University Of Chicago Graduate
Problems In Physics With Solutions

university of chicago graduate problems in physics with solutions Studying physics at the
graduate level involves tackling some of the most challenging and intellectually stimulating
problems in the field. The University of Chicago, renowned for its rigorous academic standards
and pioneering research, offers a series of graduate-level problems in physics designed to deepen
students' understanding of fundamental concepts and develop their problem-solving skills. These
problems span various domains, including classical mechanics, quantum mechanics, statistical
mechanics, and electromagnetism, often reflecting real-world research challenges. In this
comprehensive guide, we will explore some of the most common graduate-level physics problems
encountered at the University of Chicago, complete with detailed solutions, tips for approaching
similar questions, and insights into the underlying physics principles. Whether you are a current
student preparing for exams or a researcher seeking to refine your problem-solving toolkit, this
article aims to serve as an authoritative resource.

Understanding the Structure of Graduate-Level Physics
Problems

Before diving into specific problems and solutions, it’s essential to understand the typical
structure and expectations of graduate physics questions.

Key Characteristics of Graduate Physics Problems

- Conceptual Depth: Problems often test a deep understanding of fundamental principles rather
than superficial knowledge. - Mathematical Rigor: Solutions involve complex calculations, often
requiring advanced calculus, differential equations, and linear algebra. - Multi-step Reasoning:
Problems usually consist of several interconnected parts that build upon each other. - Real-world
Applications: Many questions are designed to mirror research scenarios, requiring critical
thinking and application skills.

Common Domains Covered

- Classical Mechanics - Quantum Mechanics - Statistical Mechanics - Electromagnetism -
Mathematical Methods for Physics - Condensed Matter Physics
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Sample Graduate Problems in Physics at the University of
Chicago with Solutions

Below, we present a selection of representative problems, each followed by a detailed solution.
These examples are typical of the level of difficulty faced in graduate coursework.

Problem 1: Classical Mechanics — Rigid Body Rotation

Problem Statement: A uniform solid sphere of mass \( M \) and radius \( R ) rolls without slipping
down an inclined plane of angle \( \theta \). Determine the acceleration of the sphere's center of
mass, \( a\), and the angular acceleration, \( \alpha \). Solution: Step 1: Identify forces -
Gravitational force component along the incline: \( Mg \sin\theta \). - Normal force: \( N \),
perpendicular to the incline. - Friction force: \( f\), static friction, acts up the incline to prevent
slipping. Step 2: Write equations of motion - Translational motion: \[ M a = Mg \sin \theta - f\] -
Rotational motion: \[ I \alpha = f R\] where \( I\) is the moment of inertia of the sphere: \[ I =
\frac{2} {5} M R™2\] and the no-slip condition: \[ a = \alpha R \] Step 3: Express \( f\) from
rotational equation \[ f = I \alpha / R = \frac{2} {5} M R"2 \times \frac{\alpha}{R} = \frac{2} {5}
M R\alpha \] Using \( a = \alpha R \): \[ f = \frac{2} {5} M a \] Step 4: Substitute \( f\) into
translational equation \[ M a = Mg \sin \theta - \frac{2} {5} M a\]\[ a + \frac{2} {5} a = g \sin
\theta \] \[ \left(1 + \frac{2}{5}\right) a = g \sin \theta \] \[ \frac{7}{5} a = g \sin \theta\]\[ a =
\frac{5}{7} g \sin \theta \] Step 5: Find angular acceleration \[ \alpha = \frac{a}{R} =

\frac{5} {7} \frac{g \sin \theta}{R} \] Final Answer: \[ \boxed{ a = \frac{5}{7} g \sin \theta,
\quad \alpha = \frac{5} {7} \frac{g \sin \theta}{R} } \] Key Points: - The sphere accelerates down
the incline at \( \frac{5}{7} g \sin \theta \). - The angular acceleration is proportionally related to
\(a\).

