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BCS theory (named after John Bardeen, Leon Cooper, (¢ (ale) i psS—pyl Al ¢

() Gale) ulislf Zalal Lbagal) 3l
(

and John Robert Schrieffer) is the first microscopic theory of superconductivity since its
discovery in 1911. The theory describes superconductivity as a microscopic effect
caused by a condensation of Cooper pairs into a boson-like state. The theory is also
used in nuclear physics to describe the pairing interaction between nucleons in an
atomic nucleus.
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The four—-dimensional extension of the Ginzburg-Landau theory

The Coleman-Weinberg model represents quantum electro gy oldeS zigad

dynamics of ascalar field in four-dimensions.
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which differ Isotopes are variants of a particular chemical element Liuulill jaliall iUl 4l = A
in neutron number. All isotopes of a given element have the same number of protons in
each atom. The term isotope meaning 'the same place’; thus, the meaning behind the name is
that different isotopes of a single element occupy the same position on the periodic table.
In condensed matter physics, a Cooper pair or BCS pair is a pair of < ciliy sl Gwi q
electrons (or other fermions) bound together at low temperatures in a certain manner. Cooper
showed that an arbitrarily small attraction between electrons in a metal can cause a paired state
of electrons to have a lower energy than the Fermi energy, which implies that the pair is bound.
In conventional superconductors, this attraction is due to the electron—phonon interaction. The
Cooper pair state is responsible for superconductivity, as described in the BCS
theory developed by John Bardeen, Leon Cooper, and John Schrieffer
In quantum mechanics, the Hamiltonian is the operator 4. <) O gilaly Jgai 9
corresponding to the total energy of the system in most of the cases. It is usually denoted
by H, also H or H. Its spectrum is the set of possible outcomes when one measures the total
energy of a system. Because of its close relation to the time-evolution of a system, it is
importante in most formulations of quantum theory.
Lambda transition , The A (lambda) universality class is probably the most jul¥ (gl V)
important group in condensed matter physics. It regroups several systems possessing strong

analogies,
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The cryotron is a switch that operates using superconductivity. (g ig80 VY
The cryotron works on the principle that magnetic fields destroy superconductivity. This
simple device consists of two superconducting wires (e.g. tantalum and niobium) with
different critical temperature (Tc). The cryotron was invented by Dudley Allen Buck of

the Massachusetts Institute of Technology Lincoln Laboratory.
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The Josephson effect is the phenomenon of supercurrent—i.e. { gwiijsa ity
a current that flows indefinitely long without any voltage applied—across a device known as
a Josephson junction (JJ), which consists of two superconductors coupled by a weak link. The
weak link can consist of a thin insulating barrier (known as a superconductor—insulator—
superconductor junction, or S-1-S), a short section of non-superconducting metal (S-N-S), or a
physical constriction that weakens the superconductivity at the point of contact (S-s-8).
SQUID (superconducting quantum interference device) is a Juagill Gl bl asll Jalsi Jlga V¢
magnetometer used to measure extremely subtle magnetic fields, based on very sensitive

superconducting loops containing Josephson junctions.
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The Meissner effectis the expulsion of a magnetic field from — e il Vo

a superconductor during its transition to the superconducting state.
A perovskite is any - cuprate—perovskite ceramic materials— (ulaill dilda sl (eSS V1
material with the same type of crystal structure as calcium titanium oxide (CaTiOj3),
known as the perovskite structure, or X'A2*VIB4*X2-, with the oxygen in the face centers

Cuprate loosely refers to a material that can be viewed as containing copper anions.
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Yttrium barium copper oxide (YBCO) is a - (&0 s Galadll a5l azwasi) Slaalad) YV
family of crystalline chemical compounds, famous for displaying 'high—-temperature
superconductivity. It includes first material ever discovered to become

superconducting above the boiling point of liquid nitrogen (77 K) at about 90 K.
Iron-based superconductors (FeSC) - Juasll 4iild duughliall saall L) Sailea dga VA
are iron—containing chemical compounds whose superconducting properties (originally

known as oxypnictides),
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Joule heating, also known as ohmic heating and resistive heating is the Js 4 14
process by which the passage of an electric current through a conductor releases heat.

