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Scientific Development 
Au str ali an scient ific developments are the subject s o f a 

serie s o f d efin itive stamp s issued by the Au str ali an Post 
Off ice o n 14th May, 1975. Th e seri es comprises llc 
A t om ic Absorpt ion Spectroph o tom et ry , 24c Radi o 
Ast r on omy , 33c Immunol ogy , and 48c Oc eanography . 
Th ese fou r d enomina ti on s are the rates for the sever al 
w eight steps for non-stand ard arti cles po sted by surface 
m ail w it hi n A ustral ia. 

The fo ur des igns show graphi c ill ust rat ions w h ich are 
symbol ic of each sub ject , toge ther w ith an explanato ry 
cap t io n of th e sub j ect m at ter ; they are the work of 
W eath erh ead and St i tt , Melbo u rne . 

The stam ps were p r in ted by mu l t ic ol ou r ph o togravure 
in sh eets of 100 on the Chambon m ach ine at the Note 
Prin t ing Br an ch of th e R eserve Ban k of Austr al ia, 
Mel bourne, o n K P5D Shoalhaven unwatermar ked coat ed 
sta m p paper con tain ing hel econ . F ive cyl ind ers w ere used 
fo r p r int ing each o f the four stamps. Col ours, in printing 
or der , are: 11 c - green ish y ell ow, ora nge y ell ow, bright 
redd i sh vio let, orange red , bl ack ; 24 c - ch rome y ell ow, 
br ight redd ish vi olet, pale blue , ro sine, bla ck ; 33c - olive 
yell ow, mauve , ros ine, chestnut, bl ack ; 48c - greenish 
yell ow , gr een ish blue, brown -ochre , br ight l ilac, black. 
Each sta m p measures 37.5 mm x 25 mrn. including 
perfo rations. 

The sub jects depicted on the stamps are four 
important f ields of science in wh ich ou tstand ing 
con rr ibuti on s have been made by Au str al ian scientists. 
A t om ic absorp ti on spectroph o tometry , an ana ly t ical 
techn iqu e, wa s d evised and developed by Au str alian 
scien t is ts; the Commow ealth Scient ific Industrial 
Research O rganisation 's Division o f Rad iophys ics w as a 
p ioneer in th e developmen t o f radio astro no m y; and 
significan t con tr ibu t io ns in th e fi eld s o f oc eanography 
and im m u no logy have also been m ade in Australi a. 

Atomic Absorption Spectrophotom etry 
Research by sci entists in the C.S.I.R .O. Di vis ion of 

Chem ical Phys ics on the absorp ti on of li gh t by atoms in a 
fla me led to the-devel opmen t, som e years ago, of ato m ic 
absor p t io n spectro photom et ry . 

The instr ument, an at om ic ab sorption spect ro
ph o t ome ter, can id ent if y and m easure minu te amou nt s 
of part icul ar elem ents, in a w ide variety o f li q ui ds and 
so li ds . 

Accla im ed as "the most signif ican t ad vance in 

Dr. Alan Walsh 
operating an early 
Australian -produced 
atomic absorp t io n 
spect roph o to me te r. 

chemical anal ysi s of t h is centu ry ", it has been an 
inc reasingly useful too l in research in many fi elds , 
bringing tremend ou s be nef i ts to agr icul t u re and ind ustry 
and to med ical research . 

For ins tance, wh en a badly -burn t ch ild in Sydney 
Ho spi tal failed to respond to treatm ent, d oc to r s began a 
serie s of tests using an atom ic absorp t ion sp ectrophoto 
me ter . Th e results sho wed a severe loss of m agnesium as a 
result of th e burns. Th is w as replaced and th e ch il d , th en 
very cl ose to death, recov ered. The m easure me nt of 
m agnesium in bl ood samp les had rare ly been attempted 
be fore because it w as too d iff icul t by pr ev iou s m ethods. 

In agr iculture ato mic absorp t ion spect ropho tomet ry 
has he lp ed scientists inv estig ate the role of various 
m etall ic elemen ts in pl an t and an imal nu t r it ion by 
speedi ng up and simpli fying the analy sis of soils, and 
pl an t and an im al tiss ues. 

Th e spect rophotom eter has also had a revolution ary 
impact in the fie ld of m iner al expl orat ion where ore 
samples have to be analy sed for m etals suc h as copp er , 
zin c , n icke l and lead. Hundreds of th ou sands o f such 
sampl es are now analy sed annually in Au stral ia. 