Problem 2: Quantum Mechanics — Particle in a Potential Well

Problem Statement: Calculate the energy eigenvalues for a particle in a one-dimensional infinite
potential well of width \( a \), with potential: \[ V(x) = \begin{cases} 0, & 0 < x < a \\ \infty, &
\text{otherwise} \end{cases} \] Solution: Step 1: Set up the Schrodinger equation inside the well
\[ -\frac{\hbar~2}{2m} \frac{d"~2 \psi}{dx"2} = E \psi \] with boundary conditions: \[ \psi(0) = 0,
\quad \psi(a) = 0 \] Step 2: General solution \[ \psi(x) = A \sin(kx) + B \cos(kx) \] Applying
boundary conditions: - At \( x=0\): \[ \psi(0) = B = 0\] - At \(x=a \): \[ \psi(a) = A\sin(k a) = 0\]
For non-trivial solutions (\( A \neq 0 \)): \[ \sin(k a) = 0 \Rightarrow k a = n \pi, \quad n=1,2,3,\dots
\] Step 3: Quantized energy levels \[ E n = \frac{\hbar~2 k~2}{2m} = \frac{\hbar™~2}{2m}
\left(\frac{n \pi} {a}\right)~2 \] Final Answer: \[ \boxed{ E n = \frac{\hbar™~2 \pi~2 n~2}{2 m
a”~2}, \quad n=1,2,3,\dots } \] Key Points: - The energies are quantized with discrete levels
proportional to \( n™2\). - The wavefunctions are sine functions with nodes at the boundaries.



Problem 3: Statistical Mechanics — Partition Function of an Ideal
Gas

Problem Statement: Calculate the canonical partition function \( Z\) for a single particle in a
three-dimensional box of volume \( V \) at temperature \( T \). Solution: Step 1: Write the partition
function \[ Z = \frac{1}{h”3} \int d"~3p\, d~3qg\, e~ {-\beta \frac{p~2}{2m}} \] where \( \beta =
1/ (k BT))\), and the integral over positions yields the volume \( V\). Step 2: Integrate over
positions \[ \int d~3 g = V'\] Step 3: Integrate over momenta \[ \int d~3 p\, e~ {-\beta p~2 / 2m}
= \left(\int {-\infty} "\infty dp x e”{-\beta p x~2 / 2m}\right)”~3 \] Each integral: \[ \int {-

\infty} "\infty dp x e”™ {-\beta p x™~2 /2m} = \sqrt{2 \pi m / \beta} \] Thus, \[ \intd~3 p\, e™{-
\beta p™2/2m} = (2 \pi m /\beta)”~{3/2} \] Step 4: Final expression for\( Z\) \[ Z =
\frac{V}{h”3} (2 \pi m /\beta)™~{3/2} = V \left( \frac{2 \pi m k B T}{h"2} \right)”~{3/2} \] Final
Answer: \[ \boxed{ Z = V \left( \frac{2 \pi m k B T}{h~2} \right)~{3/2} } \] Key Points: - The
partition function scales with volume and temperature. - It is fundamental in deriving
thermodynamic properties of an ideal gas.

Strategies for Approaching Graduate Physics Problems

Success in solving graduate-level physics problems often hinges on effective strategies: 1. Identify
the core physics principles involved. Recognize whether the problem relates to conservation laws,
variational principles, or specific equations like Schrodinger's or Newton's. 2. Draw clear
diagrams and diagrams if applicable. Visual representations clarify the problem setup. 3. Break
down complex problems into smaller parts. Tackle each step systematically, solving for
intermediate quantities. 4. Check boundary

University of Chicago Graduate Problems in Physics with Solutions

The University of Chicago has long been renowned for its rigorous academic standards and its
commitment to pushing the boundaries of scientific understanding. Among the many disciplines
housed within its storied halls, physics stands out as a cornerstone of the university’s research
excellence and educational prowess. Graduate students in physics at the University of Chicago
often confront challenging problems designed to test their mastery of fundamental concepts,
mathematical prowess, and analytical skills. These problems not only prepare students for
academic and research careers but also contribute to the broader scientific community by
fostering innovative thinking and problem-solving strategies.

In this article, we delve into some of the quintessential graduate-level physics problems
encountered at the University of Chicago, complete with detailed solutions. These problems span
a range of topics—from classical mechanics and electromagnetism to quantum mechanics and
statistical physics—reflecting the diverse and comprehensive nature of the graduate curriculum.
Whether you are a student seeking to deepen your understanding or an enthusiast eager to
explore complex physics problems, this guide aims to provide clarity, insight, and inspiration.
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Fundamentals of Graduate-Level Physics at the University of Chicago

Before diving into specific problems, it’s important to understand the pedagogical approach and
the types of challenges graduate students face.

