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CHAPTER ONE 

INTRODUCTION: 

1.1 The Layman Meaning of theTitle 

When it first occured to me that I might be called upon to give an 
inaugural Imture, I chose a completely different topic from this one. If 
I had' followed my first instinct I would have given a review of my 
publi$hed.research work spanning a period of over two and half decades. 
About two vars ago. I changed the title to what is before you today. 
My reason is a simple one. If anybody is really interested inmy published 
work, I can always send the re-prints of the papers. 

On the other hand 1 decided. that I will share with you a little of 
some unpublished work that has occupied my time for the past fifteen 
years. 

If a layman looks at the tit le of today's inaugural lecture, he or she 
wijl pick three terms: - light, physical laws and the Universe. 

tight to many people in the cities means sunlight or N EPA (National - 
Electric Power Authority). To 'rural dwellers, tight comes from the sun 
everyday, during certain periods light can come from the moon and a t  
night when it is dark light comes from oil lamps or in some cases 
kerosine lamps. To many people everything about the Universe can be 
summarized.in a siridle common sentence like "The Sky is  the I imit." 

1.2 Why the Physical Lawsofthe Universe 
You may be wondering why at  this.point in time, I am focussing on 

the phylsical laws of the Universe. My answer to  the above question can 
be summarized into two points. 

(a) TheUniverseisnowbeingforcedonall of usby allthesespace 
ships manned or unmanned. Our outer space is now full. of so 
many arti'f icisl satel tites - Television Satellites, Communication 
Satellites, Earth Resources atel i ites, Geodesy Ste l  l ites etc. It i s  
ir~lwant whether we participate in space Explorations or not. 
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V b  are part ~f this p.lanet Earth and will be treated as such. 

(b) There are many unresolved problems in physicsand it maywell 
be that n w  grounds in space experiments will provide some of 
the answers. 

Physics is an international subject and we eannat afford to be ignorant 
of new developments. I 

1.3 What h Light 
Visible light is one example of (whm twmore genemlly referred to as 

"Electromagnetic Spktrum." A few examples of the electromagnetic 
radiation apart from the visible light are X-rays, earnma Rays, Ultra- 
violet, Infrared and of course Radio waves. The detalied study of light 
has been one of-the important problems of modern physics It is often 
dlfflcult to descri,b lighi in slm'pletems because sometimes it acts like 

, , 

a wwe and metimes l h  dp&iclei. ' 

Light waves proljhtit! throu a' Wu~irm With a horis@nt velocity c 
which is3 X lo8 rn:&bm'. Al *% k'irrgrhbkdof'UleElec~omagnetic . -  

radiation propagate with 'tfie' '&6h&fl \relocity r: = 3 X lo8 
rn.sec-' in vacuum. ~ s t r o n o ~ a  wh6 are preoccupied with the study 
of the Universe and their physical laws, canncri put their hands on a star 
or study it in thewlaborat&. they infer we-properrim of the ~nivtirse 
by collecting and andyzing i ts  light or other electromagnetic radiation 
like rad io yvwes. 

1. The Solar System 
One can write a whole book on the Solar System, but I am only 

going to give a very short deqcription. The sun is the light of the Sola1 
System, around which"hr planets, nine of them, revolve. The nine 
da& in order d distance from the sun am as follows: Mercury, 
Vmua, Earth, Mars, Jupiter, Sam, Uranus, Neptune and Pluto. Plyfo 
the outermost planet was not d iscgvsred _until 1 930, 

w o n  isthe only known nature1 sabelllte of the planet Earth. 
Tfref~lhited, &t@ , .  of Americe land& a man on the moon in 1969. 
Stnm athep,,'mF had been many manned and unmanned space ships 
from 'both u;?.,& and U.S.S.R. Our planets and their moons hre right 
now in& . C . . . : ' ,  by . m y  6- probes sending sims end date back to 
Earth for detailed study ahd analysis 

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



The tun, cbW star, supptim thetmergy that maintains life on 
earth. The. sun% energy is, l ibmW by nuolar reactions in it6 central 
region. 

' In the mid-nihB'teen% century., Card Rosse disdovered spiral struc- 
Wre in some 04 the diffus~ bbjei=ti that were referred to collectSvely as 
i e b u l ~ .  The nature of th'esg spiral, nebulae was- unclear then. Buf the 
nature pf ,the spiral nebulati n ~ '  d~I&-.Spira~ ~ a i a x  ies, was established 
largely through the sffor& of Edwin Hubble ar' the Mount Wilson 
Qbwatory. Using #e 100 - inch Tetekope, he was able to resolve 
some of the brighter' stars in the outer parts of M31 - the fambus 
spbb ~ ~ B X Y .  

The mognition of spimle as.truly extra galactic obj,ects was a great 
step forward: Studies of many other objects termed nebulae disclosed 
th& game of them werwdi6Wtit Galaxies atthough they lacked spiral 
shape. Several #types of ~ a i a x i &  are now.knwn. It appears that most 
Ga laib occur in dhtilna g ~ p  .calf&alusters a;f' Galaxies. 

As 'of now w ml bbsrve .on wfth two basic properties of the 
Universe. 4 

(a) 'The Galaxies have red sh/f ts  and the -mbre distant the galaxy, 
the gruer  is i ts  'red shift. 

' * 

(b) - Radio. Waves with a eontinuaus;sp~trum corresponding to a 
I 

. b k k  body of tempe~ature 3K;grere~ived by us onearth In 
equal amounts f tom all-directions in space. 

Comic Background Radiation. 
One of the most remarkable discoveries about the general prqper- 

ties of the universe is that of the Cosmic background radiation. The 
first evidence of is radiation was obtained in 1965 at the Bell Tele- "1, phone Laboratories y Arnb Penzias and Robert Wilson. 

Costriblogy is the field of Science that seeks to-determine the nature 
and origin of the U n ibrse. , But the conclusions are often uncertain. 

1.6 The Ultimate Space Age 
Today, and to many inhabitants of our planet, space thvel seems 

like a science fiction, but I caniassure you that it is not. If the present 
civilization survives into the future, that is, assuming that ,human 
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bit?@ had na3t .FhmmIws mpleteiy through g l d  wan, 
then nt& ral ewl~lu.d~n w#C L b~ 01- M ,tab p b u  Let me glw you-a 
brief iicture of what the ultimate space age is l i keh/ to be. . 

