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POURTH INTERNATIONAL

CYOGENIC ENGINEERING CONFERENCE

24 - 26 May, 1972, Eindhoven, Holland

I. Introduction

Y'EC is the acronym for "International Cryogenic Engineering
Conference". This series of conferences, the fourth of which is the
subject of this report (ICEC-4), was initiated by Dr. K. Menidelssohn
of Oxford University and Professor K. Oshima of Tokyo University.
ICEC-l, held in Kyoto, Japan in 1966 and ICEC-2, held in Brighton, Engaland
in 1968 were experimental ventures in the interne tional exchange of infor-
mation in the rapidly developing field of cryoqenic engineering. 1 The
success of these two meetings stimulated the formation of an international
ICE Committee of 12 members to assure continuation of these biennial events.
Dr. K. Oshima and Dr. B. Birminghamn (USA) are the two non-European members.
ICEC-3 was held in West Berlin in 1970 and ICEC-4 was held in May, 1972
in Eindhlven, Netherlands. ICEC-5 will be held in Japan in 1974 and IrEC-6
will be held at Grenoble, France.

The genesis of the ICEC's was a growing awa:.eness in the eaxly
1960's by many European and Asian scieotists and engineers that the estab-
lished cr~vogenic industry in Europe was beginning to lag behind US efforts
and was in danger of missingout on important new developments in low
temperature engineering. One of the goals of ICEC was to offset the im-
balance of information on cryogenic engineerinq advances which since the
early 1950's had become largely concentrated in two meetings held in the
US: the annual Cryogenic Engineering Conference (CEC) and the bienunial
Applied Superconductivity Conferenct (ASC). It is anticipated that future
ICEC and CEC meetings will be held in alternate years. In this way there
will be no more than one big cryogenic engineering conference each year
tnd not more than one of them every two years on either side of the
Atlantic.

The ICEC's bring together engineers and scientists of widely
differing backgrounds who share the common interest of exploring new
uses of cryogenic instrumentation and techniques. This has led to a broad
spectrum of talks necessitating several parallel sessions. However the
plenary sessions, special evening sessions and the ever present "coffee
break" allow, in principal, engineers and physicists to discuss problems
of mutual interest with, for examp: surgeons who are us'.ng cryosc.lpels.
(Occas'onally surgeons have been helpful in administering first aid to
an inquisitive scientist who has fainted during the viewing of realistic
colored, deta.led close-up movies of surgical operatiots with cryoscalpels.)
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The site of this three-day meeting was the Technical University
of Eindhoven, situated along the River Dommel. This institution is the
Netherland's second youngest technical university (see Appendix A). The
first day included a morning of invited talks (see Appendix B) with the
afternoon meetings given over to 10-minute contributed papers. Edch
afternoon meeting consisted of three paralleling sessions. Questions
concerning the contributed papers, approximating five or six in each
session, were deferred until the end of the session at which time
the speakers formed a panel to answer questions directed to them as
individuals or to the panel as a group. (This apprcnach stimulated mu~h
interesting and worthwhile discussion and should be used more frequently
at large meetings where time is limited.) The second and third days
were slight variations of this general scheme.

There were some 450 delegates from 28 countries. While the
number of attendees was comparzhle to ICEC-3 (West Berlin, 1970), the
number of participating ccunt.Aes was increased from 22. This we•. the
first time that scientists from th'. People's Republic of Chind participated
in an interrational meeting of this type. A survey of the lists of
attendees indicate that the US delegation had increased from about 17 in
1970 to 25 in 1972, despite cuts in availaole funds for foreign travel.

It is planned to publish the proceedings of ICEC-4 by the
end of 1972. They may be ordered from IPC Science and Technology Press
Limited, 32 High Street, Guildford, Surrey, England for L14.00 ($35.00).

II. Discussion

A. Uses of Low Temperatures

The honor of being the first speaker went to Prof. A. Lacaze,
Centre de Recherches sur les tres basses Temperatures, Grenoble.
Prof. Lacaze discusi.ed "Trends in the Use of Very Low Temperature Re-
frigeration". Following a short history of low temperature production
he emphasized that the temperature range from 1 to 20K had not yet been
exploited by industrial applications. Ile noted that success in applying
cryogenic temperatures in the area of telecommunications (masers and
parametric amplifiers), space explorations and cryopumping has done a
great deal to spur the development of improved cryogenic refrigerators.
This, in turn, has made cryogenic systems less objectionable to engineers.

Superconductivity, he felt is the best candidate for wide
scale cryogenic applications. To substantiate this statement he cited
the increasing demands for electrical power, higher magnetic fields and
high speed ground transportation. He stated that while a large increase
in the critical temperature, Tc, of superconductors does not now seem

2
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possible (highest accepted value for T is t2lK) increases up to

10 or 20%, which are not impossible, would probably bring out a technical
revolution in several aspects of the electrical energy industry. This
statement is rather puzzling as it is diffic-ilt to see how T of 23 orc
25Yw per se would bring about any technological revolution. (See IEE Review
Aug. 1972, -Superconductivity and its applications to power engrneering" .J

Prof. Lacaze finished on the optimistic note that the next de-
cade would see superconducting power lines and generat.ors. He also
suggested that the availability of magnetic fields up to ]0T make
attractive the use of adiabatic demagnetization starting 'rom the 20-30K
range of temperaturo.s. (We are skeptical tiat such a scheme will ever
be widely used to produce temperatures in the 4 to 20K range.) Lacaze
also noted that it would be interesting to use liquid hydrogen for grou-d
transportation to reduce air pollution. This point was again brought Uf
in a later session.

Prof. H., G. N81ler, Teybold Heraeus Gmbh & Co., discos.ed "Why
Cryopumping". Simply stated;there are two reasons. (I) a very clean
vacuur ar.- (2) high pumping speed. (105 L/sec can be economically
produced.

After a discussion of the formulae which govern the ultimate
vacuum and pumping speeds he cited specific areas of application of
cryopumps: plasma research, space research, electron microscopy and
airborne mass spectroscopes. The pumps described by N81ler operate from
a liquid helium reservoir and are quite costly to operate (20 times more
expensive than a conventional diffusion pump system). Thus they are
only employed when their specific advan ages (high pumping speed and/or
clean vacuum) are required. He presented a cost analysis for an inte-
grated system -- cryopumps and cryogenic refrigerator -- as a function
of the pumping speed. He concluded that for pumping speeds in excess of
30,000 L/sec tVe integrated cryopump is a superior system. He believes
the future of cryopumps and their wide application depends upon the de-
velopment of integra'ed units which require a few watts of refrigeration
at 20K. He showed a slide comparing costs of conventional diffusion
pump system versus an integrated cryopump system. (See Fig. 1)

3
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Fig. 1*

Mr. W. H.Hoqan , CT Inc., Waltham, Mass., USA, discussed "Helium
Conversation in the USA". He stated that the energy crisis in the US,
prime supplier of 1-_lium gas for the world, is a compelling factor in
the present and future supply of helium in the US. This follows from
the fact that the increased demands for natural gas, regardless of its
helium content, requires that helium be drawn out of th•e ground at a
rate considerably in excess of current or_ orojected ,d•ands. The present
US conservation program can store no more .than 10% of the helium gas
which is presertly being drawn from the earth.

Hogan then briefly reviewed how the population explosion
will lead to even greate' demands on the power industry with the
concomitant waste of helium gas. What has all this to 43o with cryo-
genics? Hogan answered this rhetorical question by stating that while
cryog nic R & D uses but a small fraction of the helium consumed in
the w, rld, such R & D is more sensitive to the price of helium than

4
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a ny ether end use. He emphasized that it would indeed be comforting
tb. know that if current cryogenic R & D efforts were to lead to
realizable large scale applications, there would still be helium
alailable for their exploitation. He then briefly discussed the US
Conservation ?rogram3 which was enacted in 1963. The intent of the
Conservation Act was that it be a self-liquidating expenditure.
However, the increase in privately owned helium plants (from 1 in 1960
to a present-day cotal of 8) has negated the self-liquidating expendi-
ture aspect of the Conservation Act. This has led the US Department
of Interior to contemplate cancelling the conservation program-

At the present time the government has stockpiled 1,300
million equivalFnt liquid liters of helium., four times the eynount
consumed in the 1960's. US consumption is currently 40 million equiva-
lent liqcid liter, of helium per year and the projected growth rate is
about 7% per year.

