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qetFTy : uF faaea

To WA FATT*

Zq G § O o oftg qrg 1y § S Aty agyfaal &1 @3zw A
uF zfega % agmar ¥ € #Q &, w@iag € odfeag g sg1 srar 2
%7 ¥ sat &0 fasrg Qar smar & S 39 sfendl €t weqr adr Je &)
g & fawrm ud fzal 7 dear ¥ wguw g9y §\ a8 sA@giE wd @3-
Fgwa M gt 417 & Fifs gw 3@y § & sal-sar s &1 fawra gar sar
2 it gy giafes aqyfadl & 337 F@ & swar ggdr andr g
Sy —ofa § wry cowt FW FY qHIAT PG &, 9w w9y fawfaq g
figr & =ag T 1@ Fafq Ta1E 9gW FT GAAT AT § | qrod Ag ¥ BF
uafag § sigi Ara woaiq sfaa @AY g, afl Dfa ¥ wwg ok <Ew
sfrza QY & 1 &Y avg Afexa, sgfcfaa, a3fma aifr i w1 aqqan
aifg 1 ag w2 &) & T oFfexa & Qiftag wfas fasfoa &, Afsw @
Aifega, Nizg § agficlza o agfclfaa & 43fem = § ofas Gwfag
T g

% gfvgd F1 AT AAT-HAT fa97 ar v wF sfemg sew
gad gfeca & faug #1 7gw A FL qOdy § | o -4 AEY § fafae
gz %1 sfeaal &1 faw@ & J1ar § &i-<dl 9 § SAH  Irg gy A
ggyfa A @aar agdr ardt § 1 sfeeal Y dent fawfeq ofval & s ¥ aqi
Tt FA 2 X IF I AW AT IHAT §—NT F1 T faww v qa
ITH FATAWFATC FZAT AIT I Aravgswar & f7 F@ & fag qrg
srEgFar guit | SfE dgaE Y ggyla i & quw @ dvg § o
zfeza A gea1 NI g F fawra w1 graea AT & o7 047 §

a-frara Y 5@ 717 ¥ 9gua & fF ohay & favrw & qua-arg gfeeal
# geqr ¥ o 9fg §rat & 1 7afa g darfasl ¥ oAy sfemi F T o
& fta & frsrgdaar w1 wde fraifea adl fear §, adg sad Swre s
78t frar ot gwar § | #fE ta & fafass anf & fawas & ag am
qfeafera @ st & & wiz-gie sfyal & sfeag 1 dear #7 Jdt & ez
fa<ay fasrg & waeaey A8 shag A1 dear agdt T § | G0 TEwq

* fead gafage, WA Jgees My dear, feos
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YT OF AeAT gEw ST §, /W WA oF  xfem waw 3 e gt
afesa Y agaan § ag AT FEO w1 qEAA  FQT grawad gz fw
Sagat A7 & awg T faaw § € eafET ¥ JwT G3fET a5 ¥ NE o
Jeard famar g 1
qaggg’ ¥ eeT =7 § oy war & B ooy S uw casdafea & g
& o faug /v war §, d@ar g, Wwar g, cafaca wwar § oot gEwt
Y F@T g, 73 fega s § 1" arwd ag § 05 oaferg sig @9 A=
) ard femal &1 geqgT a7 oF sfmg (eod) #Y @gm@ar ¥ v
g
FagaY ¥ oxfeag N Ay qiv qaf & fawmfss fear o & —
Q. gEIFM, R. AFA, 3. AAEHTT, ¥, ATGHT 1T K. aTeafasT |
2. Qe - Jeftata § o oftal &1 oz §, ¥ geitara wEe §)
17 &1 o qAT Frar g
R. FEwE—AY Faiq I & foq sat o1 ad< ar sw Gar g, IF
HTFTT FET AT 3 1
3. ARETRA—AS AT A &Y for N A FraT AT AAT T, 7 ATHA
SicEA
¥, FIGHEF—TY AT gAT &) fAasr 19 8, F agww Na wgand €1
y. gaeafawa-—aarfz aacafa € sy w17 &, 78 gAeafasm e
T AT g |
Fane ¥ g7 g ¥ T 9T BT F q@feza A&l w1 Ioww fawar
& YT g7 qi=l &1 %A ¥ IHIT T—UgH geAFTy  qequdArg W I FIFM,
AERTd, ATHRTA AN FTAMAH1A | I8 F47 @I 197 5@ I FT GAEATT
Ty %1 ¥ T a1 asar g—gsd gwed srfuay Y re g FAr 2
AHITHAT 14 F HILT W FOq 1T 4T @1 747 § 1 Jowfas  gedf &
aifua &, =@ F1L0 FFAF 1 90 ot var &+ qwwg IaF  wfqued
afmatg oY @1 aar g | &6 a1 F ge9F § A9 9T Fgdr &, g@ Froow
£a% AT AIGFI FY WIAAE | 919 @y «@ifz F wroA § g §
At 2 AT Eifag aacafasn § 998 93 § ) s & 17 w@rn T
A
ufexa oal Y 59 43997 & qwaq ¥9 g7 yedlwy ofta £ faega
=t 30 1 ag 4 case & g wan & f5 gefiw uafaa g g otk odfamy
it & o fafwe affwco fog 7q § 377 9gaT o gediwrg #1 8 § 1
gt ukfeza Ma § A1 qFfaa et & o fatas arffeor frg g §
3G qgAT €T gedlFTd & §1 8 1 JeAlETT ofta w1 qAT qd get §
§Y TqeF ®©9 ¥ TR A1 AAvAE 3 #if6 a8 Wifd & avdt @ 5 gedy ¥
sfia a1 § &\ afwa gefiw1g 1T wgA F1 A9 3G § 1% ged) waq ada g,

R gad sar



Taa! Foftaar gedt ¥ gafead otal o srader a8 § 1 Aaddi § geRww
“#1 faweE  mwR & fear w3 — (%) gemgediwg AT (@) a6}
geFHIT |
(%) genaviimm—gen &6 & 357 ¥ foa el & gafa A
2, 9% QN gedYwIT oty ogd & 1 99 Scwa GEW AT 2, g 7 ar Rt &
TIT FT GHAT § A1 7 €qy fpd) ¥ g gOF AT GN9T & | qiend gg 2
& geugeaima &1 wfagw@ gud), o9, oifw, aig & d9q A &1 @F
wfafies qengedYsa &1 geaw <fadi & g dwa adf & aalq 7g i
%1 fawq 38 a7 a5ar § ¥ geagedtwir N AT AW F DI § AN
dqu W% § sgreg gy &0
FEgeAIFTT S 3 9FIX F I §— (1) qatw gaEgww A
(R) sraaicq geagsdiFT |
(%) aafeq gemgeftana - @t wafq ao A qaifa afge st
A fiar g, ag gew qaifeg yedwr e wgemar § 1 gaifeq sha €
o afs 3 faad qrar ag gquw a1 @7 § gafeuq @, w0 arfs & wgor
FT AJT § AT 8F agraar ¥ gfxg, o< aifg <1 fator s@r &4 o9
udi ¥ B swT B qaiftqat F1 geaw faaar ¥ — (1) amge aaifa, (R)
iz qaifeq, (1) fix qaife, (¥) @esgae qaifa (K) s gt
AR (%) w7 qaifeq o
L. FEIR qatfa—are AR 7 @ ®7 § afafaa s 7 whe
argIX aqifea § | 3@ gaifer wie & gru g g ggne S @ § qfc
afaq wear & | angfas famT & ded & ag g A am ar w1
gE A E | '
R. AT qatiiqd—foa wfw & g ngR W@ a1 G1g  angai— (1)
T, 3. TH, 3. A6, ¥. 947, K. g, & Asw AR o, fid ¥ qfwafha
ferar AT & —37g @@ wigell & w47 &1 AT glar & | w7 it afs
awaq: wiyfas faam 8§ sfanfam gaeas & Bar w1 & am 4 so097
F ot & g ) o0k § fafaew gae & vaafas oftgdas @5 8 Ak
A% Facaeq qAL &1 fawto gar g

3. gfea aatfea—aAqT qaifea F grar ot arg FA¥ & 9 angal B
zfeg &1 % qfcafaq #37 #t afe &1 aw 3feqa mifa 1 gl e
faar & @1a faator 5 sfFar a8 arediol sg1 st g, ag @waa
gfaa auifia & § 1 74l Fa fqaia A fHar & g AT F adH
fafaea sfai 0 faator giar §  If sfaa & @l o § v & @ aega:
ag Y w4 § HIX sfega qaifea & gran fegay &1 ) faaig gar §

