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Rich ard Mark , p ictured be low at th e dissectIng 
microscop e, has now been appomted tou ndeuo n 
pro fessor end head 01 'he dep artm ent 01 
behaviouret b io logy tn the Schoof 01 Biol og ic al 
Sciences. Austla llan Na Honal Unlve/all y. 

THE CHEMISTRY 
OF MEMORY 

Some claim to have a good memory, others excuse their lapses by 
claiming a bad one. To the student facing examinations memory is a 
matter of anguish, to the race caller on the radio it is a flair, 

To Professor Archie Mcintyre and 
his colleagues in Monash 's physiology 
department. memory i s a matter of struc
tural changes in the brain ; to Dr Richard 
Mark, in the team . it is essentially a 
matter of cellular chemistry in the brain . 

Some remarkable things about the 
brain, its contents, and its working, Me 
Intyre says, are now accepted, indeed 
well known. 

Messages , as brief electrical impulses. 
are conveyed to and from and within the 
brain along nerve f ibres . and Interact by 
means of the interconnec tions, or syn 
apses, between the nerve cells . 

The number of synopses is enor
mous-a million million per cubic 
centimetre of volume of the brein
first measured in 1967 by Dr Brian 
Cragg in london before he joined the 
Monash group in physiology. 

Of that vast number, some pre ferred 
connections are known to be establ ished 
before birth. others during the individual 's 

development-those that lead to instinc
tive or innate behav iou r . 

Mark suggests that most preferred 
connect ions (those that lead to beha
viourally successful responses when act i 
va ted) are establ ished over time and 
experience . employ ing relatively few of 
the possible connect ions . 

For a connection to be established, 
to become a preferred connection . he 
supposes that each cell along that route 
must have been marked in a specific 
chemical way . able to recogn ise corres 
ponding markers in the succe ssion of 
ad jacent cells, and so able to avoid cel ls 
that arc d ifferent ly mar ked . 

He was able to show. for example, 
by nerve grafting experiments in sala
manders, that a muscle can respond only 
to its own funct ional nerve; that the 
impu Ise in a foreign or crossed nerve 
does not normally get through. 

Thi s was new. une xpected . and aga inst 
the accepted dogma on the tran sm itting 
funct ions of nerves . 

Here, says Mark, we have selection, 
and selection by suppression of the 
Inappropriate unwantad signals. 
When we have selection, we have the 
essenca of memory . 

From the start. he supposed that 
learning is the process of acquiring in 
formation, that memory is the store of 
it. and recall the process of drawing 
upon the store. 

Of learning and recall, as ordered 
function ing of the whole bra in . Mark 
says we know noth ing yet ; but memory, 
as the store . must, he bet leves, require 
some permanent change in tha way some 
nerve ce lls work . To Mark. that perman
ent change must have i ts basis in cellular 
chemistry. at the or iginating st imulus. 

Physiolog ists know that man and other 
animals have both a short-term memory 
and a long one ; and that the long memory 
is assoc iated with the permanent change 
in brain structure (though . be it noted, 
not i n bra in sizel ) . 

little is known about that change in 
structu re . exce pt that memor y forma t ion 
requ ires a synthesis of prote in produced 
by a flow of certain amino acids in the 
cells . 

Still. the phy siolog iats' big Question 
remained: how does information which 
enters the bra in as a sequence of evanes 
cent nerve impulses. each 1/1000 second 
long, give ri se to that permanent change 
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in bra in structure that represents memory, 
the store of information? IBSCA: A PRACTICAL AID 

Taking as his clue the notion of the 
short memory, Mark looked again at the 
chemical events during the nerve impulse, 
and at the mechanism by which the elec
trical potential is maintained in the mem
brane of the nerve fibre. (That nerve 
fibres act like tiny electro-chemical cells 
was mentioned in our issue of July 1973). 

It turns out, as a matter of electro
chemistry, that the cell gains sodium ions 
during the passage of each impulse, in 
about 1/1000 sec. ; but to expel the 
sodium, that is, to restore the cell to 
'ready ' for further impulses, takes very 
much longer-from minutes up to say 
half an hour-the typical duration of the 
short memoryl Mark was the first to 
notice that. 

What happens , he then asked , if you 
were to block the removal of the sodium? 
He set up an experiment with day-old 
chicks: by training them for a simple 
memory task, injecting drugs known to 
suppress tha removal of sodium from 
the cells, then seeing whether or after 
what time the task could be completed. 

Sure enough, the drugs that delayed 
or prevented the expulsion of the sodium 
from the cell interfered in measurable 
ways with the retention of memory, the 
chickens being otherwise quite normal. 

So what? How could stopping the 
sod ium pump prevent the synthesis of 
protein-the change in the brain known 
to be necessary for the making of long
term memory? 

