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Free Particle Model
Worksheet 1b Answers: A
Comprehensive Guide

Understanding the behavior of a free particle is
fundamental to quantum mechanics. Many introductory
quantum mechanics courses utilize worksheets, and
"Free Particle Model Worksheet 1b" is a common
example. This comprehensive guide provides answers
and explanations to commonly encountered problems
within such worksheets, focusing on key concepts and
solidifying your understanding of this crucial topic. We
will delve into the nuances of wave functions, time
evolution, and the implications of the free particle model.
We will also cover topics like quantum probability,
Schrodinger's equation for a free particle, and the
uncertainty principle as they relate to solving the
problems found in these worksheets.
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Introduction to the Free Particle
Model

The free particle model, a cornerstone of quantum
mechanics, describes a particle not subjected to any
potential energy. This simplification, while seemingly
unrealistic, provides a crucial foundation for
understanding more complex systems. Solving problems
related to a free particle allows students to practice
applying the time-independent and time-dependent
Schrodinger equations without the added complexity of a
potential energy term. Worksheet 1b, typically found in
introductory quantum mechanics courses, presents
problems designed to test understanding of these core
principles. This guide offers detailed solutions and
explanations, addressing common student challenges
and misconceptions.

Understanding the Time-
Independent Schrodinger
Equation for a Free Particle

The time-independent Schrodinger equation is a
cornerstone of quantum mechanics. For a free particle,

where the potential energy V(x) = 0, the equation
simplifies significantly:

-h?/2m * d?y(x)/dx? = Ey(x)
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where:

e his the reduced Planck constant
e m is the mass of the particle

e y(x) is the wave function

e E is the energy of the particle

Solving this differential equation leads to the general
solution:

Y (x) = Aexp(ikx) + Bexp(-ikx)
where:

e A and B are constants determined by boundary
conditions
e k = v(2mE)/h is the wave number

This solution represents a superposition of waves
traveling in opposite directions. Understanding this
solution is critical to correctly answering many of the
questions found on Worksheet 1b. This section
specifically addresses the free particle wave function
and its implications.

Time Evolution and the Time-
Dependent Schrodinger Equation

While the time-independent equation provides the spatial
part of the wave function, the time-dependent equation
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describes how the wave function evolves over time. For a
free particle, the time-dependent Schrodinger equation
is:

-h?/2m * 92W(x,t)/0x? = ihaW(x,t)/at

The solution to this equation incorporates the time-
dependent factor:

U(x,t) = y(x)exp(-iEt/h)

Combining this with the time-independent solution
provides a complete description of the free particle's
wave function as a function of both space and time.
Many problems in Worksheet 1b will require you to use
and understand this equation. Correctly applying this
equation to find the time evolution of the wave function
is a crucial skill highlighted in this guide's solutions.

Interpreting Probability and the
Uncertainty Principle

The square of the absolute value of the wave function,
|W(x,t)|?, represents the probability density of finding the
particle at a specific position and time. This is a crucial
aspect of understanding the results of problems found on
Worksheet 1b. Furthermore, the uncertainty principle,
which states that the product of the uncertainties in
position and momentum is always greater than or equal
to h/2, is directly relevant to the free particle. This

Free Particle Model Worksheet 1b Answers
4



Free Particle Model Worksheet 1b Answers

principle has significant implications when interpreting
the results and understanding the limitations of precisely
knowing both the position and momentum of the particle
simultaneously.

Example Problems and Solutions
from Worksheet 1b

Let's consider a typical problem from Worksheet 1b: "A
free particle is described by the wave function ¥(x,0) =
Aexp(ikx) at t=0. Find the wave function at a later time
t.ll

Solution: The solution involves using the time-
dependent Schrodinger equation. We already know the
spatial part of the wave function, and we simply apply
the time-dependent factor:

WU(x,t) = Aexp(ikx)exp(-iEt/h) = Aexp(i(kx - wt)) where w
=E/h

This solution clearly demonstrates the wave's
propagation through space and time. This guide will
provide similar detailed solutions for a range of problem
types found within Worksheet 1b, clarifying each step
and highlighting common pitfalls. This process also
clarifies the concept of quantum superposition
inherent in the solution.
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Conclusion

Mastering the free particle model is crucial for
progressing in quantum mechanics. Worksheet 1b serves
as an excellent tool for solidifying this understanding. By
working through the problems and carefully studying the
provided solutions and explanations in this guide, you
will gain a deeper understanding of the core concepts:
the time-independent and time-dependent Schrodinger
equations, probability density interpretation, and the
uncertainty principle. This knowledge forms a solid base
for tackling more complex quantum mechanical systems.

FAQ

Q1: What is the significance of the wave number, Kk,
in the free particle wave function?

Al: The wave number, kK, is directly related to the
momentum of the particle (p = hk). A larger k indicates a
higher momentum and a shorter wavelength.
Understanding this relationship is critical for
interpreting the wave function and its physical
implications.

Q2: How does the concept of superposition apply to
the free particle?

A2: The general solution to the Schrodinger equation for
a free particle is a superposition of waves traveling in
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both positive and negative x-directions. This means the
particle doesn't have a definite momentum, but rather a
probability distribution of momenta.

Q3: Why is the free particle model important
despite its simplicity?

