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PMG Timeline
• IBM (1953-1993)

– Project SAGE (IBM, MIT, USAF) (1953-56)
– IBM Education Plan (1956-65)
– San Jose/Almaden (1965-90)
– Sabbatical @ UNAM (1990-93) 

• EPRI (1993-2004)
– Science Fellow (Superconductivity, Power Electronics 

Devices, Fusion, “Novel Concepts”)
• W2AGZ Technologies (2004-?)

– Visionary Energy Societies (SuperCity, SuperSuburb, 
SuperGrid)

– “Due Diligence” Consulting





IBM



1953
Project Sage – IBM/MIT







G2 !
THE BORSCHT BELT BOYS



1 = 1.8,       2 = 6.1 



Polysulfur Nitride, (SNx)
F. B. Burt (1910)
M. Boudeulle (1974)
G. B. Street (1974)



PRL 34, 89 (1975)

1.2 K



PRL 34, 577 (1975)



PRL 35, 1743 (1975) PRL 35, 1799 (1975)

PRL 35, 1803 (1975)

Three
PRLs

In One Month!
A RECORD ?



OPW, 1975-6 Quantum-Espresso, 2009

Two-Band Semimetal

MgB2 ?
Fe-Pnictides ?









First paper on polymer electronic and solar devices



X =
PF6
AsF6
SbF6
TaF6
ClO4
ReO4
NO3

Relevant to today’s T* - TC conundrum?



2 March 1987
“1-2-3”

The Almaden 1-2-3 Story: 1986-89



JACS 109, 2848 (1987)

Pr 1-2-3



High-Tc could have been discovered in the 1960s !



The Praseodymium Paradox

Why is Pr-123 not even a conductor?



An American Paradox!



Work performed at IBM ARC and IIM-UNAM, May 1992-January 1993

100th Anniversary of APS, Atlanta, GA

Is this evidence of “electronically granular” superconductivity? 
Stripes, perhaps?



Band of Brothers (and a Sister!)
http://www.w2agz.com/The%20Picture%20Story.htm



Almaden Superconductivity Timeline
• Polysulfur Nitride

– January, 1976
– TC = 0.3 K

• “ET” (BEDT-TTF)4(ReO4)2
– 1982
– TC ~ 2 K

• Undoped La2CuO4+x 
– January, 1987
– TC = 40 K

• Tl-2223 (Tl2Ba2Ca2Cu3Oz)
– February, 1988
– TC = 125 K

• Tl-1223 (TlBa2Ca2Cu3Oz)
– March, 1988
– TC = 110 K

IBM RD Scoreboard
Almaden 5
Zurich 2
Yorktown  0



• Distributed to members of US Congress (at their request)
• 35,000 copies distributed to high schools worldwide by ICTP-Trieste



Rio de Janeiro
4-6 May 1988



EPRI



…in their shoes…

• Paul Archibald Grant
– W2AGZ
– US Navy, WWII
– IBM, 1948-1974
– Ski Patrol, 1948-1970

• Mary Ann Whalen Grant
– CYO BB Champ, 1921
– NYS Bowling Champ, 1939
– Women’s Baseball, ‘33-’47
– CHG&E, 1927-1965



From this:..faster, smaller, cooler…and 
cheaper!

IBM 305 Ramac

1956
The First Hard Drive

5 Megabytes
$300,000
6 ¢/byte

2011 (+55)
HP Personal Media 

2 Terabytes
$100

5 nano-¢/byte

I got two of ‘em!



To this…



…and this…
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…and this!

The PUC order is a stunning turnabout on a technology that many consider a key to managing energy 
use in the future. Utilities around the country have installed the electronic meters -- which can be 
monitored and adjusted wirelessly -- with little incident. But in Northern California, angry residents have 
expressed concerns that the meters can lead to overbilling and cause health problems, and 
PG&E has struggled to counter the bad publicity.

Bob Park!
Where are you when we need you!



…and…Finally This!

Spraying water to cool stressed 
reactor…Sure.  Duh!  It’s a gas/petrol 

storage port!



Where Can We Apply 
Superconductivity to Electric Power?

Potentially Everywhere



EPRI & Superconductivity

Universities Industry Institutions
Wisconsin AMSC* LANL
Stanford Superpower LBNL
MIT IBM ORNL
Houston Pirelli DOE (Partner)
Maryland Westinghouse CCAS

Detroit Edison

1993-2003 ($18M)

*Coated Conductor Alliance ($4M(EPRI)+$6M(AMSC))



Forgive me, Father, for I have sinned….

Grant, P.M., Superconductivity and Electric Power: Promises, Promises...Past, Present and Future, 
IEEE Trans. Appl. Supercon. (1997) 7 112-133



First HTSC “Wire”

Oxide Powder
1.PowderPreparation

A. Extrusion
B. Wire Draw C. RollingDeformation& Processing3.

Oxidation -Heat Treat4.

Billet Packing& Sealing2.
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Gen 1



Pirelli



Gen II Coated Conductor

American Superconductor SuperPower



AMSC/Nexans 
Long Island Power Authority



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



• Will TA go forward 
using superconducting 
cables?

• Uncertainties:
o ERCOT?
o Renewables?
o Silicon City?

Filled up 
with VSC’s



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?



Questions for US HTSC Wire Manufacturers
• AMSC

– Estimated gross revenue from wire sales (and actual delivery) for 
FY2011?

– Note: 3Q10 gross revenue from wire sales was 1.8% of total quarter
• SuperPower

– Same as AMSC #1 above
– Estimated employee/manpower growth in CY2011

• Ultera/Southwire
– Is Carrolton plant cable (Gen 1) still in operation?
– Plans to replace/extend?

• Nexans/AMSC/LIPA
– Status of Gen II wire/cable upgrade

• AMSC/ConEd/DHS
– Status/funding of Project Hydra



My Virtual Grandfather (@ 94)



W2AGZ & Beyond





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

4. Rotating Machinery 5. Dark Matter 



Physics World, October 2009

…a future editor of
Nature…?



The Mackenzie Valley Pipeline 

1220 km
18 GW‐thermal
2006 ‐ 2010

http://www.mackenziegasproject.com



SuperCities & SuperGrids
• Nuclear Power can 
generate both electricity 
and hydrogen –
“Hydricity”

• Hydricity can be 
distributed in 
underground pipelines 
like natural gas

• The infrastructure can 
take the form of a 
SuperGrid

• …or a
SuperCity

Supermarket
School Home

Family Car

DNA-to-order.com

Nuclear
plant

H2

H2

HTSC/MgB2

Supermarket
School Home

Family Car

DNA-to-order.com

Nuclear
plant

H2

H2

HTSC/MgB2



SuperSuburb
SuperSuburb

Households: 300,000
Electricity:  1800 MW
Hydrogen:   800 MW

SuperNuke
electrons + protons

=> 2600 MW

~ “San Jose” ~ “Diablo Canyon”

250 km

SuperCable
Voltage:  +/- 20 kV
Current:  45 kA
H2 Storage:  28 GWh
H2 Flow:  2 m/s
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700 K !

May, 2028

The Future?
Physics Today, November 1998



“You can’t always get what you 
want…”



“…you get what you need!”




