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WHAT'S A SUPERCONDUCTOR?

Superconductors have two outstanding features:

1). Zero electrical resistivity.

 This means that an electrical current in a superconducting
ring continues indefinitely until a force is applied to oppose
the current.

2). The magnetic field inside a bulk sample is zero (the Meissner
effect).

 When a magnetic field is applied current flows in the outer
skin of the material leading to an induced magnetic field
that exactly opposes the applied field.

 The material is strongly diamagnetic as a result.

 In the Meissner effect experiment, a magnet floats above
the surface of the superconductor
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DIAMAGNETIC MATERIALS



PRINCIPLES

 Superconductor principles can be explained by examining various
formulas.

 Lack of resistance in a current-carrying superconductor can be
illustrated by:

Ohm's law, R=V/I

(R -resistance, V -voltage, I –current)

 Since superconducting materials carry current with no applied
voltage, R=0.

 Superconductivity also does not involve power loss, since power is
defined:

P=I2R

 Since R is zero in superconducting material→power loss is zero.

 https://www.youtube.com/watch?time_continue=5&v=fuloQcljFOs

https://www.youtube.com/watch?time_continue=5&v=fuloQcljFOs


WHAT'S A SUPERCONDUCTOR?



RESISTANCE VERSUS TEMPERATURE 



RESISTANCE VERSUS TEMPERATURE 



MEISSNER EFFECT

 Superconductors exhibit unique features:

→ability to perfectly conduct current.

→many expel magnetic fields during the transition to the

superconducting state.

 This is due to Meissner effect by which superconducting materials set up electric

currents near their surface at Tc →cancelling the fields within the material itself.

 Stationary magnet on superconductor demonstrates this effect:

→superconductor cools through its Tc

→the expulsion of magnetic flux from the conductor causes the

magnet to levitate above the material/ floats above the surface of the

superconductor



MEISSNER EFFECT



Non-superconductor (Normal Metal)

Bint = Bext



Superconductor

Bint = 0

B
ext



MAGNETIC LEVITATION

 Magnetic fields are actively excluded from superconductors
(Meissner effect).

 If a small magnet is brought near a superconductor, it will
be repelled because induced supercurrents will produce
mirror images of each pole.

 If a small permanent magnet is placed above a
superconductor, it can be levitated by this repulsive force.



A magnet is hovering over a

superconductor cooled by liquid nitrogen,

demonstrating that magnetic fields cannot

penetrate the superconductor



Magnetic Levitation 



TYPES I SUPERCONDUCTOR



Mat. Tc (K)
Be 0

Rh 0

W 0.015

Ir 0.1

Lu 0.1

Hf 0.1 

Ru 0.5

Os 0.7

Mo 0.92

Zr 0.546

Cd 0.56

U 0.2

Ti 0.39

Zn 0.85 

Ga 1.083

Mat. Tc (K)
Gd* 1.1

Al 1.2

Pa 1.4

Th 1.4

Re 1.4

Tl 2.39 

In 3.408

Sn 3.722

Hg 4.153

Ta 4.47

V 5.38

La 6.00

Pb 7.193

Tc 7.77 

Nb 9.46

Type I 
Superconductors
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Type II 

Superconductors
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FIELD
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EXAMPLE QUESTION

 The transition temperature for Pb is 7.2K. However at 5K it

loses the superconducting property if subjected to a magnetic

field of 3.3×104 A/M. Find the maxiumum value of H which will

allow the metal to retain its superconductivity at 0K.
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CRITICAL TEMPERATURES, TC IN INORGANIC 
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**NEW CHROMIUM BASED SUPERCONDUCTORS 



PRODUCT FORM FACTORS

 Suppliers of superconductors and superconducting materials offer
products in various different forms

 Raw superconducting materials

 include chemical compounds in the form of powders or crystals.

 Superconducting powder is incorporated into the manufacture of more
efficient fuel cells, gas separation membranes, and lithium-ion batteries.

 Magnets

 are produced for MAGLEV and MRI applications, as discussed below, as
well as microscopy and NMR/EPR spectroscopy.

 Wire and cable

 are used in superconductive power transmission and scientific research
in ultra-high magnetic fields.

 Superconductor manufacturers may specialize in the advancement
of a certain superconducting compound→niobium-based formulas or
magnesium diboride (MgB2).



APPLICATIONS

 Superconductors are not available on a wide commercial scale due to the extensive cooling

necessary to reach superconductive states.

 They are common in a few specialized applications, including:

 MAGLEV trains

 use superconductive magnets to practically eliminate friction between the train and the tracks.

 The use of conventional electromagnets would waste vast quantities of energy via heat loss and

necessitate the use of an unwieldy magnet, whereas superconductors result in superior efficiency

and smaller magnets.

 Magnetic resonance imaging (MRI)

 uses superconductor-generated magnetic fields to interact with hydrogen atoms and fat molecules

within the human body.

 These atoms and molecules then release energy that is detected and formed into a graphic image.

 MRI is a widely used radiographic method for medical diagnosis or staging of diseases such as

cancer.

 Electric generators

 built with superconductive wire have achieved 99% efficiency ratings in experimental tests but have

yet to be built commercially.

 Electric power generation

 using superconductive cables and transformers has been experimentally tested and demonstrated.



MAGLEV TRAINS