Atomic absorption spectrophotometry is ex te nsively 
used in th e Au st ralian Post Office Research Labo ratories 
for the dete rminati on of trace elements in te leco mm un i
cation equipment; e.g. the technique is app li ed to the 
analys is of steels, ferrous alloys and m agnet ic m ater ials 
used for rel ays and sw itching devices, an tenna and 
microwave st ructu res, and automotive and stat ion ary 
gener ating pl ants. 

Th e techn ique beh ind the applicati on ap pears at fi rst 
sigh t to be simp le eno ugh . If, for example, t he amount o f 
ni ckel in an ore sam p le is to be measur ed, th e sam p le is 
f i rst d issolved and vapor ised in a flame. A beam o f light 
f rom a spec ial l v -des iqned lamp, wh ich em it s l ight at a 
wa velength charac teri sti c o f nickel, is t hen passed through 
the f lam e. Som e o f t his l igh t is absorb ed by the atom s of 
n ic kel in th e fl am e. Measuremen t of th e amoun t of l igh t 
absorbed in th e fla m e gives a prec ise de term in at ion of th e 
am oun t of n ickel in the sam p le. 

T he sirnp li c it v of the operat io n gives l i tt le ind icat ion , 
how ever , of t he pain staking research tha t we nt in to 
mak ing the instrum ent a pr act ical real itv. 

The world's fir st atom ic absor pt io n spect ro
ph ot om eter was pr oduced by C.S.LR .O . I t w as or igi nate d 
in 1953 by D r A . W alsh in t he C.S_LR .O . Division of 
Chemical Physics, Cl ayton, Victor ia. After abo ut 30 
Austr al ian lab orator ies had been eq ui pp ed wi th instr u
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ments w hose manu facture in Au st ral ia had been ar ranged 
by the Div ision , comm erc ial firms we re perm itt ed to 
manu facture them under licen ce to C.S .I.R .D . 

Rad io As tronomy 
Th e sta rs we see at night ar e mu ch th e same as o u r 

ow n sun . Al though they are far ap art , in terms of very 
much vaster dis ta nces of the un iverse, they are clus tered 
tog e th er in wh a t we call a gal axy . 

Ou ts ide o ur gal axy , and at stagg er ingly great d istances, 
lie th ou sand s of m illions of oth er ga laxi es which make up 
th e res t of the univer se . Just as the optical as tro no m er 
stud ies th e sta rs and the galaxie s by observing th e light 
wav es which reach him across en o rm ou s di st ances of the 
un iver se , so the rad io astronom er studies them by 
o bser ving th e radio waves w hich reach him from out e r 
spa ce. 

Th e radio ast ro nom er uses radi o te lesc o pes 
el ab o rat e aeria ls and receiv ers whic h ca n pic k up and 
magnify th e feebl e rad io signa ls from d ist ant sp ace which 
tell him so much about the s truc tur e and o rigi n o f the 
un iverse . 

Th e s tor y of rad io as tro nom y began in 1932 when a 
young eng inee r wo rking in the Bell Tel ephon e Labo ra
tories in Amer ica di scovered tha t radio wav es were 
reaching th e earth from ou ter space. At least so m e of 
the m see med to be com ing fro m o ur own ga laxy . 

Th is discover y aroused little interest and radio 
astr o no my may have lap sed into oblivion fo r a decade 
exc ep t fo r the initiative of one man, G rote Reber, a rad io 
en gineer in Illino is, U.S .A . In h is bac ky ard, he bu ilt the 
firs t radi o te lesco pe, and su rveyed the Milky Way . It is o f 
in terest tha t Reber is no w an Honorary Research Fe llow 
o f the Rad iophysics Divisio n o f the C.S .I .R .D . and sti ll 
works o n radio as t ro nom y in Ta smania . 

A n expe rimen ta l 
multich annel ato m ic 
absorp t ion 
spe ctrophotometer fo r 
the sim ul taneo us 
determ ination of six 
elements. 

Then in 1942, when Brit ish rada r ob servers we re 
search ing the sky for enemy a irc raft , th ey sighted 
mys ter iou s "blips" on th e ir rad ar sc reens ; it was reali sed 
lat e r th at th e my ster iou s signals appeared on ly wh en th e 
rad ar ae rials wer e sca n ning ac ross th e sun, and th at there 
had be en large gro ups of su n spo ts at the time. 

However, it was not unt il 1946 that the C.S .I.R ,D, 
Division o f Radiophy sics , with radar eq u ipme n t 
devel oped dur ing th e war , showed bey ond all do ubt t ha t 
the unu su ally st ro ng signa ls from th e su n came from 
act ive sunspo ts . 

