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Fourier Lransforms. If f(z) is such a function of z that f_‘ |f(2)]* dz

is finite and if the function -
F(k) = - \7'2; f_'” j(z)e*“"m

then F(k) is called the Fourter Transform of f(z) and

J@ = e [T Kk di: f TR dk = [ TS de
N\ =T — —»

Furthermore if the expansion for f.(2) in the neighborhood of z = 0 is

fe(z) = z (f—if,).f“"’(ﬂ); z>0; f,=0;

nwmi)

z2<0

then the asymptatie hehavior of F for large & is

| - \"
Al 2 = - (n—1)
Fok) = — Vs E (,,) Fo=0(0)
ne= |

If F(k) is the Fourier transform of f(z) and (k) the Fourier transform
of ¢(z), then the Fourier transform of

*{712—' [_., JNgz — N dy is F)Gk); fult@

and the Fourier transform ol f(z)y(2) is \;2_1 f_: FO)Gk = D dl. Also

[_"; FUoGU) di = [_'__ J@)jz) da.
If F(k) is the Fourier transform of f(2), then

. . ]
Z flan) = %_2?' 2 r (fiﬁ); Poisson sum formula

Even if f_: If(2)]? dz is not finite, if f". 1f(2)|%e=% dz is finite and
if G(k) is the Fourier transform of S(2)e=, then the Fourier transform of
f@) is Gk = 4r0) = I'(k), where

- 4irg
F(lt')t"“‘ dk

— o f1irg

e R A A e e, -

484 Funetions of a Complex Variable [cn. 4
For other conditions of convergence see Fqs: (4.8.19) ¢l seq.
Function f(z) IPourier transform /(&)
M(z) ML)
J(az) (1/a)F(k/a)
. d o,
12f(2) T F(k)
d . Al
= —1ikF(k
/@ ikF (k)
cirkef(z) Fk + ko)
f(z - Zn) c—il’:o].‘(k)
1 &)
(z = izo)"' (Rezs > 0) TV2r ek (Rek > 0)
[(z = tzo)(z + 2] VI [ (Rek > 0)
(Re 2o and Re 2, > 0) (zo+2) le* (Rek <0)

sech(kz)
tanh(luz)
z—a—lt.l‘/:

1.t

3

o
Vz J )

(1/k) ‘\/;7-2 sech(wl/21:0)
(i/ke) V'7[2 esch(xh/2k0)
T V2r etrielde ] (2 k)
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The Meissner Effect

Perfect Diamagnet

If a conductor already had a steady Bonn
magnetic field through it and was
then cooled through the transition
to a zero resistance state, becoming
a perfect diamagnet, the magnetic
field would be expected to stay the
same.

Superconductor

ly, the magnetic behavior
of a superconductor is distinet from
perfect diamagnetism. It will
actively exclude any magnetic field
present when it makes the phase
change to the superconducting state.

Transition to
Siparsentysios & zero resistance

Perfect Transition to
diamagnet zero resistance

Magnetic levitation | Further discussion

Index

Superconductivity
concepts

Reference
Rohlf,Ch 15

R Nave

Hv~erPhysics***** Condensed Matter

Go Back




Perfect Diamagnetism

A conductor will oppose any change
in externally applied magnetic field.

Induced megnetic field diamagnetism, and a perfect

opposes change.

superconductor is a perfect

Perfect diamagnet

conductor would be a perfect
diamagnet. That is, induced currents
in it would meet no resistance, so
they would persist in whatever
magnitude necessary to perfectly
cancel the external field change. A

Circulating currents will be induced
to oppose the buildup of magnetic
field in the conductor (Lenz’s law).
In a solid material, this is called

diamagnet, but there is more than
this involved in the Meissner effect.

