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FOURTH INTERNMATIONAL
CRYOGENIC ENGINEERING (CNFERENCE
24 - 26 May, 1972, Eindhoven, Folland

I. Introduction

¥VEC is the acronym for "International Cryogenic Engineering
Conference”. This series of conferences, the fourth of which is the
subject of tnis report (ICEC-4), was initiated by Dr. K. Meidelssohn
of Cxford University and Prnfessor X. Oshima of Tokyo University.
ICEC~1, held in Kyoto, Japan in 1966 and ICEC-2, held in Brighten, Engiand
in 1968 were experimental ventures in the internc tional exchange of infor-
mation in tha rapidly developing field of cryeogenic engineering.l 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. Birmingham (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 Eindh¢i7en, Netherlands. ICEC~5 will be held in Japan in 1974 and ITEC-6
will be held at Grencble, France.

The genesis of the ICEC's was a growing awa:'eness in the esrly
1960's by many European and Asian scientists and engineers that the estab-
lished crvogenic industry in Europe was beginning to lag behind US efforts
and was in danger of missingour o©n important new developments in low
temperature engineering. One of the goals of ICEC was to offset the im-
balance c¢f information on cryogenic engineering advances which since the
early 1950's had become largely concentrated in two meetings held in the
US: the annual Cryogenic Enginzering Conference (CEC) and the biennial
Applied Superconductivity Conference (ASC). It is anticipated that future
ICEC and CEC meetings will be held in alternate years. In this way there
will te no more than one big cryogenic engineering conference each year
ind 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. Thic 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 exampl surgeons who are using cryoscalpels.
(Occas’ onally surgeons have been helpful in administering first aid to
an inquisitive scientist who has fainted during the viewing of realistic
colored, deca.led close-up movies of surgical operations with ceyoscalpels.)
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The sive of this three-day meeting was the Technical University
of Eindhoven, situated along the River Dommel. ‘'fhis 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. Each
afterncon 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 s panel to answer questions directed to them as
individuzls or to the panel as a group. (This approach 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 sorme 450 delegates from 28 countries. While the
number of attendees was comparcble to ICEC-3 (West Berlin, 19790), the
number of participating ccuntries was increased from 22. This was the
first time that scientists from the People's Republic of Chira participated
in an intermnational meeting of this type. A survev of the lis%s of
attendees indicate that the US delegation had increased from abouz 17 in
1970 to 25 in 1972, despite cuts in availaole ‘unds 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 £14.00 ($35.00).

II. Discussion

A. Uses of Low Temperatures

The honor of heing the first speaker went to Prof. A. Lacaze,
Centre de Recherches sur les trés basses Temperatures, Grenoble.
Prof. Lacaze discusted "Trends in the Use of Very Low Temperature Re-
frigeration”. Following a short history of low temperature production
he emphasized that the tempsrature range from 1 to 20K had not yet been
exploited by industrial applications. He noted that success in applying
cryogenic temperatures in the area of relecommunications (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
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possible (highest accepted value for Tc is A 21K) 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 diffienlt to see how Tc of 23 or

25¥ per se would bring about any technological revolution. (See IEE Review
Aug. 1972, "Superconductivity and its applications to power eng‘neering")?

Prof. Lacaze finished on the optimistic note that the next de-
cade would see superconducting power lines and generav-.-s. He also
suggested that the availability of magnetic fields up to lOT make
attractive the use of adiabatic demagnetization starting ‘rom the 20-30K
range of temperaturvs. (We arxe 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 gyrourd
transportation to reduce air pollution. This point was again brought u;
in & later session.

Prof. H. G. NBller, Teybold Heraeus Gmbh & Co., discussed "wWhy
Cryopumping”. Simply stated,there are two reasons: (1) a very clean
vacuur ar.d (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 N8ller operate from
a liquid helium reservoir and are quite costly to operate (20 times more
exrensive 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 the 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)
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Mr. W. H.Hogan , CT Inc., Waltham, Mass., USA, discussed "Helium
Conversation in the USA". He stated that the energy crisis in the US,
prime supplier of bzlium ges 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 the ground at a
rate considerably in excess of current or prcjected demands. The present
US conservation program can store no mcre than 10% of the helium um gas
which is presertly being drawn from the earth.

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

4
*3,2 German Mark (DM) = $1.00 (US)
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any cther 2nd vse. He emphasized that it would indeed be comfortirg
t. know that if current cryogenic R & D efforts were to lead to
realizable larae scale applications, there would still be helium
azailable for their exploitation. He then briefly discussed the US
Conservation Program3 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 aegated the self-liquidating expendi-
ture aspect of the Conservation Act. This has led the US Department
of Interior to contemplate cancelling the conservation prcgram.

