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Superconducting Quantum Devices
SQUIDs, Qubits and Quantum-limited Amplifiers
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Superconducting Quantum Devices

Tutorials Thu  09:15    KIP SR 1.403

Thu  14:15    KIP SR 1.403

Coordinator/Tutor: Andreas Fleischmann

Kirchhoff Institute for Physik (KIP)

room: 1.106, phone 06221/549861

email: enss@kip.uni-heidelberg.de

Office hour: mondays 14:00 – 15:00, in addition by appointment

Kirchhoff Institute for Physik (KIP)

room: 0.309, phone 06221/549880

email: andreas.fleischmann@kip.uni-heidelberg.de

Lecture:         Mon and Wed 11:15 – 13:00, KIP H2     

Christian Enss

Modul consists of two parts:

Web: https://uebungen.physik.uni-heidelberg.de/vorlesung/20222/1624
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Superconducting Quantum Devices

Start:      2nd week

The active participation in the tutorials will be realized by presenting solutions every week.
The willingness to present a solution has to be indicated at the beginning of the tutorial by
signing up on a list of all participants. To be permitted to the final exam you need to sign
up for at least 60 % of all possible problems.

In addition, you may hand in written solutions, but they will not be included in the grading.
However, they will be corrected and returned.

Web: https://uebungen.physik.uni-heidelberg.de/vorlesung/20222/1624

Tutorials
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Literature

N.W. Ashcroft, D. N. Mermin

Solid State Physics
Thomson Press

R. Gross, A. Marx 

Festkörperphysik
De Gruyter

C. Enss, S. Hunklinger

Low-Temperature Physics
Springer

C. Kittel

Introduction to Solid State Physics
Wiley VCH

S. Hunklinger, C. Enss

Solid State Physics
De Gruyter

GRADUATE

 Siegfried H
unklinger, C

hristian E
nss 

 SO
LID

 STATE PH
YSIC

S 

www.degruyter.com
ISBN  978-3-11-066645-8 

This highly regarded textbook provides a general introduction to solid state physics. 
It covers a wide range of physical phenomena occurring in solids and discusses 
fundamental concepts for describing them. Traditional themes are complimented 
by modern topics, like low dimensional systems, strongly correlated materials, 
nanoscale systems and non-crystalline solids, which are gaining increasing technical 
and scientifi c importance. Helpful for exam preparation are numerous exercises in 
all chapters.

f English edition of highly regarded textbook. 

f Concise and structured introduction. 

f Covering basic concepts and advanced topics.

Siegfried Hunklinger
Since 1982 Professor for 
Physics at Heidelberg Univer-
sity. In 1977 he received the 
Walter Schottky Prize for Solid 
State Physics and in 1999 the 
renowned Stern-Gerlach Medal 
for his outstanding work in the 
fi eld of amorphous solids.    

Christian Enss
Since 2004 Professor for 
Physics at Heidelberg Universi-
ty. His research focuses on the 
physics of disordered quantum 
solids at low temperatures and 
the development of high-
precision cryogenic detectors 
for radiation and particles.

 Siegfried Hunklinger, Christian Enss

  SOLID STATE 
PHYSICS 
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Literature

P. Mangin, R. Kahn

Superconductivity – An introduction
Springer

C.H. Poole Jr., R. Prozorov, H.A. Farach, R.J. Creswick

Superconductivity
Elsevier Insights

M. Tinkham

Introduction to Superconductivity
Dover Publications

P.G. de Gennes,

Superconductivity of Metals and Alloys
Westview Press

R. Kleiner, W. Buckel

Superconductivity – An introduction
Wiley-VCH
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Literature

P. Seidel (ed.)

Applied Superconductivity
Wiley-VCH

K. Likharev

Dynamics of Josephson junctions and circuits
CRC Press

R. Gross, A. Marx

Lecture notes on applied superconductivity
WMI München

A. Barone, G. Paterno

Physics and applications of the Josephson effect
Wiley-Interscience

J. Clarke, A. Braginski (eds).

The SQUID Handbook
Wiley-VCH
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Content

Introduction
General Information 
Free Electron Model

Superconductivity
Basic Facts of Superconductivity
London Theory
BCS Theory
Macroscopic Quantum Effects

Josephson tunnel junctions (JJs)
Realizations of JJs
RCSJ Model
Long and Short JJs
Quantum Mechanical Description

SQUIDs
dc-SQUIDs
rf-SQUIDs
SQUID Design
Applications

Parametric Amplifiers
Basics
Travelling wave amplifier
Josephson parametric amplifier
Applications

Superconducting Qubits
Cooper Pair Box
Flux Qubits
Phase Qubits
Transmons

Quantum Computing
Quantum vs. Classical Computing
Algorithm
Quantum Error Correction
Quantum Supremacy
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Free Electron Gas

Coulomb Potential Pseudopotential
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Free Electron Gas
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Free Electron Gas