Emphasis on Conceptual and Mathematical Rigor

Graduate physics problems at the University of Chicago are designed to test both conceptual
understanding and mathematical proficiency. Problems often require students to:

1. Derive equations from first principles

2. Apply advanced calculus and linear algebra

3. Use approximation methods

4. Interpret results physically and mathematically

Integration of Multiple Topics

Complex problems frequently combine multiple areas of physics, such as combining
thermodynamics with quantum mechanics or classical mechanics with electromagnetism, to
mimic real-world research scenarios.

Classical Mechanics: The Motion of a Charged Particle in a Magnetic Field
Problem Statement

A charged particle with charge \(q\) and mass \(m\) is released from rest in a uniform magnetic
field \(\mathbf{B} = B 0 \hat{z}\). Determine the trajectory of the particle, including the radius
of the circular motion, the period, and the velocity as functions of time.

Solution

Step 1: Write down the equations of motion
The Lorentz force acting on the particle is:

\[

\mathbf{F} = q \mathbf{v} \times \mathbf{B}
\]

Since the magnetic field is uniform and along the z-axis, the force in the xy-plane causes circular
motion.

Step 2: Set up the differential equations

In the xy-plane, the equations are:

\[

m \frac{d\mathbf{v}}{dt} = q \mathbf{v} \times \mathbf{B}

\]



Expressing \(\mathbf{v} = v x \hat{x} + v _y \hat{y}\), the equations become:
\[

m \frac{dv x}{dt} =qv yB 0

\]

\[

m \frac{dv y}{dt} =-gqv xB 0

\]

Step 3: Solve for the velocity components

Differentiating the first and substituting from the second:

\[

\frac{d"~2 v x}{dt"~2} = - \left(\frac{q B 0} {m} \right)"~2 v x
\]

Similarly for \(v_y\). The solutions are harmonic oscillations with angular frequency:
\[

\omega ¢ = \frac{g B 0}{m}

\]

Step 4: Determine the trajectory

The solutions are:

\[

v x(t) = v _{0x} \cos \omega ct + v {Oy} \sin \omega ct

\]

\[

v y(t) = -v_{0x} \sin \omega ct + v {0y} \cos \omega ct

\]

Since the particle starts from rest, initial velocities are zero, but with initial position
considerations, the trajectory traces a circle of radius:

\[
r = \frac{m v \perp}{q B 0}
\]
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where \(v \perp\) is the initial velocity perpendicular to \(\mathbf{B}\). In this case, if released
from rest, the particle remains at rest unless initial velocity is imparted.

Final notes:

1. Radius of circular motion:

\[

r = \frac{m v \perp}{q B 0}

\]

1. Period of motion:

\[

T = \frac{2\pi} {\omega c} = \frac{2\pi m}{g B 0}

\]

1. Velocity as a function of time:

\[

v_x(t) = V\cos \omega ct

\]

\[

v_y(t) = V\sin \omega c t

\]

where \(V\) is the initial velocity magnitude perpendicular to \(\mathbf{B}\).
Electromagnetism: Computing the Electric Field of a Moving Charge
Problem Statement

Calculate the electric field \(\mathbf{E}\) at a point \(\mathbf{r}\) due to a point charge \(q\)
moving with a constant velocity \(\mathbf{v}\). Use the Liénard-Wiechert potentials to express
\(\mathbf{E}\).

Solution

Step 1: Recognize the Liénard-Wiechert potentials
The electric field of a moving point charge is given by:
\[

\mathbf{E}(\mathbf{r}, t) = \frac{q}{4 \pi \epsilon 0} \frac{(1 - v°2/c”2) (\mathbf{R} -
\mathbf{v} R/ c)}{\left( R - \mathbf{R} \cdot \mathbf{v}/ c \right)~3}



\]

where:

1. \(\mathbf{R} = \mathbf{r} - \mathbf{r} q(t r)\), the vector from the retarded position of the
charge to the observation point.
2. \(t_r\) is the retarded time satisfying:

\[

t r + \frac{|\mathbf{r} - \mathbf{r} q(t r)|}{c} =t
\]

Step 2: Simplify for constant velocity

Since \(\mathbf{v}\) is constant, the retarded position is:
\[

\mathbf{r} q(t r) = \mathbf{r} 0 + \mathbf{v} t r
\]

and the retarded distance:

\[

R = [\mathbf{r} - \mathbf{r} O - \mathbf{v} t r|

\]

Step 3: Express the electric field

The explicit form becomes:

\[

\mathbf{E}(\mathbf{r}, t) = \frac{q}{4 \pi \epsilon 0} \frac{(1 - v~2/c”~2) (\mathbf{R} - R
\mathbf{v}/ c)} {\left( R - \mathbf{R} \cdot \mathbf{v}/ c \right)~3}

\]

which captures how the field gets compressed or elongated due to the charge’s motion, notably
exhibiting relativistic beaming effects at high velocities.