At the present time the government has stockpiled 1,30C
million equivalent liquid liters of helium, four times the amount
consumed in the 1960°'s., US consumption is currently 40 million equiva-
lent liguid 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 vover will deplete our fossil fuels in less than
100 yvears. Thus he feels we must turn to the development of alternate
sources of energy and alternate distribution systems. Many such pro-
posed systems involve massive R & L programs which depend on cryogenics
and must consume heium gas almost without limit in order to be effec ~
tive. This means plundering the easy-~to-reach helium reserves beneath
the earth, leaving future generaticns vo extract the helium gas from
our atmosphere. In summation)we mus . push ahead with our R & D work
involving large scale applications of crycdenics (~uperconductivity)
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 presen’. in our atmosphere. We
must develop a cheap way to extract it. Cucrent 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 prog.ess concerned with rotating
electrical machinery which operate at liquid helium temperatures have
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focused attention on the low temperature physical properties of certain
structural steels and insulating materials. At the Rutherford Laboratory
England, investigation4 of the martensitic transformation of austenite

Y to Z' 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 uis transformation as well as the fact that

the 4' phase is ferromagnetic. The volume expansion could play

havoc with machine iatagrity and clearance tolerances. The most striking
result of theii work te Jate is that nitrogen present in the steels to
about 2% inhibits the Y to 4  transformation. Standard arades -F stain-
iess such as AISI 302, 303, 304, etc., contain only = 0.03%N, and the
Yto A' transition is known to eccur in some, if not all, of these
steels. Thiz ilriter work was perfonacd in the Metallurgy Department of
Imperial College and was presented by Dr. D. C. Larbalestier.

The other problem cryomacninery faces is the long-time physical
stability and electrical breakdown strengths of insulating materials when
subjected to a cryngenic environment. Dxr. E. Javorsky of Braticlava,
Czechoslovakia reperted on the results of research concerncé with the
mechanical and electrical properties of such insulating material~= which
are used for the "potting" of coils, reinforcing materials and electrical
insulation in cyyomachinery (i.e., polymers, varnishes, foils, etc.).
The reader is referred to the proceedings for detailed results, however,
«e do want to mention that Javrrsky concluded that there is a lack of
knowl<edge about the long-time application of these materials. The aging
of electrical insulating materials in cryogenic conditions in electrical
fields and iis dependence on physical properties is an area that requires
considerable attention. Thus, design engineers should take heed.

2., Superconducting

‘three papers concerned with the fabrication of technologically
important superconducting materials were presented.

Dr. J.H.P. Watson, Corning Glass Works, Corning, New York, USA,
discussed the various technical problems and pessible solutions, con-
ce.ned with fabricating useful conductors out of Pb-i (40%) impregnated
glass fibers. Watson's discovery that Vycor glass could be used to pre-
pare high Jc and Hc filaments of Pb-Bi has, on occasion,been noted as

perhaps the only really new development in the area of supercenducting
materials which has occurred in the last several years. Wwhile work wi:h
Vycor glazs has been going on for some time, the ability te fabricate
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km lengths of glass fibers (60 pm in diameter) with pore diameters
of appreximately 35 A irpregnated with Pb-Bi is a relatively recent
development. The Pb-40%Bji has a T, of about 7.8K, and when prepared

as mentioned above,H o2 {4.2X} is about 125kG. Typically J =10 A/cm
in xero field and < 104A/cm2 in a field of 90kG Watson stated
these vaiues can be improved, for example, an = 150kG (20 A pore glass).

He has prepared transposed conductors by first weaving the 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-pm fibers. A cost figure of $20/km
for a conductor of 0.02" diameter (50% of cross sectionbeing super-
conducting) was mentioned.

Watson calculated that the losses of a conductor made up
of lotpm fibers in a 60-Hz peak field of 104 G auss would only be 5.2

x 10 W/m. It was not clear from Watson's remarks as to whether
Corning Glass i3 planning to pursue the actual fabrication of this
~&t+r12l on the scale required for commercial exploitation.

Dr. R. A, Fopley (Imperial Metal Industries, Ltd., England)
presented a paper titled "A wew 12,255 Filament Superconducting Composite”.
Imparial Metal Industries (IMI) in collaboration with the Rutherford
High Energy Laboratory has been develioping filamentary superconducting
composites which combine low hysteresis loss with good thermal and elec-
trical stability when used in magnets which are pulsed@ once evary few
seconds. An essential feature of this new composite is that niobium-
titanium filaments are surrounded by a complex matrix having an aniso-
tropic electrical resistivity. The copper which surrouwids 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

ral axiz of the cable to decouple individual filaments) and given
1nve1 of hysteresis loss, this new conductor can accept \H\ 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 reasocnable to coprridexr cable configurations
which require only a small number of superconaucting 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 fabrication
of superconducting magnets and rotating electrical machinery,
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C. Ac Lesses in Superconductors

The element Nb plays an important role in the area of super-~
conductivity. It has the highest Tc of any element (=~ 9.3K;. Its
3Sn, Nb3A1 and Nb3Ga have the highest Tc of any

binary system (18.5, 19.1, and 20K, respectively))while a Nb based
ternary cazpound Nb75(GeA1)25 has the highest Tc of any well-established

binary coapounds Hb

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

o1d 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, reported results of their continuing program to study ac losses
{50 Hz) in Wb as a function of surface preparation, degree of cold work-
ing and interstitial impu.icies. They attribute the spread in published
results of ac lesses to poor characterization of the samples on which
the data were obtained.