Cooper pair or BCS pair is a pair of electrons bound together at low temperatures - < ij Al
in a certain manner. Cooper showed that an arbitrarily small attraction between electrons in a
metal can cause a paired state of electrons to have a lower energy than the Fermi energy, which
implies that the pair is bound. In conventional superconductors, this attraction is due to the
electron—phonon interaction. The Cooper pair state is responsible for superconductivity,
In superconductivity, an Abrikosov vortex is a vortex of supercurrent in d.uualisal) cilajgal) Y

a type-ll  superconductor theoretically predicted by Alexei  Abrikosov in 1957.

The supercurrent circulates around the normal (i.e. non—superconducting) core of the vortex.
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In thermodynamics, Gibbs free energy or Gibbs function also known;sall (s 48l YY
as free enthalpy to distinguish it from Helmholtz free energy) is a thermodynamic
potential used to calculate the maximum or reversible work that may be performed by a

thermodynamic system at a constant temperature and pressure(isothermal , isobaric).
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In superconductors, the London penetration depth (usually denoted (il 333y Ges Y¢
as \) characterizes the distance to which a magnetic field penetrates into a
superconductor and becomes equal to e”! times that of the magnetic field at the surface
of the superconductor. Typical values of A_ range from 50 to 500 nm
In thermodynamics, entropy (usual symbol S) is a measure of the number (s Jalaa Yo
of microscopic configurations that correspond to a thermodynamic system in a state

specified by certain macroscopic variables.
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In condensed matter physics, dealing with the macroscopic physical 433 daja dhdiy Y1
properties of matter, a tricritical point is a point in the phase diagram of a system at
which three—phase coexistence terminates
Diamagnetic materials create an induced magnetic field in a direction  &livalala YV
opposite to an externally applied magnetic field, and are repelled by the applied
magnetic field. In contrast, the opposite behavior is exhibited
Diamagnetism is a quantum mechanical effect that occurs in by paramagnetic materials.
all materials; when it is the only contribution to the magnetism the material is called
a diamagnet.
Lenz's law is a common way of understanding how electromagnetic ;i (48 YA

circuits obey Newton's third law and the conservation of energy
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baroque highly decorated style of the seventeenth century; &g Ll Jaai ¥4

ornate style of architecture, elaborately A highly ornate and complicated with intricate designs.
decorated, and with intricate designs, is baroque. Baroque music is music that is complicated in
composition and rather difficult to master. The same applies to baroque painting, that is painting
which is highly decorative with intricate curves and intertwining lines and floral patterns.

The vortex state is a thermodynamic state of a material, characterized by co- dajgall dla ¥,
existing resistive!'! and superconducting sub-regions which form cores roughly
300 nm across.?IBl |t is the state transitioned to by Type Il superconductors when an

external magnetic field first overcomes the Meissner current at the material's boundary.
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the resonating valence bond theory (RVB) is a theoretical model ssall §8LS5 Jayy 4455 ¥ v
that attempts to describe high temperature superconductivity, and in particular the
superconductivity in cuprate compounds. The theory states that in copper oxide lattices,
electrons from neighboring copper atoms interact to form a valence bond, which locks

them in place
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The magnets typically use low temperature Al dadiie 48l dlagall (ulaliaall ¢

superconductors (LTS)
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Magnetic resonance imaging (MRI), nuclear magnetic resonance imaging (NMRI),
or magnetic resonance tomography (MRT) is a medical imaging technique used
in radiology to image the anatomy and the physiological processes of the body in both
health and disease. MRI scanners use strong magnetic fields, radio waves, and field

gradients to form images of the body.
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In electronics, rapid single flux quantum (RSFQ)yall oS! () anpud 4385 ¥1
is a digital electronics technology that uses superconducting devices,
namely Josephson junctions, to process digital signals. In RSFQ logic, information is
stored in the form of magnetic flux quanta and transferred in the form of Single Flux
Quantum (SFQ) voltage pulses.
encephalography (MEG) is a functional neuro Magneto  jubliall &laall s CligSug S ¥V
imaging technique for mapping brain activity by recording magnetic fields produced by

