
thine: bon betiocs They -Khe Curvent
Senay

NIAS
( By. Sreetrater Nalrnct Daothhr of Pedvager SRA,

Bax get ).
Fivst of Gn , J boud Coke toa dhe OrgawWwrers of de
Drberhabanes Cow ference On me

ges Qeachin Mecha
Ow & ReCe wt Trends hy, Al eavetcn PL Se S

y fe thle Ane
bo bre deltun the lreegeree added Onda be Pr

df Me tenet
Chan

thet
De

fewder,
Direkt of fle S.N. BoSe\ Arba fw

Baste Sheed bo eke the Tncegeret addirnk Seg fie
Satredre Naf, Bese Meworetr V lecteur.
Hesse Crlep ha 3 beectre, wn dered Ler bn Credenfals

Leet Jy, fe ric tw prest eons GStig
brent. 1

Cra (we f one”
ney

bgurer AeeSeon
Nemety

rev 3 lees
bern hw fre Berne

On.
aSoe Mecrances / ;

ot So happens
Phan A

Va ner Cx pettmentor
emensdpa

wes

g las On the Arean¢ Le"CEC bancers ROM oeA “fp
Tepiss

End Enne
|

Achwtnvtnce
ar bees Owe q Ara bons

lumpy bo the heck.of _
Qher tre MeetCrt, ;

fe fau- 9 Sod b fe Co fle
Oectin f Rekek ute Arar Mer onic od face 9 hed -

and Ex per wre
nt (

in
a

a}

W
P

|

o

\1



an—YO™OLonayydalvewey£yr97)
og

“ip
“yepaes,ppaay’4heaap

reseen¢‘ovabssyaMappaAP)ry7)
™9~9Aapyre4Pag

zyrbry~yOY
Stokaprayyempon;

ryUsdeayorey)

wood
bE,

PEUYepApartoa ryWYrp

2pBU,enfinyujy
cN

Ref

AND
my

mrewaivefowheyop

TPIT9
WOWGRKEYor

™
opvro~epay?sey.oxyf

33PRwDGt54™)
ypoerg

vy

dnSy
aP22aeneynan39

4p
SYFeayrmsepoelaren,

WAT.
—

“~yaepondyooZFidno
es]

yay

B44

seqeehywwyw“34

34u}
Nyy

feYsy
SS2y4



ee

OryIDAryYeadnd“nt
“y

oOamas5wy/firma)
“r*60—

aLewe)HYnnreey#“~—Bo)bg”
a”2aeneons,per

SeayelyremyaDoy OMSkyREPoeIDoPJeNPP
—

IED

rsberasotepooee apnook
594Heeredrata

vy
Spehypony

arm
oy

poe

r4yjneBoyPasaypoey
3)egwosee apeny

encaysadelg:—aaa(ampaeh,men?
agog

c
amy~PUJS537APD50memeeveetL NT

salen9engfe
Kengvdyp72Aehaery

|

wiproJrbows ne

yp&Lmusg2oyADSo™a
.

~~ps2rer?byrox7

amy.f“rdwy,I4)VYbeel aobeyaeteg:
|

wy)?
TP.

ad
an

yep
gayanydaape24%)sayy4gBG—09b|

2 poeremmeegoSob BaqpryPAYPNAAD4p
ope

“veae -¥3/anyA-Y2AYWHI“Yb34
por iYa,

2he
>)
99STP9259)PLD yu70saoPHA~~)

sooty92Satay
SmprlyvtyAg

yryurd TBd|>:
<2mefrutare)+pxray, eVETePqHYayeoa
SVIN

=

4\9

ry
IL



Jka dvwde
“Y

touk Xb dn frivy
NIAS

Q) Iser- 14 or.

2) lam- 1929

(3) l4r7(- 194320

(4) I43r.- 14587

(s) J4mr- 1445".

sep: DW I889 Herwgou Hevt> , Prpwee & hevisrehe
Gud Bere

| rrccertnd My

Prdeceg
he. fie lehbunky

|

E
teste

=

Meg we
leas Lee J lan pretxes,DRT ee Tee ban pseu he Meee

Weary
rh I84& ie V. OM Nespars”

leah ‘ BC beet i WetSon ) re Wac t eS
fn bre ex

pew wie fee

Bool cE he be Aarh © | .

"ae Seams probebte ther nest of de prove
anderlyde VEC bytes have been fret eSteheieectnad J ibe few far CbvonG, Dex fs
br Se “Ss AN cf

iad [roa CnKika pe
Oty be aes Pleven

bw dw Our Neo

The re Gu Gn lot
a fo oe fk [srt nee eCdames

1b deme 8s MGS AS mK SD
flaw Aitety Apcspae bat =arn 4

Jd Eyterr Ny Ges



aaecaedveo:Paes4

woRespsiaymy
romeymyhs|beomemney

Lamyore
|

BeRON

Cat
wed.lhhe“ymsnadcgi

“kw
RaneOFCoyayaaysysYmropSJ

oy
a

:

2L.ye>5

Is>tne“yAyes

oyp-yeperaynraypaegy ibyYoaras/
randEas

XQ

S18

soyteehympyymydhysomnd

aah,279NON“9—*

"S399F905
x=~HPHY)vag~rmyfoRLEPYSYS9G0~y

M943Dsat}—490GsOAaSwewl,

oryPyP19|)>ur
.

4od

hemi:oesa” nap“ys
be

J~restWSWLm7onTeAx StameybeymyrangoteTIRE AVA
Ppalm Hpye]Ad

hyolelySA
paseo7

hayvranyodt,Qrmy7PU,ssendeyFH
inaandy,YAYopve
“)B.“2Dagpmmspanawimdig
‘orgodsaoyoann

~Y4SAQP~~Yodrr4squeg
>
sobl-

494-UMosrpSIPONLD
yt7g

manysyeorgoutombl

Pies\.o

PS

+>)<>e)
—
syn]Py

meronwoSayme
|jeOO) yeeae24,

0-j-
J“uy~)se)

“gayLPP
parrlb

SVIN

D

0324%wrMeyea jo Ag?297°F33K9

fo
.