The point tc Hogan's remarks is that he estimates that the
increased demand for poeer will deplete our fossil fuels in less than
100 years. Thus he feels .e must turn to the development of alternate
sources of energy and alternate distribution systems. Many such pro-
posed systems involve massive R & E programs which depend on cryogenics
and must consume he7ium gas almost without limit in order to be effec -
tive. This means plundering the easy-to-reach helium reserves beneath
the earth, leaving future generations 4o extract the helium gas from
our atmosphere. In summation)we mus- push ahead with our R & D work
involving large scale applications of crycgenics (-.uperconductivityl
and at the same time the government should not pay to stockpile helium
gas but rather should start a massive R & D program aimed at developing
an economical process to extract helium from the atmosphere. Hogan
stated that our atmosphere, up to about 500 miles, has about 5 ppm
ot helium. The helium content of the atmosphere is constant in time
so that we have plenty of helium gas present. in our atmosphere. We
must develop a cheap way to extract it. Current cost to extract helium
from the atmosphere is about $40 to $80 per liter.

The contributed papers were then presented in three parallel
sessions. Since our greatest interest is superconductivity we attended
those sessions dealing with this subject.

B. Materials

1. Non-Superconducting

Development programs now in progzess concerned with rotating
electrical machinery which operate at liquid helium temperatures have

5
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focused attention on the low temperature physical properties of certain
structural steels and insu..ating materials. At the Rutherford Laboratory
England, investigation4 of the martensitic transformation of austenite
y to ze phase which occurs in certain grades of stainless steels has

been in progress for some time. Interest stems from the fact that a
volume expansicn follows 61s transformation as well as the fact that
the 0t' phase is ferromagnetic. The volume expansion could play
havoc with machine irtsgrity and clearance tolerances. The most striking
result of theL" work to d~te is that nitrogen present in the steels to
about 2% inhibits the T to XC transformation. Standae 9rades & stain-
less such as AISI 302, 303, 304, etc., contain only .z 0.03%N, and the
Yto a' transition is-known to oecur in some, if riot all, of these
steels. Thi-- :ltter work was perforvied in the Metallurgy Department of
Imperial College and was presented by Dr. D. C. Larbalestier.

The other problem cryomacninery faces is the lonq-time physical
stability and electriual breakdown strengths of insulating materials when
subjected to a cryogenic environment. Dr. E. Javorsky of Bratislava,
Czechoslovakia reported on the results of research concerned with the
mechanical and electrical properties of such insuulating materia&l- which
are used for the "potting" of coils, reinforcing materials and eiectrical
insulation in cryomachinery (i.e.,polymers, varnishes, foils, etc.).
The reader is referred to the proceedings for detailed results, however,
we do want to mention that Jav-rsky concluded that there is a lack of
knowledge about the long-time application of these materials. The aging
of electrical insulating materials in cryogenic conditions in electrical
fields and its dependence on physical properties is an area that requires
considerable atteition. Thus, design engineers should take heed.

2. Superconducting

Three papers concerned with the fabrication of technologically
important s'iperconducting materials were presented.

Dr. J.H.P. Watson, Corning Glass Works, Corning, New York, USA,
discussed the various technical problems and possible solutions, con-
ce-ned with fabricating useful conductors out of Pb-Bi (40%) impregnated
glass fibers. Watson's discovery that Vycor glass could be used to pre-
pare high J and H filaments of Pb-Bi has, on occasion~been noted asc c
perhaps the only really new development in the area of superconducting
materials which has occurred in the last several years. While work wi :•h
Vycor glar3 has been going on for some time, the ability to fabricate

6
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km lengths of glass fibers (60 jim in diameter) with pore diameters
of approximately 35 A impregnated with Pb-Bi is A relatively recent
development. The Pb-40%Bi has a T of about 7.8K, and when prepared

as mentioned aboveH (4.2K) is about 125kG. Typically Jc - 10 A/cmc2 cý
in zero field and 7j 10 A/cm in a field of 90 kG Watson stated

0

these values can be improved, for example, H,2 - 150kG (20 A pore glass).
He has prepared transposed c-Dnductors by first weaving thr fibers into
a braid, which approximates a Litz configuration, leaching the fiber
to create the pores, and then impregnating the glass with Pb-Bi.
Watson is currently working with 10-}.n fibers. A cost figure of $20/km
for a conductor of 0.02" diameter (50% of cross section being super-
conducting) was mentioned.

Watson calculated that the losses of a conductor made up
of 10-1=m fibers in a 60-Hz peak field of 104 Gauss would only be 5.2

x 10-2 W/m. It was not clear fron Watson's remarks as to whether
Corning Glass i- planning to pursue the actual fabrication of this
z -_.ri.- on the scale required for commercial exploitation.

Dr. R. A. PF3pley (Imperial Metal Industries, Ltd., England)
presented a paper titled "A L,' 13,255 Filament Superconducting Composite'.
Imparial Metal Industries (IMI) in collaboration with the Rutherford
High Energy Laboratory has been developing filamentary superconducting
composites which combine low hysteresis los,3 with good thermal and elec-
trical stability when used in magnets which are pulsed once every few
seconds. Zin essential feature of this new composite is that niobium-
titaniun filaments are surrounded by a complex matrix having an aniso-
tropic electrical resistivity. The copper which surrouid• the individual
strands of superconductors are subdivided into cells by an array of
resistive cupro-nickel barriers. Magnetization measurements show
that for a given twist pitch (the filaments must be twisted about the
central axis of the cable to decouple individual filaments) and given
level of hysteresis loss, this new conductor can accept JHA about four
times higher than the early NIOMAX-TC composites. Since this new
conductor can carry a critical current of 430 amperes at 5 Tesla (we
assume at 4.2K), it is now reasonable to cor-ider cable configurations
which require only a small number of supercond'Icting strands. We believe
that this composite represents a significant improvement'and if IMI
can produce it so tlat it is economically attractive to the engineers)
it will undoubtedly play an important role in the design and fabricatiop
of superconducting magnets and rotating electrical machinery.

7
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C. Ac Losses in Superconductors

•he element Nb plays an important role in the area of super-
conductivity. It has the highest T of any element (- 9.3r. Its
binary compounds Nlb3Sn, Nb3 Al and Nb 3Ga have the highest Tc of any

binary system (18.5, 19.1, and 20K, respectively),while a Nb based
ternary conpound Nb7 5 (GeAl) 25 has the highest Tc of any well-established

superconductor, namely 20.7K. Nb is also an intrinsic Type II super-
conductor, a distinction it shares with only two other elements, namely,
V and Tc Thus, it is not surprising that many physicists, metallurgists

wid engineers are still probing the transport properties of this element
and attempting to correlate these properties with some physical or
chemical property of the samples under investigation.

Drs. P. R. Brankin and P. G. Rhodes of the University of Warwick,
Eng.and, rt-ported results of their continuing program to study ac losses
(50 Hz) in h0b as a function of surface preparation, degree of cold work-
ing and interstitial impu.icies. They attribute the spread in published
results of ac losses to poor characterization of the samples on which
the data were obtained.

Results for ac losses above and below Hcl were presented for

neutron irradiated, ion implanted and cold-worked samples. These results

show that cold-working is far more effective in reducing the losses

than are high doses (1020 neutron/cm 2) of fast (> 1 MeV) neutrons.
They found that mechanical polishing of Nb results in lower ac losses
than does electro-polishing. Losses Tor field values less than Hcl are

attributed to surface asperities and they conclude that for small ac
losses (H 4 H cl) one needs the surface irregularities to be less than

0.03pum in size. It was also concluded that the high defect structure
Which is most desirable for low ac loss (H > H cl) is most easily attained

via nech-r•ical msan-.. This defect st-rUcture gives rise to some surface
critical 7tate that inhibits flux penetration until H = Hp P Hcl-

Thus, i.eally ac losses should be zero until H - H F. In an earlier

report 5,6 they showed that P of mechanical polished single crystal of

Nb was 2000 Oe as ceopared to an Hcl of 1400 Oe. Obviously, then, one

wants to find ways to retain the high HFp values and at the same time

reduce the non-10-1 fusses for fields below HFp which are caused by
surface asperities.

8
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Dr. C. S. Furtado, Laboratory de FisicaUniversidade de
Coimbr&, Portugal reported on work he did at the Clarendon Laboratory,
Oxford University, England. He measured HFP and ac lors-es (80 Hz) on

cylinders of pure Nb containing different amounts of pinning sites.
(Experimental details reported in Cryogenics 7). Furtade finds that
IIF - H cland does not exceed H cl as indicated by other workers who

sa htHP-Hcl + , ANH> 0. The fact that HrP(TM shows a
parabolic temperature dependence H FPý: 1 - t 2 where t = T/T 0, leads

Furtado to conclude that one sees the "reaction" of the a~rface (i.e.,

the A H term) only after flux has entered the sample, -~., l

This study of the ac losses (8v Hz) as a function of temperature
resulted in the data shown in rig. 2.
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These data are for a magnetically reversible sample of Nb8 a92

and Nb plotted as a function of reduced field h - He/Hp where He

is the peak value of the applied sinusoidal magnetic field. Other
alloys of this composition but of different amounts of pinning centers
also behave in the above manner. Nb samples were also found to yield
data which follow this curve quite closely. These observations led
Furtado to infer the existA~ce of a generalized law of ac losses
which is applicable to reversible type II materials.