electrical currents occurring naturally in the brain, using very sensitive magnetometers.
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The superconducting tunnel junction (STJ) (&l Juaage —Jjladl — 3l Juaga ) Ogudisn dbay YA
also known as a superconductor—insulator-superconductor tunnel junction (SIS) — is
an electronic device consisting of two superconductors separated by a very thin layer
of insulating material. Current passes through the junction via the process of quantum
tunneling. The STJ is a type of Josephson junction, though not all the properties of the
STJ are described by the Josephson effect. These devices have a wide range of
applications, including high-sensitivity detectors of electromagnetic radiation,

magnetometers, high speed digital circuit elements, and quantum computing circuits.

A bolometer is a device for measuring the power of Sagles Bl wa
incident electromagnetic radiation via the heating of a material with a temperature-

dependent electrical resistance
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The Superconducting Super Collider (SSC) (also Desertron) Aaial) dalua gall adlaal €
was a particle accelerator complex under  construction in the vicinity
of Waxahachie, Texas. Its planned ring circumference was 87.1 kilometers (54.1 mi)
with an energy of 20 TeV per proton and was set to be the world's largest and most
energetic. It would have greatly surpassed the current record held by the Large Hadron

Collider which has ring circumference 27 km (17 mi) and energy of 6.5 TeV per proton.
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Maglev (derived from magnetic /evitation) is a transport method that cidals yUad ¢
uses magnetic levitation to move vehicles without touching the ground. With maglev,
a vehicle travels along a guideway using magnets to create both lift and propulsion,

thereby reducingfriction by a great extent and allowing very high speeds.
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A tokamak is a device that uses a powerful magnetic field to confine plasma in the
shape of atorus. Achieving a stable plasma equilibrium requires magnetic field
lines that move around the torus in a helical shape. Such a helical field can be
generated by adding a toroidal field (traveling around the torus in circles) and
a poloidal field (traveling in circles orthogonal to the toroidal field). In a tokamak, the
toroidal field is produced by electromagnets that surround the torus, and the poloidal
field is the result of a toroidal electric current that flows inside the plasma. This current

is induced inside the plasma with a second set of electromagnets
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The Tres Amigas SuperStation is a planned project to unite North _ulal s gy pdia £V
America’s two major power grids (the Eastern Interconnection and the Western Interconnection)
and one minor grid (the Texas Interconnection), with the goal to enable faster adoption of
renewable energy and increase the reliability of the U.S. grid. The project will use
superconducting wires from Massachusetts—based American Superconductor Corp for electrical
distribution and to interconvert alternating current (AC) and direct current (DC) power.
Bismuth strontium calcium copper oxide, or BSCCO igajll agadiig yiedl (uuladl) agaaallsl) s 3ala £ ¢
Yttrium barium copper oxide (YBCO) is a family of 3l ag i) ulaill agall dsusf 3l €0

crystalline chemical compounds, famous for displaying "high—temperature superconductivity'.
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The Superconducting Super Collider (SSC) Juasill 3ild unbliall ygud) adlaall €7

The Super Proton Synchrotron (SPS) is a particle accelerator of ¢ gig jgw O39Sl £V

the synchrotron type at CERN. It is housed in a circular tunnel, 6.9 kilometers in
circumference, in the border of France and Switzerland near Geneva, Switzerland.

The Relativistic Heavy lon Collider (RHIC) is one of only two i Ju& O sl pdbaa €A
operating heavy-ion colliders, and the only spin—polarized proton collider ever built.
Located at Brookhaven National Laboratory (BNL) in Upton, New York, and used by an
international team of researchers, it is the only operating particle collider in the US

The Large Hadron Collider (LHC) is the world's largest and most .l (5,3l aslas ¢4
powerful particle collider, the largest, most complex experimental facility ever built, and
the largest single machine in the world

The Very Large Hadron Collider (VLHC) is a hypothetical future faa al) O g ala pdlaa 0
hadron collider with performance significantly beyond the Large Hadron Collider. There
is no detailed plan or schedule for the VLHC; the name is used only to discuss the
technological feasibility of such a collider and ways that it might be designed.

