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Chapter 24 Magnetic Fields Answers: A Complete Guide to Understanding
Electromagnetism

When students dive into the world of electromagnetism, they often encounter a pivotal point in their studies:
Chapter 24, the section that tackles magnetic fields. Whether you're a high school physics student, a college
freshman, or a self taught enthusiast, you'll find yourself wrestling with concepts such as the Biot—Savart law,
Ampere’s circuital law, and the magnetic field of a solenoid. This article is designed to be your definitive companion
for the chapter 24 magnetic fields answersyou need. We’'ll walk through the core ideas, solve common
problems, and provide clear explanations that make the subject matter intuitive and engaging.
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Introduction

Magnetic fields are the invisible forces that govern the behavior of charged particles and the operation of countless
devices—from simple compasses to advanced MRI machines. Chapter 24 typically serves as the bridge between
the theoretical foundations laid in earlier chapters and the practical applications that follow. By mastering the
concepts in this chapter, you'll gain the tools to analyze circuits, predict magnetic forces, and understand the
underlying physics of electromagnets, motors, and transformers.

In this article, we'll break down the chapter 24 magnetic fields answersinto digestible sections. Each segment
will contain clear explanations, illustrative diagrams (described in text), and worked out examples that reinforce your
learning.

Fundamental Concepts of Magnetic Fields

Before tackling the mathematical formulations, it's essential to grasp the basic ideas that define magnetic fields.

What Is a Magnetic Field?

A magnetic field is a vector field that exerts a force on moving charges and magnetic dipoles. The field is
represented by lines of force that show the direction and relative strength of the field. The unit of magnetic field
strength is the tesla (T) or the gauss (G), where 1 /T /=/10 /000 /G.



Magnetic Flux and Field Lines
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 Field lines emerge from magnetic north poles, curve around, and re enter at south poles.
* The density of lines indicates field strength; closer lines mean a stronger field.

Force on a Moving Charge

The Lorentz force law describes the force exerted on a charge g moving with velocity @50/ in a magnetic field @5U5:
@50 /= 1q(@5U/ /% /@5U5)

This cross product indicates that the force is perpendicular to both the velocity and the magnetic field.

Biot—Savart Law Explained
The Biot—Savart law provides a direct way to calculate the magnetic field produced by a current element. It's

foundational for understanding how current distributions generate magnetic fields.

Mathematical Formulation

For a small current element | /d@5U,, the differential magnetic field d@5U at a point P is:
d@50 /=/(A 6CA) /(1 /d@50, /x I@50+0" ++

« :A —2 FtR W meability of free space (4< yré 2rdKvO6 'a
» @5U+0" —2 FtR Vae—B “ector from the current element to point P.
e ris the distance between the element and the point.

Applying the Biot—Savart Law: Circular Loop

Consider a circular loop of radius R carrying current |. The magnetic field at the center of the loop is:
B/=IGA "0f%"s
Derivation involves integrating the contributions from each infinitesimal segment around the loop.

Common Pitfalls

¢ Assuming the field is uniform along the entire loop; it's strongest at the center.
* Neglecting the vector nature of the cross product; direction matters.

Ampere’s Circuital Law and Its Applications

While the Biot—Savart law is general, Ampére’s circuital law offers a simpler route for highly symmetric situations.

Integral Form
"@50 A 1d@50, /= ;A —Vee0

Where the line integral is taken around a closed loop, and lenc is the total current enclosed by that loop.
Using Ampeére’s Law: Long Straight Wire

For a long straight conductor, the magnetic field at a distance r from the wire is:

B /= IG;A Of#Ar)

Applications in Solenoids and Toroids

By choosing a rectangular or circular Amperian loop that aligns with the symmetry of the problem, we can derive



the internal field of a solenoid or toroid with relative ease.
Magnetic Field of a Solenoid

A solenoid is a helical coil of wire. Its magnetic field inside is remarkably uniform, making it a staple in
electromagnet design.

Field Inside a Long Solenoid

For a solenoid with N turns per unit length (n /= /N/L) carrying current I:
B/=1A &

Field Outside a Solenoid

For an ideal, infinitely long solenoid, the external field is essentially zero. Real solenoids have fringe fields that can
be approximated using more advanced methods or measured experimentally.

Solenoid with Finite Length

The field at a point along the axis of a finite solenoid can be expressed as:
B(z) /= IGA &6"+16+2 6,<sub>1</sub> /- /cos /,fCTVH#EH#A+TVH#ED
Where ;f &B ,2 are the angles between the line of sight and the ends of the solenoid.

Magnetic Field of a Current Carrying Rod

While most textbooks focus on wires, a current carrying rod or cylinder presents a slightly different geometry.

Field Inside a Cylindrical Conductor

For a solid cylinder of radius a carrying uniform current density J:

* Inside (r
« Outside (r /"e /a): B /= IG;A "Of#Ar)

These expressions arise from applying Ampeére’s law to a circular Amperian loop.

Magnetic Dipoles and Magnetic Moments

Every current loop behaves like a magnetic dipole. Understanding magnetic moments is key to grasping how
magnets interact.

Definition of Magnetic Moment

The magnetic moment ;A 6b A6+ —3
A6006’ 0
Where A is the area vector perpendicular to the loop.

Torque on a Magnetic Dipole

When a magnetic dipole is placed in an external field B, it experiences a torque:
<B 60 6Y4 /x IB

Energy of a Magnetic Dipole



The potential energy U is given by:
U/i=/i-Ad,Rb
Magnetism in Materials

Materials respond to magnetic fields in various ways, classified as diamagnetic, paramagnetic, or ferromagnetic.

Diamagnetism

All materials exhibit a weak repulsive response to magnetic fields due to induced currents that oppose the applied
field.

Paramagnetism

Materials with unpaired electrons align partially with the external field, creating a weak attraction.

Ferromagnetism
Materials like iron, cobalt, and nickel have domains that align spontaneously, resulting in strong permanent
magnets.

Magnetic Permeability

Permeability ;A 61 acterizes how a material responds to magnetic fields:
B /=1,A€
Where H is the magnetic field strength. The relative permeability ;C" —2 FVi-&VB 2 Y4/;A a

Sample Problems & Solutions

Below are common exercises that students encounter in Chapter 24, complete with step by step solutions.

Problem 1: Magnetic Field at the Center of a Circular Loop

A circular loop of radius 0.10 /m carries a current of 5 /A. Find the magnetic field at its center.
Solution:

1. Use the formula: B /= /(;A "0f%"s
2. Plug in values: ;A 60 6CA /x /10 { w /T-m/A, | /= /5 /A, R /= /0.10 /m.
3. Compute:B/=/(4< yr6 2ryrOR'Of"yroa '$,2aByr6 2R 8@.
4. Answer: B /"H /3.1 /x /10 { u /T (31 /uT).
Problem 2: Field Inside a Solenoid

A solenoid has 2000 turns, length 0.5 m, and carries a current of 2 A. Calculate the magnetic field inside the
solenoid.

Solution:

1. Compute turns per unit length: n /= /N/L /=/2000/0.5 /= /4000 /turns/m.
2. UseB/=[A & B/=/(4< yr6 2rdKvOd’yroC yroé“a

3. Calculate:B/"H /(4< yr6 2ryréof $, a 0@.

4. Answer: B /["H /10 /mT.

Problem 3: Magnetic Field of a Long Straight Wire

A straight wire carries a current of 3 /A. Find
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