Results for ac losses above and below Hc were presented for

1
neutron irradiated, ion implanted and culd-worked samples. These results
show that cold-working is far more effective in reducing the losses

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

attributed to surface asperities,and they conclude that for small ac

re

losses (B <« Hcl) one needs the surface irregularities to be less than

0.03ym in size. It wag also concluded that the high defect structure
vhich is most desirable for low ac loss (H :»Hcl) is most easily attained

via meciianical meanz, This defect siructure gives rise to some surface

critical state that inhibits flux penetration until H = HFP >-Hc1.

Thus, iieally ac losses should be gzero until H = H In an earlier

¥P°

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

FP

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

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

reduce the non-id~-1 lusses for fields beluw HFP which are caused by
surface agperities.
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Dr. C. S. Furtado, Laboratory de FisicaUniversidade de
Coimbrz, Portugal reported on work he did at the Clarendon Laboratory,
Oxford University, England. He measured HFP and ac lorses (80 Hz) on

cylinders of pure Nb containing different amounts of pinning sites.
(Experimental details reported in Cryogenics 7). Furtade finds that
HFP = Hcl and does not exceed Hcl as indicated Ly other workers who

say that HFP = Hcl + AH,4H > 0. The fact that HFP

parabolic temperature dependence HFP:*:. 1l - t7 vhere t = '!‘/To, leads

Furtado to conclude that one sees the "reaction" of the ¢urface (i.e.
the AH term) only after flux has entered the sample, i.e., H > Hcl'

(T) shows a

This study of the ac losses (8u Hz) as a function of temperature
resulted in the data shown in Fig. 2.
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These data are for a magnetically reversible sample of Nba'ra92
and Nb plotted as a function of reduced field i = He/HF? 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 follew this curve quite closely. These observations 1led
Furtado to infer the existence of a generalized law of ac losses

which is applicable to reversible type II materials.

Ppr. L. J. M. van de Klundert, Twente Technological University,
Enschede, Netherlinds reported on the behavior ¢f Nb single crystezls
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 o= /n'k+ i};"k wheze

k = 1 to 99 denctas the harmonic. This work extends their earlier

work in which only the fundawmental 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 respons. of the fundamental.
Data for the higher harmonics result in an increased knowledge of
the local (B,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 reversiole magnetic sus-
ceptibility curves (x vs H) [dH/Gt<wh, where h and sare 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 Hp at which losses. appear, is a function of the amplitude

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 coeificient,
pinning of flux lines and surface screening currents.

Dr. Mitshurir Kudo of Hitachi, Ltd. Tokyo, Japan, reported on
a detailed study of the ac logses in the Nb-Ti-2Zr ternary system,
The superccnductivity of Nb-Zr-Ti has been reported previously by T.

Doi et alg. In Rudo'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 function of
composz.tlen i.e., for the series Nb Zr Tl ( 30 L x £ .45);

.92-x
12
Nb x (04 &x &£, )andNb.g.,S_ T 45Tl (.55 ¢ x <.75).

The data show that q is a minimum at that value ef x for which Jr is a

.60~ .40
maximum. For the allovys investigated the maximum Jc(o) values welr.
~1lx 106A/cm2 with minimum q values = 1 x 10-6 J/cmz-cycle. This
work showed that the ternary alloys Nb-40Zr-87i 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-70Ti-2.5Zr
has the lowest ac loss in the Nb-Ti rich alloys. Thase data are shown
in Fig. 3a, 3 b.
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From this one sees that

k)
B 3.05 ~ 3.5

q -~ m (1)
g
{.\'C(O)l'6

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

single core Nb-62.5Ti-2.52r and twisted multicor~ (Cu matrix) composite.
The 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 wa~ 2 to 20 mm in length.

Results with the composites showed that the tctal loss Ql

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 iosses in the superconduactor. Similar
results were observed for the multicore composites. See Fig. 4.




These data, obtained by a helium boil-off technique, were
stated to be in agreement (+5%) with magnetization 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 in
France, which is concerned with ac losses in superconducting composite
conductors. The total loss in these composites are due to (1) a loss
denoted as P due to the displacement of flux lines in the super-
conducting filaments and (2) eddy current losses in the normally

conducting matrix whichk are denoted as PJ. Approximate expression

for these two losses were given as
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]

P = 24

Hz—3T{f’ JC(IB{)dB
cycle

?
there d is the diamete ' of the fiiament, PH is the loss per cycle
per unit volume of the filament and JC(B), the magnetic induction.

Eddy cmrrenti: loss, when the magnetic field is oscillating
with a frequency £, is glven as

2 s 2
Pal = /3 1p j Y (B)r {B] dt
47(2 -
cyc«e

herelﬁé 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 tfuach as Qp > D, the diemeter of

conductor, the filaments form a triangular lattice, etc. They also
make arquments 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 investigation ac losses were determined at 4.2K by
measuring the area under the magnetization curve_which was obtained by
an electronic integration technique due to Fietz™ in which an ac __
field of paak valuz Bm was varied with frequencies between S x 10 >

Hz and 2 x lo—lﬂz. These freguencies are well below power frequencies

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

B
m a3 52 2
P = (8/37) K% J_(B) ¢B + > (Lp £) B <Y (B)> (1)

wvher: K = fraction of composite volume occupied by the superconductor
and <y (B) > is the mean value of 77 during one cycle.