LeyserySnhogsop

DasbyyhsxfeEnos-

daw
Cb3;
5b3\|



@)

NIAS
"Neu

bn hechred ( dha Le Reclcred _
coder

le
On

beg
be Lorde ) A

Mebile f° ;
Or nore ae of fle QrcverSe )

dehended omy
On CH hwerechten! Dre

Ce
es Staley ond

Ther Chr Change th Neha Cec Ayre A Confruety - --

O tes
ty

du: Ss Pov dewner ber berg dct cs begWrers vk vs
)

th
Shenk b-4 \y

+ Gn 164, Refhenfaat Come bo
Girberdge

6s Shidwr of FF: Tete"
lee heve Ge A abet herve fr fre Ank bodes

he is
Peswanrte megtty deep

‘
Iu S46G Retin fect Gt ea beh Cveta debud
O Nawenrs bean ef A- bavku eg peace dept

c-

Mice leaf. Db fetu f fe pevrete beard deure ha /

” \now Me. 2°: Regu “a fur ef (0 ovo Vout Jew
Q yy bh fe frets Own Abn,

\Q04: Repro fon Ch Menceshe’ ( Lok hee Shetek Marsden )

Seoktong qd d- beviuer
—

1 ew Seve buna bey |

° Se lens Chinese AS bmendihte. ACS TE fo Kook

Fred a C-bwa Sheu ech a he biece
- bissee beter ord ch Come bows ard AE ee
Dette hey Loe AmScrce Ext. SO
Wes I ”

See cf Coe ee San efor
A

peeaee Aeeecity
Ofsted Ge ee ee fete|

af

Ss



ue NIAS
“4 Cw

.
One

ay
Re

frev fork
Obreouey

me de bec af Chiccit
Canned bo

Ky
Yom ech doth bre thee be ew

LA et- btre Coo Kor (rte .fi.

TheRetiweiw 2 Eltens ten
Mesdiong

Raerd
fe Ninclens.,

Hoo bred. Eo forlorn. -~ die Cle hur low Cres feltfF
fein teh fle Nontnk ,

Bt Ae Lrs¢ Setvey Gefarte ov ay
Bashen Mee Plenete lew nt2 Poracere Marve Core Lew eee

OA Leet Huw Neves ¢ ~ ‘Jen byebery. a , f ;

Re
the pact lag

Acefiry
here

Nobody
ow ad a Vat

1.
Plone tery

Nowlet of le bs hon, — Nobody
Muha eve fe dlc

ung
of Be Ween. |

. \ - . koe
Bol 8 te bekierrt ck



Re cehrors dA Rely S
Phese

Reape hoop Let hop Cortrert,by Khu

©
IGn- 1413— Quarta, Tetrwk Co A. hn f Rote NIAS
Bohy Ach het lenus wy in Chay A.
S peer fe marer. Hes fre Hans Hanser LAr Lavi di

She oes
AMA but Ms 1413 be ben a look di farrntee.

cf Meter. d t “t
Les. Rosin fecd Ine bas «4 vse» cf Reber

P He delh bre laow few OnCe
" As Soa. or TD Sea)

Polbrec'S fret 2
; A. Lute ty Lent Cwereehvefity

Asm be hac
"

Aejpocts f Coen
lanery . -.

.

Benshen ou Boke ¢

toy
, Tt Ba Keres a hacveste be hee -
Ths ss fle nat hnesecetcty

of Wve 4°

ae Sees ffTo Ucsc2e %
Newey, Lnttnecyn on Fhemeey tay

Cod coh [an Titre , The. oA Sehmty. vt
leas Eta ee Lees fare be ale, ba bee foun Let

os
,

7 Rey C Spe dbetepen- cA- oly ) : Ths feun CS defray bereao.ah Ne cs havnt fr bee A Atetn co fr
AS byrne brure fF tne, (le het bunt

ee hehe”
Reid Of Stern; He wud dw fry Ax. ‘ff fh hew-Swn

xh



[424 56 SN. BoSe Sencs L-rs pepe 6% phot. She béha d
Cesk n

Louis Pm de
Srey

rbiat ha hesry
"
Sd#e dou by

tle
Prong

f e* ‘oh
meseny of Sorhotne.

Pow Lavgere ( Khaw iF Thurte kh De frpert )Aa Teo e hf. /423 Key A4- fork Sou Crt ee" tis ( de Boie S) Cheas
, fterta, Sr

~
Wen -Suseene

ChogartflLae 9 hew OLE ALA hes Alege

Deob ape fhe fle chtan las.Oeretx o|

oo 6V4-+ ef le Caen hice fet te, Concer

_
peaaiufse, An fly Wireline a: Soo ~Apy- nba

g yer hem. ef Leena

r= B/ tow. » AyagDe 8B EbLctwn brewer paste
¢

|

(1424 Brana gen Ait “JGon |a
ipsGee J CS Cutler fl. Adu fis 7

1927: CF Deveson. And Cun thee,
Crh GP. Thats

Aswan «ef Ordepedaty
¥ Dove

beat Bom, Hee
we

oh nek

$4292. Lonss de Brot ALAnetal a NAen,Pere.
aa MTIheme oe

av
er H
AS

N
aS

SVIN



(SeKoreA)
oo ee+prep

p

peso tly
oy

Bett!SprernpRome =
yyunaryw09wile53yh)Yd+p ~
vywonguppsy(madBehybo)eae

PN
2

oDPeePryOY“gp

Lema,
k
pry

m7LD Pannywine
$e}

Vg+a~ydonapr
ee

TT
agmpey

Bon
Ee

Prtoumpg
mmepPre

asm a~7R>97ta
|

antan
yponindafwan:onywayf“avny6” apeyetpee

oeseponysyvaseLay
;
ood»dpeMoS

monchofer

—

=
VY5ITA

-
nas)2./

+)#sepyAg,S—FONG

ane“Sopers

344}

monaepaMNSYD PFPyrepF192redmayo

myfoaap,
=yet~Yr7>/pvy—whONTADVANDUD

39yeas]cy]
~
ardarenefatssf“~Ywe

AnanyBe“y
(482

PversenroytyBrgqFates
423)79 .

GVETYAS“WP2metry|

AMD)427]4ap>
ceo~~,“oq

nod)ayAG

“Pyorpewap99
esuyJAANTumd

comaSYrys/LeversmeG2YLa
eang”

ap2ta+»WA9D
pwr

YomMy3p
Fp

tod“Y
reeerU

PRSMFIADPDRHIPG~PA"
>
bag2p,)WrMeryAp732‘oad

ayTYshed0munyrd“apeng
SVINabaeNE

Su

CD

-Stb



NIAS
SChyvedugu |.

|

A Ine ie
Pav beke

is hodhin but he foarn
On de Sue Nedia (on ford, dle looker of the Lowe ®

denoence A fre {ror er foes co nedy
Ckdenr.

in the ahha.

Pek Agi
lng bnatrave ef Spee.

= ¢ Onelt~ Acscpeb enter.
”
Bhew

enaws og
fire A

evse, he AfbGed bos hea front f A |

Soo fon ef ehetan ty dhe
by degen

Abw. -- de
Celurted OeSuats dda a

res
oh

Observe Feret
deh. .

ce Gwbbed th. — *
( ok _.

ite arte CoCeha Bw "Toes oe eo

he Sou trates bas be
cory

ho Tnbwete Aetednty tony. aTret bo Sein th peiten beh Com Catan
Oy lanee. Resear

“phne
Loft QA hr.