The Future Circular Collider concept would qualify as such a collider.
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A particle accelerator is a machine that uses electromagnetic fields to clawal) g 09
propel charged particles to nearly light speed and to contain them in well-defined beams
Large Hadron Collider (LHC) jusll (g0 adlas 0¥
(SC)single coil 342 il oY
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Large Electron-Positron Collider (LEP)— .Sl &89 — (98l adlaa 0%
was one of the largest particle accelerators ever constructed
Large Hadron Collider (LHC) is the world's largest and most — .l (9,0 adlas 00
powerful particle collider, the largest, most complex experimental facility ever built, and
the largest single machine in the world
(3 Juasa = JJle — 3l Juaga) 0 dhag cigsaall 38) Jole Jlaa (e dlaal) 4dlal) 07
The weak link can consist of a thin insulating barrier (known as ( superconductor—
insulator-superconductor junction, or( S—I—S),
Jlaty) s vie A8l Ldagall Cindas (sala bl of Jaasil) (38 pal) sl (e b adaia 0V
short section of non-superconducting metal (S-N-S), or a physical constriction that weakens

the superconductivity at the point of contact (S—s-S8).
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superconducting qubits,Superconducting quantum computing4d..a<al) 435l dlagal) oA
is a promising implementation of quantum information technology that involves nanofabricated
coupled through Josephson junctions. As in a superconducting electrodes superconducting
electrode, the phase and the charge are conjugate variables. There exist three families of
superconducting qubits, depending on whether the charge, the phase, or neither of the two is
good quantum numbers. These are respectively termed charge qubits, flux qubits, and hybrid

qubits.
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A caesium standard or caesium atomic clock 4uulal) agijd) i 04
is a primary frequency standard in which electronic transitions between the
two hyperfine ground states of caesium-133 atoms are used to control the output
frequency. The first caesium clock was built by Louis Essen in 1955 at the National
Physical Laboratory in the UK

The International Bureau of Weights and Measures , dalgall julaal) daldia %+
is an international standards organisation, one of three such organisations established
to maintain the International System of Units (SI) under the terms of the Metre

Convention The organisation is usually referred to by its French initialism, BIPM.
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Gate oD | Tunnel junction:

<
Gate capacito

O gl ) el Jaads (1) - 1) s
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Cigh VA Ulad jualind) o3 . Aaaldl) LAY Cilgiad) & 481 plijsilly A ale
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cabiliy GugSuli 8 Ll lghyad ol a9y

single—electron transistor is The simplest device in which (g s<ty) cealal ) gieasilan 1
the effect of Coulomb blockade can be observed It consists of two electrodes known as
the drainand the source, connected through tunnel junctions to one common electrode with a
low self-capacitance, known as the /is/and. The electrical potential of the island can be tuned by
a third electrode, known as the gatfe, which is capacitively coupled to the island.

A charge-coupled device (CCD) is a device for the movement 4ijiiall ciliadll yalial 1Y
of electrical charge, usually from within the device to an area where the charge can be

manipulated, for example conversion into a digital value.
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Superconducting quantum computing Juagill 42l A<l duuga 1Y
is a promising implementation of quantum information technology that involves
nanofabricated superconducting electrodes coupled through Josephson junctions. As
in a superconducting electrode, the phase and the charge are conjugate variables. There
exist three families of superconducting qubits, depending on whether the charge, the
phase, or neither of the two is good quantum numbers. These are respectively
termed charge qubits, flux qubits, and hybrid qubits.

In quantum computing, a qubit or quantum bit (sometimes qbit) douaal) B ¢
is a unit of quantum information—the quantum analogue of the classical bit. A qubit is
a two-state quantum-mechanical system, such as the polarization of a single photon:

here the two states are vertical polarization and horizontal polarization
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U((t) = 2o a—dz (superconducting phase evolution equation ) (5 —\) Adalaal)
I (t) = Ic sin (¢ {t}) (]osephson or weak — link current — (° -\ ) ddalaal)

phase relation)

The quiteron is a superconducting three—terminal, three layer (g 08 Jad paie 10

switching device similar to transistor. . Quiteron's characteristics are very low switching

energy requirements and extremely fast switching times on the order of 10712 s. It works

quantum tunneling by injecting quasiparticles through the two thin on principles of
insulator layers separating the three superconducting layers.