They found good agreement with composites having filament

diameters rangira {rom 110 down to 4.8 nm, (our notes indicace that the
filaments were NbTY{) QP varying from 70 to 1.5 mm with both copper
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and copper nickel matrices. To check these results thiey plotted
Pexp vs lézf whick according te Eg.(4) shculd have an intercept

equal to tlie ac lesses in the filaments therselves.

The intercept yielded values in gsod agreement with Eg. I
using experimentallv determined Jc(B) values. But in these latter

measurements some adjustment of the criteria used to determine Jc
was required (i.e.,Jc was determined from that current which produced

voltage dreops along the sample of either 10..3 or 10-5 V/H.}

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

Dr. X. Yasukochi, Nihon fniversity, 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 beea done, the criterion for magnetic instabilities of Cu-
clad composites is still not sufficiently understood. 1In this paper,
magnetization data vevre reported on samples of Nb-50% Ti wires supplied
by Vacuum Metallurgical Company. Isothermal magnetization curves were
obtained at temperatures in the range of 2K to 4.2K for samples whose core
diameter ranged from 90 to 405 ym. Data were obtained for both hare
aad Cu-clad wires with cladding thicknesses ranging from 3C to 115 jm.
The Cu/NbTi ratio varied from 1.96 to 2.56.

In order to clarify the magnetic instability criterion they
observed the dependence »f a stability limiting field Hfj' as a function

of temperature and metallurgical variables. See Fig. 5. Experimentally
the flux jumgs seen in Figure 5 were triggered by the sudden application

of a small additional magn~tic field. These results as far as we can

.ee, are in keeping with the generally expected behavior, i.e.;Cu-cladding
ihcreasesh_j and the smallest diameter core 90 o showed no flux jumps

down to 2K.
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Yasukochi et al.11 exterided the Schwartz and Bean critical state

model 12 to obtain expressions fu» “he cases where the magnetic dif-

fusivity, Dm' is about equal to, and considerably less than the thermal

diffusivity, Dt' The former case applies to the bare NbTi wires while

the latter applies to the copper clad composites  They concluded that
the stability limit is quantitatively explained on the basis of the

critical state model with Jcaz = (T), 0 <AL =1 and provided due con-

sideration is given to the reletionship between Dm and Dt’

Dr. S. J. Wipf, Max Planck Institut fdr Plasmaphysik, Garching,
Munich, W. Germany, reported on research he and Dr. M. Soell are doing
on the flux flow properties of bare NbTi wire. Wipf emphasized that
multifilament wiris withcat a normal conducting matrix are desirable
for ac applications. In general eddy currents induced in a normal matrix
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due to ac magnetic fields are a problem in crvogenic applications. The
ability of a superconducting filament to show little or nc ac loss is
related to its ability to sustain stable flux flow up to a certain

voltage. Theoryl3 tells us that stable flux flow exists provided
1/2 J(VE/D 3) |33 /3T ‘ r< h

where dE/dJ is the flux flow resistance

Jc is the critical current density
J > Jc is current density causiny the flux flow

r is the radius of the filament

h is the heat transfer coefficient to the helium

This equation was found to hold for samnles with diameters of
11, 41, and Bolpm and for various JC 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, 7 wire composed of

n filaments had an Ic Va nIC where Ic is the critical current of the

£ £

filament, but if it were obeyed,Ic = nl _; provided I or H is below a

cf
certain value. Better cransposition of the filaments increases the value
of I or H for which Ic = nIcf.

D. Superconducting Magnets

As mentioned in earlier reports (ESN 25-4) one of the
largest developrent prograr< concerned with superconducting magnets
(denvted as S.C.M.) is associated with the field of high energy physics.
At tnis ICEC meeting Dr. W. Heinz of Karlsruhe, West Germany reviewed
the role which superccnducting magnets can rlav in providing high
energy physics with more powerful accelerators, buchle ¢ ambers, etc.

Heinz emphasized that the European superconducting magnet
industry, as well as manufacturers of superconducting comnosites, are
locking with great expectations towards replacing the conventional
majnets in the CERN II accelerator, with superconducting oneg,

{see ESN 25-4 p. 126). This oroject concerns the Rutherford Lahoratory
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in England, Xarisruhe Laboratorv in Germany and C2N (Saclay) in France.
The interest in S.C.X. stems from the fact that conventional synchrotron
magnets are licited in £field strength to zbout 1.87T while superconducting
ones should easily provide 4.57. Thus, for the same ring diz-eter one
shorld have 2 synchrotron of alrmost three tires the energy. CEZiM IT has
a ring diaxeter of 2.2 kn and vhen completed in 1976 will produce 200 GeV.
S.C.¥. will increass this to about 1000 GeV.