In abwt 6 X lo9 y&n time, the sun, on which our planet depends. 
will evolve into a redgiant star a & ~ , ~ * ~ & i i l l m  low be h'bbit- 
able. The2 c ~ u j ~ q m t s  fer lliquid water, as g@pmed.-%~- ice or st- on 
our p ~ i  bemancis 9 - solar cORSfang OdE to 4. calories per 
q+tarq ,m4 ger minute. But. the m. kmep a giant star, its 
luminmiw wul i*pwa . r l  &.,09 ~ ~ 1 0 6 0  m . A s : . t h e . p n w  bqlns, 
the .wn'i .&@pa. . - ~ K ( ~ ~ ~ ~ ~ ~ ~ ; ~ ~ ~ L & - L I B L I ~ & Q B - J w u I  . 
m-, and; !&I ,d& ~ l ~ s : w i l ~ b #  
ayay.anpl+mV&b! atawhere i:eg the mmpbem, 
will be so hot that all etmospharic gas moiecules.~ill iscepe Jmln a 

bls, ~ength of ;ha sun's redgiant stege is 
@.m .At the g m ? W  extent, ;tha sun's 

&a& $id;Mmury and Venus snd may 
wch a )far w4the plawXX qarth. - - ,: -, . ..+.ic:l , , ,  

Our t e m m ; r $  reqclirments:for sunrival at that timecould be met 
om the wWJW of Sturn, Umus end Nep~m Colonia &d have 
to be established in t h w  planets and the sun would be on thm road b 
.becoming a' white dwarf - a h r  far tgo dim tb supply energy rquire- 
mehtsorl Eaith. ~ h 8 1  will k the evi& ndtieq fo6tlpihurnk t ,- - .  r& to 
quit the Sotar Systam. If we are .irifsiff&t enough at that time to 
develop w~blechnolegy-for -inWWller tWels-8ndthe coluniation 
;of &er plmtm-clmJlng -oWr ~ t i r s i ;  itlieh there is hope .for the su m i d  
of human @des. 
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CHAPTER . TWO . 

THE RESTRICTED UNIVERSE. OF 
SlFt ISAAC NEWTON 

There is no way one can discuss Sir Isaac W o n  without firat 
mentioning his pmdemsur' Galiteo Galilei (1684 - I$&!). Galilee 
dbmwmd. that bad im fall 81 a -rate imkpehderrtl of thdr mass Galilao 
ws wing to prove experimentally the Ideas of pld phlluqhers.lik8 
Aristotle -who strongly believed that heavy objects would fall faster 
than light objects Gallleo proved this wrong when he b l l s  of 
Mmnt &z~s~and.mahria!s tmbe dropped at the same instant from the 
m; a# .@I@: WOW ~ Q W ,  of Pi@. Hie r e d &  &wed that--thw. all 

gmt~nbi tageaher. Me oanc(udd that. the velocity' of e 
fatlfnpobwt d m  not depend on its,-siza andheme me tmfallm 
~ ~ - r n w & . - k m  ;qonotank The definition of inertial. m3]85 muut be men- 
hbdi ihm~; 'Jm~m& ~@,n ohht  is only rnmnhgful when the 
particles move un&r theaction of the same applied force:For example 
an object rating @n a Mle rplil? t@sW an Bttempt to meke it move or 
if already in motibn, R wilt resist m ammpt to change its path of 
motion. inertial mass of an object is a dy namk p h  of the object. 
Gravitational f o w  iloes n i i l ' m e  ?nth h:-?%6'~n&ti&l haj( which 'is 
mentioned in ~ewton/s IBw hw.rtoth.ing to do with the gravitational 
mass which can be defined usi* th4pdkip$ of the equal arm balance. 
This procedure far obtainim the mas of a body is h& on the down- 
w r d  pull exertad by t h ~  earth's yravitatioml field and is cuneetly 
referred ti bi't~i~ravftariona~ hak d:t -  bw. 

Sir Isaac Wdm born on l%&riber 25 1642, vely ymr that 
~ a l i k o '  died. Building on what G a l : i  die, Newtiin formulated the 
bask concepts of his3 tawsof nwtonian m a n i c s  and also formulated 
ths g.@i,wl b&ofdGrav~tion,.m hb reblm hqne fcpm Cambridge 
~.W%~bo rsscopa,th~. Plagusg the r .pf 23 Wra 4.a in lM5, 
Mewtc~m~~~wrarn~of~thefacyhqt the igertial mass in his second law of 
motion might not nems@iy be precisely the same as the gravitational 
mass appearing IR kisUdiimPal law of Gravitation. 
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F = m ia 
by Newton's second law of motion and we shall write the law of 
gravitation as 

F = m g where 
g 

g is .a field depending on posit ion and other masses in accordance with 
hi3 Universal law of Gravitation. It dhes mean thgt if we equate both' 
forces then b 

ami = m$ 

"a" will wry far diwarnt bQdies wigh ditbrent dues :& the ratio 

It was then for S r  Isaac Newton to  verify whether mi in his 
secdnd law ?s t#$e*He.as mg in his Universal law of Gravitation. Let'us 
tty e JihlpC prwf. Consider two particles A and B of gr&itarional 
'mam m'A~~d.-d%-rekpertiwl~~ Let a third particle C a f  gravi&- 
ti&wl i W @ @ ~ o n  A and B. The gravitational.-force exerted on A 
by C ih &&me with Fdewton"s ~ n i v e k l ,  1% of  mit tat ion' is 

The gravitational form on B by C is given by 

Themtio of the grwitatignal forces dn .  and B by C is gli0n by 

F .I 

Ac = a  - m ' A  - .  : which turns outto be 
I - 

F m'B. 

the ratio of their gmvitetional m h s .  If we now want to reduce the 
above example 'to purely -Newtonian motion on ' ~ a n h  then we. can 
make the particle C the planet Earth. If we do this then,thegravltatio~l 
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foraes.,on A . a d  B i.e. FAC and FBC are weight of bodies A and B in 

Th ir.rneans that Nwton's law of Universal gravitation contains with in 
it f he result that 'the heightss of various bodies at the sqme place on the 
.surfam a +  .af the. #a earthfh + eastly . I proportional to the gravitational 
m p s -  . .  . . 