Chemical tests on brain material itself 
(done by Dr Marie Gibbs, a graduate in 
physiology, and Drs P. L. Jeffrey and 
L. Austin in biochemistry) showed that 
the synthesis of protein required an 
exchange of amino acids with sodium
outside the cell. Since the sodium was 
locked up inside the cell, that exchange 
could not take place, hence no flow of 
amino acids in the cell , and no protein 
synthesis. 

Mark was now able to say: "Short-term 
memory depends on some electro-phvalo
logical consequences of the nerve im
pulse, associated with the accumulation 
of sodium (mainly) in recen lIy active 
nerve cells , 

"The expulsion of the sodium is asso
ciated with an increased transport of 
amino acids and consequently an in
creased synthesis of protein in that cell. 
These, he suggests, are the protein 
markers that may be involved in est
ablishing the preferred connections be
tween nerve cells. 

"Block the expulsion of sodium, trans
port of amino acids is blocked, protein 
synthesis is also blocked , and so is 
memory." 

As we said at the beginning, to the 
physiologist, memory is a matter of 
structural change within the brain. Mark 
was the first to look at the chemistry of 
the cellular processes that lead to that 
structural change. 
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When the surface of a solid is irradi
ated with light, some limited lnforrne
tion about the solid is revealed-its 
visual appearance. 

When the surface is irradiated with a 
beam of electrons, x-rays are generated 
whose properties depend on the chemical 
composition of the surface. Ana lysis of 
the x-rays therefore reveals [though with
in some limits) the chemical composition 
of the material. 

This is the basis of the electron micro 
probe analyser which is now a standard 
tool in metallurgy, mineralogy and geol
ogy. [See the reference to this analyser as 
an attachment to Monash 's new scanning 
electron microscope, opposite page) . 

Workers in Monash's department of 
physics have recently developed a new 
ana lvtica I instrument in which the speci
men is irrad iated with a beam of ions 
(ions are atoms carrying an electric 
charge) . 

Here we have a different phenomenon: 
a beam of ions dislodges atoms from the 
surface of the specimen. This effect can 
be used in two ways : (1) to reduce the 
thickness of the specimen atom by atom , 
and (2) to reveal the nature, the chemical 
element of the atoms . 

The Monash physicists realised , as did 
others , that here was a way of making a 
specimen of, say , a mineral thin enough 
to transmit the beam of electrons in a 
transmission electron microscope. 

Dr Alex McLaren, reader in physics, 
uses electron microscopy on specimens 
thinned in that way to study the struc
ture of minerals and the minute imperfec
tions that profound ly affect their physica I 
properties , such as strength , brittleness, 
plasticity . 

By revealing the structural properties 
of the minera Is, McLaren and colleagues 
such as Professor Bruce Hobbs in the 

department of earth sciences, are learning 
more about the mechanisms of geological 
processes. 

The second result of irradiating a 
solid with ions is that the ejected 
atoms leave the surface in an "ex
cited" state, and almost at once lose 
their energy of excitation by emitting 
photons of light . 

The properties of that light are specific 
to the atom that emits it. The wave
length (or color) identifies the element, 
the intensity of the light tells us the 
concentration of the element in the 
specimen , 

In the course of his research on this 
phenomenon at Essex University, Dr Ig 
Tso nq (now in Monash 's physics dep.art
ment) suggested that this effect could 
perhaps be used as a method of chem
ically analysing solids-a method of 
course that would leave the specimen 
untouched except for a few lost atoms 
from the surface . 

Working on this idea, Tsang and 
Mclaren have now built the first ion 
beam spectrochemicel anal yser-they 
call it IBSCA. 

Besides being relatively simple and 
inexpensive to build , IBSCA has the great 
virtue of being able to detect atoms 
of aII the elements, down to the lightest, 
hydrogen . It can simultaneously detect 
the several elements in the one specimen ; 
the specimen needs no elaborate prep
aration . 

The result is a practical tool of great 
value. not only to McLaren and his 
colleagues, but of universal interest in 
the field of materials . 

Below, Irom lell, are Mervyn Roberts, sen ior 
tecnnicet officer, Dr Alex McLaren and Dr 

Ig Tsong wilh tBSCA , Ihe new ion beam 
soecsroctiemicel analyser des igned and tuutt 

et Mon ash . The ion beam IS generaled In 
the cell a t the lop of the appararus. 

(Photo : R. L. Bryant) 
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SMALLER THAN SMALL
 
tell : Pam Caplcclano at the scannIng 

electr o» microscope . Mic rogr aphs aoove 
show (A) a casting aetect In 'he 

trecture surtece 01 an aluminium alloy 
(magniflc al ion x/50), and ( 8) a high 

temo eteture intercrvstetttn e t rectur« in 
a nickel ·based allo y wl ra (magnificatio n 

x20). 

show metallic fractures in all th eir three
dimensional deta il. 