Fo Sku Rweend ObStara!.

429° Heisenbeg: © he See Shor ~y (Slane Ff Heligolendcr done to fhe fen:
lex Cau be hneeSturd tL Ob Evens: Lous 2

ObSevvelles _ ten cble ¢ ont bo Oe fun Chew tw
hege ine

oYbi fs,

Stepes Crh frequen- Aw
ey Romper fe

Yeisenbur had Aeved b Yepeet Grtderury au



|
eet cpomyesdaneats
roe
oo

:
dr"oN,asf8ymasqMeyoy18”|pyb."~s7Hf

-

:
,sennafeaban?so

pba0gepSOU07eryPENT
DARA

240~w)Pogbem
“yy*

p
Varysnmro

suede
°

2
apron99SPAYAL

m3Admmugadgedeep4)999910709
Ld-yy-omyypmpg

~%—
‘saeyop,

npFTAA~vhed5]Mpbearaomgx9L)

nayPajerabyy
Ding_Apneyndy-soqells.WAYnbpens

.

Posnongaos7y?=AMd
~
vay

rySop
WyfeANNANpoypfWAIrAysayADyyIvy35>?not

LilFemur
9YYPOa

onshD4
vw

WY97710)rugng
"you,qrpsyfapSpornyYPmMADU,™pety
Moe—SHFPKING)amaremuyVMPOPSPy

a79474}Saaog/tofweyYNSysaishadsdoysay
"S21awy2eLNorySapeemayvuyfoAgsPIN
nfyrvadosoy

VinMUYMpyedoyvq“9DUL
N

v
fed

5
PogmsnyPrewsoywhyayogStths

PPOMHTYUy03PYPAE)

wy

SVIN
fiNA



®



G
“aes ook HeSrberg

- fae ‘ fete NIAS
lah ih Stmnenr 1926 Sommer fered hed o

Peeve beer pews ww Ca Mewes . See's“a ow A hesteyrg
rer fe fle fr me fore b fer

Wier
Lasgle Devan “f dle Heltwe KE EdRL [Py GerKg ler Sdvdin les ck (est Oc

Kenn
Fe foe Tate

Conk hh (tq Ge. — Neha de,
Me hn Ace pos.
H ecSurbe

ned
Fel ter heah tly CAguA- he Rwlineeerfla Cur fhoke

SOn Ae

ie je I Bat ue Gone fk fsa Ine hen r £9 lew w
host cf PG OS ae OG

go
te
galt

ewer
bo Wehr

aoe
Reed "

SA dow A Cobpeyhe
5 0 Ase denne

9 Geshe pomps leetQekermed tn
ply sa’ 9 bea S hur In

Me
bs

be 9 bet Awefre de loOTF eas fing’
.

d

a
iene

hic, Leten on (fa
OD Lat

ctlngs
hen the ele Pe Mine4 Sock Vbeun,
af @ Shh. Oly 9 loud

8s BB WRa btan Sines€o _
7 p be ry ASE

weg cm Fettee“4 Shek 8S oa

4)

Ra
s



Hos Cee Gme OeGnea gle Cartetils oN han
Cok leetan SD

4 P

Wrilsen Chewle
pho bograe cf A A Pav betes - Ft recdic

— Me bras
neearth

Y ae foe f clustons-
MN hana ghtee bed (che fle

_pewenespe. Sof gofund bean b fy
Metin Las beet oe fe aor

C¥bch1 pedis cf elethun S$ Lenn Km obSeyvehtn.

lec su., beg feds A Aner ;

-12

oe “(0d ek. Cesbe lo
3

ons

ne: ‘ he bw Shur a bicmer )

To ASk Choo he ele efion bat ce dre Cod Chentac~ heen
is fe Bere ec

Od,
fi. pe Pe of co. fy 4 Coren

g.
- -

a fe bnobea Covi.
“9

cit OV In -

Fey 1927
femeterg

Aa D2 &

of lr Aunty be hnec@n Ore A. Ofte becaresa Rdetect.
a



[427: ao (Ie)(bor
gah )‘ Direc ond Pete bus be (ren,

Bg predson
_

|

NIAS
Quan Ett dag wenn

K

Qbank 24 bree of be fea = fw Groen fur thoes,His oScuatws Arh hot AS appe ev fae. ghar Las ho feet,
they Ger tah & Dew Sten’ Um Com fe Aeheand,
ad Kpetes CWind ord bnfien fhe Ctuns ,

Prevreecy flav de

ba omtiy
lan hu fue Lh «

neg Aiep ef
Loh Perrars,

: clyde Rrtuer portrter
.

by Greteamur ea peetes
~ Fin 2S8boGerk GA Ven ay A

An loa ey of de pote .

:
Negates Crevey

SRirn — Devnc Sen - Cue fad pe
. a xn WY te —> Bwe- peurte.

At- peviete Chart fod LA dle Pro dv,
°

| Heino lire : “ lAeremn fle Povirtas bac, be. Mey - -
Cord oe Oh, Pro he . ¢

$s

Discomey of dhe Posiboon’
me . - : : -

et. “y Divsegetine
beh Coed Cheretin cm Meginte Rea

L4g6 Ander wwS AT of Cnpleavol a esi form
Cm Cape

Re eter 'S ter thea fan FE eevlan. bey an Oe
(ans bo oly * ee” Lier an.

Contete f Creche Grd of boven Fete Must.

ae Vee Gaakor- CScete Ear - Sour fl. pein Ft
Ko oP Ghrre

ngs.



pao
eS‘D405

7
ee“y

metoydboehenBa1pSR
oppeviwy

Se—
telLossyYewerdhn.rewePY

pipedny,“VAG peaaDAMPserepmaymarmaygveyotys“yp87)
depmetnaeredubesuaavt9

~—

Pyo28-)aeyfeeyboyoyrhs
a” a&by=

epmm,f.fyoT
ypmoped

‘LeapwyY-/ry
Vry/raryrg“IePPrrN1°?AAptpag

—
WS~q

~yyyaed0per“PL
(~)wryau8-DyesWPT”Pre—wr«js ¢dS .

.
_

reopposeddeeof3520“prypom
Cry09)~»)RNYO?PMA)ypmyo‘2Yop37
“yaydWysoayrqewoame=33-PrnySOW

oOXU2D8)Parad
A

—

Iyenop52)
-PNT,

-

—
rgSApAwgMISISUD©

SVIN
.gayofapooeg

owsy)fpbose
—

Bs9“y-}LE

al

w
c

a
ft



LeowAY)7PHAMP27__ompayF643,

ante577)aedpbweyUpbak207
5 rm

FayreNN?ary“Wyvos)“wade

5)

7PA\y)

ApsnptengnegeninyFoays6(amnertaReog
|

oReongBist“dg
NmpeAaryayyymeespDFoherryony
athBe=onBonywyeg

|

y£
rend(Hywo“taob

)

ms,9124)rattanC)
“yorewr27OSS¢)

poaaghyyrssped-7y
40

emsao |

RoganWAG
=

Yyareved9“a3PYF
antigadlesed 927-THQ7wp”492y/,954y

rred-/adwey~PoFPANAM
MeyVRREPOOevebsoy-

aahcyntoafBok
(eI

.