. aP&bqi -11" ~ ~ r c :  the ine& masses r n ~  and mg of tho same 
-Rii[p&s 4. and B, by.;sope ,qynam ical experiments based on Newton's 
m q d  - . I  )k'~f:,mech~nics.  hen we jet the two pi)rticles fall freely from 
.@e.sgye ~cjai,$on in the earthfsgravitational field and we measure their 
'- - 
.qcj@l@-atjorl& imackordame with Galilee experiments We shall find that 
 ah m a w .  A .and, B hgyp the same acceiektion g a rising, from the 
@rth"s $I@vi~tional fie!& But the wei$h-@ of the two bodies A and B -. .:. 
am /X pea> . same, ,'I a& - ,Jhe earth's grayitqti~nal fields on them. If we use 

en= we ha/e p;oved thatthe weighp of b-dies at  fhe same place on &I - a ;  . . n  1;; \ * I  

,the earth a*. pactly proportional to their inertial rn-S. Hence at 
brl .;afth:'i$ seems as if the inertial mass and the gmGtationa1 mass 

l i  r e  , 

appear .p )I,:I- wentidal. - ~etkt0.n devised pendulum expehents to t&t 
di&[y>'t.he I-} , .- appqkf equivalence of 'inertial bass and gravitaf ianal mass 
on earth.  ton' tested'this with pendulums of equal lengths but 
differ9nt kmposition and found no difference in their peiiods This 
rii&tt w& laref verified more accurately by Friedrich Wilhelm Bessel 
( i 7 ~  - I'&&) in 1830. In 1889, Roland van Eotvos by a different 

I mthoil, inshWiiig that the,ratio of grwitatibnai mas m to inertial 4 
q+qi &e.. mg) dom,.nat differ from one subs@mg tp*moaer by - 

8 ,-  :; : y.-Im; -. 
1 

more than 1 pan in 10'. In recent years a group under R.H. Dicke at 
Princeton has improved on Eutvos method by using the gravitational 
f Celd . of the' Sun and the earth's centrepem1 acceleration towards .the 

-7 
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an, rather than the rotation of the earth, to produce the torque on 
the balance; Dicka and his group wre.abh tc show thataluminium and 
gotd fall freely towards the Sun with the same acoalwatipn. The gravi- 
tational accelerations differ from eadr other by at maat 1 part in lo1? 
It has dsa b n .  how with Ies precision that neutrons fall in the 
m ' s  gravitational field with the sameakeleration as ordinary matter 
and t))d ?he gravitational farce bn erlectr~ns in copper is the same as 
on free eleetrona 

Let us naw go on to the second part of W o n ' s  U n h l  law of 
gravitation .wh kh says that the f o m  deemms as the inverse square of 
the distance. This idea washot entirely original with Nevriton. Johannus 
b t u s  ErSgena had g u d  that heaviness and lightness vary with the 
d'btance from the earth. This theory was taken up by Adelard of Bath 
in the 12th Century who realized that a stone dropped into a vwy deep 
well could fall no farther than the centre of the earth. We must note 
here that Adellard stso Wandated Euctid from Arabic to Latin, thus 
making it available to Medieval Europe. .The first suggestion of an 
inverse-square law may have' been made around 1 640 by tsmael Bu I- 
lialdus (1605 - 1694). However I t  waS certainG Newton who in 1665 
first deduced the !memequare law from observations. He knew that 
Ohe mwn falls towrds the earth a distarme of 0.0045 feet each second, 
and he knew that the moon is 60 earth radii away f b m  the centre of 
the earth. lien& if the gravitational force obeys an inversesquare 
law, then an apple in Lincohshire (which is 1 earth radius away from 
the centre of the earth) should fall in the first .second 3600 times 
0.0045 feet or about 16 feet which is in good agreement with the 
measured value. But Newton did not publish this calcula~ion for 20 
ywn, because he did not know how to justify the fakt that he had 
t r w d  the earth as if its whole mass were c~mntrated at Its centre. 
But y t  became known 40 several members of the Royal Society including 
Edmand Halley (155$ - 17421, Christopher Wren (1 632 - 1 723) and 
Rober\ Hooke (1635-1 703s that Kepler's third law would imply an' 
i n v e m u a r e  law of force if the orbits of planets were circular. That is, 
if the squares of the periods. & i are proportional to the cubes of 

v2 1 
the md ii r3' then the centripetal acceleration ?- is proportional to 2 

P r 
However the planets actually move on ell iptic81 orbits not clrcbiar 
orbits. No one knew how to calculate their dentripeta1 accaleration. 
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Under HaHey's instigation, Mewtan in 1684 proved that pla- 
moving under the influence of We inwmequare law force, -Id in- 
d e d  dxy all the empirical laws of Johmrm Kepler (1571 - 1630) 
that is they would m m  on ell'- with the sun at a focus They would 
sweep out equal areas in equal times and the square of their periods 
would be proportional to the cube of their major axes. Finally in 1685 
Newton was able tu complete his lunar calculations of 1665. These 
major accomplishments were published on July 5, 1686 under the titte 
'Ph ilosaphiae Naturzl IS" "Princip ia Mathmaticaw Nemn died on 
March 20 1727, at the age of 85 years. !n the following centuries 
Newton's Universsl Law of witation met with a brilliant series of a- 
cesss in explaining themotion of 4he Moon and plannets. Some im 
gutafit'w in the ohit .of Upana m i n e d  unexplained until in 1846. 
They -re irtdepemdmtty used by John Couch Adam (1819 - 18O2) 
in England and Ufbin Jean Joseph LeVerrier (181 1 - 1877) in France 
to predict< the existence and position of Nspture. The discovery of 
Neptune shortty thereafter was perhaps the most authentic verification 
of PJeWfoir's. theory. The rno-tionbf the Moon atld Eqeke'scomet (and 
later Hitalley's comet) still showed departures from Newtonian theory 
but it was clear that nonGravitatisnai few could be at work. 
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4FfS i ~ ~ t i ,  ,+< $1 , f g ; ~  
f -  --- . .  . 

I :;qk+i~ i- i , ~  

THE UN IV,ERSE: AS PERCE,lVED BY 
ALBERT E1IWSTE:IN 

We all me the W d  through light and R ie. therefwe n d  surprising 
that light or any other member of the -ekEomagmtic spectrum 

r wry impwtant role in fum&$ingphysioel lak'-lnformatiq, 
is sent two positions in free &by the u s  of light signals or 
any other dlecfmmagnetic wave signal: The speed is fast enough for us. 
It is 3 X lo8 m.s.-l. & fat wehare not succeeded in estabiishing faster 
mode af tmnsmitting information in our terrestrial Univem, The idea 
of a limiting s p e d  of motion to terrestrial particles Wkdk~r  New- 
tonign aoncept of the Unive~se. .Hen- it m a d  at the time W4 there 
was a wdm betwmn the physical laws sf Mechanics and the physbi 
laws of E tarody nam ics. 