I!Illustrate mixed staleH

Index

Superconductivity
concepts

Reference
Rohlf,Ch 15

Mixed-State Meissner Effect

In Type II superconductors the magnetic field is not excluded
completely, but is constrained in filaments within the material.
These filaments are in the normal state, surrounded by
supercurrents in what is called a vortex state. Such materials

HyperPhysics***** Condensed Matter

R Nave

Go Back

Index
can be subjected to much higher external magnetic fields and
remain Superconducllng. Superconductivity
concepts
Reference
Rohlf,Ch 15
Magnetic field
HyperPhysics***** Condensed Matter R Nave |O0 Back
Spin Alignment vs Electron
L
Pair
airs Index
The makers of superconducting magnets face a basic difficulty : .
which Lindenfeld has put succinetly "magnetism and Supe;gzl:gu::stmty
superconductivity are natural enemies". Macroscopic P
magnetization depends upon aligning the electron spins Biakoaauns
parallel to one another, while superconductivity depends upon Rohlf.Ch 15

pairs of electrons with their spins antiparallel. The Cooper
pairs of electrons in the BCS theory have a very small binding
energy, and external magnetic fields exert torques on the
electron spins which tend to break up these pairs.




News Graphics

Bose-Einstein Vortices

The images show quantum vortices in a rotating condensate of sodium atoms.

A condensate 60 micrometer in diameter and 250 micrometer in length was
set in rotation by rotating laser beams. It then formed a regular lattice of
vortices. The condensate was then allewed to ballistically expand which
resulted in a twenty times magnification. The images represent
two-dimensional cuts through the density distribution and show the density
minima due to the vortex cores. The examples shown contain 0, 16, 70 and
130 vortices. The diameter of the cloud was about 1 mm.)

Figure courtesy of Todd Gustavson at MIT

Back to Physics News Graphics

Critical Temperature for
Superconductors

The critical temperature for
superconductors is the temperature at
which the electrical resistivity of a
metal drops to zero. The transition is so
sudden and complete that it appears to
be a transition to a different phase of

‘tter; this superconducting phase is
described by the BCS theory. Several
materials exhibit superconducting phase
transitions at low temperatures. The
highest critical temperature was about
23 K until the discovery in 1986 of

some high temperature superconductors.

Materials with critical temperatures in
the range 120 K have received a great
deal of attention because they can be
maintained in the superconducting state
with liquid nitrogen (77 K).

HyperPhysics***** Condensed Matter

IType I superconductors!Type II supcrconduclors”
%

Material T-Critical
Gallium I.1K
Aluminum 1.2K
Indium 34K Index
Tin 37K Superconductivity
Mercury 42K concepts
Lead 243 Reference
Niobium 93K Rohlf,Ch 15
Niobium-Tin 179K
La-Ba-Cu-oxide[30 K
Y-Ba-Cu-oxide [92 K
Tl-Ba-Cu-oxide [ 125 K

Go Back

R Nave




Type I Superconductors

The thirty pure metals listed at right are
called Type I superconductors. The
identifying characteristics are zero
electrical resistivity below a critical
temperature, zero internal magnetic field

Type 11 Superconductors

Superconductors made from alloys are
called Type II superconductors. Besides
being mechanically harder than Type 1

(Meissner effect), and a critical magnetic ——]
field above which superconductivity ceases. [[Mat. | Tc Mat. JTe
Be |0 Gd |I.1
The superconductivity in Type I
sug.aconductors is modeled well by the Rh_10 a2
BCS theory which relies upon electron W [0.015|Pa {14
pairs coupled by lattice vibration 0.1 Th (1.4
interactions. Remarkably, the best od -
conductors at room temperature (gold, Lu 0.1 |JlfRe 1.4
silver, and copper) do not become at loa M 1239 Index
superconducting at all. They have the 310
smallest lattice vibrations, so their behavior [[RY_10-5 JIfiIn _§3-408|l |Superconductivity
correlates well with the BCS Theory. Os (0.7 ||[Sn [3.722 concepts
While instructive for understanding e I 3153
superconductivity, the Type I Zr 10.546((|Ta [4.47
superconductors have been of limited cd lose v 1538
pre~tical usefulness because the critical '
magaetic fields are so small and the U 02 La_6.00
superconducting state disappears suddenly [[Ti (039 (||[Pb [7.193
at that temperature. Type I superconductors
are sometimes called "soft" Za 1085 y)Tc J7.77
superconductors while the Type II are Ga |1.083)(INb [9.46
"hard", maintaining the superconducting
state to higher temperatures and magnetic
fields.
||Type I superconductors on periodic table
HyperPhysics***** Condensed Matter R Nave Go Back