¥. saiENsgArd qaifta  @E=QArg AT ggNA 1 AW FL WIE-
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~gAT & ¥ ¥ qford #3% A ufes rardsgaw @its sgat § 1 da-
741 ¥ sfanfeq wrsgaw qaifa argfas e faaw awma @@
T Y EU AT § | AASHATA TWT GIAA FT TG FET FI IV @rHl-
AT & BT ¥ qfend 17 &1 a9 awT grgfas g faa & Ser sg
ar TEr FF1 AT gFAr § T aiFIFT G AFOT FEAT AT FIITSTIHTFAZE
W F SIS | FIE Fq7 57 7 w7 g AN ag fag @ fear wr gw
g

Y. s gaifed —fow wfe ¥ o wior aton F ggaat § agw 5@
wrareT § qfeorg #3 AT IqaT g AT HAF gHT ) safqr F w7

¥ 812, adt wiw wier auifta & srdr

wiaT qaiftq safy fawm st eae-aoy & ddfaq § 1 safq-faana & sgan
F1E WY saf q =T AT il T IFFY @ik R0 FF T FFT 000 FoF
a® griv | g5 safq-faw & oF <Frd 81 Nafamw & agaR wafq &
FAAT TAT-IGY FY q9792 I WY AT F@T § 1 TATGEY A qArge W
gt § fr ot ofta Ad safa faarerar wigar & @ s afedew § ratasy
¥ dafaq warg 9 9 staqr § A1 Wemmass wft fwa qed g
fam SNEY & wa<-Tg Tl q1qT 8, ¥ safq a1 wsx Iea A FTAFY F

% WA qAifed —AT F) AT FW AT X A F 7T F
qficorry wrat ¥ saw w7 A wlfw 77 9aifeq &1 w7 3;fema & g amer
HALATHT A1 B A LT | gw, g9, qu Aifs Hiafw anwEl &
q3g7 949 & g g grar § 1 ofg fama ¥ WY @ dagaren ¥ afafew
artafca gzt 291 §@, 9@ rfg 98w 39 g aiafw shaal & aar
Ay w€ § 1 7af ¥ aft gE-gaErit wia dfadr dF g e fee @ g,
q3g @9 A& gAT A Iq AT 6 A A @war §

aread ag § f5 stadal & o waifeq &1 ag sqmor o @, 1
argfas famm g § St agdt @, aig g faww ag A §, awifa
& qeag § A1y g4 a0 § $g91 g % oFfiga § faw =z ag 0 aaiftagr
arf ardy § -agrT, w07, gfma A wEEgam e ww @l wer
anifer &1 AwiT drar T + ckfgg agsdt Na g a1q: % 7 quifq
aars g aua § 1 ar § 1 efera § wrx wod g § ot W ay
wsz &) AN 77 & fag Aqufesg gfrad § i zam gam @i §
grar &, safag IaF wmwr auifeq &1 W W qEr Srar § 1 gedwE
oXegg ST g qq: A W A qqifgai—argir, @Qx, sfww &k
@rEeEE & arg ardy § )

3. aqaifa qea QeAyEE-A A7 q97 g agifaat Qo g $T a7
g, 9% dqated T H1 A1 & | I R GeAFA AF F9T ARa gaifeaat
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ot A% FT a1 §, ¥ quaka gew gew1m a@r wnar ¥ suais oty D
IFIT F Y F— (o) wtfewr & srquteq ax (@) Foor ¥ argafeq

() afewr & smated— st it gaav 7@ T § a¢ @13 §, oF afey
q qoate T #g1 ST & 1 Afsg w1 od Dy § §9 ITAs9 FIAT AT Y
ST fa1 $o Sussy fru €Y 9T avar 8, I afey & qoakg ANy FGI Srar
2

(F) #T0 ¥ waav g7 NG N aaifeqat aof qof aff g€ §
axg wirer & qor iy H1T g% YT awmed o 2, A I gew avata N
F1 F70 ¥ srqafed sfa wgr sy &

WIS AT G F LHO] KT AGATA AT FY Aot F <@r 91 wwar
ag qrArea-aY a1q § fF qwe w o gfag areaw faqar g ar ¥ ow qor
fawfag g 793 § o gl qeg ST quiftadi S g9 97 & g sfaa
qreaw ALY AN F F10 F q52 § A § AR gF qof Fawloq g adf a7
qr § | 39 gfee & aatfeq quf #77 & qF 9 A & #0r F wfey ¥ qoateq
sttg § qar gaifer Qi 37 Y guar Td 1Y & o ¥ FO7 ¥ Fogteq iy
g

(@) @R qudlE™ SHie—a_T 919 F4 F 32X ¥ fyg 7 ) geafy
&Y § I A1GT SflF FgT AT § A1 I G AT FH F qeAwT ¥ qe
a9 T St F1 AT geFIT ST Fgy § | A9 F g A e oY
grar g 1 gaF q{R Afgara afgg Par @ 1 q@ar F FU ¥ @A aw
gfagra a @ & & AT w@ag @F o afqwT dwa g 1 zaFT Segefy e
gfami Fgrorawa 81 AfF Y oqw 7 & ot AT 9T @ Aw N
fafema @ar & ) QET T #1 a@ T F F A0 AR AT A QY F ¢
1eT geAd g QX TFT F I '— (F) wWaw AR gefiwmm sk
(@) ®e&r qrET getFIA |

(%) s=aw AR pAwE—awd, 93 gfast o g @ fow ohal
F 90T 3, 97§ 197 T TAFA NF G M@T § | GAwad ¥ g
SHIT F WAT AT JEANF1T F1 e faaar 25—, $o07 gormw Qv
JEIFT, R, A ST TG YeAVEW, 3 CHW (AT) WG 12T geg)-
FA, ¥. AT TAGT I GeANFTT, K. TFT 7 WA AT 72T qedlFr,
%. T10F WM AT JEAHIT AT 9. TAF WWAT AT TEAF | a{g
grarein fadfe & @1 o9 SR F § waw w gedEw W= geE
faar aar §—apoor, der, @, far @ ga

YA AT F THIT A GOAT FT 4g AqT 24 AT § 7 0m Mg 57
faun  #ifs a7 g@ gFwr aT fa=re fean sre &t gAR R @ @i
F1F aFw ¥ Y § | StAgaY ¥ 9iF 9% ¥ 30T w1 geAw fyaar g &K

@vg %, &% 3 (fade, ¢o) ™



wwaa: fadfesiz 7 snarefe fadfes & eeft & aarx gz ofsr s & vee
q1ET geNwTa w1 Ieow fRaT g ) gAF  grer sfamfza Foor, e, aE,
i ol g v q7 dal §F sfofea giw vt ¥ dw @ §1 axg
IHTGAT AT ITUATTT gA A N G THTF @HA qR@ geATA H
faazer fastar 3, 98 fFa = 93 @ a8 o W &1 faua &) s gw o
wrF Fut 71 wifaw fasa & sfeofza ma < & a9 gaar s o a
TR siqe A qrar ) ifaw famw § ww Aifes o g—dw, s,
HIGAHY, G, AT, TGN &1 a0 aqr Sagar (saer & gaReaga)
# A A1 & W T 7 FqW g ooy, Nay, wwHW, G, w1,
q10g I qaF% (W) | oA 37 A0 F1 A AT Tz & | v qraw
geiF & arg W &1 dfeae fagaw gega frar 9 @ i —

. F—aFTer < A fAEd
. Arg—tx 1 B fagdy
. WH—TH & quIT T 1 & R
. fYg—gedt & AT N 1 F) g
. AT —7Aq gl
- Ao — 13T I AF T % AW ¥ T4 fagdy arafq ged NN v

fazdy

o, TAF—Tge g2 LT A fAaedt |

(=) =@ Fgx gelwm—fedr fadg afefeafs ar s fam
ge 1T SaT &1 AUT FIIT AT & g1 AT &, 976 @ O & aqME<
JeA\FTE FBT TEAT § | €F &L AHT 96 IR S G &1 Storst
S e fgfes,” suweaaw gu," duEug,' qEraRt § gaa gw g
& Y 7 § alg T gA'C F Yo 1 gafy guiewmw g A gw v
# 3¢ dedl F1 &) 3799 §, 9% 99 57 &l w1 A frar srar @ oqw
deAT Yo qF GG STEY § | AHG IFIX $ G A@T geAIFIA F AW
faafafes &0 w@ fMEdl, vy, 3. T, ¥ SuEwaww, W
foat, & @907, 9. I, 5. TG, & I, Lo, ATH, Q. Fram, ¢ T,
3. @A, LY AW, (& gfam, 1< e, e, gafgw, (s, @,
Q8- ¥, Ro. AT, Y. AHF, IR AWF a1, 3. MAT, Y. &%,
Y, &F, 2% €HfEw, Q. Afgmre, ks g7, X AR, jo. gEAN, Iy
WOIHIEF, 33, HATAIEA, 17, 99N, 3¥. §g4, IN. IARId, 3% A,
3. ATHT, 35. 99, I8 TFRANT HIX ¥o. Ghifea |