Albm Eihstein came to the rmue. He made two postulates on 
which the Special Theory of Relativity rests. 

1. The speed of light in vacuo is the same in all inertial systems 
moving with uniformly relat'nce velocity to one another. 

2. The laws of nature .are. invariant in all inertial systems moving 
,uniformly with relative velocity to each other. 

I 

The concepts of absolute space and absolute time assumed in New- 
tonian Mechanics hawe been changed by Einstein. We must'now think 
of spaos in terms of inertial systems and in order to find a referenee 
frame fur time we use the constancy in vacuo of the s p a  of light The 
theory of relativity is  sometimes criticized for giving without justihfim- 
tion, a central theoretick role to the propagation of light in vacuo. But 
for now the constancy of the, speed of light in vacuo is a real physical 
significance about which we know so much, It fs therefore convenient 
both from the theoretical development of relativity and experimental 
measurements to relate the concept of time to the propagation of light 
in w u o .  
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The elegaw of Einstein's Relativity -is that it does not overthrow 
Newtonian ,Mechanics but extend6 the region of the vai id ity of the law 
of phyjcsfrom R' to R?. Space - Time Physics was born and a whole 
mngs of physical f a w  was subjected to Relativity test using Lorent z - 
Einstein T ~ n s f ~ ~ ~ t i ~ n ~  from om inertid1 system to the other. The 
Special Theory of ~eietivity expands our horizon in both Spaa, and 
Time but its tirT;i@iion -also obviqs .to f inwin. 

I!, Special Theory of Relatlvlty we have assumed the equhlence of 
811 inertial sys lms in the daacriition and formw~afioo of the physical 
laws of nature. Thq hmedia* question that ariass is the nkure of the 
affect of other systems that &e not inertial systems it is ven/ difficult 
to conceive of -re preferring our cleverly defined &m6- Time 
ba@ on inertial systems and d f m r d i n g  non-inertial systems Mk 
have to judfy the phrence for inertial systems. me weakness of the 
priqiplg ofinertial ibs in the fact that it involves an argument in a 
v i c i 4 s  circle. 

A hais m& withdiitlrcceleratiqn if it is sufficiently far from other 
'bodies that a n  in%udm the mdon. But we deduce its isolation or 
fen& from oth.i &b in fhe first instance, from ;he fact that it 
ma& withat &lekion. k looks as if we have to look carefully 
again af olrr @&&~ime dontinuurn of R?. In other .words what 
reg)& of the ~ n i *  ,is clearly defined by our QmeTlme continuum 
of Fi4. ~t seems that t~ i t~ QII degree of approximation we may I oo k at 

prjncip4e of iwb l  as established for the -time con?inuum 
of 6ur pl- sy&n Pwi@ we neglect the phrbation effects due 
to the sun and other plan& We can put it in a more exact form by 
ming  that. there are fin'& regions of spm in the Universe where 
material p r t i c k  move freely without accelerhon with reepect to a 
suitably ,&ossn spas, of r e f e i ,  and in which the laws of Special 
Theory bf ~elati'vity hold with' iirnaibble degree of accurecy. Let us 
call such mion "batilean Regioof. 

If we pmceed frdm the considerations of such regions as a special 
case of known properties, then the' principle of equivalence demands 
that in dmling with sueh mions, w &auld also consider noeinertial 
a/- is. ~ystsms that a& not free tram accelerations and rotstions 
relative to I~~ertfat - systems. 

. . NOW w got o u m ~  entangled wm' p- c&rdim 

fv- ,ep me that are not prefenad. WI inust look agein at 
thd pmphm of the -Time we tr*M to define in $0 w i a l  n m r y  
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I#:*- ,& ifim diwf=~#th -.we dey~iffon t-0~ Space- 
~ ~ m i ~ & j w  "&, rhgi;tfbl wms ,>@&,. &>- g ~ & ~ & ~ i  & d , M  Sfficulties 

1 .  .- I. . 
-If,'&, f h y ' . t & r ~ ~ & . n 6 f i t i i ~ n ~ * ~ $ ~ 6 M l a ~ i *  tbLwe cvf 
Sp$lal'n~~+.bfR~l&i\iji~je': ; '  : . \ f ' q < k ;  . , , -  ,.-i .,A - ,--::: ; , . I .  
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CHAPTER FOUR 

SOME OF THE UNREWLVED PROBLEMS 
IN PHYSICS 

In this chapter t arn going to share my own views with you all. I 
'haw selected five areas in some of the Unmmlved Problems in Physies. 

1. Waw -- Partklo Duality 
A phvaricist when confronted with tho concept of Wa\ra-Partide 

~ u a l i ' ~  in Atomic Physics cannot but be confused. I rnun confeas that 
1 hwe newer succeeded In making my students to understand it. Since 
they have to pas the examinations, and I am setting the questions, they 
all conspire to pretend to understand the concept end reproduce 
exactly whatever I said in as much-as it d& not contradict whet they 
have read in the standard textbooks on Atomic Physter. wM 

Let me quickly recall the obsewations wh@ have lad to the concept 
of Wave - Particle Duality. 

i) p e  Interaction of light with matterasinthecasof photo 
aleoeic effeet leads to the particle like behaviour of light 
rad iatioh. 

ii) The o h m i o n  of the prs9sum of light radiation can alsp be 
interpmtd in terms of particle like behwiwr of photons .of 
light. 

ii i) Compton Scattering which can also be ~~ as the intar- 
action of photons radiation with m-r; a n  be satisfactorily 
explained by treating photons as behaving I ike parrii=ies. 

iv) ~ i b h t  or any other s lect rmqdic  d b t h  propagem in 
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v) A beam of mall particles like electrons, moving with high 
* 

velocity can also exhibit wave-like betraviour If allowed to 
interact with matter within a very small space. 