9RNwagaeyfMPriy
(

aSb|

LywayyeYOYod-1,“0Yyodsvtoner~UYF)sapVY

yeMesZpwyVPNVADoymI
pypytomyBabaro
OPIIGFfaahY3PC)97°IMCDachopa,$Pw779Ghof

pany

ryenyingdeycyrenonyreey
whypYF~wrnryay,walvg

.

5,

“ump7d>yu?Eymysuppedoywo~fPAG
(emeryby37¢

p
yroyafoy]“YTO4Dpoopry_ ayy°C?“yon4GYOY)PODmppeod-JPpLonwsig“C4

SVINmpg,OOS



wtlyseyDPots) eayeywryshy&qvysyuwyay4mee7AV

ER

wylyaeoyr4Med=F)x»anh
mr

WY)

-
md)

aur4fywryotalpm4"

ty
wowrp2PRYNIDaORT

byany)~!}

ie
ugobuynyomndg595

ayy-mpreed)Eoanaps,edauf
|

-|Sy~~sbeegpeMUmomsgLHb]“HY

Leony(0900S“PIPy
fy)DrWrw4™)Loy

|

eyediayyWyanwy .

Lyne)Feogon
—apronS*pyayAID7Y“yo

yION>
ANY“mew-ay)

Syyr4
Mmyeyyoy2AI9Ly)

:
sof496]

|

Rey389/ssvey

(e-bayYY0pradomrpmrnea
2
SY2G

as

NO)4DYopryzrefaes~YpoyTob]ay
reevayanwyohrehab “esjecvbyg

=
ty(S75)

S4yaasuey)

NIAS



<
-7nes a

Boymarre7gry)

© paEt
“ee

(9894s yhneoore|ye
tt}

el

aemengWYwinsparedxyer
“yoy2d7S_“ye

meeeateoyepmp "99ONAIM
p-yrpsys)

-tw9oh
eon9#rompry

7
eyPILse)

‘sagsey
pewp ET79YS,

OW

[eseo/hOL|

eg
eneroms
wy)syrraal}ano)™p7D

by(eeeeeomMeir)Sando)eu
yp“yfey~ons0ly

proWYS9)9h7b|

-
epruug7og1eh|

yy=aAr~wWe»sIe7276+GTbY]
ebay45payreparpey~999Sapeny7S

|

Co)ep-Sary2doLyond
:

4ms)wyrreredia~ymap
Woy47ULorSyEeANyayzy)

wr2 paswaySAU=a
sssayofptLed“2

Lass!Be ND FOONSmegrreanvyFwyry)ge297

LbEne
?

sLb|

(sya)

sv

yma

5
Ob)Me

(oe
SVINa

Dy

MADY?pFane



ns CKteor.he Veoh NIASVt Ze

No be Newt: Cepivins CRMC Sheme Cotenty Tete, 64) 1Ahpe isec )
IGdo: Deck (1439) - Poctcts Leten -

”
des berate Deane,

.
bo oss pene-fne of CaSevircin of

on Sy edetoy
= eta enters pert tras

hata.
[A3{. The NNeme “Meet ies? Gem Fen -
14 33. OFFA Gerentawn oH

Socvey nfo OA. 143 3.

Jad B-
dacey dbaoe

Pewenetny pian
ee bow ot <nBide cock

Portecons. hon D2 260 bg Lrehen)

[4c¢ E> bemaner dx of Cackoe heh
eno

My
Geren, Guth Rerwes | C Kvber Dore ue isac ).

Scher
1962. “ p dicermd — Danby& at.Ode Pere Cednomnes,

(ines)Je AStuwed. Hut Aiscuret *

Vve Be
frours bedwes

Ow bredce FN
Cont &

Ores Nin CAre

The
pe) 3

And Nek De



COMMUNICATIONS IN MATHEMATICAL
AND THEORETICAL PHYSICS
VOL. 1, 1998

INTERACTION BETWEEN THEORY AND EXPERIMENT
IN THE CURRENT CENTURY

B. V. Sreekantan
National Institute ofAdvanced Studies, IISc. Campus, Bangalore

First of all I would like to thank the organizers of the International Conference on “70
Years of Quantum Mechanics and Recent Trends in Theoretical Physics” for inviting me
to deliver the inaugural address of this conference. Further, I would like to thank Professor
Chanchal Majumbar, Director of the S N Bose National Centre for Basic Sciences for
suggesting to make this address itself the S N Bose Memorial Lecture of the Year.

Having accepted, I have wondered what my credentials are for undertaking these two
prestigious assignments. Of course, there was one trivial reason namely that I was born in
the same year as quantum mechanics. As I pondered, I realized that all the experimental
investigations that I have been involved since 1948, in the fields of cosmic rays, elementary
particles, high energy physics and high energy astronomies belonged entirely to the domain
of quantum mechanics. Also J had the glorious and wonderful opportunity of being right
in the midst of all this excitement as an active experimentalist when cosmic ray studies
were ushering in the era of elementary particle and high energy physics-a period when
there was symbiosis between theory and experiment, theory and mathematics, experiment
and technology. So I thought it would be appropriate to share the excitement of the period
with you all on this occasion-especially since the conference has a historical intonation.

My plan is to begin with a brief account of the pre-quantum mechanics days, which in
a sense laid out the menu for this century and then talk about the days ofquantum mechanics
development, then come to the era ofparticle and high energy physics. I will be not talking
about the details of experiments. I will try to give you a flavour of the unique personalities
of the founders, their interactions with each other that was really responsible for all the
developments-some interesting episodes that reveal the stubborness characteristic of these
great men wedded to their pet ideas.

In recent years there are several books on the historical aspects of development of |

physics in the current century. The books “Niels Bohr's Times” and ‘the Inward Bound’ by
Abraham Pais and ‘the Quark and Jaguar’ by Gell Mann make very Valuable reading. In
this talk, I have drawn the material mostly from :

. S. N. Bose Memorial Lecture. delivered on 29.01.96 at the Indian Statistical Institute. Calcutta
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1. The book entitled “Probabilities of Quantum World” by Danie! Danin It is a small
red book published by MIR Publication, Moscow. The narration in this book is based on
the archival material that is available at the Niels Bohr Institute at Copenhagen and also at
Berkeley and Philadelphia. The material was collected during 1960-64-133 interviews by
Thomas Kuhn-with Oscar Klein, Max Born, Bohr, Pascal Jordan, Heisenberg, Oppenheimer,
Amaldi, Yukawa and others.