ST ¥o NFIX &F T QL yeiwrag & Y a g 1@ & gad
LW AT A KW G AT I FT AW 39 F Yo qF FT FA Y
ag & 1 ag s fFar war w@ifs 3o d6i § 3% @ 59 ¥ Yo dear @

L% nghsm
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Ierd faerar § a: 3 aF &7 {99 =9 ¥ o9 faaar g o sal-gr-edi
fag frar war T <Y Fr4) 99 7@ I 9% A€ Ae faar 71 § )

T JIET JeAIRIT & 9 ¥ qrArg g frag ag § 97 A awifeql
¥ zgr 741 § | 999 *fe § gedl F Fag W a91 72, @AW, anq, fr,
Fquy, drar, A, atan, g ifs F1 @ Tar g1 qorEiq ggarw anfx &
a1z Wz fadg wq & gty mar § Niwg anfa At afoa w1 3% faerar
& aar Sy aYT sfaw nrar § Sz aify geifae AY afoad &0 faaer fgar
Tar § 1 78 ag ¥ FA AT IR F G A1ET GAFET F7 IowG Ay
¥ guwsy gar g1

AT N T ATANG IFIT & 18T geF1q a% gfez = ar Q1 Awrar
R BF T @) a1 @Y gedt F g & § gD & wrea wfaw § qur Saq qifz
guifaa zon § ) 578 Na gafae arT faar @r g i ¥ gedt & §f wir E ol
gedlY ¥qd N § ) I @A fawa o< fa=e frar g @ g ame
ag fagor qraey gafeaq ar & 5 o & o miferd § et Y
fasar yaforg %77 & fag 9+ oY fag av am g3 fear ag fafaer at
agaAl anife F At 9T sraefeq av ) g@¥ wedl F #F a1 3T IT qedy §
97 St AT A A F1 eqwq 2@ faaF @ 9 aver qar | araly wA-
Aa & qedt ¥ ArawTw & agfy A R wphy o amwfe sﬂ | q1EH
ag a3qyr qeq gifad gd o AT g% o3 geAl F I ¥ Fafasy w1 v
SREIY Iusy gf &, ¥ g framfat & fawga qavw § 1 qafg ¥ g9 A
gl § 1

st F geftwrs & A ¥o ¥ frArg § wA¥ ¥ aga v @A
¥ T Qo3 qeAT F WA &Y ATAT § 1 FA—WANGr, AT, qiar, TS Stify
aq: AgaF fqaT F araR o3 wd A F quw W@ a0 @ ¥ awFar
g fawdY | qatq o T aff arAr o @war & 97g Jaddi §oged
TetwTa Siva F7T A § o3 ag SAraat w1 oqoAr AfaE faET 0 gaw
NG & qoAr qa 1 37 § o1 IE F AraR 0% IeEh 3 T wEr

@Y AIRY yeatEw1d & a1 97 & 1 —¢. yoglas i 2. qatas

. aqafcds—F @ qIgT gElFTT oY a7 & FaAv qAifegar ¥ qoraar
g § gar 3+ fafoez aof anfe orea adf go 2, soakas @< aEx
yeiTg FRAW § 1 3@ gfer & 3% faw ag adl wgr a7 aFvar § v ¥ gowr
uife a0 arr & 1 e anf gaifaai qof @@ 9x & sz A&
Fmifs swe giar &, aqet g1 W feafa & A 1 ¥ wwalas A7 gegaw
T & aafeq g wT & AT AR § 1 @AY ITH wwer quiifs dwg A8
g 1 < gfee & S arar’ wEr AT §

3. wafaw— & @ I gEFIT S o) qaifgar qof w7 9 §

R 1%, @ R (faqo, 20) {0



quie® FIAW g | qATTF Arai F qoife & g ¥ gard kg sFag F o
FifF & areT geftwr qafas § & oo Ay TR ouifadt £ g w2
A § I SAH AW, A, W AN F NG A g NG AT qiy §
Aq—au F qiF N, g & 909 97 ¥ F A15 W< T § K qAF qw,
g, T, 9 ¥ FAF THIT AT q@AAT Gl &1 SY-—AL, FIA &
Fro Arfa ¥ g 99 A garfawar w1 a4 AT A9 poO,  FOraT,
FHOUAH, c.0v...0 AEEIT T AT TS &F 9% N G ¢ 1 T wwHIL A,
darf auf & fawa & @ @w@ar Sufge | a7w, W@ i W ¥ ddfeg W
¥ &Y AAF AT A & 1 T THL qul F qTegT ¥ ¥ W owE R
quf frste QY § 0 AF—oaT v, Faasaw arfz | @i sFR or Te ¥
AT S AT §, P WA g W & fawor #37 &, 0w wodt & @iy
ga wqw & g ¥ g W Ow, W, e A Aty am @
JI T1ET QeI & or@l AT ¥ o7, vy, W@ oF A Foqae o
fieqe gt o §

79 qig sag4l § gfaarfea gedism Y =i & aw gn @ ot 1)
qgaa § 5 St & gefta wv ot fagww ga ana wegq oAt § ag
gremfos WA & R F ma-ww Fafaw W ) geliw A
gagaral & Fgafa aot oF a7 i wowA A ggEar ¥ W@ aw
ag 9 gaiftadi & g gar g, afy §8 gww awiftas iy &
gefiera xR & QU HITATH A 9@ FTar § Al ;e quifami
Far-argi, WY, gfeeT, @rEEgAE & g T ¥ AT A7, AqT qAv
gfga &1 fanin oF wig-gwwig N Far @« oo fEr owmar g
engfas fasa § ¥ oflg #gr 91ar 3 S AGIT AT, S§ AGR &
QU FAT &Y, 99F FPT K W § afeafam Fr @@ § w47 &F Al
w1 faulor $TaT & 97 @TEGTE@ N AT @roET FWIQ & AT
ggars Y aggfa i W@ geRwEr S it wfe st b
#fga #t ggar ¥ 51 99 Fparel &1 aroed war &, qrad 93 2 froag
e &1 3R ST FA1T gg ArgT faaa awa gt a@w @ faad g
T wrew & i sararat g sfawfea gediem Y 23 sraareon daifas
qeat ¥ quf {1

geflatd Y SAUTT F AL JLAFT & AT qq IH1 Ay yhas
qaT Yo SHIX & fHEdl, aea¥, 1g, iy, &A1, gearw, Mg, SaAfz w1
oY oftg 5t Tt war &1 3 @it g § 1 @d AF SOt w1 9% e
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Enigma of the Universe
' Vigva-Prahelika

THEORY OF RELATIVITY AND SPACE-TIME

0 Muni Mahendra Kumar

General Theory of Relativity

In 1916, eleven years after the formulation of the special theory
of relativity, Einstein extended it to interpret more general cases of
non-uniform motion, i.e. where one frame of reference moves with an
accelerated velocity relative to the other. This is known as ‘the
general theory of relativity’. Its chief achievement is the explanation
of the law of gravitation on a more refined and accurate basis than
that given by Newton. Einstein has explained here the effect of the
mass of the physical substances on the four dimensional continuum of
space and time.

Newton’s Laws

Newton, in his law of gravitation, stated that every particle in the
universe attracts all other particles of the universe towards itself and
the force of attraction is directly proportional to the product of the
masses of the particles and inversely proportional to the square of the
distance between them.! This is also known as ‘inverse square law’.
This concept of gravitation presupposes action at a distance and post-
ulates the existence of a force of attraction between material bodies.
For instance, a mass such as the earth or the sun, is surrounded by a
space in which there is a latent force ready to act upon and produce
movement of a body that penetrates into the space. In consequence,
the body falls towards the mass, as if attracted by it. This power of
attraction exists permanently in the space near the mass even if there
is no body menifesting its existence. The region of space surrounding
a mass thus constitutes the gravitational field which imparts a uniform
acceleration known as the acceleration due to gravity to all bodies
located in that field. The mass seems to act at a distance since the
attraction is exerted even through vacuum where there is no pondera-
ble matter, as for example, in the case of the sun attracting the planets.?
‘Thus, Newton was able to explain the motion of planets in the space
as well as freely falling bodies (such as apples in orchards) with the
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help of this law of gravitation.

Another important law which was enunciated by Newton was the
‘law of inertia’, which stated that ‘a body at rest continues to remain
at rest and a body in uniform rectilinear motion continues to be in
motion. and a change in the state of rest or motion can be brought
only by exerting some external force.” Thus when a body is started or
stopped suddenly, a jerk is felt. This is due to the force of inertia.

Generalization by Einstein

As we have seen, in the special theory of relativity, only those
systems are considered which are in uniform rectilinear motion. Such
systems are also known as ‘inertial’ systems, i.e. systems in which the
law of inertia holds good so that a body not subjected to a force
remains at rest or in uniform motion Now, according to the special
theory of relaiivity, in all inertial systems the physical laws have the
same form. Einstein extended this principle of equivalence to systems
moving in any way, even with accelerated velocity and, in particular,
to a special case of accelerated motion involved in the phenomenon
of gravitation.®* Thus, the general theory of relativity states that ‘the
laws of nature are same for all the systems whatsoever their motion
may be.’