Dr. L. J. M. van de Klundert, Twente Technological University,
Enschede, Netherlvnds reported on the behavior of Nb single crystels
in ac fields. He and his coworkers at Twente University have developed
an ac mutual inductance bridge technique which allows them to study
the behavior of the higher harmonics of the response of the sample,
i.e., they detect the complex permeability )k -hk+ i)"k where

k - 1 to 99 denotes the harmonic. This work extends their earlier
work in which only the fundamental response was measured. Dr. Klundert
pointed out that proposed models describing magnetic behavior in
magnetic fields below Hc3 are based on static magnetization curves;

thus, such models are limited to the response" of the fundamental.
Data for the higher harmonics result in an increased knowledge of
the local CB,H) hysteresis loops, and from such studies more refined
models should be forthcoming.

Klundert reported in detail results obtained from a study of
the frequency and amplitude dependence of X and X" the in-and out-of-
phase components of the magnetic susceptibility. He finds that the
criteria established by H. J. Fink8 for reversible magnetic sus-
ceptibility curves (x vs H) [dH/dt<.Oh, where h and ware the magnitude
and frequency of the ac field and H is the applied dc magnetic field]
are not sufficient. This work also shows that the value of the ex-
ternal field H at which losses. appear, is a function of the amplitudep
of the superimposed ac field but not its frequency. Klundert con-
cluded that the ac behavior of Nb can be qualitatively explained by
consideration of the normal state resistivity, Hall coefficient,
pinning of flux lines and surface screening currents.

Dr. Mitshurir Kudo of Hitachi, Ltd. Tokyo, Japan, reported on
a detailed study of the ac losses in the Nb-Ti-Zr ternary system.
The superconductivity of Nb-Zr-Ti has been reported previously by T.

9Doi et al . In Kudo's work the percentage of one of the constituent
elements was held constant. Critical current density in zero field

10
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as well as the ac loss (20 to 500 Hz) per unit surface area per cycle,

q for a peak ac field of 1000 Oe were measured as a functio~n of
composition i.e., for the series Nb.9- Zr XTi .8(.30 zL x 4 .45);

Nb Zr Ti (.04 e- x 4..1-2) and Nb Zr Ti (.55 e-.x z .75).
. 60-x . 40 x .975-x . 025 x

The data show that q is a minimum at that value of x for which J is a

maximum. For the alloys investigated the maximum J c(9) values '.ei.

1-e X 10 6A/cm 2with minimum q values -ý 1 x 10 -6J/c -cce.Ti

work shaved that the ternary alloys Nb-40Zr-8Ti had the lowest ac
losses in NbZr rich alloys and these losses are considerably less than
that of the binary Nb-zr alloys. They also found that Nb-7OTi-2.5Zr
has the lowest ac loss in the Nb-Ti rich alloys. These data are shown
in Fig. 3a, 3 b.
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From this one sees that

H 3.05 - 3.5

"s•s 1.6(iJ (0)
C

where H is the peak surface field. Data were also presented on
m

single core Nb-62.5Ti-2.5Zr and twisted multicore (Cu matrix) composite.
Tha single core consisted of a superconducting core 0.25 mm in diameter
copper clad (25 to 125 ,um thick). The multicore conductors consisted
of 16 to 19 filaments whose average diameter varied from 40 to 100 Pm.
The twist pitch v.-a- 2 to 20 mm in length.

Results with the composites showed that te total loss

can be represented by the sum of a linear and quadratic dependence
on frequency. The latter is due to eddy current losses in the Cu
while the former represents the losses in the superconductor. Similar
results were observed for th- multicore composites. See Fig. 4.

12



C-14-72

-- : ~ ~ 7 -- ---Z ; ._: _ ý .: _-_-, s .. . . . - - .. --_. . .-u-vt PM

4 7-4 F-

4,--4 ------- -----. ' = I

" .- t - .........

Fig. 4

These data, obtained by a helium boil-off technique, were
stated to be in agreement (+5%) with inagnetization results. It appears
that the motivation for these studies in Japan is the considerable develop-
ment work in progress to perfect superconducting composites for winding
solenoids suitable for use in magnetic levitation of trains.

Dr. T. Pech reported on work going on at LCIE and LGEP inFrance, which is concerned with ac losses in superconducting composite
conductors. The total loss in these composites are due to (1) a loss
denoted as PH due to the displacement of flux lines in the super-
conducting filaments and (2) eddy current losses in the normallyconducting matrix which are denoted as Pj. Approximate expression
for these two losses were given as

13
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P. 2d j B I )dB
H - cycle c

Vlere d is the diamete-" of the filament, P H is the loss per cycle

per unit volume of the filament and J (B), the magnetic induction.c

Eddy current loss, %A.en the magnetic field is oscillating
with a frequency f, is given as

2 (B)r [B]2 dt

pf
2  'p .)-4' cycle

here 4 is the twist pitch and Y (b) is the electrical conductance

between two neighboring filaments. This expression is derived on the
basis of some simpl:.fying assumptions : :ach as 9 > D, the diameter ofP
conductor, the filaments form a triangular lattice, etc. They also
make arguments to show that when the interfilament spacing "a" is less
than the electronic mean free path (mfp) in the matrix, the resistivity
increases by a multiplicative factor of (mfp/a).

In this Jnvestigation ac losses were determined at 4.2K by
measuring the area under the magnetization curvelwhich was obtained by
an electronic integration technique due to Fietz in which an ac -

field of peak valu. B was varied with frequencies between 5 x 10
Hz nd2 I-I m

Hz and 2 x 10 liz. These frequencies are well below power frequencies

but are in the range of pulsed magnet applications. The experimentally
determined losses were compared with the theoretical loss, P, per cycle
per unit volume given by

P (8/3 ')Kd m J (B) 0 + f ) B2 < Y(B)> (I)q)TPfc JY2 • m

whert K = fraction of composite volume occupied by the superconductor
and < (B) ;- is the mean value of -ý during one cycle.

They found good agreement with composites having filament
diameters rangifr 1rom 110 down to 4.8 pm, (our notes indicace that the
filaments were Nb-r) 9p varying from 70 to 1.5 mm with both copper
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and copper nickel matrices. To check these results they plotted

P vs e 2 f which according to Eq. (4) should have an interceptexp p
equal to the ac losses in the filaments then-,elves.

The intercept yielded values in good agreement with Eq. I
using experimentally determined J (B) values. But in these latterc

measurements some adjustment of the criteria wued to determine J C

was required (i.e.,J was determined from that current which produced

voltage drops along the sample of either 10-3 or 10-5 V/M.)

They concluded from this study: (1) for values of B < 1.9T
no magnetorestrictive effect is observable; (2) decreasing the iiameter
cf the superconducting filament, d, to values as low as 4.8 ,= has no
effect on -wand (3) the electronic mfp in the Cu matrix for directions
perpendicilar to the filaments is less than 5 pm.

Dr. K. Yasuxkochi, Nihon University, Cheyoda-Ku, Tokyo, Japan
reported on the work which he and several colleagues have done to study
the effect of Cu cladding on the magnetic instability of NbTi composites.
It appears that Yasukochi et al. feel that despite the large amount of
work that has been done, the criterion for magnetic instabilities of Cu-
clad composites is still not sufficiently understood. In this paper,
magnetization data were revorted on samples of Nb-50% Ti wires supplied
by Vacuum Metallurgical Company. Isothermal magnetization curves were
obtained at temDeratures in the range of 2K to 4.2K for samples whose core
diameter ran~ged from 90 to 405 im. Data were obtained for both bare
aid Cu-clad wires with cladding thicknesses ranging from 30 to 115 pm.
The Cu/NbTi ratio varied frou. 1.96 to 2.56.