Key insight:

1. The electric field is strongest in the direction of motion, with a characteristic Lorentz
contraction.

2. As \(v \to c\), the field becomes increasingly concentrated in a narrow cone along the direction
of motion.

Quantum Mechanics: The Particle in a One-Dimensional Infinite Potential Well
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Problem Statement

Determine the energy eigenvalues and eigenfunctions for a particle confined in a one-dimensional
infinite potential well of width \(a\), with potential:

\[

V) =

\begin{cases}

0,&0<x<a\l

\infty, & \text{elsewhere}
\end{cases}

\]

Solution

Step 1: Write down the Schrodinger equation
Inside the well (\(0 < x < a\)):

\[

\frac{\hbar”~2}{2m} \frac{d™2 \psi}{dx"~2} = E \psi
\]

with boundary conditions:

\[

\psi(0) = 0, \quad \psi(a) = 0

\]

Step 2: General solution

The general solution for \(0 < x < a\):
\[

\psi(x) = A \sin(kx) + B \cos(kx)

\]

Applying boundary conditions:

1. At \(x=0\):

\[

\psi(0) =B =0



\]

1. At \(x=a\):

\[

\psi(a) = A\sin(ka) =0

\]

Non-trivial solutions require:

\[

\sin(k a) = 0 \Rightarrow k a = n \pi, \quad n = 1, 2, 3, \dots

\]

Thus:

\[

k n = \frac{n \pi}{a}

\]

Step 3: Energy eigenvalues

\[

E n =\frac{\hbar~2 k n~2}{2m} = \frac{\hbar~2 \pi~2 n"2}{2 m a"2}
\]

Step 4: Eigenfunctions

\[

\psi n(x) = \sqrt{\frac{2}{a}} \sin \left( \frac{n \pi x} {a} \right)

\

Questions & Answers About university of chicago
graduate problems in physics with solutions

N Question Answer
o
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What is a common approach to
solving graduate-level quantum
mechanics problems at the
University of Chicago?

A common approach involves applying the principles of
linear algebra to operators, using the Schrodinger
equation, and leveraging perturbation theory where
applicable. Mastery of the mathematical formalism and
problem-specific boundary conditions is essential for
accurate solutions.

How can I effectively tackle
complex problems involving
many-body physics from the
University of Chicago
coursework?

Breaking down the problem into smaller, manageable
parts such as mean-field approximations, Feynman
diagrams, and numerical methods can help.
Understanding the underlying physical principles and
consulting relevant literature or lecture notes enhances
problem-solving efficiency.

What are some common pitfalls
in solving graduate-level
thermodynamics and statistical
mechanics problems at the
University of Chicago?

Common pitfalls include misapplying ensemble
assumptions, neglecting constraints, or confusing
thermodynamic potentials. Carefully reviewing the
assumptions, verifying boundary conditions, and cross-
checking limits can prevent errors.

How do I approach solving
problems related to quantum
field theory that are part of the
University of Chicago physics
graduate curriculum?

Start by understanding the Lagrangian formalism, then
proceed to canonical quantization or path integral
methods. Familiarity with Feynman diagrams and
regularization techniques is crucial. Practice by working
through example problems and consulting advanced
textbooks.

What strategies are effective for
preparing solutions to graduate-
level problems in condensed
matter physics at the University
of Chicago?

Effective strategies include reviewing foundational
concepts, drawing diagrams to visualize the problem,
and systematically applying known models like the
Hubbard or Heisenberg models. Collaborating with
peers and discussing solutions also enhances
understanding.

Are there recommended
resources or solution manuals
for graduate physics problems
from the University of Chicago?

Yes, graduate textbooks such as Sakurai's '‘Modern
Quantum Mechanics,' Peskin and Schroeder's 'An
Introduction to Quantum Field Theory,' and Griffiths'
‘Introduction to Quantum Mechanics' are highly
recommended. Additionally, consulting course-specific
notes and past exam solutions can be helpful.
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