' In all the above ob&di0ns there are 3 keynote terms - matter, 
radiation ahd space. It is abvioug that the ihter&?ion of any 2 of the 3 
will 1ea.W sepp~ap v t s  am such warate events for the purpose of 
clarity h&e ti, de treited diffeti$t~i.,:~he&ie move an to the physical 
laws of the Universe we ma; have to r&xamine our definitions of 
matter, radiation and space. 

2. ~elatkity , ,  arid NU'-; Phyrks 
+ . A m 8 :  

It is the relativity effect on fast moving particles in Nuclear Physics 
tha t  has led to the numerous ~xperimenMt -anti m@thematicat difficul- 
ties h ; + -, encounter@ . >  , <  in e!e.rn,en.Qry particle phvsics. Any particle travelling 
d$h - , , . velac.ity r-t- c in free space has no mass, no length etc. and can only be . . \.. 
treated a$ 8 photon bf energy. If we &" q t u r e  the photon or its 
residual , effkt . , 4 .  , after - iptera(;tions,, we am satisfied with its existence. 

I {  

we w ~ , ~ Q , ~ ~ ~ ~ u $ ~ ~  to state that it is the relativistic effect on _ ' L . '  ' 0 * - A 3- *? 8 .A$ 
particle ,moui?p,if! p-!!,,ap$Jal L, wee b . that has imposed the limits- 
tions ;; velocity c.pn c71 gur ?{!,I @%mri.tyefltal -, ! ! ,; . ~r . &selll!qional' . I > . . q  capabilities as 
of pow. 

-'\ - l ,~ i?[ , : :e*-h)?~ +.: b h  

The h ~ a r h c l e  buaiity 'in Nuclear ~hyi$ i ,&,~b~io"sl~  1 a logical 
consequence of the above. So fqr Quantum Mechanlics in i ts  full develop- 
mrit has provided some siwif~carif satlMory ~alhematical tools for 
dealing with tile situation, But we ha\re not reached the I h i t  yet. 

3, Is..€?lam=k's Gmstarrt a Urrheml Constant 
The exchange of energy between electromagnetic radiation and 

electrons, leads to the failure of classical physics to explain the experi- 
mental results of R h ~ t ~ ~ O C t f i ~  effect in atomic Physics. Einstein used 
Planck's canstant h, tomake it possible for his theory to f it-;the experi- 
mental result$, Sinqe then h.ks been regarded .as a U.niversal constant. 

In my opinion the ,question of regarding Planck's constant as a 
Universal 'constant needs a'rkxarnination especially npw that Space 
~ x ~ ~ o r a t i b n  is also going to involve the effect of Relativity on matter, 
fields, ~nergy , bn l im ited $ace and Time. 
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4. Robbm, ,of Sptm Exploration, Mearum- in m, 
.nl tb8 lnrwp-tbn of -Its 
$-Time Physics will really come to its own in Space Exploration, 

r n u m t s  in *em and the Interpretation of results, One distur- 
bing aspect of @ace Experiments is the wide'possibillty of carrying out 
experimen*l h atomic end4elemantary particle physics in space. WB 
now have a situation where the Space age and the Nuclear age will 
beeome concurrent In $ace. It may wll be .that some of the umesol- 
v d  problems in Nuclear Physics are going to be solved in am Experi- 
ments. 

5. How G a m l  is the'General Ths~ly of Rebtirity? 
It is obvibus from all the points I have listed in this chap'ter that 

Relativity cuts gems both Nuclear Physics and S p q  Physics. The 
next chapter is therefore my own little contribution to thoughts on the 
Physical l a w  of the Urtlvm3~. - 
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LOOKING BEYOND ALBERT EINSTEIN 

haany ~doi&s~'.Itprn&tuff - . M d  wNI agm that Einstein's 
Theory of Relativity is difficult understand. The question that my 
follow is:- "Why shwld we mnt to look beyond Albert Einstein". 
This question.haa W ~ & & . ~ ~ ~ ~ $ S W W ~ ~ . " ~ ~ ~ ' B ~ W  the incep- 
tkn ofihetheory. . - 

This  is one &a where one can..be both a.phyap& qnd.a prophet. 
The follewing reasons h p  occur& to me in the last 1 Byears,, , .,, 

1. The Space Age has started in. earnest and the U n i m  as.con+ 
tructed within the framework of the General Theory of Relativity 
may have to be stretched far beyond Einstein's cautious d irnensions. 

2. -Time physics now has more tangible meaning during the 
present Space Age thsp it had at the time Einstein formulated his 
theow of Relativity. Space whether Euclidean as in the Special 
Theory of Relativity. or Non-Euclidean as in the Gemrat Theory of 
qetativity can now Wviolated by Astronauts and many unmannd 
Spme hips. 

3. The 9amh for Extia Termtrial Intelligence @€TI) has already 
started in earnest. We ,do not know the exploding revelations of the 
Uniwm SET1 may ring, but we fiuat be prepad, If we are to 
mch far bond d galaxy t o d r  far away palsxi& then the 
possibility of violding Time Reveml of Events cannot be com- 
pletely ruled out 

4. Adelarated frames of reference hence Gravitational fields cone 
tituQe the core oi the General Theory of Relatim. This of course 
blends beaullfulty whh the Geometry of SpeTirne. But in a more 
wnwal farm, geometry should he seen as a mathematical toor valua- 
ble in -*riding Special Theory to General Theory. S ~ c h  timi* 
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~trons are not-ntial for eittei?ibn-of the basic ~eas'Mth&* 
M ~ O ~ B  wi l l dew a e  'immense contributions made by such gemm 

-. LIZ ' . -  , .. - 
-? ~ i ~ i m ~ ~ & ~ t .  '.', ' c  .- - , # ?  F ,,i>r . ., - , ..: I , 

*>,iE 7y,-; :! . ->&t\  m$:.b*.l -, ;;,& : , . - . . -  . ,  - . . am . -. .>: , 3 .., , - 
Ci, 6 . . L A .  We know t@&,Gravitational fields are cantral to the G e , M  

. T ~ w .  pf Relativity, but it should not be m n  as the inevitable 
,i! limitation t~ .the. Priqgip le, We &now that a particle auwIe13ted @ 

the velocity of light in ~ s e  has n~ mas and can only be quanti- 
( '  . 