Two Imaginary Experiments

Einstein staried with the revolutionary idea that the classical
picture of a gravitational .field is artificial, since it is possible for an
observer not to detect such a field at all by choosing a suitable frame
of reference. He proved this by two imaginary experiments as
follows :

1. Suppose an enclosure (such as an elevator) from which nothing
can be know:: of what goes on outside it, suddenly starts falling freely
under the action of gravity. (It may be imagined here that the cables
by which the elevator is supported, suddenly break). Imagine that
there is a scientist inside the enclosure, who performs an experiment
of dropping an apple from his hand. To his surprise he finds that the
apple instead of falling down to the floor, remains floating in the
space. He perfosms another experiment by throwing a horizoutal
projectile. Again he surprises to find that instead of traversing a
curred path, it goes on moving along a straight line till it strikes
against the walls of the enclosure.

Thus, the force which causes apples to fall and the horizoatal pro-
jectile to trace a curved path, i.e. gravitation disappears for him. In
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other words, all the traces of gravitational ficld are suppressed and
every thing seems to be acting according to the law of inertia i.c.
continues to remain in its state of rest or uniform rectilinear motion.
The enclosure thus becomes an inertial frame or systemt and the
observer inside it has no means of distinguishing between a gravita-
tional field and field due to uniform acceleration of the frame of
reference moving outside all gravitational field.

2. Suppose that the same enclosure is poised far out in inter-
stellar space free from all gravitational field ¢at an infinite distance
from any mass). The scientist inside the elevator would not weigh
anything; he could move from one side of the enclosure to the other,
or from top to bottom, by the alightest push; he could float in the
middle of the elevator without touching it. Now, suppose that
unknown to him, a cable were attached to the top of the elevator, and
some strong motive force applied to the cable; suppose that this force
drew the elevator swiftly in the direction of a line from the bottom to
the top of the elevator and kept it in uniformly accelerated motion,
the acceleration being equal to that of gravity; and suppose that the
force were so steady and noiseless that it was not suspected by the
observer inside the enclosure. What would he imagine was happening ?
For him, everything would take place as if he were in a gravitational
field; he would discover that he was being drawn against the bottom of
the elevator; only by a strong effort with his legs could he jump away
from the bottom for a moment and then he would instantly feel
strongly attracted back to the bottom. Actually as we can see from
outside, the bottom is being drawn towards him, but he accustomed
to his notion of gravatation would never suspect this. He would feel
‘attracted by the bottom’. Again if he drops an apple from his hand,
it would fall with respect to the enclosure in accelerated motion, the
acceleration being the same for all and equal to the acceleration due
to gravity. If he throws a horizontal projectile, it would no more
travel in a straight line but along a parabola.

The enclosure thus becomes a stationary system acted upon by a
gravitational field and the observer inside it can by no means find out
whether the elevator is at rest in a gravitational field or in wuniform
acceleration moving in space outside all gravitational field.*

Equivalence of Gravitation and Inertia

From the above imaginary experiments, Einstein deduced what is
called as the ‘principle of equivalence of gravitation and inertia’. This
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principle states : “‘It is impossible to distingnish between the motion
generated by inertial forces (such as centrifugal force, force producing
uniform acceleration) and that by gravitational force *’®

This is as shown above, due to the fact that the effects of a gravi-
tational field are precisely the same as those due to uniform accelera-
tion of the material frame of reference relative to which the pheno-
mena are observed, this acceleration being equal and opposite to the
acceleration which the gravitational field would give to a particle in
the frame.®

It also foilows that one cannot speak of the absolute acceleration
of a reference frame, only a relative one, just as it followed from the
special theory of relativity that one cannot speak of the absolute velo-
city of a reference frame, only a relative one. Again, it is clear that
inertial mass and gravitational mass are equal. For all bodies which
are free of any forces will move with uniform velocity relative to an
inertial reference frame, no matter what their inertial masses are, and
they should, therefore, have the same acceleration relative to an acce-
lerated reference frame. In other words all bodies irrespective of their
masses would move with the same acceleration in a homogencous
gravitational field.

Curvature of Space

The above principle of equivalence formed the basis of Einstein’s
new theory of gravitation. Using higher mathematics (involving
tensors), he derived his famous field-equations, which embodies the
law of gravitation. He refused to believe that any such thing asa
‘gravitational force of attraction’, which was believed by Newton to
exist between masses, actually existed. He explained the motion of a
body such as a falling apple or an orbiting sattelite in terms of altoge-
ther a new concept of ‘“Curvature of Space-time’’ in which it is embad-
ded. Thus, Einstein, discarding the Newtonian “action-at a-distance”
concept, reverted to field-point of view.

To understand his view, we take a simple example. Consider a
stone attached to the end of siring and whirled round, the stone mov-
ing along a circular path. Weknow that a tension is developed in
the string called the centripetal force. To an observer on the stone
there is a repulsion calied centrifugal force equal and opposite to the
centripetal force, while to the one who is whirling the stone there is
no such centrifugal force. Einstein saw that the apparent repulsive
force is due to the curvilinear motion of the stone and he extended
the idea of such curved motions 10 a sort of curved space in order to
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explain gravitational force.” Again, since the centrifugal forces had to
be considered as due to physical prosperties of empty space, Hinstein
turned to the hypothesis that the gravitational forces also are due to
the properties of empty-space. Also, it is known that the forces of
gravity are produced by masses. If, therefore, gravitation is connec-
ted with properties of-space, these properties of space must be caused
or influenced by the masses.® Thus Einstein explained the phenome-
non of gravitation by stating that the presence of matter gives an
appreciable curvature to the surrounding space (or more precisely,
distorts the curvature of the Minkowski’s four-dimensional space-time
continuum) and the matter falls down, as it were along the slop of this
curvature according to some definite law.

According to Einstein, gravitation is an inalienable property of
all masses; where there is a mass, a grativational field is generated
around it in the same way as a magnatic fleld is created around a
magnet. The field itself is nothing but a change in the space-time
continuum. In other words, the geometrical properties of space-time
continuum are determined by the physical matter existing in it and
not intrinsic properties of space and time themselves. These pro-
perties in turn determine the motions of that matter.

Fcatufei of Gravitational Field

The structure of the gravitational field depends upon mass and
velocity of the body, and is determined by the field-equations given by
Einstein. Also just as the path of the motion of a piec of iron ina
magnetic field is decided by the structures of the field, so that of a
body in a gravitational field is decided by the geometrical siructures of
the gravitational field.’

Einstein showed mathematically that the geometric properties of
space suffer a change in going over from an inertial to a non-inertial
frame of reference, which is equivalent to a gravitational field. Here
geometry becomes non-Euclidean, as distinct from conventional geo-
metry.!?

As the magnetic fields and the electrical fields are physical reali-
ties, so are the gravitational fields. But, unlike the former, the latter
emanate from all physical entities, and these include particles and
fields. Particles are characterized by mass, and fields by energy.
Common to both is energy, which is to say that any kind of energy, is
responsible for a gravitational field. Howevers, gravitational interac-
tion becomes important only when bodies of appreciable mass are

jnvolved.
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Another remarkable feature of the gravitational fields is that
through a number of identical, transformations of the equations, the
equations can be turned into the ‘‘equations of motion” of the
physical system responsible for the gravitational field concerned. Thus
the gravitational field equations incorporate the equations of the
matter which creates the field. 1t should be noted, however, that the
gravitational field equations do not determine completely the distribu-
tion and motion of matter.™

POST-EINSTEININ SCIENTIFIC CONCEPT

The theory of relativity brought about some revolutionary
changes in the concepts of modern physics. Amongst them the most
startling one was regarding the nature of space and time. Einstein, in
the light of his theory of relativity, imagined the universe as a
“four-dimensional continuum of space and time” According to
Einstein, the three dimensions of space and one dimension of time
are welded together forming a four-dimensional volume which he
described as a ‘‘continuum.” According to great German mathemati-
cian, Herman Minkowski, who developed the mathematics of- the
space-time continuum as a convenient medium for expressing the
principles of Relativity, ““Space and time separately have vanished
into the merest shadows, and only a sort of combination of the two
preserves any reality.”!?

1t is very difficult to describe the new concept without the use of
mathematics. But still the concept of “four—dimensional con-
tinuum”’ may be explained in simple language as follows: it is a
simple fact that when a body exists in space, it occupies the three
dimensions of space, on account of its length, breadih and height (or
depth). Now, when it changes its positic.n in space (i.e. when its
motion takes place), it takes some time. Thus, to describe the
motion of any body we should have the knowledge of two factors :
its position in space and time required to -hange the position. The
position is described by the three dimeasions of space. Hence, time
is reffered to as the fourth dimension. Now, the theory of relativity
welds together the three dimensions of space and the fourth dimension

of time.