Superfluidity is a state of matter in which the matter behaves jugull Jilud) aglell 71

like a fluid with zero viscosity; where it appears to exhibit the ability to self-propel and

travel in a way that defies the forces of gravity and surface tension.
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Rapid single flux quantum (RSFQ) superconducting (a & < &) gl 32al) aSl) (3845 43085 1A

logic was developed in Russia in the 1980s
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'flux—state’ (or "Single-Flux-Quantum’, or 'SFQ’) logic which uses 3 oS (33N aga ta
coding of the binary information, not by the dc voltage, but by single quanta of magnetic
&
flux ( o= h/2e = 2.07x10‘15Wb). SFQ devices can be divided into two big groups,
defined by the method used to pass the information between logic circuits.
In static SFQ circuits (<l Ala A 3)2a oS 385 Lilga Vo
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Superconducting logic refers to a class of logic circuits or gates ghia Ji 3,2all a8l 3845 V)
A AR Alagal) (o (AEY g ol (3585 udaiiall BB Cpa Agaall agdl) sal) undlie (3450 aaSi VY
quantization of magnetic flux (fluxoid) One of the microscopic filaments (4aliiall 4lal)

of magnetic flux that penetrates a type Il superconductor in the mixed state

Reciprocal Quantum Logic (RQL) to fix some problems of RSFQ logic. lalial) gl ghie V¥
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In physics, cryogenics is the study of the production and behavior of materials zLl) v ¢
at very low temperatures. It is not well-defined at what point on the temperature
scale refrigeration ends and cryogenics begins, assume it starts at or below —150 °C (123 K;
—238 °F)

The magnetic flux, represented by the symbol &, threading some thu.d\ (8l) avaSi VO
contour or loop defined magnetic field B multiplied by the loop area S, i.e. ® = B - S. Obviously,
both B and S can be arbitrary and so is ®. However, if one deals with the superconducting loop
or a hole in a bulk superconductor, it turns out the magnetic flux threading such a hole/loop is
quantized. The (superconducting) magnetic flux quantum @, = h/(2e)
= 2.067833758(46)><10‘15 Wb is a combination of fundamental physical constants: the Planck

constant / and the electron charge e. Its value is, therefore, the same for any superconductor.
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J Vt) dt= ®;=2.07°10715 Wb = 2.07 mV ps = 2.07 mA pH
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Laglgisil « (Ry) dhasll @bl dagliag «(le) gl ddagl il z W s (IR,)

thfall ey clgh Aua VGl Lasd (IR, ) Ol o gasaill Balal §ativall cduas!
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In telecommunications and electronics, a self-clocking signal is one that j.all 4303 V4
can be decoded without the need for a separate clock signal or other source
of synchronization. This is usually done by including embedded synchronization
information within the signal, and adding constraints on the coding of the data payload
such that false synchronization can easily be detected.

An asynchronous circuit, or self-timed circuit, is a sequential digital 4iafjia ) gl VvV
logic circuit which is not governed by a clock circuit or global clock signal. Instead they
often use signals that indicate completion of instructions and operations, specified by

simple data transfer protocols.
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ARl Alie LiaglgiSi VA
A disruptive innovation is an innovation that creates a new market and value network and
eventually disrupts an existing market and value network, displacing established market leaders
and alliances. The term was defined and phenomenon analyzed by Clayton M.
Christensen beginning in 1995. More recent sources also include 'significant societal impact' as

an aspect of disruptive innovation
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high—speed network switching devices Digital signal processing, (s} §siwa cjld) glai V4
, up to X-band signals and beyond Ultrafast Routers Software-Defined Radio (SDR) 7 KB (895
words X-rays and so on, and each of these ranges can in turn be divided into smaller ranges. A
radio communications signal must occupy a range of frequencies 2KB (222 words) .
Software—-defined radio (SDR) is a radio communication system where 511a4 galys 4213 A+
components that have been typically implemented in hardware e.g. mixers, filters,
amplifiers, modulators/demodulators, detectors, etc.) are instead implemented by
means of software on a personal computer or embedded system.! While the concept of
SDR is not new, the rapidly evolving capabilities of digital electronics render practical

