 Interference
	Chapter 37 Diffraction
	Chapter 38 Special Theory of Relativity
	Chapter 39 Photons and Matter Waves
	Chapter 40 More About Matter Waves
	Chapter 41 All About Atoms
	Chapter 42 Conduction of Electricity in Solids
	Chapter 43 Nuclear Physics
	Chapter 44 Energy from the Nucleus
	Chapter 45 Quarks, Leptons, and the Big Bang


