




No – nothing to do 
with clippies 



Nor with world 
famous orchestras 



A superconductor is a material which has no 
resistance to electricity. When passing current 
through a superconducting material there is no 
loss of electrical power 



A material or an object that allows the passage of an electric current 

Electrical conductors contain electric charges (usually electrons) that are 

relatively free to move through the material; a voltage applied across the 

conductor therefore creates the electric current. 



Metals; non-metals 
and semiconductors 



 

The Periodic Table of elements - I 



 

The Periodic Table of elements - II 
 

Semiconductors 



 

Why do metals conduct? 

Metal atoms have outer electrons which are not tied to any one 

atom. These electrons can move freely within the structure of a 

metal when an electric current is applied. There are no such free 

electrons in covalent or ionic solids, so electrons can't flow through 

them - they are non-conductors 



The Copper atom has 29 
electrons 

 

The outer shell has one loose electron 



 

These outer “valence band” electrons are free 
to move through the copper crystal lattice 



Example of a typical crystal 
lattice for a non conducting ionic 
crystal 





George Simon Ohm 
Born 1787 in Erlangen, Bavaria 

Ohm discovered that current flow in a 

wire is proportional to cross sectional 

area and inversely proportional to length 

Published his law in 1827. 

Ideas dismissed by colleagues 

Resigned from teaching and lived in 

shame and poverty 

Efforts recognised in 1849 

Became professor in Munich 



Ohm’s Law 

V=I*R 

Or…. 



Ohm’s Law 

Voltage=Current * Resistance 



Ohm defined the fundamental 
relationship between resistance; 
current and voltage 

The symbol for resistance is the 
Greek letter Omega   

Resistance is measured in OHMS 



Why cables get hot and why we 
use high voltage for transmission 
lines 

Watts = Current * Voltage or W = I*V 

Substituting for voltage in Ohm’s law 
We get W = I2R. This the so-called Joule 
heating effect of an electrical current 

Power is measured in WATTS 



Why cables get hot and why we 
use high voltage for transmission 
lines 

So for every reduction in cable DIAMETER by 
50%, the resistance increases fourfold and for 
a given fixed current the power loss increases 
by four times! 



Why cables get hot and why we 
use high voltage for transmission 
lines 

But we need to move a lot of power around 
the country so we do so at very high voltage 
to minimise losses. Each doubling of voltage 
halves the current and reduces the Joule 
heating by a factor of four 



A very hot “cable” 



132 kV power distribution 

3 phase 
distribution, 
so three 
cables per 
side of the 
pylon 



275 kV power distribution 

Double wire 
“bundles” to 
reduce corona 
losses 



400 kV power distribution 

Four wire 
“bundles” 
spaced to 
reduce corona 
losses 



400 kV line re-cabling - I 
You need a good 
head for heights. 
Also you need to 
make sure that 
the electricity is 
disconnected… 



400 kV line re-cabling - II 

New 
cables 
being 
winched 
into 
position 

Corona ring 



400 kV line re-cabling - III 

Note the 
massive size of 
the suspensory 
insulators 



Electrical resistance increases 
with temperature 

Temperature coefficients 

of resistivity of some 

metals 

(10-3/oC) 

Silver  3.0 

Copper  3.9 

Iron  5.0 

Aluminium 3.9 

Where α is the temperature coefficient 

So for a 100 oC rise in 

temperature an aluminium 

conductor will increase in 

resistance by 1.39 times and the 

Joule heating effect (or power 

losses) will increase by the same 

amount 

R=R0{1 + α(T-T0)} 



Resistivity of Gold 
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How much power do we need? 

What sources does it come from? 

Supply and demand overview 
10:00 15th June 



How much power do we need? 

What sources does it come from? 

Supply and demand overview 
22:00 17th June 



A closer look at the details 

Demand    34.50 Gigawatts 

Coal    16.67% Base load 

Nuclear    22.97% Base load 

Combined cycle gas turbine 45.23% Instant ON-OFF 

Wind    2.38% (can go as high as 12%) 

Pumped storage   0.84% 

Hydroelectric   0.93% 

Biomass    2.35% 

French connector  5.80% (nuclear) 

Dutch connector   2.90% (wind?) 

Monday 15th June 2015 10:00 am 



A closer look at the details 

Demand    32.15 Gigawatts 

Coal    20.18% Base load 

Nuclear    22.33% Base load 

Combined cycle gas turbine 31.47% Instant ON-OFF 

Wind    11.35% (can go as high as 12%) 

Pumped storage   1.06% 

Hydroelectric   0.75% 

Biomass    3.33% 

French connector  6.22% (nuclear) 

Dutch connector   3.11% (wind?) 