In order to clarify the magnetic instability criterion they
observed the dependenc6 •f a stability :_imiting field Hfj, as a function

of temperature and metallurgical variables. See Fig. 5. Experimentally
the flux jumpsseen in Figure 5 were triggered by the sudden application
of a small additional magnf•ic field. These results) as far as we can
e6, are in keeping with the generally expected behavior, i.e., Cu-cl.dding

i:,creases P. and the smallest di ameter core 90 pm showed no flux jumps
down to 2K.
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Yasukochi et al. 11extended the Schwartz and Bean critical state~

model 12to obtain expressions ft..- '-he cases where the magnetic dif-
fusivity, D m, is about equal to, and considerably less than the thermal

diffusivity, D t. The former case applies to the bare NThTi wires while

the latter applies to the copper clad composites They concluded that

the stability limit is quantitatively explained on the basis of the
2

critical state model with J CB . C((T), 0 <KaC !1 and provided due con-

sideration is given to the reletionship between D m and D t*

Dr. S. J. Wipf, Max Planck Institut f~ir Plasr.aphysik, Garching,
Munich, W. Gearmany, reported on research he and Dr. M. Soell are doing
on the flux flow properties of bare NbTi wire. Wipf emphasized that
multifilamnent wirý.i without a normal conducting matrix are desirable
for ac applications. In general eddy curren~ts induced in a normal matrix
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due to ac magnetic fields are a problem in cryogenic applicdtions. The
ability of a superconducting filament to sho- little or nc ac loss is
related to its ability to sustain stable flux flow up to a certain

voltage. Theory13 tells us that ýtable flux flow exist., provided

1/2 J 6E/ j) Jc/ T I r -I

where dE/dJ is the flux flow resistance

J is the critic.l zurrent density
c

J > J is currept density causing the flux flowc

r is the radius of the filament

h is the heat transfer coefficient to the helium

This equation was found to hold for samples with diameters of
11, 41, and 80,Pm and for various J values. This latter parameter

was varied from 106 to 105 A/cm2 by the application of a magnetic field.

They found that if Eq. (II)was not obeyed, 3 wire composed of

n filaments had an Ic 4 nIcf where Icf is the critical current of the

fila-ment, but if it were obeyedlIc = nIcf; provided I or H is below a

certain value. Better tzansposition of the filaments increases the value
of I or H for which I = nIc cf"

D. Superconducting Magnets

As mentioned in earlier reports (ESN 25-4) one of the
largest development progran.T concerned with superconducting mraqnets
(denoted as S.C.M.) is associated with the field of hiqh energy physics.

At tinis ICEC meeting Dr. W. Heinz of Karlsruhe, West Germany reviewed
the role which superconducting magnets c= rlAv in providing high
energy physics with more powerful accelerators, bu-lle cambers, etc.

Heinz emphasized that the Europe-an superconducting magnet
industry, as well as manufacturers of superconducting comnosites, are
loo• ing with great expectations towards replacing the conventional
magnets in the CERN II accelerator, with superconducting ones,
tsee ESM 25-4 p. 126). This project concerns the Rutherford Laboratory
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in England, Xarlssruhe Laboratory in Germany and CEN (Saclay) in France-
The interest in S.C.k. stems from the fact that conventional- synh.rotron
magnets are l'nited in field strength to about 1.89 while superconducting
ones should easily provide 4.5T. •hus, for the sane ring diaeter one
should have a s.n-ichrotron of almost three times the energy. CE-M 11 has
a ring dianeter of 2.2 k; and when comoleted in 1976 waill produce 300 GeV.
S.C.M. will increase Fthis to about 1000 GeV.

Synchrotrcn magnets used in pulsed operation have rise time of
0 3

the order of a few seconds, therefore, H -l0 0 e/Sec. -T.is means that

ac losses in S.C.M. must be minimized (I watt of refrigeration at 4.2K
requires about 1 k.-1 cf input power at roam temnerature). Tihis accounts
in part for the great interest in developing NbTi composites with low ac
losses. The develcyment of epoxy. resins suitable for potting of the
solenoid windings has led to the belief that S.C.M. which will maintaLn
the required field tolerances, can be fabricated.

Work on pulsed S.C.M. has been going on since about 1961 and
things look very encouraging. Heinz showed a schematic of a pulsed dipole
S.C.M. being developed by Karlsru.e Laboratory (they work quite closely
with the Siemens group at Erlangen). _-nis S.C.M. which is designed for
6T w-6It a rise time of from 1 to 20 sec, is scheduled for comnletion in
two years' time.

In the case of CEMI there are about 1000 magnets involved re-
prtsenting an overall length of some 5-km. Thus, one must think in terms
of a 7-km Dwar and the refrigerator will have to produce 10 to 20W/meter
of refrigeration at 4.2K. This represents a truly huge cryogenic plant
of some 50 to 100 kW of refrigeration for the CEMI l000-GeV accelerator.
The operating temperature may be 3.5K instead of 4.2K, but in any event
the required refrigeration plant is larger than the capacity of any
plant in existence today.

Heinz concluded that there have been many rapid developments
in the last few years and one should be thinking in terms of 10T S.C.M.

The contributed session consisted of six papers. nhile we did
not attend the entire session, we gather that nothing really new was
reported, only stea;dy progress along ,4ell-established lines.

At the Labr.ratoi:es de Marcousris, Cenr-re de Rec1-,rches de
la C!E they have been e•perimenting with A] stabilized SbTi corductors
and various coil cesigns including "potted' coils. M. Berthet reported
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cu S.C.M. fabricated from hollow Al stabilized bTi conductors.
Both systems enploy closed cycle refri5erators. A 3T coil (80 cm
room temperature aperture) is cooled to 4.2K while the other is a
model coil, 50 cm aperture, cooled to 6M by circulating hyper-critical
heliu-. It is rated for 5R.

One particularly interesting &evelomevt was the use of multi-
filament conductors and "potted" wincings to fabricate an ST coil
at 4.2K uhich was magnetically stable so as to allow a field of 10.2T
to be produced when operated at 2K. -rhis improvement in field capa-
bility produced by operating at temperatures below 4.2K has been known

for so-e time 14 (aIRL C-18-71).

Dr. P. E. Hanley reported on the Oxford Instrument Company's
work concerned with measuring J of the NbTi coniuctors in the temperaturec
range 1.9 to 4.2K in apriied magnetic fields up to 10T. This work showed
that a signif.f.-ant enhancement of J accompanies the decrease in temper-0

ature thus allowing S.C.M. with ratings up to 10T to be constructed. From
a s'tudy of the Jc (T) versus T curves for various field values, it appears

that the best operating temperature turns out to be just below the lamda
point of helium (2.18K). Another area where S.C.M. promises to play an
imoortant role is in the area of MHD poiter generation.

Japan has set MHD power generation as one of its national goals.
Dr. Y. Aiyama of the Electrotechnical Laboratory, Lanaski, Tokyo reported
on a collaborative effort involving uolleagues at the Hitachi Works
and at Nikon University concerned with the development of a S.C.M. for
MHD work. They are currently constructing a 48 ton magnet (windings
plus supports) out of Nb-Ti-Zr =ulti-clad strips of rectangular cross
section 8 x 35 mm with a Cu/superconductor ratio varying from 6/1 to
23/1. The flat surfaces of the conductor are insulated by epoxy tapes
and the conductors are cooled by liquid helium which is in contact with
only the edges of the conductor. The cryostat has a 4000 liter liquid
helium capacity.

The magnet is designed to produce a central field of 45 k0e
in a fully stable operation over a rectangular room temperature
aperture and should provide a uniform field over a volume 10 cm x 25 cm
x 120 cm. Details of results on a test model were reported. It is
noteworthy that the Tapanese are using a ternary alloy instead of the
more commonly ased binary systems Nb-Ti- anC Nb 3Sn. One wonders whether

ti•s is .. result of science or politic. (oW" both).
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E. Energy Storage and Transmission

"Ihis is a much discussed topic at any cryogenic or applied
superconductivity conference as it is related to the world-wide energy
crisis. We were of the opinion that the European effort in this area
was larger and more advanced than 'chat of the USA. However, from the
discussions and presentations at this meeting one gathers that the
European effort has not progre.sed very much in the last two years.

Dr. J. J. Went, Kema, Holland, presented a review paper

"Why Cryogenics in the Powe:x Incustry", which brought out the

following points: 1) To meet the increasing demands for electrical
power the unit size of inservice generators has steadily increased
in size since 1920. In Hollaind the largest unit in service today is
450 MW and at present a 600 MW unit is being evaluated. 2) Went feels
that the unit size increase will not continue indefinitely but will
level off at about 1000 cr 1200 MW capacity. This latter figure is
apparently felt to be the practical limit of conventional generators,
and proponents of superconducting generators take over from there.
3) Transport of electrical energy is five times more expensive than
transporting energy in the form of oil (and almost three times as
expensive as natural gas). Clearly, then, it is more attractive to
transport the oil or gas to the consumer region and to produce the
electricity locally. Only the argument concerned with the lick of
cooling water gives support to long distance transport of large amounts
of electrical power. If such large transport of electrical power is
required, cryogenic cables could be considered but alternative techniques
should also be considered. One suggestion is to transport energy in
the form of liquid hydrogen. In subsequent discussions with Dr. C.
Marchetti, Head of the Materials Division, CCR; ISPRA, Italy, we were
informed that hydrogen was indeed the master key to the energy market.
(see EURO-SPECTRA Vol. X No. 4, Dec. 1971 p. 117-130).