Minkowski showed that the theory of relativity required ali
electrical phenomena (all physical phenomena are considered to be
ultimately electrical) to be thought of as occurring not in space and
time seprate!y as had hitherto been thought, but in space and time
welded together so thoroughly that it was impossible to detect any
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traces of a join, so thoroughly that the whole of phenomena of
nature were nuable to divide the procuct into space and time
separately.

Eminent scientist Werner Heisenberg, describing the new struc-
ture of space and time, writes : ‘“When we use the term ‘past’, we
comprise all those events which we could know at least in principle,
about which we could have heard at least in principle. In a similar
manner we comprise by the term ‘future’ all those events which we
could influence at least in principle, which we could try to change or
to prevent at least in principle. It is not easy for a nonphysicist
to see why this definition of the terms ‘past’ and ‘future’ should be
the most convenient one. But one can easily see that it corresponds
very accurately to our common use of the terms. If we use the terms
in this way, it turns out as a result of many experimeats that the
content of ‘future’ or ‘past’ does not depend on the state of motion or
other properities of the observer. We may say that the definition is
invariant against the motjon of the observer. This is true both in
Newtonian mechanics and in Einstein’s theory of relativity.

“But the difference is this : In classical theory we assume that
future and past are separated by an infinitely short time interval
which we may call the present moment. In the theory of relativity we
have learned that the situation is different : future and past are sepa-
rated by a finite time interval the length of which depends on the
distance from the observer. Any action can only be propagated by a
velocity smaller than or equal to the velocity of light. Therefore, an
observer can at a given instant neither know of nor influence any
event at a distant point which takes place between two characteristic
times. The one time is the instant at which a light signal has to be
given from the point of the event in order to reach the observer at the
instant of observation. The other time is the instant of the observa-
tion, at which the light signal reachs from the point of the event.
The whole finite time interval between these two instants may be said
to belong to the ‘present time’ for the observer at the instant of
observation. Any event taking place between the two characteristic
times may be called ‘simultaneous’ with the act of observation®’.**

Thus, in the theory of relativity space and time are related with
each other, because of the finite velocity of light. The mathematical
formula of lorentz transformations reveal that the velocity of light is
the maximum possible velocity. It means that no body can travel
faster than light, and hence, the knowledge we obtain through our
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senses or external equipments cannot be obtained faster than the
velocity of light. Consequeutly, the time taken by an observer in
perceiving any event cannot be lessened beyond a certain limit. That
is to say that the definition of simultaneity depends upon the spatial
distance between the point of event and the observer.

This relation of space with time can be clearly understood by the
example. 4 is the point of observer and B is the point of event (say,a
collision between two cars). The instant of the observation of the
event and the instant of the happening of the event are not the same,
for the light will take a finite time to travel the distance 4 B. Thus,
the time, which we term as ‘present’ in our daily practice, is not a
single instant but comprises of the whole interval that has elapsed
between the happening of the event and the perceiving of the event by
the observer, and the length of the interval will depend upon the
distance between the observer and the point of event. It should be
noticed here that however small the distance 4 B may be light, on
account of its finite velocity, will take finite time to traverse it,

A practical astronomical example will reveal the importance of
the new character of space and time. If, in the above example, B is a
star 50 light - years ® away from the earth and 4 is the observer on the
earth making the observation of the events on the star through a teles-
cope. Now, suppose that an explosion on the star is being observed by
the observer. In our ordinary expression, we shall say that the event
of observatjon on the earth and the event of explosion on the star are
simultaneously taking place. But is it ture ? No, Since the star is 50
light years away from the earth, the light from the star will take 50
years to reach the earth It means that the explosion which is being
observed ‘Now’, had already taken place 50 years ago. Thus, it be-
comes clear that the term ‘simultaneous’ has not remained absolute,
but it depends upon the distance between the two events. In other
words, space and time are related to each other and the events of the
universe are effected by them jointly.

Physical Implications

1. During the discussion of Michelson-Morley experiment, we
have seen that Lorentz and Fitzgerald explain the nul result by showing
the contraction in space-aud-time-dimensions. These are popularly
known as ‘Fitzgerald-Lorentz Contractions’ and their values can be
found by ‘Lorentz Mathematical Equations’.

Bip '®u’s theory of relativity also implies that when a system
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moves, there occurs a contraction in the space.and-time-dimensions.
This means that the length of the moving body contracts in the direc-
tion of the motion and a clock placed in such a system moves slowly.
The amount of these contractions depends upon the velocity of the
system. The faster the system moves, the slower the clock becomes
and the smaller the measuring rod becomes. And if we imagine that
the speed of the moving system becomes equal to that of light, the
clock placed in the system would stop and the measuring rod placed in
the system would have no length at all ! But actually this is impossible;
and hence, it is implied that the velocity of light cannot be reached in

practice.

2. Like space-and-time-dimensions, mass*® of a body in motion
is also affected by the motion. In classical physics, the mass of a
body was regarded to remain constant. That is to say that if a body
is at rest or in motion, its mass always remains the same Bat the
theory of relativity shows that the mass of a body is a function of its
velocity,”” and thus increases with theincrease in the speed of the
body. When the velocity of the body is negligible in comparison to
that of light, the increase in the mass of the body is also negligible.
But when the velocity of the body approaches the velocity of light,
the increase in mass also becomes considerable; and if we imagine a
body moving with the velocity of light, its mass would become ‘in-
finite’. But this is impossible, and therefore, it follows that the velo-
city of any moving body cannot become equal or greater than that of

light.

3. In classical physics, matter and energy were regarded to be
independent of each other, and hence there were two independent
laws of conservation—one the law of conservation of matter and the
other that of conservation of energy Matter was considered to be
inactive, visible and possessing mass, while energy, in contrast to
matter, was conceived to be active, invisible and massless.

Now, Einstein, as a consequence of the theory of relativity,
showed that mass and energy were essentially the same thing. He
argued that the increase in the mass of a body with the increase in its
speed indicated that there should be a direct relation between mass and
energy (one of whose forms is motion).

Advancing on this line of argument, Einstein established the
‘principle of equivalence of mass and energy’, and with the help of
mathematics, discovered the epoch-making ‘mass-energy equation’.
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This principle shows that mass and energy are mutually convertible
under certain conditions. Thus, when a certain amount of matter is
converted into energy, the energy obtained is equal to the product of
mass and square of the velocity of light,'® and similarly when an
amount of energy is converted into matter, the mass produced is given
by the energy divided by the square of the velocity of light.

An illustration will ¢clarify the relation : Suppose that one kilo-
gram of coal is totally converted into energy; then the energy obtained
would be equivalent to 25 billion kilo-watt-hour of electricity.

As a result of this new discovery, the two independent laws of
conservation of mass, and that of energy, have been united to form a
single law of conservation of mass and energy, enunciating that the
sum total of energy and mass x ¢? (where c=velocity of light) is cons-
tant for any system and cannot increase or decrease. Thus the mass-
energy equivalence establishes the universal fact that mass and energy
are essentially the forms of the same entity.

The chief merit of the mass-energy relation lies in the fact that it
is experimentally verified for all types of energy. The most promi-
nent verification is found in the discovery of the atom-bomb.

(To Continue)
References :

1. Mathematically, this can be expressed as follows : The force of
attraction between two masses M; and M,, in grams separated by

a distance of d centimetres, is given by F= G'—N% dynes:

where G is the gravitational constant, 6.659 X 10-% C.G.S. _units,
2. Cf. Atomic Physics by J.B. Rajam. p.392
3. Cf. Ibid, p. 394
4. Cf. Ibid, p. 393; also, The Uuiverse and Dr. Einstein p. 85-86
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12. The Universe and Dr. Einstein, p. 76.

13. Cf. The Mysterious Universe, p. 86

14. Physics and Philosophy, p.102-103.

15. As stated before, light travels at the speed of 186000 miles per
hour. The distance travelled by a ray of light within a year, is
called light-year.

1 light-year=>5.88 X 10'? miles.

16. Though, popularly, mass and weight are regarded to cannote the
same meaning, in scientific definition, they devote different proper-
ties of matter. Mass is considered to be more fundamental than
weight. Itis a matter of observation that a force applied to a
body produces an acceleration proportional to the force. The
constant of proportionality is the mass of the body. Thus, the
mass of a body is a measure of its ‘inertia’ or reluctance to change
its motion. The greater the mass of a body is, the more is the
force required to move it. It may be remarked here that usually,
even in the scientific works, mass is regarded as the amount of
matter and sometimes used as synonymous to matter.