fled in t&m of photons of Energy. But we cannot claim to have 
? = I  achieved sufficient technological and theoretical ski1 l to evaluatq all 

hotona ~f e m  being md iated in the .Universe, The d istrihution of ! i),, 
T' 

all forms gf photpns of energy, whether detectable in our Terrea 
trial laboraoty or not, is a valid property of Space-Time. It d m  

n 

as .inuch eftention as dravitational fields it is immaterisl whether 
WQ @n.@t pemsmentevaluatethsm 9 or not- noig+? p,;? su 
All th&. thdkghts , .  have occupied my mind at  one t ~ m e  or the other 

. . 
dudng them, 1 5  years. I shall now shire wlth you Dome of my own 

Jlp- u ' 1 1  t . W B 1  -~-.v*\q 
mouwts on ".1wki.bg , . ~wqnd ~~brt  Einstaid"' . .. I 

Here I want , I - L :  kpli@, . j 3  - @e r. physical concept that will enable me do 

1. Approach the G*al Theow and Special T h e q  of Relativity 
-- from a different concept uf c'oupling of any hire regions in a * su'69pace S* in S. 
J*iU m m  
be.. E x h d  she wneep"t beyond Albert Einstein's General Thew of 
, Relativity by def iningl another subspace S' in S with a coupling 
dY4 p~operty~ other than G ~ i t a ~ i m # i  fields. This will enable me to 

bring into my amqt  ketdiskibetion of all forms of photonsuf 
@F energy In the Universe irrespective of whether they are measurn 
tp13 able or detectable in our Terrestrial Laboratory or not. 

'h. geculate .br prophesy on the consequence of the above two steps aiL r~ 
on the Search for ExtreTerrestrial Intelligence (SETL) and the . r. 

' K ~n-Universal ity of Planck's constant h. 
A W  I-a- 5n > . a d * +  *. 1 ' 

let us suppose we can approach the general thqw of relativity fromr 
o n an le that space S e h jn the Universs 

, ~ * . I ' I ~ M ~ P & ~ F ~  &, 9- Lj f;* \ #  : 9 .,@q!#-' 
fl.7 * - - ~ c s 4 ~ 2 7 ! F f L l b J r k  .Ah! 5. - ,q:kbk! I,ah7,,,:2i.- 

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



Mjgh J1 physbk lam weF&f~. .Slrnust  netlboanfusd with the 
ghyak~1~m.mpb: of qme; S . W  Ik.gendizmd in $he way mathma- 

A B ticians do. Consider arbspacea S . S of S and-assunk .that these 
sub-spaces am distinguishable within S in such a way that them are 
d h  physhl l&%ritifo& an ih%rlll p& ofa'tl natural laws and 
are true In2m ut%bpljce S.Af sB of S. s p p m  me physical laws in a 
subqmd sA dnndt b4 &bilk true .WMoimed to kthersub- 

$! fa+ -'J',, . nYod*wiO&:sf i & * : ~  th8 laws in 

$$ ,, *w in gB and. s;i&& v?... ' 

. . .. I : ..!: > <I:, 

: ~ ~ s a v  
- z Y - .  w i  . IWS exist-in 'SA* SA can 

ae .suMd&d& ikw #f@j&! d' , &#,&fini, *+ebib" here @hiSical 
1- 'true b* -& ;&& fm&, of*refeien&, If we 

- 1  +,* 

Mine enother &hkwifh&'@ but ?mp*.a condition thet hare is a 
d " p i i n ~  M the ' G a ~ e g i b n s  in Sfi, wch that *a physical1 I- 
true in the first @@on, * to be modified when transformed to the 

. I  - ,  

mhd 'r@d~ a$d''uike veisa. 'one can #i that me invariance of 
p~~siysid [laYj Yif  h"a Peidn. oy1'sA 'ir&&t~ve df the ineirial7t'arnhs of 
referance wit h'in -hat regldns, corrks$hdijtb ~ir&dn*i $&la1 Theory 
of' fhstB[+, hItnItn&lf : tiiijd;a ':dh 'deb 6.ion *en 

wing to atend the m i a l  Theoly to the General Theory: 'he felled it 
W.i1ea~.~ , E u N i n  regi~nl r ". 

But,,ych invariqk af physical . L. I. in firs region of sA when 
transformed- to a &and rqgion within @ :rqqu<&s. .rn~kfications 
beaausf of the effect of coupling of the two regiok of $ which is not 

whsw dWdtsttatabW mpling w-seeondregion kn equlvalant to the 
~ & t  of; ~ b t a d  bfriiinss ef ~ ~ F ~ ~ ~ I w Y  in. aaeeiime physias- or the 

of Qrm4tatiord &~oPRB#~P.~ '@-The Physb [We can go 
on to say c a t e g o r ~ d ~ ~ Q a t ~ ~ d ~ b h  OOLIPC~W B- in L e  second 
-ion is r unique ch&ricnic of that region. We can go further stilt 

5.:: 9 c #jr.---.J ;& 
- -  . ,. - _  . I _ .  

-&ii&# np@n. b ~ ~ _ i n - ~ b ~ k i i ~ ~ ~ d i f i ~ .  'Tliii'teiminblogy is 
I .' - ., . 

f, I ' , L A ,  5% $;,l!l$: - *  4 0 -  , * , . I . .  . 
m he. - -  

On the &$ of the -f a&''6pP&ach"& . -. I d .  .: , , I  :<: ( * -  q ,  can I- +:! ido/c-b6yond Einstein's 
G&&'~$Z~ of ~ e l a ~ t y ' k ~ n o t h e r  un?due sy bap& p - i n  ~&is ts :  
[" . :,P.? " " - +,'! . 
~ h s r e  1.i hu justlfi&~eg&&n ;h;' should tkat S4 is 
unbounded. We can now take another subwace sB in Sand asign to it 
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anotfw unique. pmperty different from the gravitational vector fields 
of &. We &all.my *that ,in s', the detectable capling effect of any 
two regions in 'SB is ohiracterized by the dektable photons of energy' 
in any of mch region. 

In order not to confuse sB with our terresirial spa? we shall impose 
a condition that sB c&ld L allywhere 1" the Universe and the distri- 
bution of the mrcea of photons of energy could be anywhere in 

3 . .  

the Universe. 'phdtons have no mass, gravitational fields are 
automaticdfy exclu.ded. k can go further and state that the detectable 
photons of enefgy in our terrestrial laboraton/ form only a small part of 
all the photons of energy digrbution in the Univwse. Our own inabi- 
lity to detect the rest in our terr6sriial laboretory could be a con* 
quence of our technological and theor6tical limitations. 

