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Keeping cool with a magnet
 

A TEAM in the Monash department of 
physics has made further advances in the 
field of magnetic refrigeration. 

They hav e dev eloped a dev ice which has 
produced coo ling at ext rem ely low temper­
atures, and is po tentially much more 
efficient than convent ional gas operated re­
frigerators. 

Wo rk on magnetic ref rigerators began in 
the late 1920s. Early mag netic coo ling 
mach ines produced only l imited cooling 
effects. 

The Monash prototype, however, is cap­
able of "pumping" large amounts of heat. 

According to Dr John Barclay, a forme r 
sen ior lecturer in physics who led the team, 
the magnetic refrigerator could have awide 
range of domestic and industrial applica­
t ions. 

Barclay des igned the magnet ic re­
frigerator with the assistance of honours 
student, Oscar Maze; another honours stu­
dent, Uncoln Paterson, helped to build and 
test it . 

Development costs were surpris ingly 
small, runn ing into only a few thousand dol­
lars. 

So far, the prototype has produced cool­
ing at temperatu res clo se to minus 268 C . .. 
only a few degrees above abso lute zero ­
m inus 273 C. 

Barclay has been working on the pro ject 
tor the last.two \learS with funds from.the ­
Austra lian Research Grants Committee. He 
came to Australia from the US eight years 
ago on a Fellowship from the Austra lian In­
st itute for Nuclear Scien ce and Engineering , 
and has been lecturing at Monash for six orbits describ ed as magnetic " moments" . 
years. These magnetic moments - like tiny bar 

He returned to the US early in November magnets - al ign themselves with the 
to take up a senior research position at the magnetic field , giving off heat in the pro ­
Los Alamos Scientific Laboratories, in New cess. 
Mexico, where he has been engaged to Th is heat can be drawn away into a hot 
conduct further developmental work on reservoir. If the gadolin ium sulphate is then 
mag netic refrigerators. thermally isolated, or in sulated, and the 

He says there are many applications for magnetic field taken away, the system 
magnetic refrigerators, such as in cooling cools. The cooled salt is then put in contact 
superconductors used in power transmis­ with the cold reservoir, drawing heat from 
sion and energy storage, in food prepara­ the reservo ir. 
tion and storage, to cool electronic tele ­ This exercise can be repeated in a con­
commun ications equipment so that a better stant cool ing cycle . 
signa l to no ise ratio can be achieved, in The deve lopment team say s there are ad­
magnets for plasma confinement in fusion vantages in using a so lid coolant, in con trast 
and fo r spec ia l ised medica l equ ipment to a gas , in that a more compact machine 
wh ich has to be cooled to very low tempera ­ can be built. 
tures. Says Barclay : " Co nven ti o nal refrig­

In the future, they could also be used to erators perform ve ry poorly when com­
provide more efficient domestic refrigera­ pared to the optimum efficiency obtainable 
tion and air conditioning appliances. in any cool ing operation. 

Barclay explains that refrigerators gener­ " W ith the magnetic refrigerator, we hope 
ally operate by using a working substance to reach a level equ ivalent to 80 per cent of 
that absorbs heat at low temperature and optimum efficiency, making it several times 
expels heat at high temperature in a process mo re efficient than a conventional re ­
that requires an energy input . frigerator:' 

With magnetic coo ling, the working sub­ He predicts that one of the major appliea-. 
stance is a salt - gadolinium sulphate ­ tions of magnetic refrigerators will be their 
which i s capable of being eas ily mag­ association with superconductors - gener­
netised. A magnetic field is appl ied to the ally alloys of n iobium and titanium or 
substance, which has electrons moving in niobium and tin - which carry electric cur-
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DR JOHN BAReLA Y (right) and honours students Oscar Moze (teft) and Uncoln Paterson 
(at rea,) wo,k on thei, magneDc re/riga,ator p,o totype. Tha magnet which provides the 
coolmg ettec: moves verlically within tne cylinder. Photo, R L Bryant. 

rent w ithout power loss afte r they have 
been cooled. 

"To date , all superconductors require re ­
frigerants like liquid nitrogen and liquid 
helium. Unfortunately, the efficiency of the 
machines producing liqu id gases like thes 
is not gre at. 

"In so far as the demand for liqu id hel ium 
will increase as superconducting applicp~ 

tions are introduced, it is wise to try to C:" 
velop more efficient, less massive and more 
economical refrigerators. 

"We bel ieve the mag netic ref rige rato rwill 
meet th is need admirably. It is also likely to 
be more reliable since the system is simple 
and involves on ly a few slow-moving 
parts." 

Barclay, who has specia lised in the area of 
low temperature physics, says one of the 
factors slowing down the development of 
superconducting power transmission and 
storage has been the search for more effi­
cient refrigerators capable of " pum ping" 
large amounts of heat. 

"At present, gas-operated refrigerators 
are carrying out the task of provid ing the 
cooling power, but the major drawback is 
their inefficient operation." 

He emphasises that magnetic refrigera­
tion offers flex ibil ity in producing a wide 
range of temperatures, simply by varying 
the working substance. 
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