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Goldstein Classical Mechanics Solutions Chapter 2 delves into the foundational concepts of classical
mechanics, focusing on the principles of the Lagrangian formulation. This chapter is pivotal for
understanding how to analyze mechanical systems through generalized coordinates and constraints,
which are essential for solving problems in classical mechanics. In this article, we will explore the key
themes and solutions presented in this chapter, highlighting important equations, examples, and
methodologies.

Introduction to the Lagrangian Formulation

The Lagrangian formulation of mechanics is a powerful approach that simplifies the analysis of
complex mechanical systems. This section introduces the core concepts that will be discussed in
Chapter 2 of Goldstein's Classical Mechanics.

What is the Lagrangian?

The Lagrangian \( L \) is defined as the difference between the kinetic energy \( T \) and the potential
energy \( V \) of a system:

\[
L = T - V
\]

This formulation is particularly useful because it allows for the description of systems in terms of
generalized coordinates, which can simplify the equations of motion.



Generalized Coordinates

Generalized coordinates \( q_i \) are parameters that uniquely define the configuration of a system.
They can be angles, distances, or any other variables that describe the system's configuration. The
choice of coordinates is often guided by the constraints of the system.

- Examples of generalized coordinates:
1. Angular displacement for rotational systems.
2. Cartesian coordinates for translational motion.
3. Curvilinear coordinates in systems with constraints.

Constraints in Mechanical Systems

Constraints are conditions that restrict the motion of a system. Goldstein categorizes constraints into
two main types:

1. Holonomic Constraints: These can be expressed in terms of the generalized coordinates and time.
They reduce the number of degrees of freedom in a system.
2. Non-holonomic Constraints: These cannot be expressed solely in terms of generalized coordinates
and time, often involving inequalities.

Understanding constraints is vital for applying the Lagrangian formulation effectively.

The Principle of Least Action

One of the foundational principles in classical mechanics is the principle of least action, which states
that the path taken by a system between two states is the one for which the action integral is
stationary (usually a minimum).

The Action Integral

The action \( S \) is defined as:

\[
S = \int_{t_1}^{t_2} L \, dt
\]

where \( L \) is the Lagrangian of the system. The path that a system follows between two times \( t_1
\) and \( t_2 \) makes the action integral stationary.

Deriving the Equations of Motion



Using the principle of least action, we can derive the equations of motion known as the Euler-
Lagrange equations:

\[
\frac{d}{dt} \left( \frac{\partial L}{\partial \dot{q}_i} \right) - \frac{\partial L}{\partial q_i} = 0
\]

This equation must be satisfied for each generalized coordinate \( q_i \) in the system.

Examples and Applications

Chapter 2 of Goldstein's Classical Mechanics includes several examples to illustrate the use of the
Lagrangian formulation. Below are summaries of a few key examples and their solutions.

Example 1: Simple Pendulum

For a simple pendulum of length \( l \) and mass \( m \), the generalized coordinate is the angle \(
\theta \).

- Kinetic Energy \( T \):
\[
T = \frac{1}{2} m l^2 \dot{\theta}^2
\]
- Potential Energy \( V \):
\[
V = mgl(1 - \cos \theta)
\]

The Lagrangian is given by:

\[
L = T - V = \frac{1}{2} m l^2 \dot{\theta}^2 - mgl(1 - \cos \theta)
\]

Applying the Euler-Lagrange equation results in the equation of motion:

\[
m l^2 \ddot{\theta} + mgl \sin \theta = 0
\]

This example illustrates how to derive motion equations for a system using the Lagrangian approach.

Example 2: Double Pendulum

The double pendulum is a more complex system that can be analyzed using generalized coordinates



\( \theta_1 \) and \( \theta_2 \).

- Kinetic Energy \( T \):
\[
T = \frac{1}{2} m_1 l_1^2 \dot{\theta}_1^2 + \frac{1}{2} m_2 (l_1^2 \dot{\theta}_1^2 + l_2^2
\dot{\theta}_2^2 + 2 l_1 l_2 \dot{\theta}_1 \dot{\theta}_2 \cos(\theta_1 - \theta_2))
\]

- Potential Energy \( V \):
\[
V = m_1 g l_1 (1 - \cos \theta_1) + m_2 g (l_1 (1 - \cos \theta_1) + l_2 (1 - \cos \theta_2))
\]

The Lagrangian for the double pendulum becomes complex due to the interaction between the two
masses. The derivation of the equations of motion will involve careful application of the Euler-
Lagrange equations for both coordinates.

Conclusion

Goldstein Classical Mechanics Solutions Chapter 2 provides a thorough introduction to the Lagrangian
formulation of mechanics, emphasizing the importance of generalized coordinates and constraints. By
applying the principle of least action and deriving the Euler-Lagrange equations, one can analyze a
wide variety of mechanical systems. The examples included in the chapter serve as practical
applications of the theoretical principles discussed, reinforcing the understanding of classical
mechanics' foundational concepts.

This chapter is not just essential for students of physics but also serves as a critical reference for
anyone involved in fields that require a deep understanding of mechanics, such as engineering,
robotics, and aerospace. Understanding these concepts paves the way for more advanced topics in
classical mechanics and beyond.

Frequently Asked Questions

What are the main topics covered in Chapter 2 of Goldstein's
Classical Mechanics?
Chapter 2 primarily covers the concepts of the Lagrangian formulation of mechanics, including the
principle of least action and generalized coordinates.

How does Goldstein define generalized coordinates in Chapter
2?
Generalized coordinates are defined as a set of parameters that uniquely define the configuration of a
system relative to some reference configuration.



What is the significance of the Euler-Lagrange equation in this
chapter?
The Euler-Lagrange equation is fundamental as it provides the equations of motion for a system in the
Lagrangian framework, derived from the principle of least action.

Can you explain the principle of least action as discussed in
Goldstein's Chapter 2?
The principle of least action states that the path taken by a system between two configurations is the
one for which the action integral is minimized.

What examples does Goldstein use to illustrate the concepts
in Chapter 2?
Goldstein uses examples such as the motion of a simple pendulum and a bead on a wire to illustrate
the application of Lagrangian mechanics.

How does Chapter 2 address constraints in mechanical
systems?
Chapter 2 discusses both holonomic and non-holonomic constraints, explaining how they affect the
choice of generalized coordinates and the formulation of the Lagrangian.

What is the role of the Lagrangian function in this chapter?
The Lagrangian function, defined as the difference between kinetic and potential energy, is central to
deriving the equations of motion for a system.

How are conservative forces treated in Chapter 2 of
Goldstein?
Conservative forces are handled by deriving the potential energy from which the Lagrangian is
constructed, allowing for the application of energy conservation principles.

What is the relationship between symmetries and
conservation laws in the context of this chapter?
Goldstein discusses Noether's theorem, which states that every differentiable symmetry of the action
corresponds to a conservation law, linking symmetries and conserved quantities.

What are some common pitfalls students face when solving
problems in Chapter 2?
Common pitfalls include misidentifying generalized coordinates, neglecting constraints, and
incorrectly applying the Euler-Lagrange equation.
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