2. The second book is “The Second Creation” by Robert Crease and Charles Mann.
They went round the world and interviewed many many active scientists. They came to
India also in the 1980's.

The theme ofmy lecture is inspired by the following remarks ofRobert Millikan made
while receiving the Nobel Prize.

“Science walks forward on two feet, namely, theory and experiment sometimes it is
one foot which is put forward first, sometimes the other, but continuous progress is made
by the use ofboth-by theorizing and then testing or by finding new relations in the processof experimenting and then bringing the theoretical foot up and pushing it on beyond and
SO On in unending alterations” .

I will divide my talk to highlight the developments in the following five periods :

1887-1900
1900-1925
1925-1932
1932-1955
1955-1995.

Why do I begin with the year 1887 ? This is the year in which Heinrich Hertz, succeeded
in producing in the laboratory Electro-Magnetic waves, the kind that had been predicted
by Maxell in 1864, and which is recognised as the first unification in physics of what tillthen had been regarded as two distinct phenomena-Electricity and Magnetism. Maxwell
had envisaged light as electromagnetic radiation as well.

As a consequence of this major development, Albert Michelson, the most respected
experimental scientist of the time said in 1894.

“It seems probable that most of the grand underlying principles have been firmlyestablished and that further advances are to be sought chiefly in the rigorous application of
these principles to all phenomena which cometo our notice ‘The future truths of physicsare to be looked for in the sixth place of decimals.”

How totally mistaken was Michelson ! The next three years 1895, 1896 and 1897
turned out to be the hat-trick years ofmodern physics.

1895 : Discovery of X-rays by Rontgen
1896 : Discovery of Radioactivity by Becquerel
1897 : Discovery of Electron by J. J. Thomson
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The most starting aspect of these discoveries was that bodies existed smaller than the

“Atom.” It is said that Rontgen did not believe for a long time (ull 1911) in the existence

of the electrons. He had no faith in J. J.’s experiments! It is important to menuon that none

of these three discoveriechanged
the course ofphysics both experimental and theoretical

and usheredin many new technologies.
As if to match these experimental discoveries entriely new streams of theoretical ideas

began with the year 1900. On December 14th 1900 Max Planck put forward the Quantum

Hypothesis to explain the difficult features of the spectrum of black body radiation-to

overcome the ultra-violet
catastrophy.

According to Planck himself he was putting forward

this idea ‘‘most reluctantly,” as “‘an act of despair” and “as a mathematical trick.” Planck

did not change his views on this unsatisfactory aspect of quantum hypothesis ull the end

of his life. On this attitude of Planck, Niels Bohr has remarked “In some sense it can be

said he used his forty last years ofhis life, not to say fifty, to try to get his discovery out of

the world.”
The quantum hypothesis, among many other problems cast serious doubt on the validity

of casualty in physical science. In 1911, Poincare remarked at the Solvay Congress :

“Newton realized (or thought he realized ... today we are beginning to wonder) that the

state of a mobile system or generally of the universe depends only on its immediate

preceeding state, and that all:change in nature occurred continuously ... well it is this

fundamental belief that is being questioned to-day.”
On the basis of Planck’s quantum hypothesis, Einstein wrote in 1905 what has been

characterized by some as a bomb shell paper emphasizing that light itselfis in the form of

quantized particles and it-is this
particle aspect thatis the key to explaining photoelectric

effect. Einstein emphasised the particle aspect of light even when the experimental results

on photoelectric effect were not reliable. Even in 1915, Millikan who had spent years

devising suitable approaches to a measurement of photoelectric effect said :

“Despite the apparent complete success of Einstein’s equations, the physical theory of
which it was disigned to be the symbolic expression, is found to be untenable that I believe
that Einstein no longer holds to

But Einstein held on to it. The confirmation came in 1923-24 with the discovery of

“Compton Effect.”
In 1895, Rutherford came to Cambridge all the way from Audstralis as a student of J.

J. Thomson. The latter remarked very soon afterwards “we have got a rabit here from the

antipodes and he is burrowing mighty deep”. In 1906 when Rutherford had moved toMc-
Gill University in Canada and was conducting experiments with a particles noticed that a

narrow beam of them while passing through a mica leaf rusulted in a fraction of them

deviating by more than 2° . Such a large deviation of the massive a-particles required

« hed been predicted by
theones 65 the time. These Cliseeverces

0
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intense electric fields inside the atoms, as high as 10,000 volts/em. Back in Manchester in
England in 1909, Rutherford suggested to his student Marsden, what in the first instance,
appeared to be a non-sensical experiement. He wanted Marsden to see whether any
particles got directly reflected back when incident on a metal surface. (Rutherford did not
Suggest this to Geiger who was more senior!) Geiger and Marsden tried out and found to
their surprise that 1 in 8000 «-particles bounced back!

Describing this result, Rutherford remarked “It was almost as incredible as if you had
fired a 15 inch shell on a piece of tissue paper and it came back and hit you.”

Rutherford was pondering on the meaning of this scattering experiment on the
constitution of the atom for almost two years. Geiger says in 1911 : “one day Rutherford
obviously in the best of spirits came to my room and told me that he knew what the atom
looked like”-Al] the matter of the atom was in the central positively charged nucleus. The
electrons orbit around.

This Rutherford Atom was clearly doomed to failure at that point of time, since the
electrons would just ultimately fall into the nucleus. At the Solvay Conference in 1911,
attended by Einstein, Max Planck, Marie Curie, Langevin, Nemst, ... no body said a word
about the planetary model of the atom—no-body noted the discovery of the nucleus !

Rutherford was deeply hurt. Even in the Cavendish Laboratory this Anti Thomson atom
was not even discussed - to say nothing about being criticised. Only one scientist took
note of it. That was Niels Bohr. What bothered Niels Bohr was the question why atoms are
stable if their structure is similar to the planetary model of Rutherford. Bohr says : “Early
in my stay in Manchester in the spring of 1912, I became convinced that the electronic
constitution of the atom was governed by the “Quantum of Action A.”

Bohr was not aware of Balmer’s formula on the spectrum of hydrogen. Hans Hansen a
spectroscopist suggested to Bohr to have a look at Balmer’s formula. Well the rest is
history. Leon Rosenfeld, a student of Bohr says : “He (Bohr) told me more than once “as
soon as I saw Balmer’s formula, the whole thing was immediately clear to me.”

Essentially Bohr discovered the stepwise sequencing of energy levels from Balmer’s
formula. Einstein’s reaction of Bohr Theory: “It still seems a miracle to me. This is the
highest musicality of mind.” Some scientists reacted violently to Bohr’s ideas.