In the same year th e Division mad e ano the r exc it ing 
di scovery . It identified the Crab Nebula as a direct so urce 
of radio emissio n; thi s was the first so -call ed "rad io sta r". 
Since then many thousands of radio sources have been 
found by rad io astro nom er s in Au stral ia and overseas. 

The Division a lso found tha t its radar equipm ent co uld 
be used to s tud y cIoud and ra in fo rmat ion, and so a cloud 
phy sics gro up was se t up . This group h as sinc e becom e a 
sep ara te C.S.I.R .D . Division (Clo ud Phv sics). 

In the last 25 yea rs the Division o f Rad iophy sics has 
d eveloped so me remarkable radio telescopes . 

The most fam ous o f thes e is the 64·met re te lescope at 
Parkes, New Sout h Wales, wh ich was comple ted in 1961 . 

It is sti ll e ffecti ve ly one o f the mo st pow e rful and 
sensit ive inst ru ments o f its ki nd in th e wo rld and can 
rec e ive rad io waves from 15,000 m illion ligh t years awa y 
(a light year is ne arly 6 ,000,000,000,000 m ilesl , It has 
been used to study radio emissions from the su n, the 
moon and the p lane ts, to map ou r own galax y , and to 
o bserve	 the my r iad gal ax ies beyond . 

Afte r only a few years o f operat ion, th is te lesco pe has 
helped to re vo lu tio n ize our unde rst anding o f the univ erse . 

One of th e most ex ci ting mom en ts cam e in Novem be r 
1962, w hen the Divisio n p inp o inted a radi o so ur ce known 
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as 3C273. by tr ac king it as it w as ecli psed by the moon . 
li s po si t ion w as estab l ish ed wit h such accu racy tha t 
o p t ical ast ro nom ers in Californi a w ere ab le to tr ain th e 
famou s 200-inc h Moun t Palo m ar telesco pe on to th is spo t 
wher e they found a fa in t star- l ik e o b ject q ui te d ifferen t 
from any th ing they had ever seen. 

Sinc e th en a num ber of sim ilar obje cts. call ed 
" q uasar s" , have been fo u nd . So far , radio astronomer s 
have been un ab le to exp lain them , but they believe that 
q uasars m ay hol d the key to th e origi n of the un iverse. 

Wh il e th is cons tan t p ry ing and p ro b ing at t he very 
edge o f the universe goes on. rad io astrono mers have no t 
Ior qo tt en our own sta r . t he sun . A t Cu lgoo ra, near 
Nar rabr i, in New Sou th W ales. the Division has anot her 
giant radio te lesco pe for tak ing m oving " rad io p ic tu res" 
o f th e sun. Th is un ique instrument . cal led a radiohelio 
grap h . wa s con ceived , designed and con stru cted by the 
Di v ision of Rad ioph y sics. I t consists o f 96 d ish-sh aped 
aeria ls each 13 .7 m across. spaced in a circl e wi th' a 
d iam eter of 3 km . 

Each d ish is au to ma t icall y steered to fo ll ow the su n. 
Rad io signals f ro m the sun are p ic ked up by the aeria ls, 
am pli fied , and th en carr ied alo ng ove rhead tr ansmissio n 
l in es wh ich - like a giant spi de r w eb - co nverge o n the 
cen tr al observato r y . Here the signals are fed in to a co m p lex 
o f electro n ic ci rcui t sand co mput ers and f inall y dis p laye d as 
a p ic tu re o n a T .V . tube at the rate o f one a seco nd . 

Th e rad ioh el iograph thu s gives a de tail ed seco nd by 
seco nd p ic ture o f th e sun in the ligh t of th e rad io wa ves 
em it ted by th e sun at fr equen cies of 4 3, 8 0 and 160 MH z. 
Th ese p ic tu res are the sort of th ing we m igh t see if ou r 
ey es w ere sensi t ive to rad io w aves of thi s fre q uency . 
Befo re the rad io he l iogra ph cam e in to o pera t io n in 1967 
the fastest radi o p icture o f th e sun to ok abo u t 4 5 minutes 
to comp il e. 

N ear the cen tre of th e gian t r in g o f aer ials, th e 
C.S.I.R .O . D iv ision o f Physics has set up o p t ical 
tel escopes to study the sun. Th e co m bi nati on o f o p t ica l 

and radi o astro no my f acili t ies has enab led C.S.I .R .O.'s 
obser vatory at Cu lgoo ra to take i ts pl ace as o ne of th e 
w o rl d's leading cen tr es for solar research . 

Sinc e Wo rl d War II the C.S.I. R .O . D ivisio n of 
Radi ophy sics has estab l ished an inter national reputation 
in the fi eld of r ad io astronomy . 