Polrnears new instrument will have a 
powerful attachment, the electron micro 
probe analyser, that anal yses the metallic 
composition of the specimen, virtually 
by inspection . 

When an electron bea m falls ('''I a 
metallic surface, i t gen erates x-ravs at 
the surf ace, the energy of the x-ra ys 
depending on the composition of the 
minute surface area that is irrad iated . By 
collecting the x-ra ys and analysing them 
according to their energies, the device 
reveals a spectrum of the elements in the 
specimen . though some elements-the 
Iightest':-cannot be detected in this wa y. 

Professor Ian Polmear, of materials 
engineering, has ordered and will 
shortly comm iss ion Monash's second 
scanning electron microscope, one of 
the most so ph isticated research 1001s 
in microscopy . 

The new instrument, like the f irst 
one which is in the anatom y department , 
w ill be shared by severa l other depart
ments . 

Polmear explains that, compared with 
the optical microscope, the elec tron 
microscope , whether tran smission or 
scanning, has one im mediate advantage : 
clear resolution at much higher magnifi
cat ions, up to say 100,000. 

Since the sma l les t thing you can see 
with light cannot be smaller than the 
wave length of light, about 1,12 micron 
(1 micron = 11'0 = a millionth of a metre). 
optical microscopes cannot usefully 
magnify beyond about 2000 to 1 (X 2000 
they say in the jargon) . 

But the vibrations of electrons are very 
nuch smaller than the wavelength of 

light; a stream of ele ctrons transmitted 
through a microthin section of a specimen 
or a repli ca of the specimen 's su rf ace 
may be magn if ied by electro-magnetic 
circuitry to gi ve good resolut ion at much 
higher magnification s, the electronic 
image being view ed on a fluore scent 
screen and recorded on photographic 
film or plate . Mona sh has 13 electron 
microscopes of that transmi ssion type. 

Professor Graeme Schofield of ana
tomy secured our first scanning electron 
microscope two years ago . This , he says , 
works on a small beam of electrons that 
scans the speci men from left to right 
and top to bottom, the reflected beam. 
after magnification through the electronic 
circuits, g iv ing an image in the st yle of 
TV. 

This system, he says , y ields not onl y 
a high magnificati on and resolu tion , it 
also employs the other great ad vantage 
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of the electron ic over the optical system, 
namely its deep depth of focus : the three
dimensional surfaces of solid objects can 
be seen in focus, thu s breaking out of 
the restriction of reducing the specimen 
to thin flat sections or to thin replicas 
of su rfaces . 

With this instrum ent , Schofield says, 
you can learn a lot more about detailed 
structure of matter than with the magni
f ied sections alon e of th e transmission 
instrument. But by no means has the 
scanning instrument rendered the trans
mission instrument obsolete ; the one sup
plamonts the other. 

Sim ilarly with Polmear and his mat
erials eng ineers: the y are interested 
among other things , in how materials 
brea k, and what the fractured surfaces 
look like. The accompanying electron 
scan s, though at no grea t magnification, 

VISUAL ARTS
 
Monash has broken new ground in 

creating a department and appointing 
a professor of Visual Arls . 

In establishing a department of visual 
arts, the university wishes to ensure that 
its stud ents can be intr oduced to the 
appreciation , through cr itical and schol
arl y study, of an important area of human 
activities . 

The study of the vi sua I arts is seen 
not mer ely as an end in itself, but as 
a natural extension of both the social 
sci ences and of literary and historical 
studies . 

The title " v isuaI arts" has been pre
ferred to " f ine ar ts" for the purpose of 
broadening the scope of the study beyond 
the trad itional limits , so as to include 
modern developments such as film . 

Appo inted to the chair in this new 
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development is Patri ck McCaughey. Since 
graduating in the combined School of 
Fine Arts and English at Melbourne 
University, he has spent periods of gradu
ate study at New York University and, 
on a Harkness Fellowship, at the Mu seum 
of Modern Art, New York . 

McCaughey says that, although his 
ma in interests are in Australian art and 
in 20th century art and its c r it ic i sm , the 
new department will emphasise five pr in
cipal areas of stud y : Australian art , As ian 
art, primitive art. the film, and architec
ture {that is, design and the artificial 
env ironment) . 

McCaughey points out that, whi Ie the 
artist's messa-ge is in his graph ics or 
sculpture or film , in his work of art, he 
who attempts to study or criticise the 
v isual arts must convey his message only 
in word s. Let no one, he says , make such 
an attempt who has no sensitiv lt v al so 
for the art of words. 
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INVESTIGATIONS
 
IN INDUSTRY
 

By no means does all research knock 
on the frontiers of knowledge, much 
less break through to new science
science for the saka of science. 
In an industrial community much effort 
is necessarily spent on the science be
hind man's own artifacts : the investiga· 
tion of things and their performance, 
aimad at better, safer, possibly mora 
economical things and processes-in 
effect, better mousetraps .. . 