William Bragg : “Bohr’s theory suggested to physicists that they use classical laws on
Mondays, Wednesdays and Fridays and quantum laws on Tuesdays, Thursdays and
Saturdays. It was all correct mathematically but the physics picture was ambiguous.”

Runge : “This Fellow is definitely mad”
Otto Stern : “I would drop physics if this non-sense proves to be true”
Lord Rayleigh: “It is hard for me to accept all this as true picture of what really

happens in nature”
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Rutherford himself was not fully convinced. Still he recommended the paper for

publication
By 1924, when Quantum Mechanics had still not been born, S. N. Bose sent his paper

on photon statistics to Einstein, who translated it into German and got it published. In his

letter to Ehrenfest in July 1924, Einstein says “‘Bose’ derivation is elegant. but the essence

remains obscure.”
In 1924, Louis de Broglie submits his thesis “Studies in the theory of quanta” to the

University of Sorbonne.
Paul Langevin who wasa student of J. J. Thomson along with Rutherford, told loffe in

1923 itself at the Solvay Conference “His (de Broglie’s) ideas are of course non-sensical.

but he develops with such elegance and brilliance that I have accepted his thesis.”

A consequence of de Broglie’s theory of matter waves was that “electrons passing

through crystals should give rise to the same diffraction pattern as created by atomic joints
of a crystal lattice, as that produced by x-rays.”

In 1927, Davisson and G.P. Thomson discovered diffraction of electrons independently.
It is said that Davisson had these diffraction patterns six years earlier-even before de

Broglie’s Theory-but he had not recognised the significance.
In 1925, Einstein published a paper in which he highly praised the wave concept

propounded by de Broglie. PeterDebye and Erwin Schrodinger read the paper of de Broglie
together at a seminar. This started Schrodinger on his quest and being ill on doctor's advice
went to the village Arosa. In the quiet Arosa, the first ideas of quantum mechanics were

born. On his return from Arosa, he wrote down “the Schrodinger equation” for the moon
of the electron in the hydrogen atom. Eventhough he thought he had taken into account the

relativistic aspect, the calculated results did not agree with the experiment. He reformulated
the problem less accurately and got better agreement.

Schrodinger had no idea what the y in his wave equation was !

In the same year 1925, Heisenberg who was also working on the same problem and

who was also not well went to the sea-shore Island of Helgioland. He turned his attenuion

to the tangible observable quantities in measurements involving atomic transitions. He did
not bother about orbits and frequencies. He came up with the idea that the observables can

be represented by non-commutative arrays of numbers! Max Born later identified these

afrays as matrices familiar to mathematicians.
On Heisenberg’s mechanics, Pauli exclaimed to Kronig “Heisenberg’s mechanics

restored to me the hope and joy of life.”

Bohr remarked :

“It can be hoped that a new era has opened for mutual stimulation of mathemaucs and

mechanics. Perhaps physicists will at first be sorry that in our understanding we cannot
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overcome limitations on the normal methods of describing nuture. But one would like to
think that this feeling will be replaced by gratitude to mathematics which provides us with
an instrument of advancement in this field.”

|Max Bom, who had helped Heisenberg in identifying his arrays as matrices, wrote to”
Schrodinger after receiving his first paper.

“] want to defect or better return with flying colours to the camp of continuous physics.It is comforting to conceive of a quantum transition as an energy exchange from one
vibration mode to another rather than regard it as jumping electrons”

Heisenberg wrote to Pauli
“This wave business is so much crap...”
In the summer of 1925, Heisenberg and Born met Hilbert, head of the Gottingenmathematics school. They asked him to help them with matrices. Hilbert said “Each time

he had to deal with those square tables, they appeared in his calculations as a sort of a
“‘bye-product’ in the solution of a wave equation. So if you look for the wave equationwhich has those matrices you can probably do more than that.

Well if only Heisenberg and Born had heeded his advice they probably would havediscovered wave mechanics much earlier!
What is waving in the Schrodinger Wave Equation? What “ie Schradinserequation? De Broglie who was delighted by the Schrodinger equation developed the theoryof Pilot Wave—the y wave shows the way to the travelling particle.Max Born said “ The Schrodinger waves are probability waves”
In 1926, Einstein wrote to Max Born
“The quantum mechanics deserves the highest respect. But an inner voice tells me thatit is still not what is needed”
“This theory yields much, but hardly takes us to the mystery of God. At any rate I amconvinced that “HE DOES NOT PLAY DICE”
In 1926, Wien was the Director of the Institute for Experimental Physics at Munich.He thought that Schrodinger was atleast restoring the requantum continuity to physics.He believed that Nature does not make jumps. At a m€ting in Munich, Heisenberg talked

heatedly about the unwanted confidence of Schrodinger. Wien jumped from his seat andconscious of his position said “young man, you have yet to learn physics and it would bebetter if you could resume your seat.”
Schrodinger said when he was at Copenhagen :
“If these damned quantum jumps indeed are retained in physics, J will not be able toforgive myself that I had something to do with quantum theory.
Heisenberg reflected much later in his life
“I would always have electron in mind as a small ball, as a sphere. Only I would say “Itmay be useful sometimes to call it a wave, but only as a way of talking not as reality.”
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This wave particle duality, which led to the Bohr’s complementarity principle posed

and continues to pose serious problems.
In the Wilson cloud chambers in magnetic fields the curved tracks of the electrons

were clearly seen. On the other hand, Matrix mechanics was based on the assumption that

the orbits and paths of electrons were unobservable. Heisenberg found an answer to this

puzzle. The water droplets in the cloud chamber tracks have typically a size of ~ 1 mm in

diameter. The radius of the electron in contrast was 10"? cms. Therefore, the position of

the electron in the track is not that accurately specified. In fact, the comparison would be

of locating a fly(~1 cm in size) in the Solar Planetary System.
In February 1927, Heisenberg wrote down the famous uncertainty relation AP. AX 2.A

in the so called Gedanken Gamma ray microscope experiment, Heisenberg talked of the

interference of the observer. Bohr had to gently remind Heisenberg who was so much

opposed to the wave concept, that the position determination in his experiment depended
on the parameter , which was a wave concept!

“Quantum Mechanics had a difficult delivery that required dozens of modwives ...

unlike Relativity”.
In 1927, another outstanding scientist entered the field-Paul Maurice Dirac. He framed

the Relativistic Wave Equation of the electron-the solution of which had 4 components-
two tured out to be associated with spin and the other two with the energy of the particle.

In this connection, Dirac introduced the concept of negative energy states all filled to

form the Dirac Sea-the ‘Hole’ in the Sea corresponded to the Antiparticle of the electron.

