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Grandfather of Us All

Vitaly Lazarevich “VL” Ginzburg

1916 – 2009

“A Man for All Seasons”





Yesterday



Fathers of Cryogenics

Dewar Kammerlingh-Onnes

CH4 112 K
O 90
N2 77
Ne 27
H2 20
He 4.2



Discovery Anniversaries
100                     25

1911 (4.2 K)

Gilles Holst Georg Bednorz

H. Kammerlingh-Onnes Alex Mueller

1986 (20-40 K)



1911
A Big Surprise!

Thus the mercury at 4.2 K has entered 
a new state, which, owing to its 
particular electrical properties, can be 
called the state of superconductivity  

H. Kamerlingh-Onnes (1911)



Interlude
1914 - 1986

• 1914 ‐ Persistent Currents (Ehrenfest)
• 1933 ‐ Flux Expulsion (Meissner/Ochsenfeld)
• 1934 ‐ Specific Heat Jump (Keesom/Kok/Gorter/Casimir)
• 1935 ‐ “Super‐Maxwell” (London Bros.)
• 1936 ‐ “Type II” (Schubnikov, et al.)
• 1950(‐59) ‐ “GLAG” (Ginzburg, Landau, Abrikosov, Gorkov)
• 1950 ‐ Isotope Effect (Maxwell)
• 1950 ‐ “Electron‐Phonon” (Froehlich)
• 1953 ‐ Coherence (Pippard)
• 1956(‐7) ‐ “BCS” (Bardeen, Cooper, Schreiffer)
• 1958(‐75) ‐ “How to Calculate TC” (Migdal, Eliashberg, McMillan, Allen, 

Dynes)
• 1964(‐76) ‐ “Room Temperature Superconductivity” (Little, Gutfreund, 

Ginzburg)



“Reading & Homework Assignment*”

• "Type II Superconductivity: Quest for Understanding," 
T. G. Berlincourt, IEEE Trans. Mag. MAG‐23, 403 
(1987). 

• "The Critical Current of a Superconductor: An 
Historical Review," D. Dew‐Hughes, Low Temperature 
Physics 27, 713 (2001). 

• “The Discovery of Type II Superconductors (Shubnikov
Phase) ," A. G. Shepelev, www.intechopen.com
(2010).

* All three can be found at & downloaded from 
www.w2agz.com/SuperWiki



1986
Another Big Surprise!

Bednorz and Mueller
IBM Zuerich, 1986

Onset TC = 40 K !



1987
“The Prize!”









1953
Project Sage – IBM/MIT





Today



1. Wires & Films 2. Medical Imaging 3. High Energy Physics

4. Rotating Machinery 5. Dark Matter 

This article lists a top five selected by Paul Michael Grant from W2AGZ Technologies in 
San Jose, California. Superconducting wires top the list, followed by magnets for 
medical imaging and for particle colliders in second and third, respectively, with 
superconducting motors in fourth and a unique dark‐matter experiment in fifth.



LTSC
1. Wires & Films

HTSC

American 
Superconductor

SuperPower

HTSC

NbTi/Cu
Oxford

Nb3Sn
Supercon



LTSC



2. Medical Imaging



3. High Energy Physics

“Us”

~109 K



5. Dark Matter

ga

Primakov model predicts axion decay into a 
(presumably) detectable photon in a sufficiently 
large magnetic field contained in a 
superconducting solenoid and resonant cavity



5. Dark Matter, Cont’d (ADMX) 
Axion Dark Matter eXperiment

ADMX Team
LLNL
MIT
UW
UCB

U Florida
U Chicago
Fermilab

Graphics Stolen from Leslie Rosenberg’s U Florida Presentation, January, 2010

Very Low Noise SQUID

High‐Q Cavity

ADMX Phase II SQUID & 
Dilution Frig Upgrade Status 
(January 2010)

• Three years to construct
• Commissioning in year four 

(2014?)

Happy 
Hunting!



HTSC



4. Rotating Machinery
Courtesy AMSC

Major Players:

• AMSC

• SEI



Rotating Machinery ‐Wind Generators



Wind Power Factoids

1 mile
Kashiwazaki Kariwa:   8 GW !

KK Wind Equivalent (8 GW)

• Power per Tower 8 MW

• Number of Towers 1000

• Inter-tower Distance 1000 ft

• Total Area (miles x miles) 43.5 x 43.5



Diablo Canyon



Where Else Can We Apply Superconductivity to 
Electric Power?

Potentially Everywhere



HTSC Cable Projects Worldwide
Past, Present…Future?



US Department of Energy
Budget of the Office of Electricity Delivery and Energy 

Reliability: FY 2010‐11 (103 USD)

?             ?

WOW ! “Obama Cash”



A Modest Proposal
‐Upbraiding the Utilities‐

• More than a half‐century of successful 
demonstrations/prototyping power applications of 
superconductivity (1950s ‐ >2000, in Japan and US)…low‐ and 
high‐Tc…now sitting “on the shelf.”

• Why aren’t they “in the field” today?
• Is their absence due to…

– Cost?
– Hassle?
– or “lack of compelling” need?
– or “all of the above?”