Svncbrotren magnets used in pulsed operation have xrise time of
(-]
the order of a few seconds, therefore, H 'f‘v'103 Oe/sac. This means that

ac losses in S.C.H. must ke minimized (1 watt of refrigeration at 4.2%
requires about 1 k¥ cf input power at rocm temperature). This accounts
in part for the great interest in developing NbTi composites with low ac
losses. The develcrment of epoxy resins suitable for potting of the
solenoid windings has led to the belief that S.C.M. which will maintain
the required field tolerances, can be fabricated.

Work on pulsed S.C.M. has been going on since about 1961 and
things lock very encouraging. Heinz showed a schematic of a pulsed dipole
5.C.M. being develored by Xarlsruhe Laboratcry (they work quite closely
witsy the Siermens group at Erlangen). This S.C.M. which is designed for
6T with a rise tims of from 1 to 20 sec, is scheduled for completion in
two years' time.

In the case of CERN there are about 1000 magnets involved re-
prssenting an overall length of some S5-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 X¥ of refrigeration for the CERN 1000-GeV accelerator.
The oper#ting temperazture may be 3.5K instead of 4.2XK, but in any eveat
the required refrigeration plant is larger than the capacity of any
plant in axistence today.

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

The contributed session consisted of six papers. Whiie we did
not attend the entire zession, we gather that nothing really new was
reported, only stexdy pragress along well-established lines.

At the Labiratoirzes de Marcouszis, Centre de Racherches de

la CCE they have keen experimenting with Al stabiiized xbTi corductors
and various coll cesigns including "potted’ coils. M. Berthet reported
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cn S.C.M, fabricated from hollow Al stabilized ¥bTi conductors.

Both syste=s ezploy closed cycle refricerators. A 37T coil (80 c»
room temperature aperture) is cooled to 4£.2K while the other is a
model coll, 59 cm aperture, cooled to 6X by circulating hyper-critical
heliva. It is rated for 5%7.

One particularly interesting &evelcpment was the use of multi-
filament conductors and “potted™ windings to fabricate an 8T coil
at 4.2K which was magnetically stable so as to allow a field of 10.2T
to be produced wien operated at 2K. This irprovement in field capa-
bility produced by cperating at temperatures below 4.2K has been known

for some time 14 {ONRL C-i8-71).

Dr. P. E. Hanley reported on the Oxford Instrument Company's
work concerned with measuring Jc of the NbTi coniuctors in the temperature

range 1.9 to 4.2K in aprlied magnetic fields up to 10T. This work showed
that a signifi-~ant enhancement of Jc accempanies the decrease in temper-

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

that the best operating temperature turns out to be just belew the lamda
point of helium (2.18X). Anrother area where S.C.M. promises to play an
important role is in the area of HHD power 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 colleagues 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 tnn magnet (windings
plus supports) out of Nb-Ti-Zr multi-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 conductcrs 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 kOe
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 texrnary alloy instead of the
more commonly ased binary systems Nb-Ti. anc Nb3Sn. One wonders whether

this ic .. result of science or politic: (o: both).




C-~14-72

E. Energy Storage and Transmissicn

This 13 a much discussed tapic at any cryogenic or applied
superconductivity conference as it is related to the world-wide enerqgy
crisis. We were of the opinion that the European effort in this area
was larger and more advanced than that of the USA. However, from the
discussions and presentations at this meeting one gathers that the
European effort has not progrecsed very much in the last two years.

Dr. J. J. Went, Kema, Holland, presented a review paper
"Why Cryogenics in the Power Industry", which brought out the
following points: 1) To mee the increasing demands for electrical
power the unit sige of inservice generators has steadily increased
in gixe since 1920. In Holland 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 or 1200 MW capacity. This latter fiqure 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 foxm of o0il (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 axgument concerned with the lack of
cooling water gives support to long distance transport of large amounts
of electrical power. If such large transport of electrical power ig
required, cryogenic cables could be considered but alternative techniques
should also be considered. One suggestion is to transport energy in
the form of liguid hydrogen. In.subgeguent discussions with Dr. C.
Marchetti, Head of the Materials Division, CCR, ISPRA, Italy, we wexe
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 sovrce 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 pollutiommproblem 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 Electricit? 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

300C 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(Tc,a:9.3K). It would be cooled with
hypercritical helium. The dc superconducting cable wonld use Nb3Sn
tapes ('I‘c ~J18K) .

Cryogenic design problems and their solutions as well as the
overall economics of cryocables were discussed. It was emphasized that
because of the aostly 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 wpiters 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 to 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 iieed 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 £luids 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 seews no lenger

to be the case, the results of the study were felt to be ¢f 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 and Hydrogen which could then be used as an additional energy source.
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Dr. K. Rechowitz (Oniversity of Souvthampton, England), reported
on the dielectric strength and dielectric loss of lapped paper and
plastic irsulation at cryogenic temperatures. These data are required
for Jasigning cryorables. He finds that Kraft paper impregnated with
liquid nitroger; has a breakdown stress of 350V/mm (rms) which is com-
parable to that of conventional paperfoil insulation. However, impreg-
mation with liguid brlium leads tc s=aller breakdown stress. Dielectric
losses at liquid nitrogen temperatures are still relatively high.
Rechowitz is also doing thermal and electrical measurements on a 4 meter
length of a flexible commercially stranded aluminum cable. The cable
was holliow and standard 275xy insulation was employed.