CSI R AC. the first electro n ic compu ter to opera te i n 
Aus tral ia and one o f th e first of i ts ki nd in the world . w as 
bu ilt in t he R ad io ph y sics Labo rato ry , and some 
navigat ion al aid s for aircraft w ere inv en ted . On e of th em , 
D.M .E. (Distance Measurin g Eq u ip m en t) . te l ls a p i lo t how 
fa r away he is fr om reference po in ts on the gro u nd. T h is 
d iscov ery pl aced A ustr al ia y ears ahead of any other 
coun try in ai rcraf t nav igat io n. 

D .M .E . is now a co mpulsory aid on all passenger 
aircraft in Au stral ia and i t has co n tr ibu ted to the 
excelle nt safety reco rd of our ai rli nes. 

Recen t ly t he laborato ry has retu r ned to radi o 
nav iqar ion pro b lem s and has inven ted a land ing sy stem 
call ed In terscan . I t is based on co nce p ts de rived fro m 
radio astro no m ical exp eri ence . Th e system has wo n the 
app ro val o f the U .S. Federal A vi at ion A dm ini strat ion and 
may possibly be adopted by th e In tern at ion al Civil 
Av ia ti on Orga n izatio n fo r w o r ld-w id e use in th e 1980s . 

tmmunotoqv 
Sin ce th e tu rn o f the centu ry the at ten ti on o f m edic al 

r esearch ers has been increasingly di recte d toward s the 
wo rk ings o f th e imm unity sys tem. The di scov ery that 
pat ien ts wh o reco ver f rom a bacterial infe ctio n we re o f ten 
pr o tec ted from subseq uent d isease by th at part icul ar 
infec ti o n led logicall y to attemp ts to p reven t infe ctious 
d isease by immun izat io n. This ki nd o f im m unity is know n 
as passive immuni ty . 

Spect acul ar succe sses w ere ach ieved for tetanu s. 
d iph th er ia and sm all pox and it becam e clear t ha t th e 
harn essing o f th e im m u ne respon se wa s a m ajo r pr ior ity . 

Th e amaz ing speci f i tv o f th e im m une respo nse, such 

Th e radioheliograph at Culqoore, N .S.W. 
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that an attack of flu would protect a patient from the 
strain of flu virus responsible, but leave him susceptible to 
attack by a very closely related virus, had to be 
determined, as did the function of the system in t issue 
transplantation rejection . 

A skin graft transferred from any indiv idual to another 
Is promptly rejected . Only tissue transplantation between 
identical twins results in a permanent "take" of the graft 
tissue. 

Thus there must exist inherited difference between 
ind ividuals, expressed in t issue cells and capable of 
recognition as "not self" by the immune system of the 
new host. 

In the 1950s, an eminent Australian scientist, Sir 
F rank McFarlane Burnet, then Director of the Walter and 
Eliza Hall Institute of the Royal Melbourne Hospital, 
Victoria, presented the concept of clonal selection . 

The theory, which was termed the clonal selection. 
theory of antibody formation. is the basis of modern 
immunology. It predicted that the body contained a 
preformed, large library of lymphocyte specifities capable 
of recognizing "attack" by a particular antigen (fore ign 
organism) . In essence, the theory stated that the immune 
response system is man's means of identifying and 
resisting any foreign organism (bacteria. virus) that 
"attacked" the body. The main agents of the system are 
white blood cells called lymphocytes, each lymphocyte 
having a different receptor pattern on the surface. When a 
foreign organism enters the body it has no effect On the 
majority of lymphocytes but only on those which carry 
on their surface a receptor for that of the "attacking" 
antigen . These selected lymphocytes, which are already 
manufacturing, at a low rate, an antibody that 
corresponds to the infecting organism. immediately begin 
to multiply rapidly as a result of the antigenic stimulus. 
The name for a series of cells reproduced from a single 
ancestral cell is clone and thus the name clonal selection . 

Since it takes several days to form antibodies in 
sufficient quantity to destroy the foreign organism the 
infection is well-es tablished by the time the antibodies 
come into action. But once the antibodies have formed in 
sufficient numbers they will "attack" and destroy the 
foreign organism. This is known as active immunity. A 
second infection from the same antigen can be 
counteracted at once, before it establishes a hold . 
However, not all infectious diseases give lasting immunity, 
but most epidemic diseases do so. 

Oceanography 
Oceanography is the study of currents, tides, the 

movement of oceanic water masses, and the identification 
of their chemical and biological properties. 

The history of the study of the sea first began in any 
detail in the late fifteenth and the sixteenth centuries 
when many great voyages of discovery were undertaken 
by European navigators, culminating in the circumnaviga
tion of the earth by Ferdinand Magellan in 1519-22. 