1 Sparks 
Though they d idn 't call it static 

-electricity, the Greeks had noticed that 
amber ("elektron"l rubbed with silk 
attracted small light objects . 

Lightning. from static electricity in 
the clouds. has frightened man for as 
long as he can remember. 

In the contemporary world it turns up 
in the oddest places-a t the door handles 
of cars, at the loll gates of Sydney Har
bor Bridge. in synthetic clothing . 

According to Dr John Agnew, associ
ate professor in Monash's department of 
chemical engineering . it turns up fre
quently and mysteriously in modern in
dustry. and dangerously in the handling 
of liquid fuels . 

Always. he says . the generating cause 
is the relalive movement, the rubbing , of 
one thing on another . where either or 

Spall<s play On the sutiece 0/ a pla sl/c hose delivering kerosene , (PhOIO: Des Smith) 

both is a poor conductor of electricity . To bring home to employees both the 
And the common outcome is a spa rk, problem Ibecause it is a hidden one) 
that wa can often haar though in daylight and the rules. Mobil Oil Australia Ltd. 
we might not see. Such sparks could ba recently invited Agnew to set up for 
dangerous in atmospheres containing filming a demonstration of the generation 
flarnmab!a gases or vapors . of static electricity from fuel flowing 

Since liquid fuels are by nature poor through a tube or hose . 
conductors. Agnew says . the flow of With the assistance of senior technical 
liquid fuels within a plastic hose or a officer Ted Bartlett, Agnew obliged with 
non -earthed meta I pipe is a perfect set-up a simple bucket of kerosene . a circulating 
for creating static electricity. pump. and a length of plastic hose to 

When such a charged hose. especially return the fuel from pump to bucket. He 
its meta I fitt ings, is brought near to an also put a filter in the circuit, because 
earthed conducting object-and this in splitting up the flow through the pores 
cludes any bystander who gels too close of a filter would greatly increase the 
- a spark of sufficient energy may jump rubbing effect. 
and ignile a surrounding flammable In a darkened room. a time exposure 
atmosphere. photo shows the dramatic result. In the 

So many serious accidents have oc photograph by Des Smith . senior tech
curred that the fuel companies take nical officer in the department, you see 
great care with their equipment, and lay not gas or liquid escaping from a leaky 
down stri ct working rules . especially hose , but the continua I discharge of 
when transferring fuels into and out of static electricity from the surface of the 
tankers. hose to the surrounding air . 

norse
 

Phoro : Val Foreman 
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MONASH REVIEW 

Dr Robin Alfredson. of Monash's 
department of mechanical engineering, 
whose special interest is noise. is i n
vestigating the noise of car tyres 

He points out that. in recent years. 
some improvements have been made in 
the noise level inside cars: in qu ieter 
engines and exhausts. by isolating the 
cabin from the engine. and by insu laling 
the cabin from outside air-borne noises 
(including the noise of its own tvres} , 

But he says. road noi se-the tyres 
on the road-remains a chief source of 
noise , especially for hearers outside the 
vehicle. 

That i.s what Alfredson is now investi 
gat ing , with Stephen Samuels. a re
search student pursu ing his master's 
degree in engineering. The study is being 
sponsored by the Olympic Tyre and 
Rubber Company. 

"No theories at the moment." says 
Alfredson. "let us get the faCls-the 
noise generated by the tvre, and nothing 
but the lyra, running on the surface. " 

To get that. they must work not on 
the road but in Monash's anechoic 
chamber (the room specially made to 
have no echoes) ; they must drive the 
wheel from outside the chamber by 
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electric motor : and the tvr e must run 
on a roller as a substitute for miles and 
miles of road . 

The cornpa ny has provided the rig of 
wheel and its drive and the roller ; Monash 
provides the chamber. the microphones 
and sound-measuring instrum ents , and 
the design of the experiment. 

As a first step. using a "scanning 
microphone. thov hope to establish how 
the sound level varies with the direction 
of listening; then to f ind the effects of 
speed, and of load on the tvre, on the 
generation of noise. Then to "listen" to 
different tread patterns, and to different 
kinds of road surfaces on the supporting 
roller. 

With data of those kinds. and assu
ming (he must make some starting as
sumption) that it is a question of the 
movement or escape of air between 
tyre and surface . Alfredson hopes to 
develop a theory that accou nts for the 
generation of noise, and a model that can 
predict the noise level likely to come 
from a given tyre (size and tread-pattern) 
al given speeds and loads on given 
surfaces. 
. If we can get that far, he says, we 
come closer to designing a tyre of least 
noise for a given duty, 
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