In the first instance, Dirac thought that the anti-particle could be the Proton. However,
Herman Wey! showed that whatever be the antiparticle, it cannot be the proton. -

In 1932, Carl Anderson of CIT discovered in the Cosmic Radiation the positron

positively charged particle with the same mass as the electron. Anderson published the

discovery of the positron without being aware ofDirac’s work. The experimental discovery
of the positron solved many problems. It was immediately identified as the anti particle of
the electron that Dirac’s equation had led to. The annihilation of positrons and electrons

producing Y-rays and the production of electron pairs by y-ray solved the problem of the
soft component of cosmic rays. Bethe and Heitler worked out the cross section for

bremstrahlung and pair production. Based on these cross sections Bhabha and Heitler and
Carlson and Oppenheimer developed the cascade theory.
Dirac on Mathematics :

“One should allow oneself to be led in the direction which mathematics suggests ...

one must follow up a mathematical idea and see what its consequences are, eventhough
one gets led to a domain which is completely foreign to what one started with ... Mathematics

can lead us in a direction we would not take if we onlv follow up physical ideas by
themselves.”
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In the early 30's, investigations in the field ofCosmic Rays had led to the recongnition
of two distinct components - eorpenests -the soft (absorbed in a few mms of lead) and the

hard (penetrating more than a meter of lead). With the development of the Cascade theory,

the soft component was identified as resulting from the cascade development of electrons
and y-rays. However, the question remained-what is the penetrating component?

In 1935-36, Anderson and Neddermeyer were analysing the particles in the Cosmic

ray beam with their magnetic cloud chamber. So also the group ofBlackett at Manchester.

Some cases of penetrating tracks (penetrating a few cms of lead) were recorded by both

the groups. in August 1936, Anderson and Neddermeyer published the photographs of
some tracks. However, they did not claim the discovery of any new particle since

Oppenheimer was of the strong opinion that they were just fast electron tracks.
In 1937, Yukawa who was working on the theory of nuclear forces had come up with

the idea of exchange forces. His idea was that the nuclear force was due to the exchange of
a particle that had to have a heavy mass to account for the short range of the nuclear force.
Anderson’s paper encouraged Yukawa to pursue his ideas. In fact, he pursuaded Nishina to

look for experimental evidence for these heavy mass particles. In spite of war, Nishina set

up a cloud chamber experiment and recorded one clear case of a charged particle of mass

180-360 #,. Around the same time 1936-37, Homi Bhabha who was in Cambridge,
England, analysed the experimental results on the soft and penetrating components of
cosmic rays and came to the conclusion that

(i) either Quantum-Electro Dynamics breaks down at high energies or .

(ii) there is a particle in cosmic radiation which has a mass between the electron and

proton possibly ~100 77¢.
Anderson during a visit to Harvard came to know that Street and Stevenson had also

gathered evidence from their cloud chamber experiment for the presence of penetrating
particles which could not be electrons.

Anderson and Neddermeyer immediately published their findings claiming the discovery
of a new particle in cosmic radiation. The name Mesotron was given to this particle by
Anderson, which was changed to Meson by Millikan.

In 1937, Yukawa published his paper on meson theory of nuclear forces in the Japanese

journal-Proceedings of physico-mathematical sciences. He called the particle responsible
for the nuclear force u-particle (also Yukon). He (wrongly) identified the u-particle with
the meson discovered in cosmic rays.

This hasty identification led to many complications. The italian scientists Conversi,
Piccioni and Pancini showed that the meson is not a strongly interacting particle as required
by Yukawa for his nuclear theory. Negative mesons did not get captured in a nucleus like
carbon when brought to rest, but decayed like positive mesons. They however did not
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decay when stopped in a heavier nucleus like lead. Fermi. Teller and Weiskop! showed

that the meson interaction was 10-12 orders ofmagnitude weaker than that of the u-particles.

Sakata and later Marshak postulated the existence of two mesons one heavier than the

other and the heavier one decaying into the lighter one.

Powell in collaboration with Ilford photographic company developed electron sensitive

nuclear emulsions for detection of fast particles (minimum ionizing). In an exposure made

to cosmic rays at jungfraujoch Lattes, Powell and Occhialini recorded the first examples

of one type of meson decaying into another type

N—U+V, Uet+V+V
The discovery of the pion resolved the problem connected with the Yukon, since the

pion was the yukon, the strongly interacting particle involved in the binding of nuciei. The

pion decaying with a lifetime of 10* seconds resolved the discrepancy regarding the lifetime

of the yukon which with the earlier identification with the muon had to have a
lifetime of

microseconds. It soon became clear that the penetrating particles in the cosmic ray were

the muons. resulting from the decay of charged x and the soft component arise from the

decay of the neutral poins into y-rays. The unstable particles the poins and mouns were

able to traverse long distances in the atmosphere before decaying because of the relativistic

elongation of time, a relativistic effect pointed out by Homi Bhabha immediaiely after the

discovery of the muon, which had also been arrived at by Rossi on the basis of the

experimentally observed differences in the absorption characteristic of the penetrating

component in air and in a condensed medium like water.

In 1946, immediately after the resumption of the operation of the magnetic cloud

chamber at Manchester which had been stopped because of war, Rochester and Butler

observed two cases of V-particles suspected to be decays of heavy mass particles. No

further cases were seen in another year of operation. Anderson set up a cloud chamber in

the high altitude station atWhite Mountains, and recorded 30 cases ofV-particles confirming

the observations of Rochester and Butler.

During 1949-1955 cloud chamber installations came up at Pic du Midi, Aiguille du

Midi, Echo Lake, Jungfraujoch, Ooty specifically to study the V-particles. Nuclear Emulsion

Stacks were flown to balloon altitudes by groups from Bristol, Bombay, Rochester. Chicago

NRL etc.
These resulted in the discovery of K-mesons and Hyperons K*.1,8.A,. 5* 34 =
The K-mesons had a mass between pions and nucleons and the hyperons hac: a mass

heavier than that of the nucleon. A]] these particles decayed with a lifetime in the range

19°'°-10'" Seconds.
None of these had been predicted by any theory at that time. Detailed studic~ of the

prcperties of these particles revealed the following spacial features which any the :ry had

to account for
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(i) Produced in strong interactions
(ii) Abundance at production 1% of pions
(iii) Associated production K's with other K's and A’

(iv) Life time for decay 10-10" seconds- considerably larger than nuclear life

time (10° seconds)
A very surprising feature that was noticed in the very early days of the discovery of

these new particles was that the some K-meson decayed in different contradictory modes-

sometimes into two pions and sometimes into thrree pions. To separate the two modes, the

first one was called the g-meson and the second the t-meson and the puzzling feature

came as t-@ puzzle.
To resolve this puzzle, Lee and Yang proposed the hypothesis of parity breakdown in

week interactions. Thiswas confirmed by famous experiment ofMadamWu of Coltmbia

University.
To explain the associated production, Gell-Mann andNishijima proposed independently

the conservation of a new quantum number- “strangeness” in strong interactions. This was
followed by the eightfold way and the prediction of the q’ with strangeness (-3) by Gell
Mann. In 1964, Maurice Goldhaber told Gell-mann and Neeman at the Coral Gables
Conference “nothing interesting was found in 50,000 bubble chamber exposures and the

eight fold way was in trouble.”
However, in 1965, Dame Luck smiled and Samios apprised Gell-Mann of the first

event. In 1962 at the Rochester conference held at CERN Yamaguchi had refused Neeman
to present his paper on SU(3) .. in which he had also envisaged a particle of strangeness-3.