Dr. J. P. Krebs (Laboratoires de Marcoussis, Centre de Recherches
de la C.G.E., Route de Nazzy-91 Marcoussis, France) presented an interesting
Faper on “Superconducting Devices for Energy Storage and Switching”.
Inductive energy storage appears useful for energies In the megajoule
range where the discharge times vary from about one millisecond to one
second. Superconducting coils connected with a superconducting switch
enable energies of 106 to 108 joules to be stored with almost zero loss.

The energy can be released by fast discharge to provide high power pulses

in the range of 1(!6 to 109 watts. The wmain use for this type of high

pulse gsnerators 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 réported on studies
of the various components of a superconducting energy storage device:
superconducting coil, power supply, superconducting switch, cryogenic
environment, e*c. He stated that the cost of an energy storage device
made of a.niobium-titanium superconducting 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 densities, 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 kV. Using nicbium titanium multifilaments imbedded in a high
electrical resistivity 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.

P. Ultra Low Temperatures

The commercial 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 o performing research down to
1.2X, 1In a gizdilar manner the late 1960's saw a large increase in
the number of laboratories capablz of performing research in the ultra
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low temperature region (0.3K to 0.01K). This latter growth was dve to
the commercial availability of the He3 - He? dilution refrigerater
There is a growing list of European and American concexns 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 Procblems, Academy
of Sciences, USSR, presented a review paper on 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 He3 - He* dilution refrigerators.
He discussed gravitational instabiiity in refrigerators and stressed
the importance of a vertical "losp"™ in the incoming line between the

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

the circulation of the He3 gas and "pumping®™ on the He3 - He4 liquid
he produced temperatures as low as 3.5mK,

Peshkov alsc mentioned the thermometry problem and stated
that carbon resistance thermometers work ciite welldowmr to 8 MK,
He discussed nuclear resonance thermometers (Fe57), but these become
relatively insensitive below about 20 MK, 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 exchangevs. This subject remains
of importance because heat exchangers are critical elements of

He3 - He‘ dilution refrigerators (indeed, one might say of any re-

frigerator). This is particularly so because of the existence of

the Kapitza resistance which increases as l/'.l'3. 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 cm long. This foil was wound 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 eiectron beam welding he 1) sealed the »obbin to the tube and

2) divided -the heat cxchanger into two parts with volume ratios of 3:1.
This produced a heat exchanger of 9400 cm? and a surface of volume ralio

of 1500. A He3 - Ha‘ dilution refrigerator using five such heat ex-
changers produced temperatures gsomewhat below 50 mx.
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Dr. P. A. Staas described "2 New Type of Heat Exchanger for the

He3 - He4 Refrigerator® which he and Dr. H. P.. Severijns had developed

at Philips. Staas pointed cut that foil or sintered heat exchangers

have flow impedances of the order of 107 cm™>. Thus, a circulation

vate of 2 x 10-4 nol/sec produces a viscous heating on the concentrated

side (the incoming He3) of 22 ergs/sec at 10 mK. This is equal to the
coeling capacity of the mixing chamber at 10 mK., To overcome this problem
one could use a parallel arrangement of heat uxchangers, but this pro-
duces long cool-down times due to the increase in heat capacity of the
system. To overcome this limitation the two conterflowing liquids

were szparated by thin 2 to 10, walls. This essentially overcomes

the Xapitza 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

He3. The fluids flow in planar channels 40-100 o 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 Institut fllr Festk8rperforschung Julich GmBH,
FR Germany, discussed the He3 - He" refrigerator which he and his co- ]
workers bt "It for use in high pressure experiments. The impetus for this
work is to investigate the occurrence or nonoccurrence of superconductivity
in the 4f alements under high pressure (7~ 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- e refrigerator, such as short
cooling and warming times between room temperature and the very low temper-
atures (pressure can only be altered at room tewmperature). 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 He3- Be4 refrigerator uses concentric tube heat exchangers and

has a refrigeration capacity of 100 exg/sec at 100mk , tThe lowest
temperature attained is €0 mk. Each helium transfer involves 10 liters of
helium)five of which are collected and the holding time of the over-

all crrostat 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 Xapitza resistance (Réxp‘<atheor.)' 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 affgcts its temperature dependence.

Prof. Lacaze commented on the new type of heat exchanger used
at Saclay; which is similar to the one 4iscussed 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,too,have used a plastic foil which is

manufactured by Dupont under the name of Kyton. This is a registerad
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 cession concerned with
the best method to calibrate carbon resiscor thermometers at ultra
low 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 lafrge stems from the concept of hiagh speed magnetically levitated
trains.