The rational is this: nature supplies us with an abundant
easy source of hydrogen, namely,water. It can be cheaply and safely
piped and it is a clean fuel of many uses, therefore hydrogen can solve
the energy crisis and the air polluticn problem as well. Thus, there
seem, to be solutions to the energy crisis which do not include cryogenic
or superconducting electrical transmission lines.

In the contributed session dealing with energy transmission
Miss A. M. Schwab of the Electricit6 de France presented results of
a study of resistive and superconducting cryocables which she and
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Mr, L. Deschamps have recently performed. This paper dealt with
preliminary design studies of ac resistive cryocables of 1000 and
3000 MVA as well as ac and dc superconducting cables of 3000 and 5000 MVA
ratings., This study was restricted to flexible type cables cooled with
liquid helium.

The ac resistive cables would be stranded Al conductor cooled
with pressurized liquid nitrogen. The ac superconducting cable would
be copper strips plated with Nb(T_ c 9.3K). It would be cooled with
hypercritical helium. The dc superconducting cable would use Nb3 Sn
tapes (Tc 8•8K).

Cryogenic design problems and their solutions as well as the
overall economics of cryocables were discussed. It was emphasized that
because of the -costly solutions to termination problems, cryocables of
under 10km in length will probably never see service,

Since the cost of the cryogenic enclosure, refrigeration in-
stallations, etc., show little variation in relation to transmitted
power, cables with ratings of 2000 MVA and higher have a definite
economic advantage over conventional cables. While this study covered
the usual details which such studies involve, one new aspect, as far as
these writers are concerned, was the following: Schwab emphasized that
if a cryocable failed because of conductor or cryogenic system failure,
unavailability of the line would be quite lengthy, passibly 3 tc 5
months depending on the type of cryocable employed. Consequently, a
high degree of reliability is a must plus the fact that cryolinks be
overequipped so as to cope with possible failure of cne of the cryo-
cables of the link. She concluded that more basic and applied work in
this area is required and that it is quite possible that the French
networks could i'ned a superconducting line by 1990.

Dr. J. R. Barlett of Los Alamos Scientific Laboratory reported
on a study which he and Dr. F. Edeskuty have done on the desirability
of multi-use of cryogenic fluids in transmission lines. Apparently,
this study was prompted by the belief that a space shuttle port would
be located at White Sands, New Mexico. Although this seems no longer
to be the case, the results of the study were felt to be of general
interest and hence the presentation. The point is that a given cable
should be able to transport electricity and liquid gases such as natural
gas a•d hydrogen which couid then be used as an additional energy source.
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Dr. L. ecdohitz (Oniversj~ty of Southamtg, England), reported
an tbe dielectric strIngth and dielectric loss of lapped paper ad
plastic insulation at-cryogenic tmpera s. Thee data are required
fo 4signing cryocables, He finds that Kraft paperimpregnated with
liquid nitroge has a breakdouu stress of 350V/m (ums) which is com-

p e to that of conventional paperfoil insulation. Howevez, ixpreg-
mation with li-uid b-Ii• m leads to s=aller breakdown stress. Dielectric
losses at liquid nitrogen temperatures are still relatively high.

ecboe•itz is also doing thermal and electrical measurements on a 4 meter
length of a flexible c -ercially stranded alwuinm cable. The cable
was ho low and standard 275kv insulation was employed.

Dr. J. P. Krebs (Laboratoires de Marcoussis, Centre de Recherches
de la C.G.E., Route de Nazay-91 Marcoassi3, France) presented an interesting
paper on wSuperconducting Devices for Energy Storage and Switching".
Inductive energy storage appears useful for energies In the begaJoule
range where the discharge times vary from about one millisecond to one
seco•d. Superconducting coils connected with a superconducting switch
enable energies of 106 to 108 Joules to be stored with almost zero loss.
2he energy can be released by fast discharge to provide high power pulses

In the range of 106 to L09 watts. The main use for this type of high
pulse generators are for controlled fusion research, power supplies for
high energy lasers and various types of pulsed magnets and for gas dis-
charge experiments in pulsed wind tunnels. Krebs reported on-studies
of the various components of a superconducting energy storage device:
sqperconducting coil, power supply, superconducting switch, cryogenic
enviroument, etc. He stated that the cost of an energy storage device
made of a.niobiua-titanium supercorducting coil is minimum for an in-
duction. of about 6 T and is nearly independent of the winding shape or
energy level. By using intrinsically stable superconducting materials,
it appears feasible to store very high energy det,-sities, up to about 120
kilojoules per liter of material. By impregnating such a coil with good
insulating material, it becomes possible to produce high voltage pulse
of over 300 kVM Using niobium titanium multifilaments imbedded in a high
electrical iesistivity matrix of copper nickel, a superconducting switch
capable of handling 25 megawatts was successfully operated. Routine
laboratory use of Superconducting generators to produce high power
electrical pulses is reasonably certain in the near future.

F. Ultra Low Temperatures

The cor.7.ercial availability of the Collins helium liquefier in
the late 1940's gave birth to a tremendous expansion in the number of
low temperature laboratories capable of performing research doin to
1.2K. In a sijdlar manner the late 1960's saw a large increase in
the number of laboratories capabl3 of performing research in the ultra
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low temperature region (0.3K to 0.01K). This latter growth was due to
the cciercial availability of the He3 - He4 dilution refrigerator
There is a growing list of European and American concerns which manu-
facture such refrigerators and to this list, the co-sponsor of ICEC-4 must
now be added, i.e.,Philips.

Prof. V. P. Peshkov, Institute for Physical Problems, Academy
of Sciences, USSR, presented a review paper an the "Generation of Very
Low Temperatures with Dilution Refrigerators and Their Measurements".
"Peshkov gave a review of the operating principles and factors which
affect the low temperature limit of !e 3 - He4 dilution refrigerators.
He discussed gravitional instability in refrigerators and stressed
the importance of a vertical "lopp" in the incoming line between the

mixing chamber (cold region) and the condenser (He3). By stopping

the circulation of the He3 gas and "pzmping" on the He3 - He4 liquid
he produced temperatures as low as 3.5 mK.

Peshkov also mentioned the thermometry problem and stated
that carbon resistarnce thermometers work rý-Ate well downt to 8 MK.
He discussed nuclear resonance thermometers (Fe 5 7 ),but these become
relatively insensitive below about 20 miK. There were five scheduled

contributed papers dealing with He3 -. He4 refrigerators.

Dr. K. Raetz of Braunschweig, Germany and F. A. Staas of
Philips discussed designs of heat exchange~rs. This subject remains
of importance because heat exchangers are critical elements of

He3 - He4 dilution refrigerators (indeed, one might say of any re-
frigerator). This is particularly so because of the existence of

3the Kapitsa resistance which increases as l/T . He also discussed
the construction of a new variant of the foil type heat exchanger.
His exchanger consisted of copper foil 0.022 mm thick, 60 mm wide
and 840 ca long. This foil was wountd upon an OFHC copper bobbin,
spacing between foil layers of 0.01 mm. The foil and bobbin fit in-
side a copper tube of 30 mm O.D. and 2-mm wall thickness. By the clever
use of electron beam welding he 1) sealed the bobbin to the tube ane
2) divided the heat exchanger into two parts with volume ratios of 3 :1.
This produced a heat exchanger of 9400 cm2 and a surface of volume i.t.Ao

of 1500. A He3 - He4 dilution refrigerator using five such heat ex-
changers produced temperatures somewhat below 50 inK.
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Dr. F. A. Staas described "A New Type of Heat Exchanger for the

He - He4 Refrigerator" which he and Dr. H. P.. Severijns had developed
at Philips. Staas pointed cut that foil or sintered heat exchangers

7 -3have flow impedances of the order of 10 cm . Thus, a circulation

'ate of 2 x 10-4 mol/sec produces a viscous heating on the concentrated
3side (the incoming He ) of 22 ergs/sec at 10 inK. This is equal to the

cooling capacity of the mixing chamber at 10 inK. To overcome this problem
one could use a parallel arrangement of heat exchangers, but this pro-
duces long cool-down times due to the increase in heat capacity of the
system. To overcome this limitation the two co,mterflowing liquids
were separated by thin 2 to 10, = walls. This essentially overcomes
the Kapitza resistance problem by allowing the phonons' to tunnel through
the separating barrier with sufficiently high efficiency at low temperature
so as to effect a good heat exchange between the two fluids. Staas' heat
exchanger is a sandwich structure of between 20 and 300 parallel layers of

Cu foil which alternately separates the dilute He3 from the concentrated
3He . The fluids flow in planar channels 40-100 Pm thick. This heat ex-

changer has a low flow impedance 105 to 106 cm-3 , efficient heat exchange,
small size and a short cooling time. The drawback seems to be that such
exchangers are complicated to build and anyone contemplating using them
should have a good supporting machine shop.