A3: The free particle, despite its idealized nature, serves
as a fundamental building block for understanding more
complex quantum systems. It allows us to practice
applying the Schrodinger equation and to understand
crucial concepts like wave-particle duality and
probability interpretation before adding the complexities
of potential energy.

Q4: How do I determine the constants A and B in
the general solution of the free particle wave
function?

A4: The constants A and B are determined by the
boundary conditions of the problem. These boundary
conditions might specify the particle's initial position or
momentum, or they might define the behavior of the
wave function at certain spatial points.

Q5: What are the common mistakes students make
when solving free particle problems?

A5: Common errors include incorrectly applying the
time-dependent factor, misinterpreting the probability
density, and overlooking the significance of boundary
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conditions in determining the constants in the wave
function.

Q6: How does the free particle model relate to the
uncertainty principle?

A6: Since a free particle has a well-defined momentum,
its position is completely uncertain (Ax is infinite). This
illustrates the fundamental trade-off between the
precision with which we can know the position and
momentum of a particle, as stated by the Heisenberg
uncertainty principle.

Q7: Are there different types of free particle
problems found in Worksheet 1b?

A7: Yes, Worksheet 1b typically includes a variety of
problems, covering different aspects of the free particle
model, such as finding the wave function given an initial
condition, calculating probabilities, analyzing the time
evolution of the wave function, and demonstrating an
understanding of the uncertainty principle.

Q8: Where can I find more resources to help me
understand the free particle model?

A8: Numerous textbooks on quantum mechanics
thoroughly cover the free particle model. Additionally,
online resources such as lecture notes, videos, and
interactive simulations can provide supplementary
learning materials. Searching for "free particle quantum
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mechanics" will yield many helpful results.

Decoding the Mysteries: A Deep
Dive into Free Particle Model
Worksheet 1b Answers

Understanding the behavior of independent particles is
fundamental to grasping many concepts in atomic
mechanics. Worksheet 1b, often encountered in
introductory science courses, serves as a gateway to this
understanding. While the specific exercises on the
worksheet will vary depending on the professor and
curriculum, the underlying fundamentals remain
consistent. This article will investigate these principles,
offering insights into the solutions and demonstrating
their broader relevance.

The free particle model, in its simplest representation,
postulates a particle that encounters no interactive
energy. This lack of interactions significantly reduces the
mathematical treatment, allowing for a clearer
understanding of the fundamental quantum mechanical
rules at play. The Schrodinger equation, the cornerstone
of non-relativistic quantum mechanics, takes on a
particularly manageable form in this scenario.

One of the key characteristics of a free particle is its
clearly defined momentum, which is directly related to
its momentum vector. This correlation is demonstrated
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in the mathematical description of the particle, which
often takes the structure of a plane wave. This plane
wave illustrates the probability amplitude of finding the
particle at a particular position in space. Worksheet 1b
likely probes the student's understanding of this solution
and its meaning.

The results to Worksheet 1b's exercises will typically
involve manipulating the Schrodinger equation for a free
particle and obtaining information about the particle's
wave vector. This may include determining the likelihood
of finding the particle in a specific region, examining the
time evolution of the wave function, or differentiating the
properties of free particles with those undergoing a
potential. Understanding the normalization of the wave
function is also paramount - this ensures the probability
of finding the particle somewhere in space sums to one.

Moreover, Worksheet 1b might delve into the notion of
wave-particle duality, a fundamental principle of
quantum mechanics. The free particle, despite its
simplicity, exhibits this duality, showing that it possesses
both undulatory and corpuscular properties. This dual
nature is often illustrated through the Heisenberg
uncertainty principle, which sets limits on the exactness
with which both the position and momentum of the
particle can be simultaneously known.

Mastering the material covered in Worksheet 1b is
essential for moving forward to more sophisticated
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topics in quantum mechanics, such as scattering theory.
The skills acquired through solving these problems -
handling the wave equation, understanding wave
functions, and employing the concepts of likelihood and
uncertainty - are fundamental for a thorough grasp in
quantum mechanics.

Practical implementations of this knowledge extend to
numerous fields, including nanotechnology.
Understanding the behavior of free electrons, for
instance, is critical for simulating the transport
properties of solids.

In summary, Worksheet 1b serves as an introduction to
the fascinating world of free particles in quantum
mechanics. By solving the questions and grasping the
underlying principles, students acquire a robust
grounding for more challenging topics. The concepts of
wave functions, probability, and the uncertainty principle
are key to this knowledge, and their mastery is
indispensable for success in quantum mechanics and
related fields.

Frequently Asked Questions (FAQ)

1. Q: What is a free particle? A: A free particle is a
particle that experiences no external potential energy,
meaning it is not subjected to any forces.

2. Q: Why is the free particle model important? A: It
provides a simplified, yet fundamental, model to
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understand core concepts of quantum mechanics before
tackling more complex systems.

3. Q: What are the key features of a free particle's
wave function? A: It is typically a plane wave,
characterized by a well-defined momentum and a
constant probability density.

4. Q: How does the Heisenberg Uncertainty
Principle relate to free particles? A: Even though
momentum is well-defined, the uncertainty principle still
applies, implying limitations on the simultaneous
precision of position and momentum measurements.

5. Q: How can I improve my understanding of the
material in Worksheet 1b? A: Practice solving similar
problems, consult textbooks and online resources, and
seek clarification from your instructor or peers.
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