Prof. Oshima 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 ievitation provided by superconducting magnets and yround
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 suzpension system will
be used with a resultant reduction in top speed from 550 kn/hr to some-
what less than 400 km/hr (top speed of present systems is 210 km/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 JINR which permit dynamic testing of the levitation
system up to speed equivalents of 100 kw/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 3till in its infancy,but it is expected
that efforts will be rapidly increased in the near future.

The zontributed 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 preoblens,
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 ics

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 Nb3Sn magnet and Be-Brongze bomb suitable for doing

high prassure 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 cryobiclogy 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 machinery 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 larce 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 & Developmerit 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 more papers were presented dealing wiﬁh purely cryogenic
engineering problems and all aspects of refrigeration and heat tramsfer
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 labcrateries 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). Plzns 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 (SCM) suitable for pulsed synchroton applications
has made slow steady progress, but one hesitates to say when such SCM'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 superconductivity conference of the last
two years.

As far as superconducting materials research is concerned, the
ICEC meetings do not zppear to be a forum fer reports dealing with phase
diagrams, etc., and zheuld not be inciuded in the program. This is 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.
c

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 iz 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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UHIVERSITIES IN THE NETAERLANDS

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

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

3. Twente Technological Universitv, Pounded in 1961. Student body 1800;
In addition to the above three technical universities, the
Natherlands has the following major universities:

4. Universiiy of Amsterdam. Fouaded in 1877. Studen”: body 18,000;
faculty 250.

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

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

7. CcCatholic 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.

S, 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 sgome 13 million.
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AFPENDIX B

Iist of Papers - Titles and Ruthors by Sa2ssion & Subiect

Trends in the use of very low temperature refrigeration.

A. Laraze, Centre de Racherches sur les tres basses Temperatures,
Grenchrle, France

¥hy Cryopumping? H. G. Ndller
Leybald Beraeus GmbH & Co, Germany

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

Project of magnetically suspended train in Japan, K. Oshima
Unive ity of Tockvo, Japan

Why cryogenics in power industry?, J. J. Went
ZEMA, The Netherlands

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

Cryobiolcgy, D. E. Peqg
Clinical Research Center, Harrow, England

Superconducting synchrotrons for high energy physics, W. Heiux
Kernforschungezentram, Xarlsruhe, Germany

Refrigeration: General

» small neon refrigerator, W. Koeppe
KrA, Jiilich, 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 Liguide, France

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

Gas bearing cryogenic expansion turbines: application.to a refrigerating

plant delivering 10 kW at 25 ¥X., 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 indastry,
H. W. L. Wo1ff, Pluor Xederland KV

Simplified cryogenic reciprocating axpansion engine
G. Claudet, J. Verdier; C.E.N. Grenoble, France

Refrigeration: Eegenerative Machines

Experiments on a two-stage Stirling cryogenerator with unbalanced
regenerators, A. Mijnheer
Philips Research Laboratories, The Netherlands

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

Small capacity valveless piston expansion engine type cryorefrigerator
B. B, Parulekar, K. G. Narayankhedkar, Indian Institute of Technolegy, 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 theoretical solution of the shuttle hexut transfer problem, J. B. Harness,
?_.E.L. Newman, University of Bradford, England

Refrigeration: 1, 8 Systems

Cryngenic engineering aspects of the superconducting accelerator at
Karlsruhe, P. Flécher, Xernforschungszentrum Karlsruhe, PR Germany

Cryogenic systems for the superconducting iinear ccezlaratozr system and
particle separator projects. W. Barth, W. Herz, L. Hiitten, H. Katheder,
W. Lehmann, F. Spath, G. Winkler

Kernforschungszentrum Karlsruhe, Germany

He~II cryostat for a superconducting particle separator, X. Ruppert
Linde AG, Mlinchen, Germany

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

Refrigeration and Thermometry

Appiications of gamma-ray tnermometry at low temperatures
W. D. Brewer, E. Klein, B. H. Rosenthal, P. Steiner

Freie Universitit, Berlin, Germany
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Osmotic pressure secondary thermcreter for dilution refrigerators
D. Bloyet, A. Chozlan, P. Piejus, ¥. Sudrand, E.J.A. Varoguamx, D. Le Fur
Institut d*electronicue fonda=entale, Paris, France

Distillation of heliwm isotopes, W. R. Rilkes
Monsanto Researcn Corporation, USA

Refrigerator for the 20 K region with a La¥i_-hydride thermal absorption
compressor for hydrogen, H. H. van Mal, A. Mijnheer

Philips Research Laboratories, The Netherlands

Some practical data on desorption cooling, J. G. Daunt, C.Z. Rosen
Stevens Institute of Technology, UOSA

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
P. A. Staas, A. P. Severijns, Philips Research Laboratories, The Netherlands

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

A dilution refrigerator for nuclear dynamic polarization
T. @_ Niinikoski, P. Weymuth, CERN, Switxzerland

A dilution refrigeration cryostat for high pressure experiments,
B. Stritzker, J. Wittig, H. Wihl, X.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 Revelopment Center, Japan