This arguinent will fit in with our Search for Extra-Terrestrial 
Intelligence (SETIJI~S wll as the results of Mure  High Energy experi- 
ments that may be',carried out in spaae laboratories. 

The distribution of matter in ndimensional space constitutes vector 
field% Gravitational -or fields are associated with mass distribution. 
In the infinitesimally small space ancountered in atmk physics and 
Elementary particle phyaics, the momentum vector field of a photon 
does notcontainthemass but itcontains~lanek'smstanthandthe 7 wavelength h In fact it is x . The spa& we are dealing with here is so 

mall that X is significant. But in a more general form af*consldering the 
distribution of photons of E ngrgy in the Universe we can maka h equal 
to any suitable constant or even 1. .This is what* is at the back of my 
mind when I speculate that Planck's constant h does not necemrMy 
have to be regarded & a  Universal constant. Adrnitehly it is suff iciAt to 
make h = 6:6 X J.s in all our Terrestrial experimental and 
theoretical work. 

I must not go on beyond this point because &'my audience. But one 
thing ma& mehappy about my conCept in looking heyond Albert 
Ei-in and I will like to &am this .w&yw. I M e  a member of 
the PUNWARY SOClETY in 1988.1 formulated my concept in the 
late mwnties hut I have never published it beceuse I '  keep on &sing 
It w i m e  mething  elas occured to me. The Plaiwtn/ Sackty sent 
-"%e planet* ' ~ a p o e '  Vol. 9 NU&; 2 o~;~&~rjl ,1989.  
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P8g~ 13 of .that report is an.artkl8 on the Con- of Extra Terrestrial 
klliwnce - An Emerging Oomology. On hat page is a paragraph 
which g i w  me mow mfidmee. in my approach to tke'ooneept of 
loo king -beyond Albert Einstein. I quote:- 

"We see the, Univwm thr~ugh, the Ims of our 
cosmplogy. This  gll-encornp&5sing' world view deter- 
mines how we conceptualize oui vplanat, our solar 
s y h  +nd the entire u niverie us. corn 01 ogies 
charige wlth- ti*, f&ions,' and &entitic develop- 
mentiand what \nias onm accepted as the true nature 
of the Universe may becofida>mea&p of 
our ignorance.' 
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CHAPTER SIX ! -- -. 
- *?l+*&!C <,;I '+I-. !;*391;r ,nr4 r,-k'm# , 

i I I 1 =fib J&*- r l b q  .I++' 

CONCLUDING REMARKS =rm ; ,&I?*- 
1%- - *; .b+Y, . , 

It is obvious from this Inaugural Lecture that phGcs in'the 216 
century is going to expand to an explosive dimension, and space experi- 
ments will throw more light on some of the unr&lved problems in 
physics. In this lecture I have given in chapter 5 a brief outline of my 
own concept on the subject of " Loo king Beyond Albert Einstein." 

The mathematical tool that will be reqirired to support this concept 
must reach the cosmological scaie and dimensions far beyond the 
eautioui scales of Ef nstein's General Theory of Relativity. 

The seamh for Extra Terrestrial Intelligence (SETI) in space may 
completely modify some of the physiwl laws of the Universe and con- 
sequently reveal to us our ignorance of what at the moment we think 
we know about the U n i w .  

C A 

The 20th Century is coming to an end but the remaining fw years 
should be spent in preparing for the explosive Un ivem and knowledm 
which the 21st century wilt bring to out doorstep. One consequence of 
the coming explosive Uniwrm is how to m this our planet Earth and 
all that is in it - that is the ever-recurring decimal of WORLD PEACE 
AT THE INTERSECTlON OF SPACE AGE AND NUCLEAR AGE. If 
mqny of you cannot work out the 21 st century mathematics of SPACE- 
TIME PHYSICS you can at least try your hands at the problems of 
saving our planet Earth during the 21st century. 

I have therefore divided my coneluding remarks into 3 sections. 

Sectton A: The Physical laws of the Universe and Religion. 

Section 8: The Strategies Physicists Wprldwide m m  I I - A shp~ld 7l I i r  @opt -. towards ;,-.A m.l 

Peaceinthe21stcenturv. ., ,*.;., ,, ,-a4i d .  ,.,,,! 

&an C: Warningto Africa. ~~fi,:tilil.! p.  - \r+n,;- l t  . I . . . .  p . . , - 
;,F :ur: ,t7y:-*~s 4tJi ;A *;'jr;w mg bfl"r*,g' - , ,.;I ":.lw 

, .- 
- 
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The Phyrioel Law of tha Universe and Religion 
I decided to include this mt ion in my concluding remarks because 

I want my views on this aspect to be on record. I do not want a situa- 
tion whereby other physicists in future will try ta interpret8 my 
concept in a manner' that mtradicts my Own perspective of the 
Universe and Religion. I would like to put in a small box everything I 
have .said in Chapter 5 and label it "LIGHT AND SPACE-TIME 
PHYSICS" 

When I mention tight heie, it includes all the members of the Elec- 
tromagnetic Spectrum like X-rays, -rays, radio wava etc. Space-Time 
Physics wit l lead us to all that we know now and all that we shall be 
able to know in future about the Universe, This question wilt then 
arb: - "Is my little box static in Eternity or dynamic." 

All my thoughts on the answerto that question, though philosophi- 
cal in eomept. lead me to om conclgsi~n that is - My little box so 
labelled is indeed dynamic in ETERNITY. There isonly one ETERNI~J 
AND GOD IS THE ALPHA . . AND OMEGA. . .  b 

' [69113 1 - ;uc?~~x 

The Stra* Phydciotr .rkorrbd.l:aadqpt tow8ds world 
inWLB21ftCenburg. - 

You rnw first of all wish to ask why it is riecemry for physicists 
~brlgwide to adopt some specific strategies taw&sCwOk LD p EACE in 
the 21st centuw. My answer to the above q ~ k n  is- that scientific 
disemries and kncf\rvledge lose their meaning and relevance the 
momwt-hit becomes obvious that if some con6.rete' and careful precaw 
tions are not taken, the scientific kmW* with dl the immense 
bnef2ts;cduid eventually tmd to the total destruction of the whole 
human race. 