Dr. J. Wittig of Institut4 fr Festk8rperforschung Julich GmBH,
FR Germany, discussed the He3 - He refrigerator which he and his co-
workers bi "it for use in high pressure experiments. The impetus for this
work is to investigate the occurrence or nonoccurrence of superconductivity
in the 4f elements under high pressure (9-160kbar). Wittig stated that
the magnetic cooling technique required the use of small pressure cells and
he wished for a number of reasons, to use his standard pressure cell (3.5 kgm
of BeCu alloy), therefore, the need for a dilution refrigerator. He mentioned

the constraints such cells placed on the He3- He4 refrigerator, such as short
cooling and warming times between room temperature and the very low temper-
atures (pressure can only be altered at room temperature). In his design
the high pressure cell is bolted directly to the mixing chamber. He de-
scribed in some detail the general physical makeup of his refrigerator
which makes maximum utilization of the cold helium gas enthalpy to cool
the bulky apparatus. To accomplish this a "cold valve" is used to let

cold vapor (from the He4 bath) into the chamber which contains the press,
mixing chamber, etc. After the system cools to 10K, the valve (slim
copper cone and polished steel seat) is closed and the space around
the press, etc., is evacuated by pumping with a diffiusion pump.
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The He - He4 refrigerator uses concentric tube heat exchangers and
has a refrigeration capacity of 100 erg/sec at 100 mk. The lowest
temperature attained is 60 m. Each helium transfer involves 10*liters of
helium five of which are collected and the holding time of the over-
all cr,'ostat is 24 hours. Wittig is also reporting on the super-conductivity of Lu and Hf under pressure at LT-13.

Dr. K. Weiss of Philips, reported on theoretical research
being carried out with Dr. H. Haug aimed at developing additional
information on the discrepancy between the theoretical and experimental
value of the Kapitza resistance (Rexp <Rtheor.). To do this they have

carried out detailed calculations on the effect of surface dislocations
present at the liquid-metal interface and they believe such an effect
lowers the Kapitza resistance and affects its temperature dependence.

Prof. Lacaze commented on the new type of heat exchanger used
at Saclay; which is similar to the one discussed by Staas, but the
thin foil was not copper but consisted of plastic. These plastic foils
have a Kapitza resistance .• 1/10 of that of copper. Using this new

heat exchanger with only 30 cm2 of surface area)they attained a temper-
ature of 10 MK. We believe this is a significant improvement in He3-He4

refrigerator technology. Philips ,toojhave used a plastic foil which is

manufactured by Dupont under the name of Kyton. This is a registered
trade name for a tough, high temperature cable insulation which is
available in the form of very thin foils.

There was also a paper in a different session concerned with
the best method to calibrate carbon resisck thermometers at ultra
lro temperatures. This paper by a group from Delft University, Netherlands,
discussed the problem of thermal contact between the carbon resistor
and the cerium magnesium salt pill. Magnetic cooling techniques as well

as a He3 - He4 dilution refrigerator were utilized in this study which
extended down to 15 mK.

G. Superconducting Levitation:

This is a topic which has had a special appeal to the cryogenic
technologists ever since the low temperature physicists first floated
a bar-magnet over a superconducting lead dish. This trick was used to
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demonstrate the Meissner effect many years ago. Although magnetic
levitation has been successfully employed in experimental apparatus such
as wind tunnels, plasma confining machines, etc., present day interest
by and large stems from the concept of high speed magnetically levitated
trains.

Prof. Oshimaz of the University of Tokyo reviewed the program
of Japanese National Railroad (JNR), the objective of which is to
develop such a train by 1980. This program was initiated as a result
of a 1970 study by the JNR which concluded that the best solution for
the problem of high-speed ground-mass-transportation would be to use
magnetic levitation provided by superconducting magnets and ground
loops and a linear induction motor for the drive system. R & D work
started in 1971 with the proviso that if the levitation work could not
be developed in time, a more conventional wheel su.Apension system will
be used with a resultant reduction in top speed from 550 km/hr to some-
what less than 400 km/hr (top speed of present systems is 210 kz/hr).

Oshima stated that the proposed train will carry 128 S.C.M.
(i.e., 16 carriages, each containing 8 S.C.M.). The cryogenic system
will weigh about eight tons per carriage and the "track" will consist
of loops or sheets of normal conducting metals. Test facilities have
been developed by the JNR which permit dynamic testing of the levitation
system up to speed equivalents of 100 ki/hr.

In order to meet the 1980 development date, the final technical
designs must be completed by 1975. The projected five-year R & D
program, exclusive of salaries and testing land, will be about 100
million dollars. The project still in its infancy, but it is expected
that efforts will be rapidly increased in the near future.

The contributed sessions were dominated by the Japanese with
a report of a design study by Ford Motor Company, USA, and a preliminary
evaluation study by the Cranfield Institute of Technology, England,
rounding out the five-paper session,

Papers by a group of authors from the Toshiba R & D Center,
Japan reported on tests conducted on S.C.M. wound with IMI's NbTi fila-
mentary composites as well as NbTi multifilament conductors manufactured
by CST. Magnetic and structural stability, magnetic shielding problems,
lift forces, etc., were reported. It is interesting that no reports
were given by any European companies, several of whom are quite active
in this area.
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H. Other Topics

There are several topics discussed in the sessions which are
not mentioned in this report, so we will single out a few abstracts
and/or sessions. The abstract of Dr. V. I. Kirschner of the Low
Temperature Laboratory, Roland Eotvos University, Budapest, Hungary,
gave details of the Nb3 Sn magnet and Be-Bronze bomb suitable for doing

high pressure studies (resistance measurements) in Type II super-
conductors in fields up to 45 k0e and for pressures up to 20 kbar.

Of the three papers given in the cryobiology session, one had
to do with the thermal properties of ice. The superconducting devices
session contained reports on flux pumps and sensitive magnetometers.
The session on electrical machinezy contained five papers in which
the various authors extolled the virtues of superconducting rotating
machinery. A paper by Drs. Hadlow and Warme of the Electrical Research
Association, Leatherhead, England considered reciprocating nachines
as well as rotating machines. They conclude that only the development
of large turbo-generators offers commercial justification for the sub-
stantial development effort necessary for the realization of S.C.M. 2

Mr.A.D. Appleton of International Research & Developmeit Co.,
Newcastle, England, presented a paper concerned with dc machines in
ship propulsion systems. This represented the only development work,
as all the others concerned simply design studies of ac machinery.

Many moae papers were presented dealing with purely cryogenic
engineering problems and all aspects of refrigeration and heat transfer
at cryogenic temperatures.

III. Reflections

As is usually the case, one returns from a large meeting with
rather mixed emotions. However, in one respect our feelings are rather
well defined and that is the sessions dealing with superconductivity
applications were rather uninspiring; particularly disappointing was
the apparent lack of any real progress in superconducting transmission
lines as evidenced from a lack of papers by those industrial and govern-
mental labcratcries engaged in such developments. (See ESN 24-10, p 300;
24-12, p 390; 25-4, p 128.) There were no sessions dealing with super-
conducting developments with regard to accelerators, per se. (See
proceedings of ICE-3). Ples with regard to the CERN conversion seems
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to be where they were two years ago. However, research in developing
superconducting magnets (SC2) suitable for pulsed synchrotcn applications
has made slow steady progress, but one hesitates to say when such SCH's
will be a reality.

Clearly, international meetings dealing with applications of
superconductivity are being held at a rep titious rate which exceeds
their need. This conclusion is based on the fact that one is hard put
to come up with any new or important breakthrough reported at this
conference, or at any applied superconductivityconference of the last
two years.

As far as superconducting materials research is concerned, the
ICEC meetings do not appear to be a forum for reports dealing with phase
diagrams, etc., and dhculd not be included in the program. This ..s based
on the fact that the audience is not materials oriented except from the
point of view of learning about engineering parameters such as ac losses,
J etc.

We were impressed by the sessions dealing with dilution refrig-
erators, and it was with a twinge of regret that one realizes that cryo-
genic engineers have moved into the last stronghold of the "Low Temper-
ature Physicist" and are doing a very good job of removing the barriers
to this once exclusive temperature range.

It was apparent that despite the best efforts of the organizers,
one of the stated objectives of the conference was not met. This meeting
with its parallel sessions did not really provide the opportunity for
workers from various disciplines to meet and discuss problems of mutual
interest. Parallel sessions on closely related topics served to frustrate
several attendees. Individual plenary sessions contained widely divergent
subjects, e.g., dillution refrigerators and cryobiology. This is not
to say that this conference was not well organized and conducted, for it
was. It 1.3 just that "cryogenic engineering" is too broad a field for
a single meeting.