17. The relation of the mass with velocity is given by the following
mathematical formula :

if
mo = mass of the body at rest,
m = mass of the body in motion,
v = the velocity of the body,
¢ = the velocity of the light,—
Then
m= mo

l 1- ( v? )
v et
18. Mathematically, the equation connecting the two quantities in
any such transformation is : —

E=mc’orm=c£2

where
¢ = velocity of light.
E = energy released.
and
m = mass completely converted into energy.
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NEW DIMENSIONS IN YOGA PHILOSOPHY

1 Dr. (Mrs.) Ratna Purohit*

The pursuit of truth must culminate in the realization of truth,
And the pathway or the process leading to the discovery of truth
must be made a public property so that anyone who would care to
practise the same might discover and realize the truth.

How can one realize the truth unless exerts oneself for it? And
why should one exert oneself for the truth unless one has implicit faith
in it and the possibility of its realization ? One must have either unfli-
nching faith in the authority of one’s preceptor, or else one must have
a direct glimpse of the truth itself before one can proceed in the path
of realization. Implicit faith in the truth, whether born with the help
of the preceptor or fostered by a spontaneous intuition of the truth
is the starting point of the path of spiritual realization.

There are various processes of leading oneself from this stage of
implicit faith in the truth to the stage of final realization of truth.
The process have a common term for them and that term is yoga.

The term yoga has a chequered history. The word ‘yoga’ occurs
in the earliest sacred literature of the Hindus in the Rgveda with
meaning of effecting a connection. Later on, the same word is used
in the sense of yoking a horse. 1In still later literature, it is found
with the meaning of controlling the senses, and the senses themselves
are compared with uncontrolled spirited horses ‘indriyani hayany-
dhuh’.!

In Panini’s time the word yoga had attained its technical meaning,
and he distinguished the root ‘yuj Somadhaun’ (v yuj in the sense of
connecting) Maxmuller, a great philosopher, is of the view that ‘yujir
yoge’ (in the sense of connecting) is more appropriate meaning of the
word yoga.

An objection may be raised that yoga is meant only for those who
long for liberation. So this yoga has no utility in the empirical life
and that too with reference to the common man. It is not so, whatever
is needed for the survival of a man on this earth, can be gained by the

* Assistant professor in the Dept. of Jainology, Jain Vishva Bharati, Ladnun.
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practise of yoga. Both kinds of health-—mental and physical necessary
for survival and that can be achieved through yoga only, As it is
stated that ‘““manah eva manusyanam kdranam bandhamoksayoh.”

The realization of the true nature of Atman or the identity bet-
ween jiva (soul) and the absolute reality (Brahman) is the purpose of
yoga. With reference to a comman man, the identity betwenn him-
self and others must be maintanined through the practise of yoga
then only the purpose of survival of a man on this earth wiil be ful-
filled. And to know the true nature of himseif (Atman) can be
realized only by the control of mental states. As Patafijali states in
his ‘yogasitra’ ““yogascittavrttinirodhah”.?

Mind is the product of Prakrti (nature) and composite of three
gunas, namely, intelligence-stuff (sattva), energy stuff (rajas) and mass
stuff (tamas) with a predominance of the first. Because of this predo-
minance, mind is translucent and is able to reflect the consciousness
which is the spirit. It is mind which receives this reflection and that
becomes the experiment, it knows, feels, and wills through the appro-
‘priate modes of its own.

Mind has infinite modifications (vrttis) and these modifications
can be divided into five categories, namely, true cognition (Pramdna),
erroneous cognition (Viparyaya), imagination (Vikalpa), sleep (nidr@)
and memory (Smrti). In a state when all these five modifications (of
mind) submerge (or become obstructed) it is known as yoga With
reference to a man when one pratises yoga and through yoga his mind
becomes obstructed (of modifications of mind) then he helps others or
himself in achiving his good of life i.e. to know the true nature of
bimself. For exanple : as in the river many waves come out through
the waters and again submerge into it, in the sameway, mind has many
emotions, namely, desire, greed, anger, disguist etc. (born in the mind)
and when these emotions are controlled, an aspirant realizes his true
hature, that is, pure self. As in the water, which is shaking, an object
cannot get its reflection properly, when the same water is steady and
calm an object gets its reflection. In the samemay, soul gets reflected
in the mind when it is free from emotions.

In order to liberate the soul from bendage mind must be rid of
its afflictions. The basic discipline which will effect this riddance is
ethical training. The energy stuff and the mass stuff of the mind
should gradually be reduced, and allow the natural inteligence stuff to

shine.
There are eight elements by which mind can be cleansed. They

-
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are, abstention (yama), observance (niyama), posture (dsana), control
of respiratory system (prandyama), withdrawal of the senses (from
their objects) (pratyahdra), fixed attention (dhdrand), meditation
(dhydna) and concentration (samadhi). The last three steps are stages
in mind-control and therefore, they constitute yoga proper.

When there is an excess of the energy stuff in the mind, the mind
gets tossed about by the objects. This state of the mind is coined as
restless (ksipta), when the mind has an excess of the mass-stuff, it be-
comes a victim to sleep and is thea said to be blinded (Miidha). When
the mind is unstable shifting its attention from object ta object, it is
described as distracted (viksipta). The three mentai states mentioned
above are not conducive states, they are assaciated with a preponderan-
ce of the energy stuff the mass stuff or and serve therefore, as obstacles
to yoga. The states of the mind which are conducive, on the contrary,
are one pointed (ekdgra) and restrained (niruddha). The one pointed-
ness of mind is that which is devoted to single object and is filled with
the intelligence stuff. This prepares the mind for its ascent to yoga.
The restrained mind is that from which distractions have been checked

and the flow of modifications has been arrested.

The Bhagavad gitd is of the view that evenness of mind is termed
as yoga ‘Samatvam yoga ucyate.”

The man who has evenness of mind casts off in this world both
merit and demerit through attaining mental purity and knowledge.
Therefore, one must apply oneself to devotion with equanimity.
Again the Gita states that yaga is the very dexterity of work.

“yogah karmasu kau$alam™*

The dexterity of work can be had through the evenuess of mind.
So one must practise for evenness of mind and through which he can
achieve the perfection in his duty too. Through this process one
understands the life in better way and tries to maintain the identity
between himself and the others

To sun up : yoga plays a vital role for the improvement of posi-
tive traits, and for the successful completion of life.

References :

1. Kathopanisad—1.3.4
2. Yoga Siitra—I1.2

3. Bhagavad Gita=II. 48
4, Bhagavad Gitai—II. 50
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SOME PROBLEMS
OF
MAGADHI DIALECT

T Jagat Ram Bhattacharyya™

(Continued from the previous Number)
PHONOLOGY

1. On the Treatment of Sanskrit r in Magadhi

In Mégadhi Sanskrit r becomes [/, for example, narah>nale,
purusah>pulise, etc.

On the characteristic features of r changing into / in Magadhi,
all the prakrit grammarians are unanimous, except Markapdeya who
has made the r changing into / as optional (rasya lo va bhaver X111 3).
1t is difficult to trace the authority of Mairkandeya for making this
change as optional, because this one of the very vital characteristic
features of Migadhi and even in standard Sanskrit literature, there is
hardly any exception to this rule. Though there are some editions
where this discrepency is noticed in Dhakkl, one of the sub-dialects of
Magadhi, unless their editions are checked by manuscripts it is diffi-
cult to comment on them. That r is changed into / in Magadhi has a
long history and this phenomenon can be traced from the Vedic times
even if not earlier. In the Rgveda (=RV.) between r and /, r occurs
in most of the cases instead of / which occurs mostly in the books
which are chronologically later in origin. In the same type of word if
r occurs in the earlier text it is noticed that it is replaced by / in later
text. Here examples are to be given from the RV. But in the Atharva.
Veda ! occurs more than RV, and the Atharva-Veda (=AV.) is regar-
ded as a vedic text composed in the Eastern region of India. If that
is true then the tendency of changing r into / is very old. Though
historically the documentary evidence of prakrit started from the 6th
or 5th century B. C. i e. from the time of Mahavira, it’s history could
be traced from the Vedic times, at least, as early as 1000 B.C.

1t is a fact worthnoting that / does not occur in Avestan and old
Persian. In Old Persian only in three or four words which are borre-
wed from some other languages / occurs and if we trace this phenome-

* Lecturer in the Dept. of Prakrit, J.V.B., Ladnun.
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non from the Indo-European period we can say that the tendency is
more r than / even in Indo-European.

Here a guestion may be raised whether the interchanges between
r and / can be possible. In a sense r was not a cerebral sound in
Indo-European® (=IE), because there is no cerebral sounds in Greek,
Latin etc. and that is why the interchanges between r and ! was
possible, because the place of utterance of both was dental. And that
is why IE */ becomes r in sanskrit. For example IB *leugos=OIA
rocas etc. and because of that reason in sanskrit the dictum ralayo-
rabhedah bas come into existence. In this connection it could be men-
tioned that Varttika-sttra r-/-varpayormithah sdavarnam vdcyam, is
made, by Katydyana, because in his time the place of utterance of r
and / were not the same, Katydyana, atleast, understood this much
that their place of utterence though not the same, they should be
considered as homogeneous, so that in sandhi between r and / we could
have either r or / or both.