many processes which used to be only theoretically possible.
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V(t)=d®/dt
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A RS-flipflop is the simplest possible memory element. Jaill 3813 paic A
It is constructed by feeding the outputs of two NOR gates back to the other NOR gates

input. The inputs R and S are referred to as the Reset and Set inputs
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HYPRES’ foundry features a complete niobium-based superconducting _uula 4385 A Y

integrated circuit fabrication line. The niobium process has been in operation since 1983
with proven reliability as demonstrated by circuit operations through 7000 thermal cycles
without failure and no changes in device characteristics after five years of shelf life.

Department of Physics, SUNY, Stony Brook, NY i 4 AY
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niobium tri—layer junctions judu i agugsill CBuagl) Ao
A Nb-AIO,—Nb trilayer process was developed that consistently produces junctions
with V,,>40 mV. Critical current density was controlled reproducibly from 200 to 7000
A/cm2 by controlling the oxygen pressure in the process chamber during thermal
oxidation of the aluminum. A multilayer AlO, barrier was used to produce junctions for
Josephson circuit applications requiring low critical currents (<50 A/cmz).
latch is an electronic logic circuit has two inputs and one outputz¥;al) 9 @AY Slga AN
One of the inputs is called the SET input; the other is called the RESET input. — Latch
circuits can be either active—high or active-low. The difference is determined by whether
the operation of the latch circuit is triggered by HIGH or LOW signals on the inputs.
dynamic punchthrough <.loall LSy aga AV
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Autocorrelation, also known as serial correlation or cross— s Jill Ja|ill yali AA

autocorrelation is the cross—correlation of a signal with itself at different points in

time (that is what the cross stands for). Informally, it is the similarity between
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observations as a function of the time lag between them. It is a mathematical tool for
finding repeating patterns, such as the presence of a periodic signal obscured by noise,
or identifying the missing fundamental frequency in a signal implied by
its harmonic frequencies. It is often used in signal processing for analyzing functions or

series of values, such as time domain signals.
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In theoretical computer science , a pseudorandom generator 4ij); 4uljgds 5L ilga AY
(PRG) for a class of statistical tests is a deterministic procedure that maps a random
seed to a longer pseudorandom string such that no statistical test in the class can
distinguish between the output of the generator and the uniform distribution. The
random seed is typically a short binary string drawn from the uniform distribution.

In computing, petascale refers to a computer system capable of (. gldlin (ubida dugs 4+
reaching performance in excess of one petaflops, i.e. one quadrillion floating
point operations per second. The standard benchmark tool is LINPACK and
Top500.org is the organization which tracks the fastest supercomputers. Some

uniquely specialized petascale computers do not rank on the Top500 list since they
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cannot run LINPACK. This makes comparisons to ordinary supercomputers hard.
Petascale can also refer to very large storage systems where the capacity exceeds

one petabyte (PB).
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In the field of physics, a Feshbach resonance, named after Herman Feshbach, is a
feature of many-body systems in which a bound state is achieved if the coupling(s)
between at least one internal degree of freedom and the reaction coordinates, which lead
to dissociation, vanish. The opposite situation, when a bound state is not formed, is
a shape resonance. Feshbach resonances have become important in the study of
the cold atoms systems, both the Fermi gases as well as the Bose-Einstein
condensates (BECs). In the context of scattering processes in many-body systems, the
Feshbach resonance occurs when the energy of a bound state of an interatomic
potential is equal to the kinetic energy of a colliding pair of atoms, which have hyperfine
structure coupled via Coulomb or exchange interactions. In experimental settings, the
Feshbach resonances provide a way to vary interaction strength between atoms in the
cloud by changing scattering length, ag., of elastic collisions
oa) GUaill Juagill 4RSS A QY
In quantum mechanics, an atomic orbital is a mathematical function that describes the
wave-like behavior of either one electron or a pair of electrons in an atom.!! This
function can be used to calculate the probability of finding any electron of an atom in
any specific region around the atom’'s nucleus. The term, atomic orbital, may also refer
to the physical region or space where the electron can be calculated to be present, as

defined by the mathematical form of the orbital
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