The proliferation of meetings, which a scientist involved with
superconducting technology, can say he should attend has reached the
point of diminishing returns, (see Appendix C). Real progress is not
being made at a rate which justifies biennial conferences, especially in
view of the fact that there are so many biennial conferences, they come
up in various forms about every six months or so. Clearly ICEC-4 suffered
by being held only three weeks after the Applied Superconductivity
Conference at Annapolis, Maryland.
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APPENDIX A

EL"NIVEIRSITIES III THE NEMERLXVIDS

1. Technological University of Eindhoven, Founded in 1956, student body
4000; faculty 120.

2. Delft University of Technology, Founded in 1842. Student body: 9500;
faculty 200.

3. Twente Technological University, Founded in 1961. Student body 1800;

In addition to the above three technical universities, the
Netherlands has the following major universities:

4. University of Amsterdam. Founded in 1877. Studen': body 18,000;
faculty 250.

5. University of Groningen. Founded in 1614. Student body 12,000; faculty
200.

6. University of Leyden. Founded in 1575. Student body 11,000; faculty 200.

7. Catholic University of Nijmegen. Founded in 1923. Student body 10,000;
faculty 150.

8. University of Utrecht; founded in 1636. Student body 17,000; faculty 280.

9. Free University (Amsterdam) founded in 1880. Student body 6000;
faculty 100.

This list is an impressive number of universities considering the
total population of the Netherlands is some 13 million.
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APPENDIX 8

List of Pap.ezs - Titles and Authors by S-ession & Subject

Trend in the use of very low -emp-rature refrigeration.

A. Lacaze, Centre de R.cherches sur les tres basses Temperatures,
Greacble, France

Vhy Cryop _ing*! H. G. N81ler
Leybold Heraeus GmbH & Co, Germany

Helium conservation in the USA, W. H. Hogan
Cryogenic Technology Inc., USA

Project of magnetically suspended train in Japan, K. Oshima
Vnhive'.:ty of Tokyo, Japan

'hy cryogenics in power industry?, J. J. Went
t.4A, The Netherlands

Generation of very low temperatures with dilution refrigerators and
their measurement, V. P. Peshkov, Academy of Sciences, USSR

Cryobiology, D. E. Pegg
Clinical Research Center, Harrow, England

Superconducting synchrotrons for high energy physics, W. Hel,.
Kernforschung'zentzam, Karlsruhe, Germany

Refrigeration: General

a small neon refrigerator, W. Koeppe
KFA, Jilich, Germany

Refrigerator without moving parts at low temperature able to cool down
to 90-100 K, E. Carbonell, P. Chovet, C. Johannes, D. Marinet, P. Solente
CEC, L'AIR Liquide, France

Helium liquefier operating continuously with large impurities
R. Kneuer, K. Petersen, A. Stephan, Linde AG, Mdnchen, Germany

Gas bearing cryogenic expansion turbines: applicationoto a refrigerating
plant delivering 10 kW at 25 K., J. Gass, J.C. Villard, D. Marinet, P. Solente
CEC, L'AIR Liquide, France
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The turbo-expander as a cryogenic tool in the oil and gas ind-stry,
H. W. L. Wuiff, Fluor Nederland NV

Simplified cryogenic reciprocating expansion engine

G. Claudet, J. Verdier; C.E.N. Grenoble, France

Refrigeration: Regenerative Machines

ueruents an a two-stage Stirling cryogenerator with unbalauced
regenerators, A. Mijnheer
Philips Research Laboratories, The Netherlands

Two-stage expansion engine with differential piston, I. B. Danolov,
V. T. Xovatchev, Acadeiy of Sciences, USSR

Small capacity valveless piston expansion engine type cryorefrigerator
B. B. Parulekar, K. G. Narayankhedkar, Indian Institute of Technology, India

Heat transfer and flow friction characteristics of dense mesh wire
screen regenerator matrices at cryogenic temperatures, G. Walker, W.K. Wan
University of Calgary, Canada

A th-oreticalsolution of the shuttle hent transfer problem, J. B. Harness,
P.E.L. Newman, University of Bradford, England

Refrigeration: 1, 8 Systems

Cry.genic engineering aspects of the superconducting accelerator at
Kzrlsruhe, P. Flecher, Kernforschungszentrum Karlsruhe, F?. Germany

Cryogenic systems for the superconducting linear accalarator system and
particle separator projects. W. Barth, W. Herz, L. HWtten, H. Kathedir,
W. Lehmann, F. Spath, G. Winkler
Kernforschungszentrum Karlsruhe, Germany

He-II cryostat for a superconducting particle separator, K. Ruppert
Linde AG, MUnchen, Germany

The use of an expansion ejector in a 5-W refrigerator at 1,8 K, J. Mulder
Philips Research Laboratc-ies, The Netherlands

Refrigeration and Thermometry

Applications of gamma-ray tnermometry at low temperatures
W. D. Brewer, E. Klein, B. H. Rosenthal, P. Steiner
Freie Universitft, Berlin, Germany
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Osmotic pressure secondary thenneter for dilution refrigerators
D. Bloyet, A. Chozian, P. Piejus, M. Sudraud, E.J.A. Varogaux, D. Le Fur
Institut d'electronique fondamentale, Paris, France

Distillation of halii= isotopes, .. R. Wilkes
Monsanto Research Corporation, USA

Refrigerator fox- the 20 K region with a La~i5-hydride thermal absorption
copressor for hydrogen, H. H. van Mal, A. Mijnheer
Philivs Research Laboratories, The Netherlands

Soe practical data on desorption cooling, J. G. Daunt, C.Z. Rosen
Stevens Insptitute of Technology, USA

Dilution Refrigerators

Heat exchangers for dilution refrigerators, K. Raetz
Physikalische-Technische Bundesanstalt, Braunschweig, Germany

A new type of heat exchanger for the He3 - He4 refrigerator
F. A. Staas, A. P. Severijns, Philips Research Laboratories, The Netherlands

Influence of a thin surface-dislocation layer on the kapitza resistance,
H. Haug, K. Weiss, Philips Research Laboratories, The Netherlands

A dilution refrigerator for nuclear dynamic polarization
T. 0- Niinikoski, P. Weymuth, CERN, Switzerland

A dilution refrigeration cryostat for high pressure experiments,
B. Stritzker, J. Wittig, H. Wdhl, K.F.A., Julich, Germany

Superconductivity: AC Losses

The. ac losses of nonideal type II superconductors under parallel configurations
of electric currents and magnetic fields, Y. Nakayama
Toshiba Research and Development Center, Japan

Power frequency losses in superconducting niobium, P. R. Brankin, R. G. Rhodes,
University of Warwick, England
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Ac Measurements in pure Niobiim and Ta Nb alk•y.: The field of first
928penetration and a generalized low of lcsses, C. S. FurtadoUniversidade de Cojibra, Portugal

AC loss of superconducting Nb-Ti-Zr ternary alloys, m. Kudo, L. Aihara,
K. Kuroda, T. Doi, Central Research Laboratory, Hitachi, Japan

The behaviour of a niobium. single crystal in ac fields, L.J.M. van der
Klundert, N.P.A. Braspenning, L.C. van der Marel
Twente University of Technology, The Netherlands

Superconductivitjy:.Affects of Current Distribution

SLosses of twiste4 superconducting composite conductors, A. Mailfert, T. Pech
I Laboratoire Centrol des Industries Electriques, France

Current and current density distribution in parallel superconducting wires
in the Mcissner state, D. Oswald
AEG-Telefunken,/Germany

I-ffect of Cu-cladding on magnetic instability of Nb-Ti composite wire
K. TYukochi, T. Ando, T. Ogasawara, Nihon-University, Japan

Flux-flow. properties of bare Nb-Ti wire, S. L. Wipf, M. Soell

Max-Planck Institut ffr plasmaphysik, Germany

Energy transmission

Trausmission of electric energy by cryocables, L. Deschamps, A. M, Schwab,4 Electriciti de France

Superconducting devices for energy storage and switching, J. P. Krebs,
E. Santamaria, J. Maldy, Laboratoires de Marcoussis, France

Multiple use of cryogenic transmission lines, J. R. Bartlit, F. J. Edeskuty,
Los Alamos Scientific Laboratory, USA

Liquid nitrogen cooled cryoresistive cables, M. Rechowitz
The University,, Southampton, England

Levitation

High speed ground transportation using superconducting magnetic suspension
R. H. Borcherts, L. C. Davis, J. R. Reitz, D. F. Wilkie, Ford Motor Co. USA
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Characteristics of the magnetic levitation for high speed trains,
I. Takano, Y. Saitc, H. Ogiwara, Toshiba Research and Development Center,
Japan

Experimental studies on large superconducting magnets for magnetically
suspended train, N. Takano, H. Ogiwara, Y. Saito, H. Yonemitsu, Y. Nakayama,
Toshiba Research and Development Center, Japan