In 1964, the Quark model of Baryons and Mesons with three quarks u, d, s, was put
forward by Gell Mann. Experimental searches for fractionally charged quarks in the cosmic
ray beam proved negative.

Interestingly, a similar theory proposed by George Zweig of CERN had been refused
publication by the editor of Physics Letters. However, Gell-Man’s paper was published in

Physics Letters since Gell-Mann did not submit it to Physical Review Letters fearing that
it may not be published. It was soon recognised that the Partons that

Fejjfhan
had proposed

and the quacks are the same.
In 1954, Yang and Mills published the paper “Gauge Invariance and Isotopic spin” in

the Physical Review. The idea of Intermediate Vector Bosons was intorduced in this paper.
The work of Sudarshan and Marshak and Gell-Mann and Feyman led to the establishment

of the V-A form ofWeak Interactions by 1956. Schwinger published in November 1957

his paper. “A theory of Fundamental Interactions” in Annals of Physics. He introduced the
idea that the photon and two intermediate vector bosons were responsible for all Weak
Interactions. He urged his student Sheldon Glashow to look into the possibility of the
connection betweenWeak and ElectroMagnetic interactions, “Think about the Intermediate
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Vector Bosons as the agents ofWeak Interactions.” In 1958, Glashow published the paper
“The Renormalizability ofVector Meson Interactions” which was proved wrong by Salam.
In 1961, he published his nobel prize winning paper “Partial Symmetries of Weak
Interactions” in-which he spelled out the similarity of electro-magnetic and weak interactions
and pointed out that there has to be a neutral vector boson in addition to the charged vector
bosons, so that the photon need not be the carrier ofweak interaction as envisaged earlier.

Salam had also been working with Gauge Theories right from 1957. He was the first to
introduce the idea of “Broken” or “hidden symmetry” -the manner in which a real
asymmetrical world can be described by a perfectly symmetrical theory. You may start
with massless particles and end up with massive ones.

Glashow, Weinberg and Salam tied the weak and electromagnetic interactions requiring
the photon, two W particles and a Z°to forma ‘family.’ The huge masses ofW’s and 2°
were explained in term of Higgs Mechanism. What was required was experimental
confirmationof these particles and their masses.

In 1973, the existence ofneutral currents were discovered with the help of ‘Gargamelle’
the largest bubble chamber by Masset (along with Lagarrigue and Rousett). Caltech
confirmed the same in April 1974. (Unfortunately both Lagarrigue and Masset died soon

after) Eventhough, the W* and Z° had not been discovered yet, Salam, Weinberg and
Glashow were awarded the Nobel Prize in 1979.

In 1983 W* and Z° were discoveredd by Carlo Rubbia and Collaborators at CERN. In
1984, Rubbia and Van derMeer got the Nobel prize. Now, let me narrate briefly the neutrino
story.

On December 14th 1930, Pauli wrote a letter to the participants of a conference “Dear
Radioactive Ladies and Gentlemen, .... to save the principle of conservation of energy. ...
I propose a desperate remedy ... a new neutral particle” In 1931, the name ‘neutrino’ was
given to this particle by Fermi who developed the p-decay theory. In 1934, the penetrating
power of the neutrino was calculated by Bethe and Pontecarvo to be 260 light years of
water.

In 1956, Reines and Cowan experimentally established the existency of the neutrino.
In 1958, Marurice Goldhaber and his collaborators demonstrated that the neutrino was
left-handed and the antineutrino was right-handed. In 1962, the muon neutrino v,, as different
from the electron neutino (v,) was established by Schwatz, Lederman and Steinberger.

While the t particle as another heavy lepton was discovered in 1975 by Martin Perl.
the neutrino counterpart y, has not been discovered yet experimentally though it has become

very mucha part of the standard model. Between 1970 and 1995 the neutrino had come to
the ceatral stage ofmany experimental efforts because of its importance in stellar processes.
It all started with the experimental observation ofDavies that the recorded flux ofneutinos
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from the sun was deficient by almost a factor of 3. To explain this anomaly the possibility
uf neutrino oscillators has been suggested and experimental effort is now on to hunt for
these oscillations. Another remarkable development was the observation of neutrinos from
the explosion of the Super Nova SN 1987. With the hypotheseis of giant blackholes of
Millions of solar masses in the centres of active galactic nuclei, the exciting scenario of
ultra high energy neutrino emission from these objects has opened up with feasibility of
ultra high energy neutrino astronomy in the coming decades.

Another important development was the search for Proton decay. The Electro Weak
Unification had given a boost to the possibility of unification of atleast the Strong, Weak
and Electro-Magnetic forces if not the unification of Gravitation as well. Experimentally
the observation of the varation of coupling strengths of the three forces with energy had
indicated the possibility that the three may unify at an energy scale of 10'*Gev (the mass
of X particles). While there is no possibility of producing these X particles at accelerators
even in the remote future, the early universe as spelled out in the Big Bang theory of
Creation has the potential of having created such particles. One consequence of the
unification of three forces that was predicted by theorists was the spontaneous decay of
the proton through the interactions of the quarks inside the proton exchanging X-particles.
The expected lifetime was anything greater than 10” years (the lower limit that had been
set by the existing experiments). This suggestion triggered offf amajor experimental effort
by several groups in the world to look for proton decay (KGF, Mont Blanc, Kamiokande,
Sudan, IMB,) The results so far have been negative. The lower limit to the lifetime of the
proton has been set at 10”? years.

While many detailed features of the high energy cosmic rayhave been established, the
origin and acceleration mechanisms still remain a very open question. Three examples of
cosmic ray particles of energy beyond 10” ev have been recorded. The question has arisen
whether these are just the decays@g topological defects produced in the very early universe
in which case no accelerating mechanism is necessary.

Clearly the 20th century has been one in which experiment and theory have propelled
each other and the major discoveries have led to new technologies and the new technologies
have helped to push the frontiers of science. Prehaps this will happen to a greater extent in
the coming centuries.