Initially these early navigators set out to explore the 
surface of the earth in order to discover new lands for 
trade. In the course of exploration they discovered not 
only new land masses but new oceans. F rom their 
discoveries rough charts of the world were compiled 
showing the distribution of land and water . The 
discoveries made by Cook and other eighteenth century 
navigators added more and detailed scientific information 
about the oceans to the charts. 

. In 1853 the first international oceanographic con 
ference was held in Brussels where it was agreed to make 
uniform the methods of making nautical and meteoro
logical observations. During this period many important 
aspects of oceanography were being investigated by 
scientists. including the chemistry of sea water, deep 
soundings and the presence of marine life in the depths of 
the ocean. 

It was not until 1872, however. that the first great 
oceanographic expedition was undertaken. In December 
of that year the "Challenger" set out from England. 
returning in May, 1876, after traversing the Atlantic, 
Pacific and Southern oceans and collecting the first 
comprehensive data about the ocean. 

Since the "Challenger" expedition there have been 
many subsequent expeditions concentrating on a variety 
of aspects of marine science; some of them were of major 
import ance. 

At the beginning of this century extensive marine 
biological expeditions were carried out in the world's 
oceans, notably by the Dutch, the Germans and the 
Russians . Then came a period in which there was 
increasing concentration on physical and chemical 
oceanography . In the early 1920s the German research 
vessel "Meteor" worked in the north and south Atlantic. 
In the next 15 years there were a number of global 
oceanograph ic exped it ions by the Swed ish research vessel 
" Alba t ro ss" , the Danish vessel "Dana" and the Dutch 
vessel "Snell ius " . 

F rom the early 1930s to the beginning of World War II 
the United Kingdom research vessel "Discovery" 
undertook a systematic study of the oceanography of the 
Antarctic seas . 

A her the war oceanography came of age as a science 
with the development of sophisticated instrumentation . 
The United Kingdom, Germany , U.S.S .R., U.S.A .• and 
Japan engaged in intensive investigations involving 
accurate measurements of ocean currents, water pro
perties, biological features and the geology and geophysics 
of the sea bed, the latter leading to the theory of 
continental drift . 

In Australia, C.S.J.R.O.'s Division of Fisheries and 
Oceanography became committed to this type of 
oceanography in the early 19505, culminating in its 
extensive participation in the Indian Ocean Expedition, 
(1959-1965) a co-operative investigation of the Indian 
Ocean involving the ships of thirteen nations. This 
expedition set a new pattern in oceanographic investiga
tion with the concentration of resources in terms of many 
ships and scientists on a single area. 

Most Australian oceanography is now carried out by 
the Division of Fisheries and Oceanography. 

The chemistry section of the Division is concerned 
with two distinct areas of interest, the coastal shelf waters 
and the deep sea ocean waters . In the study of coastal 
waters , projects include regular monitoring of the 
characteristics and the var iabilitv of the sea. Special 
attention has been given to the effects of the Snowy 
Mountain Hydro-Electric Scheme which diverted rivers 
formerly flowing east to the coast, over to the western 
side of the Great Dividing Range. 

Chemical work bevond the coastal fringe, which is 
dependent on the use of Navy ships and chartered vessels, 
COncerns the identification of water masses and the 
determination of their structure ; their analysis can point 
to large-scale water movements in the deep ocean 
involvinq very long time periods; for instance, North 
Atlant ic water has been detected in deep waters to the 
south of the Great Australian Bight. 

A drift card programme is currently in operation to 
study surface currents and their seasonal variations. The 
programme utilizes red plastic cards, about five inches 
long and shaped like a fish to attract attention when they 
are washed ashore or caugh t in fishermen's nets; a " p lease 
return " message is stamped on the cards which are 
released each week offshore from Port Hacking. N.S.W., 
and Rottnest Island. W.A .• and each fortnight from 
Laurietown and Eden. N.S .W. 

Charts of the salinitv and temperature conditions of 
the Tasman and Coral Seas are being prepared each month 
from data collected by twenty merchant ships, which 
carry thermographs; these continually measure the 
temperature of sea water. taken from about ten feet 
below the surface, and brought in to cool the engines. 
Samples of the water are collected at regular intervals for 
later analysis . Th is information is an aid in predicting 
movements of the surface waters of the Tasman and Coral 
Seas, fish distribution and weather phenomena. 

In a study of the effect of the East Australian Current 
on sea level at the coast. sea level is measured by tide 
gauges at many points along the coast. For the 
measurement of the current, the variation of passage time 
of merchant ships is used to calculate its speed and 
direction . 