• US utilities have long claimed to “want”…
– Efficient long‐length cables
– Oil‐free transformers
– Energy Storage
– Fast fault current limiters at high voltage (FCLs)
– Efficient rotating machinery (aka, motors and generators)

• Well, we got ‘em.  Utilities claim:
– They’re too high‐cost, because,

• The wire is too expensive.
• They have to be kept too cold.
• Electricity is cheap, and “in field” energy efficiency is not a “compelling” 

driver

– Anyway, we can solve our needs by incrementally improving the “old” 
ways (don’t ever underestimate the ingenuity of a utility engineer to 
improvise, adopt and adapt) 



“Then…a modest proposal…”

• If the “cost” of the wire in any given application were to be 
“zero,”…

• Would the utilities then “buy them?”  And sign a “letter of 
intent” to purchase “x” number?
– e.g., Fault Current Limiters, for which US utilities have long claimed a 

need

• “Zero cost” would be obtained as a Federal or State “tax 
credit” for the wire cost of the quantity purchased by the 
utility equipment vendor or the utility itself…

• Well?



Tomorrow



Submitted 24 June 1966

Rationale:  Huge growth in generation and consumption in the 1950s; cost 
of transportation of coal; necessity to locate coal and nuke plants far from 
load centers.
Furthermore, the utilities have recently become aware of the advantages of 
power pooling. By tying together formerly independent power systems they 
can save in reserve capacity (particularly if the systems are in different 
regions of the country), because peak loads, for example, occur at different 
times of day, or in different seasons. To take advantage of these possible 
economies, facilities must exist for the transmission of very large blocks of 
electrical energy over long distances at reasonable cost.

“What’s past is prologue” (Bill S.)



Specs

• LHe cooled
• Nb3Sn (TC = 18 K)

– JC = 200 kA/cm2

– H* = 10 T
• Capacity = 100 GW

– +/- 100 kV dc
– 500 kA

• Length = 1000 km



• Refrigeration Spacing 20 km
• G-L Separator Distance 50 m
• Booster Pump Intervals 500 m
• Vacuum Pump Spacing 500 m



*2006 costs relative to 1966 are estimated from the Bureau of Labor Statistics table of annual Consumer Price Indices that can 
be found at ftp://ftp.bls.gov/pub/special.requests/cpi/cpiai.txt. The 2006/1966 ratio used above is 6.19.  The YE2010 costs would 
be about 8% higher that YE2006.

5390



A Superconducting dc Cable
EPRI Report 1020458 (2009)

Hassenzahl, Gregory, Eckroad, Nilsson, Daneshpooy, Grant

Monopole Specs

100-kV, 100-kA, 10-GW
66 K < T< 69 K



A Canadian’s View of the World



The Mackenzie Valley Pipeline 

1220 km
18 GW‐thermal
2006 ‐ 2010

http://www.mackenziegasproject.com



Electrical 
Insulation

“Super-
Insulation”

Superconductor

LNG @ 105 K
1 atm (14.7 psia)

Liquid Nitrogen @ 
77 K

Thermal 
Barrier to LNG

LNG SuperCable
Design for eventual 
conversion to high 
pressure cold or liquid H2



Electricity Conversion Assumptions
Wellhead Power Capacity 18 GW (HHV)
Fraction Making Electricity 33%

Thermal Power Consumed 6 GW (HHV)

Left to Transmit as LNG 12 GW (HHV)
CCGT Efficiency 60%
Electricity Output 3.6 GW (+/- 18 kV, 100 kA)

SuperCable Parameters for LNG Transport

0.35 m  (14 in)Effective Pipe Diameter

0.1 m2Effective Pipe Cross-section

0.53 m3/s @ 5.3 m/sLNG Volume Flow

440 kg/m3LNG Density (100 K)

230 kg/s @ 5.3 m/sCH4 Mass Flow (12 GW (HHV))

Wellhead LNG + Electricity 
MVP Scenario



It’s 2030
• The Gas runs out!
• We have built the LNG SuperCable years 

before
• Put HTCGR Nukes on the now empty gas 

fields to make hydrogen and electricity (some 
of the electricity infrastructure, e.g., I/C 
stations, already in place)

• Enable the pre-engineered hydrogen 
capabilities of the LNG SuperCable to now 
transport protons and electrons.



Transporting Tens of Gigawatts 
to the Green Market

12 – 13 May 2011
Institute for Advanced Sustainability Studies

Potsdam, Germany



An American Paradox!



The international Brainstorming Workshop on the future of long-
distance high-power electric transmission (Superconducting DC 
lines) was held on May 12th-13th 2011 in Potsdam. Renewable 
energy sources, such as solar, wind, geothermal and tidal 
power, are increasingly becoming more widely available in 
many parts of the world.

As renewable energy sources will be located where suitable 
conditions (solar radiation, wind) are available, the generated 
energy will have to be transported over long distances, up to 
several thousands of kilometres. 



Powering Europe with Sahara Solar





Go Where the Sun Shines



Solar – PV & Thermal



Superconducting SolarPipe



Physics World, October 2009

…a future editor of
Nature…?



SuperCities ‐ SuperSuburbs – SuperGrids
Grant, Overbye, Starr, SciAm 295, 76 (2006) 



Diethyl-cyanine iodide

Room Temperature Superconductor
Little, Ginzburg, 1963
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1D metallic chains are 
inherently unstable to 
dimerization and gapping 
of the Fermi surface, e.g., 
(CH)x.  Ipso facto, no “1D” 
metals can exist!



Does the 

Hold the Key to Room Temperature 
Superconductivity?

50th Anniversary of Physics Today, May 1998



“You can’t always get what you want…”



“…you get what you need!”