superconductors, they exhibit much Material Transition Critical

higher critical magnetic fields. Type II Tamei0. Pateir)

superconductors such as NbTi 10 15

niobium-titanium (NbTi) are used in the | PbMoS 144 6.0 e

corstruction of high field ;gﬁ' :‘5‘-3 ‘f;

supwreonducting magnets. VgSi 16.9 235 | [Superconductivity

e Nb 38n 18.0 245 concepts

Typg-ll superconductors usually existin | nNpgyAl 18.7 32.4

a mixed state of normal and Nbz(AlGe) 20.7 44

superconducting regions. This is b 5 Ge 232 36

som_etimes called a vortex state, because  From Blatt, Modern Physics

vortices of superconducting currents

surround filaments or cores of normal

material.

"New superconductor: magnesium diboridell

ﬁ

H;, :rPhysics***** Condensed Matter R Nave Go Back
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2002)
ctors Show Their Stripes

as, high-temperature superconductors appear
i, distinguished by their stripes. Some

1at electricity runs without resistance along

! electric charge in these materials. That

' gets a big boost now that a team has finally
)es in the mast widely studied of the so-called
clors s reported in the 4 March print issue
‘hers' 1arge crystal sample enabled them to

n neutron scaltering data that support the

t separate a cuprate superconductor from its

nductors are something like multi-tiered dance
irges. They consist of parallel planes of copper
Within each plane the copper atoms arrange
lare grid, with an oxygen atom sitting between
yring coppers. Between the planes lie atoms
ind some of these absorb electrons from the
ng positively charged "holes® behind.

:hat these holes pair up to waltz without

3 planes. However, they aren't sure how the
nanage to cling together.

he hr s first form long stripes in which it is
ugh tne copper-oxygen terrain. A hole masks
1@ copper atom on which it sits. So as an
from one copper atom to the next, it appears
agnetism is jumping in the opposite direction. Supercrystal. One theory claims thal "stripes” of eleclric charges
quires lots of energy because it disrupts the allow the planes of copper (green) and oxygen (blue) in
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Electrical Resistivity Anisotropy from Self-Organized One Dimensionality
in High-Temperature Superconductors
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We investigate the manifestation of stripes in the in-plane resistivity anisotropy in untwinned single
crystals of Laz—,Sry,CuOy (x = 0.02-0.04) and YBa;Cu30, (y = 6.35-7.0). It is found that both sys-
tems show strongly temperature-dependent in-plane anisotropy in the lightly hole-doped region and that
the anisotropy in YBa,Cu;0, grows with decreasing y below ~6.60 despite the decreasing orthorhom-
bicity, which gives most direct evidence that electrons self-organize into a macroscopically anisotropic
state. The transport is found to be easier along the direction of the spin stripes already reported, demon-
strating that the stripes are intrinsically conducting in cuprates.

DOIL: 10.1103/PhysRevLett.88.137005 PACS numbers: 74.25.Fy, 74.25.Dw, 74.20.Mn, 74.72.Bk

The echanism of the high-temperature superconduc-  conducting cuprates, evidence [2-7] is reasonably str
vity is still not settled 15 years after its discovery, mostly  for spin stripes, but not at all conclusive for charge strij
cause i_t is unclear how _be_st to describe the s_trongly cor- Thergfore, to really establish Lhc charge stripe as a 1
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FIG. 3. Representative data sets of p,(T") and p,(T) for YBCO

at selected y. The y values shown are 7.00 (a), 6.83 (b), 6.45 (c),

and 6.35 (d). In nonsuperconducting samples at y = 6.35 (d),

the anisotropy does not disappear even though the CuO chains

are destroyed.
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