Monday 15th June 2015 10:00 am 



Daily and seasonal variation 



A difficult winter week 



I2R Power losses in the 
UK National Grid 

Joule heating in network of 400kV; 275kV and 132kV cables: 858 MW 

Fixed losses: 266 MW (consists of corona and iron losses; can be 100 MW 

higher in adverse weather) 

Substation transformer heating losses: 142 MW 

Generator transformer heating losses: 157 MW 

Total losses: 1,423 MW (2.29% of peak demand) 

 



I2R Power losses beyond 
the EHV network 

Although overall losses in the national grid are low, there are significant 

further losses in onward electricity distribution to the consumer, causing a 

total distribution loss of about 7.7%. However losses differ significantly for 

customers connected at different voltages;  

at high voltage the total losses are about 2.6% 

at medium voltage 6.4% 

and at low voltage 12.2% 

 





The discoverer of 
superconductivity 

Kamerlingh Onnes 
21 September 1853 – 21 February 1926 
Nobel laureate 1913 

In 1911 Onnes reported that 
mercury displayed zero 
resistance when cooled to 
4.19 degrees  



Resistivity at low temperatures 
Pure mercury (could be 
repeatedly distilled producing 
very pure samples). 

Repeated resistivity measurements indicated zero resistance at the liquid-
helium temperatures. It was assumed that there was a short circuit! 
 
But during one repetitive experimental run, a young technician fall asleep. 
The helium pressure (kept below atmospheric) slowly rose and, therefore, 
the boiling temperature rose. As it passed above 4.2 K, suddenly resistance 
re-appeared. 

From: Rudolf de Bruyn Ouboter, “Heike Kamerlingh Onnes’s 

Discovery of Superconductivity”, Scientific American March 1997 
Hg TC=4.2K 

1895 William Ramsay in England 
discovered helium on the earth  
1908 H. Kamerlingh Onnes 
liquefied helium (boiling point 
4.22 K)  

Superconductivity- discovery I 



Superconductivity- discovery II 

Liquid Helium (4K) 
(1908). Boiling point 
4.22K. 

Superconductivity in 
Hg TC=4.2K (1911) 

„Mercury has passed into a new state, 
which on account of its extraordinary 
electrical properties may be called the 
superconducting state“ 

H. Kamerlingh Onnes 1913 (Nobel prize 1913) Resistivity R=0 below TC;  
(R<10-23 cm, 1018 times 
smaller than for Cu) 



Further discoveries to 1993 

1986 (January): High Temperature 
Superconductivity (LaBa)2 CuO4 
TC=35K 

K.A. Müller und G. Bednorz (IBM 
Rüschlikon) (Nobel prize 1987) 

1987 (January): YBa2Cu3O7-x TC=93K 

1987 (December): Bi-Sr-Ca-Cu-O TC=110K,  

1988 (January): Tl-Ba-Ca-Cu-O TC=125K 

1993: Hg-Ba-Ca-Cu-O TC=133K  

(A. Schilling, H. Ott, ETH Zürich) 

1911-1986: “Low temperature 
superconductors” Highest  TC=23K  
for Nb3Ge 

Muller and Bednorz IBM 1986 
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Tc for superconducting elements 

No ferromagnetic elements are superconducting 
The best conductors (Ag, Cu, Au) are not superconducting  
Nb has the highest TC = 9.2K from all the elements 



46 

A superconductor is a perfect 
diamagnet. Superconducting 
material  expels magnetic flux from 
the interior.   

W. Meissner, R. Ochsenfeld (1933) 

On the surface of a superconductor  
(T<TC) superconducting current will 
be induced. This creates a magnetic 
field compensating the outside one.  

Meissner-Ochsenfeld-effect 

Screening (shielding ) currents  

Magnetic levitation 



No physics today ! 

It all gets very complicated and a fair number of 
Nobel prizes have been won in the area of 
superconductor research. 

Since that time there have been many developments 
(and Nobel prizes) with the current record standing 
at 138oK. 

In 1957 Bardeen, Cooper and Schrieffer 
developed the BCS theory of 
superconducting and were awarded a 
Nobel prize 



Practical applications - I 

Superconducting magnets and RF cavities 

First used in a 
superconducting 
accelerator at 
Fermilab 



Practical applications - II 

Used in MRI 
scanners, where a 
very high field 
strength is 
required. MRI 
scanners need 
extremely 
powerful magnets 
and these use 
superconducting 
materials 
 

The MRI scanner 



Practical applications - III 

Superconducting magnets – even more 

The world’s biggest, most complex (and most 
expensive) installation is located at CERN and used on 
the Large Hadron Collider 
Dipole magnets, one of the most complex parts of the LHC, are used to 
bend the paths of the particles. 
There are 1,232 main dipoles, each 15 metres long and weighing in at 35 
tonnes. 
If normal magnets were used in the 27 km-long LHC instead of 
superconducting magnets, the accelerator would have to be 120 kilometres 
long to reach the same energy. 
Powerful magnetic fields generated by the dipole magnets allow the beam 
to handle tighter turns. 



Inside the Large Hadron Collider 



But if superconducting materials can be engineered 
into cables it is possible to think of many applications 
in power distribution. 

Practical applications - IV 

Remember ! 



Superconducting power cables 



First generation power cable 
BiSrCaCuO material “powder in tube” technology 



YBa2Cu3O7 “coated conductors” technology 

Next generation power cable 



“multi-filament structure” technology MgB2 

Latest generation power cable 



A practical 3-phase cable 



Terminating the cryogenics 