Apart from this, we caun trace even from prakrit that r was not
originally cerebral. This is evident from the treatment of r in prakrit.
r in conjunct with 7, that is 7+, has two-fold development. In one
place r--¢>1t, and in the other r+4r>yff. Hemacandra has a sitra
which indicates this twofold development of this conjunct r+¢. Hema-
candra has classed them in a group of words where rd-t become ff
(rtasy-adhiirtadau 2.°0), for example, kaivartah> kevatro, vrttih>vayti
etc. where r-+-f becomes cerebral f i.e. because r is a cerebral sound, it
has influenced the dental sound which is turned into a cerebral.

The other group where 74 ¢ does not become cerebral is refered
to by Hemacandra as adhiirtadi class. For example, dhartah>dhutto,
kirtih>kitti etc. Though in most of the cases 7--¢ becoming cerebral,
the instances where it does not occur reminds us the historicity of the
development of this sound r. Accidentally because r was a dental
sound originally it did not develop into cerebral and because those
words are small in number they belong to the dhirtadi class and in
most of the cases the rest of the combination r+7 become cerebral,
because by that time the pronunciation of r is changed from dental
to cerebral, and the first Sanskrit grammarian who mentioned r as a
cerebral sound was Candragomin between 5th and 7th centuries A.D.
It means that Candragomin first recorded this fact or the nature of r
as cerebral. It seems probable, that the tendency started before the
time of Panini as his rules for narvasarva, particularly after r, suggest
the cerebral nature of r. But the records of Pratisakhya do not also
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justify that r was all along a cerebral sound and there are some words
where / is used instead of r and this record shows that / was more or
less a feature in the Eastern region of India. Hence, there is no
irregularity that r becomes / in Magadhi, where it is generalised as
one of the distinct features whereas in Sanskrit it was in a fluid stage.

2. On the Development of Sanskrit j into y in Migadhi :

In Madgadhi, palatal j is substituted by semivowel y. For
example—

Jayate = ydyade,
Jjanati = ydnadi,
Janapadah = yanavade,

arjunah = ayyune,
durfanah = duyyane.
garjati = gayyadi. etc.

Vararuci has a simple sitra foh yah (X1.4), where he mentions
only j/>y. Hemacandra however, has included two more sounds in
his sttra for y. His stra is ja-dya-yam-yah (4.292). The reason for
the inclusion of dy and y in the sitra is to indicate that dy when
becoming jf in Mahérastri that should also be changed into yy in
Magadhi. Remembering his stutra dya yyar-yam jah (2.24) he has
formulated his slitra for Magadhi and therefore he has inctuded dy, so
that there can not be any confusion in Méigadhi for the change of dy
into yy. For example adya>ayya in Magadhi and ajja in Maharastri
and also in Saurasenl. The reason to include yin the siitra for be-
coming ¥ is to make the point clear whether the siitra dder yo jah (1.
245) would be barred or not. In his opinion even that siatra is not
applicable in Magadhi. So Hemacandra has made this siitr4 in such a
way, that his two sitra for Mahardstri should not be applicable in
case of Magadhi. Actually Trivikrama has followed Hemacandra and
so he has not added anything new to this conception.

Purusottama, Rama Tarkavigifa and Markandeya have formula-
ted the sttra for changing jinto y only. Purusottama however, has a
new inclusion in the siitra by which j# becoming yA. 1t is, however,
difficult to understand what Purusottama has meant by this. It
appears he might have included with the idea that if j becomes y
then jh becomes yh that is to isay, he has made the semivowel and
aspirated one. It is also difficult to guess at present whether jh was
pronounced like y4 at the time of Purusottama, that is to say, an
aspirated y (which is represented by phonetic symbol Zh==zh).
Purusottama belongs to the 12th/13th century A D. and that was a
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time for the beginning of NIA languages and the Persian languages
including Arabic started infiltering into the NIA languages like
Bengali, Hindi, and others, and Purusottama might have referred to
some of the sounds for which he has a symbol like y4 (3). However,
there is one or two examples of this type of sound in the Mrcchakatik.
Such as yhanayhananta for jhana jhananta. Pischel (§ 236) thinks that
the reading jhana jhananta (1.25) should be written as yhanayhananta
and jhatiti>jhatti shouid be yhatti and even the conjunct consonant
with jjh should be yyh, for example, nirjhara>nijjhala>niyyhala.
However, in the printed edition of the Mrcchakatik we do not really
find the readings as suggested by Pischel. Purusottama’s inclusion of
yh need further investigation to support his reading for the conjunct
of jj>yy. KramadiSvara is very specific and says that the conjunct or
non conjuct j or jj becomes y or yy (y0) yukta-yajayoh (V. 87).

From the above discussions, it is quite clear that all the gramma-
rians have prescribed the palatal j should be changed into semivowel y

be it single or conjunct. a

One point may be raised in this connection whether y in Magadh!
was pronounced as palatal j or semivowel y (=ia). It is obviously
very difficult to answer this question in the present day, but the evide-
nce of the pronunciation of y in some of the NIA languages might give
us some clue to guess the pronunciation of y in Magadhi. Asin the
Eastern part, particularly in Bengal (and also ia Orisa), y is pronounced
as palata! j or palatal affricate, we can infer that this area has inheri-
ted the Mégadhi pronunciation of y, which could be either palatal or
palatal affricate. That c-varga is pronounced with yc, for example,
tistha> ycittha, shows that c-varga was paiatal or palatal affricate 1n
Magadhi. This process is not peculiar only to Magadhi, or for that
matter, in the eastern part of India this process started perhaps from
the Vedic times. In some of the Siksds, for example in jthe Yijiiava-
Ikya Sikss, Laghu Amoghanandini Siksd, Keéavi Siksa etc , the inter-
changes of j and y are frequently found and the Siks3s have recorded
quite a large number of words in the text. In the Laghu Amoghdnan-
dini Siksi some examples are given : bahya>bahja, siirya>sirja,
upayajiidt>upajajfidt, so also in the Pratisikhya pradipa Siksa,
nrpdyya->nrpdjjam, dhayya>dhdajja.

Yajfiavalkya Siksa (verses 150 ff) has recorded an interesting
phenomenon in his book. It is said that y was to be pronounced as
Jjin the beginning of a hemistich, in the beginning of a word, in a
consonant group of often an avagraha, otherwise it was to be pronou-
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nced as y; But y remained a semivowel in the initial syllable of a word
when it was preceded by a prefix, as in the word vidyut.?2 The verses
which tell this fact are quoted below :

Padadau ca padadau ca sariyogd’vagrahesu ca,

Jah $abdah iti vijiieyo yo'nyah sa ya iti smrtah ||
upasargaparo yas tu paddadir api drsyate,
Isat-prsto yatha vidyut padacchedit param bhavet |/

This evidence shows that the changes between j and y are very
old Athough we do not know exactly the dates of all these texts, it
is, at least, presumed that they cannot be later than the 3rd or 5th
century A.D. However, that was the time of prakrit language side by
side with Sanskrit. We donot know any prakrit grammar before
Vararuci (5th/6th century A.D.) who has given the characteristic
features of Méagadhi. Although the genuineness of his chapter on
Maigadhl is questioned many times by scholars, it has, at least, recor-
ded this fact that jis changed to y. Though the Siksds mentioned
above have not said the exact nature of pronunciation of this y, it
can be only assumed that the pronunciation of y was almost similar to
that of j.

The exchange of j and p in Vedic literature between the two
texts of the same mantra or of the same word is interesting. This
interchange proves conclusively the phonetic instability between j and
¥ in the Vedic language as also in prakrit. This change gaes in either
direction, i.e. either j becoming y or y becoming j. Some scholars
suggest that this interchange between j and y may be the corruption
of manuscripts or may be the phonetic changes between them. Some
-of the examples of this nature are given below.?

tato ha jajie (MS tato ham yajfie), bhuvanasya gopah (MS gopitd)
TB. ApS. MS. : tato ha Jajfie bhu gopah PB. Here the reverse change
has occured, MS is clearly secondary.

However, wheather it is a manuscript corruption or dialectal
variation in phonology is not easy to ascertain now; but it tells us
quite clearly the fact that exchange of fand y was noticed even in the
Vedic language as well as in prakrit, and in course of the evolution
of the exchange of y uliimately became a characteristic features in
Magadhl, y may be an orthographic representation for J and the
pronunciation for y might be palatal affricate as suggested above.