From* the physicists perspective. we have reached that dangerous 
crossroad in time. Hence the6 is an urgent need for strategies towards 
World Peace especiaily among pt~yiysiclsts worldwide, whose d iscowries 
are becoming more frightening Military wise everyday. The Nuclear 
Age which has dominated the 20th century is bad enough, but the 
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Space Aw which from all indications will dominate the 21 st century is 
going to be a Universal suicide if e q u a t e  care is not taken. 

It is absolutely Impossible far me to exhaust all strateg,ies physi- 
cists worldwide can adopt towrds WOR LD PEACE in this lecture but 
I shall tm my best-to share with you wme of my thoughts an the 
subject. If we hust continue to advance our knowledge of the physical 
laws of the Uni~em,  we must also explore all possible wdys of saving 
the human race from Universal suicide. 

1. The need for a mom careful plan in tha training of 
physicists Worldwide. 
WhWe8s doctors, becaum of the nature of their jobs to save lives, 

have ethical codes 'in the training and practice of medicine worid- 
wide, the physicists are absolutely free to use their knowledge without 
adequate precautions' Physicists are absolutely free to pass on their 
discoyeria to the Military who may misuse the knowledge as they like. 

Few physicists in advanced countries have opted out of soma 
mearch programmes voluntarily on- moral grounds, b a u s  of their 
devastating Military Use. But these physicists are few in number c m -  
pared with a large numkli oft.them who see their roles in the world 
differently. The resuit -of this free for all attitude is a tendency for 
physicists to work vexy hard at some problems which will lead to 
immense technological ben~fits to mankind as well as immense Military 
potentials without any sedous concern fo'r the latter. . 

The wh,ole world has witnessed the negative consquem of the 
Nuclear Aga and the very important rota some physicists played in the 
final -decision to drop nuclarf l b b s  on Hiroshima and Nagasaki in 
1945; 1 am now calling on' phwsicists ihcoughout the world to prepare 
WORLD ETHLCAL CODES for the training of physicists and the 
pmptice of the profession as they affm the problems of WORLD 
!€ACE in the21stcsntury. 

i 

2. Thr Piper md the Tune 
- Mariy times I have wandered about tho= who pay the piper and 

those who dictate the tune. It is a well known faathroughwt the 
advanced countries that there are a large number of physiciw who have 
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~ ~ ~ M ~ W y  ~ r d h s r s  because of zhe Military applicetions 
d their - wGirk:*Tks. word iele&Md -*A$ * ' WYimy m, the 
niokrWhd fheaphysiEf$WgetTor'thbir wdrk hehmw'rniry &them no 
l a ~ f  rFi* '\rrp.&&k~ ii,bwt- the ~ d e s t ~ Y w  htlkqubmw of their 
m k .  I $hh)clh h&r&&d .e'md& poht in ihe'wbM tc2day;W 
h C  ufitjdb d ,  mfi pmm,~nd! theb i~&i fy  ma& be\m& 
hoh/.'if we are dl tb sunjhe M~~%SPACE AGE whjch. $.~uw daligera~zi, 

. .  . . . 
balanced on the NUCLEAR AGE. . . 

If you now ask me about f hose who dictate the  tun^ in the world we 
are today) t ~ m t h i  e~imp~ywy th&~r$mm r~irf$b 'ts jh 

I think the time,,bs come-for th~~lntwpti,ional Councl! of ,%iwtific 
~ n i ~ n s ' h ~ ~ ~ )  to intar;act wjth Intsrqggtwal,wijitam B~diw in e joint 
concerted sffort to m&p out 8tmb@qaf@ -. . P$&EFW 6. USE OF SCIEN- 
TIFIC R ~ E A R C H  that, will g~amitae MK~RLD PEACE in the 21st 

ing to Mia 'X ,rap idly wam3ng.'up ,of P h a  dd-8war m n  U)B:A.and kr..SS.\R 
h *tabla and Et naumL' c a ~ u e n k e + a f  th&r&@ine& of +W%# 
PACE RESWSRW- PFtOGRPvlWMES andi the. unavoidable mllalror& 
tfw in $FWGFRESEARCH ANlDTEGHNOLrOGY. . "  7 

-.  . : 

The rapidly . disappming . OF .Hlg POI 1 4 4 ~ ~ 1  ,aid :=tifro& .WS: 
-n the -ern a d -  Wbm' Ew-n ~c&rk& has a # m m t 4 h e  
as a eiuptPf& ~ u w : ~ h e i w h o ~  - E&t,lWrn;: N&tM;1W SWt6 

;~t=. be md fmhd t ~ ~ ~ g f i : . ~ ~ , ~ : @  mjmbr& 
wkkirY a'*W .Jhort4 p%fa&-. R&pM llo~z~iorrs of: '@&#l t l~t  iiy~~ ' &%i 

, 

b - 8 p a ~ @ i s h i p  and atell itas anttnow a1rre'6'&k&w #din$ - ' A 

* --me h e v i ~ 6 1 ~ d l ~ m ~ * a n d ~ m o n 1 @ & % ~ m ~ ~ ~ ~  thg dvkn* 
ment In SPACE RESEARCH AND TECHNOLOGY jQnN~@i Attian 
Continent are now clear and loud, All the atxwe facts pasre m e r  
challenges to physicists In Africa. They ~ 3 b ~ # b  rf&@~re 
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Whether the Atrims likqit: or nnt, wlwkher they are pmpamd for it 
or not, whather they are d&loplhg or underdewloping, whether they 
are politically and ewnomieally mble or not, the Unhme is being 
brought @&erii: d-,hy tbadwmd mntrhas. . 

. Hlrrton/ is nat I on ht side bacauae Ahbns have sold their MIW 
marnand wmen inta'lsvsry More to work an new copninena. 1 hope 
that hktostoly will not npeat itblf'wheteby Africans will be sotd Into 
S U V E R Y  to work on the MOON AND OTHER PLANETS in s p m  
dutib the 21p Centtin/ - the GOLDEN CENTURY OF SPACE 
ADVENTURE; Time is hat on our side unless we are d y  to pull 
AFRICA up to f a g  the chalteng&of the EXPLOSIVE KNOWLEDGE 
OF THE u ~ I V € R S E  which $he hela Century will surely bring. 
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Professor Ebun Adefunmilayo Oni 
August 14,1995. 

Whether my contribution to knowledge 

looks great or small in your opinion 

PLEASE GLORIFY 

GOD ALMIGHTY. 

I am only the C LAY, 

THE EVERLASTING POTTER. 

Ebun Adefunrnilayo Oni 

August 25,1995. 
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