Levitation characteristics of model superconducting magnets for magnetically
suspended trains, H. Ogiwara, N. Takano, H. Yonemitsu, Y. Saito, Y. Nakayama,
Toshiba Research and Development Center, Japan

A preliminary technical assessment of magnetically suspended trains,
I. A. Alston, J. T. Hayden, Cranfield Institute of Technology, England

Superconducting Magnets

Three Nb-Ti coils differing by design and operating temperature, M. Berthet,
Laboratoires de Marcoussis, France

Superconducting magnet systems for research applications, S. J. St. Lorant,
E. Tillman, SLAC, USA

A 30 kOe superconducting coil with reduced external field, P,. Krueger
Mar,-Planck Institut, Germany

Design considerations for high current density ,superconducting saddle
magnets for MHD, Z. J. J. Stekly, R. J. Thome, E. J. Lucas, R. F. Cooper,
Magnetic Corporation of America

The critical, current density of Nb-Ti superconductor in the temperature
range 1.9 K to 4.2 K, P. E. Hanley, M. N. Biltcliffe, The Oxford Instruments
Company, Oxford, England

A superconducting MHD magnet, Y. Aiyama, K. Fushimi, K. Yasukochi,
Electrotechnical Laboratory, Tnashi, Tokyo, Japan

Superconducting Devices

Magnetometers using superconducting galvanometers, R. R. Gelsing, H. van Kempen,
Katholieke Universiteit Nijmegen, The Netherlands

Direct energy conversion utilizing a superconducting flux pump,
R. W. Robertson, R. K. Irey, University of Florida, USA
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Superconducting shields for magnetic flux exclusion and field shaping,
S. J. St. Lokant, SIAZ, 1VSA

Superconducting• achines

Superconducting ac machines; an approach to development,
M. E. Hadl(o, D. F. Warne, ERA, Leatherhead, England

Cryogenic aspects of rotating field coils for superconducting machines,
Z. J. J. Stekly, G. Y. Robinson, Jr., Magnetic Corporation of America

Developments with superconducting ac generators, A. D. Appleton, A. F.
Anderson, International Research and Development Corporation, England

Superconducting generators for aircraft, J. T. HaydG.t
Cranfield Institute of Technology, England

Developments with superconducting .dc machines, A. D. Appleton
International Research and Development Corporation, England

Heat Transfer Solids and Contacts

Experiments on heat contact at very low temperatures, C. Beduz , H.C. Meyer,
G.J.C. Bots, B. S. Blaisse, Delft University of Technology, The Netherlands

On the cooling of large enthalpy systems by metallic contacts in vacuum,
A. Elsner, W. Bitter, H. J. Jaeckel, F. Rau, E. Speth,
Max Planck Institut, Germany

The thermal conductivity of epoxy resin powder composites at low temperatures,
K. W. Garrett, H. M. Rosenberg, The Clarendon Laboratory, Oxford, England

Measurement of thermal resistance between materials potted in epoxy resins,
P. Genevey, P. Brains, C.E.N. Saclay, France

Measurement of absolute instantaneous conductivities of poor conductors,
T. Ashworth, South Dakota School of Mines and Technology, USA
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Feat TZ*sfer to Lbrian Helium

Measum-Is of forced conwection heat transfer to supercritical helium,
H. 0_=,ta, S. Sato, Central Pesearch Laboratory of Hitachi,. Japan

FHet transfer to boiling helium I under forced flow, G. Hildebrandt
Frity-Zaber Institute, Germany

Corr2Iax of the vaourization onset heat flux for cylinders in
s - - liquid helium II, A. C. Leonard, M. A. Clermont
Ral Military College of Canada

CrIical heat flux, supezheating and thermal quenching of saturated and.
subcooled helium II, G. Krafft, Kernforschungszentrum, Karlsruhe, Germany

SoidfVapu=r beat 1trnsfer in helium at low temperatures,
J. -4_mxrian, P. Lynam, R. G. Scurlock, University of Southamwton, England

Cryen=ing

The distribition of the molecular flux in the inside of a cylindrical space
simIation chamber with a spherical gas source, R. A. Haefer
Sulzer Brothers Ltd., Switzerland

cryopuiping of hydrogen by adsorption on condensed gases; K. Becker,
G. Klirping, W. D. Schoenherr, W. Schulze, V. Toelle
-titz-Haber-Institute, Germany

Adsorption characteristics of condensed AR-, C2H6 NH3 and CO2 layers

with respect to cryopumping, K. Becker, G. Klippirg, W.D. Schoenherr,
W. Schultze, V. Toelle, Fritz-Haber-Institut, Germany

Distribution system for independent cooling of four 20 K cryopumps with
one cryogenerator, B.W.L.M. Sessink, N.F. Verster, The Eindhoven University
of Technology, The Netherlands

Materials

Improved facility for determining mechanical properties of materials in
liquid helium, D. Evans, G. E. Sinmonds, G. B. Stapleton,
Rutherford Laboratory, England
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Prediction of the low temperature stability of type 304 stainless
steel from a room temperature deformation test, D. C. Larbalastier,
H. W. King, Battelle, Switzerland

Physical properties of electrical insulating materials at cryotemperatures,
E. Javorsky, Vuki, Bratislava, Czechoslovakia

Superconducting cables made from metals in porous glass, J. H. P. Watson,
Corning Glass Works, USA
Fabrication studies of Nb3  and Nb 3AlGe superconductors,
F. J. Worzala, W. A. Yang, R. W. Boom, J. Laurence, University of Wisconsin, USA

Research kiuipment

A double-ridged tapered wave-guide transition for liquid helium cryostats,
E. Mbntysalo, H. Kojola, Tampere University of Technology, Finland

A remotely operated electro-mechanical cryagenic switch, 100A, .I•L to
infinite resistance, P. Krueger, Max-Planck Institut, Germany

High constancy temperature control for small continuous flow cryostats,
G. Klipping, U. Ruppert, H. Walter, Fritz-Haber Institut, Germany

Operation and calibration of turbine flowmeters with supercritical helium,
D.N.H. Cairns, D. J. BrassJngton,.Central Electricity Res. Labs., England

Simple device for specific heat measurements at low temperatures,
D. Durek, J. Baturid-Rubhic, Institut of Physics, Zagreb, Yugoslovia

Special Topics

Critical mass of cryogenic rocket propellants, E. A. Faber, Univ. of Florida, USA

Numerical method for dimensioning and drielopment of equipment for soil
stabilization by freezing with liquid nitrogen, E. Narlsson, AGA-Kryo, Sweden

Radiation resistance of organic matnc-i-ls at cryo-temperatures, M. van de
Voorde, CERN, Switzerland

Superconducting magnet and high pressure multiplicato." combined system,
I. Kirschner, I, Kovacs, L. Laszl8ffy, f,. Eotvos University, Budapest, Hungary
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Cryobiology

A multi-sensor cryogenic temperature probe, D. N. Benn, J. Merry,
Southampton University, England

Measurement of the thermal properties of ice: T. Ashworth,
South Dakota School of Mines and Technology, USA

Application of cryotherapy in cerebrovascular anomalies: an experimental
and clinical study, H.A.D. Walder, N.J.M. Dijkstra, Neurosurgical
Department, Catholic University; N1imagen, The Netherlands
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APPENDIX C - MEETINGS - 1972

The proliferation cnd frequency of meetings in cryogenic engi-
neering and low temperature physics is becoming a serious problem in the
US both to researchers with severely limited travel budgets and to govern-
ment funding agencies which, with each new year, have diminishing amounts
of funds to support travel outside the US. In 1972 we are aware that
the following meetings were held in these fields:

1. Meeting on Supercritical Helium, April, Leatherhead, Surrey, England

2. Applied Superconductivity Meeting, May, Annapolis, Maryland,

3. Europhysics/Study Conference on Thermometry and Thermal Contacts
below 50 14K, April, Albe, France

4. European Physical Society Conference on Low Temperature Physics,
April, Freudenstadt, Germany

5. Cryogenic Engineering Conference, August, Boulder, Colorado

6. Thirteenth International Conference on Low Temperature Physics,
August, Boulder, Colorado

7. Conference on Intercalated Superconductors, August, Monterey,
California

8. Meeting on Synchronous Machinery using Superconducting Field
Windings, August, Cambridge, Mass.

9. Third International Conference on Liquefied Natural Gas,
September, Washington, D. C.

Unlike the rapid advancing fields of cryogenic engineering, and
applied superconductivity;basic research in low temperature physics may
have passed its zenith. Much of what formerly used to be fundamental
research now tends towards applications. Basic research at low temperatures
appears to be contracting in scope, and it is anticipated that the large
LT bonferences which are now held biennially will in the future be held
every third year. It would facilitate the exchange of information and
reduce travel expenes if cryogenic engineering and, low temperature
research conferences could be held in tandem in the same country.
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