Power frequency losses in superconducting niobium, P. R. Brankin, R. G. Rhodas,
University of Warwick, England
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Ac measurements in pure Niobium and Tagznbs alioy = The field of first
penetration and a generalized low of losses, C. $. Fartado

Universidade de Coimbra, Portugal

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

The behaviour of a niobi:m single crystal in ac fields, L.J.M. van der

Klundert, N.P.A. Braspenning, L.C. van der Marel
Twente Universiiy of Technology, The Netherlands

Superconductivity: Affects of Current Distribution

Losses of twisted superconducting composite conductors, A. Mailfert, T. Pech
Laboratoire Centril des Industries Electriques, France

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

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

Plux-flow properties of bare Nb-Ti wire, S. L. Wipf, M. Soell
Max-Planck Institut fiir plasmaphysik, Germany

Energy transmission

Transmission of electric energy by cryocables, L. Deschamps, A. M, Schwab,
Electricité de Prance

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

33




C-14-72

Characteristics of thz magnetic levitatiun 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 colls differing by design and operating temperature, #. 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
Marx~-Planck Institut, Germany

Design considerations for high current density superconducting saddle
magnets for MHD, 2. 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 X, P. E. Hanley, M. N. Biltcliffe, The Oxford Instruments
Company, Oxford, England

A superconducting MHD magnet, Y. Aiyama, K. Fushimi, X. Yasukcchi,
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 £lux 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. .lorant, SLAZ, ‘USA

Superconducting Machines

Superconducting ac machines; an approach to development,
M. E. Hadlow, 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. P.
Anderson, International Research and Development Corporation, England

Superconducting generators for aircraft, J. T. Haydea
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 a2t low temperatures,
K. W. Garrett, H. M. Rosenberg, The Clarendon Laboratory, Oxford, England

Measurement of themmal resistance between materials potted in epoxy resins,
P. Genevey, P. Brams, 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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Seat toansfer ¥ Iiguid Eelivm

Measurements of forced comvection heat transfer to supercritical helium,
E. Ocata, S. Sato, Central Research Laboratory of Hitachi,. Japan

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

Ccrreiation of the vapourization onset heat flux for cylinders in
saturated liguid beliom IT, A. C. Leonard, M. A. Clermont
Moyal Military College of Canada

Czitical heat flux, superheating and thermal yuenching of saturated and. ‘
suheooled helim IX, G. Krafft, Xernforschungszentrum, Karlsruhe, Germany

Solid/Vapour heat transfer in helium at low temperatures,
J. Bpardman, P. Lynam, R. G. Scurlock, University of Scuthamuton, England

Cryoomoing

The distrib#tion of the molecular flux in the inside of a cylindrical space
simniation chamber with a spherical gas source, R. A. Haefer
Salzer Brothers Ltd., Switzerland

Cryooumping of hydrogen by adsorption on condensed gases; XK. Becker,
G. Xlipping, W. D. Schoepherr, W. Schulze, V. Toelle
Pritr~-Haber-Institute, Germany

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

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

Distribution system for independent cooling of four 20 K cryopumps with

cne cryogenerator, B.W.L.M. Sessink, N.P. Verster, The Eindhoven University
of Technology, The Netherlands

Materials

Improved facility for determining mechanical properties of materials in
liquid helium, D. Evang, G. E. Simmonds, G. B. Stapleton,
Rutherford Laboratory, England

36




eIl SR

Cc-14-72

Prediction of the low temperaturs stability of type 304 stainless
steel from a room temperature deformation test, D. C. Larbalzstier,
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 Nb_Al and Nb3AIGe superconductors,

F, J. Worzala, W. A. Yang, R, W. Boom, J. Laurence, University of Wisconsin, USA

Research Ejuipment

A double-ridged tapered wave-guide transition for liquid helium cryostats,
E. M&ntysalo, H. Kojola, Tampere University of Technoleqgy, Finland

A remotely operated electro-mechanical crysgenic switch, 100a, 1 5L 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. Brassington,. Central Electricity Res. Labs., England

Simple device for specific peat measurements at low temperatures,
D. Durek, J. Baturié-Rubd&ic, 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 development of equipment for soil
stabilization by freezing with liquid nitrogen, E. Xarlsson, AGA-Kryo, Sweden

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

Superconducting magnet and high pressure multiplicato.: combined system,
I. Kirschner, I, Kovacs, L. Laszl¥ffy, R. Eotvos University, Budapest, Hungary
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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 Mineg and Technology, USA .

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

The proliferation (nd 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. BApplied Superconductivity Meeting, May, Annapolis, Maryland,

3. Europhysics,Study Coriference on Thermometry and Thermal Contacts
below 50 MK, 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. HMeeting on Synchronous Machinery using Superconrducting Fieid
wWindings, 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 xesearch at low temperatures
appears to be contracting in scope, and'it is anticipated that the large
LT tonferences which are now held biennially will in the future be held
every third year. It would facilitate the exchange of information and
reduce travel expences if cryogenic engineering and low temperature
research conferences could be held in tandem in the same country.
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