3. On the Proaunciation of Magadhi Palatals :

On the pronunciation of Magadhi palatals? i.e. c-varga, the prakrit
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grammarians® are not very clear. There are two schools of prakrit
grammarians—Eastern and western. Hemacandra (=Hg.), Trlvikrama
(=Tv.), Laksmidhara (=LD.) and Sithhardja (=SR) belong to the
western School and Vararuci (=Vr.), Purusottama (=Pu.) Kramad-
iSvara (=XK1 ), Rama Trakavagisa (=RT.) and Markandeya (=Mk.)
belong to the Eastern School. The western prakrit grammarians have
not made any sltra on the pronunciation of Magadhi palatals. It is
only the eastern Prakrit grammarians who have discussed the problem
at great length. Even the pattern of formulating the siitras of eastern
Prakrit grammarians are not exactly the same, though they all have
tried to indicate the same type of phenomenon Before discussing
the problem, let us give first, the siitras of all these grammarians con-

cerning the problem :

(i vr. — cavargasya spastatd tathoccarapah (XI 5).
(ii) Pu. — cuh spasta-talavyah (XI1. 13).
(i) Ki. — ya-pa (ra)—cavarga yuktd mandguccaryiah {V.85).
(iv) RT. — cavargakdndm upari prayojyo '
yuktesu cantahstha yakdra eva (2.2.18).
(vy Mk — cajayor-upari yah sydt (V. 21).

Let us first discuss the views of Vararuci. The meaning of the
sitra of Vararuci as BhAmahua interprets it is ca-varga yatha spasta
tatho ccarano-bhavati meaning there by that ¢, ¢h, j, jA and 7 are so
pronounced as to be clear. The siitra as it is printed in Cowell’s
edition seems to be corrupt and Cowell did not take any note of the
emendation of this siitra as done by Lassen some nearly 20 years ago
before Cowell. Lassen in his book Institutiones Linguage Pracriticae, -
1837, emended the reading spastaid as aspastatd meaning ‘not clear’.
Probasly Lassen wanted to mean that the pronunciation of c-varga is
not clear in Méagadhi. But even then whether the reading is spastata
or aspastatd, Cowell thinks that the meaning of the siitra is not clear.
He says, ‘this siitra of Vararuci is very unintelligible, as it stands in
the manuscripts with spastatd and Lassen’s conjecture of aspastatd
does not seem satisfactory’. As both the readings are not very clear,
Cowell suggests that the reading asprsfard could be accepted in place
of aspastatd and with this emended reading, Cowell translates the
shtra thus, ‘the palatal Jetters are pronounced with but a very slight
contact of the tongue with the roof of the mouth. The dbhyantara
prayatna or internal effort in the utterence of the palatals, is properly
sprsta, because the organs of utterence are in contact’. However,
whaitever may be the readings spasfata, aspastatd or asprstatd, it is
clear that the intended meaning of the siitra is not really very intellj-
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gible and therefore, it is difficult to form and idea of what this sitra
intends to say.

Like Vararuci the siitra of Purusottama—cuh spasta tdlavyah is
also not very clear. What Purusottama means by spasfe is not easy
to ascertain. Literary it means the pronunciation of c-varga is a clear
palatal sound. Actually Purusottama’s sfitra is nothing but the echo
of Vararuci.

The siitra of Kramadiévara on this point is yapa (ra) cavarga
yuktd mandguccarygh (V.85), which generally means the pronunciation
of c-varga is slightly (touched in the palatal) and is to be pronounced
like the manner when y is prefixed before the ¢-varga This meaning
of the siitra has been obtained on the basis of the emendation made
by S.R. Banerjee in his edition of Kramadivara’ Prakrit Grammar,
published by Prakrit Text Society, Ahmedabad, 1980. Before emen-
dation, the reading of this slitra was found in the manuscripts and in
one of the very ecarliest printed texts of Kramadifvara’s Prakrit
Grammar. The reading of the different manuscripts as consulted by
Banerjee is given below in order to understand the obscurity of the
sltra.

‘sata cavarga yuktd mandguccdaryahk’ (printed edition).

‘yata-cavarga yuktd mandag-uccaryah’ (C,),

‘yata-cavarga yukta mandg-uccaryih’ (C),

. ‘yata-cavarga yuktd manag-uccaryah’ (A), and the reading of
Lassen is ‘yapa cavarga yuktd manag-uccarydh’.

The insertion of p and ¢ leaves us in doubtful obscurity. Another
reading beginning with § is undubtedly a scribal error for y ascorrob-
orated by the readings of other manuscripts. What happens in this
sitra is that the insertion of y in the siitra could not be understood by
the soribes who might have considered this as irrelevent in connection
with the pronunciation of c-varga. The insertion of p in the reading
of Lassen seems to be the reading very near to the original which was
composed by Kramadi§vara yet, as the meaning of the siitra still not
clear, the emendation of the reading of Lassen is necessary. As the
other eastern Prakrit grammarians, Rama TarkavagiSa and Markand-
eya have made the satra which is very helpful in understanding the
meaning of Kramadi$§vara’s siitra, the siitras of Rama Tarkavigiéa
and Miarkandeya are quoted below :

cavarga-kanam upari prayojyo yuktesu cintah-stha-yakdra

(RT. 11.2.18) and cajayor upari yah sydt (Mk., XII.21).. The
simple meaning of their slitras is ‘ca-varga is to be pronounced with
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y prefixed to it.” Markandeya further says, ‘(cifthagya tu Sciptah XII.
32), that is, the Sabarl citthadi (skt. tisthati) becomes Scinfadi in
Migadhi which again (§cinfo yeisa ityeke XI111.3) becomes ycisadi in
Sakari, a variety of Migadhi. Again in the Vrdcada Apabhramséa
spoken in Sindh (i.e. North-West) he tells us that y is prefixed to ¢,
and jasin ycalai (Skt. calati), yjalai (Skt. jvalati), Finally, in
Sauraseni-pai$aciki (XX.4), which is a variety of Kekaya-Paifaciki,
of the extreme North-West, ‘cavargasyo’ paristdd yah, i.e y is pre-
fixsd to the letzers of ca-varga, i.e. ‘only to ¢, ch, j jh and #, as the
language does not possess sonant mutes.” Thus ychale for chalam
payccke for paksam. Thus far is the view of the eastern grammarians’.

This idea that y is to be prefixed to c-varga is perhaps what
Kramadibvara has wanted to say. That is why the reading of Lassen
could be improved as yapa (ra) cavarga yuktd mandg-uccdryah on the
light of the sfitras of Rama Tarkavagisa and Markandeya. The mean-
ing of the sitra thus emended can go on a par with the sitras of
Eastern Prakrit grammarians like Purusottama, Rima TarkavagiSa and
Markandeya ‘It 1s quite possible’, says Banerjee® ‘that at the time of
Kramadisvara, the paiatal sounds were pronounced with y prefixed to
it. This was still prevaleat at the time of Rdma TarkavagiSa and
Mirkandeya’. To add to it we can say that this is still the pronuncia-
tion of c-varga in the eastern region of India, particularly in Bengal.
What was the pronunciation of Magadhi palatal in those days is the
palatal-affricate of modern times. Perhaps, this idea of palatal afivi-
cate was indicated by the statement that c-varga would be pronounced

with ¥ prefixed to it.

In fact this sitra suggests the aflricate nature of c-varga in pron-
uaciazion. It indicates the manner of pronunciation. Afiricate pron-
unciation means that when c-varga is pronounced the back of the
upper part of the tongue is fixed to the palate and thereby obstructing
the air-passage, but as soon as the air is released, the pronunciation
of c-varga becomes clear. This abstruct idea of pronunciativa is
recorded by the eastern prakrit grammarians by using the sound y
prefixed to it. It appears that there is hardly any better way by which
a pronunciation can be recorded.

Grierson? on this point says ‘It appears to me, thercfore, that we
can gather form the remarks of the prakrit grammarians quoted that
in standard Mahdarastri Prakrit and in Sauraseni (which in this respect
followed Maharastri) the palatals were probably pronounced as dento-
palatals, as in Modern Mardthi, but that in Magadhl they were pron-
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ounced clearly as true palatals’.

But the opinion of Grierson is cxplained by Suniti Kumar
Chatterji® in a different way. Chatterji says that the palatals in
Maigadhi were pronounced distinctly and pronounced in full, Chatterji
thinks that the word aspasfa in Vararuci’s siitra means ‘indistinct®
which is found in Maharastri and Sauraseni and such an indistinct
pronunciation could not mean a dental-affricate one as Grierson thinks
but rather an clided pronunciation in Mahdarastri and Sauraseni which
has been pointed out by Basanta Kumar Chatterjee.®

The necessity of formulating a slitra where the pronunciation of
Maigadhi palatal is indicated is to point out the difference of treatment
of palatal sounds in Magadhi on one hand and Mahérastri and Saura-
senl on the other. In standard Prakrit, intervocally these are some-
times elided and naturally the pronunciation of c-varga could not be
understood or heard. But in Magadhi, this is not elided but rather
pronounced distinctly (in the opinion of V. who has used the word
spastatd) or as palatal affricate in the opinion of Kramadi$vara, Puru-
sottama, Rdma Tarkavigifa and Markandeya therefore two sets of
pronunciations some dialects using one and others the other.

(To Continue)
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